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Foreword

Adequate nutrition is a crucial component in normal fetal development. 
Taken together, maternal body mass index (BMI), nutritional stores, and 
diet, coupled with the integrity of utero-placental-fetal circulation deter-
mine nutrient availability for the fetus. During pregnancy, preconcep-
tional maternal weight and BMI, as well as gestational weight gain, have 
a direct effect on fetal growth, birth weight, and perinatal outcome. 
Maternal obesity and excess weight gain are associated with gestational 
diabetes, fetal macrosomia, shoulder dystocia, and the development of 
preeclampsia, while underweight mothers and inadequate gestational 
weight gain are associated with an increased risk of low birth weight 
and growth-restricted infants as well as spontaneous preterm birth. 
Deficiencies in maternal intake of vitamins and minerals are linked to 
birth defects and adverse pregnancy outcomes – e.g., folate deficiency 
and neural tube defects, selenium and preterm birth) while excess 
maternal consumption of vitamin A can cause pleiotropic malformations 
in offspring. Thus, an appreciation of the impact of maternal nutritional 
status on fetal development is crucial to optimizing pregnancy outcomes.  

There is also growing evidence that maternal nutrition can induce epi-
genetic modifications of the fetal genome. Epidemiological studies have 
suggested that metabolic programming is a critical factor contributing 
to the etiology of obesity as well as the concurrent increase in related 
chronic diseases (e.g., type 2 diabetes, hypertension, and cardiovascular 
disease). Fetal metabolic programming is the phenomenon whereby a 
nutritional stress/stimulus applied during critical periods of early devel-
opment permanently alters an organism’s physiology and metabolism, 
leading to unfavorable outcomes and adverse consequences later in life. 
The fetal origins of adult disease hypothesis, first proposed by Barker, 
suggests that adequate nutrition during fetal development is critical to 
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long-term health. Therefore, it is also crucial to gain an understanding of 
the molecular mechanisms underlying the relationship between alterations 
in intra-uterine environments and their long-term effects on the health of an 
individual. 

It is from this perceptive that the authors of this text address the role of 
nutraceuticals in pregnancy outcomes and offspring nutritional health. The 
role of nutraceuticals in promoting successful pregnancy outcomes is par-
ticularly vital in developing nations where deficiencies in vitamins, minerals, 
and overall caloric intake are most common and, paradoxically, susceptibility 
to the harmful effects of over-nutrition are the greatest. This book addresses 
this important issue affecting global health. Priyanka Bhatt, Maryam Sadat 
Miraghajani, Sarvadaman Pathak, and Yashwant Pathak have collected 
a wonderful team of experts to address these issues and provide up-to-date 
clinical evidence to inform recommendations for nutraceuticals use in preg-
nancy. Topics include the role of nutraceuticals in preconceptional health, mis-
carriage, and fetal development, as well as their impacts on maternal health 
including the occurrence of preeclampsia, gestational diabetes, depression, 
bone and dental health, and pregnancy and puerperal anemia. I congratulate 
the four editors for proffering this important text, and I am sure it will help 
scientists and clinicians working in this field around the globe and serve as 
an excellent reference on this topic.  

Charles J. Lockwood, MD, MHCM
Senior Vice President, USF Health

Dean, Morsani College of Medicine
Professor of Obstetrics & Gynecology, and Public Health 

University of South Florida
Tampa, Florida
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Preface

Nutraceuticals are important products based on natural bioactive com-
pounds that cross the frontier between drugs and food. The definition 
of a nutraceutical is “a food or part of a food that provides benefits for 
health in addition to its nutritional content.” Nutraceuticals may be used 
to improve health, delay the aging process, prevent chronic diseases, 
increase life expectancy, or support the structure and function of the 
body.

Globally the growing demand for value-added nutraceuticals for the pre-
vention and treatment of human diseases have rendered nutraceuticals 
a multibillion-dollar market. As well as the increasing numbers of peo-
ple attaching importance to health in the nutraceuticals area, pregnant 
women also affect the nutraceuticals market because of the potential 
health benefits for both mothers and their offspring.

The book focuses on the role of nutraceuticals for the health of mothers 
and their offspring before, during, and after pregnancy and birth. 

Although there is an increasing number of pregnant individuals taking 
nutraceuticals to maintain good health and get possible health benefits 
for their babies, many gaps exist in the knowledge base. The question 
of whether an adequate nutraceutical intake in pregnant women is safe 
is always raised. These nutraceuticals might be involved a wide vari-
ety of biological processes, including activation of signal transduction 
pathways, antioxidant defenses, gene expression, cell proliferation, dif-
ferentiation, and the preservation of mitochondrial integrity. So, the bio-
logical and epidemiological findings of relevant studies of nutraceuticals 
intake effects on the health of mothers and their offspring need to be 
addressed. 
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Also, a growing body of literature suggests that nutraceuticals have a favor-
able impact on mothers and their offspring. It should be mentioned that the 
role of these products could be confounded by dietary patterns, genetic vari-
ability, the effects of gut microbiota, different ages, race, ethnicity, and socio-
economic factors, all of which should be assessed in order to support the 
potential nutraceutical effects on the health of mothers and their offspring.

Importantly, the timing and duration of exposure to utraceuticals should be 
considered when assessing the health of mothers and their offspring, due to 
the establishment of epigenetic programs in utero and during the early stages 
of life. 

In recent years new trends have been established in this area of prenatal 
nutrition, based on the consideration of appropriate nutrition and the effect it 
has on the health of mothers and their offspring during pre-pregnancy, preg-
nancy, and after pregnancy.

Nutraceuticals and natural products have been used by many cultures and 
societies around the world, such as Indian (in Ayurveda), Chinese (Chinese 
medicine), traditional African medicines, and aboriginal and indigenous medi-
cines. Every country has interesting and specific recommendations in this 
area, and while some have been widely used in recent years there is proven 
clinical evidence, that many of these have been used for centuries. 

This book addresses the nutraceuticals used for prenatal health and the health 
of mother and child, and the focus is mainly on recent trends and possible 
clinical evaluations of such nutraceuticals and natural products.

Several chapters have been written by established leaders in this field. Chapter 
1 provides a detailed account of nutraceuticals and their application. Chapters 
2 and 3 address nutraceuticals used before pregnancy. 

Chapters 4 to 13 discuss the nutraceuticals used during pregnancy. They cover 
the role of nutraceuticals in placental development, nutraceuticals for gesta-
tional weight gain and postpartum obesity, the role of nutraceuticals in the 
risks of miscarriage and related outcomes, still birth, and maternal mortality, 
as well as many other aspects.

Chapters 14 to 19 discuss nutraceuticals used for the offspring’s health. This 
group of chapters covers nutraceuticals impacting uterine growth, gestational 
age and mortality rate, nutraceuticals for the dental health of the offspring, 
nutraceuticals and chronic disease (including blood pressure, obesity, insulin 
resistance, and certain pediatric cancers), and many more. 

We believe this to be the first published book examining the role of nutra-
ceuticals and their impact on the health of mothers and their offspring with 
a focus on human population-based research. This is very important because 
many of the health claims about nutraceuticals have not been validated in 
humans. It is quite possible that many of these health claims, mostly emerg-
ing from animal studies and cell culture models, have been exaggerated. 
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This book addresses very important findings of the latest scientific research 
regarding the role of nutraceuticals intake before pregnancy and during the 
pregnancy on the health of mothers and their offspring.

We are extremely thankful to all the chapter authors for their contributions. 
We believe that this book will be an indispensable reference in libraries, 
and will be a valuable resource for pharmaceutical companies, pharmacists, 
nutritionists, dietitians, and scientists, as well as for those in the allied health 
sciences such as nursing and medical students. Also it may be a great help in 
planning the health services for mothers and their offspring.

We are extremely thankful to our families and their support getting this book 
out in the market.

We also would like to express our sincere thanks to CRC Press and all those 
concerned in bringing this book to publication. 

Editors: 

Dr Priyanka Bhatt, PhD

Dr Maryam Miraghajani, PhD

Dr Sarvadaman Pathak, MD and 

Dr Yashwant Pathak, PhD 
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1
Introduction

Maryam Miraghajani, Anastasia Victoria Lazaridi, Sarvadaman 
Pathak, Priyanka Bhatt, and Yashwant Pathak

What Are Nutraceuticals?

About 2000 years ago, Hippocrates correctly stated: “Let food be your medi-
cine and medicine be your food” (1). Currently, there is increased global inter-
est due to the recognition that “nutraceuticals” play a major role in health 
enhancement. The term “nutraceutical” was coined by combining the terms 
“nutrition” and “pharmaceutical” and was originally defined by Dr. Stephen L. 
De Felice, founder and chairperson of the Foundation of Innovation Medicine 
(2). Nutraceuticals have potential nutritional and therapeutic effects, and are 
easily accessed, cost-effective, and tolerable, with a wide margin of safety (3).

Nutraceuticals, which have also been called medical foods, designer foods, 
phytochemicals, functional foods, and nutritional supplements, include such 
everyday products as “bio” yogurts and fortified breakfast cereals, as well as 
vitamins, herbal remedies, and even genetically modified foods and supple-
ments  (4). There is also a lot of confusion regarding the terminology, which 
differs between countries, but the usual definition is a product isolated from 
foods that is generally sold in medicinal forms not usually associated with 
food (5). Both in Canada and in Great Britain, a functional food is essentially 
a food, but a nutraceutical is an isolated or concentrated form of a nutrient 
(6, 7). In the United States, “medical foods” and “dietary supplements” are 
regulatory terms; however “nutraceuticals”, “functional foods”, and related 
terms are determined by consultants and marketers, based on consumer 
trends (8). 

Nutraceuticals for Nutritional Health Introduction

Contents
What Are Nutraceuticals?.....................................................................................1
Scope and Future Development of the Nutraceuticals.......................................2
Importance of Nutraceuticals in Healthy Living.................................................4
References............................................................................................................5
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There also seems to be a “thin dividing line” between the definitions of “phar-
maceuticals” and “nutraceuticals”. “Pharmaceuticals” may be considered as 
medication used to treat and improve outcomes of interventions provided to 
patients, while “nutraceuticals” are those that are intended to prevent diseases 
(9, 10). However, a nutraceutical for one consumer can act as a pharmaceuti-
cal for another (9). Examples of nutraceuticals include fortified dairy products 
(milk as such is a nutrient and its product, casein, is a pharmaceutical) and cit-
rus fruits (orange juice is a nutrient and its constituent, ascorbic acid, is a phar-
maceutical). So, in another definition, both pharmaceutical and nutraceutical 
compounds might be used to cure or prevent diseases, but only pharmaceuti-
cal compounds have governmental approval. Also, nutraceuticals, in contrast 
to pharmaceuticals, are substances that usually have no patent protection (9).

Overall, nutraceuticals should provide a health benefit to the consumer that 
is greater than that of a general food item. Indeed, they are non-specific 
biological therapies used to promote wellness, prevent malignant processes, 
delay the aging process, prevent chronic diseases, increase life expectancy, or 
support the structure or function of the body (5). However, nutraceuticals are 
claimed to provide protection against some chronic disorders including obe-
sity, diabetes, degenerative and inflammatory diseases, cancer, and cardiovas-
cular diseases (5). These conditions involve many physiological and metabolic 
changes, including increased oxidative stress and an imbalance between the 
oxidative and antioxidative systems leading to cellular dysfunction. This can 
cause compromised cell signaling and cell cycle control, cellular transport and 
overall decreased biological activity, immune activation, and inflammation. 
Most nutraceuticals have antioxidant, anti-inflammatory, anticarcinogenic, 
and neuroprotective effects with the ability to counteract these adverse con-
ditions (5, 11, 12). Hence, they are considered as optimal sources of health 
promotion, especially for the prevention of life-threatening diseases.

Presently over 470 nutraceutical products are available with documented 
health benefits. Some popular nutraceuticals include polyphenols and vita-
mins (for dermatologic benefits), glucosamine (for arthritis), lutein (for mac-
ular degeneration), ginseng (for colds), echinacea (anti-immune properties), 
folic acid, minerals, essential fatty acids, amino acids, etc. (9, 13). Knowing the 
safety concerns related to nutraceuticals, it is necessary to ensure maximum 
potential benefits without adverse effects. From a large number of nutraceuti-
cal-related studies, they appear to be safe, although this can be compromised 
by contamination with toxic plants, metals, mycotoxins, pesticides, fertilizers, 
drugs, etc. (3). The assessment of claimed toxicity and the safety of nutraceu-
ticals need appropriate pharmacokinetic/toxicokinetic studies.

Scope and Future Development of the Nutraceuticals

Currently, nutraceuticals, which provide various health benefits in the 
treatment and prevention of diseases, are receiving more attention. Many 
“Western” diseases derived from metabolic syndrome, which is a result of 
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chronic inflammation, have been studied for years to identify their causes as 
well as prevention and treatment. These include:

•	 cardiovascular diseases (CVDs) including coronary artery diseases, 
stroke, and heart failure;

•	 cancer of any type, such as colorectal, brain, and breast cancers;
•	 Type II diabetes; and 
•	 neurodegenerative diseases (such as Alzheimer’s and Parkinson’s 

diseases).

This list is extensive. For this reason, companies have produced drugs to treat 
and regulate most of these diseases as well as tablets containing food sub-
stances that can prevent or regulate certain conditions. However, there are 
many challenges to overcome when developing nutraceuticals in a laboratory. 
One challenge is that, as nutraceuticals are made from food products, their 
formulation is limited. Another challenge is to determine the stability of the 
formula, because factors such as pH, temperature, and pressure might affect 
the desired effectiveness of the product (14). Additionally, complete tests of 
active uptake, the metabolic response, and the biological variability should be 
considered before introducing the final product onto the market (15). 

Our current way of life includes high levels of stress, anxiety and bad eating 
habits, which add a significant burden to people’s health. Because nutraceu-
ticals can potentially minimize factors that contribute to health deterioration, 
research on nutraceuticals should be emphasized. Thus, laboratories at nutra-
ceutical companies are not restricted to the development of new “superfoods” 
to address human needs. The aim is to link nutrition and health and to cre-
ate pioneering products that could significantly decrease the effects of some 
non-communicable diseases (NCDs), such as diabetes, cardiovascular disease, 
and cancer. Thus, the population’s mortality rate, and consequently the public 
sector’s health expenditures, could potentially be reduced. With this objec-
tive, both food and pharmaceutical companies have to combine their product 
strategies, technology, marketing, and supply chain management to obtain a 
competitive advantage for their products, which are based on innovation and 
creativity. 

Recently, many people have developed the habit of taking nutraceuticals regu-
larly to boost their health because, for example, they might not be able to eat 
a food product because of its smell, taste, and/or appearance, or it because 
it does not fit with their eating patterns. All nutraceuticals can be found on 
the market at a low cost or available to the public without any prescription, 
so they can be purchased with just a click of the mouse, without any further 
information or explanation about them from a pharmacist. Thus, regulatory 
models need to be expanded to performed research, examine emerging issues 
and hazards, and contribute to improvements in legislation. In the United 
States, dietary supplements are regulated by the Dietary Supplement Health 
and Education Act (DSHEA), and food additives are regulated by the Federal 
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Drug and Cosmetic Act. In China, the State Food and Drug Administration 
(SFDA) handles the regulation of dietary supplements and the Ministry of 
Health manages all the approvals. In Europe, there is the European Food 
Safety Authority (EFSA), and in India there is the Food Safety and Standards 
Act (FSSA). The role of all these regulatory agencies is to protect the public 
from harm caused by food products, increase awareness, and explain scien-
tific work to the public.

Thus, even if there are many researchers who have shown the benefits of 
food ingredients, people have to take into consideration the issues that have 
not been explored. A particular example is green tea. Green tea can protect 
humans from various types of cancer resulting from environmental causes, 
because it has antioxidant, anticarcinogenic, and antimutagenic effects (16, 17).  
It has been also associated with most of the NCDs, such as CVD and diabetes, 
as well as neurodegenerative diseases (16, 18). Despite its extensive benefits, 
the EFSA scrutinized the safety of green tea catechins from all dietary sources 
in a 2018 report. Even though it is believed to be safe for daily use, cases of 
liver injury, increased serum transaminase levels (which is a marker of liver 
damage), and hepatotoxicity have been noted. Thus, the EFSA recommends 
that further research is conducted on adverse events related to pyrrolizidine 
alkaloids, which can contribute to the hepatotoxicity, are required, and that 
the labeling system should be improved (19). 

Importance of Nutraceuticals in Healthy Living

The value of longevity and life prosperity has been known since the fifth 
century BC. Hippocrates, the father of Western medicine, noted: “Let food be 
thy medicine and the medicine be thy food” (20). There is evidence that, in 
ancient civilizations, herbs and food were used for treatment purposes, for 
example in Egypt (21), China (22), and India (23). Food was used to heal the 
body, give it strength, and satisfy the feeling of hunger. Unfortunately, food 
is now used differently. The boom in the industrial era and the technological 
progress of the past century have inevitably led to many changes in the way 
that people live. Nowadays, people have forgotten the real purpose of eating 
and now they are satisfying their cravings. Currently, hunger is not satisfied 
after a meal with many artificial flavors, coloring agents, sugars, and other 
harmful ingredients that destroy our bodies (24). 

We live in a century where our eating behavior has changed from being 
influenced by biological to psychological and socioeconomic factors. These 
modifications to the food pattern led to the necessity of nutritional advisory 
expertise, which was implemented in 1980. During the 1980s, a series of 
clinical studies revealed a successful nutritional intervention to prevent dis-
eases by following a specific diet (25–27). The probability for both sexes of 
dying between the ages of 30 and 70 years from CVDs, cancer, diabetes, and 
chronic respiratory diseases was reduced by 4.1% between 2000 and 2016 (28).  
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However, in most regions, the rate of obesity has increased and the 
Organization for Economic Co-operation and Development (OECD) has pro-
jected that levels of obesity will increase to 47%, 39%, and 35% in the United 
States, Mexico, and England, respectively (29). Thus, each country has its own 
regulatory system for food-based dietary guidelines, which constantly change 
over time as well as with regard to the needs of each country’s population. In 
Europe, almost every country has different guidelines for the products eaten, 
relating to the population’s eating pattern. For example, Greece has a food 
pyramid based on the Mediterranean diet (30) and the United Kingdom uses 
the Eat Well Guide (31), which both show the food patterns that are required 
for a well-balanced and healthy diet. Across Asian countries, such as China 
(32), food pyramids have also been established.

The amount of a specific ingredient that is ingested during our daily food 
consumption is not enough to help our bodies defend against some diseases. 
Thus, companies have developed nutraceuticals to fill the gap between the 
healthy diet we should follow and the one that we actually do. There are 
both established and potential products because sufficient research should be 
done before a product is placed on the market (33). Potential products include 
a supplement that could fight obesity, such as capsaicin (34), which is well 
known to activate brown adipose tissue, a tissue in our body that, once trig-
gered, will produce heat in the form of energy, meaning that it burns stored 
fat from our body. There are also traditional products, which are foods that 
have not undergone any manual changes, so they are natural and can have 
some health benefits. An example is oranges, which are rich in vitamin C, 
which helps the immune system (35). 

One of the categories of nutraceuticals is probiotics. These are food or supple-
ments that contain live microorganisms that can help maintain good bacteria 
in the gut. Many supplements include micronutrients and minerals that have 
various health benefits. Vitamin E and selenium are antioxidants that can help 
to protect our immune function (36), and iron helps with energy production, 
proper growth and development, and cell formation (37). These are some 
examples of the function of macronutrients. They contribute to good intesti-
nal health, immune function, decreases in cholesterol levels, and reduce the 
risk of cancer (38). Fortified foods, herbs, and dietary supplements are also 
included in the category of nutraceuticals that boost our health because we 
have forgotten to maintain healthy patterns in our lives.
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Preconceptional Nutraceuticals 
during Gestation and 
Promotion of Women’s Health

Akansha Atulkar and Yashwant Pathak

Introduction

Malnutrition is a major factor for global reproductive diseases and mater-
nal death. Maternal undernutrition and premature introduction of low-energy 
nutrient density lead to low birth weight, impaired growth, intellectual devel-
opment, and mortality.
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Preconceptional Nutraceuticals during Gestation 

Good nutrition is needed to meet the added demands on a woman’s body, as 
well as for the growing baby. The old saying that you are eating for two dur-
ing pregnancy is still true but it doesn’t mean that you can eat twice as much. 
A pregnant woman who is of normal weight before pregnancy needs only 
about 300 extra calories a day, so a balance between getting enough nutrients 
while maintaining a healthy weight is important for both mother’s and baby’s 
future health. Healthy eating during pregnancy may take a little effort.

Nutraceuticals can be helpful in getting that balance. They are easy to intro-
duce into the diet, as they are in a pharmaceutical form, for example pills, 
powders, capsules, vials, etc., which contain bioactive compounds in food as 
active principal components. Second, they can also be added in functional 
food; for example, foods can be fortified or enriched during processing. 
Nutraceuticals may range from isolated nutrients, dietary supplements, and 
diets to genetically engineered food, herbal products, and processed products 
such as cereals, soups, and beverages.

The term “optimal nutrition” during pregnancy and lactation means food 
additives that are additionally recommended based on their dietary values.

There exist some recommendations regarding the maternal intake of a limited 
number of nutrients, such as iron, iodine, and folic acid during pregnancy and 
the lactation period. Dietary reference intakes are the recommended amounts 
an individual should consume daily of certain nutrients, vitamins, and miner-
als during pregnancy (Table 2.1). They are used for good nutrition and are the 
basis of the nutrition guidelines issued by the US Department of Agriculture.

Table 2.1 Dietary Reference Intakes for Women

14–18 years 19–30 years 31–50 years

Protein (gm) 
Calcium (mg)
Phosphorus (mg)
Magnesium (mg)
Iron (mg)
Zinc (mg)
Iodine (µg)
Selenium (µg)
Vitamin A (µg)
Vitamin C (mg)
Vitamin D (µg)
Vitamin E (mg)
Vitamin K (µg)
Thiamin (mg)
Riboflavin (mg)
Niacin (mg)
Vitamin B6 (mg)
Folic acid (µg)
Vitamin B12 (mg) 

71
1000
1250
400 
27
12

220
60

750
80
5

15
75
1.4
1.4
18
1.9
600
2.6

71
1000
700
350
27
11

220
60

770
85
5 

15
90
1.4
1.4
18
1.9
600 
2.6

71
1,000
700
360
27
11

220
60

770
85
5

15
90
1.4
1.4
18
1.9
600
2.6 
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Getting Started

At the time of pregnancy, nutrient requirements increase to support fetal 
growth and development. A diet should include protein, carbohydrates, vita-
mins, minerals, and fats. These nutrients fuel the body and help the baby 
grow. The best source of nutrients is food. The role of nutraceuticals in preg-
nant females is of crucial importance.

Nutraceutical types:

* Antioxidants
* Dairy-based ingredients
* Enzymes
* Fatty acids
* Fibers and carbohydrates
* Green foods
* Herbs and botanicals
* Minerals
* Omega-3 fatty acids
* Probiotics and prebiotics
* Protein peptides, amino acids
* Sweeteners
* Vitamins

Nutraceuticals in Pregnancy
Probiotics
Probiotics are live bacteria and yeast that are good for the digestive system. 
Probiotics are often called good and helpful bacteria because they help to 
keep the digestive system healthy.

Types of Probiotics
Many types of bacteria are classified as probiotics. But most come from 

two groups.
Lactobacillus—this is the most common probiotic
Source: yogurt and other fermented foods
Bifidobacterium
Source: dairy products

Functions of Probiotics
•	 Probiotics can help replace good bacteria that might be lost, for exam-

ple after taking a dose of antibiotics.
•	 Probiotics help to provide a balance between good and bad bacteria.
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Some common conditions they help with are:

* Irritable bowel syndrome
* Inflammatory bowel disease (IBD)
* Infectious diarrhea
* Diarrhea caused by antibiotics

Apart from helping the digestive system, they are also useful for other diseases. 

Probiotics Use
	 1)	Prevention of gestational diabetes in overweight and obese women

	 Overweight pregnant women are at risk of gestational diabetes affect-
ing both mother and child for the long term. Gestational diabetes is 
associated with higher rates of Caesarean section for the mother and 
increased risks of macrosomia, higher body fat mass, respiratory dis-
tress, and hypoglycemia for the infant. A study showed that ingestion 
of specific probiotics altered the composition of the gut microbiome 
and thereby the metabolism from early gestation and decreased rates 
of gestational diabetes in normal weight women. In The Study of 
Probiotics in the Prevention of Gestational Diabetes (SPRING), the 
effectiveness of probiotics ingestion for the prevention of gestational 
diabetes will be assessed in overweight and obese women.

	 2)	Preventing GBS in pregnancy
	 Many women experienced a reversal from a positive to a negative 

culture of group B streptococcus (GBS) after the following methods:
•	 Boosting healthy and competitive bacteria in order to compete 

against group B streptococcus, therefore weakening and kill-
ing GBS. Taking probiotic supplements such as acidophilus and 
basophilus orally, eating fermented foods such as yogurt, tempeh, 
and aged cheese, and inserting plain yogurt or an unopened pro-
biotic capsule into the vagina.

		  The use of oral probiotics raises the numbers of good bacte-
ria in systemic circulation, specifically targeting the intestine. The 
vaginal insertion of probiotics specifically increases good bacte-
ria in the vagina. Lactobacillus is one of the main good bacteria. 
The application of unsweetened yogurt into the vagina just before 
going to bed two or three weeks before testing for GBS is also 
advised.

•	 Avoiding sugars and carbohydrates in the diet and increasing vita-
mins C and D intake, preferably through food sources. The diet 
should be rich in protein and vegetables.

Long-Chain Fatty Acids 
The use of long-chain polyunsaturated fatty acids (LC-PUFAs) such as docosa-
hexaenoic acid (DHA) and arachidonic acid (AA) during pregnancy, especially 
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during the last semester and lactation, have many benefits for the growth and 
development of fetus and infants.

Health Benefits for the Fetus
	 1)	Preterm labor

	 Preterm babies are born in between 22 and 36 weeks of gestation. 
DHA intake reduces the risk of preterm labor and birth. A study 
showed that omega-3 fatty acids, including eicosapentaenoic acid  
(EPA) and DHA, were effective in preventing preterm delivery.

	 2)	Bronchopulmonary dysplasia
	 Bronchopulmonary dysplasia (BPD) is the most common complication 

of prematurity, occurring in around 30% of low birth weight infants.
		  BPD is highly susceptible to preterm injury during resuscitation, 

mechanical ventilation, and pro-inflammatory substance injury. The 
dietary intake of omega-3 fatty acids during pregnancy and the peri-
natal period has potential benefits. The effect of docosahexaenoic 
acid may prevent BPD injuries induced by hyperoxia in a model of 
newborn rats and postnatal neural development. Long-chain omega-3 
fatty acids have important physiological properties during pregnancy, 
both for the pregnant woman and for the unborn child, and studies 
have shown that the placenta plays an important role in modulating 
its own fatty acid supply depending on fetal demands and is capable 
of preferentially transporting LC-PUFA to the fetal site.

	 3)	Building blocks for the brains and retinas of children
	 Omega-3 fatty acids, including EPA and DHA, are very rapidly utilized 

by the fetal retina and brain. LC-PUFAs, including arachidonic acid, 
omega-3 fatty acids, and omega-6 fatty acids, are essential for fetal brain 
growth. Approximately 70% of the brain of a baby develops during 
pregnancy, and the absorption of omega fatty acids starts from second 
trimester of pregnancy continuing into the first two years of a baby’s 
life. So omega fatty acids in the diet of pregnant and lactating mothers 
play an essential role for the retinal and brain development of babies.

	 4)	Impact on the body mass index (BMI) of children
	 According to a study in 2018 published in the American Journal of 

Clinical Nutrition, the intake of DHA in pregnant women has an 
impact on the lean body mass of children.

		  It was found that women who took 600 mg of DHA during preg-
nancy had children with more fat-free body mass at the age of 5 years 
when compared with a placebo group.

	 5)	Sustained attention
	 Sustained attention is the ability to concentrate until a task is 

finished. 
		  According to a study in the American Journal of Clinical Nutrition, 

a mother who takes 400 mg of DHA during her pregnancy will have 
children with better sustained attention.
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	 6)	Improvement in infant response to stress
	 An infant whose mother took DHA during pregnancy will have a bet-

ter one-minute Apgar score compared with an infant whose mother 
did not take DHA during pregnancy.

	 7)	Necrotizing enterocolitis 
	 The role of maternal administration of fatty acid and its effect on the 

prevention of incidence of infants’ necrotizing enterocolitis (NEC) is 
controversial.

Health Benefits for the Mother
Lower plasma omega-3 fatty acids and higher omega-6:omega-3 fatty-acid 
ratios were associated with higher antenatal anxiety, but not postpartum anx-
iety. In order to alleviate antenatal anxiety, it is recommended that mother 
should eat seafood containing omega-3 fatty acid, DHA, and EPA.

Other Essential Nutraceuticals Benefits
Iron
Iron makes hemoglobin and carries oxygen to the organs of mother and child. 
When a woman becomes pregnant she does not have enough iron stored in 
the body to make extra blood for the baby as well as herself. Eating food rich 
in iron and taking a daily supplement of extra iron is highly recommended.

Folic Acid
	 1)	Neural tube defects

	 This vitamin is crucial before and during pregnancy to reduce the risk 
of neural tube defects in infants. The lack of folic acid may increase 
the risk of certain other birth defects too.

		  Folic acid can be added as a supplement to certain foods, such as 
breads, cereal, pasta, rice, and flour. Some foods, such as green leafy 
vegetables, fruits, and beans, have folic acid naturally. However, it is 
difficult to get all the folic acid needed for the body, so it is recom-
mended that all child-bearing-age women should take a multivitamin 
supplement containing 0.4 mg of folic acid a day.

		  Women who are pregnant with twins, have certain medical con-
ditions, or are taking certain medications may have increased folic 
acid needs. If a woman has already had a child with neural tube or 
other birth defects, she will need 4 mg daily—which is ten times the 
amount recommended for most women.

	 2)	Congenital heart defects
	 According to a study, folic acid supplementation before pregnancy 

is associated with a reduced risk of heart defects in newborns. The 
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observed associations varied by congenital heart defect (CHD) sub-
types. A synergistic effect of dietary folate intake and folic acid sup-
plementation was also observed.

	 3)	Autism spectrum disorder
	 Preconceptional folic acid supplementation may reduce the risk 

of autism spectrum disorder (ASD) in those with inefficient folate 
metabolism.

Calcium
Calcium is used in the body to build and maintain bones and teeth in preg-
nant women as well as in the baby.

Pregnant women should get approximately 1000 mg of calcium each day. If 
there is not enough calcium available for the baby, it will take what is needed 
from the bones of the mother. Calcium deficiency can lead to osteoporosis 
and can cause the loss of teeth.

Foods such as milk and dairy products are rich in calcium. Other sources 
of calcium are fortified orange juice, nuts and seeds, sardines, salmon with 
bones, spinach, etc.

However, calcium can block iron absorption, so pregnant women taking both 
calcium and iron supplements are advised to take one type in the morning 
and the other in the evening in order to avoid them clashing.

Vitamin D
Vitamin D in a pregnant woman’s diet will help to build the baby’s bones and 
teeth, and it also helps calcium to be absorbed by the bones. It is often added 
to calcium-rich food such as milk. Vitamin D can be manufactured on its own 
in the presence of sunlight. Despite these natural sources, as many as half of 
American women are deficient in vitamin D. Among women of child-bearing 
age, those with vitamin D deficiencies are obese women, women who spend 
little time outdoors, and women with digestive disorders, such as Crohn’s dis-
ease or celiac disease, that prevent them from absorbing nutrients well.

Vitamin C
Vitamin C helps the body to absorb iron from food. It is recommended to take 
vitamin C together with the iron supplement.

Maternal smoking during pregnancy adversely affects the offspring’s lung 
development, with lifelong decreases in pulmonary function and increased 
asthma risk. It was found that supplemental vitamin C taken by pregnant 
women who smoked improved newborn pulmonary function test (PFT) 
results and decreased wheezing through year 1 in their offspring. The use of 



16 Nutraceuticals for Nutritional Health﻿

vitamin C for pregnant women who smoke may be an inexpensive and simple 
way to decrease the effects of smoking in pregnancy on newborn pulmonary 
function and respiratory morbidities.

Zinc
Maternal zinc restriction during pregnancy can affect fetal growth. Insufficient 
quantities of zinc during embryogenesis may influence phenotype of all organisms.

Magnesium
For both fetal skeleton and enamel formation magnesium, alongside calcium, 
is also needed in high quantities. Magnesium is important for energy metabo-
lism, nerve conduction, muscle activity, immune function, and DNA synthesis 
and degradation.

Ginger
Taking ginger during pregnancy is found to reduce nausea and vomiting in 
some pregnant women. However, it could raise the risk of miscarriage, espe-
cially in high doses. Less than 1500 mg/day is considered safe in pregnancy. 
It is used in tea.

The following teas can be used during pregnancy:

	 1)	Ginger tea: There’s strong evidence that ginger may ease osteoarthri-
tis pain. It may also help with:
* Rheumatoid arthritis
* Muscle and joint pain
* Headache

	 2)	Nettle tea: Nettle tea provides high levels of magnesium and calcium.
	 3)	Raspberry tea: This tea prepares the uterus for labor and prevents 

postpartum hemorrhage.
	 4)	Dandelion leaf tea: This tea is a wonderful support in late pregnancy 

when fluid retention is an issue. It is high in potassium and has a 
gentle but effective diuretic effect. 

	 5)	Peppermint tea: This very good for relaxing stomach muscles and 
helping to settle an upset stomach.

	 6)	Rooibos tea: It contains calcium, magnesium, and other antioxidants.

Conclusion

The requirements of nutraceuticals with regard to macronutrients and micro-
nutrients vary between developed and developing countries on maternal and 
fetal outcome. There are many contradictory studies that have been conducted 
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in many different countries—see for example the study of the advantages of 
folic acid and iron supplements in Asia and Africa under the umbrella of 
United Nations Multiple Micronutrients Preparation (UNIMMAP).

It is essential to take suitable amounts of vitamins and other minerals, 
whether contained in foods or as supplements, in the preconception and 
pregnancy period in order to reduce the incidence of adverse maternal and 
fetal outcomes.

Nutraceuticals are available without a prescription.

An increasing number of women are turning to natural supplements and func-
tional foods during pregnancy despite warnings from obstetricians about the 
risks to maternal and fetal outcomes.

In spite of nutraceutical side effects they can exert drug-like action and so nutra-
ceuticals should be regulated in the same way as prescription drugs, and so 
should not be available as over-the-counter drugs, especially for pregnant women.

Quality control of the active constituents in nutraceuticals for safety and effi-
cacy is essential. Nutraceutical products in most countries are launched on the 
market without proper scientific evaluation and mandatory safety.
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Effects of Preconceptional Nutraceuticals Intake

1 � Introduction
1.1 � The Concept of Preconceptional Health
The nutritional status of pregnant women together with a healthy lifestyle is 
essential for both mother and baby. An insufficient dietary intake of appropri-
ate nutrients could lead to the disruption of crucial biological functions and 
processes such as the reprogramming of foetal development. Children born in 
such conditions have the likelihood of being susceptible to chronic diseases 
as they grow up.

In many instances, interventions are made for infants with such health chal-
lenges after birth. Currently it seems that more attention has been paid to 
reversing the foetal developmental disorders than on the prevention and 
maintenance of foetal health (Shaw and Yager, 2019). Consequently in the 
prevention of such adverse pregnancy outcomes, preconceptional health is 
critical for both mother and unborn child if optimal birth outcomes are to be 
achieved. Some women believe in making health changes when a pregnancy 
is confirmed. However, this realisation could come too late when the woman 
is unaware of her pregnancy for the first few weeks. 

During conception, embryonic and foetal growth are dependent on the 
mother’s nutritional status, especially during perimplantation and placen-
tal development. This stage is crucial as it occurs mostly very early in 
the pregnancy, when the mother may be unaware that she is pregnant. 
Moreover foetal organs form between the third and seventh week after 
the mother’s last menstrual period, when the foetus is vulnerable to tera-
togenic effects. As such, crucial steps. such as adequate preconceptional 
nutrient intake in women of child-bearing age and health changes critical 
for the prevention of chronic diseases in unborn children, should be taken. 
In some instances both paternal and maternal nutrition play a role in fer-
tility, conception and ultimately the long-term health of their offspring 
(Singh, 2016; Toivonen et al., 2017). 
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2 � The Role of Nutraceuticals in Maternal Preconceptional 
Health and Foetal Development and Health

Women of reproductive age are therefore encouraged to engage in a healthy 
lifestyle and ensure the consumption of healthy foods, together with appro-
priate vitamin and mineral supplementation, which all play a major role in 
preconception, foetal health and child health outcomes (Procter et al., 2014). 

Subsequently adherence to such goals would lead to a reduction in adverse 
pregnancy outcomes such as foetal growth restriction and preterm delivery. 
Nutraceuticals, a term from “nutrition” and “pharmaceuticals”, are food com-
ponents, or components isolated from food, with preventive and curative 
health benefits. They could be derived from plants, animals or microbes, 
and include vitamins, dietary fibres, flavonoids, antioxidants, polyphenols, 
polyunsaturated fatty acids, spices, prebiotics and probiotics (Sharif and 
Khalid, 2018).

In contrast to pharmaceuticals that have a specific disease target, nutraceuti-
cals have a wide spectrum of therapeutic benefit in the prevention and pro-
gression of chronic disease and provide a holistic approach in preconceptional 
health (Barnes et al., 2018; Singh et al., 2018) Even though nutraceuticals are 
used in the prevention and treatment of disease, there has been a growing 
interest in the benefits of nutraceuticals in preconception, especially in the 
prevention of birth defects and the improvement of reproductive function and 
infertility in males and females. Adequate nutrition affects the conception 
rate. Moreover, nutraceuticals are able to reverse oxidative damage in repro-
ductive processes caused by free radicals (Singh, 2016).

3 � Animal and Human Studies on the Influence of Types of Nutraceuticals 
in Preconception and the Effects on Foetal Development and Health

3.1 � Herbal Nutraceuticals
It appears that some women in their reproductive years are already making 
use of complementary and alternative medicine for health care in pregnancy 
(Steel et al., 2017). In developing countries, such as the Philippines, the high 
cost of healthcare treatments and supplements could be a burden for most 
of the populace, including women of child-bearing age, leading to the use 
of alternative herbal remedies. Nettle is consumed as a vegetable and is high 
in nutraceuticals such as iron, manganese and calcium. Potassium and vita-
mins A, C, D and E. Other phytochemicals present are essential amino acids, 
minerals, phenolics and flavonoids which have antioxidant properties There 
are other species of nettle such as Urtica dioica and Urtica urens, however, 
L. interrupta and B. nivea are usually the species found in the Philippines. 
In China, the traditional use of B. nivea includes treatment of excessive men-
strual flow, miscarriages and abnormal placental and foetal movements.
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A study of L. interrupta (also known as stinging nettle) in mice by Guzman et al.  
supported its nutraceutical potential in preconception. The study suggests 
that the antioxidants from stinging nettles are able to cross the placenta and 
counteract oxidative stress. Oxidative stress occurs when the production of 
free radicals is in excess of the antioxidant capacity, creating an imbalance 
between the free radicals and antioxidant capacity (Gagné, 2014).

Reproductive processes involving cell division during pregnancy could give 
rise to free radicals and products of oxidative stress that exceed the pro-
tective antioxidant capacity of the mother and foetus. Consequently, there 
is cell damage, malformation of the placenta and chromosomes, and some-
times abortion. Oxidative stress negatively affects growing blood vessels and 
causes cell death. The preconceptional intake of stinging nettle leaf decoc-
tion supports the normal function of placental growth and development of 
new blood vessels. This occurs through enhanced antioxidant capacity and 
the normal functioning of oxidative pathways and nutritional status, which 
greatly impacts foetal growth and maternal health and has implications for 
human preconceptional health (de Guzman et al., 2015).

4 � Nutraceuticals as Dietary Supplements, Vitamins, 
Minerals and Trace Elements in Preconception

A dietary supplement could contain dietary components, such as minerals, vita-
mins, amino acids, botanicals or any other dietary ingredient, as a supplement to 
diet alone or in combination with these components (Nasri et al., 2014).

4.1  The Effects of Nutraceuticals as Vitamins
4.1.1  The Effects of Vitamin D Intake in Preconception

Gestational diabetes mellitus is a metabolic disorder diagnosed in pregnancy 
(Farrar et al., 2017) that causes glucose intolerance as well as various other 
complications, adverse birth outcomes and the risk of chronic disease for the 
mother and child. Foetal abdominal circumference measured during gestation, 
associated with maternal glucose intolerance was predictive of higher than 
average birth weight in the new-born (Lee et al., 2014) as a result of changes 
in foetal growth (Macaulay et al., 2018). With reports of vitamin D deficiency in 
many non- pregnant women of child bearing age and pregnant women in some 
regions in the first trimester, there is a high likelihood of inadequate levels of 
vitamin D in women during preconception. Maternal vitamin D-deficient states 
in early pregnancy present a risk of gestational diabetes mellitus. Vitamin D is 
essential for the regulation of insulin secretion and sensitivity. A foetus exposed 
to gestational diabetes mellitus is susceptible to foetal growth changes with the 
risk of a higher than average birth weight. There are associated sex differences 
in foetal growth affecting male foetuses compared with female foetuses (Lee 
et al., 2014; Macaulay et al., 2018). Vitamin D supplementation in vitamin D 
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deficiency states regulates fasting blood sugar and improves insulin resistance. 
Although there seems to be conflicting reports on the role of vitamin D in the 
prevention of gestational diabetes mellitus (GDM) pregnant women deficient 
in vitamin D had a higher risk of suffering from GDM (Al-Ajlan et al., 2018). 
Previous studies indicate a combination of calcium and vitamin D has the 
potential to prevent GDM (Karamali et al., 2016), and that the preconceptional 
intake of vitamin D has the potential to lower the risk of gestational diabetes 
mellitus in women of child-bearing age (Bao et al., 2018).

Earlier reports suggest that the susceptibility to larger than average weight in 
foetal development begins in pre-pregnancy and is linked to poor maternal 
intake of appropriate nutrients. Subsequent insulin resistance and hypergly-
caemia in early pregnancy induces changes in placental morphological and 
normal function of the placenta. Such changes have a negative influence on 
the foetal supply of nutrients and foetal fat accrued. Hence interventions that 
start during an established pregnancy are unable to provide optimal solu-
tions and can only partially affect foetal development and health. Established 
micronutrient interventions such as vitamin D supplementation give better 
prospects of enhancing foetal and maternal health (Godfrey et al., 2017).

A few kinds of foods, such as fatty fish, oils, liver, eggs and dairy prod-
ucts will usually contain vitamin D. Sufficient dietary intake of vitamin D or 
supplementation before pregnancy has also been associated with decreased 
risks of low birth weight, poor bone health and respiratory disorders, such 
as wheezing and asthma in the offspring, which have implications for foetal 
development and health (Looman et al., 2018). 

4.1.2 � Vitamin A and Betacarotene

There is a prevalence of low serum levels of vitamin A in about 19.1 million 
pregnant women in the world. About 10 million of these pregnant women 
experience gestational night blindness. Previous reports from Malawi indicate 
a threefold probability of mortality for the offspring of vitamin A-deficient 
mothers. Vitamin A plays a prominent role in normal functioning of the 
immune system. A deficiency of this vitamin could have severe implications 
for developing the foetal immune system and for maternal health. Nutrient 
deficiencies affect the production of white blood cells and render the immune 
system development highly vulnerable to damage and reprogramming in foe-
tal life, leading to chronic diseases triggered by inflammation.

Vitamin A is responsible for foetal red blood cell production (Cañete et al., 
2017), development of the foetal and neonatal B1a cells, and together with its 
derivative retinoic acid, is essential for early production of lymphocytes, one 
of the types of white blood cells. The B1a lymphocytes also produce most 
natural antibodies. 

This is supported in animal studies where a deficiency of vitamin A, disrupts 
the physiological function of B1a cells.
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Palmer et al. studied the effects of vitamin A and betacarotene (a provitamin 
A carotenoid) supplementation in preconception and lactation on the levels 
of production of natural antibodies in the offspring. The findings suggest 
that the supplementation produced a greater percentage of B1 precursors in 
the foetus and a sustained increment in natural antibody-secreting B1a cells. 
There were also enhanced natural antibodies from adequate retinol levels in 
the offspring that were born after supplementation as compared to the control 
(Palmer et al., 2015).

A reduction in the B1a lymphocytes and natural antibodies has the capacity 
to inflict immune-related chronic disease, e.g. asthma and cardiovascular dis-
ease later on in life. Low concentrations of antibody IgM, which offers protec-
tion against Streptococcus pneumonia, could result in fatalities, especially in 
developing countries. Production of these antibodies does not depend on age 
or a response to disease, and they are critical defensive agents in foetal life 
prior to infancy. Maternal preconceptional exposure to vitamin A has long-
term effects on foetal health.

4.1.3 � The Effects of Vitamin B6, B12, and Trace 
Elements Intake in Preconception

Maternal and foetal health are dependent on nutritional intake. La Vecchia 
et al. measured the concentrations of homocysteine, folate and vitamin B12, 
which are essential for fertility in women of reproductive age. Aside the role 
folate plays in fertility, foetal neural-tube defects could be prevented by ade-
quate levels in preconception (La Vecchia et al., 2017).

A woman’s nutritional status before conception and early pregnancy is crit-
ical for placental development, the epigenetic processes involving foetal 
genes, and, ultimately, the growth and development of the foetus. Vitamins 
B6 and B12 are essential for the production of gametes, fertilisation and 
embryo development before implantation. Deficiencies in the levels of cop-
per, zinc, manganese and selenium, essential for antioxidant enzymes such 
as glutathione peroxidase, could adversely affect blood flow to the foetus 
and cause pre-eclampsia and reduced foetal growth. A study in four dis-
tricts in north-east Vietnam investigating the long-term impact of precon-
ception supplementation of iron and folic acid, and multiple micronutrients, 
showed there was improved linear growth and motor development (Nguyen 
et al., 2017).

4.1.4  The Effects of Folic Acid Intake in Preconception

Folic acid, a methyl donor, is critical for DNA methylation, production and 
repair. Stress, environmental factors and the maternal food intake could 
adversely alter epigenetic patterns. However, folic acid supplement intake and 
the consumption of folate-rich foods are recommended in women pre-preg-
nancy and during pregnancy for the prevention of birth defects, such as spinal 
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bifida, and for protection from neural-tube defects. The maternal intake of 
folic acid is associated with significant epigenetic changes that prevent foetal 
growth restriction associated with long-term effects on childhood health. In 
addition, the preconceptional use of folic acid prevents folic acid-related con-
genital abnormalities in the foetus (De-Regil et al., 2010; Pauwels et al., 2017; 
Qian et al., 2016; Stephenson et al., 2018; Stevens et al., 2018; Wilson et al., 
2015; Wu and Yang, 2017). A deficiency in folic acid and vitamin B12 could 
affect reproduction, fertility and the development of the foetus, with associ-
ated foetal defects. 

5 � The Effects of Nutraceuticals as Omega-3 Fatty Acids 
such as Mono- and Polyunsaturated Fatty Acids

5.1 � The Effects of Eicosapentaenoic Acid (EPA), Docosahexaenoic 
Acid (DHA) and Folate Supplementation

5.1.1  Polyunsaturated Fatty Acids (PUFA)

Omega-3 fatty acids, e.g. linolenic acid and eicosapentaenoic acid, are 
found in soybean and canola oils, fish oils, mackerel, sardines, salmon, 
swordfish, trout, flaxseed and walnuts. However, omega-6 fatty acids, 
e.g. linoleic and arachidonic acid, are found in sunflower, corn and soy-
bean oils. Both fatty acids prevent the conversion of arachidonic acid to 
the eicosanoids, prostaglandin E2, leukotriene B4 and thromboxane A2, 
which promote inflammation. As such these fatty acids play a significant 
role in the prevention and progression of arteriosclerosis, cardiovascu-
lar disease, chronic inflammatory disease, such as ulcerative colitis, and 
asthma (Hernández and Gil, 2016).

Docosahexaenoic acid is an essential (n-3) polyunsaturated fatty acid found 
in the brain. The source of the DHA in the brain is obtained from dietary 
sources, as the conversion of alpha-linoleic acid to DHA is inadequate. Fatty 
acids such as DHA and EPA are recommended nutrients for retina and foetal 
brain development in preconception. Previous studies support dietary supple-
mentation of DHA for anti-inflammatory action and neuroprotection in the 
brain. The concentrations of DHA are involved in long-term effects resulting 
in schizophrenia, depression, autism and Alzheimer’s disease. 

Animal studies show the potential benefits of DHA in improving behavioural 
deficits. More such studies are recommended to derive further information 
about the dose, duration and mode of administration of DHA in animals 
(Brawerman and Dolinsky, 2018; Nasri et al., 2014; Sun et al., 2018). 

A study conducted by Chiu et al. (2017) evaluated the effect of a mater-
nal fatty-acid diet on pregnancy and in vitro fertilisation was done. A 
high intake of dietary omega-3 fatty acids, such as docosahexaenoic acid 
(DHA) and α-linoleic acid (ALA), enhanced embryo morphology in assisted 
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reproduction. On the other hand, a higher saturated fat to polyunsaturated 
fat ratio in follicular fluid produced a decreased quantity of matured oocytes. 
These reports have implications for inflammation and insulin resistance that 
adversely affects fecundity outcomes. There were enhanced implantation, fer-
tility and pregnancy rates associated with an increased ratio of omega-6 to 
omega-3 fatty acids after assisted reproduction treatment. There were also 
better pregnancy rates in obese women after polyunsaturated fatty acid 
intake during maternal preconception. These findings suggest improved fer-
tility can result from preconception polyunsaturated fatty acid intake (Chiu  
et al., 2017; Moran et al., 2016).

Earlier reports have indicated an improved incidence of live births after an 
increased intake of omega-3 fatty acids even though other reports have failed 
to show this correlation with respect to live births. In addition, omega-3 fatty 
acid intake has been shown to reduce the incidence of anovulation (Mumford 
et al., 2016) and endometriosis in women and to have had a positive influence 
on time-to-conception fecundity. However, the positive effects of the con-
sumption of fish oil containing omega-3 fatty acids could be hampered by the 
presence of toxicants such as organochlorine compounds which affect fertility 
in humans. A deficiency of DHA also affects sperm quality in reproduction 
(Gaskins et al., 2018; Lass and Belluzzi, 2019; Scaioli et al., 2018; Wise et al., 
2017) Preconceptional dietary intake of polyunsaturated fatty acids, e.g. DHA 
and alpha-linoleic acid, improves embryo morphology (Braga et al., 2015; 
Genuis and Genuis, 2016). 

5.1.2 � Foods Containing Monosaturated Fatty Acids such as Avocados

Maternal nutrition during preconception, pregnancy and lactation is critical 
for conception, the maintenance and support of a pregnancy, the normal func-
tioning of foetal placenta, and foetal development. Avocados contain mono-
unsaturated fats, folate, potassium, antioxidants such as vitamin E and C, and 
phytosterols, which are critical for foetal development and health (Comerford 
et al., 2016).

Antioxidant vitamins such as carotenoids and vitamins C and E exert their 
protective effects by preventing cell damage from oxidative reactions and 
free radicals. Vitamin C is found in rosehips, black currants and citrus fruits. 
Edible plant oils contain vitamin E, which protects low-density cholesterol 
from oxidation. Carotenoids also reduce the risk of disease. Carotenoids such 
as lycopene, lutein, zeaxanthin and carotene offer protection against macular 
degeneration, night blindness and cataracts (Hernández and Gil, 2016).

The administration of vitamin C to female diabetic Sprague-Dawley rats 
before mating reduced the risk of stillbirths and foetal abnormalities. Vitamin 
C levels were detected in the placenta and foetal liver, which prevented the 
production of free radicals and enhanced antioxidant protection (Brawerman 
and Dolinsky, 2018).
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6  �Nutraceuticals as Polyphenols

Polyphenols are usually found in vegetables, fruits, cereals, tea and wine. 
Plant polyphenols such as phenolic acids and flavonoids are essential for their 
antioxidant activity. Flavonols, flavones, catechins, flavonones, anthocyani-
dins and isoflavonoids are all characterised as flavonoids. Resveratrol is found 
in red wine, epigalocatechin-3-gallate in green tea, and isoflavones, genistein 
and daidzein are in soybean. Such antioxidants have anti-inflammatory, anti-
oxidant, antimicrobial, anticancer, antiatherogenic and cardioprotective prop-
erties (Hernández and Gil, 2016). 

6.1 � Resveratrol in combination with Vitamins
Resveratrol is a polyphenol found in red wine, grapes, berries and vegetables. 
Its action is similar to reduced calorie intake and exercise as therapy in ges-
tational diabetes mellitus. An amount of 10 mg/kg of resveratrol was given 
to Db/+ mice before and during pregnancy. Resveratrol increased offspring 
survival, with a lower body weight, reduced glucose-6-phosphatase and glu-
cose secretion, and increased expression of 5′ adenosine monophosphate pro-
tein kinase (AMPK) in the offspring. C57bL/6 obese mice were supplemented 
with vitamin D, folic acid or multivitamins before and during pregnancy. The 
administration of vitamin D and folate had no effect on foetal glucose toler-
ance and foetal insulin sensitivity (Brawerman and Dolinsky, 2018; Huang  
et al., 2015).

6.1.1 � The Effects of Resveratrol

Resveratrol is able to inhibit activity in a way similar to interventions such as 
reduction of calorie intake and exercising in metabolic disorders such as GDM. 
Resveratrol has elicited anti-hyperglycaemic activity, anti-inflammatory, antioxi-
dant and antiproliferative activity in diabetic rats and other animal models. It 
activates the enzyme AMPK, which regulates glucose balance and fatty acid 
oxidation in the cells. Animal studies involving resveratrol intake in pregnancy 
report reduced obesity, decreased triglycerides, decreased fat deposits in the 
liver, a better insulin sensitivity and decreased glucose-6-phosphate production 
both maternally and in the offspring. This probably suggests an associated foetal 
metabolic health improvement with the administration of resveratrol. However, 
there have been some contradictory reports on resveratrol in preconception.

In another study, Japanese macques were given supplements of 0.37% resve-
ratrol, 3 months before mating and during pregnancy. In the offspring, there 
was a 42% increase in pancreatic weight, increased glucagon, Ki-67 and Bcl-2 
gene expression, and decreased alpha cell mass. The foetal islet mass, beta 
cell mass and insulin gene expression remained the same. This suggests that 
the enlargement of the foetal pancreas was due to an increase in the prolif-
eration marker Ki67 and anti-apoptotic marker in the pancreas. It is expected 
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that many more studies would be conducted to clarify previous data obtained 
in research and the effects of resveratrol on alpha and beta cells (Brawerman 
and Dolinsky, 2018).

6.2 � Nutraceuticals as the Flavonoids, Quercetin and Genistein
Flavonoids that are nutraceuticals are found mostly in apples, cherries, 
grapes, cruciferous vegetables and berries. They have a profound effect on 
the reversal of oxidative stress during developmental programming. In a prior 
study conducted by Morais et al. (2015), the administration of preconceptional 
quercetin and genistein in mice resulted in reduced foetal DNA liver damage 
caused by oxidative stress in mice.

6.2.1 � Quercetin

Doxorubicin and cyclophosphamide, which are very effective anticancer 
agents, were administered to female Wistar rats in doses of 1.8 mg/kg and 2.7 
mg/kg respectively, every third week for 10 weeks. Also, 10 mg/kg of querce-
tin in combination with these anticancer agents was administered to two other 
groups of rats separately. The female rats were then moved to cages with male 
rats for mating to take place. The foetal brains were subsequently removed 
from foetuses and examined. The study showed an increase in superoxide 
dismutase and malondialdehyde, accompanied by a decrease in carnitine acyl-
carnitine translocase and glutathione indicative of oxidative damage in both 
cyclophosphamide and doxorubicin treatment groups. Treatment with querce-
tin improved the antioxidant capacity of foetal brain tissue with a reduction 
of free radical damage caused by oxidative stress. Women of child-bearing 
age on anticancer treatment with doxorubicin and cyclophosphamide could 
be treated with nutraceuticals such as quercetin, if they became pregnant, to 
reduce the risk of foetal damage of brain tissue (Doğan et al., 2015).

Quercetin is also an iron chelator and can oxidise haeme iron in haemoglobin 
from iron II to iron III. Quercetin is able to cross the placenta into the foetus. 
Maternal exposure in mice to quercetin before conception and during preg-
nancy, and its effect on the production of red blood cells and the maintenance 
of iron balance, was investigated. Findings on foetal development showed no 
negative effects on erythroid lineage switch nor concomitant globin switch. 
There was, however, increased iron storage in the liver of the adult mice, 
increased expression of inflammation cytokines and reduction in DNA dam-
age from oxidative stress (Tang et al., 2014; Xiao et al., 2018). 

7  Nutraceuticals as Minerals
7.1  The Effects of Preconception Iodine Intake
A sufficient dietary intake of foods containing iodine and iodine supplemen-
tation or both are critical for attaining optimal pregnancy outcomes. Iodine 
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deficiency in pregnancy has been associated with miscarriage. Even low levels 
of iodine in pregnant women during the foetal neurodevelopment stages could 
adversely affect cognitive and psychomotor functions, behaviour and brain 
development with low non-verbal and verbal intelligence quotients in children.

Even though iodine supplementation is encouraged in Australia by fortifying 
foods with iodised salt, pregnant women and lactating mothers were still defi-
cient. A study conducted by Hynes et al. reported that the intake of iodine, 
both preconceptionally and throughout pregnancy, was effective in maintain-
ing adequate maternal iodine levels and providing a reversal of the negative 
effects on foetal neurocognitive development. However, iodine supplemen-
tation after pregnancy in some of the study participants could not achieve 
sufficient levels of iodine. There is the probability that the amount taken 
was not enough to replace and maintain sufficient iodine levels during preg-
nancy. Since quite a number of pregnancies could be unplanned it is vital that 
women of child-bearing age are encouraged to have sufficient iodine intake 
in the preconception period (Hynes et al., 2019).

8 � Nutraceuticals as Probiotics

Probiotics consist of live microbial cultures such as lactobacilli, bifidobacteria 
and Gram-positive bacteria, which create an intestinal microbiota balance by 
promoting a healthy balance between the non-pathogenic and pathogenic 
bacteria. In addition probiotics can be used to treat lactose intolerance, diar-
rhoea and antibiotic-associated intestinal disease, and to reduce the risk of ear 
and urinary tract infections, allergies, asthma and cancer (Hernández and Gil, 
2016; Nasri et al., 2014).

An optimal microbial balance in the female reproductive tract is essential 
for the new-born offspring to acquire beneficial microbiota for its health. A 
healthy intake of probiotics before and throughout pregnancy is beneficial 
for a full-term, healthy pregnancy and for the prevention of infections and 
inflammation in the new-born (Reid et al., 2016).

Berti et al. studied the role of nutrition, with regards to probiotics and vitamin D 
intake, in pregnancy outcomes and breastfeeding. The findings of this study under-
lines the importance of such nutritional exposures from preconception, pregnancy 
and after the birth in ensuring foetal and offspring health (Berti et al., 2017).

Disorders in the maintenance of normal glucose levels during the preconcep-
tion period and early pregnancy could lead to certain biological changes in 
the placenta and foetus which predisposes the offspring to unhealthy weight 
gain and adiposity. There is therefore growing evidence for more interven-
tion studies during preconception where probiotics, myo-inositol, vitamins 
B6, B12 and D, and zinc are administered to optimise maternal blood glucose 
and glucose levels in the placenta and foetus to prevent adiposity and ensure 
healthy offspring (Godfrey et al., 2017).
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9  Metallonutraceuticals
9.1 � Dietary Copper
A deficiency of physiological amounts of the trace elements copper, manga-
nese and zinc could lead to infertility, gestational hypertension, recurrent 
miscarriages, low birth weight in offspring and pregnancy complications 
resulting in preterm birth. The production of reactive oxygen species coupled 
with inadequate antioxidant capacity to counteract this results in negative 
effects on placental and foetal development and the formation of foetal organs 
and renders the foetus susceptible to oxidative stress and chronic disease later 
on in life (Al-Gubory, 2017).

Dietary copper is essential for biochemical and physiological processes (Bost et al., 
2016; Catalani et al., 2018). Trace elements such as copper, manganese, zinc and 
selenium play a role in physiological functions and regulate oxidative reactions 
with enhanced antioxidant capacity in animals as well (Cazarotto et al., 2019). 

Hawk et al. investigated the effects of copper deficiency during preconception 
and early pregnancy. A deficiency in copper resulted in an increased inci-
dence of foetal death in utero, with subsequent partial or full reabsorption, 
as well as increased brain and heart developmental disorders in the mouse 
model (Al-Gubory, 2017).

9.2 � Dietary Zinc
Micronutrients such as zinc are critical in cell division in reproductive pro-
cesses, ovulation, embryo development and foetal health. A diet deficient in 
zinc was fed to female CD1 mice 3–5 days before ovulation, in preconception. 
There was a dramatic disruption of oocyte development and impairment of 
epigenetic programming. It is interesting to note that even temporal insuf-
ficiency in zinc has implications in fertility (Beaver et al., 2017; Hester et al., 
2017; Jeon et al., 2015; Tian and Diaz, 2013).

9.3  Dietary Iron
Dietary iron is useful in red blood cell and haemoglobin production. A low 
dietary intake of iron during preconception coupled with diseases such as hel-
minthiasis, in low- and-middle income countries poses as a maternal health 
risk. Low haemoglobin levels also result in impaired foetal growth and low 
birth weight. Iron supplements alone or in combination with folic acid can 
prevent anaemia in pregnancy (Dean et al., 2014).

10 � The Way Forward

Substantial evidence shows that susceptibility to genetic modifications and 
progression to chronic disease later in offspring begins in the vulnerable 
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period of foetal development. Several determinants leading to disease have 
the potential to be prevented in the preconceptional period. The awareness 
of the immense benefits of preconceptional maternal health, which ultimately 
influences foetal development and health, is crucial for the health of future 
generations. The focus therefore should be on the nutritional status of women 
of child-bearing age (Genuis and Genuis, 2016). Moreover, the failure of micro-
nutrient interventions in pregnancy is imperative for considerable attention to 
be given to the implementation of interventions in preconception (Stephenson 
et al., 2018). Women of child-bearing age, regardless of whether they are from 
low-, middle- or high-income countries, may not have adequate nutritional 
status to support a pregnancy. Hence the preconception period presents as 
an opportune time to initiate critical nutritional interventions (Stephenson  
et al., 2018).

Nutraceuticals are bioactive compounds, e.g. dietary supplements, vitamins, 
minerals and probiotics, with unique health benefits beyond their nutritional 
value that ameliorate physiological disorders (Mukherjee et al., 2017). 

There is growing evidence of the role of nutraceuticals in improving precon-
ceptional nutritional status which affects the growth, development and health 
of the foetus (Genuis and Genuis, 2016).

Maternal deficiency in nutraceuticals like dietary supplements, vitamins and 
minerals, irrespective of socioeconomic background, is a public health con-
cern indicating the need for maternal health literacy in making informed 
choices. An important aspect is the awareness and education of professional 
health providers about the benefits of nutraceuticals, to be able to provide 
necessary information for women in preconceptional health care (Genuis and 
Genuis, 2016). 

The male partners of women of child-bearing age could benefit from precon-
ceptional care counselling as nutraceutical intake can improve male fertility 
as well (Singh, 2016).

Some women of child-bearing age are already exposed to the use of comple-
mentary medicine in their reproductive years to assist in fertility. Additionally, 
depending on their background, they may prefer herbal remedies, which may 
be more accessible than conventional health care. Such herbal remedies could 
be consumed as food and also be utilised to assist in fertility, female hor-
monal imbalance, miscarriage and abnormal placental/foetal movements, and 
to support maternal and foetal health. In effect such women are already mak-
ing use of herbal nutraceuticals for health care (de Guzman et al., 2015). 

Even though the body of scientific evidence on the benefits of preconception 
diets that include nutraceuticals is growing, there is still the need for more 
education in this area (Comerford et al., 2016).

Policymakers should provide access for the activities of health professionals 
who are not otherwise included in the structure of conventional healthcare 
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systems for the regulation of health literacy in order to enhance their contri-
bution to preconceptional health care (Barnes et al., 2018). A holistic approach 
in the integration of maternal literacy in preconceptional healthcare is encour-
aged, to enable informed decisions on nutritional status associated with vital 
nutraceutical intake (Barnes et al., 2018; Steel, Adams and Sibbritt, 2017).

Earlier reports indicate the safety of nutraceuticals in physiological doses and 
highlight the need for more studies to establish the therapeutic or pharmaco-
logical doses and their effects (Hernández and Gil, 2016). 

There are also several studies that indicate the remarkable anti-toxic effects 
of nutraceuticals in reversing the effects of synthetic/conventional drug and 
toxicant exposure (Akinmoladun et al., 2017; Mokni et al., 2015; Ouyang et al., 
2014; Supic et al., 2018; Tabeshpour et al., 2018; Yan et al., 2016). It is postu-
lated that this could be applicable where the effects of maternal and foetal 
exposure to environmental toxicants could be ameliorated in maternal pre-
conceptional health care and foetal health. Other reports indicate conflicting 
or inconclusive results about the use of nutraceuticals such as vitamin D in 
preconception (Al-Ajlan et al., 2018). 

With this emerging field of interest it is envisaged that further randomised 
controlled trials should be conducted on the use of nutraceuticals in pre-
conception and the related effects on the foetus, in order to assess the con-
sistency of the experimental data with clinical data and to provide further 
scientific evidence to support the use of nutraceuticals as an intervention in 
preconceptional health (Mokni et al., 2015; Pirro et al., 2016; Singh, 2016; 
Tabeshpour et al., 2018). 

Public preconceptional health awareness involving knowledge of the signifi-
cant role nutraceuticals play and levels of intake in nutritional status, supported 
by vigorous research, would enhance the informative use of nutraceuticals in 
preconception (Garcia et al., 2018). The introduction of preconception nutra-
ceutical intake in family planning and extensive fortified food programmes 
would have long-term benefits (Stevens et al., 2018). The education of women 
of reproductive age would also be effective in the event of unplanned preg-
nancies (Dean et al., 2014). Nutraceuticals have a unique ability to reverse the 
adverse effects of oxidative stress and to reprogramme foetal development in 
its vulnerable period, which has long-term effects in ensuring the health of 
the next generation.
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4
The Role of Nutraceuticals 
in the Placental Growth, 
Development and Function

Maryam Miraghajani and Michael E. Symonds

4.1 � Introduction
4.1.1 � What Are Nutraceuticals?
About 2,000 years ago, Hippocrates correctly stated “Let food be your medi-
cine and medicine be your food” (1). Currently there is an increased global 
interest due to the recognition that “nutraceuticals” play a major role in health 
enhancement (2).

Nutraceuticals, which have also been called medical foods, designer foods, 
phytochemicals, functional foods and nutritional supplements, include 
such everyday products as “bio” yogurts and fortified breakfast cereals, as 
well as vitamins, herbal remedies and even genetically modified foods and 
supplements (3). Overall, nutraceuticals should provide a health benefit to 
the consumer that is greater than that of a general food item. Indeed, they 
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Placental Growth, Development and Function

are non-specific biological therapies used to promote wellness and prevent 
chronic diseases (4). 

4.1.2 � The Developmental Origins of Health And Disease
Many animal studies and human epidemiological findings have shown that 
impaired growth in utero is associated with physiological abnormalities in 
later life and have linked this to tissue programming during suboptimal intra-
uterine conditions at critical periods of development (5, 6). As the importance 
of foods and nutrients on in utero growth has been established, the field 
of “developmental origins of health and disease” has emerged. It considers 
that programming during critical periods of early development following fetal 
nutrition exposure in pregnancy permanently alters certain aspects of the 
metabolic status and an organism’s physiology, which consequences are often 
observed much later in adulthood (7–9). 

Among the potential mechanisms proposed to regulate early-life program-
ming, that of epigenetics is one candidate, explaining gene expression adapta-
tions that persist in the long term. Epigenetic marks can be remodeled during 
development. Consequently, exposure to adverse environments during critical 
developmental windows can trigger long-lasting influences on the epigenome 
of the differentiating cell. The resulting changes in epigenetic marks may alter 
cell fate and the growth and development of tissues and organs, and may sub-
sequently be responsible for adverse responses to later challenges, such as an 
obesogenic environment (10, 11). 

Placental growth, development and function is an important feature of the 
“developmental origins of health and disease” phenomenon. As the interface 
between mother and fetus, the placenta plays a primary role in fetal growth 
and development (12, 13). Also as fetal life is characterized by a great plastic-
ity and ability to respond to various environmental factors (14), changes in 
nutrition can influence epigenetic enzymes and placental development, lead-
ing to greater susceptibility to adult disease (12, 14, 15).

4.1.3 � The Placenta and its Role in Fetal Programming
The placenta is one of the most important mammalian organs, not only for 
the health of the fetus and the mother during pregnancy but also for the 
lifelong health of both. Placental structure and function affect the health of 
the mother, as seen in the impaired development with preeclampsia, ges-
tational hypertension and diabetes (16). It is a regulator of nutrient supply, 
respiratory gases exchange and waste product removal, and it controls fetal 
growth and development. Hormonal signals, which affect maternal and fetal 
metabolism (17–19) also arise from the placenta. Indeed, during its transient 
existence, the placenta performs actions that are later taken on by a diverse 
range of organs, including the lungs, liver, gut, kidneys and endocrine glands. 
Alterations in the placental growth, development and function can contribute 
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to fetal programming (17–19). Adverse maternal conditions can affect placen-
tal morphology, blood flow, feto-maternal nutrient exchanges and endocrine 
function, which modify placental efficiency (17–19). The effects on placental 
development and function are linked to the type of insult, stage of develop-
ment and sex of the conceptus (20, 21). 

Early placental angiogenesis is critical for the establishment of the placental 
vasculogenesis and thus for normal fetal programming, growth and develop-
ment (22–24). The health of future generations may be damaged, and the 
incidence of some diseases can increase as a consequence of disturbed pla-
cental vasculogenesis development (25). Such maladaptations can be depen-
dent on various factors including over- or undernutrition, maternal age or 
parity, body mass index and genetic background (22–24). For example, altered 
one carbon metabolism such as folate and vitamin B12 contribute to dis-
turbed angiogenesis and placental apoptosis in women with preeclampsia 
(26). Docosahexaenoic acid (DHA) 22:6 n-3 as well as some other fatty acids 
including conjugated linoleic acid (CLA), can stimulate angiogenesis in pla-
cental first trimester cells. These dietary fatty acids stimulated the expression 
of not only major angiogenic factors such as vascular endothelial growth fac-
tor (VEGF) and angiopoietin-like 4 (ANGPTL4), but also fatty acid-binding 
proteins (FABP-4 and FABP-3), which directly modulate angiogenesis (27). 
Placental circulation through uterine and umbilical blood flow also contrib-
utes to a successful pregnancy and normal fetal growth (28, 29). Impaired 
fetal or placental growth, or both, are associated with reduced utero‐placental 
blood flow (30). Abnormal blood flow can cause reduced placental area and 
weight resulting in abnormal fetal growth (28). 

As mentioned previously, the placenta facilitates substrate exchange for the 
fetus between maternal and fetal circulations. Substances have to cross sev-
eral cellular placental layers, which are characterized by the processes of 
simple or facilitated diffusion or active transport, that depend on the type of 
components (31, 32). Inappropriate placental nutrient transfer capacity has 
the potential to cause fetal programming effects through its impact on nutri-
ent supply. It is responsive to a wide range of environmental factors including 
foods and nutrients. Placental size directly affects the capacity for nutrient 
transfer through changes in the surface area for transport and, when mea-
sured as a proportion of placental weight, is positively correlated to body 
weight at term in a wide range of species (20, 33). Also, the abundance of 
transporters, the concentration gradient between maternal and fetal compart-
ments, and placental metabolism are all sensitive to foods and nutrients as 
environmental stimuli (20, 33). 

The placenta is also an endocrine organ, which secretes hormones in both 
maternal and fetal circulations and controls fetal growth and maternal metab-
olism. These hormones are important for the establishment and maintenance 
of pregnancy, exerting autocrine and paracrine effects that regulate placen-
tal development, angiogenesis, endometrial receptivity, embryo implantation, 
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immunotolerance and fetal development. Placental hormones also have pro-
found effects modulating maternal energy reserves that are then released to 
support fetal growth in later pregnancy and lactation (34, 35). They include 
progesterone, placental lactogen and the placental variant of the growth hor-
mone and facilitate glucose delivery to the fetus. Insulin-like growth factor 
(IGF) II can modulate nutrient exchange between maternal and fetal circu-
lations specifically for simple and facilitated diffusion. Prostaglandins and 
corticotropin-releasing hormone (CRH) also control fetal nutrient and oxygen 
supply by effecting blood flow and myometrial contractility. These examples 
illustrate that dysregulation of placental hormones could adversely impact 
maternal and fetal metabolism, fetal growth and postnatal metabolic function 
(20). Promoting optimal nutrition can ensure effective placental growth and 
development including angiogenesis, circulation, nutrient transfer capacity 
and placental hormone production (36).

It should be mentioned that although the placenta has long been considered 
a ‘sexless’ organ, due to its fetal origin (37), the long-term effects of the same 
environmental insult, such as unbalanced maternal nutrition, can have dif-
ferent phenotypic effects on male and female offspring. In many species, the 
placentas of male fetuses are bigger than those of female fetuses and can have 
a different shape. This is linked to the sexually dimorphic placental response 
to changes in maternal nutrition. For example, the Dutch famine at the end 
of the Second World War caused a decrease in placental size and area, with 
the long-term effect of reduced placental area being more severe for males 
(38). Furthermore, the health outcomes differed, and it was only in males 
that changes in placental shape were associated with the onset of hyperten-
sion later in life (39). Male fetuses appeared to be less adaptive, leading to an 
increased risk of neonatal complications and death, and thereby contributing 
to sex-specific differences. However, the mechanisms underlying these sex-
specific outcomes remain to be fully elucidated (40, 41). 

4.2 � Nutraceutical Supplements and Placental 
Growth, Development and Function

Maternal nutraceutical intake in humans and animals can interfere with 
normal placental growth and development as reflected by changes in pla-
cental weight, size, peripheral villous mass, villous surface and deoxyri-
bonucleic acid (DNA) content (42). They have several roles in regulating 
placental growth, development and function. These include providing 
nutrients for the placenta, controlling vascularization, metabolic function, 
modifying gene expression and DNA methylation, and the prevention of 
oxidative stress and inflammation (43). So one of the intervention strat-
egies for targeting the placenta in order to optimize fetal growth could 
include modifying maternal nutraceutical intake. The most popular nutra-
ceuticals supplements include folic acid, vitamin B12, omega-3, vitamin D 



43Placental Growth, Development and Function﻿

and antioxidants, which are all known to contribute to placental growth, 
development and function (44–48). 

4.2.1 � Folic Acid
Genome-wide epigenetic regulations such as DNA methylation participate in 
many aspects of placenta development, including trophoblast cell adhesion 
and invasion, angiogenesis and placental imprinted gene expression. In mam-
mals, DNA methylation occurs predominantly at cytosines in CpG dinucleo-
tides, which depend upon the availability of methyl groups, and can impact 
on the placenta (49).

Genomic imprinting as an epigenetic process is responsible for the monoal-
lelic expression of a subset of genes. Indeed, it results in the expression of 
those genes from only one of the two parental chromosomes. This process 
has an important role in feto-placental development and function. Adverse 
imprinting disrupts development and is the cause of various disease syn-
dromes (49–51). For example, IGF2/H19 imprinted genes are associated with 
fetal growth. In contrast to the paternal expressed of the IGF2, the maternal 
allele of the mentioned gene is silenced through DNA methylation. The mater-
nally expressed H19 is located downstream of IGF2 encoding a noncoding 
RNA, which regulates cellular growth. Loss of imprinting leads to reactivation 
of the silent allele, resulting in biallelic expression and several disorders, such 
as Angelman syndrome (25) and Prader-Willi syndrome (49).

Some nutraceuticals, such as folic acid, contribute to placental growth and devel-
opment by modulating global DNA methylation and imprinted gene expression. 
This nutrient acts as a single carbon methyl donor, which generates methyl 
groups for DNA methylation(49–51), but there have been relatively few human 
studies. Although, some findings suggest that maternal folate concentrations 
during weeks 24–28 of gestation affect DNA methylation in the placenta (44), 
others do not (52). Tserga et al. investigated the association between folic acid 
supplementation during pregnancy and loss of imprinting of IGF2 and H19 
genes in placenta and cord blood of 90 mother–child dyads. Pyrosequencing 
data showed no significant associations between self-reported supplement use 
before pregnancy and imprinting control of H19 in the placenta (52). 

As well as the important role of folic acid in DNA methylation, this nutri-
ent is essential for the synthesis of DNA, cellular division and proliferation, 
and development of the placenta including extravillous trophoblast inva-
sion, angiogenesis and secretion of the matrix metalloproteinases (53). Low 
folate concentrations in early pregnancy can adversely influence placenta-
tion, increase the risk for preterm birth and lead to fetal growth retardation 
(53). When cultured with folic acid, placental explants at 7 weeks gestation 
increases extravillous trophoblast invasion, proliferation and vascular den-
sity, and decreased apoptosis (54). Also, a population-based prospective 
cohort study including 5,993 pregnant women showed self-reported low-dose 
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periconception folic acid supplementation was associated with a significant 
reduction in uteroplacental vascular resistance (55). However, a meta-analysis 
in 2012 investigating the effect of folic acid supplementation on placental 
weight did not find any beneficial effect (50). 

With regard to increased folic acid requirements in pregnancy to meet fetal 
demands (56), a direct link between maternal folic acid intake and compli-
cations in pregnancy the World Health Organization (WHO), recommends 
at least 400 µg/d of folic acid intake periconceptually to prevent develop-
mental defects (57). Other guidance for healthy women is 400–800 µg/d 
preconceptually and throughout the first trimester. In many countries folic 
acid supplementation is recommended for all women at reproductive age as 
many pregnancies are unplanned (56). Folic acid supplementation may have 
adverse effects in individuals with a low vitamin B12 level and has been 
associated with increased incidence of small for gestational age (SGA) births 
(56). In vitro, high folic acid alone had a detrimental effect on placental health 
and functions through decreased viability, epidermal growth factor receptor 
(EGFr) expression and increased tumor necrosis factor alpha (TNFα) expres-
sion, homocysteine and malondialdehyde (MDA) levels (58). Furthermore, 
additional supplementation with folate during pregnancy, coupled with a low 
intakes of vitamin B12, could increase the ratio of folate/vitamin B12 which 
can alter DNA methylation, by hyper- or hypomethylation of specific genes, by 
inhibiting (protective genes) or by increasing (disease-related genes) respec-
tively. The subsequent changes in gene expression of those genes lead to 
long-term effects, so the possible consequences of an elevated folate maternal 
intake on the offspring should be considered (59).

On the other hand, folic acid metabolism enzymes such as methylenetetra-
hydrofolate reductase (MTHFR) have important roles in the maintenance of 
normal placenta and fetal development. Not only does folic acid intake affect 
serum folate but single-nucleotide polymorphisms (SNPs) in MTHFR influence 
folate metabolism. For example, individuals with the MTHFR 677TT genotype 
have significantly lower serum folate compared to other genotypes. Moreover, 
interventions based on genotype may be more effective for motivating indi-
viduals to change their lifestyle and improve their nutrition (60). So, folic acid 
supplementation based on personalized nutrition by considering their geno-
type could be more effective. 

4.2.2 � Vitamin B12
Similar to folic acid, vitamin B12 is involved in one carbon metabolism, 
which generates purines and thymidylate for DNA synthesis and repair, while 
S-adenosylmethionine (SAM), the donor for cellular methylation reactions, re-
methylates cytotoxic homocysteine to methionine. Also, the close metabolic 
interrelationship between vitamin B12 and folate is best explained by the 
methyl trap hypothesis stating that vitamin B12 deficiency lowers methio-
nine synthetase, which results in a functional folate deficiency by trapping an 
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increased proportion of folate as the 5-methyl derivative (61). Although vita-
min B12 deficiency is common among vegetarians due to suboptimal intake, 
the fetus and the pregnant woman are more likely to suffer from a deficiency 
of this vitamin due to their greater requirements (56). Both folic acid and 
vitamin B12 are present at higher concentrations in fetal than maternal circu-
lation because of the fetal capacity for absorption, transport and intracellular 
storage, which are all tightly controlled (56). However, there are relatively few 
human studies in this area. In the human placenta, methylated CpG sites in 
the methionine synthase (MTR) gene, a gene encoded methionine synthase, 
were negatively associated with maternal plasma vitamin B12 (46); and in 
another study, pregnant women with low serum vitamin B12 concentrations 
(<200 pmol/L) who received balanced protein-energy supplementation of 500 
mL milk/d plus a 10-μg vitamin B12 tablet/d did not have any significant dif-
ference in placental mRNA expression of genes involved in methionine path-
ways, and placental long interspersed nuclear elements-1 (LINE-1) (62). 

Many molecular and cellular mechanisms associated with methyl donor defi-
ciency including folic acid and vitamin B12 during pregnancy lead to restricted 
placental growth and development. Mounting evidence in studies of both ani-
mals and humans indicates that oxidative stress induces injury on the devel-
oping embryo, which is extremely sensitive to oxygen tension and oxygen 
free radical species. The consequences of oxidative stress in embryonic tis-
sues appear to be modifications in differentiation and development. Similar 
to the fetus, the placenta is susceptible to oxygen free radical generation, so 
detoxification must occur in order to avoid placenta damage (63).

Recently evidence for a critical role of folic acid in protection against oxidative 
stress, through the generation of nicotinamide adenine dinucleotide phosphate 
(NADPH) has emerged (56). Also, folic acid and vitamin B12, through resti-
tution in the one-carbon metabolic pathway and cellular methyl pool, exert 
antioxidative actions against high homocysteine (26, 64, 65). Homocysteine 
is involved in the formation of free radicals leading to increased oxidative 
stress, thereby stimulating apoptotic markers in the placenta (26). High homo-
cysteine following folic acid or vitamin B12 deficiency also down-regulates 
peroxisome proliferator-activated receptor (PPAR) expression. PPARs are 
nuclear transcription factors that mediate the effects of folic acid and B12 on 
gene expression responses during placental development. Interestingly, all 
nuclear transcription factor isotypes are expressed in the placenta and play 
key roles during placentation. A recent review suggested that deficiency of 
folic acid and vitamin B12 reduced the expression of PPARs, thereby restrict-
ing placental growth (66). Elevated homocysteine has also been implicated 
in placental vascular changes and endothelial dysfunction-related complica-
tions of pregnancy and adverse neonatal outcomes. The placental chorionic 
plate artery distensibility index of vessel stiffness, has been inversely related 
to cord arterial maternal and fetal total homocysteine levels. This potential 
interaction between homocysteine and placental artery distensibility empha-
sizes the clinical relevance of vitamin B12 in the mother and fetus, with the 
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maintenance of low vascular resistance needed to facilitate nutrient exchange 
(67). Placental epigenetic programming is another possible mechanism for 
affecting the availability of methyl group donors and placental growth and 
development. An imbalance in maternal intake of folate and vitamin B12 
alters the methyl group transfer to DNA. This leads to changes in the placen-
tal epigenetic profiles leading to change the expression of various vital genes 
that are important for fetal programming and also for the onset of chronic 
diseases in later life (68). 

4.2.3 � Omega-3 
The fetus not only requires the maternal dietary intake of essential fatty acids, 
but also their subsequent transfer from the placenta to support rapid cellu-
lar growth and activity (69). Essential fatty acid intake can modify placental 
function. Suboptimal intake can lead to placenta-related disorders, includ-
ing intrauterine growth restriction (IUGR), preeclampsia, gestational diabetes 
mellitus and spontaneous miscarriage. Maternal dietary supplementation with 
omega-3 as an essential fatty acid during pregnancy reduces the risk of these 
disorders and enhances fetal growth (70). 

Its supplementation to overweight and obese women during mid- to late-
pregnancy inhibits the placenta’s ability to esterify lipids and lipid accumula-
tion leading to reduced lipotoxicity and inflammation (45, 71). The placenta 
of women treated with DHA plus EPA (2g/d) from weeks 10–16 to term 
exhibited lower, toll-like receptor 4 (TLR4) placental gene expression as a 
central target of the anti-inflammatory treatments (71), although not found in 
all studies (72).

Interestingly, transcriptome data sets suggest that human placenta show sexu-
ally dimorphic gene expression and responsiveness to maternal n-3 long chain 
polyunsaturated fatty acids (LCPUFA) supplementation with more pronounced 
effects in female fetuses (73). Fetal growth and birth weight (74) can also be 
affected, and maybe male fetus are better able to maintain their growth inde-
pendently of environmental stimuli. For example, in female placenta from 
the intervention group, the adipogenesis pathway was up-regulated, through 
several pathways, such as adipogenesis, cell cycling and Wnt signaling (73).

Pregnancy represents a state of oxidative stress and inflammation that can 
lead to complications, however, these may be prevented with omega-3 LCPUFA 
supplementation (75), as summarized in a review from 2014. Despite the dif-
fering pathologies of placental dysfunction, inflammatory and oxidative stress 
are potential risk factors. n-3 polyunsaturated fatty acids (PUFAs) appear to 
promote vascular development, and angiogenesis, which can enhance placen-
tal growth (70). They contain phospholipids, one of the major methyl group 
acceptors in the one-carbon metabolism pathway. Therefore, inadequacy of 
n-3 PUFA may disrupt methyl groups, resulting in aberrant DNA methyla-
tion. These changes can lead to alterations in the genes expression affecting 
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placental development and giving rise to a risk of chronic disease in later life 
through dysregulation of angiogenesis/vasculogenesis (68).

Some conflicting results in clinical trials regarding the impact of n-3 PUFAs 
supplementation on placenta might be due to the timing of supplementation 
(gestational age) (75). Furthermore, the effects of these fatty acids are dose-
dependent, and, when excessive, they have the capacity to increase oxidative 
damage (75). However, variability in placenta responses to omega-3 LCPUFA 
supplementation can be explained by the inter- or intra-individual variation, 
fatty acid transfer capacity and maternal genome (75). It should be noted that, 
despite the potential benefits of n-3 PUFA intake during pregnancy, the World 
Health Organization states that evidence is as yet insufficient to support rou-
tine supplementation with fish oil during pregnancy and further research is 
needed before specific recommendations (70).

4.2.4 � Vitamin D
At no other time during the lifespan is vitamin D status more important than 
during pregnancy, affecting not only the mother but her growing fetus, and, 
later, her offspring’s long-term health (43, 47). 

Over the last three decades, it has become clear that the role of vitamin D 
goes beyond maintaining calcium homeostasis and bone health. A signifi-
cant role for vitamin D in modulating antimicrobial and anti-inflammatory 
responses within the placenta has been suggested (43, 76). Vitamin D can also 
stimulate the synthesis of hormones involved in pregnancy, such as estradiol, 
progesterone and human chorionic gonadotropin (hCG), which are impor-
tant in maintaining placental blood flow and neovascularization (77). As the 
human placenta expresses all components for vitamin D signaling, including 
the vitamin D Receptor (VDR), retinoid X receptor (RXR), cytochrome p450 
27B1 (CYP27B1) and cytochrome p450 24A1 (CYP24A1), recent researches 
emphasize the importance of vitamin D in the placental growth, development 
and function. The components mentioned facilitate response to vitamin D 
as a modulator of implantation, cytokine production and immune response 
to infection (76). However, there have been relatively few human studies to 
address this. In a prospective cohort study including 1,768 well-characterized 
low-risk, nulliparous pregnant women, the association of a 25(OH) D con-
centration and the risk of placental dysfunction at 15 weeks of gestation was 
assessed. It showed a protective association with a 25(OH) D concentration 
>75 nmol/L and placental dysfunction as indicated by a composite outcome 
of SGA and preeclampsia (47). Another link between low vitamin D3 and 
impaired placental cytochrome P450scc activity inducing oxidative stress and 
pregnancy complications was reported in a randomized prospective study per-
formed on a small group of 74 pregnant women (78). In addition, a significant 
association between maternal vitamin D and down-regulated gene expres-
sion of soluble FMS-like tyrosine kinase 1 (sFlt-1 or sVEGFR-1) and vascular 
endothelial growth factor in the placenta was reported. It might potentially 
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decrease antiangiogenic factors contributing to vascular pregnancy complica-
tions. The analysis of placental mRNA expression related to angiogenesis, 
pregnancy maintenance and vitamin D metabolism was conducted in placenta 
from 43 subjects enrolled in a randomized controlled trial supplementing 400 
IU or 4,400 IU of vitamin D3 per day during pregnancy (79).

Due to the importance of vitamin D level during pregnancy, it was suggested 
that all pregnant women maintain a circulating 25(OH) D concentration at 
least 40 ng/mL to achieve both better outcomes and the maximum protection 
from pregnancy complications. Based on randomized clinical trials and epide-
miological data, daily intakes of at least 4,000 IU/d vitamin D3 will be required 
because of individual variable abilities to convert vitamin D to its active form 
(25(OH) D). Furthermore this amount of supplementation is safe without any 
single adverse events in thousands of patients over the past 15 years (80).

4.2.5 � Antioxidants
Oxidative stress is referred to as an imbalance between the generation of 
reactive oxygen species (ROS) or reactive nitrogen species (RNS) and their 
clearance by defensive antioxidants. Oxidative stress is generated during 
normal placental development and promotes replication, differentiation and 
maturation of cells. However, when the supply of antioxidant micronutrients 
is limited, exaggerated oxidative stress occurs that seems to be linked with 
pregnancy-related disorders through pathways such as an imbalance in the 
autophagy and apoptosis (81, 82). Antioxidants such as vitamins C and E are 
often investigated as promising therapies to reduce oxidative stress during 
pregnancy and in the placental level, and their beneficial effects have been 
shown in some but not all trials. Administration of these vitamins can medi-
ate oxidative stress in human placenta through many pathways, including 
blocked activation of the p38 and stress-activated mitogen-activated protein 
kinase (MAPK) and nuclear factor-κB (48) Also they reduce cyclooxygenase-2 
expression, tumor necrosis factor-α and interleukin-1β secretion, and apop-
tosis (48). As well as the well-known antioxidant function of vitamin C in 
the placenta, it serves as an essential cofactor to numerous monooxygenases 
and dioxygenases, including the ten-eleven translocation (TET) enzyme fam-
ily. This catalyzes the hydroxylation of 5-methylcytosine (5mC) to 5-hydroxy-
methylcytosine (5hmC) in the active process of DNA demethylation (83, 84). 
However, there is a lack of human studies in this field.

Vitamin C supplementation (500 mg/d) in pregnant smokers has an effect 
on the placental genomic DNA libraries. It was associated with a reduction 
or reversal in smoking-related changes across the genome and across tissues 
at both hypo- and hypermethylated loci (85). Cigarette smoking reduces cir-
culating vitamin C, a response linked to adverse effects on the fetus associ-
ated with modified DNA demethylation (83, 84). Further evidence suggests 
that taking vitamin C (1,000 mg/d) and vitamin E (400 IU/d) supplements in 
women at risk of preeclampsia was associated with an improvement in indices 
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of placental dysfunction and oxidative stress, including ascorbic acid, 8-epi-
prostaglandin F2α, leptin and plasminogen activator inhibitor-1/-2 (86). In 
contrast, other clinical trials investigating the impact of vitamin C and E sup-
plementation on antioxidant enzyme activity and lipid peroxidation in Type 1 
diabetic placenta reported no significant effects of maternal supplementation 
on placental content of these vitamins, nor on placental antioxidant enzyme 
activity or lipid peroxidation indices (87). Another randomized placebo-con-
trolled trial showed that daily maternal supplementation with vitamin C [1,000 
mg] and vitamin E [400 IU], between 8 and 22 weeks’ gestation until delivery, 
could not modulate placental p38-Mitogen-Activated Protein Kinase α (p38-
MAPKα), as a oxidative stress response kinase, along with other members of 
the placental MAP kinase pathways including Extra Cellular-Signal Regulated 
Kinase (ERK) and c-Jun NH2-Terminal Kinase (JNK) activity (88). Other stud-
ies on oral administration of antioxidants including vitamin C and vitamin E 
in pregnant women who had hypertension decreased Bax, a pro-apoptotic 
protein, expression in placenta with no effect on Bcl-2 as an anti-apoptotic 
protein (89). The influence of maternal antioxidant supplements in the first 
trimester on placenta-related obstetric morbidity (composite analysis of pre-
term, premature rupture of membranes, preterm delivery, placental abruption, 
intrauterine growth restriction or pregnancy loss) has also been investigated 
by Parrish et al. Supplements of a blended fruit and vegetable juice powder 
concentrate derived from acerola cherry, apple, beet, broccoli, cabbage, car-
rot, cranberry, kale, orange, peach, papaya, parsley, pineapple, spinach and 
tomato, with each capsule providing B7.5 mg beta-carotene, 234 mg vitamin 
C, 30 mg vitamin E, 420 mg folate and 60 mg calcium. Although, the results 
revealed a decreased mean incidence in the antioxidant group compared with 
the placebo, they were not statistically significant (63).

4.3 � Conclusion

The use of nutraceuticals has become increasingly popular in pregnancy due 
to their wide range of health benefits, easy access, cost-effectiveness and tol-
erability. However, human studies investigating the effects of maternal nutra-
ceuticals supplementation on placental growth, development and function 
are scarce, and those available are inconsistent. In future, more longitudinal 
and well-designed studies are needed to decipher the impact of nutraceu-
ticals on the placenta, fetus and long-lasting programming of chronic dis-
ease. They will help us to understand the possible link between alterations 
of placenta and its role in health and disease. It should be noted that the 
role of maternal nutraceutical intake during pregnancy on placental growth, 
development and function could be confounded by demographic, lifestyle and 
psychological characteristics. Furthermore, between and within individual 
variability, genetic factors and gene–environment interactions for placental 
growth, development and function should be considered in interpreting these 
results. So, a personalized nutraceutical intervention that not only accounts 
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for the nutritional needs but also includes each woman’s genotype is needed 
to ensure any benefits for the health of their children. 
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5
Gestational Weight Gain 
and Postpartum Obesity

Vasudha Prithipaul and Asra Sami

Introduction

The term nutraceutical is used to define medicinally or nutritionally func-
tional food. Nutraceuticals can also be known as medical foods, designer 
foods, phytochemicals, functional foods, and nutritional supplements. They 
also include a wide range of common routine products such as fortified milk 
and cereals, vitamins, herbal remedies, and some genetically altered foods as 
well as supplements. [1] The term nutraceutical can have different definitions, 
which can lead to some ambiguity in its understanding. 
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Gestational Weight Gain and Postpartum Obesity

This chapter, which focuses on gestational weight gain, postpartum obesity, 
and nutraceuticals that are beneficial during and after pregnancy, uses the 
above definition throughout and includes some functional foods, such as for-
tified milk, herbal remedies and teas, isolated chemicals probiotics, and nuts. 
The chapter also discusses the nutrient requirements required during gesta-
tion and its role in adequate weight gain. 

Gestational Weight Gain

Gestational weight gain (GWG) can be defined as the amount of weight gained 
by a woman from the beginning of her pregnancy, at the first prenatal visit, 
until the delivery day. [2, 3] Gaining an adequate amount of weight proves to 
have favorable influences on maternal health as well as on the fetus during 
pregnancy. [4] The reason why women should increase their nutrient intake 
is mainly because a lot of energy is being used to maintain their basal energy 
expenditure (BEE) as this will increase significantly during the pregnancy. 
[5] GWG is comprised of several elements, such as water, proteins, and fat, 
in the fetus. Amniotic fluid also adds to the constituents of the weight gain 
as well as the increase in maternal blood volume and adipose tissue. Women 
gain more weight during the final months of pregnancy rather than during 
the beginning of the pregnancy. [6] In order to gain an adequate amount of 
weight, the energy requirements increase in the first, second, and third tri-
mesters. The numbers of calories by which this should increase are 200, 300, 
and 400 respectively on a daily basis. However, these values vary according 
to the prenatal weight of the mother, the BEE of the mother, and the level of 
physical activity during pregnancy. [2, 5] For instance, mothers who spend a 
majority of the day sitting and doing little physical activity should consume 
2,175 to 2,300 calories per day whereas mothers who are highly active, that 
is, who perform energetic tasks such as running, should consume about 2,990 
to 3250 calories per day. [5]

According to the Institute of Medicine (IOM), women are required to gain 
weight according to their pre-pregnancy body mass index (BMI) for a healthy 
pregnancy and the weight gain recommendations are given in Table 5.1. The 
BMI is calculated by using the reported weight in kilograms divided by height 
in meters to the square, or as the weight in pounds multiplied by 703 divided 
by height in inches. 

Certain situations arise where a mother might undergo multiple gestations. 
This involves an increase of 10% in the maternal metabolic rate in comparison 
with a single gestation. Therefore, the weight gain requirement also increases, 
and the values as recommended by the IOM are given in Table 5.2 [7].

However, a lot of conveyed data indicates that women are putting on more 
weight during their pregnancy than the recommended amounts. [8] This 
excessive weight gain increases the chances of multiple health issues, such 
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as gestational diabetes and high blood pressure disorders like preeclampsia 
and sleep apnea. Complications during childbirth can occur and the need 
for cesarean section may arise. The likelihood of such problems occurring 
arise if the mother puts on weight too quickly or very suddenly. If the weight 
gained within one week is half a kilogram or greater, the weight of the 
mother must be monitored closely. Regular check-ups including frequent 
blood tests and examinations are then required to ensure the healthiness 
and well-being of the mother and child. If the weight gain is 1 kg or higher 
weekly, this can be an alarming indication of a life-threatening health condi-
tion called preeclampsia with symptoms including nausea, headaches, and 
dizziness. However, the most concerning symptom of this illness is hyper-
tension, which can be caused by excessive weight. Although the relationship 
between weight gain and hypertension is firmly established among adults 
and children, the mechanism by which weight gain and blood pressure 
increase is still under investigation. [9] Gestational diabetes is another con-
dition that may develop due to excessive GWG during pregnancy and this 
entails an increase in blood sugar levels in women who were not diagnosed 
as diabetics before gestation. 

While gaining too much weight can be detrimental to an expecting woman’s 
health, gaining the adequate amount of weight can be tedious for certain 
women, especially those who fall in the underweight category according 
to their BMI. [10] Underprovided nutrition during gestation occurs due to 
poor dietary choices. The meager consumption of essential fatty acids, 

Table 5.1 Weight Gain Recommendations According to IOM for Pregnancy

Weight category 
prior to pregnancy

Body Mass 
Index 

Recommended rate of 
weight gain in 2nd and 
3rd trimester* (kg/wk)

Total recommended 
amount of weight  

gain (kg) 

Underweight <18.5 0.45 12.7–18.14

Normal weight 18.5–24.9 0.45 11.3–15.9

Overweight 25–29.9 0.27 6.8–11.3

Obese (Class I, II, and III) 30 and above 0.23 4.9–9.1

*	 This assumes that the weight gained by the mother in the first trimester is 0.5–2 kg

Table 5.2 Recommended Weight Gain for Gestation of Twins by the IOM

Weight category prior 
to pregnancy Body Mass Index 

Total recommended amount of 
weight gain (kg) 

Underweight <18.5 17–25

Normal weight 18.5–24.9 17–25

Overweight 25–29.9 14–23

Obese (Class I, II, and III) 30 and above 11–19
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micronutrients, and proteins results in an inadequate amount of GWG and 
low body mass. [11] Healthcare providers recommend to women at risk of not 
gaining sufficient gestational weight that they should avoid skipping meals. 
Experts recommend that frequent meals should be consumed throughout 
the day. Women at risk should increase their consumption of nuts, fortified 
dairy products, and foods high in good fats such as avocados and olive oil. 
Additionally, they should consume food items rich in vitamin C as well as 
should consider taking prenatal vitamins and supplements. [10] There are 
risks associated with mothers not consuming enough macronutrients as well 
as micronutrients with regard to the child, such as a greater risk of low birth-
weight and infant mortality. The child can experience a variety of childhood 
development disorders, one of which includes the development of cognitive 
abilities of the child being hindered. [12, 13] Pregorexia is a condition where 
a pregnant woman consumes too little food or exercises too much to gain as 
little weight as possible. This could lead to preterm labor, anemia, infections, 
and many other health concerns for the baby. [14] 

Therefore, adhering to a balanced diet throughout gestation influences the 
mother’s weight as well as the health of both the mother and the child. 

Macronutrient Requirements for a Healthy GWG 
Proteins
Proteins play an important role in the body and this includes structural and 
functional roles. Mammalian proteins consist of 20 different amino acids. The 
current definition of protein requirement reads as follows:

the lowest level of dietary protein intake that will balance the losses of 
nitrogen from the body, and thus maintain the body protein mass, in 
persons at energy balance with modest levels of physical activity, plus, 
in children or in pregnant or lactating women, the needs associated with 
the deposition of tissues or secretion of milk at rates consistent with 
good health. [15]

Therefore the composition of the protein as well as the quantity of the pro-
tein consumed are important during pregnancy, because, during this period, 
there is a rapid intrauterine growth as well as maternal physiological changes. 
For a typical 12.5 kg gain in body weight, the amount of nitrogen increase 
required is 148 g which equates to 925 g of protein accretion for the mother. 
[16] The recommended amount of daily protein consumption for pregnant 
women according to the IOM is given as 0.88 g/kg. [15]

Animal protein is normally considered to be of higher quality compared to 
plant proteins as they comprise complete proteins, that is proteins comprising 
all 20 amino acids. [8, 12]
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The data from most studies report conflicting results about protein intake 
and gestational weight gain. The consumption of the recommended amount 
of proteins daily can prevent the excessive weight gain during gestation in 
normal and overweight women according to one study. [10] A higher protein 
intake can lead to a higher gestational weight gain, however, certain studies 
have suggested the opposite, that is, a higher protein intake leads to a lower 
gestational weight gain. Other studies demonstrated that substituting fat and 
carbohydrates for proteins leads to lower gestational weight gain. [17] Further 
research is necessary to associate a conclusion to this subject. 

Fats
Fatty acids such as docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA), 
and omega-3 fatty acids are important in the diet of a pregnant woman. [12] 
Omega-3 fatty acids and maternal serum DHA are invaluable for the devel-
opment of the child’s cognitive abilities and retina formation. DHA is also 
involved with neuronal development and plasticity, receptor-mediated signal-
ing, membrane fluidity, and the formation of second messengers, as well as 
influencing inflammatory modulations by affecting toll-like receptors (TLRs) 
which acts as a defense mechanism against pathogens. [18]

The balance between omega-3 and omega-6 fatty acids is crucial to main-
taining a healthy body. This is because omega-6 fatty acids are involved in 
pro-inflammatory immune functions while omega-3 fatty acids are involved 
in anti-inflammatory functions. Oftentimes, there is a lack of omega-3 fatty 
acids in the diet, which can be remedied through supplementation during 
pregnancy and lactation for the health of the fetus. [14] 

During pregnancy, estrogen and progesterone levels increase drastically and 
the fat dietary intake influences these hormonal changes. [19] 

The fat recommendation for pregnant women is the same as the recommen-
dation for women who are not pregnant, 20–30% of total calories. Fat levels 
should only be potentially varied if the pregnant women may be impacted by 
malnutrition, as fat can be an excellent source of abundant calories. [14]

Some fatty acids have been associated with a higher GWG, though there is 
conflicting evidence and the studies often provide contradictory results. [20] 
Reducing saturated fat, for example, may lead to a decrease in gestational 
weight gain. There are some general studies and discussions exploring the 
possibility of unsaturated fats being less harmful to health than saturated fats. 
Unsaturated fats may be less likely to be stored in adipose tissues as fat, which 
could be beneficial in avoiding gestational weight gain. [21]

Carbohydrates
Carbohydrates are an essential component of a healthy diet during preg-
nancy. The recommended amount is 175 g/day. [14] However, in some cases, 
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carbohydrate consumption should be slightly restricted to promote the health of 
the baby and to reduce GWG. For example, research indicates that more sweets 
consumed in early pregnancy leads to a higher GWG or gestational diabetes. [22]

Because of the importance of carbohydrates in the diet during pregnancy, it 
is important to note a distinction between carbohydrates with a lot of empty 
calories, such as sweets, and complex carbohydrates that are nutrient-dense, 
such as fruits and vegetables. Even women with gestational diabetes are 
encouraged to only reduce their carbohydrate intake slightly to ensure that 
the fetus is still getting enough glucose to properly grow. [14]

Micronutrients

During pregnancy, micronutrient supplements are commonly recommended 
in order to increase vitamin and mineral intake. [23]

The connection between obesity and micronutrient intake involves the epi-
genetics, which is gene expression modification, of adipocyte cells. One-carbon 
metabolism is a DNA methylation process that involves micronutrients and can 
influence obesity. [24] Some vitamins that contribute to one-carbon metabolism 
are folate, riboflavin, choline, and vitamin B12. Folate, or vitamin B9, is a very 
important component of a pregnant woman’s diet, due to its role in prevent-
ing birth defects, specifically in the neural tubes of the baby. [25] An adequate 
intake of riboflavin can decrease the risk of preeclampsia and edema. Choline 
is necessary to reduce chances of neural tube defects (NTDs) and support the 
baby’s brain and liver development. Vitamin B12 also acts to prevent NTDs and 
preeclampsia and contributes to a healthy birthweight for the baby. [26] 

It is important to note that the use of micronutrients to reduce excessive 
weight gain during pregnancy has had controversial results. Some studies 
have found a positive correlation between the overconsumption of certain 
vitamins, such as niacin, with obesity and diabetes. Niacin is a B vitamin con-
taining nicotinamide, which may be responsible for increasing appetite and 
contributing to weight gain. More research on the influence of one-carbon 
metabolism and the potential negative consequences of the overconsumption 
of certain vitamins is necessary to form adequate conclusions. [25]

There are many other necessary vitamins that support a healthy pregnancy, 
including biotin, thiamin, and vitamins A, C, D, E, and K, that have not yet 
been extensively linked with gestational weight gain. [27]

Nutraceuticals Consumed During Pregnancy for Healthy GWG
Milk and Dairy Ingredients 
Bovine milk is a liquid food which is nutrient dense with essential com-
ponents such as calcium, vitamin D, vitamin B12, vitamin A, riboflavin, 
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potassium, and phosphorus. [28] Milk is known to be a significant source 
of high-quality proteins that account for nutritional, functional, and phys-
iological activities, and such proteins are αs1-caseins, β-caseins, κ-caseins, 
α-lactalbumin, and β-lactoglobulins. [28] These proteins are often found in 
weight gain supplements used by weight lifters and athletes as they help 
minimize muscle loss and increase muscle protein synthesis. Milk also con-
tains all the nine essential amino acids in proportions corresponding to the 
recommended amino acid requirements. The presence of branched chain 
amino acids such as isoleucine, leucine, and valine are at higher levels than 
any other natural sources. 

Fortified milk (milk fortified with vitamin D) contributes to this vitamin’s 
intake worldwide. Vitamin D has not been linked to gestational weight gain 
and it plays an important role in bone health as it is a necessity for calcium 
absorption. This certainly benefits expecting mothers and aids in maintaining 
a healthy gestation. [29]

Milk and dairy products are considered to be the best source of calcium. The 
American College of Obstetricians and Gynecologists (ACOG) recommends 
1,000 milligrams (mg) per day for pregnant and lactating women which can 
be achieved by consuming four servings of dairy products. [30] This amount 
of dairy consumed adds additional calories to the antenatal diet which also 
helps to increase weight adequately.

Probiotics 
The intestinal tract, placenta, and vagina all contain an abundance of microor-
ganisms known for their beneficial properties that can play a role in pregnancy. 
Acquiring probiotics from the diet has an impact on these microorganisms, 
enhancing or reducing their function. [31, 32]

In the intestinal tract, consuming probiotics can combat and provide protec-
tion against gastrointestinal diseases. Through the study of the microbiome of 
pregnant women in their third trimester, inflammation, adiposity, and insulin 
insensitivity can be revealed. The intestinal microbiome of pregnant women 
in their third trimester contains microorganisms that influence inflamma-
tion, adiposity, and a lack of sensitivity to insulin. Thus, consuming various 
amounts of probiotics may have an impact on these microorganisms, poten-
tially lowering gestational weight gain. [31]

Though additional evidence is necessary to confirm the benefits of probiot-
ics in reducing gestational weight gain, there are studies that prove the topic 
is worth exploring. One study indicated that the consumption of probiotics 
Lactobacillus rhamnosus GG and Bifidobacterium lactis reduced the risk of 
central adiposity of pregnant women in their first trimester. [33]

In addition to potentially reducing gestational weight gain, probiotic supple-
mentation may also benefit pregnant women in other ways, decreasing the 
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risk of preeclampsia, gestational diabetes mellitus, and lowering low-density 
lipoproteins postpartum. [31]

Nuts
Nuts are complex foods which contain cholesterol-lowering mono- and poly-
unsaturated fatty acids, arginine, soluble fibers, and several antioxidant poly-
phenols. [34] They are rich in calories and proteins. For instance, in a 25 g 
serving, peanuts contain 7.4 g of proteins, almonds contain 5.3 g and walnuts 
contain 3.7 g. The caloric intake of one serving (25 g) of nuts usually varies 
from 130 to 180 calories. [35] Nuts are also rich in folic acid, which aids in 
reducing the neural tubal defects in infants. [3] They contain a high fat content 
usually ranging between 46% to 76%, which  provides 20 to 30 kJ/g of energy. 
[36] The addition of this component, consumed in moderation, to the pre-birth 
diet helps a healthy weight gain, in addition to the added calories.

Most other nutraceuticals are not primarily linked to weight gain during gesta-
tion but have several other health benefits for the mother and infant. Certain 
nutraceuticals aid in the reduction of the weight acquired throughout the 
trimesters of childbearing. Some nutraceuticals also help combat one very 
common and current issue which is post-pregnancy obesity. 

Postpartum Obesity

Obesity is defined according to the Obesity Medicine Association as a “chronic, 
relapsing, multifactorial, neurobehavioral disease, wherein an increase in 
body fat promotes adipose tissue dysfunction and abnormal fat mass physi-
cal forces, resulting in adverse metabolic, biomechanical, and psychosocial 
health consequences.” The Body Mass Index, as mentioned earlier in the 
chapter, is often used by the Centers for Disease Control and Prevention and 
the World Health Organization to categorize weight and, according to this 
measurement, obesity can be classified in three different categories: Class I, 
Class II, and Class III, with Class III being the most severe. Another accurate 
method to assess the amount of adipose tissue in the human body uses dual-
energy X-ray absorptiometry (DEXA) scanning. If the percentage of body fat 
is greater than 25% in males and greater than 32% in females, they fall in the 
obese category. [37]

Over the last 20 years, the incidence of obesity has doubled and 34% of the 
US population is considered obese while another 34% fall in the overweight 
category. [38] According to data from the Centers for Disease Control and 
Prevention published in 2012, 36% of women aged 20–39 years old are obese 
and 33.9% are overweight. [39] These women are of childbearing age and, 
because their pre-pregnancy weight is higher than the normal range, they 
are more prone to retaining the weight after delivery. However, pregnancy 
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itself presents a risk that women may gain weight and become overweight or 
obese regardless of which BMI category their pre-pregnancy weight fell into. 
The reason is mainly because many women do not lose the gestational weight 
gained. Reasons why women do not lose this weight include not breastfeed-
ing and lack of exercise after the birth of the child. Other factors that may 
contribute to a greater postpartum weight retention resulting in obesity are 
pregnancy at a younger age, being African American, and earning a low 
income. [39]

Other than regular fitness and the consumption of a balanced diet, the incor-
poration of supplements to the diet can have an impact on postpartum weight 
loss. Mothers should be cautious when choosing weight loss supplements, 
especially if they are breastfeeding, as some of them contain substances 
which may be unsafe to themselves or to the baby. Table 5.3 shows a list of 
nutraceuticals that have the potential of aiding weight loss and whether or not 
they are safe during nursing. 

Supplements containing caffeine are generally not recommended during 
lactation as there have been studies demonstrating that the baby could 
experience jitteriness, fussiness, and poor sleep patterns. [40, 41] There 
have also been no published data with conclusive evidence on the useful-
ness of the dietary supplements as weight loss therapy. Therefore, the con-
sumption of these supplements needs to be handled wisely and in limited 
amounts. 

Nutraceuticals Aiding in Weight Loss Postpartum
Hibiscus Sabdariffa
Hibiscus sabdariffa tea is in extensive use across the globe both as a bev-
erage and as a treating agent for hyperlipidemia. [42] Hibiscus sabdariffa 
L. (Malvaceae; common name “roselle”) is a plant cultivated in Sudan and 
Eastern Taiwan. [43] The flower of the plant is “generally recognized as safe” 
(GRAS) as a food by the US Food and Drug Administration (FDA). It is highly 
beneficial in the sense that it contains potent antioxidant, antihyperlipid-
emic, antiatherosclerotic as well as hepatoprotective properties. H. sabdar-
iffa are rich in anthocyanins, which are known to be effective in controlling 
weight gain and treating obesity. [43, 44] In a study conducted on high-
fat diet-induced Mesocricetus auratus hamster, it was found that the floral 
extracts of H. sabdariffa could be effective in controlling body weight and 
adipose deposition. [43]

During pregnancy, drinking this herbal beverage is considered unsafe because 
of its emmenagogue effects but, in certain cultures, it is used as a galacta-
gogue when used postpartum. [45] However, no scientifically valid clinical 
trials on humans support the use of Hibiscus sabdariffa as a galactagogue.
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Trigonella foenum-graecum (Fenugreek)
Trigonella foenum-graecum, commonly referred to as fenugreek, is an erect 
annual herb from the soy family that originated from India and North Africa. 
[46, 47] This has been used as a galactogogue historically, the reason being 
that it contains significant levels of phytoestrogens. Diosgenin is a phytoes-
trogen that is believed to be responsible for an increase in milk flow. [42] 
Habitually, fenugreek tea is prepared by brewing the seeds in boiling water 

Table 5.3 Nutraceuticals for Weight Loss and their Eligibility for Consumption 
Postpartum

Nutraceuticals Mechanism of action 
Permissible or not during 

lactation

Psyllium Increases satiety
Lowers food intake 
Reduces dietary fat absorption

Acceptable [53]

Green tea Increases fat oxidation and suppresses 
fatty acid synthetase

Not recommended as it contains caffeine 
and that the manufacturers of the product 
give no proof of safety and effectiveness 
of the supplement [40]

Caffeine Increases fat oxidation and 
thermogenesis

A maternal intake limit of 300 mg daily is 
the safe amount. [41]

Trigonella foenum‐graecum Reduces dietary fat intake and 
decreases energy intake 

Acceptable and is considered a galactogogue 
[51]

Ginseng Reduces the incidence of fat absorption 
by inhibiting pancreatic lipase 
activities

Not recommended because of possible 
estrogenic activities and lack of 
information [54]

Capsaicin Increases energy expenditure through 
thermogenesis 

Increases fat oxidation

Generally recognized as safe if consumed 
orally. Caution is required if applied 
topically [55]

Glucomannan Increases satiety
Lowers food intake 
Reduces dietary fat absorption

Acceptable as it is not absorbable in the 
breast milk. [56]

Guar gum Increases satiety
Lowers food intake 
Reduces dietary fat absorption

Not enough information available

Garcinia cambogia Inhibits de novo lipogenesis
Reduces food intake

Not enough data exist on excretion of the 
product in breast milk

Should be avoided [57]

Ephedra sinica Sympathomimetic agonist Generally prescribed for postpartum 
difficulties. [58]

Hibiscus sabdariffa Reduces adipose deposition Generally recognized as safe and is 
considered a galactogogue. [59]

Soy protein/isoflavones Improves satiety Generally recognized as safe
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for 20 minutes and it is consumed. This ingredient is also an excellent weight 
loss supplement, as fenugreek seeds contain saponins and alkaloids as well 
as soluble dietary fibers, which help increase the feeling of satiety, reducing 
the wish to eat throughout the day. [46] These seeds have also demonstrated 
hypoglycemic and hypolipidemic effects in multiple preclinical and clinical 
studies, as summarized by Parveen Kumar and Uma Bhandari in the review 
titled “Common medicinal plants with ant obesity potential: A special empha-
sis on fenugreek.” [48]

Soy Protein/Isoflavones
The protein that is found in soybeans is often used to replace animal protein 
in a vegetarian or vegan diet. It is a legume containing no cholesterol and it 
is rich in fibers, iron, calcium, zinc, and vitamin B. It is also low in saturated 
fats and contains eight essential amino acids. [49] A study conducted on post-
partum mice demonstrated that the consumption of isolated soy proteins com-
bined with adequate exercise prevents an increase in body weight and fat and 
augments the amount of lean muscle mass. This study concludes that a similar 
effect can occur in women postdelivery. [50]

Foeniculum Vulgare
Foeniculum vulgare, also known as fennel, contains a volatile oil composed 
largely of anethole, which is a phytoestrogen, as well as fenchone, estragole, 
eucalyptol, and other constituents. [51] It is a galactogogue and some claims 
have been made that these seeds help in weight loss. They have diuretic prop-
erties and improve metabolism. Gathered data from multiple papers indicate 
the efficacy of fennel in several in vitro and in vivo pharmacological properties 
such as antimicrobial, antiviral, anti-inflammatory, antimutagenic, antinocicep-
tive, antipyretic, antispasmodic, antithrombotic, apoptotic, cardiovascular, che-
momodulatory, antitumor, hepatoprotective, hypoglycemic, hypolipidemic, and 
memory-enhancing. [52] This can be consumed raw, cooked, or in the form of 
teas. The hypoglycemic and hypolipidemic properties of this nutraceutical has 
the potential to aid in weight loss although no major evidence has been reported. 

Conclusion

Consuming the right number of macronutrients and micronutrients is essen-
tial prior to, during, and after pregnancy for the healthiness of the mother and 
child. Nutraceuticals aid in controlling the amount of weight gained during 
gestation in a healthy manner and also help in losing the weight postpartum. 
However, since not all weight loss supplements, although natural, are suit-
able during pregnancy and postpartum, as they can exhibit strong pharmaco-
logic effects, and women should be cautious in choosing an option for their 
consumption. 
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6
Role of Nutraceuticals in 
Risk of Miscarriage and 
Related Outcomes
Stillbirth and Maternal Mortality

Param Patel, Parth Amin, Sujan Patel, and Yashwant Pathak

Introduction

With the World Health Organization (WHO) and the help of scientific studies, 
there has been a large number of comparisons made in regard to public health 
between different countries. Decades of studies have been done over the years 
that compare countries’ educational levels, poverty levels, reception of public 
health care, and governmental policies. One of the biggest factors that affects 
these comparisons is the role of nutraceuticals during the development of the 
foetus until birth. Specific comparisons of maternal mortality, stillbirths, and 
miscarriage can be directly related to how developed a country is. The evolu-
tion of nutraceuticals during pregnancy plays a major role in these outcomes. 
Different subclasses of nutraceuticals can be identified, which vary from chemi-
cal properties of a compound to broader forms of established and potential 
nutraceuticals. Due to the rapidly developing food and agriculture markets, con-
tinuous studies are being done to inform the public about the effects of herbal 
products, probiotics, prebiotics, antioxidant vitamins, polyphenols, spices, poly-
unsaturated fatty acids, and dietary fibres [1]. The intake amounts of all these 
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subclasses play a major role in the amounts of chemical compounds being pro-
duced in the body. With different intake amounts of these nutraceuticals, the 
levels of proteins, acids, enzymes, hormones, etc., vary within the body. During 
pregnancy all these factors play a major role in the development of the foetus.

Nutraceuticals are constituents of food that have many long-lasting health 
benefits besides the nutritional value. In vivo and in vitro research indicates 
that nutraceuticals are beneficial in combating chronic illnesses. They are 
considered safe if taken in moderate doses. However, if they are taken at high 
levels then there is a higher risk of them causing unwanted changes in tissues 
[2]. Nutraceuticals range from botanical products, to processed and genetically 
engineered foods, to isolated nutrients [3]. They are obtained from natural 
products and can be found in nature. They are also good alternatives to many 
lipid-lowering drugs and are tolerated well by most people [4]. There is a 
growing demand for nutraceuticals across the world as they are used for the 
prevention and treatments of many diseases. This makes nutraceuticals part 
of a multi-billion-dollar market. It is difficult to extract many nutraceuticals as 
they need to be taken from natural sources such as animals, fungi, and plants, 
making the increasing demand difficult to meet [5]. Nutraceuticals are widely 
accepted to have a large impact on lowering both the risk of disease and cost 
of health care, along with the promotion of good health. When processed, 
nutraceuticals lose some functionality in their bioactive compounds [6]. 

Nutraceuticals are vital during pregnancy as they play a vital role in preventing 
diseases caused by nutrient deficiency. The mother’s nutrition directly impacts 
the foetus and other pregnancy-related outcomes. Recent research suggests 
that nutraceuticals have the possibility of preventing many pregnancy-related 
issues such as preterm delivery, miscarriage, stillbirth, intrauterine growth 
restriction, maternal mortality, and pre-eclampsia [7].

Maternal mortality refers to the deaths of women that happen after pregnancy 
and this could occur within 1 to 2 months after giving birth. Women with 
closely spaced pregnancies are commonly at higher risk of experiencing this. 
One of the main reasons for maternal deaths is the lack of nutrients to be 
shared between the mother and foetus, therefore, the mother has a higher 
chance of having a preterm birth, which can negatively impact foetal growth. 
Due to this the mother has a high chance of maternal mortality or morbidity 
[8]. The three main causes of maternal mortality are induced abortions, post-
partum infections, and pregnancy-induced hypertension [9]. Overall, in rela-
tion to stillbirth, miscarriages, and maternal mortality, clinical studies have 
shown that nutraceuticals play a vital role. 

Nutraceuticals

Nutraceuticals are essential for the well-being of the human body and provide 
many health benefits. Many subclasses have been made in order to categorise 



73Miscarriage and Related Outcomes﻿

the different effects of nutraceuticals on the body. Of the many subclasses of 
nutraceuticals, antioxidative nutraceuticals are those that are responsible for 
the reduction of free oxygen and free radicals. They can decelerate the age-
ing process of cells, help replenish vital tissues, and increase the life span. 
Research has shown that certain antioxidant enzymes such as catalase, glu-
tathione peroxidase, and mutase are more abundant in species that have a 
longer life span compared to those that do not [10] (see Tables 6.1 and 6.2). 

Bioavailability is the percentage of nutrients ingested and absorbed in the 
body that can be further used for metabolic processes. The bioavailability of 
antioxidative nutraceuticals is impacted by many factors, including geometric 
isomers, matrices around compounds, processing methodology, and nutra-
ceutical type. Most of these factors are directly dependent on the metabolic 
processes in the body. When food is processed, the bioavailability is often 
reduced. For example, freshly picked oranges and tomatoes have a higher 
bioavailability than orange juice or cooked tomatoes. This is because the 
heat breaks down the carotenoid protein complexes of the nutraceuticals and 
changes the double bond structure from cis to trans which lowers bioavail-
ability [11] (Figures 6.1 and 6.2).

There are many nutraceuticals derived from spices that play important roles 
in maintaining the metabolic processes of the human body. Among those is 
capsaicin which is derived from red chilli. Capsaicin has both resistance to 
insulin and helps combat obesity. It has the potential to improve inflamma-
tory response and regulate adipokine gene expression. Gingerol from gin-
ger is another nutraceutical that controls levels of triglycerides, insulin, and 
serum cholesterol. Zingerone from ginger has shown the ability to improve 
the inflammatory response, which has the potential to help both the mother 
and child. Piperine has the ability to increase curcumin bioavailability and is 
an antioxidant therapy for people with diabetes. Cinnamaldehyde, which is 
found in cinnamon, has antidiabetic effects, plus the ability to regulate protein 
phosphorylation and dephosphorylation. It can also increase the β levels of 
insulin receptors, which improves the effectiveness of adipocytes. Fenugreek 
seeds are able to help maintain lipid homeostasis due to the hypolipidaemic 

Table 6.1  Types of Beneficial Nutraceuticals [3]

Nutraceutical subclasses Sources 

Minerals Cashew nuts, green vegetables, chicken, eggs, liver, and sunflower seeds 

Keto/amino acids, proteins, and peptides Olive oil, meat, seafood, cheese, butter, and dark chocolate 

Antioxidative vitamins Garlic, onions, red wine, seafood, milk, and nuts 

Dietary fibre Cereals, fruits, vegetables, dried peas, lentils, nuts, whole grain bread, oats, 
rye, and barley 

Antioxidants Pumpkins, eggplants, spinach, mangoes, thyme, oregano, whole grain bread, 
sesame seeds, and grapefruits 

Polyunsaturated fats Walnuts, sunflower seeds, flax oil and seeds, safflower oil, soybean oil, corn oil, 
and fish (salmon, trout, herring, mackerel, and tuna) 
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Table 6.2 Antioxidative Nutraceuticals [10]

Nutraceuticals Functions Examples

Hydrogen-
donating

Antioxidative nutraceuticals can 
donate hydrogen atoms to free 
radicals and can search for free 
radicals and prevent lipid 
oxidation.

Metal-chelating Metals such as iron and copper are 
essential in the initiation and 
propagation steps of lipid 
oxidation. The initial step of 
oxygen oxidation requires the 
removal of a hydrogen atom.

Iron storage function includes the metal-chelating proteins of 
ferritin, transferrin, and lactoferrin. The haemoglobin 
sequestration consists of the protein haptoglobin. Copper storage 
proteins are ceruloplasmin and albumin. Iron transport proteins 
are transferrin ferro oxidase. The stabilisation of heme protein is 
hemopexin.

Singlet-oxygen 
quenching

This is highly reactive to any 
molecules with electrons or lone 
pairs of low ionisation energy. 
The 2 types of singlet 
oxygen-quenching mechanisms 
are physical and chemical 
quenching. Physical quenching 
changes the single oxygen into a 
triple oxygen by energy transfer 
or charge transfer without 
creating any other intermediates. 
Chemical quenching is involved 
with producing intermediates, 
such as oxidised products.

Tocopherols and 
tocotrienols

These are non-polar and exist in 
the lipid phase. Tocopherols are 
natural components of biological 
membranes. Tocotrienols are 
found in palm oil, cereal grains, 
and kale. Tocopherols are an 
important antioxidant in humans.

(Continued )
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Table 6.2  (Continued) Antioxidative Nutraceuticals [10]

Nutraceuticals Functions Examples

Ascorbic acid Oxidation of ascorbic acid is 
influenced by heat, light 
exposure, pH, oxygen 
concentration, and water activity. 
Ascorbic acid can prevent cancer, 
heart disease, and the common 
cold. The 3 antioxidant 
mechanisms of ascorbic acid are 
based on hydrogen atom 
contribution to lipid radicals, 
quenching of single oxygen, and 
removal of molecular oxygen. 

Carotenoids These are part of a group called 
tetraterpenoids. They are organic 
pigments that are products of plants, 
algae, bacteria, etc. The antioxidants 
of carotenoids are based on the 
prevention of free radical diseases, 
including atherosclerosis, cataracts, 
age-related muscle degeneration, and 
multiple sclerosis. 

Polyphenols Also known as phenolic compounds 
these are found everywhere in 
plants with more than 8,000 
structures. Flavonoids are the 
most important single polyphenol 
group. Isoflavones do not have 
common flavonoid structures, but 
they are chemically related with 
flavonoids. For example 
soybeans contain high isoflavone 
levels and are a major dietary 
source in humans. The 
antioxidant process of 
isoflavones is suggested to be 
different from conventional 
antioxidants. The structures of 
genistein and daidzein are 
similar to naturally occurring 
oestrogens, suggesting that the

(Continued )
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Table 6.2  (Continued) Antioxidative Nutraceuticals [10]

Nutraceuticals Functions Examples

compounds can protect against 
hormone-dependent cancers, 
such prostate and mammary, by 
regulating the activity of 
oestrogen. Epidemiologic studies 
have shown that the consumption 
of the phenolic compounds 
reduces the risk of cardiovascular 
disease and certain types of 
cancers. Some consumption of 
red wine, which consists of a high 
content of polyphenols, reduces 
the risk of coronary heart 
disease.

(Continued )
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characteristics they have. They are also beneficial for treating metabolic disor-
ders such as dyslipidaemia and the reduction of LDL cholesterol, body weight, 
and serum triglycerides [12] (Figure 6.3).

Nutraceuticals undoubtedly play a vital role for humans as they provide the 
proper nutritional components needed for survival. They also, however, 
impact other living things in nature such as other animals and plants. Of 
the many nutraceuticals, carotenoids are of particular interest as they are 
widely used. They help with animal behaviour changes, survival abilities, and 
reproduction. Along with that, carotenoids also provide plants the ability to 
assemble photosystems and capture light [13] (Table 6.3). 

Clinical Applications of Nutraceuticals on Pregnant Women

Clinical testing plays a vital role in the understanding of our public healthcare 
systems. There have been many clinical tests conducted on pregnant women 
that have shown significant implications for the impact of nutraceuticals on 
the mother’s body and foetus. In February of 2008, a clinical trial was pub-
lished stating the effects of fish oil supplements on 311 subjects. In an effort 
to keep the bias at a minimum, a double-blind, placebo trial was held accord-
ingly to acquire data. Of the 311 women subjected to the clinical trial, the ones 

Table 6.2  (Continued) Antioxidative Nutraceuticals [10]

Nutraceuticals Functions Examples

Lipoic acid Lipoic acid is present in meat, liver, 
and heart. This can prevent 
oxidative damage of proteins. 
Antioxidant activity of lipoic acid 
can help reduce the risk of 
diabetes, which develops through 
oxidative stress. Lipoic acid is 
also important in reducing blood 
glucose concentration. Also it 
renews GSH in the liver, kidney, 
and lung tissue and restores 
vitamins C and E. A dietary study 
on lipoic acid was done to show a 
decrease in age-related decline in 
oxygen use and radical 
formation, improving 
mitochondrial membrane 
potential, and increasing ascorbic 
acid and GSH levels. Lipoic acid 
reduces age-related decline in 
memory and cognitive function, 
and brain-related diseases such 
as Alzheimer's and Parkinson’s 
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that were given the fish oil supplement had shown an increase in TGF-β and 
cord blood. On the other hand, natural killer and T-cell levels of the expect-
ing mothers were shown to decrease. Overall, the women who did take the 
fish oil supplement resulted in having lower mRNA levels in the foetus and 
decreased maternal inflammatory cytokines. It can be speculated that this is 
the direct effect of lower levels of TGF-β in expecting mothers. There are sev-
eral key conclusions made by this clinical trial that help in the improvement 
of public health. TGF-β has many pathways and mechanisms that can cause 
cells to do several things, such as proliferate, differentiate, or apoptosis. The 
deregulation of TGF-β can be detrimental to the foetus. Apoptosis is a big 
factor in the development of the foetus and is how the fingers and toes along 
with other structures are formed, however, the deregulation of TGF-β could 
lead to the loss of the foetus. A clinical trial was conducted to investigate the 
effects of supplements on pregnant women in relation to both their immunity 
and that of the foetus. A secondary goal of this trial was to intervene in the 
development of allergies while the fetus is still developing. Even though the 

Figure 6.1  Chemical structures of flavonoids [11].

Figure 6.2  General structure of flavonoids [11].
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Figure 6.3  Various flavonoids [12].

Table 6.3 Carotenoids Found in Nature [13]

Application Examples

Survival, behaviour, and 
reproduction

•	 Attraction
•	 Fitness
•	 Predation
•	 Fitness
•	 Pigmentation

Photosynthesis and 
photoprotection

•	 Abiotic stress
•	 Root-mycorrhizal symbiosis
•	 Shoot branching
•	 Volatiles

Human health and nutrition •	 Vision
•	 Vitamins
•	 Spices
•	 Nutrition
•	 Antioxidants
•	 Feed additives

Signalling molecules and 
hormones

•	 Photoprotectants
•	 Photosystem assembly and light capture
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conclusion was inconclusive with regard to the aim of the experiment, the 
clinical trial showed important implications for the effects of one of count-
less supplements available to the public today. Since allergies are commonly 
“primed” during the early infancy years, it showed the effects of the supple-
mentation of fish oil on expecting mothers [14].

Specific pathways are critical and vital to the development of the foetus. 
The definition of the glucose pathway is already given therefore no changes 
are necessary. The production of ATP helps catalyse a number of vital 
reactions for the development of the embryo and the homeostasis of the 
mother. Normal body function can be maintained through homeostasis, 
which is the main reason we are able to adapt to the continuous chang-
ing environment of the human body. Obesity is a growing disease that is 
affecting many people across the world and one of the greatest factors of 
obesity is poor management of the intake of glucose. A clinical study was 
conducted in an effort to improve glucose homeostasis among obese preg-
nant women and to test if probiotic supplements aid in the reduction of 
gastric weight gain. Improvements of such things among obese pregnant 
women would lead to a direct improvement of maternal mortality rates 
and stillbirth rates around the world. The subject pool of the clinical study 
consisted of 50 women who fitted the standards of the trial. Subjects were 
given the probiotic supplement anywhere between 14 and 20 weeks before 
the expected due date, with a follow-up nine months after the baby was 
born. In the clinical trial the blood, weight, faecal matter, urine, and vaginal 
tissue were all monitored. The study showed that Vivomixx (a microbiotic 
that helps with the homeostasis of the intestinal flora) had a good effect in 
the improvement of maintenance of weight gain. The cause of this effect 
is due to the changes in microbiota in the gut. With the help of probiotics 
the study was able to conclude that probiotics can be beneficial for preg-
nant obese women by reducing health risks for the foetus and embryo. The 
changes in the microbiota found in the mother’s gut could lead to changes 
of gastric bacteria in the developing foetus [15].

The development of allergies during infancy continues to impact maternal 
mortality and stillbirths today across the world. Due to this profound sta-
tistic, there is an increased interest in the research in preventing allergies 
from developing in the early developmental stages of life. Recent research 
has shown that manipulating the microbiota in the gut of the mother has 
a direct effect on the developing embryo, which can lead to a direct effect 
at birth. In a particular clinical trial that was conducted on 400 pregnant 
women, the probiotic Lactobacillus rhamnosus HN001 was tested in an effort 
to reduce the rates of eczema and atopic sensitisation, Group B streptococcal 
vaginal colonisation before birth, depression stemming from bacterial vagi-
nosis, and anxiety stemming from postpartum maternal gestational diabe-
tes mellitus among babies who have elevated chances of developing these 
diseases. To minimise the amount of bias, a randomised double-blind pla-
cebo design was used to carry out the clinical trial. The women who were 
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selected to be in the trial where given the probiotics from 14 to 20 weeks’ 
gestation and the baby was observed for six months after birth (Table 6.4). 

Overall, the study showed the ability of being able to manipulate the bacte-
ria found in the gut during pregnancy to overcome and reduce the rates of 
autoimmune and inflammatory responses. One of the roles of Lactobacillus 
rhamnosus HN001, which can be found in the gastrointestinal tract of healthy 
humans but can sometimes be detrimental to pregnant women, is to inhibit 
GBS (a rare condition where one’s immune system harms the peripheral 
nerves). Even though GBS affects very few pregnancies, the effects of diseases 
that GBS deregulation carries are often lethal. With new knowledge of ways 
to inhibit GBS pathways, the endeavour to decrease the rate of stillbirths and 
maternal mortality increases [16].

As time has passed the discovery of many enzymes and key regulatory func-
tions have been discovered. With the discovery of the key regulatory func-
tion of cells the ability to reduce health risk factors has greatly increased. 
Overproduction of harmful reactions in the human body can raise the chances 
of many diseases and abnormalities in the body. The intake of nutraceuticals 

Table 6.4 Concluding Results of Lactobacillus rhamnosus HN001 on 
Pregnant Women who are Prone to Autoimmune and Inflammatory 
Responses

Factors 
Outcomes (sample sizes of 200 in 

each factor) 

Eczema Drop-out rate: 13%
Babies with eczema: 12.3%

Babies expected to have eczema: 43
Level of significance at 5%: 87% 

Atopic dermatitis Drop-out rate: 13%
Level of significance at 5%: 69%

Atopic sensitisation Drop-out rate: 13%
Babies with atopic sensitisation: 120 

Levels of significance at 5%: 95%

Gestational diabetes mellitus Drop-out rate: 2.5%
Percent of reduction in prevalence: 63%
Level of significance in prevalence: 87%

Bacterial vaginosis Drop-out rate: 2.5%
Percentage of cure: 88%

Level of significance in prevalence at 5%: >95%

Group B streptococcus Drop-out rate: 2.5%
Level of reduction: 11%

Level of significance at 5%: 84%

Maternal postpartum depression and anxiety. Drop-out rate: 13%
Level of reduction: 26%

Level of significance at 5%: 79%
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can help in the reduction of some of those harmful reactions, such as oxida-
tive damage, which can lead to DNA damage and cancer. The levels of DHA 
(docosahexaenoic acid) are naturally increased during pregnancy. DHA is a 
known component for maintaining the homeostasis of oxidative damage in 
the body throughout pregnancy [17]. 

The continued interest in key regulatory factors gives benefits in the reduc-
tion of maternal mortality, miscarriage, and stillbirth rates across the world. 
Clearly, with the help of clinical trials, we are able to gain new information on 
both the harmful and the helpful effects of nutraceuticals on the body. 

The Impact of Nutraceuticals on Miscarriage and Related Outcomes

Nutraceutical intake is very important for the mother as that directly impacts 
the foetus. The proper dietary nutraceuticals are able to provide prevention 
and treatment of many illnesses. Research indicates that maternal nutrition 
directly impacts any pregnancy-related outcomes. Due to the mother’s nutri-
tional deficiency, many new-borns have conditions such as increased mortal-
ity rates, risk of chronic illnesses, and possible mental impairment. Lack of 
proper nutraceuticals even increases the risk of babies being prone to con-
tinuous infections. If the mother continues to have a nutritional deficiency, 
the child is at risk of a reduction in mental abilities and stunted growth. This 
clearly indicates that malnutrition during pregnancy has implications that can 
last the full lifetime of the child. Proper nutraceutical intake during preg-
nancy and beyond is the basis for having both a healthy mother and child [18]. 

Research indicates that chlorophyll has important lipophilic properties that 
can prevent miscarriage, neonatal intracranial haemorrhage, and spontaneous 
abortion. Chlorophyll is also highly beneficial because it can neutralise guani-
dine, which is a toxin that is released into the blood from pregnancy-related 
trauma, burns, and muscle fatigue. Although guanidine is normally beneficial, 
pregnant women who have a history of abortion or miscarriage are at a higher 
risk of overproducing guanidine. For these women, chlorophyll is effective in 
controlling excess guanidine levels. Along with chlorophyll, healthy amounts 
of vitamin K-enriched nutraceuticals are necessary for preventing miscarriage 
and neonatal haemorrhaging. Nutraceuticals with vitamin K are necessary for 
hormonal homeostasis and to help reduce the risk of miscarriage and related 
outcomes. Women that have a history of miscarriage can use nutraceuticals 
found in herbal products and foods to reduce this risk  [19] (Figure 6.4).

Folic acid, also known as vitamin B, is another critical nutraceutical that helps 
with the prevention of miscarriage, neural tube defects (NTDs), and low birth 
weight. Vitamin B is a coenzyme for purine and pyrimidine precursors that 
are found in nucleic acids and are vital for the proper DNA synthesis of the 
foetus. Pregnant women are at an increased risk of folate deficiency as it 
is needed in excess amounts for proper foetal growth. Mothers deficient in 
folic acid have an increased risk of miscarriage, IUGR (intrauterine growth 
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restriction, where the fetus is much smaller in size than expected), PE (pre-
eclampsia, where the mother has elevated blood pressure and urine with 
high amount of protein), and placental abruption. Pregnant women are told 
to start taking vitamin B supplements, starting with their periconceptional 
period. These supplements are critical for the cell proliferation of the foetus 
during the commencement of pregnancy [20]. Multivitamins with folic acid are 
important nutraceuticals for maintaining a healthy lifestyle. There is a strong 
correlation between increased risk of miscarriage due to folate deficiency. On 
average, women that have a lower concentration of folate in plasma, are more 
likely to have a miscarriage [21] (Table 6.5) (Figure 6.5).

Pregnant women require nutraceuticals as they provide the required nutrients 
during the lactation period. Examples such as vitamin E, vitamin C, selenium, 
lycopene, and zinc are antioxidants as they inhibit PIH (pregnancy induced 

Figure 6.4  Structure of both chlorophylls A and B [19].
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hypertension, where the mother has elevated blood pressure during preg-
nancy). This ultimately prevents cell membrane damage, minimises oxida-
tive stress damage from free radicals, and prevents reactive oxygen species 
from forming. This results in a healthy mother and child. However, not using 
these nutraceuticals can often lead to miscarriage and other related outcomes. 
L-arginine is another important nutraceutical that is crucial to the developing 
foetus, as it helps with maintaining normal blood pressure, proper wound 
healing, and helps maintain a healthy cardiovascular system. These can be 
found in foods such as yoghurt, cheese, milk, oats, nuts, wheat, beans, and 
seeds. Research has shown that doses up to 6 gm of L-arginine helps with 
foetal growth, increases utero placental blood circulation, reverses IUGR, low-
ers the chance of respiratory distress syndrome (RDS), and increases oxygen 
circulation to the foetus [18]. 

Factors such as the duration of supply and the concentrations of the nutraceu-
ticals greatly influence the health of both the foetus and mother. Diets that are 
rich with nutraceuticals, together with proper exercise, are key factors during 
pregnancy. The reduction of stress and increased nutraceutical intake reduce 
the chances of miscarriage, pre-eclampsia, and other risks from pregnancy 
(Table 6.6). 

The Role of Nutraceuticals in Stillbirths

Stillbirths today in developed countries are at an all-time low due to the help 
of clinical trials and studies. With the help of modern-day medicine we are 
able to continue to lower the number of stillbirths occurring around the world. 
The effects nutraceuticals have on the mother and embryo directly affect still-
birth rates and the development of the foetus. Many factors affect the embryo 
and the overproduction/underproduction of such proteins could lead to a 
number of health risks for the mother along with the embryo. Some important 
substances have been identified that play a direct role in the development of 
the foetus and help maintain the mother’s homeostasis. Research has shown 

Table 6.5 Effects of maternal folic acid deficiency and risk to foetal health [20]

Deficiency of folic acid Risk Factors

Low folic acid intake Increased birth defects
Higher chance of preterm delivery

Low vitamin and protein intake Increase in neural tube defects (NTDs)
High risk of cancer
Impaired neurodevelopment

Elevated folate and low vitamin intake High chance of obesity
High risk of Type 2 diabetes

Prolonged folic acid deficiency Weakens DNA synthesis due to accumulation of levomefolic acid.

Urine and serum receptors Folic acid is available.
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Figure 6.5  Role of Vitamin B in reducing risk of abnormalities in the placenta [20].

Table 6.6 Nutraceuticals and Benefits to the Developing Foetus [18]

Part of foetus Nutraceuticals

Immunity Vitamin C, vitamin E, zinc

Brain development DHA, vitamin B, iodine, choline 

Gastrointestinal (GI) tract improvement and digestion Oligosaccharides, fructose

Growth and development Vitamin D, proteins, fats, calcium



86 Nutraceuticals for Nutritional Health﻿

that the underproduction of folate during pregnancy has a direct relationship 
with vitamin B deficiencies and related diseases; and such underproduction 
can lead to increased health risks at later stages in life. Some of elevated health 
risks include cardiovascular disease, cancer, and developmental abnormalities 
[22]. Emerging technologies have allowed us to predict or take precautions 
regarding certain health aspects and have thus helped to improve the average 
lifespan. The development of the vascular system in the embryo is essential and 
happens within the first two weeks of implantation. Cardiovascular diseases 
are the leading causes of deaths in many countries, especially where obesity is 
a problem. The role of nutraceuticals has helped decrease those rates by help-
ing to improve metabolic pathways. The rate of stillbirths is still present, and 
it is forever changing due to new diseases and new environmental problems. 
Sources besides our environment are sometimes overlooked but also contain 
many nutraceuticals. What we put into our bodies plays a major role in our 
overall health. Many nutraceuticals have been classified in order to help iden-
tify specific properties that assist in the homeostasis of certain aspects of the 
human body. When it comes to stillbirths the use of prebiotics and probiotics 
can help in the prevention of diseases that a developing foetus and infant can 
be susceptible to. The cataclysm of oxidative species in the body can lead to a 
number diseases. Through the help of trials and studies we are able to identify 
food groups that increase the number of oxidative reactions happening in the 
body. Oxidative damage is known to have DNA-damaging effects that can lead 
to cancer, and things like smoking and drinking alcohol can increase the oxi-
dative damage to the body. Smoking during pregnancy is especially unhealthy 
due to the oxidative damage done during the developmental stages of the 
infant. Due to research and studies polyphenols have been identified to aid in 
the reduction of oxidative species in the body. The most common polyphenols 
are flavonoids and phenolic acid. Polyphenols are known to aid in the process 
of gene expression, apoptosis, intercellular signalling, and platelet aggregation 
[1]. With the identification of known carcinogens we are able to use nutraceu-
ticals to help reduce the effects they have on the body. 

There are many factors the affect the rate of stillbirths. The identification of 
the root causes of these problems brings great interest in the research aspect 
of the scientific community to aid in public health. Through this, nutraceuti-
cals are able to be identified as a leading factor in the prevention of diseases 
detrimental to health. In areas where poverty levels are greatly elevated, the 
rates of stillbirths are also greatly elevated due to poor medical care. As well 
as poor medical care, unfortunately, with poverty comes hunger as well. Due 
to the lack of nutraceuticals and food, stillbirth levels are elevated in areas 
such as Tanzania and other underdeveloped countries. A study was done 
on over 7,000 pregnant women where the levels of iron and calcium were 
monitored during pregnancy and postpartum. Some of the factors that identi-
fied the causes of stillbirths is the lack of calcium and iron intake. The study 
concluded that with an improvement of diet during pregnancy could result in 
a great increase in the positive outcome of births [23]. Even today, the ability 
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to provide aid is pushed to a limit, due to monetary restrictions and, because 
of this, hunger and poverty continue to exist. However, with the development 
and production of supplements, there has been a cheap and effective way to 
help lower the level of stillbirths in poverty-stricken countries. 

Maternal nutritional intake is essential for the proper development of the foe-
tus. Insufficient intake of nutrition during pregnancy can have an adverse effect 
on the outcome of the birth and growth of the infant. Expecting mothers who 
lack proper nutritional intake tend to have increased chances of stillbirths, 
miscarriages, infant deaths, and developmental risk factors. In order to prevent 
these types of occurrences clinical studies are done throughout the world to 
aid in the improvement of public healthcare outreach. With today’s expanding 
technologies we are able to solve these types of problems at a much faster 
rate. By analysing blood, urine, and faecal samples, we are able to measure the 
amount nutrients absorbed and lost in the body. With these types of methods 
we are able to prevent stillbirths at an improved rate. Along with environment, 
genetics plays a major role and the ability to karyotype has been a key feature 
in detecting and preventing a number of diseases. However, due to factors 
such as poverty, war, and improper health care, stillbirths still occur. Every day, 
efforts are being made to prevent these outcomes. In a study done in 2017, a 
conclusion was reached at the end of the clinical trial stating that supplemen-
tary dietary iron intake has a direct positive effect on the level of stillbirths  [24]. 

Other factors that directly increase the rate of stillbirths are anaemia and the 
lack of iron storage. A direct correlation can be made with amount of iron 
and calcium intake to the chances of having a stillbirth and other health risk 
factors [25]. Since many factors have been identified that directly affect human 
health there are continuous efforts in trying to prevent and stop the outcome 
of stillbirths. 

Effects of Nutraceuticals on Maternal Mortality

Maternal mortality and morbidity in developing countries are increasing each 
year. In developing countries, about 600,000 women die from causes arising 
from pregnancy and 62 million women endure morbidity and have compli-
cations during pregnancy. Maternal nutrition is important: it helps maternal 
health and survival. Disregarding induced abortions, the four main causes 
of maternal mortality are pre-eclampsia, haemorrhage, obstructed labour, 
and infections. Calcium has reduced the occurrence of pre-eclampsia and 
hypertension, though more research is required [26]. An adequate amount of 
nutrients is the most important environmental factor in affecting pregnancy 
outcomes. Nutrigerontology is the scientific discipline that studies the impact 
of nutrients, foods, macronutrient ratios, and diets on life span, the ageing 
process, and age-related diseases. Data from experimental studies in model 
organisms consistently show that nutrient signalling pathways are involved in 
longevity and affect age-related loss of function and diseases [27] (Table 6.7).
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Based on studies on animals and humans, if maternal nutrients are insuffi-
cient, then the balance between maternal and foetal needs is rearranged and 
a state of biological competition exists. Maternal and infant health is based 
on energy and protein this results from short interpregnancy intervals or 
early pregnancies. This leads to a reduction in maternal nutritional status at 
conception and altered pregnancy [8]. Maternal health is crucial for the foe-
tus to survive: a mother that is undernourished will deliver a child with low 
birth weight and with a higher chance of the baby dying. Anaemia is potent 
within women and is common in maternal mortality. And from this the risks 
of maternal death and damage to the foetal brain is very common [28]. 

Conclusion

The classifications of nutraceuticals have been critical in the ability to iden-
tify chemical pathways that aid in the prevention of numerous diseases. 
Nutraceuticals play a vital role in the development of the embryo and the 
maintenance of homeostasis of the mother. Without proper nutritional diet the 
chances of developmental deformities increase. The use of clinical trials has 
unravelled a great deal of detail about the outcomes of ingestion of fluctuating 
levels of chemicals in the body. The use of factors such as iron and calcium 
intake has shown an immense reduction in the amount of maternal mortality 
and stillbirth. The ability to identify problems with the development of the 
foetus has allowed us to solve obstacles in public health. Anaemia and other 
deficiencies can be solved with the help of dietary supplements. Maternal 

Table 6.7 Nutritional Constituents of Food Plants [28]

Category Nutrient

Macronutrients Energy, protein, fat

Minerals Calcium, phosphorus, magnesium, chloride, sodium, iron, potassium

Micronutrients Vitamins (vitamin A, vitamin B12, vitamin D, vitamin E, vitamin K), essential fatty acids, 
thiamine, riboflavin, nicotinic acid, pyridoxine, folate, ascorbic acid, biotin, inositol, choline, 
para-aminobenzoic acid

Trace elements Copper, cobalt, chromium, zinc, molybdenum, vanadium, iodine, fluoride, silicon, vanadium

Antinutrients
– Antitrypsin
– Oxalate
– Phytate
– Polyphenols
– Goitrogens

Protein
Calcium
Iron, calcium
Iron, protein
Iodine

Toxic factors
– Oxapro
– Argemone
– Mycotoxins

Lathyrism
Spedenic dropsy
Liver injury
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mortality rates and stillbirths have been reduced with the aid of proper health 
care and health education. The metabolism of these nutraceuticals has shown 
an immense effect on the development of the foetus and help in the homeo-
stasis maintenance of the mother. Without the research done and clinical tri-
als held in the development of nutraceuticals, the rates of maternal mortality, 
miscarriages, stillbirths, and related outcomes would be universally higher. 

References
	 1. 	Das, Lipi. et al. Role of Nutraceuticals in Pregnancy. 2014. National Center for 

Biotechnology Information, Vol. 48 (2). pp. 173–183.
	 2. 	Gonzalez-Suarez, Ignacio. et al. Mechanistic Network Models in Safety and Toxicity 

Evaluation of Nutraceuticals. 2016. Academic Press, Vol. 1. pp. 287–304.
	 3. 	Andlauer, Wilfried and Fürst, Peter. Nutraceuticals: A Piece of History, Present Status 

and Outlook. 2002. Elsevier, Vol. 35 (23). pp. 171–176. 
	 4. 	Sahebkar, Amirhossein. et al. Lipid-Modifying Effects of Nutraceuticals: An Evidence-

Based Approach. 2016. Elsevier, Vol. 32 (1112). pp. 1179–1192.
	 5. 	Wang, Jim. et al. Microbial Production of Value-Added Nutraceuticals. 2016. Elsevier, 

Vol. 37. pp. 97–104. 
	 6. 	Shahidi, Fereidoon. Nutraceuticals and Functional Foods: Whole Versus Processed 

Foods. 2009. Elsevier, Vol. 20 (9). pp. 376–387. 
	 7. 	Fernando, Luis. et al. Application of Nutraceuticals in Pregnancy Complications: 

Does Epigenetics Play a Role? 2017. Springer, Vol. 1. pp. 1–19.
	 8. 	King C, Janet. The Risk of Maternal Nutritional Depletion and Poor Outcomes 

Increases in Early or Closely Spaced Pregnancies. 2003. The Journal of Nutrition, 
Vol. 133. pp. 1732–1736. 

	 9. 	Rush, David. Nutrition and Maternal Mortality in the Developing World. 2000. The 
American Journal of Clinical Nutrition, Vol. 72. pp. 212–240. 

	 10. 	Lee, J. et al. Reactive Oxygen Species, Aging, and Antioxidative Nutraceuticals. 2004. 
Wiley Online Library, Vol. 3. pp. 21–33.

	 11. 	Tapas, AR. et al. Flavonoids as Nutraceuticals: A Review. 2008. Tropical Journal of 
Pharmaceutical Research, Vol. 7 (3). pp. 1089–1099.

	 12. 	Aggarwal B, Bharat. Targeting Inflammation-Induced Obesity and Metabolic Diseases 
by Curcumin and Other Nutraceuticals. 2010. Annual Review of Nutrition, Vol. 30. 
pp. 173–199. 

	 13. 	Cazzonelli I, Christopher. Carotenoids in Nature: Insights from Plants and Beyond. 
2011. Functional Plant Biology, Vol. 28. pp. 833–847. 

	 14. 	Krauss-Etschmann, Susanne. et al. Decreased Cord Blood IL-4, IL-13, and CCR4 and 
Increased TGF-β Levels After Fish Oil Supplementation of Pregnant Women. 2008. 
The Journal of Allergy and Clinical Immunology, Vol. 121 (12). pp. 464–470. 

	 15. 	Halkjaer, S. et al. Effects of Probiotics (Vivomixx®) in Obese Pregnant Women and 
their Newborn: Study Protocol for a Randomised Controlled Trial. 2016. National 
Center for Biotechnology Information, Vol. 17 (1). p. 491. 

	 16. 	Barthow, Christine. et al. The Probiotics in Pregnancy Study (PiP Study): Rationale 
and Design of a Double-Blind Randomised Controlled Trial to Improve Maternal 
Health During Pregnancy and Prevent Infant Eczema and Allergy. 2016. National 
Center for Biotechnology Information, Vol. 16. p. 133. 

	 17. 	Shoji, Hiromichi. et al. Effect of Docosahexaenoic Acid and Eicosapentaenoic Acid 
Supplementation on Oxidative Stress Levels During Pregnancy. 2006. Free Radical 
Research, Vol. 40 (4). pp. 379–384. 

	 18. 	Dr. Basu, S. K. et al. Role of Nutraceuticals in Pregnancy. 2014. Association of Rural 
Surgeons of India, Vol. 10. pp. 1–7.



90 Nutraceuticals for Nutritional Health﻿

	 19. 	Nick L, Gina. Nutraceuticals that Prevent Spontaneous Abortion and Miscarriage. 
2007. Townsend Letter, Vol. 1. pp. 1–19. 

	 20. 	Duttaroy K, Asim and Basak, Sanjay. B Vitamins and Their Role on Trophoblast 
Growth and Development. 2016. Springer, Vol. 1. pp. 51–68. 

	 21. 	Bailey B, Lynn and Berry J, Robert. Folic Acid Supplementation and the Occurrence 
of Congenital Heart Defects, Orofacial Clefts, Multiple Births, and Miscarriage. 2005. 
The American Journal of Clinical Nutrition, Vol. 81 (5). pp. 1213–1217. 

	 22. 	Patrick J. Stover. Physiology of Folate and Vitamin B12 in Health and Disease. 2004. 
National Center for Biotechnology Information, Vol. 62. pp. 3–12.

	 23. 	Mosha, Dominic. et al. Dietary Iron and Calcium Intakes During Pregnancy are 
Associated with Lower Risk of Prematurity, Stillbirth and Neonatal Mortality among 
Women in Tanzania. 2016. National Center for Biotechnology Information, Vol. 20 
(4). pp. 678–686.

	 24. 	Ramírez-Vélez, Robinson. et al. Use of Dietary Supplements by Pregnant Women in 
Colombia. 2018. National Center for Biotechnology Information, Vol. 18. pp. 117.

	 25. 	Rosas, Peña. et al. Daily Oral Iron Supplementation During Pregnancy. 2015. National 
Center for Biotechnology Information, Vol. 7. p. CD004736. 

	 26. 	Christian, Parul. Maternal Nutrition, Health, and Survival. 2002. Maternal Nutrition, 
Health, and Survival, Vol. 60. pp. 59–63.

	 27. 	Aiello, Anna. et al. Nutrigerontology: A Key for Achieving Successful Ageing and 
Longevity. 2016. Immunity & Ageing, Vol. 13. pp. 1–5. 

	 28. 	Mishra, Seema. et al. Role of Edible Food Plants in Women’s Nutrition and Health. 
2015. ResearchGate, Vol. 1. pp. 1–18.



91

7
Nutraceuticals and 
Anaemia in Pregnancy

Deepti Kaushalkumar Jani 

Introduction

Anaemia is one of the most common diseases worldwide. It is the leading 
cause of deaths during pregnancy (Rahman et al. 2016). Adverse pregnancy 
outcomes, including low birth weight and prematurity, are prevalent with 
anaemia (Balarajan et al. 2011).

According to the World Health Organization (WHO), anaemia is defined as a 
condition associated with a decrease in the number of red blood cells or their 
oxygen-carrying capacity, insufficient to satisfy physiologic needs. Factors 
affecting the number of red blood cells are age, sex, altitude, smoking, and 
pregnancy status (WHO/NMH/NHD/MNM/11.1 2011). The occurrence of 
anaemia in women of reproductive age (15–49 years) is common in various 
regions globally (Figure 7.1).

Nutritional deficiencies (iron, vitamin B12 or folate deficiency), diseases and 
genetic haemoglobinopathies are considered to be the most common causes 
of anaemia (FAO 2017; Kassebaum et al. 2016).

Globally, malaria is considered to be one of the most common causes of anae-
mia especially in pregnant women, with increased prevalence in women in 
their first-time pregnancy and with susceptibility to severe anaemia. During 
the first or second trimester, anaemia significantly increases the risk of pre-
mature birth and low birth weight (WHO 2017).

During pregnancy, there is an increase in maternal red blood cell production 
resulting in an expansion of red blood cell mass and plasma volume. Due to 
this expansion of red blood cell mass as well as the increased needs of the 
growing foetus, iron intake needs to be increased during pregnancy(Erdman, 
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MacDonald, and Zeisel 2012). An increase in the plasma volume is a natural 
process during pregnancy, starting approximately at the eighth week of preg-
nancy. Plasma volume expansion progresses until the 32nd to 34th week of 
pregnancy (Breymann et al. 2011). 

Globally, the mean blood haemoglobin concentration was found to be 111 
g/L (95% credibility interval [CI]: 112–116) during pregnancy (Table 7.1). It 
indicates that, on average, all population groups were above the threshold 
for mild anaemia (110 g/L for pregnant women). There are variations in the 
prevalence of anaemia and mean blood haemoglobin concentrations in differ-
ent countries and regions. According to the WHO factsheet 2011, the lowest 
mean blood haemoglobin concentrations and the highest prevalence of anae-
mia were observed among the population groups of South-East Asia, Eastern 
Mediterranean, and African Regions (as designated by WHO) (Table 7.1). The 
prevalence of anaemia was 38.9% to 48.7% for pregnant women in these 
regions (Organização Mundial da Saúde 2015). 

Anaemia can be classified by the cause into nutritional anaemias and haemo-
lytic anaemias. It can also be classified according to variation in the colour, 
sizes, and shapes of the red blood cells. The size of the red blood cells is 
smaller than normal in microcytic anaemias, e.g. iron-deficiency anaemia, 
while the red blood cells are larger in size than normal in macrocytic anae-
mia, e.g. megaloblastic anaemia (Figure 7.2). In iron-deficiency anaemia, there 
is deficiency of iron resulting in a decreased amount of haemoglobin in each 
red blood cell, while in megaloblastic anaemia, there is deficiency of folate or 
vitamin B12 (De-Regil et al. 2014).

Anaemia has three stages according to the blood haemoglobin level, i.e. mild, 
moderate, and severe. There may be no effect of mild anaemia during preg-
nancy and labour, but due to lower stores of iron in mild anaemia, the mother 
will have decreased stores of iron and may have moderate to severe anaemia 

Figure 7.1  Prevalence of anaemia in pregnant women aged 15–49 years (WHO 2011, 
used with permission; Organização Mundial da Saúde 2015). 



93Anaemia in Pregnancy﻿

in subsequent pregnancies. The symptoms of moderate anaemia are lack of 
energy, weakness, and reduced work performance. Severe anaemia is associ-
ated with poor consequences. Women with severe anaemia may have cardiac 
symptoms such as an irregular or increased heartbeat, difficulty in breathing, 
increased cardiac output, and cardiac failure. Severe anaemia may result in an 
increased incidence of preterm labour, sepsis, and pre-eclampsia in pregnant 
woman (Sharma and Shankar 2010; Figure 7.3).

Dietary deficiencies give rise to anaemia in pregnancy. There is increase in 
requirement for iron and vitamins during pregnancy and dietary deficiencies 
can result in an insufficient supply of iron and vitamins to meet the desired 
level, leading to anaemia ( Van Den Broek 1996).

Nutraceuticals are emerging as a safe and effective option to prevent or treat 
diseases (Schütz et al. 2017). They are “natural” substances that are obtained 

Table 7.1 Global and WHO Regional Mean Blood Haemoglobin Concentration and 
Prevalence of Anaemia by Population Group for 2011 (WHO 2011, used with 
permission; Organização Mundial da Saúde 2015)

WHO region

Mean (95% CI) blood 
haemoglobin 

concentration (g/L)

Percentage (95% 
CI) of population 
with anaemiaa

Percentage (95% CI) 
of population with 
severe anaemiab

African region 111 (110 to 114) 46.3 (40.6 to 51.0) 1.5 (1.0 to 2.3)

Region of the Americas 119 (116 to 122) 24.9 (19.0 to 32.5) 0.3 (0.1 to 0.6)

South-East Asia region 110 (106 to 114) 48.7 (36.1 to 58.9) 1.1 (0.5 to 2.2)

European region 118 (115 to 121) 25.8 (19.8 to 33.6) 0.3 (0.1 to 0.6)

Eastern Mediterranean 
region

113 (111 to 116) 38.9 (32.7 to 46.3) 1.1 (0.6 to 1.6)

Western Pacific region 119 (114 to 124) 24.3 (15.1 to 37.7) 0.4 (0.1 to 0.9)

Global 114 (112 to 116) 38.2 (33.5 to 42.6) 0.9 (0.6 to 1.3)

CI: credibility interval.
a	 Anaemia is defined as blood haemoglobin concentration <110 g/L for pregnant women.
b	 Severe anaemia is defined as blood haemoglobin concentration <70g/L for pregnant women.

TYPES OF ANAEMIA

MICROCYTIC NORMOCYTIC MACROCYTIC

IRON DEFICIENCY 
ANAEMIA, THALASSAEMIA,
SIDEROBLASTIC ANAEMIA

APLASTIC ANAEMIA VITAMIN B12 OR FOLATE 
DEFICIENCY ANAEMIA, 
HAEMOLYTIC ANAEMIA

Figure 7.2  Classification of anaemia (WHO 2017; De-Regil et al. 2014).
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from food substances and are useful for medical benefits (Trottier et al. 2010). 
Stephen DeFelice, chairman and founder of the Foundation for Innovation in 
Medicine (Cranford, New Jersey), in 1979, defined nutraceuticals as food or 
parts of a food that are beneficial in the treatment and prevention of disease 
and provide medical or health benefits (Brower 1998). Nutraceuticals are of 
great significance in the prevention of pregnancy-associated anaemia resulting 
from nutrient deficiency.

Nutraceuticals includes the use of dietary and herbal therapies for health ben-
efits. They are natural dietary supplements with minimum side effects. Three 
broad categories of nutraceuticals are (Ansari et al. 2013):

•	 Vitamins, minerals, fatty acids, and amino acids
•	 Extracts of herbs
•	 Dietary supplements such as nutrition for sports, supplements for 

reducing weight, and replacements for meal

Nutraceuticals such as iron, vitamin B12 and folic acid have been the pre-
ferred treatment options to cure nutrient deficiency anaemia among pregnant 
women. Deficiencies of these nutrients during pregnancy result in anaemia 
and supplementation with these nutraceuticals is required in pregnancy to 
satisfy the nutritional needs of the pregnant woman as well as of the devel-
oping foetus. The concern is that the deficiency of these nutrients in a preg-
nant woman results in her inability to satisfy the nutrition requirement of the 
developing foetus. Nutritional folate deficiency before conceiving leads to an 
increase in the risk of neural tube defects during pregnancy. The deficiency 
of iron and folate in a woman can make her tired and increases the risk of 
infection (Peña-Rosas et al. 2015).

No anaemia: Hb > 110 

Mild: Hb = 100-109 g/L
� Decreased work capacity

Moderate: Hb = 70-99 g/L
� Substantial reduction in work capacity
� Higher maternal morbidity rates
� More susceptible to infections
� Premature births
� Infants with lower birth weight and prenatal 

Severe: Hb = 70 g/L
� Cardiac decompensation, when hemoglobin falls below 50 g/L
� Palpitation and breathlessness even at rest
� Increased cardiac output, stroke volume and heart rate
� Circulatory failure, if untreated, leads to pulmonary oedema and death
� Increases maternal mortility

Figure 7.3    Stages and associated maternal consequences of anaemia in pregnancy 
(Sharma and Shankar 2010; WHO/NMH/NHD/MNM/11.1 2011); Hb = Haemoglobin.
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The occurrence of anaemia is high worldwide due to an insufficient nutrition 
supply from diet, with the consumption of iron at less than 20 mg/day and the 
intake of folic acid at less than 70 mg/day. Another cause for decreased iron 
levels is the intake of phytate and a fibre-rich diet resulting in the reduced bio-
availability of iron, i.e. only 3–4%. In developing countries, infections such as 
malaria and hookworm infestations are common, resulting in chronic blood 
loss that can also cause anaemia in women (Kalaivani 2009).

In pregnant women, a deficiency of iron is the most common etiological fac-
tor for anaemia. Up to 56% of pregnant women may be affected by anaemia 
in developing countries, with a relatively high prevalence (up to ~25%) of iron 
deficiency-anaemia (McLean et al. 2009). In regions with endemic malaria, up 
to 65% of pregnant women may be affected by anaemia, e.g. in countries of 
sub-Saharan Africa (WHO 2008). In developed countries, approximately 16% 
of pregnant women suffer from iron-deficiency anaemia (McLean et al. 2009; 
WHO 2001). 

The pregnancy of adolescent females is also an important point of concern as 
there is an increased risk of anaemia. In developing countries, many women 
enter pregnancy without sufficient iron stores. Insufficient levels of iron 
increase the risk of anaemia (WHO 2017). 

Iron is a mineral. It is an essential component of the haemoglobin molecule. 
Haemoglobin transfers oxygen from the lungs to the tissues. Iron is found 
in many foods, is available as a dietary supplement, and can be added to 
some food products. The two forms of dietary iron are: heam and non-heam 
(Ross et al. 2012). Non-heam iron is present in plants and iron-fortified foods, 
whereas heam and non-heam iron are both present in meat, seafood, and 
poultry (Table 7.3) (Erdman, MacDonald, and Zeisel 2012). 

Iron is properly absorbed in heam form. Heam form is found in animal 
products. Therefore, vegetarian women are at increased risk of developing 
iron-deficiency anaemia. In countries such as India, where religious beliefs 
promote vegetarianism, women are vulnerable to the development of iron-
deficiency anaemia (Burke, Leon, and Suchdev 2014). 

When iron deficiency develops due to poor diet, dietary iron intake cannot 
meet iron needs. In long-term deficiency of iron, the body’s iron storage will 
have been reduced, resulting in a decreased supply of iron required for the 
formation of red blood cells and the outcome is decreased haemoglobin con-
centration (WHO 2017). 

Iron status is also affected by the various factors that either increase or decrease 
iron absorption. Calcium, phenolic compounds, and phytates inhibit iron 
absorption (Collings et al. 2013). Other risk factors for low iron levels in preg-
nant women are reduced iron intake, malaria, intestinal infections, adolescent 
pregnancy, multiple pregnancies, low socioeconomic status, and the country 
of residence (Bothwell 2000; Cao and O’Brien 2013; Milman 2011). Social 
and psychological factors may reduce adherence to iron supplementation and 



96 Nutraceuticals for Nutritional Health﻿

compliance, which can affect the prevalence of iron-deficiency anaemia (Tran 
et al. 2013). Vitamin C enhances iron absorption (Collings et al. 2013). Other 
factors, such as the programmes for anaemia control, the economic situation, 
the agricultural productivity of the locale, and policies for fortification with 
micronutrients should also be considered (Pasricha et al. 2013). 

Iron-deficiency anaemia is a hypochromic, microcytic anaemia. Deficiency of 
iron levels in the mother can be transferred intergenerationally to the child. 
Various studies done previously have shown that if the mother possesses 
iron-deficiency anaemia, then there is an increased risk of iron deficiency 
and anaemia in her infants. The extent to which iron deficiency and/or iron-
deficiency anaemia during pregnancy affects foetal iron levels is debated 
(Colomer et al. 1990; Kilbride et al. 1999). Approximately 50% of all cases of 
anaemia among non-pregnant and pregnant women are due to deficiency of 
iron (Stevens et al. 2013). 

An adult woman has about 2 g of iron in her body, out of which erythrocytes 
contain 60–70% of iron, with the remaining iron stored in the bone marrow, 
liver, and spleen. There is an increase in iron demand in pregnancy, i.e. about 
1 g additional iron supplement is required. During pregnancy the additional 
iron requirement is 300 mg for the placenta and foetus, 200 mg that compen-
sates for excretion and 500 mg for enhanced maternal haemoglobin levels. 
Therefore, the iron intake should be increased during pregnancy. As about 
10% of iron is absorbed from food (Table 7.3), additional oral iron should be 
given to a pregnant woman (Kozuma 2009). 

Women’s iron needs increase over the course of pregnancy. The iron require-
ment is 0.8 mg per day during the first trimester and 7.5 mg/day during the 
third trimester (Balarajan et al. 2011).

Severe consequences occur due to iron deficiency during pregnancy and they 
affect not only the mother but also her infant (Burke, Leon and Suchdev 2014). 

Iron deficiency during pregnancy either due to low iron stores or due to 
low intake results in an enhanced risk of mortality of mother and infant, 
low birth weight, and premature birth (WHO 2001). It causes anaemia with 
symptoms such as reduced immune response, weakness, fatigue, and a 
decrease in cognitive performance. Emphasising the importance of iron to 
foetal brain development, a deficiency of iron in a pregnant woman results 
in reduced iron stores and a deficiency of iron in the infant at birth, and 
these are associated with behavioural and cognitive deficits. The deficiency 
of iron in a pregnant woman also enhances the risk of iron deficiency dur-
ing infancy and iron-deficiency anaemia during lactation. To reduce the risk 
of iron-deficiency anaemia, iron stores of at least 500 mg are recommended 
before pregnancy. Over 20% of women in developed countries enter preg-
nancy with very low iron stores, with a higher figure in developing countries. 
The combination of iron with folic acid is the most effective treatment for iron 
deficiency in pregnant women. Folic acid is included to prevent neural tube 
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defects. Iron supplementation may need to start before conception to prevent 
iron deficiency in pregnant women. Weekly iron–folic acid supplementation 
programmes are recommended by WHO in areas with increased occurrence 
of anaemia in women of reproductive age. Worldwide, it is recommended 
that daily iron supplementation should be given to pregnant women. Due 
to adverse effects, e.g. gastrointestinal upset and uncertain benefits in iron-
replete women, iron supplementation is not recommended in some devel-
oped countries. Poor adherence to iron supplementation is common due to 
gastrointestinal side effects as well as lack of reliable access to supplements. 
Further, iron supplements often contain iron of lower bioavailability (Burke, 
Leon, and Suchdev 2014). 

Iron-fortified foods would help to decrease deficiency of iron among pregnant 
women, though these may be insufficient alone to satisfy iron needs without 
additional supplementation. Multiple micronutrient powders containing iron 
may have good potential for reducing iron deficiencies. In future, there is a 
need for further research on fortified food in order to determine their level of 
benefit (Bhutta et al. 2008). 

According to WHO, oral supplements of iron and folic acid daily for pregnant 
women are required to prevent maternal anaemia. The requirement of iron is 
30–60 mg of elemental iron (the equivalent of this is 300 mg of ferrous sul-
phate heptahydrate, 500 mg of ferrous gluconate, or 180 mg ferrous fumarate) 
and 0.4 mg for folic acid. Intake of folic acid should be initiated at the earliest 
opportunity, ideally before conception, to prevent neural tube defects. If daily 
iron is not advisable due to side effects, then to improve maternal outcomes 
in pregnant women, intermittent oral iron supplementation with 120 mg of 
elemental iron (the equivalent of this is 600 mg of ferrous sulphate heptahy-
drate, 1,000 mg ferrous gluconate, or 360 mg ferrous fumarate) and 2.8 mg 
folic acid once in a week is recommended (Peña-Rosas et al. 2015).

The supplementation of iron would raise the concentration of mean blood 
haemoglobin by 10.2 g/L (95% CI: 6.1–14.2) in women during pregnancy. Iron 
supplementation cures 50% of anaemia in women (Organização Mundial da 
Saúde 2015) (Table 7.2).

A reduced level of folate resulting in megaloblastic anaemia is the second 
most common cause of anaemia during pregnancy (Sifakis and Pharmakides 
2006). Folate is a B-vitamin. It supports blood volume expansion in preg-
nancy. It is also involved in the synthesis and maintenance of DNA. There is 
an increase in the requirement of folate throughout pregnancy (Stamm and 
Houghton 2013). Reduction in the folate level during pregnancy is strongly 
correlated with an enhanced risk of neural tube defects and other congeni-
tal abnormalities. Folate is needed for synthesis of haem and a deficiency 
of folate can cause microcytic, normocytic, or sideroblastic anaemia. Folic 
acid-deficiency anaemia can be treated by the administration of folic acid at 
a dose of 500–1,000 µg/day. It can also be added to wheat and maize flour to 
enhance the folate intake by women (Kozuma 2009). Folate intake should be 
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increased before and during pregnancy. It can be consumed either by using 
tablets or fortified grain-based foods. The suggested tolerable safe upper limit 
of folate during pregnancy is 1,000 μg/day. Around 10% of women consume 
folic acid greater than the suggested dose of 1,000 μg/day during pregnancy 
(Hoyo et al. 2011), in addition to folate ingestion as part of their normal diet, 
e.g. cereal, bread, or pasta. Excessive folate consumption produces a nega-
tive effect on genetic programming and neurodevelopmental outcomes in off-
spring (Wiens and Desoto 2017). 

The effect of riboflavin (vitamin B2) deficiency on the metabolism of iron 
includes a decrease in mobilisation of iron from stores, a reduction in absorp-
tion of iron, and an increase in iron loss (Rohner et al. 2007), as well as the 
impairment of globin production (Fishman, Christian, and West 2000). Thus, 
a deficiency of riboflavin may contribute to the occurrence of anaemia. A 
greater effect on haemoglobin concentration can be obtained by supplement-
ing riboflavin with iron (Rohner et al. 2007). The deficiency of riboflavin 
is common with low intakes of milk/milk products and meat in pregnancy 
(Powers 2003). The deficiency of nutrients such as vitamin B12 (cobalamin) 
and folate affect the synthesis of DNA, cell division, and thus the formation 
of red blood cells. Vitamin B12 deficiency is common with decreased dietary 
intake of the nutrients, specifically in case of a vegetarian diet or diet with less 
animal source food (Allen 2008).

The occurrence of vitamin B12 deficiency anaemia is 10–28% in uncompli-
cated pregnancies (Koebnick et al. 2002). Animal products are rich source of 
vitamin B12 (Milman et al. 2006). Foetal vitamin B12 stores should be 25–50 
μg at term (Korenke et al. 2004). A physiological reduction in vitamin B12 
levels occurs in 20% of cases in pregnancy, with the lowest levels during the 
third trimester (Koebnick et al. 2002; Milman et al. 2006; Pardo, Gindes, and 
Orvieto 2004). Inadequate diets are the most common etiological factor for 

Table 7.2 Estimated Percentage (95% CI) of Anaemiaa that is Amenable to 
Iron Supplementation (WHO 2011, used with permission; Organização 
Mundial da Saúde 2015)

WHO region
Number of countries 
covered for survey 

Pregnant women aged 
15–49 years

African region 35 44 (42 to 47)

Region of the Americas 13 60 (52 to 68)

South-East Asia region 10 47 (42 to 54)

European region 11 62 (54 to 71)

Eastern Mediterranean region 11 49 (46 to 54)

Western Pacific region 14 61 (49 to 72)

Global 94 50 (47 to 53)

CI: credibility interval.
a	 Anaemia is defined as blood haemoglobin concentration <110 g/L for pregnant women. 
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vitamin B12 deficiency (Molloy et al. 2008). Vitamin B12 is involved in the 
formation of DNA, in the multiplication of cells during pregnancy, and in 
the development of the foetus (Koebnick et al. 2002; Milman et al. 2006). A 
decrease in vitamin B12 levels results in hyperhomocysteinaemia associated 
with placental vasculopathy, which affects foetal growth (Milman et al. 2006; 
Relton, Pearce, and Parker 2005). 

Anaemia can be diagnosed by determining haemoglobin levels; the cut-off 
point in the last trimester is 11.0 g/dL. Additional tests can be performed to 
discover the exact cause of the anaemia (Breymann 2002; Scholl and Hediger 
1994). Measurement of serum vitamin B12 level and urinary methylmalonic 
acid level can be done to detect vitamin B12-deficiency anaemia (Hoffbrand 
and Provan 1997; Korenke et al. 2004; Weatherall 1997). 

Vitamin B12 is transferred from mother to foetus during pregnancy by active 
transport into foetal circulation, resulting in increased foetal serum level than 
that of maternal serum levels (Ray and Blom 2003). 

Typical symptoms of megaloblastic anaemia are vomiting, diarrhoea, and 
pyrexia. In the later stages, oedema and albuminuria may occur (Akhtar and 
Hassan 2012).

Vitamin B12-deficiency anaemia can be treated with loading doses of daily to 
weekly parenteral hydroxocobalamin injections of 1 mg. Injections should be 
given over 1 to 3 months to replenish body stores of vitamin B12, followed by 
a maintenance regimen (Hoffbrand and Provan 1997; Solomon 2007).

Other less common anaemias during pregnancy are aplastic anaemia and hae-
molytic anaemia. Thalassaemia, sickle cell anaemia, and glucose-6-phosphate 
dehydrogenase-deficiency anaemia are haemolytic anaemias. HELLP (hae-
molysis, elevated liver enzymes, low platelet count) syndrome is the common-
est form of haemolytic anaemia found during pregnancy. It occurs from the 
late pregnancy period to the puerperal period. Sickle cell anaemia can cause 
high-risk pregnancy. Multidisciplinary management of sickle cell anaemia is 
required for a proper maternal and neonatal outcome (Elenga et al. 2016). 
Because of the intensive maternal and foetal observations of experienced 
haematologists and obstetricians, women with beta thalassaemia major may 
have successful pregnancy outcomes. This type of anaemia should be treated 
with a blood transfusion and the supplementation of folic acid. The use of 
iron preparations is contraindicated in this type of anaemia (Sharma and 
Shankar 2010). 

Various micronutrients are supplied by food. The food sources are animal 
sources (for vitamin B12 and iron), fruits, vegetables, dairy products, and eggs 
(for folate). Animal sources are the richest dietary source of various micro-
nutrients, with the only dietary source of heam iron and vitamin B12 being 
animal sources. Meat, fish, and poultry are good sources of iron. Because of 
this, there is an increase in the deficiency of iron and vitamin B12 in vegetar-
ians. Globally, the prevalence of vitamin B12-deficiency is high in countries 
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with a high number of vegetarians as compared to countries with a high num-
ber of non-vegetarians. Plant sources such as legumes and maize are high in 
non-heam iron. Other iron-rich sources are tortillas and beans (Allen 2008). 
Dietary products as a good source of folate are vegetables, beans, chickpeas, 
and fruits (Table 7.3) (Partearroyo et al. 2017). Less folate content is found in 
cereals, milk, and meat (Allen 2008).

Another important point of concern is the interaction between various micro-
nutrients. Even when the supplements for micronutrients are taken in the 
proper amounts to treat anaemia, the interaction between them can affect 
the outcome adversely. In the fasting state, high amounts of iron can interfere 
with the uptake of zinc. Zinc in modest concentrations produces a positive 
effect on immune functioning, while in high concentrations, it can interfere 
with iron absorption and can adversely affect immune function. High con-
centrations of folate also reduce the absorption of zinc. Thus, supplements 
having zinc with iron and folate should be taken with meals to overcome the 
inhibitory effect on zinc. Consumption of copper with high iron intake affects 
the absorption of copper. Calcium is known to inhibit the absorption of both 
heam and non-heam types of iron, therefore during the first trimester of preg-
nancy, the absorption of iron is reduced in women taking high-dose calcium 
supplements. Thus, two separate supplements of iron and calcium should not 
be taken at different times. Ascorbic acid increases the absorption of iron 
when taken with meals. Iron and folate supplements are recommended to be 
used shortly after meals to reduce side effects. Maternal malnutrition is com-
mon in developing countries, therefore the requirement of a multiple-micro-
nutrient supplement regimen is a must. Hence, it can be seen that interactions 
between micronutrients have important implications for supplements during 
pregnancy (Ladipo 2000). 

The use of dietary supplements as nutraceuticals helps to implement future 
campaigns emphasising the use of dietary supplements in pregnancy in order 

Table 7.3 Nutraceuticals: Food Source and Application (Picciano 2003; 
WHO 2017)

Nutraceutical
Recommended 

intake Food source Application

Iron 27 mg/day Beans and peas, meat, poultry, 
prunes and prune juice, raisins, 
seafood, spinach, whole grain and 
enriched cereals and breads

Iron-deficiency anaemia

Folic acid 600 μg/day Legumes and green,leafy 
vegetables, whole grains, fruits, 
and fruit juices such as oranges

Megaloblastic anaemia

Vitamin B12 2.6 μg/day Shellfish, beef liver, other meats, 
fish and poultry, dairy products

Megaloblastic anaemia
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to ensure adequate micronutrient intakes and reduce the risk of pregnancy-
associated anaemias. In addition, it is important to understand and analyse to 
what extent nutraceuticals are helpful in satisfying the overall requirement of 
nutrients during pregnancy. Rigorous, controlled clinical trials are needed to 
assess the efficacy and safety of dietary supplements recommended as nutra-
ceuticals during pregnancy.
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Introduction

The outreach of public health care has immensely reduced the number of 
mortalities with the help of modern medicine. Through copious amounts of 
research, public healthcare specialists are able to prevent many infections and 
disruptions of homeostasis during pregnancy. Maternal infections have been 
correlated to increased rates of maternal mortality, stillbirths, and developmen-
tal effects if untreated. Infections occur when there is an invasion of microor-
ganisms including viruses, parasites, and bacteria. When infections occur there 
tends to be a different appearance in tissue where the invasion has occurred. 
In 2010 a global study was done on the deaths of the 7.6 million infants who 
were less than the age of five when they died; and about 4.8 million of those 
deaths can be attributed to infectious diseases in infants and during pregnancy 
[1]. One of the main causes of infantile infections is due to early breastfeeding 
measurements through a breastfeeding instrument called MomSense. Breast 
milk contains enormous amounts of nutraceuticals that are essential to the 
development of an infant. Research has shown that through the use of proper 
breastfeeding and preventive sterile measures, the overall probability of infec-
tions occurring during maternity and infancy is greatly reduced. Breastfeeding 
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also has a great effect on the development of the body’s natural immune sys-
tem. The immune system is responsible for fighting off numerous amounts of 
viruses that can creep into the body. With the annual rate of maternal deaths 
and infantile deaths being in the millions, research is constantly being done 
on the treatment and prevention of possible infections. Through the use of 
modern medicine, pharmaceutical advancements, and nutraceuticals, doctors 
are able to treat maternal infections. 

One of the leading causes of premature births is poor diet and unhygienic 
practices [2]. Poor diet has been known to weaken the immune system since 
the body does not have enough energy to fight foreign invasive bacteria and 
viruses. Hygienic practices when using maternal equipment such as a breast 
pumps and the sterilization of equipment are both essential for reducing the 
probability of infections. In rural areas this is especially important since the 
risk of infection is higher than in more developed areas of the globe. Through 
advancements in public health care there have been many infantile care orga-
nizations that specialize in educating the public about practices that reduce 
the risk of maternal infections during the development of the embryo until 
birth. Organizations like these have helped immensely in the reduction of 
maternal mortality and stillbirths. 

In formula milk, additives are normally used to maximize the number of 
nutrients that a developing infant should be receiving for mothers who are 
not able to produce breast milk. The prenatal period for the mother is abso-
lutely vital for the development of the foetal immune system. When mothers 
are not able to produce breast milk after pregnancy, this usually relates to 
malnutrition during pregnancy. The nutritional intake of a pregnant women is 
essential to the development of the foetal immune system. With the research 
on micronutrients, supplements, and additives a great amount of light has 
been shed on aiding the foetus. Evidence has shown that certain supple-
ments, micronutrients, and additives are able to help develop the immune 
system. The introduction of such micronutrients and supplements to a devel-
oping mother has shown to have a direct effect on the development of the 
foetal immune system [3].

The Role of Nutraceuticals in Fighting Maternal Infections

Maternal infections or inflammations cause preterm births, which can lead 
to many chronic diseases such as cardiovascular diseases, asthma, and obe-
sity. Research indicates that abnormal responses to childhood infections, 
such as parvovirus B19, combined with epigenetic alteration may influence 
cancer. There is a link between maternal infections followed by epigen-
etic alteration in the foetus and the mechanisms involved. Recent studies 
have offered some clues for this, with recurring urinary tract infections, 
common in pregnant women, causing preterm birth and low birth weight. 
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Whether or not a maternal infection with a urinary tract pathogen makes 
epigenetic changes in the foetus is not known. However, there is a possi-
bility in which neonatal exposure to pathogens could lead to alterations in 
the epigenetic landscape of the foetus, which increases the susceptibility 
to chronic disease or cancer. Viruses and bacteria are represented as bio-
logical stressors that make epigenetic alterations either directly or indirectly 
through the induction of inflammation. Epigenetic alterations are induced 
by bacterial infections, such as from the bacterium Listeria monocytogenes, 
a food-borne pathogen that is dangerous to both pregnant women and the 
foetus. Maternal nutrition has a huge impact on foetal metabolic program-
ming. High-fat diets, micro- and macronutrient deficiencies, and low-protein 
consumption during pregnancy through to lactation can be harmful to foetal 
development [4].

Further research has indicated that nutraceuticals obtained from spices such 
as red pepper, turmeric, black pepper, ginger, liquorice, garlic, clove, cori-
ander, and cinnamon target inflammatory pathways, preventing neurodegen-
erative diseases. There are practices related to antenatal care for managing 
a variety of conditions from early nausea and vomiting symptoms in relation 
to pregnancy. Maternal education is the most important factor in determin-
ing good health. Imbalances in maternal nutrition can affect foetal growth 
and development. Foetal growth is hindered in developing countries and has 
been connected with negative short- and long-term outcomes, with increases 
in mortality, childhood morbidity, perinatal morbidity, and child morbidity. 
Children who go through a shortage of foetal growth are more likely to show 
signs of difficulties with cognitive development and of neurological impair-
ment. Energy during pregnancy does not change and weight gain is very 
low in the first trimester, more energy is suggested in the second and third 
trimester. It is indicated by research that about 340 to 450 kcal per day is rec-
ommended. There is a very close relationship between glucose consumption 
during pregnancy and proper growth of the foetus. Glucose is an essential 
component required by both the mother and foetus as it helps regulate foetal 
glycaemia and maternal blood glucose. Glucose accounts for around 90% of 
the energy expenditure of the foetus. Pregnant mothers require polyunsatu-
rated fatty acids and lipid soluble vitamins to sustain the metabolic processes 
required by the foetus. During parts of the third trimester, the mother is 
vulnerable to infections. A proper supply of long-chain polyunsaturated fatty 
acids and fatty acids are needed for foetal immune development and to sus-
tain the mother’s immunity. Mothers require a higher protein intake at each 
stage of pregnancy. During the first trimester, the protein intake require-
ment for the mother is the same as normal. However, during the second 
the and third trimesters the protein intake requirement jumps up 15% and 
25% respectively. Another essential component for pregnant mothers is the 
proper intake of choline as it plays a major role in the development of the 
hippocampus and alters the biochemical properties of the foetal brain [5] 
(Tables 8.1 and 8.2). 
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The Effects of Maternal Iron Deficiency on the Developing Foetus 

Iron-deficiency anaemia during the pregnancy is one of the leading causes of 
anaemia in infants. Many women will go through an entire pregnancy without 
even having the minimum intake of iron. In an extensive literature review 
this showed that iron deficiency is a nutritional problem that affects up to 
52% of pregnant women. Improper weight gain in women during pregnancy 
is an important predictor of iron deficiency, iron deficiency in mother leads 
to adverse effects on infant. Premature births and weaning off breastfeeding 
increase the possibility of anaemia because of reduced iron in the body. Some 
causes of anaemia are highlighted Table 8.3.

Nutritional factors play a vital role in preventing iron deficiency. A healthy 
diet can be supplemented by prophylactic doses of iron to prevent the deple-
tion of iron stores. During pregnancy the total iron amount taken should at 
least be 1,000 milligrams. Normal weight gain is a sign of proper maternal 
nourishment. Healthy weight before pregnancy can lead to positive perina-
tal outcomes such as a healthy birth weight for the baby. During pregnancy, 
iron-deficiency anaemia challenges maternal and foetal health, and it is 

Table 8.1 Beneficial Nutraceuticals for Pregnant Mothers [5]

Nutraceutical Benefits for mother/foetus 

Flax seeds and rye Cardiovascular health, immunity

Soybeans and soy products Brain health, immunity, reduction in risk for coronary heart disease (CHD)

Citrus foods, carrot, pumpkin Antioxidant defence

Dairy products Immunity, bone growth

Onion, garlic, scallions Immunity, detoxification, cardiovascular health

Whole grains, fruit, honey Calcium absorption, gastrointestinal (GI) health

Kale, radish, broccoli Detoxification, antioxidant defence

Cocoa, nuts, berries, cinnamon Cardiovascular health, urinary tract development

Peas, apples, beans Reduction in risk for CHD

Table 8.2 Nutraceutical Components Required for Pregnant Women [6]

Nutraceutical 
component Benefits

Energy (kcal) Depending on maternal age, body mass, rate of weight gain and physiological appetite.

Protein (g) This refers to the use of complete proteins. Also it looks back at maternal requirements for 
maintaining nitrogen equilibrium, in addition to protein deposition requirements of pregnancy.

Lysinea (mg/kg) Plays a vital role in protein synthesis.

Omega-3 fatty acids (g) Important in developing the brain and central nervous system.

Iron (mg) 75% of iron comes from haem sources such as meat and poultry.

Folate (μg) This is required for cellular reactions, including DNA, nucleic acid synthesis, and widespread for 
sustained cell division.
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connected to an increase of morbidity and foetal death. Mothers affected by 
this usually experience breathing problems, fainting, tiredness, palpitations, 
and sleep difficulties. They also have the risk of developing perinatal infec-
tion, pre-eclampsia, and bleeding. Perinatal outcomes include prematurity, 
growth retardation, and low birth weight. Iron deficiency during the first 
trimester has a negative impact on the foetal growth, which then leads to 
anaemia developing. It is recommended to have iron supplementation before 
pregnancy in order to lower the risks of prematurity and low birth weight. 
Micronutrients such as copper, zinc, and vitamins A and E are important for 
foetal growth and development [7]. 

Malnutrition is when there is not enough nutrient intake in the body, and 
this applies to pregnant women as well. Neonatal, maternal, and postnatal 
nutritional immunity gives an effective approach to decrease the risk of mal-
nutrition. Overall maternal nutrients are a key component for determining the 
long-term health of the offspring. Maternal malnutrition can develop a poor 
immune system, slow motor development and cognitive dysfunction in the 
children. Many epidemiological and experimental reports have showed that 
nutritional status during foetal development is very important in sustaining 
energy metabolism later in life. The nutritional status of the mother affects the 
brain development and cognitive abilities in the offspring. Maternal nutrition 
affects the developing foetus by making them prone to diseases and this why 
they need nutrition for growth and development. Studies have demonstrated 
that maternal malnutrition changes the foetal genome, creating a greater risk 
of neuropsychiatric disorders: depression, schizophrenia, aggression, hyper-
activity, etc. It also reduces the thickness of the visual cortex, parietal neocor-
tex, dentate gyrus, CA3, and cerebellum [8]. 

The prenatal and postnatal environment affects the brain growth and devel-
opment, maturation, and function both positively and negatively depending 
on the type of environmental stimuli. The embryological and the postnatal 
development of the offspring are led in utero (this means “in the womb”). 
Improving the womb environment could help the foetus to survive in specific 
environments, as new-borns are exposed to many infections. In adverse envi-
ronmental conditions, the most unprotected period of development affects the 
epigenetic status and also changes the modifications of the DNA and histones 
of embryo, foetus, and neonates. The changes here can impact the complete 
life cycle of the offspring, may be transmitted from one generation to another 

Table 8.3 Common Causes of Iron-Deficiency Anaemia [7]

Causes Examples

Physiological Prematurity, growth spurts, pregnancy

Poor intake Malnutrition, pseudobulbar palsy, vegan diet, chronic illness 

Malabsorption Coeliac disease, atrophic gastritis

Blood loss Oesophageal varices, hiatus hernia, gastritis, peptic ulcer, inflammatory 
bowel disease, hookworm, haemorrhoids, menorrhagia
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and could result in the beginning of foetal programming or neonatal pro-
gramming. An imbalance of maternal nutrition could lead to the pathophysi-
ological condition known as intrauterine growth restriction. The transference 
of nutrients and oxygen from the pregnant mother to the foetus affects the 
vascular growth and capacity of the placenta. Stress or infection to the mother 
during the prenatal and perinatal period can also change the physiological 
behaviour of the stress response of the offspring. The placenta plays a vital 
role in maternal nutrient transport to the foetus, but placental abnormalities 
may prevent nutrient support to the foetus [8]. 

Brain development is regulated by both environmental and genetic factors. 
This period of rapid brain growth is the most important period of development 
because the brain is vulnerable. Nutrition is the most important epigenetic 
regulator that affects the brain function and behaviour. Lack of nutraceuticals 
during pregnancy changes the epigenetic of the foetal genome and can have 
a permanent devastating effect. The right amount of nutrient supply, which 
includes iron, zinc, folate protein, choline, vitamin A, and polyunsaturated 
fatty acids, helps brain function, behaviour, and cognitive development. A 
deficiency of nutrients can have a major impact on neuroanatomy, neuro-
chemistry, neurophysiology, and neuropathology of the nervous system [8]. 

The Effects of Human Milk as a Nutraceutical

With many steps taken to prevent neonatal and infant mortality, it has been 
shown that early breastfeeding is one of the most important. Due to human 
breast milk, many microbial, anti-inflammatory, and immunoregulatory parts, 
which are known as colostrum, help in protecting the infants by serving as 
a source of nutrition. Human colostrum can prevent or reduce many dis-
eases in new-borns. Some of the nutraceutical properties of milk proteins 
are that they are carriers of minerals, vitamins, and fatty acids, and antican-
cer, hypotensive, immunomodulatory, and antibacterial properties, as well as 
stimulating intracellular glutathione. There are many bioactive factors such 
lysozyme, gastrointestinal hormones, immunoglobulins, lactoferrin, oligosac-
charide enzymes, growth factors, and cellular components that protect the 
host against infections, but bioactive factors also actively balance the immune 
response. Figure 8.1 shows an iron molecule and how it binds with different 
lactoferrin molecules [1].

Lactoferrin plays a vital role in the maternal immune defence mechanism 
as it helps combat against infection and excessive embryonic inflammation. 
Lactoferrin reacts with B cells to promote antigen presentation and facili-
tate interactions with T cells. This is an important function for the moth-
er’s immune response to infections. Lactoferrin also controls the maturation, 
movement, and function of both the embryonic and maternal immune cells. 
It is responsible for activating T cells so that a proper immune response is 
initiated upon infection [9]. 
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The Impact of Prenatal Infections on Infants

Maternal infections in general increase the risks for many neurological dis-
orders in infants. One of the biggest of these includes schizophrenia, which 
is associated with infants with larger lateral ventricles. This disease impacts 
about 1% of the world and much of it has not been fully understood. Maternal 
infections are directly correlated to higher risk of schizophrenia. Prenatal 
viral infections are major contributing factors to the behavioural abnormali-
ties associated with the illness [10]. Research indicates that various gestational 
periods are related to the increased risk of maternal infections. If the foetus 
is exposed during those periods, then its neurodevelopment is slowed down 
and chances of brain damage increase. These infections hinder the foetus 
from properly carrying out key processes such as cell differentiation and pro-
liferation. With an increased risk of infection, the developing nervous system 
of the foetus can experience setbacks with target selection, cell migration, and 
synapse maturation, which ultimately leads to neurological abnormalities [11]. 

Maternal infections change many physiological processes in the foetus. As 
soon as the mother gets an infection, the foetus increases its cytokine levels, 
which either hinder or completely halt the normal cellular process that occur 
in the foetal brain. These changes that occur as a result of maternal infections 
cause long-term neurological impacts. Maternal infections occur in about 
60% of pregnancies, however, not all infections negatively impact the foetus. 
Infections from rubella, Toxoplasmosis gondii, Herpes simplex, and cytomeg-
alovirus are all associated with neurodevelopmental issues for the child that 
lead to cognitive delay and learning disabilities. There is also a direct correla-
tion between maternal infections in the third trimester and increased chances 
of developing cognitive abnormalities. A Danish national cohort study was 
conducted with mothers from across Denmark. Around 200,000 mothers were 
asked about their exposure to infections during pregnancy. Of the 200,000 

Figure 8.1  Iron and lactoferrin binding [9].
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mothers, about 20,000 stated that they were exposed to infections. Of those 
mothers with infections, almost 20% had children with neurodevelopmental 
disabilities. This is an indicator that there is a correlation between those who 
are exposed to infections and the risk of neurological disabilities [12]. Table 
8.4 shows the results from the study, indicating the maternal age, the percent-
age of children exposed to infection, and the percentage of children with 
neurological disabilities. 

Autism has a similar relationship between maternal infections and a height-
ened risk of the foetus being affected, in the same way as with schizophrenia. 
Research shows that the brain and peripheral immune system are deregulated 
as a result of maternal infections. When a mother gets infected, pro-inflam-
matory cytokines are induced as a result of the infection. More specifically, 
the cytokine 1L-6 is a biomarker that is useful for identifying children with 
and without autism. As 1L-6 is increased, the brain of the developing foetus 
starts to display abnormal brain gene expression. Laboratory testing on mice 
showed that injecting excess 1L-6 resulted in the offspring having abnor-
mal gene expression and behaviours. Future research aims to use therapeu-
tic methods to manipulate the abnormal brain behaviours induced from the 
cytokine 1L-6. A possible method to counter the additional release of 1L-6 
is to treat the developing foetus with N-acetyl-cysteine. As N-acetyl-cysteine 
is released, more calcium ions are released and bind to the glutamate recep-
tors, which ultimately suppress the foetal inflammatory response from an 
infection. The cytokine 1L-10 is also able to suppress the negative impacts 
of maternal infections. 1L-10 is vital as it helps with improving the natural 
defence mechanisms of the foetus [13]. 

Maternal infections pose a higher risk for infants of cerebral palsy (CP). CP is 
a motor disability that affects about 1.5% of low-birth-weight babies and has 
been related to maternal infections. A study with randomly selected infants 
whose mothers had an infection. These include but are not limited to uri-
nary tract infections (UTIs), chorioamnionitis, maternal infection, and mater-
nal fever. Results indicated that mothers who had children with CP were 
more likely to have been exposed to some type of infection. Those that had 
maternal infections were twice as likely to develop CP. The research study 
isolated those with CP only and results showed that preterm infants had a 
19.7% chance of getting the disease. These results indicated that there is some 
correlation between maternal infections and the increased chance of CP [14]. 

Table 8.4 Danish National Birth Cohort Study of Prenatal Exposure to Infection [12]

Maternal age Children exposed to infection (%) Children with neurological disabilities (%)

≤24 12.6 12.1

25–29 41.4 15.1

30–34 34.5 13.3

≥35 11.5 14.6
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Table 8.5 indicates the stratified results, which include the risk of CP in term, 
preterm, and very preterm infants. 

Nutraceuticals and Various Uses to Combat Maternal Infections

There are many nutraceuticals that the mother can take to reduce the negative 
impacts of maternal infections on the foetus. These include vitamin D, anti-
oxidants, omega-3 fatty acids, fibre, and calcium. Regular intake of these has 
shown signs of reduction in children born with cardiovascular diseases and 
atherosclerosis. Maternal calcium intake has been associated with the better 
response of the foetus during the first or second trimester [15]. Tables 8.6 and 
8.7 show various nutraceuticals that are beneficial for the developing foetus to 
prevent various conditions as a result of maternal infections.

There are a wide variety of plants that protect against maternal infections. 
Plants used by Cameroonians have been shown to have antifungal, anti-
inflammatory, anti-asthmatic, antimicrobial, and antihepatotoxic effects pre-
gestation. This indicates that many of these substances have benefits for both 
the mother and foetus. Issues such as foetal mal-positioning can be treated 
mainly by Senecio biafrae, which is a plant that healers use to treat maternal 
infections. Other plants such as Bidens pilosa and Tetrapleura tetraptera are 
beneficial for placental retention and foetal development [17]. 

Table 8.5 Maternal Infection and Prevalence of CP for Term, Preterm, and Very 
Preterm Deliveries [14]

Gestational age (weeks) Developed maternal infection? (Yes/No) Cases in that category (%)

Term deliveries
≥37 Yes 57.3

≥37 No 4.2

<37 Yes 29.4

<37 No 9.0

33–36 Yes 31.1

33–36 No 3.6

≤32 Yes 45.0

≤32 No 19.8

Preterm deliveries
33–36 Yes 31.1

33–36 No 3.6

≤32 Yes 45.0

≤32 No 19.8

Very preterm deliveries
≤32 Yes 45.0

≤32 No 19.8
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The interactions between the maternal and foetal portions are vital for 
the maternal immune system’s ability to aid in placental and foetal devel-
opment. The proper development of the foetal immune system is heavily 
reliant on tolerance against foreign antigens and infections. If the foetal 
immune system is not properly regulated, then the central nervous system 
of the embryo cannot properly develop. Maternal antibodies, cytokines, and 
immune imbalance in cytokine expression have the possibility of negatively 
impacting the developing brain of the foetus. Essential processes such as cell 

Table 8.6 Nutraceuticals for Combating Adverse 
Effects of Maternal Infections [15]

Condition Preventive nutraceuticals during pregnancy

Obesity Calcium supplements
Fibre

Diabetes Cod liver oil
Vitamin D

Omega-3 fatty acids

Hypercholesterolaemia Pectin 
Fibre

Glucomannan 
Vitamin C
Vitamin E

Mandarin juice

Hypertension Omega-3 fatty acids 
Calcium supplements

Table 8.7 Nutraceuticals Used by Nigerian Mothers during Pregnancy [16]

Nutraceutical Dosage Usage frequency

Pure body drops (with zeolites) 4 drops Thrice a day

OmegaRX 2 gel capsules Twice a day

Stem-Kine 1 capsule Twice a day

NeuroBright 2 capsules Twice a day

Probiotics 1 capsule Once a day

Aroga Immune 1 capsule Twice a day

Aroga brain and nerve 1 capsule Twice a day

Aroga gut 1 capsule Twice a day

Aroga endocrine 1 capsule Twice a day

Supergreens (combination of enzymes and probiotics) 1 capsule Thrice a day

Vitaloe (mammose polysaccharide complex) 1 scoop of the powder Once a day

Protandim (synergizes NRF2) 1 caplet Once a day

Gastrex (contains nutrient complex for GI health) 1 capsule Thrice a day

Melatonin 1 capsule Once a day
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migration, dendritic tree maturation, and axonal elongation can be slowed 
down if the foetus experiences a foreign antigen due to an infection. 
Nutraceuticals are essential for the foetus, as it is always vulnerable to infec-
tions, stressors, and malnutrition. The foetus is especially vulnerable each 
time new tissue is added by precursors of immune cells depending on the 
embryonic cell type. There is strong evidence that shows how many nutraceu-
ticals can aid the foetus to induce efficient neurodevelopment [3].

The Prevention, Identification, and Common 
Outcomes of Maternal Infections

With the amount of food derivatives for consumption available on the market 
growing at an outstanding rate, governmental organizations are having a tough 
time researching the long-term effects of these nutraceuticals. Through the help 
of research companies a considerable amount of information can be shed on 
the role of nutraceuticals in our body. When it comes to the consumption of 
nutraceuticals during pregnancy it is essential to evaluate the intake amount 
of different nutraceuticals since the embryo absorbs everything the mother 
takes in. The development of the embryo is crucial and profoundly affects 
the outcome of development of childhood till adulthood. Identifying specific 
nutraceuticals has allowed mothers and families to take a proactive step in stop-
ping disorders and infections by maintaining and improving the homeostasis of 
the human body. Through research mothers and families are able to consume 
nutraceuticals to prevent certain neurological diseases such as Parkinson’s, 
Alzheimer’s, and autism spectrum disorders. Research has found that taking 
bioactive phytocompounds during pregnancy has been shown to reduce the 
effects of Alzheimer’s, Parkinson’s, and autism spectrum disorders in the future. 
The consumption of bioactive phytocompounds can be naturally found in foods 
but also can be found in supplements [18]. Most of these compounds can be 
found in fruit and vegetables that aid in the prevention of long-term diseases. 
With over 20% of the known plants being used in pharmaceutical studies, many 
studies have shown a gallery of specific molecular compounds that the body 
observes. Many of these fruit and vegetables include such compounds such as 
carotenoids, tocopherol, phenolics, and anthocyanins [19] (Table 8.8). 

During pregnancy, common infections include yeast infections, group B strep-
tococcus, and bacterial vaginosis. One of the most common ways to discover a 
way of stopping the invasive bacteria is to work out the metabolic pathways of 
the bacteria. Bacterial by-products are known to be slightly acidic, causing the 
surrounding tissue to be under slightly acidic conditions. The disruptions of 
tissues could lead to a number of issues when it is time for birth. Some of the 
complications that are likely to occur without treatment of infections usually 
lead to premature births. Premature births can lead to numerous long-term 
and short-term effects from childhood to adulthood. Premature births cause 
the body to not be fully developed to take on every metabolic pathway it 
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should be able to process. This impediment of metabolism has caused many 
difficulties for people who were born prematurely. In order to stop premature 
births, many experiments and clinical trials have been conducted. There are 
both primary and secondary ways to stop and prevent such infections. There 
are several ways an infection can occur but the main reason why infections 
occur are due to unhygienic practices. One of the biggest factors causing 
women to go into premature labour is that of unfavourable living conditions 
[16]. With poverty being a global problem, it is hard to afford hygienic prod-
ucts such as tampons and pads, that help prevent these infections. However, 
through the help of public aid and public healthcare systems there are many 
ways to maintain hygienic practices during pregnancy. 

The development of the embryo until birth plays a crucial role in the health 
risk factors that may affect childhood and adulthood years. Common untreated 
infections can lead to premature births that in turn can lead to a number of 
health risks, since organs and other bodily structures have not been properly 
formed. The human body has built in mechanisms that aid in fighting off 
infectious bacteria. By initiating an inflammatory response the body is easily 
able to degrade the invasive bacteria. The ability to release these inflamma-
tory responses greatly depends on the body’s ability and agility to react to the 
affected tissue. Immune responses greatly depend on both genetics and the 
physical and mental stresses being put on the body. A lot of research and many 
experiments have been conducted on the consumption of micronutrients and 
nutraceuticals that affect the development of the foetal immune system [3]. Even 
though these micronutrients can be taken to boost the immune system, there 
is no guaranteed immunity towards infections. Preterm births that take place 
due to infections commonly could relate to an underdeveloped gastrointestinal 
tract, causing intestinal problems, hearing loss, or vision problems. Premature 
births affect the whole body rather than a single organ or a single area of the 
body, hence an array of deformations is possible. Underdevelopment of the 
brain, which can lead to a number of neurological disorders such as cerebral 
palsy, or underdevelopment of the lungs, which could lead to asthma or chronic 
lung disease, could occur  [20]. All of these developmental effects depend on 
how far along the development process the embryo is. A child who is seven 
weeks premature is more likely to have health risks and problems than a child 
who is two or three week premature. This is because, over time, the embryo 
is able to grow with the nutrients received from the mother. Overall, maintain-
ing hygienic practices greatly reduces the risk of vaginal infection leading to 

Table 8.8 Classifications of Certain Nutraceuticals [19]

Classification Distinguishing 

Carotenoids Yellow, red or orange pigments that give things like cherries and red leaves their colour

Tocopherol Various forms of vitamin E

Phenolics Organic compounds that contain hydroxyl group

Anthocyanins Blue and violet pigments found naturally in plants
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premature births. Premature births are known to cause a variety of health 
problems such as asthma, cerebral palsy, chronic lung disease, and hearing 
loss. With the help of micronutrients and nutraceuticals, a mother can have a 
proactive approach in having and delivering a healthy baby. 

The immunodeficiency virus is another infection that occurs with or without 
pregnancy. If the mother has the virus from unprotected sex, then the baby 
will also contain the immunodeficiency virus. In cases like these many studies 
have looked at reducing the effects of the virus in the foetal embryo as well 
as in later adulthood. Treatment of HIV and AIDs has been a complicated pro-
cedure over the years since there is no known cure. However, there are many 
ways to slow down the progression of the virus on the body. Research has 
shown that the intake of vitamin A and vitamin D, for example, has an adverse 
effect on a pregnant woman with HIV and AIDs. In contrast, research has also 
shown that consumption of multi-micronutrient supplements can slow down 
the effects of HIV and AIDs. With the rise of HIV and AIDs it is essential to 
communicate to the public the effects and the prevention of such disease. 
With this being said, people who are infected have weakened immune sys-
tems and, since the immune system is greatly weakened, this can give rise to 
many other infections. In order to prevent this and boost the immune system, 
research has shown that zinc, for example, can reduce the number of infec-
tions and reinfections [21]. For a person who is pregnant and female, having a 
higher risk of infection can also lead to premature birth. The adverse effects 
of premature births have shown to be very detrimental in the development 
of the child into adulthood. Although complications can occur it is essential 
to take pre-emptive measures to stop these infections from happening. Many 
of these diseases can be stopped by using protected sex and proper hygienic 
practices. We are also able to slow down or prevent the effects of certain 
infections by taking vitamin supplements and nutraceuticals. 

Melatonin is an important neurotransmitter that can counter the foetal inflam-
matory response after a maternal infection has occurred. The up-regulation of 
foetal antioxidant enzymes occurs as melatonin is released [22]. Dietary needs 
are also essential for a pregnant mother because the mother’s consumption of 
organic material greatly affects the embryo. There are several nutraceuticals 
that help in the maintenance of homeostasis pathways [2] (Table 8.9). 

Although the effects of a reduction of the nutraceuticals mentioned above are 
necessary for the proper development of the embryo, if an expecting mother does 
not meet the required daily dietary needs for one day, it won’t be as harmful as 
when a woman has not met the required dietary needs for months continuously. 

Conclusion

The proper intake of nutraceuticals has a profound impact on the way the 
human body defends itself from infections. Nutraceuticals play a major role 
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in helping the body’s immune system and development of the embryo. Even 
though the proper dietary values for a healthy human are known, people in 
many areas of the globe lack in nutritional intake. In developing countries 
where the average level of malnutrition is elevated compared to developed 
countries, there is a higher risk of infection, and with this higher risk of 
infection there is also a higher risk of a child having a multitude of complica-
tions at birth. Therefore, with the help of nutraceuticals, the body is able to 
boost the immune response and decrease the risk of infection. Although pre-
emptive measures can be taken, not all infections can be stopped. Untreated 
infections in pregnant women lead to premature births, neurological defects 
in the child, and many other complications. All these outcomes can greatly 
affect the development of the child into adulthood. In order to reduce the risk 
of infection, more public education on hygienic practices needs to be imple-
mented and more studies must be done to evaluate the role of nutraceuticals 
in combating maternal infections.
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Nutraceuticals and Hormonal 
Balance in Pregnancy

Ashley Oake, Michaela McMahon, and Yashwant V. Pathak

9.1 � Introduction

The use of medically beneficial natural supplements and food is becom-
ing increasingly popular compared with the use of pharmaceutical drugs 
throughout the United States  (1). These supplements can range from vitamins 
to medical foods (1). Research on specific nutraceuticals started with Stephen 
DeFelice at the Foundation for Innovation in Medicine in 1989 when the term 
was defined as “food, or parts of a food, that provide medical or health ben-
efits, including the prevention and treatment of disease (1).” Throughout the 
last 2,000 years most medical practices have been focused on a specific diet to 
treat a disease rather than medication (1). For example, Hippocrates, who was 
a Greek physician, once stated “let food be your medicine” during 400 BCE 
(1). A Polish biochemist named Kazimierz Funk defined the term vitamins 
following his discovery of a nitrogen-containing amine base in the shell of 
rice in 1912 (1). He concluded that without these “vitamins” found in specific 
foods, there would be an appearance of disease (1). A study published in the 
American Journal of Obstetrics & Gynecology states that one in ten women 
have used them and about 9.4 % use them during pregnancy (2). 
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These ideals are currently reaching other countries including the UK, Japan, 
and India (3). The United States diet has the highest number of calories and 
processed foods in the world, but Europe is also having issues with obesity 
and cardiovascular issues (3). It is advised that children start their initial diet 
with six months of breastfeeding, to be followed by two years in total of this 
combined with a diet full of nutrients (3). After two years children should 
be fed complex carbohydrates, fruits, and vegetables full of dietary fiber, 
vitamins, and probiotics to prevent chronic diseases (3). A diet consisting 
of mainly fruits, vegetables, and whole grains reduce the risk of developing 
complications throughout life (3). Cardiovascular disease (CVD) and cancer 
are two of the main causes of death in most developed countries, with CVD 
contributing to 60% of deaths (3). According to 206 different studies, a diet 
of raw, cruciferous, and allium vegetables may help reduce the risk of cancer 
(3). Complications dealing the gastrointestinal tract, including ulcerative coli-
tis and Crohn’s disease, all result from the nutrients we consume (3). These 
may arise from an imbalance in microbial flora, so consumption of prebiotics 
and probiotics may help prevent the onset of disease (3). Medicinal plants are 
being used in Africa due to the lack of pharmaceuticals to treat nausea and to 
give relief during childbirth (4). plants used for nutritional supplements and 
relief include Allium sativum L. and Cucurbita pepo L. (4)

Nutraceuticals found in food products are categorized as dietary fiber, prebiot-
ics, probiotics, polyunsaturated fatty acids, and antioxidants (5). Dietary fiber 
is plant material such as celluloses, lignin, dextrins, and starches, and it can be 
divided into insoluble and soluble dietary fiber (5). By consuming these compo-
nents in food, the stomach empties more slowly and makes the body feel fuller 
(5). The many benefits include increased insulin receptor binding, improved 
glucose tolerance, lower blood pressure, the aid of weight loss, and lowering 
the risk of stroke, diabetes, and gastrointestinal disorders (5). Adults are recom-
mended to consume 20–35 grams of dietary fibre a day, which can be found in 
many foods including fruits, oats, barley, and beans (5). Polyunsaturated fatty 
acids, specifically the n-3 and n-6 families, are recommended for their benefi-
cial effects on cardiovascular and inflammatory diseases (6). These are com-
monly found in fish oil supplements and can be a regular part of an individual’s 
everyday diet (6). Foods rich in omega-3 fatty acids are mainly fatty fishes, fish 
oil, nuts, flaxseed, and soybeans, while omega-6-fatty acids are found in veg-
etable oils and some meat and poultry (5). Consumption of this product ben-
efits individuals by preventing heart disease and lipid buildup (5). Antioxidant 
vitamins include vitamins E and C and beta-carotene, and they mainly focus on 
treating degenerative diseases by preventing oxidation reactions (5). Vitamin E 
can be used to protect the polyunsaturated fatty acids in the membranes and 
help prevent lipid peroxidation (5). These vitamins can be found in many veg-
etables and fruits including most citrus fruits and leafy greens (5). 

Prebiotics and probiotics are very important for overall digestion and balance 
of the bacteria in your body (5). Probiotics are live bacteria that are benefi-
cial to the body and can be improved with prebiotics, which are bifidogenic, 
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non-digestible oligosaccharides that increase the bacteria in your gastroin-
testinal tract (5). Lactobacilli, gram-positive cocci, and bifidobacteria are all 
found in the body; they regulate gastrointestinal conditions and can even help 
prevent systemic conditions (5). These probiotic strains can be classified as 
aiding with metabolism, inflammatory and functional disorders, infections, 
and allergies (5). Certain doses of these probiotics are needed for specific 
complications and usually range 106–108 cfu/g depending on the location (5). 
Adding prebiotics to an individual’s diet can improve metabolism, help treat 
lactose intolerance, and reduce cholesterol levels (5). Foods containing pro-
biotics are yogurts and fermented foods, while prebiotics can be found in 
bananas, beans, onions, garlic, and apples (5). 

9.2 � Hormone Balance in Pregnancy 

When a woman becomes pregnant, many physiological alterations occur, 
which include the endocrine and metabolic system, aiding in the success of 
the pregnancy (7). An increase in the production of specific hormones is in 
part to the corpus luteum, which is an endocrine gland within the ovaries that 
plays a key role in both the menstrual cycle and early pregnancy (7). Several 
hormones that are crucial for the first six weeks of gestation are produced 
by the corpus luteum including estradiol, relaxin, and, most importantly, pro-
gesterone (8). Progesterone is a steroid hormone produced and secreted by 
the corpus luteum and utilized for preparation of the endometrium if there 
is potential for a woman to become pregnant after ovulation (8). This plays 
a huge role in preventing maternal rejection of the fetus by adapting the 
immune system (8). If conceiving is successful, progesterone production and 
secretion is continued to provide for the blood vessels in the endometrium 
that will be supplying food to the fetus (8). After the first trimester, the main 
source of progesterone comes from the placenta for the maintenance of the 
uterine lining and helps the smooth muscle create room for the fetus to grow 
(9). Maintaining elevated progesterone levels (first trimester: 9–47 ng/ml; sec-
ond trimester: 17–146 ng/ml; third trimester: 49–300 ng/ml) prevents the body 
from producing more eggs and prepares the breasts for milk production. 

Assisted by relaxin, progesterone is responsible for the aching feeling women 
get during mid- to late-pregnancy, as it loosens joints and softens cartilage to 
help with child birth (9). This also gives rise to heartburn and indigestion as 
the gastrointestinal tract makes more room for the fetus (9). Estrogen has sim-
ilar functions, including the maintenance of the uterine lining and the growth 
of breast tissue, but it also helps to develop the organs and bones in the fetus 
(9) As progesterone is responsible for the aching, estrogen may make women 
feel like they are developing a cold as it causes blood to flow to the mucous 
membranes and creates color change in skin, giving either a blotchiness or a 
glow (9). Estrogen production increases rapidly during the first trimester and 
finally reaches its peak during the third trimester (9).
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During embryo development in uterus, the pregnancy hormone human cho-
rionic gonadotropin (HcG) is secreted by syncytiotrophoblast cells, and later 
in pregnancy it is produced by the placenta as a placental hormone. The 
body produces HcG during pregnancy for many reasons, including prepar-
ing the mother’s body for the growing fetus by aiding in the release of other 
hormones, which can also result in a positive pregnancy test. After the egg 
has been fertilized and attaches to the uterine wall, HcG nourishes the egg 
for continued development (10). It promotes progesterone production by the 
corpus luteum, uterine growth in line with the growth of the fetus, growth 
and differentiation of fetal organs, and the growth of the umbilical cord. HcG 
receptors found in the hippocampus, hypothalamus, and brain stem of an 
adult brain take part in nausea and vomiting, affecting 50%–90% of pregnant 
women (7). There is a strong peak in HcG levels during the first trimester, 
typically doubling every 72 hours, until 8–11 weeks of pregnancy, where the 
hormone will then level off (10). Studies have also correlated the structure of 
HcG and the thyroid-stimulating hormone to suggest the reaction between 
them stimulates the thyroid gland (10).

9.2.1 � Reduced Hormones during Pregnancy
During pregnancy, women experience an increase in hormone levels, how-
ever, an increase in certain hormones can cause a reduction in others. 
The follicle-stimulating hormone is produced by the pituitary gland and is 
directly responsible for the stimulation of the ovaries to produce estrogen. 
Once estrogen is being produced, it inhibits the production of the follicle-
stimulating hormone, so women do not ovulate and produce more eggs dur-
ing pregnancy. Estrogen also encourages the luteinizing hormone to secrete 
and release an egg for possible fertilization. This luteinizing hormone causes 
the follicle to burst and create the corpus luteum, which nourishes the  
fetus and produces progesterone. Progesterone that is produced by  
the corpus luteum inhibits the production of the luteinizing hormone during 
the remainder of the pregnancy. A lack of either of these initial hormones 
can cause many complications for the mother, including polycystic ovarian 
syndrome.

When progesterone levels begin to increase after successful conception, T 
helper 2 (Th2) cytokines are stimulated and T helper 1 (Th1) cytokines are 
reduced (11). Pregnancy offers a bias toward the increased production of Th2 
cytokines over Th1 cytokines as a means of protecting the fetus (11). Th1 
cytokines are pro-inflammatory signal molecules that have been shown to 
cause a risk of poor neonatal outcomes and can lead to preterm labor or 
recurrent miscarriages (11). The suppression of Th1 cytokine aids in the suc-
cess of a full-term pregnancy (11). Th2 cytokines are anti-inflammatory sig-
nal molecules that aid in the suppression of the maternal immune system to 
prevent the rejection of the fetus (11). Estrogen and the placenta have been 
found to release several thyroid stimulatory factors such as HcG to support the 
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pregnancy (11). Women who are pregnant may develop different endocrine 
disorders, including hypothyroidism, that affect the production and secretion 
of thyroid hormones that are essential for a woman to produce during preg-
nancy (12). A reduction in thyroid hormones can lead to a list of complications 
that women who are pregnant will experience, especially if they have hypo-
thyroidism, such as preterm birth, low birthweight, and respiratory distress 
in the infant (12). 

9.3 � Hormone Balance in Non-Pregnant Women 
Compared to Pregnant Women

Hormone levels in pregnant women compared to non-pregnant women 
vary significantly (13). When a woman becomes pregnant, several thyroid 
hormone levels such as total thyroxine 4 (TT4), total thyroxine 3 (TT3), free 
thyroxine 4 (FT4), free triiodothyronine 3 (FT3), and thyroid stimulating 
hormone (TSH) are all affected (13). TT4 levels in healthy non-pregnant 
women were shown to be 81.42 ± 30.1 (13). Levels of TT4 are shown to 
increase each trimester of a pregnant woman, reaching its highest levels 
of 102.17 ± 40.11 in the third trimester (13). TT3 levels in non-pregnant 
women are around 2.83 ± 1.27 and increase up until the second trimester 
of a pregnant woman (13). FT3 hormone levels are 14.96 ± 6.21, and FT4 
levels are recorded at around 6.38 ± 2.98 in non-pregnant women, which 
are shown to decrease when a woman becomes pregnant progressively 
throughout each trimester (13). The TSH level is approximately 2.68 ± 1.11 
in non-pregnant women, but only shows an increase in a pregnant woman’s 
first trimester, slowly decreasing to normal levels during the second and 
third trimester (13).

Estrogen, progesterone, and HcG levels all increase when a woman becomes 
pregnant (14). Before pregnancy, estrogen is mainly for development and 
maintenance of female sexual characteristics, fat distribution, and bone devel-
opment (14). It is produced not only by the ovaries but also by the breasts and 
adrenal glands (14). The average level that a menstruating woman should have 
is 15 to 350 pg/mL, which changes over the course of the day as it is released in 
bursts (14). After the menopause the levels may drop all the way to 10 pg/mL  
(14). When levels are too high it can indicate complications due to early preg-
nancy and tumors in the ovaries (14). Lower levels can indicate ovarian failure 
or even polycystic ovarian syndrome (14). Progesterone in a menstruating 
woman is responsible for the preparation of pregnancy throughout the cycle 
(15). Progesterone ranges throughout a woman’s menstrual cycle from 0.1 
to 0.7 ng/mL in the follicular stage (the first stage), while during the luteal 
stage (the final stage) of the menstrual cycle, progesterone levels range from 
2 to 25 ng/mL (15). HcG levels in non-pregnant women should remain less 
than 5 mIU/mL and show significant increases every 72 hours once a woman 
becomes pregnant (10). 
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The follicle-stimulating hormone and lutenizing hormone are produced in a 
woman’s body for the ovulation cycle and are inhibited during pregnancy. 
Both hormones are usually around 5–20 mIU/mL during the cycle, but the day 
before ovulation starts the luteinizing hormone (LH) rises to 25–40 mIU/mL. 
After ovulation occurs the hormone returns to the normal level. Women suf-
fering from polycystic ovarian disease usually have three times the amount of 
LH compared to follicle stimulating hormone (FSH), while an average woman 
has around a one to one ratio. All women also produce small amounts of tes-
tosterone which range from 6 to 86 ng/dL and dehydroepiandrosterone which 
range from 35 to 430 µg/dL.

9.4 � Nutraceuticals in Pregnancy

During the initial stages of pregnancy, many hormonal changes occur with 
the development of the placenta (16). The first two trimesters of the preg-
nancy are specifically dedicated to preparation for the third trimester’s rapid 
fetal growth, so a proper diet is necessary for development (16). Out of the 
21 micronutrients, 14 increase their need during pregnancy: they consist of 7 
vitamins, 5 minerals, and choline (16). Folic acid, found in leafy greens and 
citrus, is critical in development due to its prevention of birth defects regard-
ing the brain and spinal cord (16). Most defects occur in the first month of 
pregnancy and 70% of these conditions can be completely prevented through 
a proper diet (16). In addition to prevention of defects, folic acid also aids 
in producing blood cells, producing DNA, and supporting the growth of the 
placenta (16). It is recommended that women intake at least 800 micrograms a 
day during pregnancy through a diet of fortified foods or supplements, espe-
cially in the first trimester (16). The use of a multivitamin during pregnancy 
can reduce the risk of multiple complications and aid in fertility, including 
higher rates of twins (17).

A study conducted in Israel followed the pregnancy of 45,300 children to 
look at the effects of taking folic acid and a multivitamin during pregnancy 
to prevent autism spectrum disorder (ASD) (18). The multivitamin contained 
a combination of vitamins A, B, C, and D throughout the trials (18) Only 572 
children, or 1.3% of children, received the diagnosis of ASD (18). The results 
showed that taking folic acid and multivitamins before the pregnancy sig-
nificantly lowered the risk of being diagnosed, but taking the supplements 
during pregnancy still lowered the risk compared to taking nothing before 
pregnancy (18). 

Studies have shown that the use of folic acid during pregnancy may aid in 
reducing the risk of neural tube defects in the fetus (19). Having a child born 
below the 10th percentile for birthweight can lead to many complications, 
including cardiovascular disease, diabetes, and mental health issues (19). A 
study was done in the UK focusing on the time folic acid supplementation 
was initially taken regarding the conception of the fetus compared to the 
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birthweight (19). The results shown favored taking the supplement before 
conception of the fetus compared to just taking it while pregnant (19). There 
was a reduced risk of children being below the 10th percentile when mothers 
were taking folic acid before conception compared to the mothers that took 
the folic acid during the pregnancy (19). While folic acid may provide many 
benefits to the fetus when taken during pregnancy, this study concludes that 
there was no effect on the proportion of lower-weight children when only 
taken postconception (19).

At the start of the second trimester an increase of iron in the diet is recom-
mended for the production of hemoglobin (16). It is recommended that the 
mother consume at least 30 mg a day to ensure prevention of iron-deficiency 
anemia (16). Calcium is also important for fetal development with a need of 
over 1,300 mg a day (16). If the necessary amount of calcium is not acquired, 
the fetus takes the calcium from the mother’s own supply, resulting in a change 
in calcium metabolism (16). Reduced levels can result in hypertensive disor-
ders in the fetus and preterm delivery (16). Vitamin A is responsible for the 
development of many structures including membranes, the immune system, 
reproduction, and vision (16). Unlike many other nutrients, vitamin A has a 
maximum recommendation of 8,000 IU per day with over 10,000 increasing 
the risk of birth defects to 1 in 57 (16). Vitamin D is primarily focused on for 
helping the body to absorb calcium in the same way that vitamin C enhances 
iron absorption (16). Studies have shown a combination of 25 mg of vitamin C 
and 5 mg of vitamin K can treat 91% of morning sickness (16).

Moringa oleifera is a tree in the Himalayas studied mainly for its use in devel-
oping iron nutraceuticals (20). In the Middle East and African cultures, it is 
used to help clean water and even used in medicine (20). It is high in essen-
tial nutrients, including minerals, vitamins, and protein, which can help fight 
cancer and diabetes (20). Now these crops are being grown in Central and 
South America as well as India (20). A study with 60 women tested the effects 
of moringa treatment on hemoglobin levels while taking 100 mg per day (20). 
The group taking the supplements showed an increase of hemoglobin levels 
in 23 out of the 30 participants, while the placebo group showed an increase 
in 3 out of 30 participants (20). Lack of proper nutrition during pregnancy can 
lead to anemia, which affects over 38.2% of women (20). Both the moringa 
leaf and the iron-folic acid combination have been tested as possible solutions 
to help prevent this complication (20). Moringa leaves contain iron, calcium, 
and vitamins A, B, and C, so they contain antioxidant properties (20). A study 
was done with 70 pregnant women split into two groups of 35 each, either 
taking a moringa leaf supplement or a 60 mg folic acid supplement (20). The 
group with the folic acid supplement had a slightly larger increase in hemo-
globin levels compared to the group with the moringa leaf supplement, but 
both showed a significant enough increase to conclude that they could be 
used to prevent anemia in pregnant women (20).

A clinical trial was done in Bangladesh regarding the use of lipid-based nutri-
ent supplements. These supplements were given to a total of 4,011 women 



128 Nutraceuticals for Nutritional Health﻿

split into groups, with some groups given folic acid and iron while others were 
given the lipid-based nutrient supplements and 22 vitamins and minerals. The 
children born from the mothers taking the lipid-based nutrient supplements 
had higher weights and measurements overall (2,629 ± 408 g in the lipid-based 
nutrient supplements (LNS) group compared to 2,588 ± 413 g in the folic acid 
group). This treatment also reduced the risk of stunting and being born with 
a smaller head. Results have shown that using these supplements, when taken 
to term, increase the weight and measurements of children. A similar trial was 
done with lipid-based nutrient supplements to measure the effects they have 
on anemia and iron deficiency (21). The 4,011 children were also tested on 
their hemoglobin, serum ferritin, and soluble transferrin receptors (21). The 
children who took LNS or had mothers who took LNS showed lower levels of 
soluble transferrin receptors and higher levels of hemoglobin and serum fer-
ritin (21). Results have shown that taking LNS during pregnancy reduced the 
risk of developing anemia or an iron deficiency (21).

Docosahexaenoic acid levels during pregnancy aid in the development 
of baby’s pre- and postnatal brain, eyes, and nervous system (22). It can 
also increase birthweight, cognitive development, and psychomotor devel-
opments (22). Foods containing docosahexaenoic acid are cold-water fish 
including tuna, salmon, herring, and cod (22). A study done with 804 
Chinese women tested their blood throughout different periods of preg-
nancy and filled out a docosahexaenoic acid-specific (docosahexaenoic acid 
(DHA)-specific) semiquantitative food-frequency questionnaire (22). The 
results show that women later in pregnancy had higher levels of doco-
sahexaenoic acid than those in the first and second trimesters (22). An 
increase in the DHA levels is crucial during the course of pregnancy due 
to the neurodevelopment occurring (23). An underdevelopment of any of 
the essential structures can cause severe issues with brain function for 
the rest of an individual’s life (23). One of the structures to start develop-
ment during the last trimester, which is when DHA levels need to be the 
highest, is the hippocampus, which forms the limbic system and has an 
impact on emotional learning (23). Studies show that the levels of choline 
also have an effect on this development as well as signaling in neural 
and liver cells, neural tube closure, and hepatic transport (23). A study in 
India tested the effects of choline and DHA in the development of neu-
ral structures in pregnant rats (23). The rats were given a normal con-
trol, saline control, choline, or DHA, or they were given choline and DHA 
over the course of pregnancy (23). The rats that were given either cho-
line or DHA showed an increase (p < 0.05) in neural cells compared to 
the rats that were given the control or saline during pregnancy (23). Rats 
that were given both the DHA and choline showed a significant increase  
(p < 0.001) in the amount of neural cells compared to the control and saline 
groups (23). Results support the use of choline and DHA supplements over 
the course of pregnancy to aid in the development of the hippocampus and 
other brain structures (23).
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9.5 � Mood Disorders

Many women experience a depressive state during pregnancy due to the hor-
monal changes the body is undergoing (22). Studies have shown that depres-
sion during pregnancy has affected almost 16% of the population and 5% have 
a major depressive disorder (22). These mood disorders can have negative 
effects on the fetus and result in complications during delivery, including low 
birthweight, preterm birth, and abnormalities with development (22). Severe 
anxiety can also cause complications with neurodevelopment with the fetus 
and a shorter gestation (22). Taking antidepressants during pregnancy may 
cause adverse effects on both the child and the mother (24). Selective sero-
tonin reuptake inhibitor (SSRI) antidepressants have been shown to result in 
developmental complications to the fetus as well as during the delivery (24). 
They can also cause lower gestation periods and premature delivery (24).

Research has shown that taking omega-3 supplements may aid in lowering 
the risk of these disorders (24). They can contain eicosapentaenoic acid (EPA) 
and DHA that provide many health benefits, and societies with high amounts 
in their food have much lower levels of depression. An eight-week trial was 
conducted with 36 pregnant women with China Medical University Hospital 
in Taiwan regarding the effect that omega-3 polyunsaturated fatty acids could 
have on these mood disorders (24). Of the women who completed the trial, 13 
took the omega-3 supplement and 11 took a placebo (24). The results showed 
that the women taking the omega supplement had lower scores for depres-
sive symptoms and a higher response rate during weeks 6–8, which was 62% 
compared to 27% (24). Researchers use the Hamilton Depression Rating Scale 
(HAM-D), Edinburgh Postnatal Depression Scale (EPDS), and Beck Depression 
Inventory (BDI) systems to analyze the symptoms and results from the study 
(24). No adverse effects were observed on both the fetuses and maternal fig-
ures during this experiment (24). Taking fish oil supplements may be very 
beneficial for these mood disorders. A study in Iran with 150 participants 
observed the affects that fish oil had on raising the omega-3 content in the 
body (25). For the second two trimesters of pregnancy women were given 
1,000 mg supplements that contained both EPA and (DHA (25). A rise in fatty 
acid levels was observed during weeks 35–37 in the participants and results 
showed that taking the supplement aided in the drop in omega-3 levels usu-
ally observed during pregnancy (25).

9.6 � Obesity and Nutraceuticals

Obesity has become a major health issue in the United States, and this can 
negatively affect the development on the fetus and the mother (26). Mothers 
with a high BMI can develop gestational diabetes mellitus, preeclampsia, car-
diovascular issues, and cancer (26). There is evidence that the mother’s nutri-
tional status can impact the function of the placenta (26). The macronutrient 



130 Nutraceuticals for Nutritional Health﻿

transport capacity will increase and cause fetal overgrowth, which leads to 
complications with the hormone receptors (26). This could lead to placen-
tal inflammation, and oxidative stress and studies have shown that docosa-
hexaenoic acid can prevent these complications by reducing inflammation 
markers (26). A study published in The Journal of Clinical Endocrinology & 
Metabolism analyzed the results of 38 pregnant women with a body mass 
index (BMI) of over 30 kg/m2 who took an algal oil supplement (26). Blood 
samples were taken before the study and at week 36, and 35 placentas were 
collected after birth (26). The results shown indicated that there was a reduc-
tion in inflammatory markers and amino acid transport, but not in fatty acid 
(26). There was an increase of DHA in the placental membrane, a decrease in 
inflammation, but there may have been no beneficial effect on the maternal 
figure (26). Inflammation, BMI, and gestation length were not affected in the 
mothers by this trial (26).

Women with a body mass index in the obesity range have an excess amount 
of adipose tissue and adipocytes (27). These cells release hormones and 
cytokines throughout the body that influence both the physiology and the 
metabolism (27). Aromatase is released in the body to convert androgens to 
estrogens, so with more fat there is a greater rate of conversion than with 
more estrogen (27). There is a higher amount of cortisol in the system due to 
the conversion of cortisone to cortisol by excess 11β-hydroxysteroid dehydro-
genase (27). Levels of leptin, tumor necrosis factor α, and adiponectin are also 
increased (27). A chart by the Institute of Medicine created a Pregnancy Risk 
Assessment Monitoring System that established a range of healthy weights 
that women should follow (27). Studies show that only one in three women 
actually follow these guidelines, but race and ethnicity play a huge role in 
weight gain (27). Asian women usually gain under the recommended amount 
of weight and African American women are more likely to gain over the rec-
ommended weight while women other than these race remain around the 
recommended weight on average (27). 

9.7 � Conclusion

Natural supplements are becoming increasingly popular with pregnancy 
throughout many cultures due to the immense amount of benefits they may 
provide without adverse effects on the fetus. The need for many of these 
nutrients increases with pregnancy as they may help reduce the risk of com-
plications that can arise from hormone imbalance. Folic acid is involved in 
preventing many of the birth defects that can occur as well as aiding in pro-
ducing blood cells, DNA, and the growth of the placenta. It is recommended 
that women start taking it before pregnancy as well as during to improve the 
overall well-being of the child. Iron, calcium, and vitamin A consumption 
reduces the risk of preterm birth and helps develop essential structures that 
include the immune system. Lipid-based nutrient supplements help increase 
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the overall measurements and birthweight of the child while also reducing the 
risk of anemia. Docosahexaenoic acid supplementation focuses on develop-
ment of the brain, eyes, and nervous system, and increases birthweight, cog-
nitive development, and psychomotor developments. Omega-3 supplements 
can be taken by women experiencing depression or anxiety in order to reduce 
the risk of developing a mood disorder which may have adverse effects on the 
child. A proper diet is also necessary for the overall health of the mother as 
obesity may cause a release of excess amounts of hormones from the adipose 
tissue. 
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10
The Role of Nutraceuticals in 
Preeclampsia and Eclampsia

Nafiseh Shokri Mashhadi and Reza Ghiasvand

10.1 � Introduction
10.1.1 � The Definition of Eclampsia and Preeclampsia
The determination of nutraceuticals’ application for the prevention of pre-
eclampsia must begin with a discussion of the definition and perception of 
the etiology of preeclampsia. Hypertensive disorders of pregnancy constitute 
the clinically challenging pregnancy complications that are responsible for 
a significant number of the medical problems and deaths during pregnancy 
around the world. Gestational hypertension (GH) is defined as hypertension 
that appears in pregnancy after 20 weeks’ gestation and returns to normal 
within 12 weeks. Pregnancy-induced hypertension (PIH) and preeclampsia 
(PE), usually identified as GH, remain unresolved in both developed and 
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developing countries [1]. The World Health Organization identifies high blood 
pressure as the major cause of maternal mortality in industrialized countries 
leading to 16% mortality [2].

Classically, preeclampsia is known as a systemic syndrome by gestational hyper-
tension plus proteinuria (the urinary excretion of protein). In the absence of pro-
teinuria, hypertension is diagnosed as preeclampsia, which may progress and 
contribute to neurological aspects and ultimately cause eclampsia [3]. Currently, 
the American College of Obstetricians and Gynecologists (ACOG), introduce pre-
eclampsia as “a hypertensive a combined with the multi-system disorder of preg-
nancy that significantly related to maternal and fetal mortality” [4]. 

Several classifications have been proposed for disease severity in preeclamp-
sia which causes poor placental perfusion and an increased risk of some 
comorbidity as well as the need for neonatal intensive care. Moreover, small 
for gestational age (SGA) may be seen in infants born following preeclampsia; 
they may also have higher levels of blood pressure in childhood and adoles-
cence than infants born from other pregnancies [5].

10.1.2 � The Pathogenesis and Prevention of 
Eclampsia and preeclampsia

In a normal pregnancy, in order to supply the blood flow to the embryo, inva-
sion of the myometrial portion begins in the latter half of the first trimester 
and is completed by 18–20 weeks’ gestation. It has been proposed that the 
failure of the cytotrophoblast to penetrate the myometrial portion in early 
pregnancy leads to the production of spiral vessels that can reduce placen-
tal perfusion during pregnancy. [6]. Placental cell death is also increased in 
patients with PE [7]. 

Interestingly, some studies have indicated that activation of a maternal inflam-
matory response and immunologic intolerance of the fetus lead to endothelial 
dysfunction. In addition, evidence supporting the importance of the maternal 
immune system in the pathogenesis of PE [8]. Other theories include angiogenic 
factors, cardiovascular incompatibility, and vasoconstriction as well as lack of pro-
gesterone in early pregnancy, genetic predisposition, and platelet activation [9–11]. 

Based on the fact that all patients with reduced placental perfusion do not 
experience preeclampsia or gestational hypertension Roberg et al. recently 
proposed other practical risk factors (such as antiphospholipid antibody syn-
drome, chronic hypertension, chronic renal disease, body mass index, mater-
nal age, multiple gestation, nulliparity, history of preeclampsia in a previous 
pregnancy, and pregestational diabetes mellitus) that can lead to endothelial 
dysfunction and give rise to the risk of preeclampsia. Additionally, hyperho-
mocysteinemia is one of the risk factors for PE. Cotter et al. have indicated 
that maternal serum homocysteine levels were significantly increased in a 
preeclampsia group compared with a control group. Increasing homocysteine 
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level in early pregnancy leads to endothelial dysfunction and can increase the 
risk of developing severe preeclampsia [12].

Several studies showed the advantage of using biochemical markers, such 
as activin, inhibin, and placental protein 13, for the prediction of PE at early 
stages of pregnancy [13, 14]. However, to our knowledge, none of these mark-
ers has sufficient predictive value in a clinical practice, though their combina-
tion probably improves the prediction of this disorder.

Treatment options are limited, so therapies that prevent preeclampsia, or delay 
its onset, or decrease its severity would be helpful. Studies showed that one 
of the best agents for the prevention of preeclampsia is aspirin [15]. In addi-
tion to low-dose aspirin, other methods used to prevent or treat preeclampsia 
include antioxidants [16]. In many studies, using antioxidants to reduce the 
incidence of PE has been investigated due to the effect of oxidative stress in 
the pathogenesis of PE. Recently, emerging research indicates the potential 
benefits of other nutritional factors, called nutraceuticals, in pregnancies com-
plicated by preeclampsia. These factors should be monitored more intensively 
to regulate their use and eventually reduce the potential complications associ-
ated with these agents.

10.2 � Nutraceuticals in the Prevention of Eclampsia and preeclampsia
10.2.1 � The Definition of Nutraceuticals
A broad range of interventions has been evaluated for the prevention of pre-
eclampsia. Epidemiological, clinical, and laboratory evidence suggest a sig-
nificant role of the maternal dietary component in hypertensive disorders of 
pregnancy such as preeclampsia [17–19]. Dietary qualities and components 
associated with preeclampsia and eclampsia include macronutrients, micronu-
trients, dietary fiber, and individual foods as well as medicinal foods.

According to DeFelice [20], the term “nutraceutical” can be defined as a food 
that includes micronutrients, dietary supplements, and functional foods and 
has health benefits, together with the possibility of being used for the pre-
vention or treatment of a disease. Currently, there is considerable interest 
in nutraceuticals due to their potential nutritional properties and treatment 
benefits [21].

However, there are differences in the definition of nutraceuticals and the 
terminology, and the definitions are not identical in different countries. 
Nonetheless, nutraceuticals are usually defined as concentrated and purified 
forms of bioactive metabolites, which can be consumed via normal food, 
as ingredients with naturally occurring contents or in the form of enriched 
foods [19]. 

Sometimes nutraceutical compounds can contribute to certain pharmacologi-
cal disadvantages. Also, there has been conflicting scientific evidence for the 



136 Nutraceuticals for Nutritional Health﻿

efficacy of some nutraceuticals. Nevertheless, it has been claimed that they 
protect our bodies against certain chronic disorders, including obesity, dia-
betes, inflammation status, cancer, and cardiovascular diseases [22–24], and it 
has been revealed that most nutraceuticals have antioxidant, anti-inflamma-
tory, anticarcinogenic, and neuroprotective abilities [22, 25, 26].

At present, there are various natural products for beneficial health effects that 
include vitamins and minerals, polyphenols, glucosinolates, terpenoids, func-
tional foods, essential fatty acids, and amino acids [27, 28]. 

Recognizing the safety and effectiveness of nutraceuticals is essential in order 
to maximize their benefits without any side effects. Based on a large num-
ber of observational and clinical studies on nutraceuticals, they are generally 
considered safe, however, their use in pregnancy and their efficacy in special 
conditions such as preeclampsia and eclampsia have not been investigated 
comprehensively.

10.2.2 � Calcium
Among several elemental deficiencies, epidemiological evidence has sug-
gested a connection between low serum calcium levels and preeclampsia. In 
Ethiopia, a low prevalence of preeclampsia has been claimed where the diet 
contained high levels of calcium [29]. To examine the association between 
calcium levels during the first trimester of pregnancy and preeclampsia, one 
controlled case study was conducted by Udenze et al., however, they did 
not find significant hypocalcemia in mild and severe preeclampsia with sig-
nificantly low urine calcium/creatinine levels [30]. Moreover, Gabbay et al. 
described that there was no significant difference in serum calcium levels of 
5,233 pregnancies with mild preeclampsia [31]. And the results of the stud-
ies seem controversial. So, a recent meta-analysis study proposes that, due to 
publication bias and a lack of large trials in current studies, there should be 
caution against accepting the combined trials as definitive evidence of the 
benefits of calcium supplementation for preeclampsia [32]. However, they also 
indicated that calcium supplementation was more effective in the low-baseline 
intake subgroup versus the adequate-baseline calcium intake.

On the other hand, there is a growing body of evidence that points to 
the important role of cell calcium in vasodilation of the uterine arteries 
throughout pregnancy, especially from mid-gestation, since adequate utero-
placental blood flow is highly dependent on vasodilation [33]. The com-
mon activating mechanism for many vasodilators is the increase in cell 
calcium. Additionally, previous evidence has indicated an inverse relation-
ship between high blood pressure and calcium intake [34, 35]. Numerous 
epidemiological and clinical studies have also confirmed this association 
[35, 36]. So, these findings suggest that calcium supplementation (≥1 g/
day) could lower the risk of preeclampsia [37]. As a result, the World Health 
Organization (WHO) issued a strong recommendation that pregnant women 
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be provided a daily dosage of calcium supplements, 1.5–2.0 g elemental cal-
cium, to prevent preeclampsia [38]. 

Also, an earlier Cochrane review involving 13 high-quality studies reported 
that calcium supplementation was associated with a significant reduction in 
the risk of PE (RR: 0.41; 95% CI: 0.31–0.65) mainly in women with low-calcium 
diets, maternal death or morbidity (RR: 0.80; 95% CI: 0.65–0.97), and preterm 
birth (RR: 0.76; 95% CI: 0.60–0.97) [39].

Overall, in spite of some trials showing low clinical benefits of calcium sup-
plements, it is still prescribed to women at high risk of preeclampsia in devel-
oping countries [40]. This could be because calcium intake (>1  g/day) reduces 
the risk of preeclampsia in women with low-calcium diets [40]. Therefore, 
there is an essential need for strong evidence to support the benefits of cal-
cium supplementation for all pregnant women with a risk of preeclampsia.

10.2.3 � Magnesium
Magnesium deficiency is prevalent in women of reproductive ages in both 
developing and developed countries [41, 42]. The need for magnesium 
increases during pregnancy, and most pregnant women probably do not take 
in extra magnesium [42]. Magnesium deficiency or insufficiency during preg-
nancy may contribute to health risks for both the mother and the newborn, 
for whom these complications may extend into adulthood [43]. 

The measurement of serum magnesium is the most useful method for deter-
mining magnesium levels [44]. So many researchers proposed that optimiz-
ing magnesium status appeared to be a practical process to prevent many 
complications during pregnancy [45]. To estimate magnesium status and its 
association with oxidative stress and inflammation in preeclamptic women, 
de Sousa Rocha et al. conducted a controlled case study consisting of 18 pre-
eclamptic women. The results indicated that increased plasma magnesium 
and decreased urinary 8-isoprostane were considered predictors of pre-
eclampsia [46]. In addition, the serum levels of calcium, magnesium, zinc, 
and copper were shown to have significant relationships with preeclampsia 
in pregnant women in Sudan [47]. In contrast, a comparative cross-sectional 
study was conducted in Ghana, involving 60 pregnant women aged 18–35 
years with >30 weeks’ gestation. It found that serum magnesium and total 
calcium, therefore, seemed not to differ in preeclamptic women compared 
to normal pregnant women [48]. For this purpose, Čabarkapa et al. recently 
conducted a prospective study that included 403 pregnant women over 18 
years and evaluated the importance of serum concentration of magnesium 
(Mg) in the first trimester of pregnancy for predicting preeclampsia (PE). 
Their results showed that the Mg level during the first trimester of preg-
nancy is a significant prediction tool for PE and could also play an impor-
tant role in predicting the week of gestational outcome and birthweight of 
newborns [49].
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Motivated by these above-mentioned reports, several randomized clinical tri-
als have been carried out to evaluate the potential benefits of magnesium 
supplementation during pregnancy; they have reported that magnesium sup-
plementation during pregnancy is likely to decrease the probability of occur-
rence of many complications of pregnancy, including preeclampsia [50, 51]. 
Since the magnesium homeostasis in normal pregnancy is different from pre-
eclampsia, supplementation with magnesium has shown beneficial effects on 
high blood pressure and infant conditions [52]. A 300-mg magnesium pill was 
used in a randomized controlled trial with three groups, each of 60 pregnant 
women, and this indicated a probable decreased occurrence of many of the 
complications of pregnancy [50]. These results were also confirmed by other 
studies [53].

However, a comprehensive meta-analysis of 10 randomized trials involving 
9,090 women indicated that magnesium supplementation did not reduce the 
risk of SGA in neonates (RR: 0.76; 95% CI: 0.54–1.07), and did not decrease 
the risk of preeclampsia for the mothers (RR: 0.87; 95% CI: 0.58–1.32) [54]. But 
it is worth noting that in one of the highest quality studies of women in the 
above-mentioned trials, the results have been influenced by the fact that both 
magnesium-supplemented groups and placebo groups consumed a multivita-
min and mineral containing 100 mg of magnesium [55]. 

Taken together, according to the above-mentioned studies, the importance of 
magnesium during pregnancy has received greater understanding and mag-
nesium supplementation during pregnancy may be able to reduce growth 
restriction of the fetus in preeclampsia. Using the right dose of magnesium 
plays a crucial role in the treatment of unwanted pregnancy disorders and so 
should be determined.

10.2.4 � Zinc
Preeclampsia may be caused by the imbalance of increased lipid peroxides 
(LPOs) and decreased antioxidants. As an antioxidant trace element, zinc defi-
ciency may cause increasing lipid peroxidation [56, 57]. Also, in pregnant 
women, poor zinc status can have adverse effects on maternal and neonatal 
outcomes. Therefore, many studies have attempted to explore the correlation 
between the changes in serum zinc levels in pregnant women and PE. Some 
studies conducted in Europe and Africa found significantly lower levels of 
serum zinc in PE patients than in the control group and showed an association 
between serum zinc concentration and the severity of preeclampsia [58–60]. 
But other studies indicated that the mean serum level of zinc was significantly 
higher in PE patients than in healthy pregnancy controls [61, 62]. Meanwhile, 
no difference in serum zinc levels in PE patients compared with healthy preg-
nancy controls was observed in yet other research [63]. Ultimately, to deter-
mine the relationship between serum zinc levels and preeclampsia, a recently 
performed meta-analysis by Ma et al. [64] showed that the serum zinc level 
in PE patients was significantly lower than that in healthy pregnant women.
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Based on this fact, there is an increasing concern about the adequacy of zinc 
in pregnant women, especially in developing countries. Where there is a low 
to moderate zinc deficiency and the consumption of animal food is limited, 
and agents that inhibit zinc absorption, is high in cereals [65]. As a result, the 
World Health Organization (WHO) recommends the use of multiple micro-
nutrient supplements that include zinc for all pregnant women in developing 
countries [66]. 

To assess the accurate dose of zinc, one study investigated a daily dose of 15 
mg of zinc (zinc sulfate) in 540 healthy women at 16 weeks, however, it didn’t 
determine significant differences in maternal outcomes, including weight gain 
during pregnancy and the incidence of preeclampsia [66]. Also, a previous 
randomized clinical trial conducted on 196 Iranian pregnant women indicated 
that 50 mg daily of zinc sulfate did not significantly affect maternal preg-
nancy complications such as preeclampsia [67]. These results were confirmed 
in other previous studies [68]. 

In conclusion, based on the absence of a positive effect of zinc supplementa-
tion on maternal or neonatal outcomes in the above-mentioned studies, the 
advice on using a zinc supplement during pregnancy to prevent preeclampsia 
is in doubt. Further investigation in this area should possibly use a higher 
dose of zinc or be carried out on zinc-deficient pregnant women in order to 
discover any positive effects of zinc supplementation. 

10.2.5 � Vitamin D
Vitamin D plays an significant role in regulating bone metabolism, cal-
cium intake, and maintaining muscle function [69]. Pregnancy has essential 
requirements for the availability of vitamin D and calcium. In addition, vita-
min D has an effect in early placental development through gene regula-
tion and expression, which may affect the progression of preeclampsia. So 
vitamin D adequacy is important for the desired outcomes for mother and 
fetus [70]. 

The number of studies on vitamin D deficiency during pregnancy has 
increased rapidly, and numerous studies have been conducted on the lack of 
vitamin D in various populations. The results of these studies show that the 
25-OH-D level in preeclampsia is significantly lower than in healthy pregnant 
mothers [71, 72]. A study on 33 women with preeclampsia, 79 women with 
eclampsia, and 76 healthy pregnant women was conducted by Ullah et al. It 
concluded that women with plasma vitamin D level <30 ng/ml were five times 
more likely to be diagnosed with preeclampsia and eclampsia [73]. Moreover, 
in another study, it was found that normal women had significantly higher 
vitamin D levels than women with preeclampsia in India [71]. Levels of vita-
min D seem to play a role in the balance of Th1 and Th2 levels and may con-
tribute to the overexpression of Th1 cytokines. This affects the immunological 
tolerance of embryo implantation. The studies revealed that the deficiency of 
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vitamin D could be related to a higher expression of Th1, which is observed 
in cases of preeclampsia [74]. 

Consequently, to translate the current level of knowledge into clinical recom-
mendations, many studies have been designed to evaluate the benefits of vita-
min D supplementation in prevention of preeclampsia. Some data suggested 
that only a 10 ng/mL increase in maternal vitamin D could give rise to a pos-
sible reduction of the risk of preeclampsia [75]. In addition, an interventional 
study on 142 patients with preeclampsia showed that receiving a 50,000 IU 
pearl vitamin D3 in the first trimester of pregnancy contributes to the preven-
tion of preeclampsia [76]. Further, the recent systematic review and network 
meta-analysis of calcium and vitamin D supplementation on preeclampsia 
suggested that the intake of calcium plus vitamin D compared with placebo 
can reduce the risk of preeclampsia by approximately 50%, but data on the 
adverse effects of vitamin D supplementation were lacking [77]. The findings 
of the study on vitamin D followed by calcium supplementation are also con-
firmed by the latest Cochrane review. Nevertheless, combined vitamin D and 
calcium increased the risk of preterm birth [78].

Based on the results of conducted current evidence, the WHO guidelines 
for prenatal care do not recommend frequent vitamin D supplements dur-
ing pregnancy to improve maternal and postnatal outcomes. However, for 
pregnant women with a poor vitamin D status, vitamin D supplements may 
be given at the current recommended nutrient intake [79]. Overall, it can be 
concluded that, based on the role of maternal vitamin D deficiency as a poten-
tial independent risk factor for preeclampsia, vitamin D supplementation in 
early pregnancy plus calcium remains a possible intervention for women with 
documented vitamin D deficiency.

10.2.6 � Folic Acid and Vitamin B12
The concentration of homocysteine is strongly controlled by using the path-
way that homocysteine can be modified to methionine and needs folic acid 
as a cofactor. In addition, for proper function of folic acid in this method, it 
requires vitamin B12 as an important co-worker. 

New evidence suggests a link between high levels of circulating homocyste-
ine in women with gestational hypertension and preeclampsia [80, 81]. The 
findings also indicate that changes in homocysteine metabolism can lead to 
systemic vascular deformation, which results in the clinical emergence of 
hypertension in pregnancy and can be an independent risk factor for severe 
PE [82]. In line with this, another study showed that plasma homocysteine was 
inversely related to preeclampsia among black women [83].

Also, in a cohort study in the Netherlands, pregnant women with the lowest 
folate levels and the highest homocysteine levels had a fourfold higher pre-
eclampsia risk compared with women with normal levels of homocysteine and 
folate (OR: 4.27; 95% CI: 1.21, 15.0; P = 0.02) [84]. Consequently, considering the 
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possibility that hyperhomocysteine status may damage the vascular endothe-
lium of the developing placenta, folic acid supplements can be used to reduce 
blood homocysteine levels and potentially reduce the risk of preeclampsia [85]. 

On the other hand, some clinical investigations suggested that the daily con-
sumption of 400 μg of folic acid alone cannot avoid the occurrence of gesta-
tional hypertension and preeclampsia during early pregnancy [86]. However, 
based on the results of the large cohort study on a total of 10,041 pregnant 
women, folic acid supplementation and higher dietary folate intake during 
pregnancy reduce the risk of preeclampsia [82]. Similarly, these results were 
acknowledged in one recent study that indicated there is a significant relation-
ship between the risk of preeclampsia and the duration of supplementation 
but not the time of use [87].

Published literature reports controversial results about the association of folic 
acid supplementation and PE. Based on the results of a meta-analysis, we 
conclude that folic acid fortification alone did not prevent the occurrence of 
gestational hypertension and preeclampsia. However, the above-mentioned 
study suggested that the supplementation of multivitamins containing folic 
acid could reduce the risk of gestational hypertension and preeclampsia [88].

Vitamin B12 as a water-soluble B vitamin, is one of the other factors that can 
modulate elevated levels of plasma homocysteine. It is also necessary as a 
cofactor for enzymes that produce methylcobalamin and for its function in 
cytosol converting homocysteine to methionine, as well as contributing to the 
mitochondria to catabolize branched-chain fatty acids [89]. 

Several studies have shown that low vitamin B12 status is associated with low 
birthweight (<2,500 g) and preterm delivery (<37 weeks) in pregnant women 
[90]. Outcomes regarding the associations between maternal vitamin B12 sta-
tus and the risk of preeclampsia was diverse among vitamin B12-related bio-
markers. While another study presented findings that serum levels of folic 
acid and vitamin B12 were not significantly different in the subjects with GH 
and PE than the control group [83].

Although, it has been revealed that patients with preeclampsia have hyper-
methylation in the MTHFR (methylenetetrahydrofolate reductase) gene pro-
moter [1]. But no significant differences were found in serum or plasma vitamin 
B12 concentrations between groups [83, 91]. However, Mujawar et al. found 
hyperhomocysteinemia and deficiency of folic acid and vitamin B12 with 
increased blood pressure as a risk factor for cardiovascular disease (CVD) in 
preeclampsia [92]. In line with this, in another interventional study in Wistar 
rats, maternal vitamin B12 deficiency resulted in elevated homocysteine levels, 
however, n-3 PUFA supplementation in the presence of vitamin B12 supple-
mentation reduced homocysteine levels [93]. 

To our knowledge, there are not enough studies to reach a conclusion about 
the effects of B12 supplement on preeclampsia during pregnancy and further 
studies are warranted.
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10.2.7 � Vitamins C and E
Another role for food and nutrition in the origins of preeclampsia could be 
the deficiency of antioxidant intake, specifically vitamins C and E. Vitamin 
C has a prominent role in the neutralization of both water-soluble and lipid-
soluble free radicals and must be supplied by the diet [94]. In addition it 
was suggested that vitamin E, a powerful antioxidant, plays a significant 
role in preventing preeclampsia. So, supplementation with antioxidant vita-
mins has been proposed to diminish the risk of preeclampsia and perinatal 
problems [95].

In this regard, the Cochrane study on randomized controlled trials was done 
to assess the effects of vitamin E supplementation, alone or in combination 
with other separate supplements, on pregnancy outcomes. The authors con-
cluded that there were no clear differences between the vitamin E and pla-
cebo or control groups relating to the adverse pregnancy outcomes [96]. In 
agreement with these results, a systematic review and meta-analysis for the 
effectiveness of combined vitamin C and E supplementation in the prevention 
of preeclampsia did not confirm this hypothesis and showed that combined 
vitamin C and E supplementation does not decrease the risk of preeclamp-
sia and should not be suggested for its prevention. Furthermore, the afore-
said study indicated that combined supplementation with vitamins C and E 
increased the risk of gestational hypertension [97]. In a clinical trial, Spinnato 
et al. also revealed that the incidence of preeclampsia was not statistically 
significant in pregnant women who received vitamins E and C and in women 
who received a placebo [98]. In line with these results, another study by 
Rumbol et al. showed that different doses of vitamin C and E supplementation 
during pregnancy do not reduce the risk of preeclampsia in women or the 
risk of intrauterine growth restriction, or the risk of death or other serious 
consequences in their infants [99].

However, there is evidence that supplementation with commonly used anti-
oxidants (mostly vitamins C and E) makes a difference in overwhelming oxi-
dative stress [100]. A summary of the studies to date is that the combination 
of vitamins C and E cannot reduce the rate of adverse maternal or perinatal 
outcomes related to pregnancy-associated hypertension. But, in future tri-
als, the sample size calculated on the basis of different doses of supple-
ments should be considered to determine the effects of these antioxidants 
on preeclampsia.

10.2.8 � Omega-3
Marine omega-3 polyunsaturated fatty acids (n-3 PUFAs) are important nutri-
ents during the infant growth period [101]. The most potent bioactive prod-
ucts of n-3 PUFAs are eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA). So, marine n-3 PUFAs are claimed to have beneficial effects on child-
hood growth when ingested during pregnancy [102]. Furthermore, it has been 
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shown that during pregnancy there is a decrease in the maternal LC-PUFA 
(long-chain polyunsaturated fatty acid) status, and that the embryo develop-
ment depends entirely on the supply of essential fatty acids [103]. 

Regarding the biological activity of n-3 saturated fatty acid, some research-
ers believe that eating omega-3 fatty acids may affect several pregnancy 
outcomes, including preeclampsia [104]. Moreover, an observational study 
by Wang et al. found that total n-3 polyunsaturated fatty acids were lower 
in women with preeclampsia [105]. Such results were also proved by other 
observational studies [18]. These findings encouraged researchers to deter-
mine whether maternal DHA supplementation affects these complications of 
pregnancy or not. 

Currently, there are reasons (e.g. decreased synthesis of thromboxane A2 
from arachidonic acid) for a possible beneficial effect of n-3 fatty acids on pre-
eclampsia. In regard to these effects, Adair et al. conducted a study to inves-
tigate effect of high-dose n-3 fatty acid intake on hypertension and revealed 
that it can reduce maternal thromboxane A2 synthesis [106]. Also, numerous 
epidemiological and observational studies have assessed the influence of n‐3 
LC-PUFA intake during pregnancy on maternal outcomes and abundant meta‐
analyses have been published [104, 107]. Some studies confirmed that the 
odds ratios of preeclampsia are reduced by taking between 100 and 900 mg 
of omega-3 per day [108]. 

Nevertheless, despite some valuable data from these studies, there is little 
evidence from randomized, placebo-controlled trials for a significant effect 
of omega-3 on the incidence or severity of preeclampsia. Recently, a meta-
analysis on randomized controlled trials that investigated the effects of fish 
oil supplementation in pregnant women, identified that supplementation with 
fish oil during the pregnancy is not associated with reduced preeeclampsia 
[109], while, according to Clausen et al.’s study, a high consumption of PUFA 
is associated with an increased risk of preeclampsia [110]. These conflicting 
results may be the case either because LC-PUFAs are ineffective or because 
the design of the analyzed trials does not take into account certain contradic-
tory factors. 

Therefore, to detect the effect of LC-PUFA supplementation on preeclampsia, 
we suggest the design of a large-scale clinical trial study regarding the selec-
tion of an optimal dose and timing and considering all contributory factors.

10.2.9 � Probiotics
Since endothelial dysfunction is associated with the activation of the clotting 
cascade and has an important role in the pathogenesis of preeclampsia [111], 
it is hypothesized that modulation of the maternal immune system may be 
important in the pathogenesis of preeclampsia. So, many researchers have 
intended to assess the regulatory immune system effects of food or its compo-
nents on preeclampsia risk [112]. 
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Probiotics are defined as a community of live microorganisms and modulator 
of gastrointestinal health that are consumed as a dietary supplement or drug 
for the purpose of promoting health and stimulating the growth of desirable 
microbes which help human health through involved processes of hyperten-
sion and inflammation [113]. 

Evidence is also emerging that gut microbiota play an important role in energy 
homeostasis, inflammation, and glucose metabolism [114]. Moreover, they 
can change the complication of pregnancy independent of health status and 
diet. These benefits are similar to the improvement of metabolic syndrome in 
non-pregnant individuals and are likely to stimulate the physiological insu-
lin resistance that develops during a typical pregnancy (Laitinen, 2008 #1). 
Sometimes, adverse health states during pregnancy may be associated with 
intestinal microbial changes. Maternal microbiome also may influence and 
reduce pregnancy complications associated with hypertension and inflam-
mation. Therefore, altering the intestinal microbiome during pregnancy can 
affect both the health of the mother and fetal consequences [115].

In this regard, a study on pregnant women with overweight and obesity prob-
lems, the abundance of butyrate-producing bacteria and butyrate production 
in the gut microbiota was significantly negatively related to blood pressure, 
so increasing butyrate-producing capacity may help the maintenance of nor-
mal blood pressure in obese pregnant women [116]. Also, in another study on 
pregnant women in South China, there was an overall increase in pathogenic 
bacteria in PE pregnant women. The study suggested that there is a significant 
structural change in the gut microbiota in PE patients, which might be attrib-
uted to the onset and development of the disease [117].

Also, in a recent large observational study conducted by Nordqvist et al., the 
intake of probiotic milk products in the first half of pregnancy was connected 
with a reduction in risk of preeclampsia (OR = 0.80; 95% CI: 0.66, 0.96), 
although the association was more obvious in severe preeclampsia (OR = 0.61; 
95% CI: 0.43, 0.89) [118]. 

In addition, earlier systematic reviews of the literature about the impact of pro-
biotics in pregnancy and maternal outcomes clarified that probiotic usage in 
pregnancy could significantly decrease maternal fasting glucose levels, the inci-
dence of GDM (gestational diabetes mellitus) and preeclampsia, and C-reactive 
protein levels [119]. Although few studies show the positive role of the gut 
in association with gestational hypertension and preeclampsia, identifying the 
characteristics of the mammary gland microbial profile and identifying the vari-
ous factors that facilitate their changes during pregnancy may reveal important 
strategies for improving the pregnancy and the infant’s health outcomes.

10.2.10 � Carotenoids
Carotenoids are natural fat-soluble pigments found in plants and some 
microorganisms. So far, β-carotene, α-carotene, and lycopene are important 
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members of the carotene group [120]. Although some studies could not show 
the relationship between reduced levels of carotenoids and the risk of pre-
eclampsia, a recent investigation demonstrated significant correlation between 
carotenoids status and risk of some complications during pregnancy [121]. 
Therefore, the role of carotenoids during pregnancy and infancy is signifi-
cant [122]. For instance, the prevalence of PE in women with reduced level of 
antioxidants is higher than those with normal status [123, 124]. Also, analysis 
of the serum of pregnant women showed that lower α- and β-carotenes, and 
generally lower vitamin D, are associated with later development of PE [125]. 
Interestingly, other observational data supported these facts by the reported 
inhibitory effects of β-carotene on vasoconstriction in the human placenta 
and the decreasing risk of preeclampsia by the increased plasma concentra-
tion of lutein ( OR: 0.60; 95% CI: 0.46–0.77) [64].

Thus, these findings provide a hypothesis on a potentially critical role of 
carotenoid deficiencies in early pregnancy for the development of PE and the 
need for adequate dietary intake of carotenoids. But clinical trials assessing 
the effects of carotenoid supplementation in PE are limited. To investigate the 
effect of lycopene supplements (2 mg/day up to the second trimester of preg-
nancy), Sharma et al. conducted a randomized controlled study of 116 women 
in their second trimester and showed a weakly decreasing effect of lycopene 
for the development of preeclampsia (8.6% vs. 17.7% cases) [126]. In contrast, 
a placebo-controlled β-carotene supplementation trial in a population in Asia 
showed that the intervention reduced pregnancy-related maternal mortality, 
but the study did not show the prevention effect of β-carotene supplementa-
tion in the risk of preeclampsia [127]. The results of the mentioned study 
agree with the other investigations [128].

To summarize, the role of carotenoids in the prevention of preeclampsia is 
uncertain. Thus, larger randomized controlled trials are needed to define the 
role of carotenoids in PE development and determine the mechanistic effects 
of carotenoids and other antioxidant micronutrients and bioactive compounds 
in interventional models. 

10.3 � Conclusion

The well-known pathogenesis of preeclampsia appears to be the release of 
inflammatory and angiogenic factors that contribute to endothelial dysfunc-
tion in PE. Currently, there are several suggestions to prevent PE and most of 
the evidence for the probable benefits of nutraceuticals, functional foods, or 
medicinal products are resulting from epidemiological studies. Thus, research-
ers have attempted to identify the safety and efficacy of natural agents in inter-
ventional trials. In some interventional studies, the benefits of nutraceutical 
supplementation, such as minerals, vitamins, omega-3 fatty acids, and food 
bioactive compounds, were shown by improvements in oxidative stress and 
the repair of the activities of antioxidant enzymes. But these results are under 
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the influence of some confusing factors, such as treatment with a combination 
of supplements in daily routine and short intervention time. So further lon-
gitudinal and well-designed clinical trials regarding comprehensive molecu-
lar mechanisms are needed to explore the potential impact of nutraceuticals 
and their beneficial effects for health and to address their dose-dependency 
as well as their synergistic effects in PE. However, it should be noted that a 
better understanding of the pathophysiology of PE and the definition of new 
molecular biomarkers could also be effective in evaluating the exact impact 
of nutraceuticals.
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11
The Role of Nutraceuticals in 
Gestational Diabetes Mellitus

Neda Roshanravan and Hamed Mohammadi

11.1 � Gestational Diabetes Mellitus 

Gestational diabetes mellitus (GDM) or glucose intolerance is the most gen-
eral metabolic disorder of our times that is prevalent among pregnant women. 
Recent clinical investigations have indicated an increasing prevalence of GDM 
by 10–100% over the past 20 years (1). This disease increases the risk of 
adverse perinatal outcomes after delivery and maladies in the offspring in 
later life. Normally, pregnancy is associated with insulin resistance (IR) and 
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hyperinsulinemia around mid-pregnancy, and IR progression during the third 
trimester (1, 2). 

Some hormones and adipokines such as tumor necrosis factor (TNF-α), human 
placental lactogen, and human placental growth hormone are responsible for 
IR in pregnancy. Furthermore, increases of hormones with diabetogenic effects 
such as estrogen, progesterone, and cortisol during pregnancy contribute to 
the disruption of the glucose homeostasis (3). The increase of maternal adipose 
deposition, decreased physical activity, and increased caloric intake during preg-
nancy are independent risks for this state of relative glucose intolerance (4). 

Dietary strategies and lifestyle interventions have been considered to be the 
mainstay of treatment to optimize pregnancy outcomes in GDM women. 

11.2 � Nutraceuticals

The term “nutraceutical” is a hybrid of “nutrition” and “pharmaceutical” 
and was coined by Dr. Stephen L. DeFelice, founder and chairman of the 
Foundation for Innovation in Medicine (FIM), Cranford, New Jersey, in 1989 
for the first time (5). The concept of “nutraceuticals” has evolved over the 
years and the definition varies across countries. It can be defined as “a food 
(or a part of food) that provides medical or health benefits, including the 
prevention and or treatment of a disease” (6). According to Health Canada’s 
definition “nutraceuticals are concentrated forms of food or food constituents 
that can be taken in pills, powder, or other medicinal forms that have specific 
health benefits.” In Europe, it is defined as “concentrated sources of nutri-
ents; or other substances with a nutritional or physiological effect.” And the 
Japanese know nutraceuticals as foods with health claims (7). 

In general, nutraceuticals as natural functional/medical foods or bioactive 
phytochemicals are natural ingredients derived from foods, used in the 
medicinal form and type of pills, capsules, potions, and liquids, and they 
provide physiological benefits or protect against chronic disease (8). Such 
products may vary from isolated nutrients, specific diets, and dietary supple-
ments to genetically modified foods (GM foods), also known as genetically 
engineered foods (GE foods), and processed foods such as cereals, soups, 
vegetable juices, beverages, and even herbal products (5). 

According to the Bureau of Nutritional Sciences of the Food Directorate of 
Health Canada, the definitions of “nutraceutical” and “functional food” have 
been defined as follows (9): 

11.2.1 � Nutraceutical
“A product isolated or purified from foods that is generally sold in medicinal 
forms not usually associated with the food. A nutraceutical is demonstrated to 
have a physiological benefit or provide protection against chronic disease.” (10)
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11.2.2 � Functional food
“[A food] consumed as part of a usual diet, and is demonstrated to have 
physiological benefits and/ or reduce the risk of chronic disease beyond basic 
nutritional functions.” (10)

In this review we have considered functional foods within the scope of 
nutraceuticals.

Surveillance of nutraceuticals/natural health products differs from country 
to country. Some countries treat natural health products in the same man-
ner as foods, for example Japan and China. In these countries there are 
no legal or regulatory differences between food and medication forms. In 
the United States, there is a distinction between foods and natural health 
products (dietary supplements) without any significant differences in rules 
(the same generic claims are available to food and to dietary supplements).  
New Zealand deals with natural health products (dietary supplements) like 
food but does not allow claims in this context (including disease risk reduc-
tion claims). However, the regulatory rules for dietary supplements are 
somewhat weak. The European Union (EU) limits food supplements to only 
approved vitamins and minerals. Some countries put natural health products 
in a grey area (without any clear rules) between food and drugs. In Australia, 
Brazil, and Canada all the rules that relate to natural health products differ 
from those for food, using a product-specific system. In South Korea there are 
restricted rules regarding functional foods and natural health products with 
licenses being required (10).

The potential health effects of nutraceuticals form current research topics 
in the area of the prevention, management, and treatment of degenerative 
diseases such as cancer, diabetes, cardiovascular, non-alcoholic fatty liver, 
neurodegenerative diseases. 

11.3 � Categories of Nutraceuticals and Their Role 
in Gestational Diabetes Mellitus

In the same way as for food sources, nutraceuticals can be classified using 
their mechanism of action and chemical nature. Nutraceuticals can be catego-
rized as (11): antioxidant vitamins, minerals, dietary fibers, polyunsaturated 
fatty acids. 

11.3.1 � Antioxidant Vitamins
This includes clinical research aimed to investigate the antioxidant and anti-
inflammatory activities of vitamins as nutraceuticals. The high blood glucose 
level in women with GDM decreases antioxidant defenses and induces oxi-
dative stress. The exact pro-oxidant status and antioxidant status in women 
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with gestational diabetes is still unclear (12). Nevertheless, the intake of vita-
mins with antioxidant and insulinotropic properties has been shown to have 
beneficial effects on the glycemic status of women with gestational diabetes. 
Antioxidant vitamins, with properties of scavenging free reactive radicals, 
have been considered as the first line of defense against reactive free radical 
attack (13). The key vitamins are vitamins A, D, and E, nicotinamide, pyridox-
ine, folic acid, and vitamin B12.

11.3.2 � Vitamin A
Vitamin A (VA) is a generic term for a group of fat-soluble retinoids with 
similar patterns of biologic activity, such as retinol, retinal, and retinoic acid. 
The term “retinoids” includes both natural forms of VA and many synthetic 
analogs to retinol. This vitamin acts in the retina, participating in the visual 
cycle, and acts in all tissues and organ systems of the body, interfering in the 
growth and integrity of cells (14).

Diabetes mellitus (DM) as a chronic pathological process is involved in meta-
bolic disorders and is represented by insulin secretory deficiency, or distur-
bance in its function, or in both, with resulting glucose intolerance and high 
blood sugar. Considerable research effort has been focused on the associa-
tion between GDM and serum retinol levels. According to pioneering studies, 
women with GDM may be considered as a group as having an increased risk of 
presenting reduced VA levels (15–17). Studies indicated that there was a signifi-
cant decrease of vitamin A levels in a pregnant group with gestational diabetics 
as compared to a healthy pregnant group (16, 17). Insulin resistance is a caus-
ative factor during the gestational period that makes pregnant women suscep-
tible to displaying a marginal biochemical state or vitamin A deficiency (18).

Retinol’s plasma transportation is feasible due to its bond with a transporter 
protein with determined function, retinol-binding protein (RBP). RBP as an 
adipocytokine with potential susceptibility in enhancing hepatic gluconeo-
genesis and reducing insulin sensitivity was known in 2005. It is mainly syn-
thesized in a higher extension by hepatocytes and adipose tissues (RBP4) 
(19). RBP dissolves liposoluble vitamin in the serum and protects it against 
oxidative demolition, and it keeps a constant concentration in the blood cir-
culation (20). VA is transferred in blood in two ways: complex retinol-RBP 
and chylomicrons. Complex retinol-RBP is responsible for more than 95% of 
the VA existing in the circulation in the fasting state (21). According to pre-
vious evidence the expression level of glucose transporter 4 (GLUT4) as an 
insulin-regulated glucose transporter is reduced in the adipocytes of obese 
and insulin resistance subjects (22). Recently, studies have indicated that the 
decrease in GLUT4 expression is accompanied by an increased expression and 
secretion of the RBP. Raised levels of RBP have been found to impair insulin 
signaling and are a contributor to insulin resistance. In GDM, hyperglyce-
mia is an important factor for the imbalance between retinol levels and RBP 
(12). Due to the different methodologies, some results in this field are still 



157Nutraceuticals in Gestational Diabetes ﻿

conflicting and the exact mechanism responsible for alterations in vitamin A 
levels and the presence of GDM has not been completely clarified. However, 
the need to monitor vitamin A during gestation seems to be necessary mainly 
if it is accompanied by gestational diabetes mellitus.

11.3.3 � Vitamin D
Vitamin D, or calciferol, has two main, functionally distinct forms, vitamin 
D2 (ergocalciferol), or the synthetic form of vitamin D, is made by irradiating 
ergosterol steroids in plants, which can then be used as a dietary supplement, 
and vitamin D3 (cholecalciferol), which is found in animal-based foods and 
is made when cholesterol in subcutaneous fat cleaves by ultraviolet rays (23). 
Both forms are considered as pro-hormones and are active after they have 
been hydroxylated twice: first in the liver to make 25-hydroxyl vitamin D 
(25[OH] D), and then again in the kidney to make the biologically active hor-
mone, calcitriol (1,25-dihydroxyvitamin D) (24).

The best-accepted functions of vitamin D are in the regulation and preserva-
tion of calcium and phosphorus homeostasis, but there is now some evidence 
that vitamin D protects against certain types of chronic disease, such as can-
cer, multiple sclerosis, and diabetes (25). In recent years, vitamin D deficiency 
has been investigated as one of the potential contributors with increasing 
prevalence of GDM (26–28). Many researchers demonstrated that vitamin D 
concentrations were lower in women with GDM compared with healthy preg-
nant women (29–31). 

Results from randomized trials indicated that vitamin D supplementation in 
women with GDM can decrease the risk of poor neonatal outcomes, such as 
neonatal hypoglycemia and “small for gestational age,” caused by GDM (32). 
The observed inverse association of vitamin D levels with GDM risk is sup-
ported by the direct and/or indirect effects of vitamin D on insulin sensitivity 
and insulin secretion. In addition, vitamin D can normalize glucose intoler-
ance via the facilitation of intestinal calcium absorption (33). Evidence from 
previous studies showed that an increased risk of GDM may be associated 
with vitamin D deficiency (27, 34); however, to support routine high-dose 
vitamin D supplementation during pregnancy, further clinical research must 
be done.

11.3.4 � Vitamin E
In much of the literature, increased levels of free radicals are constantly 
observed in women with GDM (35). Vitamin E is known as a strong anti-
oxidant which is found in plants and consists of a chromanol ring and 
an isoprenoid side chain. This term refers to tocopherols and tocotrienols 
and can be divided into alpha-, beta-, gamma-, and delta-isomers. Vitamin 
E with similar molecular structure to the thiazolidinedione (TZD) drugs 
has been linked to improved metabolic status through PPAR-γ-mediated 
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up-regulation of adiponectin as a major adipokine with insulin-sensitizing 
action (35, 36). The antioxidant activity of vitamin E has contributed to its 
hydroxyl group on the chromanol ring, which donates hydrogen for reduc-
ing the free radicals (37). 

Animal studies have indicated that there are reduced concentrations of vita-
min E in both the embryos and livers of fetuses from diabetic mothers (38). 
In addition, cord plasma vitamin E levels are significantly decreased in GDM 
women (39, 40). Some previous studies have claimed that dietary vitamin E 
intake or even its supplementation on its own or simultaneously with other 
antioxidants may give reduced GDM occurrence (41–43). Nevertheless, more 
clinical studies are required to understand the short- and long-term effects of 
vitamin E supplementation in pregnant women with GDM.

11.3.5 � Nicotinamide
Niacin or nicotinic acid as a water soluble vitamin exists in two forms, nico-
tinamide or nicotinic acid. Niacin in the food ingredients often exists in the 
form of nicotinamide (44). It has been reported that nicotinamide, with its 
antioxidant and free radical scavenging effects, may protect pancreatic islets 
from inflammation (45, 46). Besides its functions as a B group vitamin, it can 
be considered as a wonder drug for correcting lipid metabolic disorders (47). 
Contrary to previous beliefs, some evidence is now available that indicates it 
has a moderate effect on the fasting blood glucose and hemoglobin A1c levels 
(48, 49). 

There have been many animal studies that have indicated that the enhance-
ment of antioxidant defenses is necessary for normoglycemia and normal 
immune functions in women with gestational diabetes mellitus. In a rat study 
the ability of nicotinamide to improve oxidative stress in gestational diabetic 
rats was proven (50, 51). Supplementation with nicotinamide may reverse 
insulin levels through improvement of C-peptide release (50, 52). The positive 
effects of nicotinamide on pro-oxidant/antioxidant status as well as its immu-
nomodulatory effects should be taken into account when considering using 
this food supplement as an adjunct to the pharmacotherapeutic approach in 
gestational diabetes. However, more human clinical trials must be done to 
provide further support for its usage.

11.3.6 � Pyridoxine
Pyridoxine or vitamin B6 is found generally in foods and can be used as a 
dietary supplement to increase dietary intake or partially reduce disease risk 
(53). Some clinical examinations have indicated far-reaching beneficial effects 
of using pyridoxine in the prevention or amelioration of GDM. Early stud-
ies showed that blood concentration of vitamin B6 is significantly decreased 
in diabetic animals and patients (54–57). Bennink and colleagues demon-
strated that pregnant women with GDM who were treated with vitamin B6 
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(pyridoxine), 100 mg/day for two weeks, improved oral glucose tolerance 
considerably (58). Vitamin B6 deficiency is found to reduce circulating insulin 
levels and has been related to degenerative changes in pancreatic β-cells (59, 
60). Beyond that, the health benefits of pyridoxamine (amine form of vitamin 
B6) can be attributed to the inhibition of the production of oxidative stress 
markers or scavenging the reactive oxygen species (61). There seems to be an 
increased requirement/utilization of vitamin B6 in GDM, accordingly various 
studies are needed to reach a definitive and overall conclusion regarding adju-
vant therapy of vitamin B6 in the prevention of GDM complications. 

11.3.7 � Folate and Vitamin B12
It has been established that folate and vitamin B12 can be used in the regula-
tion of homocysteine synthesis involved in the pathogenesis of GDM (62). It 
has been reported that elevated levels of homocysteine have been linked with 
insulin resistance (63). Some previous studies suggested that high plasma 
levels of folate and low plasma concentration of vitamin B12, resulting in a 
high plasma concentration of homocysteine, could be correlated with a higher 
plasma glucose level and the likelihood of GDM during pregnancy (62). A 
cohort study in China reported that daily folate supplementation in the first 
trimester of pregnancy may be associated with higher chances of GDM later 
in pregnancy (64). The association between vitamin B12 insufficiencies with 
higher GDM risk has also been shown in other studies (65, 66). An imbalance 
in these two B vitamins may be responsible for higher prevalence of GDM. On 
other hand, vitamin B12 insufficiency inhibited the conversion of 5-methyl-
tetrahydrofolate to tetrahydrofolate. It has been proved that disruption in the 
production of purines and thymidine for DNA/RNA synthesis can be associ-
ated with the development of insulin resistance and impaired fasting glucose 
(67). However, the exact mechanisms for linking the effects of low vitamin 
B12 concentration and high folate level on glucose intolerance and insulin 
resistance are still unclear and not defined.

11.4 � Minerals
11.4.1 � Magnesium
It has been shown that pregnancy induces losses of magnesium (Mg). Beyond 
this, hypomagnesemia has been revealed as a major cause of insulin resis-
tance. Some previous studies demonstrate that Mg supplementation has a ben-
eficial effect on glucose metabolism and on insulin action (68, 69). Pioneering 
epidemiological studies have demonstrated an opposing relationship between 
the risk of diabetes and the ingestion of food rich in magnesium (70). These 
beneficial effects of Mg can be attributed to the participation of Mg in the pro-
cess of gene expression (such as PPAR-γ, FPG, and LDLR), which is involved 
in insulin and lipid metabolism (71). 
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11.4.2 � Zinc
Zinc, as a mineral, affects pancreatic function and insulin secretion. Some 
previous reports indicated that in pregnancy, as a result of prenatal iron and 
folic acid supplementation, zinc absorption is disrupted. In addition, pregnant 
women require higher levels of zinc due to various physiological conditions 
(72–74).

Zinc deficiency may be related to carbohydrate intolerance. Previous studies 
indicate the important role of zinc deficiency in glucose intolerance, insulin 
resistance, and diabetes mellitus (75). There is strong evidence that mater-
nal zinc supplementation improves hyperglycemia in diabetic mothers and 
plays a key role in the regulation of carbohydrate metabolism (73, 76, 77). 
Furthermore, it also appears that zinc may favorably alter carbohydrate metab-
olism in patients with zinc deficiency or diseases causing zinc deficiency such 
as diabetes (78). 

Zinc with insulin mimetic and hypoglycemic properties plays an important 
role in improving peripheral insulin sensitivity and may potentiate insulin-
stimulated glucose transport (79). In conclusion, some initial comprehensive, 
systematic reviews and meta-analyses on the effects of zinc supplementation 
in GDM mothers demonstrate that zinc supplementation has beneficial effects 
on glycemic control. However, further studies are required to achieve more 
definitive results. 

11.4.3 � Iron
Iron, with its strong pro-oxidant ability and generation of reactive oxygen 
species, can be involved in oxidative stress and cell injury. Pancreatic beta 
cells, due to their weak antioxidative defense mechanisms are vulnerable to 
oxidative stress. However, adequate iron levels are necessary for beta cell 
function and glucose homeostasis (80). Pregnant women are especially vul-
nerable to iron deficiency, for this reason they are routinely recommended 
for iron supplementation. Emerging evidence has raised potential concerns 
about this routine supplementation. (81). Significant associations have been 
seen between higher iron stores and disruption of glucose homeostasis and 
also an increase in the risk of diabetes (82). A comprehensive review in recent 
years investigated the role of iron in the development of GDM. Data from 
this study showed that high dietary heme iron is strongly and significantly 
associated with GDM risk, whereas results with respect to non-heme iron are 
inconclusive. However, findings do not provide conclusive results regarding 
the intake of iron supplements and the risk of GDM. These contradictory 
results between iron supplements and dietary heme iron can be attributed to 
the fact that the majority of iron supplements contain non-heme iron such as 
ferrous sulfate, ferric sulfate, and ferrous fumarate (83). Overall, the impact 
of maternal responses to dietary or supplemental iron on glucose metabolism 
may be dependent on differences in the mother’s underlying iron status and 
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metabolism. In general it can be said that additional studies should also be 
investigated for a more definitive conclusion. 

11.5 � Dietary Fiber

Dietary fibers, including pectin, oat gum, guar gum, resistant starch, and non-
digestible oligosaccharides such as fructo-oligosaccharides, galacto-oligosac-
charides, trans-oligosaccharides, polyfructan inulin, and lactulose, have been 
proven to have beneficial effects in the prevention of diabetes (84). Dietary 
fibers can be divided into insoluble and soluble forms based on their relative 
solubility in water. Insoluble fibers can bind with carcinogens, mutagens, and 
other toxic chemicals, and may be involved in reducing the risk of inflamma-
tory disease, colon cancer, malignancies, obesity, diabetes, and cardiovascular 
disease (85).

Non-digestible fibers are selectively fermented by beneficial microbiota to 
short-chain fatty acids (e.g. acetate, propionate, and butyrate). Dietary fibers 
may reduce appetite, delay gastric emptying, and lower total energy intake. The 
relationship between dietary fiber and glucose homeostasis can be explained 
by these possible mechanisms (86). Substantial evidence from epidemiologic 
and clinical studies has demonstrated associations between dietary fiber and 
dietary glycemic index and load in diabetic patients. Studies on the role of 
these dietary fibers in the development of GDM are rare (86). A large prospec-
tive study of women demonstrated that consumption of dietary total fiber and 
fruit fiber were significantly and inversely associated with GDM risk (86). 

Further to the results of pioneering studies, more research is needed to 
explore the plausible mechanisms and confirm these findings.

11.6 � Polyunsaturated Fatty Acids

Polyunsaturated fatty acids (PUFAs) play a key role during pregnancy for both 
the health of the pregnant woman and for the growth and development of 
their fetus. PUFAs regulate placental angiogenesis, inflammatory status, oxi-
dative stress levels, and some hormone production (e.g. leptin). It has been 
proved that a significant decrease in the placental transport of PUFAs has been 
associated with GDM (87). Previous research has demonstrated that there are 
different plasma fatty acid profiles in women with and without GDM. This 
difference can be attributed to possible changes in the metabolism of fatty 
acids in GDM (88). Animal-based studies indicated that the use of PUFAs as a 
dietary treatment in pregnant mildly diabetic rats can improve maternal dys-
lipidemia and fetal overgrowth and can increase the utilization of peripheral 
glucose (88, 89). Despite increasing evidence regarding the beneficial effects 
of PUFA treatment on improved insulin sensitivity and glucose metabolism 
in animals and humans (90, 91), contradictory results in the epidemiological 
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literature have been reported (92). Overall, there is not enough evidence to 
support or refute the routine supplementation of PUFAs during pregnancy for 
the prevention or treatment of GDM and it seems necessary to conduct ran-
domized trials in order to evaluate the role of PUFA supplementation in GDM. 

11.7 � Conclusion

In recent decades with the advent of hectic life schedules, many women 
develop gestational diabetes during pregnancy. Nowadays, healthy foods are 
of greater value than costly medication. Thus, the general availability and use 
of nutraceuticals are on the rise. Most of the nutraceuticals have been proven 
to keep diseases away and maintain good health. Nowadays, the accumulated 
knowledge regarding safe and effective usage of nutraceuticals causes an 
undoubted challenge for food and pharmacy professionals. However, further 
studies seem to be necessary for receiving a definite conclusion. 
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12.1 � Introduction

Depression is a mood disorder with significant disability and mortality in 
people worldwide (1). The prevalence of depression in the world is about 
10–15% and is twice as high in women as in men. Women, between the ages 
of 25 and 44, may have experienced depression during times of hormonal 
change including menstruation, prenatal and postpartum (2–4). During preg-
nancy and lactation, some nutrients are more needed compared with non-
pregnant women. Hence, it may be difficult to meet these needs by a normal 
diet and the maternal stores can be decreased (2). In the last decade, studies 
have assessed the role of nutraceuticals in the prevention and/or treatment 
of mood disorders in women and have reported that some nutraceuticals 
may be involved in the regulation of brain serotonin through their effects on 
the proper function of the thyroid, the hypothalamic–pituitary–adrenal (HPA) 
axis, and the immune system(2).

12.2 � Definitions
12.2.1 � Depression during Pregnancy
Depression during pregnancy is a prevalent mood disorder that affects 10% 
to 20% of pregnant women (5). This disorder is identified by persistent sad-
ness, sleeping disorders, loss of interest in life events, anxiety, and feelings of 
worthlessness and guilt (6).

12.2.2 � Postpartum Depression
Postpartum depression (PPD) is a major depressive disorder that onsets within 
4 weeks of delivery and may be continued to 12 months after childbirth (7). 
This disorder is identified by irritability, hopelessness, tearfulness, fatigue, 
sleeping disorders, poor memory, disinterest in life events, feelings of inad-
equacy, and inability to care for the child (8). 

12.3 � Epidemiology

Pre- and postnatal depression are prevalent mood disorders that occur in 10% 
and 13% of women worldwide in pregnancy and after childbirth, respectively 
(9). Evidence indicates that, in developing countries, these mental disorders 
are higher, i.e. 15.6% and 19.8% during pregnancy and after delivery, respec-
tively (10). Recent studies estimated approximately 8.5% of women in Canada, 
5–13% in Denmark, and 13–36% in Chile and Brazil experience clinical symp-
toms of PPD in the first month after childbirth (1). In Asian countries, the 
highest prevalence of PPD was reported as 63% in Pakistan and the lowest 
rate was 3% in Malaysia (11).
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12.4 � Pathophysiology

Although psychological, biological, and environmental factors are involved 
in depression, the exact pathophysiology of depression pre- and postdeliv-
ery remains unclear. Evidence has suggested that several different mecha-
nisms are involved in prenatal depression (2). Firstly, fluctuations in levels 
of hormones such as estrogen and progesterone, influenced by the HPA 
axis, regulate the serotonin (5-HT) system, thyroid hormones, and pro-
inflammatory biomarkers, through which, they may play role in this mood 
disorder (4).

Secondly, hyperactivation of the HPA axis during pregnancy, which results 
from placental production of corticotropin-releasing hormone (CRH), if con-
tinued persistently, leads to increased levels of glucocorticoids (4). Some evi-
dence showed that increased levels of glucocorticoids may increase the risk 
of depressive disorders, through their effect on neuronal transmission and 
synaptic plasticity (12). Thirdly, estradiol, which rises greatly during preg-
nancy and enhances neurotransmitter function and serotonin levels and then 
drops sharply immediate after childbirth, may affect the mood balance. This 
event has a great impact on the monoamine-rich regions of the brain that can 
modulate the mood (4). 

Fourthly, the neurotrophin family, particularly the brain-derived neurotrophic 
factor (BDNF), which binds with the tropomyosin receptor kinase B (TrkB) 
receptor, and the nerve growth factor (NGF), which binds with the tropomyo-
sin receptor kinase A receptor, are important in the protection, survival, and 
proper function of the synaptic cell in the central and peripheral nervous 
systems (13, 14). Low concentrations of some nutraceuticals increase down-
regulation of neurotrophic factors and may, therefore, increase depressive 
symptoms (2). 

Finally, in some studies, the levels of thyroid hormones have been positively 
associated with serotonin levels, giving rise to the proposition that thyroid 
dysfunction during pregnancy and/or declined levels of T3 and T4 in postpar-
tum may lead to depressive disorder (4) (Figure 12.1).

12.5 � Risk Factors for Depression during Pregnancy and Postpartum

A history of previous depression, recent psychological stress, the mother’s 
age, inadequate socioeconomic support, a poor marital relationship, or an 
unwanted pregnancy are risk factors that affect maternal mood during preg-
nancy and postpartum (3, 6). Inadequate nutrition and micronutrient defi-
ciencies have also been considered as other risk factors for depression in 
this period. Studies showed nutritional status has an important role in the 
appropriate function of neurotrophin family, HPA axis, and immune system 
(6, 16) (Figure 12.2).
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12.6 � Effective Nutraceuticals in the Prevention and 
Treatment of Prenatal Depression

12.6.1 � Omega-3 Fatty Acids
Linolenic (18:3n-3) and linoleic acid (18:2n-6) acids, are polyunsaturated fatty 
acids (PUFAs) that humans cannot synthesize through a de novo pathway 
(17) and, hence, they are called essential fatty acids (EFAs). They need to be 
obtained from dietary sources. Linolenic acid is mainly found in the forms of 
alpha-linolenic acid (ALA; 18:3n-3) in plant oils (e.g. canola oil), eicosapen-
taenoic acid (EPA; 20:5n-3), and docosahexaenoic acid (DHA; 22:6n-3), and in 
fish and other seafoods (17, 18).

Evidence demonstrates that EPA and DHA exert critical roles in brain develop-
ment and function (19). During pregnancy and lactation, the need for omega-3 
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Figure 12.1  Etiology of prenatal depression (2, 4, 15).
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fatty acids increases due to increased transmission of DHA and EPA to the 
fetus and infant (20). PUFAs are one of the structural components of phos-
pholipids in the neuronal membranes of the brain cells. The major fatty acid 
found in the brain cells is DHA. By increasing the concentration of DHA in 
the membrane, the sensitivity of the serotonin receptors increases (21).

Omega-3 fatty acid deficiency is linked to the increased occurrence of depres-
sion in prenatal period in follow-up studies (22, 23). Some studies suggested 
that n-3 PUFA may be effective in prevention and/or treatment of depressive 
symptoms in women (22, 24, 25), but, up to now, there have not been ade-
quate high-quality clinical trials assessing the effect of DHA and EPA in the 
treatment of depression in the pre- and postpartum periods.

There are three mechanisms proposed to explain the inverse relationship 
between n-3 PUFA and depressive symptoms (21). The first mechanism is 
a psychoneuroimmunological hypothesis that demonstrates n-3 PUFA can 
inhibit the synthesis of pro-inflammatory cytokines and eicosanoids and, 
hence, reduce inflammation (22, 24). The second is a neuronal hypothesis that 
explains n-3 PUFAs regulate and facilitate the metabolism of serotonergic neu-
rotransmitters, both playing a significant role in lowering clinical symptoms 
of depression (21). Finally, n-3 PUFAs play a role in the production of specific 
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Figure 12.2  Risk factors associated with prenatal depression (2, 6).
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leukotrienes and prostaglandins with a vasodilatory action that inhibits plate-
lets aggregation (21, 22) (Table 12.1).

Overall, considering the health effect of EPA and DHA on the fetus and 
mother dyad, only scarce randomized controlled trials (RCTs), with contra-
dictory results, are available in this area, and the World Health Organization 
(WHO) recommendation in which women need to use 250–500 mg/day of n-3 
PUFA (about 1–2 servings of fish/week) for a healthy pregnancy and postpar-
tum period seems appropriate (30, 31).

12.6.2 � Vitamin D
Vitamin D is a fat-soluble neurosteroid molecule and its serum levels in the 
body are linked to sunlight exposure and diet (32). In recent decades, vitamin 
D deficiency (VDD) is a prevalent micronutrient deficiency among women of 
reproductive age (32, 33). This may result from reduced sunlight exposure 
and a decreasing rate of vitamin D-rich foods consumption. Among the foods, 
fish oil contains significant amounts of vitamin D while dairy products and 
eggs contain lower amounts (32, 33). 

Evidence demonstrates that vitamin D plays a part in brain development and 
function (34, 35), and VDD is linked to increased occurrence of depression 
(36). Several follow-up studies reported that low concentrations of serum 25 
hydroxy vitamin D (25[OH]D) during pregnancy and postpartum could increase 
the risk of pre- and postpartum depression (37–40). In one study, supplemen-
tation with 2,000 IU vitamin D3 daily for 12 weeks in pregnant women until 
childbirth significantly prevented PPD (p < 0.001) (41). Moreover, in a recent 
study, supplementation with 50,000 IU vitamin D3 fortnightly for a period of 
8 weeks was shown to decrease clinical symptoms of depression in patients 
with PPD (p < 0.006) (42). Several biological mechanisms have been proposed 
explaining vitamin D could affect brain development and neuronal function 
and reduce the risk of depression during pregnancy and at postpartum (43):

	 1-	Vitamin D inhibits NF-κB (nuclear factor kappa light chain enhancer 
of activated B cells) activation in macrophages, so decreases the pro-
duction of pro-inflammatory cytokines (44, 45). 

	 2-	The active form of vitamin D enhances glutathione function in the 
brain and lowers oxidative degeneration in neurons (45). 

	 3-	If high levels of glucocorticoid stimulate the hippocampal cell for a 
long period, apoptosis occurs in this area. Vitamin D affects the HPA 
axis and decreases the production of glucocorticoids, thus, preventing 
apoptosis in the hippocampal cells (46).

Overall, up to now, few RCTs are available in this area and as women usually 
have modest sun exposure during pregnancy and the postpartum period, this 
recommendation might logically indicate to be appropriate to use the dose of 
1,000 to 2,000 IU per day to reduce the risk of depression during this period (43).
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Table 12.1 Summary of Studies of Supplementation with EPA and DHA in the 
Treatment of Pre- and Postpartum Depression

Study (year) Dose n Design
Duration of 

trial Result
Llorente et al. 

(26)
(2003)

200 mg DHA 138 Randomized 
double-blind clinical 
trial

4 months
(starting after 

childbirth)

No significant 
differences were 
observed in the mean 
EPDS* scores between 
omega-3 fatty acids 
and placebo groups

Marangell et al. 
(24)

(2004)

2.96 g/day EPA 
and DHA

7 Open-label Variable,starting 
at

34–36 weeks
of pregnancy

No significant 
differences were 
observed in the mean 
EPDS scores between 
DHA and placebo 
groups

Freeman et 
al.(27) 

(2006)

1.9 g/day
EPA and DHA

15 Open-label, flexible
dose

59 days
in pregnancy

About 50% decrease was 
observed in mean 
EPDS scores

Freeman et al. 
(25)

(2006)

0.5 g/day, 1.4 
g/day, or 2.8 
g/day

EPA and DHA

16 Randomized 
double-blind clinical 
trial

8 weeks
in postpartum

No significant 
differences

were observed between 
three groups

overall a 51.5% 
decrease was observed 
in mean EPDS scores

Freeman et al. 
(28) 

(2008)

1.9g/day
EPA and DHA

51 Randomized 
double-blind clinical 
trial

8 weeks No significant 
differences were 
observed in mean 
EPDS scores between 
omega-3 fatty acids 
and placebo groups

Mozurkewich et 
al. (19) 

(2013)

900 mg DHA + 
180 mg EPA 

or
274 mg DHA + 

1,060 mg EPA 

118 Double-blind, 
randomized 
controlled trial

Early 
pregnancyuntil 
26–28 weeks, 
34–36 weeks, 
and 6–8 weeks 
after delivery

No significant 
differences were 
observed in mean 
BDI** scores in any of 
the 3 times that were 
assessed after 
supplementation

Dos Santos et al. 
(29)

2017

1.08 g EPA + 
0.72 g 

DHA

60 Double-blind, 
randomized 
controlled trial

16 weeks Daily supplementation 
with EPA and DHA had 
no significant effect on 
mean EPDS scores 
during the prenatal 
period

*	 EPDS, Edinburgh Postnatal Depression Scale; **BDI, Beck Depression Inventory 
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12.6.3 � Vitamin A 
Vitamin A is a fat-soluble molecule that particularly found in cod liver oil, fish, 
and eggs.

Fortified milk, butter, and cheese are other rich sources of retinoids (47). 
Evidence suggests that high levels of vitamin A and its derivatives, particu-
larly retinoids, are linked to increases in the risk of depressive symptoms (47). 
Serum concentrations of retinol-binding protein (RBP) could be a predictor of 
depression in pregnancy and the first week after childbirth (48). Researchers 
proposed that high vitamin A accumulates in the brain, breast, and liver and 
may potentially be toxic in late pregnancy (49). The excess accumulation of 
vitamin A in the liver can impair the secretion and mobilization of RBP, hence 
increased serum concentrations of circulating retinyl esters and retinoic acids 
may cause depression (49, 50).

Considering the retinoid toxicity hypothesis, researchers proposed the theory 
that breastfeeding may decrease the occurrence of PPD, secondary to reduced 
stores of vitamin A in women’s bodies (50). 

12.6.4 � B Vitamins
B vitamins (B1, B2, B3, B6, B9, and B12) are a family of water-soluble mole-
cules with similar structures. These vitamins are found in unprocessed foods, 
especially B1, B3, and B6 in unprocessed cereals, B2 in dairy products, B9 in 
beans and green leafy plants, and B12 in animal foods (e.g. eggs and meats) 
(2). B vitamins act as coenzymes in the function of the nervous system (2). 
In previous studies, depressive symptoms have been linked to high serum 
concentrations of homocysteine. B vitamins influence the serum concentra-
tions of pro-inflammatory amino acid homocysteine (51). B9 and B12 convert 
homocysteine to methionine (an essential amino acid), and B6 helps convert 
homocysteine into cysteine (52, 53). High levels of homocysteine as a result 
of low B vitamins levels (B9, B6, and B12) have been linked to major depres-
sive disorder (MDD) (54). Low levels of B12 are correlated with depressive 
symptoms in the elderly (55). Moreover, low concentrations of B9 in RBCs 
are correlated with moderate to severe depression in adolescents (56) and 
non-pregnant women of reproductive age (57). Folate plays a role in sustained 
normal concentrations of tetrahydrobiopterin (an important cofactor in the 
synthesis of catecholamines and serotonin) in the brain (2).

Up to now, little research has assessed the relation between dietary intake, 
serum concentration of B vitamins, and depressive symptoms in pregnancy 
and postpartum (58). A cohort study found no correlation between serum lev-
els of vitamin B9 in the third day of postpartum and PPD symptoms at 1, 2, 
and 3 months after childbirth (59). Another prospective study investigated the 
dietary intake of B vitamins by use of an FFQ during pregnancy and observed 
an inverse association only between the amount of B2 intake and the occur-
rence of PPD (58).
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Most work done in this area has been cross-sectional, and cohort studies 
indicate that the correlation between B vitamin levels and depression in preg-
nancy and postpartum is not strong. Therefore, more longitudinal researches 
are needed and, currently, there is no recommendation for taking these vita-
mins to prevent depression throughout the pregnancy and postpartum period.

12.6.5 � Zinc (Zn)
Zinc (Zn) is a trace element that is particularly found in red meat, seeds. and 
beans. Zn functions in immune and central nervous systems (60, 61). Studies 
demonstrated that Zn deficiency is linked to depressive symptoms in women 
(62, 63). In a cohort study on pregnant women, low levels of Zn were associ-
ated with the severity of PPD symptoms (64). Moreover, the result of a pilot 
study suggested that 7 mg of Zn daily for 10 weeks could improve depressive 
symptoms in young women (62).

Low levels of Zn may affect depression probably via three mechanisms. Firstly, 
Zn deficiency increases the production of NF-κB and modifies the balance 
between anti- and pro-inflammatory cytokines (65). Secondly, low levels of 
Zn alter the number of T and B cells and therefore contribute to immunosup-
pression (66). Finally, Zn is involved in the regulation of NMDA/glutamate 
pathway (67).

Presumably Zn deficiency contributes to mood disorders through a neuronal 
mechanism. The normal concentrations of Zn in hippocampal neurons may 
contribute to glutamate release from synaptic vesicles of these neurons (2, 67). 

Low concentrations of Zn in the brain augment the down-regulation of BDNF 
and its receptor TrkB in the hippocampus (68). BDNF is one of the growth 
factors that exerts proper function of synaptic neurons in the brain and 
down-regulation of BDNF is linked to the pathophysiology of depressive 
symptoms (69).

12.6.6 � Iron (Fe)
Iron is a trace element that is particularly found in liver, red meat, seeds, and 
beans. Iron-deficiency anemia is a common health problem prevalent among 
women during pregnancy and postpartum (70). Iron deficiency is associated 
with fatigue and poor general health in women (71, 72). Evidence proposed 
that low iron status can lead to thyroid malfunction. Thyroid peroxidase is a 
heme enzyme that requires iron for its function (73). The findings on the rela-
tionship between anemia and prenatal depression are controversial (44, 74). 
Several observational studies have reported that iron deficiency in pregnancy 
is associated with depressive symptoms in women (75–77). Also, low hemo-
globin levels were risk factors for the occurrence of PPD in Saudi women 
(74). However, studies in the UK and China showed no relationship between 
maternal iron status and depressive symptoms (78, 79). Probably differences 
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between studies in terms of measuring iron status, severity of depression, 
genetic background of participants, timing, and study design may contribute 
to the inconsistent results obtained. Further studies are needed to demon-
strate whether iron supplementation can reduce the severity of depression 
during pregnancy and postpartum. Although the results of the studies in 
this area are inconsistent, when considering the impacts of iron deficiency in 
health problems (70), the current Dietary Reference Intakes (DRI) recommen-
dation is that it seems appropriate for women to have an additional daily iron 
intake of 27 mg/day for pregnancy and 9 mg/day for breastfeeding in order to 
reduce the risk of depressive disorders during these periods (80).

12.6.7 � Selenium
Selenium is an essential trace element that is particularly found in seafood and 
organ meats such as kidney, liver, red meat, and also poultry. Muscle meats, 
cereals, and dairy products are other rich sources of selenium (81). Evidence 
has demonstrated that a diet with high levels of selenium can significantly 
improve mood disorders (82). Low levels of selenium may alter concentrations 
of neurotransmitters in the brain. Thyroid dysfunction may also affect mood and 
behavior. Selenium is required in thyroid hormone metabolism such as synthe-
sis and activation stages (82). Moreover, selenium functions in the protection of 
the brain against oxidative damage (83). Glutathione peroxidase is a selenopro-
tein with antioxidant activity that protects the nerves and brain tissue from dam-
age by scavenging hydrogen peroxides, i.e., eliminating their actions (82, 84). 

The results of one study demonstrated that a history of prenatal depression in 
pregnancy increased the occurrence of PPD symptoms, while the consump-
tion of selenium supplements in the prenatal period decreased depressive 
symptoms (85). Another clinical trial showed that the consumption of 100 μg/
day of selenium in the first trimester of pregnancy until delivery significantly 
decreased depressive symptoms (86). The effect of selenium on women’s 
behavior is not as well assessed, however, as the effects of other micronutri-
ents, such as omega-3, vitamin D, zinc, and folate, therefore it seems prudent 
to follow the current DRI for selenium.

12.6.8 � Flavonoids
Flavonoids are a group of phenolic compounds with biological activities that 
are found in plants. Up to now, about 5,000 types of flavonoids have been 
identified and, based on their chemical structure, can be classified as flavo-
noids, flavanones, flavones, anthocyanidins, and isoflavones (87). Animal and 
in vitro studies have suggested that flavonoids have antioxidative, neuropro-
tective, and antidepressant properties (87, 88).

Evidence has demonstrated that some flavonoids have shown therapeutic 
effects on behavioral disorders in animal studies by three mechanisms includ-
ing reducing the levels of pro-inflammatory cytokine in the brain (89, 90) and 
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by affecting both neurotrophic factors (91–95) and neurotransmitters (dopa-
minergic, serotonergic, and noradrenergic systems) (89, 92, 94). Moreover, 
these phenolic compounds protect the brain against the destructive effects of 
free radicals as antioxidant agents (89, 90, 95). Some flavonoids suggested as 
neuroprotective in animal studies are described in Table 12.2.

Despite the positive effects on reducing depressive symptoms in animal stud-
ies, possible side effects, toxicity, and pharmacological interactions with other 
substances in long-term consumption have been proposed and, hence, the use 
of flavonoids needs to be assessed in clinical trials (96).

12.6.9 � Astaxanthin 
Carotenoids are a group of organic pigments with biological activities found 
in plants and algae (97). The role of carotenoids on women’s behavior has 
not been as well assessed as that of other nutraceuticals. The results of sev-
eral animal studies have suggested that trans-astaxanthin, a carotenoid that 
is a strong antioxidant, rich in algae, can decrease depressive symptoms (98, 
99). The mechanism of trans-astaxanthin’s action may be based on its effect 
on the serotonergic system (99) and inhibition of hippocampal inflammation 
(98). Trans-astaxanthin can help increase the serotonin/tryptophan ratio and 
decrease the kynurenine/tryptophan ratio in the frontal cortex and hippocam-
pus in the brain (99). Astaxanthin may inhibit 5-alpha reductase (an enzyme 
that converts testosterone to dihydrotestosterone) (100).

Although no serious adverse effects of astaxanthin supplementation have been 
reported up to now, safe doses of astaxanthin have not been determined in 
pregnant or breastfeeding women. Hence, is not recommended in pregnancy 
and breastfeeding due to the lack of sufficient evidence (100).

12.6.10 � Probiotics
Microbial dysbiosis is linked to mood and neuropsychiatric disorders by 
increased oxidative stress and the concentration of pro-inflammatory cyto-
kines, gastrointestinal disorders, and lowered micronutrient absorption (101).

Probiotics are live beneficial microorganisms that are found particularly in fer-
mented dairy foods. The consumption of these beneficial organisms enhances 
gut microbiota, which yields health benefits for the host (102). Several studies 
suggested that probiotics may improve mood disorders (103, 104) and might be 
used as adjuvant therapy in depression (105). The effects of Bifidobacterium 
and Lactobacillus strains on mental health have been assessed and have 
demonstrated that these two microorganisms have beneficial effects on the 
brain (106). A current study has assessed supplementation with the probiotic 
Lactobacillus rhamnosus, using a dose of 6 × 109 colony-forming units (cfu) 
daily from 14 to 16 weeks’ gestation until delivery, and from childbirth up to 
6 months of postpartum in breastfeeding mothers. The results of this study 



180 Nutraceuticals for Nutritional Health﻿

Ta
b
le

 1
2
.2

 S
um

m
ar

y 
of

 R
es

ul
ts 

fro
m

 A
ni

m
al

 S
tu

di
es

 o
n 

Fl
av

on
oi

ds
 in

 T
re

at
m

en
t o

f P
re

na
ta

l D
ep

re
ss

io
n

Fla
vo

no
id

s
Do

se
 a

nd
 d

ur
at

io
n 

of
 

tre
at

m
en

t
Ef

fe
cts

M
ec

ha
ni

sm
 o

f a
cti

on
Re

fe
re

nc
es

He
sp

er
idi

n
50

mg
/k

g f
or

 2
 w

ee
ks

0.
01

, 0
.1

, 0
.3

, a
nd

 1
 m

g/
kg

 fo
r 3

 
we

ek
s

In
cre

as
ed

 th
e c

on
ce

nt
ra

tio
ns

 of
 B

DN
F i

n 
th

e h
ipp

oc
am

pu
s a

re
a i

n 
mi

ce
Ef

fe
cts

 on
 th

e 5
-H

T1
A 

re
ce

pt
or

s,d
op

am
ine

rg
ic,

 se
ro

to
ne

rg
ic 

an
d n

or
ad

re
ne

rg
ic 

sy
ste

ms
Ef

fe
cts

 on
 th

e n
eu

ro
tro

ph
ic 

fa
cto

rs 
an

d n
eu

ro
tra

ns
mi

tte
r 

sy
ste

ms

An
tu

ne
s e

t a
l. 2

01
6 

(9
2)

Do
na

to
 et

 al
. 2

01
4 

(9
4)

Na
rin

ge
nin

5,
 1

0,
 an

d 2
0 

mg
/k

g f
or

 3
 w

ee
ks

In
cre

as
ed

 th
e c

on
ce

nt
ra

tio
ns

 of
 B

DN
F i

n 
th

e h
ipp

oc
am

pu
s a

re
a i

n 
mi

ce
Ef

fe
cts

 on
 th

e n
eu

ro
tro

ph
ic 

fa
cto

rs 
an

d n
eu

ro
tra

ns
mi

tte
r 

sy
ste

ms
Yi 

et 
al.

 2
01

4 
(9

1)

Qu
er

ce
tin

50
 m

g/
kg

 fo
r 3

 w
ee

ks
De

cre
as

ed
 de

pr
es

siv
e s

ym
pt

om
s, 

pa
rti

cu
lar

ly 
in 

dia
be

tic
 ra

ts
An

tio
xid

at
ive

 ac
tio

ns
, r

ed
uc

tio
n 

lev
els

 of
 pr

o-
infl

am
ma

to
ry

 
cy

to
kin

e i
n 

th
e b

ra
in

De
mi

r e
t a

l. 2
01

6 
(9

0)

Sil
ym

ar
in

10
0 

an
d 2

00
 m

g/
kg

fo
r 2

 w
ee

ks
In

cre
as

ed
 th

e c
on

ce
nt

ra
tio

ns
 of

 5
-H

T 
an

d B
DN

F i
n 

th
e h

ipp
oc

am
pu

s a
nd

 
ce

re
br

alc
or

tex
 ar

ea
 in

 m
ice

An
tio

xid
at

ive
 ac

tio
ns

, r
ed

uc
ed

 le
ve

ls 
of

 pr
o-

infl
am

ma
to

ry
 

cy
to

kin
e i

n 
th

e b
ra

in,
 ef

fe
cts

 on
 th

e n
eu

ro
tra

ns
mi

tte
r 

sy
ste

ms

Th
ak

ar
e e

t a
l. 2

01
7 

(8
9)

7,
8-

Di
hy

dr
ox

yfl
av

on
e

1,
 3

, a
nd

 1
0 

mg
/k

g,6
0 

mi
n 

be
fo

re
 

tes
t

In
cre

as
ed

 th
e c

on
ce

nt
ra

tio
ns

 of
 B

DN
F i

n 
th

e h
ipp

oc
am

pu
s a

nd
 pr

ef
ro

nt
al 

co
rte

x 
ar

ea
 in

 m
ice

As
 Tr

kB
* a

go
nis

t c
an

 st
im

ula
te 

ne
ur

og
en

es
is 

in 
th

e 
hip

po
ca

mp
us

 ar
ea

An
tio

xid
at

ive
 ac

tio
ns

Zh
an

g e
t a

l. 2
01

4 
(9

5)

Ap
ige

nin
20

 m
g/

kg
 an

d 4
0 

mg
/k

gf
or

 3
 

we
ek

s
In

cre
as

ed
 th

e c
on

ce
nt

ra
tio

ns
 of

 B
DN

F i
n 

th
e h

ipp
oc

am
pu

s a
re

a i
n 

mi
ce

Ef
fe

cts
 on

 th
e n

eu
ro

tro
ph

ic 
fa

cto
rs

We
ng

 et
 al

. 2
01

6 
(9

3)

*	
Trk

B,
 tr

op
om

yo
sin

 re
ce

pt
or

 k
ina

se
 B

 



181Depression in Pregnancy and Postpartum Well-Being﻿

have suggested that Lactobacillus rhamnosus can significantly decrease the 
prevalence of depression in prenatal period (107).

Several mechanisms are proposed explaining that probiotics may play role 
in the reduction of depressive symptoms through changes in the expression 
of the neurotransmitter gamma aminobutyric acid (GABA) receptors in the 
brain (108) and/or changes in HPA axis function (109). Moreover, infant colic 
is associated with higher maternal depression scores, as shown in previous 
studies. The hypothesis was proposed that supplementation with probiotics 
can improve maternal mood through reduced infant colic (107). Figure 12.3 
depicts a summary of nutraceuticals that may a exert preventive role in pre-
natal depression.

12.7 � Summary
•	 Pre- and postnatal depression are prevalent mood disorders among 

women.
•	 Some nutrients are more useful for women during pregnancy and 

lactation, compared with non-pregnant women.

Vitamin D

B vitamins

Omega-3

Zinc

Flavonoids

Selenium

Iron

Probiotics

Prevention of

Prenatal
depression

Figure 12.3  Summary of nutraceuticals with a possible preventive role in prenatal 
depression.
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•	 EPA and DHA play important roles in brain development and function.
•	 Low concentrations of serum 25[OH]D during pregnancy and postpar-

tum could increase the risk of prenatal depression.
•	 During pregnancy, an inverse association between the amount of B2 

intake and the occurrence of PPD was observed.
•	 In pregnant women, low levels of Zn are associated with the severity 

of PPD symptoms.
•	 Iron deficiency in pregnancy may be associated with depressive 

symptoms. 
•	 Selenium can improve mood disorders.
•	 Serum concentrations of RBP may be a predictor of depression in 

pregnancy and the first week after childbirth.
•	 Some flavonoids have shown therapeutic effects on the treatment of 

behavioral disorders in animal studies.
•	 Several studies suggested that probiotics may improve mood disorders

12.8 � Future Research

Clinical and preclinical data have proven the role of some nutraceuticals in 
the prevention and/or treatment of depression during pregnancy and postpar-
tum, however, up to now many questions in this area, such as the duration 
and doses of treatment with nutraceuticals, remain unanswered and require 
further research. In addition, more studies are warranted to examine the pos-
sible effects of other nutraceuticals on prenatal depression. For example, cer-
tain serum levels of vitamins and micronutrients in the human body may be 
associated with the occurrence of prenatal depression. In addition, some anti-
oxidants and functional foods may play a role in the prevention and treatment 
of maternal mood disorders. 
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The Prevalence of Anemia 
in Postnatal Women

Arti Patel and Yashwant Pathak

Introduction

Anemia during pregnancy and the postpartum period is a critical public 
health issue affecting more than 56 million women worldwide.1 The main 
factors affecting postpartum anemia include prenatal iron-deficiency ane-
mia and hemorrhage or blood loss. Hemoglobin levels less than 110 g/L are 
an indication of iron-deficiency anemia in patients.2 Iron-deficiency anemia 
affects both maternal and fetal health, thus it is a topic of concern for many 
obstetrics/gynecology (OB/GYN) practitioners. Pregnant women with iron-
deficiency anemia are reported to experience symptoms such as fatigue, pal-
pitations, and an increase in respiratory effort. Iron-deficiency women are 
also at a higher risk of perinatal infections, preeclampsia, and bleeding. 
Iron-deficiency anemia is also linked to low fetal birthweight and premature 
delivery.2 This occurs when pregnancy and lactation increase iron demands; 
therefore, various treatment options have been made available for anemic 
women. These options include nutraceuticals such as dietary supplements 
and fortified foods. These topics will be addressed in this chapter as well as 
treatment options available for anemic individuals/patients. 

Pathophysiology of Anemia

Iron is necessary for various cellular functions such as respiration, oxygen 
transport, DNA synthesis, and electron transfer. A tightly regulated homeo-
static system allows iron levels to stay within a normal range and avoid 
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toxicity.3 Iron deficiency can be classified as microcytic with reduced cell vol-
ume, normocytic with normal cell volume, or macrocytic, which is an increase 
in cell volume. Furthermore, B12 and folate deficiency can lead to macrocytic 
anemia. Microcyctic anemia and hyperchromic anemia include various con-
ditions such as iron-deficiency anemia, thalassemia syndromes, anemia of 
chronic diseases, and congenital sideroblastic anemias.4 Iron deficiency and 
anemia occur when the balance between iron absorption, iron transport, and 
iron storage is disrupted. This develops as a result of increased iron require-
ments, limited external supply, and increased blood loss. Anemia is a condi-
tion where blood contains low levels of hemoglobin. The hemoglobin that is 
found in red blood cells contains iron which is used to bind and transport 
oxygen. These hemoglobin levels are then used to indicate iron deficiency. 
During pregnancy, most women have a lower than normal level of hemoglo-
bin because of an elevated accumulation of fluid. Anemia is generally classi-
fied as a hemoglobin level of less than 120 g/L. Hemoglobin levels less than 
100 g/L indicate anemia during any stage of pregnancy and should be treated 
as soon as possible in an effort to reduce any risks to the mother and fetus.5 
Serum ferritin levels are also used to indicate iron deficiency. Iron deficiency 
is classified as a serum ferritin level of less than 20–30 μg/L. Moderate iron 
deficiency is a serum ferritin level less than 70–100 μg/L. However, serum fer-
ritin is an acute phase reactant that is raised during infections and inflamma-
tion. Therefore, ruling out inflammation by testing for inflammatory markers 
is also advised when looking at iron deficiency. The most definitive way of 
testing iron deficiency is through bone marrow testing; however, this proce-
dure is invasive and not widely used. 

A protein that plays a valuable role in iron metabolism is hepcidin. Hepcidin 
is made by hepatocytes and secreted into an individual’s blood circulation. 
Since hepcidin can be detected in urine, it is useful for indicating that regula-
tion has been triggered at production sites. During pregnancy, fetal hepcidin 
is responsible for the transfer of iron from the mother’s plasma to the fetus’s 
circulation. If hepcidin levels are low, then iron will enter the blood plasma 
at a high rate. If hepcidin levels are high, then ferroportin is internalized and 
iron gets trapped in enterocytes and macrophages. During pregnancy and 
lactation, more external iron is required to meet increased demands and to 
support the mother’s blood volume. Moreover, an increase in iron will also 
help the fetus and placenta develop.5 The postpartum period usually refers to 
the six weeks after delivery. Postpartum anemia can cause symptoms such as 
palpations, shortness of breath, fatigue, and an increased risk of infections. 

Prevalence and Risk Factors

In 2003 around 6% of pregnancy-related discharges from US hospitals had the 
diagnosis of obstetric bleeding. One out of five of those diagnosed with obstet-
ric bleeding had anemia. Around the world, countries are showing an increase 
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in pregnancy-related hemorrhage and postpartum anemia. In Australia, the 
rate of hemorrhage is about 13.1% of deliveries. During the years 1998 to 
2003, postpartum anemia had increased in Germany from 12.2% to 15.6%. 
One study done in Germany showed that on the second day after giving birth, 
1 in 5 women were moderately anemic and 1 in 30 were severely anemic.6 
The prevalence of postpartum anemia is 50–80% in developing countries, 
making it slightly higher than in developed countries.7 Another study done 
in Switzerland showed that 31.8% of the subjects showed a decrease in iron 
stores, and 18.5% of those were diagnosed with anemia. The prevalence of 
iron-deficiency anemia was higher in individuals from Yugoslavia and other 
developing countries, compared to its neighboring developed countries.8 In 
Jordan, maternal iron deficiency has been linked to gestational age, BMI, his-
tory of prior surgeries, and multivitamin use.9 In Ethiopia, chronic illnesses 
and deficiency of iron or folic acid have been linked to maternal anemia.10 

A retrospective cohort study conducted in the United States found that the 
prevalence of postpartum anemia was 27%. Anemia rates were higher for 
minority, Hispanic, and African American women at 48%.11 Furthermore, 
African American women had a lower mean hemoglobin level and higher 
prevalence of postpartum anemia compared to other ethnic groups. A study 
of over 9,000 women showed that although they had normal hemoglobin 
levels during their third trimester of pregnancy, around 21% had postpartum 
anemia after delivery.12 Risk factors for postpartum anemia include prenatal 
anemia, maternal obesity, multiple births, and not breastfeeding. Maternal 
iron deficiency anemia during pregnancy doubles the risk of preterm deliv-
ery and triples the risk for low birthweight infants. The reasons for preterm 
births are not fully understood, however, it is hypothesized to be because of 
hypoxia in the placenta, increased oxidative stress that cannot be neutralized 
by dietary antioxidants, and reduced immune function leading to inflamma-
tory cytokines and the secretion of corticotropin-releasing hormones.13 The 
rate of fetal congenital abnormalities was not increased in anemic women 
who received iron supplementation. Low-income women in the United States 
have an 8% prevalence of anemia in the first trimester, 12% in the second tri-
mester, and 29% in the third trimester.14

A study done by Infante-Torres et al. found that the duration of the second 
stage of labor beyond 4 hours is safe for women who have not previously 
given birth. However, for multiparous women monitoring should increase if 
the second stage of labor exceeds 3 hours because of an increased risk of 
postpartum anemia.15 Studies have shown an increased risk of postpartum 
anemia from an episiotomy, primiparity, and prior cesarean section. A study 
by Rubio-Alvarez et al. found that perineal trauma, tearing, and episiotomy 
tripled the risk of postpartum anemia.16 

The type of delivery plays a role in postpartum anemia and hemorrhage. A 
study by Brichs et al. found that 82.3% of births using instruments such as 
forceps and vacuums increased the risk of postpartum anemia. Postpartum 
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anemia was influenced by delivery types such as venthouse at 67%, cesarean 
sections at 58.2%, and vaginal births at 37.2%.17 Another study by Daru et al. 
showed that the chances of maternal death were doubled in those who had 
severe anemia compared to the individuals who did not have anemia. Anemia 
was linked to poor maternal outcomes because of postpartum hemorrhage, 
antenatal sepsis, and postnatal sepsis.18 Teenage mothers are a high-risk group 
because of their own particular nutritional requirements, and growth spurts. 
Since they generally have suboptimal nutritional values, they are at a higher 
risk of developing iron-deficiency anemia during and after pregnancy.19

Treatments, Interventions, and Nutraceuticals 

Iron supplementation is necessary for treating anemia during pregnancy and 
during the postpartum period. For maximum benefits, iron supplementation 
should be started before conception.19 Additionally, the use of contraceptives 
prior to pregnancy has been found to lower the risk of low iron stores. This 
could be because contraceptives decrease the menstrual blood loss by 50%.20 
However, further studies should be done to establish the potential contracep-
tives have as a preventative measure for anemia. 

Supplements of other micronutrients should also be consumed in order to aid 
with fetal growth and development. These micronutrients include but are not 
limited to zinc, copper, vitamin A, vitamin E, vitamin B12, and folate. Folate, 
B12, and iron are necessary for active erythropoiesis to take place because 
they play a role in the accompanying DNA synthesis.21 During pregnancy, 
iron and folic acid levels decrease because of hematopoiesis, fetal cell divi-
sion, and elevated urinary loss of nutrients. Although supplement levels differ 
depending on deficiency levels, the World Health Organization recommends 
pregnant women to take at least 60 mg of elemental iron supplements and 
400 μg of folic acid supplements per day.21 Vitamin B12 and folate deficiency 
can cause megaloblastic anemia. Additionally, vitamin B12 deficiency may 
be caused by dietary restrictions, ineffective absorption, or metabolic inhibi-
tion. This B12 deficiency can be improved by consuming B12-rich foods such 
as milk, cheese, and eggs.22 Vitamin B12 deficiency can also be treated with 
intramuscular injections of hydroxocobalamin or oral supplements of cyano-
cobalamin.22 Folate is increasingly utilized during pregnancy, and therefore 
can cause women to become deficient. Consuming greater amounts of green 
vegetables and oral folic acid supplements can help combat folate deficiency. 
Correcting folate deficiency is crucial not only for the mother, but also for 
the health of the fetus. Folate plays a major role in the development of a fetal 
brain and spinal cord, therefore folate deficiency during pregnancy has been 
linked to various congenital birth defects. 

Women who had an early diagnosis of anemia but were not treated with iron 
supplementation showed a shorter gestational period and a higher rate of 
preterm births. However, this increased rate of preterm births was not found 
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in anemic women who were treated for anemia in their first trimester of preg-
nancy. Severe nausea and vomiting were reduced in individuals who took iron 
supplementation.23 Although various treatments exist to help boost iron levels 
during anemia, it is important to weigh the harms and benefits of treatments 
on both the mother and fetus. 

The following treatment options include nutraceuticals such as oral iron and 
folate supplements, as well as treatment options for severe anemia brought on 
by postpartum hemorrhage.

Oral iron therapy: Nutraceutical oral iron therapy can be ingested in the 
form of pills, capsules, and extended-release tablets. Oral iron supplements 
can contain ferrous fumarate, ferrous gluconate, or ferrous sulfate, all of 
which contain specific amounts of elemental iron that will be absorbed by the 
body. Oral iron is one of the main treatments for general anemia in most of 
the population as well as in patients who are pregnant. Oral iron treatment is 
used for individuals that have mild to moderate anemia. The body absorbs the 
iron from the stomach and intestines. Treatment is usually given for several 
months. However, some adverse effects that may discourage individuals from 
completing treatment include nausea and constipation.24 When iron reserves 
are low in the body, it will increase gastrointestinal iron absorption. Therefore, 
oral iron treatment can be beneficial for postpartum iron deficiency or bleed-
ing. To optimize the benefits and absorption of oral iron therapy, it is benefi-
cial to take it in between meals in order to avoid interference with food iron 
sources as well as side effects.25 A recent study showed that lactoferrin treat-
ment for replenishing iron could be a better treatment option compared to 
ferrous sulfate. This is because it produces fewer gastrointestinal side effects 
and therefore increases compliance.26 Some studies in the past showed that 
taking oral iron supplements with vitamin C increased iron absorption by the 
body, however, more recent studies show that ingesting both simultaneously 
can actually cause toxicity and gastrointestinal side effects.27 

Folate: Folic acid and vitamin B9 are necessary for DNA synthesis, cell pro-
liferation, and growth. Folic acid is used as an adjunct with other iron treat-
ments to help increase iron and folate levels in the body. 

Parenteral iron therapy: As an alternative to oral iron therapy, parenteral 
iron therapy can be given intravenously or with injections. Various types 
of parenteral iron products include iron dextran, ferric gluconate, and iron 
sucrose.28 An advantage of iron dextran is that the patient can be treated with 
a full dose in one hospital visit. However, iron dextran has been associated 
with more adverse effects such as hypertension, malaise, abdominal pain, 
and nausea after the administration. Parenteral iron therapies generally have 
more pain and irritation at the injection site, as well as allergic reactions 
noted with their use. Intravenous iron therapy given in the first trimester can 
help replenish iron supplies and decrease the need for blood transfusions 
in the postpartum period. Intravenous iron produces a faster and higher 
concentration of hemoglobin compared to iron.29 Parenteral iron therapy is 
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preferred for cases of impaired absorption or intolerance of oral iron.30 A 
study by Seid et al. compared the efficacy of ferric carboxymaltose with oral 
ferrous sulfate and found that patients tolerated and benefited more from 
carboxymaltose injections. The study noted that patients achieved greater 
hemoglobin levels and a faster rate and obtained higher serum transferrin 
and ferratin levels.31 Studies investigating the benefits of parenteral iron ther-
apy over the gold standard oral treatment are continuously being carried out, 
bringing us closer to the best treatment option for patients with postpartum 
anemia. 

Erythropoietin: When oxygen levels are low, erythropoietin is produced 
by the kidneys. This hormone stimulates blood formation in the bone mar-
row. Erythropoietin was originally used to treat anemia associated with kid-
ney disease, then it was used to treat postpartum anemia as a substitute for 
blood transfusions. However, because of various adverse effects and links to 
hematological cancers, it is now rarely being used for postpartum anemia.32 
Most women suffering from postpartum anemia have normal immune func-
tion and still have high endogenous erythropoietin levels, therefore rhEPO 
(recombinant form of the hormone erythropoietin) treatment does not have 
any major effect. Receiving external erythropoietin treatment is beneficial if 
the patient has low serum erythropoietin levels, infections, or inflammatory 
disorders. A study done using recombinant human erythropoietin treatment 
for postpartum anemia showed that anemia should be treated by rhEPO for 5 
days postpartum, and for 15 days postpartum in the case of severe anemia.33 
Extended use of rhEPO treatment increases the hemoglobin and hematocrit 
levels at a faster rate. 

Blood transfusions: Postpartum anemia, especially that resulting from 
excessive bleeding during birth, can be treated using allogeneic blood trans-
fusions. Cesarean section is one of the greatest risk factors for postpartum 
anemia because of the major blood losses associated with it.34 Blood transfu-
sion should be considered when hemoglobin levels go below 60 g/l.34 
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Introduction 

Herbs have been an integral part of our society for centuries for both medicinal 
and non-medicinal use. Herbal medicine has been in existence for thousands 
of years and still persists today, even with the presence of modern medicine, 
as people become aware of the side effects and potency of the latter (Nikam 
et al. 2012). It encompasses herbs, herbal materials, herbal preparations, and 
finished herbal products that consist of parts of plants, or plant materials, or 
combinations, as active ingredients (Kamboj 2000, Al-Ramahi et al. 2013). 
Over decades, by means of local tradition, familiarity, and even social pres-
sure, women have turned toward the consumption of herbal medicine during 
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pregnancy to combat their physiological symptoms and to enhance the health 
of the mother as well as their baby (Ahmed et al. 2017). The most commonly 
reported clinical indications of using herbal medicine includes nausea, vomit-
ing, induction of labor, swollen feet, constipation, and backache (Zamawe et 
al. 2018; Samavati et al. 2017). 

There is also a certain amount of dissatisfaction related to conventional 
healthcare in terms of the holistic approach herbal and alternative therapies 
proclaim. It is commonly believed that herbal medicines or nutraceuticals 
are better and safer compared to conventional medicines (Chan et al. 2003). 
There is no licensed medicine associated with the aforementioned pregnancy-
related morning sickness or insomnia (Holst et al. 2009). However, pregnant 
women view herbal medicine as a prime method of cure without considering 
their complex physiopathological and pharmacological aspects. Social demo-
graphics, such as geopolitical zones and educational attainment, can play 
an important role on the mind-set of the women about the safety of herbal 
medicine along with their effects for the fetus (Mothupi 2014). However, they 
fail to recognize the possible toxicity of certain chemicals in the herbal drugs 
could have, triggering malformations in the fetus (Tiran 2003). The embryonic 
period of a fetus in the first trimester is a very critical time due to the level 
of vulnerability it poses for the development of an embryo to fetus. A fetus 
may develop major physical malformations or have its metabolism influenced 
via epigenetic modifications if exposed to harmful chemical and biological 
agents, drugs, and radiation as well as if deprived of certain nutrients (Chuang 
et al. 2006) (Table 14.1).

The World Health Organization (WHO) has estimated that about 80% of the 
developing countries’ population relies on traditional medicine to provide 
their primary healthcare needs due to its natural origins and ease of avail-
ability (Mukherjee et al. 2006). The use of herbal medicine for maternal health 
has been researched in developed countries such as Norway and the United 
States. It was found that the prevalence of herbal as well as other alternative 

Table 14.1 Some Common Symptoms Experienced by 
Women in the United Kingdom

Symptoms experienced
Percentage of women experiencing symptoms 

during pregnancy

Morning sickness 70

Insomnia 66–94

Heartburn 30–50

Ankle edema 12

Anemia 14–52

Urinary tract infections 1–13

Constipation 11–38

Source:	 Holst et al. (2009).



199Uterine Growth, Gestational Age and Mortality Rate﻿

therapies ranged from about 9% to 36%, which is mostly associated with 
higher education and with cultural minorities (Mothupi 2014). The prevalence 
of nutraceuticals is up to 60% in developed countries, in particular Asian 
countries, which are known to be pioneers of traditional healthcare systems 
such as Ayurveda and Chinese medicine (Mukherjee et al. 2006). It is not an 
unusual sight to see medicinal plants along with their preparation widely 
available in condimental and homeopathic Asian stores. People often visit 
traditional healers to seek herbal medicine for their ailments (Ahmed et al. 
2017). These herbal medicine extracts are sold over the counter in several 
countries, including the United States and the United Kingdom, without hav-
ing to submit proof of safe consumption since they are categorized as food. 
In African countries, herbal medicine continues to play a crucial role in preg-
nancy and labor alongside their healthcare systems. Traditional medicine is 
used depending on the severity of the illness and availability of medicine (Van 
der Kooi et al. 2006). In urban sub-Saharan Africa, the use of herbal medicine 
during pregnancy, labor, or the postpartum period ranges from 30% to 70% 
(Mothupi 2014). For instance, the rural population of Africa highly depends 
on herbal medicine due to the lack of healthcare facilities in their proximity. 
The rest of the population with access to Western medicine has also returned 
to alternative medicine especially without any detailed knowledge or advice 
of a healthcare professional. Unfortunately, the incidence of threatened mis-
carriage has increased along with a decrease in the size of newborns of an 
adequate gestational age in females self-medicating on herbal supplements 
(Ahmed et al. 2017). 

Background of Nutraceuticals Used during Pregnancy

The consumption of nutraceuticals is most common during the first and 
third trimesters of pregnancy to prevent disorders and nutrient deficiency. 
Glucosamine, ginseng, echinacea, folic acid, cod liver oil, omega-3, calcium-
enriched orange juice, and green tea are some popular nutraceuticals.

Folic Acid
Folic acid supplements have been recognized as a crucial nutrient before 
conception and during the first trimester of pregnancy because they can 
reduce the risk of neural tube defects in children. Neural tube defects are 
birth defects of the brain and spinal cord and occur when the neural tube 
doesn’t close early in embryonic development. In 1992, the US Public Health 
Service recommended that all fertile women consume 400 μg of folic acid 
daily in order to reduce the number of spina bifida and other neural tube 
defects. A report indicated that the number of pregnancies affected by neu-
ral tube defects in the United States dropped from 4,000 in 1995–1996 to 
3,000 in 1999–2000 after women started using folic acid supplements (CDC 
2004). A study was conducted in order to determine how common neural tube 
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defects were among several women who never used multivitamins before 
or after conception and women who did (Milunsky et al. 1989). The study 
concluded that among women who never used multivitamins before or after 
conception, the occurrence of neural tube defects was 3.5 per 1,000 (Milunsky  
et al. 1989). The study also demonstrated that neural tube defects were lower 
(0.9 per 1,000) among women who consumed folic acid multivitamins during 
the first 6 weeks of pregnancy (Milunsky et al. 1989). However, recent stud-
ies in mice and infants show that the intake of folic acid supplements during 
pregnancy can have unfavorable effects on respiratory health in early life 
(Whitrow et al. 2009). It has been established that folic acid supplements can 
modify the status of methylation-sensitive, DNA-binding proteins (Whitrow 
et al. 2009). When tested on mice, it was demonstrated that DNA changes 
caused by folic acid supplements can affect the expression of T-helper type 2 
cytokines during fetal development, which in turn modify the inflammatory 
response and therefore increases the risk of allergic airways disease in the off-
spring (Whitrow et al. 2009). A study was conducted in Norway to investigate 
the correlation between folic acid supplements during pregnancy and the risk 
of lower respiratory tract infections and wheeze in children up to 18 months 
of age (Håberg et al. 2009). The study found that folic acid supplements taken 
during pregnancy were related to an increase in wheeze and lower respiratory 
tract infections (Håberg et al. 2009).

Docosahexaenoic Acid and Fish Oil 
Docosahexaenoic acid (DHA) is abundant in fish and it is critical for the 
growth and development of the brain in children (Horrocks and Yeo, 1999). 
The supplementation of DHA improves mental development since the brain 
prefers taking up DHA to other fatty acids. Deficiencies of DHA are linked 
with fetal alcohol syndrome, attention deficit hyperactivity disorder, cystic 
fibrosis, phenylketonuria, unipolar depression, aggressive hostility, and adre-
noleukodystrophy (Horrocks and Yeo, 1999). A cognitive assessment was 
done on children who were 2½ years old and whose mothers received fish 
oil supplements during pregnancy. The study found that the children whose 
mothers consumed fish oil supplements during pregnancy had higher scores 
for eye and hand-eye coordination than those whose mothers didn’t consume 
the fish oil supplements (Dunstan, Simmer & Dixon 2008). Another study 
tested the effect of fish oil on pregnant women and on the risk of persistent 
wheeze or asthma in their offspring (Bisgaard et al. 2016). That study found 
that consuming fish oil supplements in the third trimester of pregnancy low-
ered the risk of persistent wheeze or asthma and infections of the lower 
respiratory tract in offspring by one third (Bisgaard et al. 2016).

Many benefits have been related to the consumption of omega-3 fatty acids 
during pregnancy, including improvements in neurodevelopment in the child. 
Omega-3 fatty acids play a critical role during pregnancy because they are 
the building blocks of fetal brain and retina (Coletta 2010). Studies have been 
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done on animals and have demonstrated a link between a lack of omega-3 
fatty acids during pregnancy and visual and behavioral deficits (Coletta 2010). 
A further study used different tests to evaluate neurodevelopmental outcomes 
among children whose mothers consumed fish oil and mothers who didn’t. 
The study found that higher consumption of fish during pregnancy resulted 
in higher visual recognition memory and higher scores of verbal intelligence 
(Coletta, 2010).

Ginger
Ginger is often used for its anti-nauseant and anti-emetic properties to curb 
nausea and hyperemesis gravidum (Laelago 2018). Based on a review con-
ducted on four different studies, a daily intake of 1 g of ginger is more effec-
tive against nausea and vomiting than the placebo, without any detectable side 
effects for the following three weeks (Holst et al. 2009). This natural root also 
seemed to have the highest percentage of users (47%) in the aforementioned 
study. GraviFrisk, sold in Denmark and containing 6 g of dried ground ginger, 
was advertised for pregnant females but soon withdrawn for having a high 
amount of ginger and limited documentation on safety (Holst et al. 2009). At a 
concentration of more than 1,000 mg of daily usage, ginger can trigger blood 
thinning, discomfort in the stomach, and heartburn (Laelago 2018).

Blue Cohosh
Blue cohosh or Caulophyllum thalictroides is a small perennial plant that 
grows mostly in the northeast of American. Native American women were the 
first to begin brewing the roots as tea, in order to curb the pain associated 
with menstrual cramps and childbirth (Dugoua et al. 2008). Traditionally, 
expectant mothers consume blue cohosh with a combination of herbal medi-
cines such as squaw vine, raspberry, black cohosh, and false unicorn, espe-
cially during their third trimester called mother’s cordial or partus preparatus. 
Approximately 64% of the certified nurse midwives in 1999 claimed to use 
blue cohosh during labor preparation. Even in modern times, in countries like 
the United States, blue cohosh is frequently utilized as a labor inducer to aid 
the process of childbirth and make it quick as well as painless for the mother 
(Dugoua et al. 2008).

Ginseng
Ginseng is consumed to improve immunity, sexual performance, and energy 
(Tiran 2003). According to one study, about 9.1% of pregnant women in the 
United States and 10% of pregnant women from Asian countries consumed 
ginseng supplements (Chan et al. 2003). The effects of oral consumption ver-
sus direct treatment of ginseng extract starting at 50 mg/kg to 2,000 mg/kg 
were investigated in vitro using pregnant mice throughout the gestation period 
(Belanger et al. 2016). Although oral consumption did not have a negative 
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effect at any point during the pregnancy, the direct treatments of ginseng had 
detrimental effects on the preimplantation development in vitro (Belanger et 
al. 2016). On the other hand, Chin’s study (1991) concluded that 88% of preg-
nant women had a high risk of adverse fetal outcome and some minor side 
effects such as diarrhea, vaginal bleeding, insomnia, tender breasts, dizziness, 
headaches, and, in certain severe cases, mania (Tiran 2003).

Mwanamphepo
Mwanamphepo is a term used to describe local Malawian herbal medicines, 
which are often given to expectant mothers to induce or hasten labor (Zamawe 
et al. 2018). A group of researchers conducted a cross-sectional analysis in 
rural Malawi over a period of 5 years to scrutinize the adverse effects of 
mwanamphepo on maternal and neonatal outcomes (Zamawe et al. 2018). 
Expectant mothers have also been known to drink raspberry leaf tea, as it 
is said to tone the uterus for labor, preventing postmaturity and, less pain-
ful yet more effective, Braxton Hicks contractions. Over the decades, women 
and medicinal herbalists have prescribed raspberry tea, however, it should be 
avoided in the third trimester and by women with uterine scars and a history 
of preterm labor (Tiran 2003) (Table 14.2).

Table 14.2 Herbs Commonly Consumed by Expectant Mothers for Easing Pregnancy-
Related Symptoms

Common name Scientific name Symptoms cured and benefits References

Echinacea/coneflower Echinacea purpurea Prevent or treat cold Holst et al. (2009)

Ginger Zingiber officinale Nausea/sickness Wilkinson et al. 
(2000)

Chamomile Matricaria chamomilla Insomnia, joint pain, gastrointestinal tract 
irritation

Holst et al. (2009)

St. John’s wort Hypericum perforatum Depression/relaxation Al-Ramahi et al. 
(2013)

American cranberry Vaccinium macrocarpon Urinary tract infections Al-Ramahi et al. 
(2013)

Blue cohosh Caulophyllum 
thalictroides L. Michx

Labor induction Al-Ramahi et al. 
(2013)

Raspberry leaf Rubus idaeus Prepare uterus for labor contractions, increase 
milk production, and relieve nausea

Tiran, (2003)
Al-Ramahi et al. 

(2013)

Ginseng Panax ginseng Improve immunity and energy Belanger et al. 
(2016)

Peppermint Mentha spicata Nausea, vomiting, flatulence, indigestion, and 
heartburn

Al-Ramahi et al. 
(2013)

Clary sage Salvia sclarea Increase in oxytocin levels during labor Tadokoro et al. 
(2017)
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Impact on Uterine Growth

Native Americans have a long history of using blue cohosh for gynecological 
issues. Blue cohosh is found in a variety of forms in North America. Black 
cohosh is often used in conjunction with blue cohosh, which has been known 
to have oxytocic and abortifacient effects. According to a survey conducted for 
certified nurse-midwives, this labor-inducing herb has caused complications in 
about 21% of cases (Irikura & Kennelly 1999). These complications included 
nausea, meconium-stained fluid, and transient fetal tachycardia. The amount 
of glycosides—caulosaponin and caulophyllosaponin—present in blue cohosh 
were the main reason for its oxytocic effects. Moreover, there have been find-
ings of some seriously toxic alkaloid extracts in blue cohosh, namely:

•	 Anagyrine—hazardous if present in a concentration of 290 ppm, this 
teratogen is found in grazing animals and causes congenital deforma-
tions. Its activity in humans is not known at this time, but the FDA 
discourages the consumption of anagyrine at any concentration. 

•	 N-methylcytisine—hazardous if present in a concentration of 20 ppm, 
this potentially harmful chemical has caused malformation in rat 
embryos, has restricted growth, and caused morphogenesis in the 
embryos. It has an effect similar to nicotine.

•	 Taspine—hazardous if present in a concentration of 0.5 ppm, this 
compound has been known to kill rat embryos at a concentration of 
5 ppm. It is highly cytotoxic and a possible human teratogen (Irikura 
& Kennelly 1999). 

Green tea or Camellia sinensis originated in East Asia and is now consumed 
by people all over the world, primarily for its antioxidant effects as well as 
anti-inflammatory benefits (Laelago 2018). Although this miracle tea has a 
myriad of beneficial qualities, it contains caffeine, which has been shown to 
put pregnant women at risk of spontaneous abortion if consumed in large 
doses, for example of about 375 mg or more. According to a study conducted 
on 62 pregnant women, those who consumed over 300 mg/day caffeine con-
ceived babies with low birthweights (Laelago 2018). The effect of green tea 
extract was analyzed in Winstar rats, which were given either water or green 
tea extract diluted in water and had either controlled or high-fat diets during 
pregnancy. The offspring of the rats consuming the green tea extract, regard-
less of the diet, displayed modification in the inflammatory cytokines and 
p-NFκB p50 (primary antibodies), which resulted in a pro-inflammatory envi-
ronment in their adipose tissues. Therefore, this extract is capable of altering 
the metabolic development of their offspring in utero (Hachul et al. 2018). 

Impact on Gestational Age

Golden ragwort (Senecio aureus L.) is a short-lived perennial forb that belongs 
to the Aster family. Cherokee Indians used the roots and leaves of this plant in 
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teas for heart trouble and for preventing pregnancy (USDA NRCS). Moreover, 
other Native Americans have used it for the following reasons:

	 1.	Help with childbirth
	 2.	Regulate menstruation
	 3.	Treat lung disease (such as tuberculosis)
	 4.	External ointments for ulcers and wounds
	 5.	Treat urinary tract diseases

Later, through research, it was discovered that the leaves of this plant con-
tained a low toxicity alkaloid called pyrrolizidine (USDA NRCS). Pyrrolizidine 
alkaloids (PA) are plant toxins, which cause human as well as plant diseases. 
During the metabolism process of this plant, the liver converts the alkaloids 
into highly reactive electrophiles that react with the macromolecules to form 
an adduct, further resulting in either acute or chronic toxicity. PAs are also 
known to act as teratogens and as abortifacients (Prakash et al. 1999). All 
herbal abortifacients are to be avoided during pregnancy since the side effects 
can be harmful to the pregnant mother.

Raspberry leaf has not yet been shown to significantly affect either the mother 
or the baby, as demonstrated by a blind, placebo-controlled randomized study. 
This study also revealed that there was no reduction in the first stage of labor; 
however, it depicted a distinct decrease in the second stage of labor, including 
a reduced rate of deliveries using forceps (Dog 2009). 

Fennel (Foeniculum vulgare) has been investigated for its ability to reduce 
the contractions and gestational age. The fennel essential oil tested on preg-
nant rats using different dosages led to a significant decrease in the induced 
contractions at lower concentrations of 0.93 mg/ml (Samavati et al. 2017). A 
cohort study consisting of 630 expecting mothers revealed that, upon regular 
consumption of fennel during pregnancy, the gestational age was shortened 
compared to women who did not consume fennel during the course of their 
pregnancy.

Impact on Mortality Rate

Birth defects of the spinal cord can lead to significant illness and mortality 
depending on the location and severity of the lesion. Anencephaly is the 
most severe and usually ends in a miscarriage or leads to death in days 
or weeks. The less severe lesions are spina bifida and a variety of mor-
bidities, such as urinary and fecal incontinence and paralysis of the lower 
limbs (Krista 2011). A research study was conducted to evaluate the effect of 
folic acid supplementation on neonatal mortality due to neural tube defects 
(London School of Hygiene and Tropical Medicine; Blencowe et al. 2010). 
That study found that folic acid supplementation reduces neonatal mortality 
from neural tube disorders.
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Another study was performed to illustrate a correlation between taking folate 
during pregnancy and a reduction in neonatal deaths and low birthweight 
babies (Lassi et al. 2013), but it found that there was no association. Pregnant 
women have also used ginseng, but since its safety hasn’t been established 
in humans, it is not recommended. According to the Natural Standard Herb 
and Supplement Guide, neonatal death and the development of male charac-
teristics were seen in a baby whose mother used ginseng during pregnancy 
(Ulbricht 2010).

Ginger is frequently used as a cure for morning sickness, but the 6-gingerol 
that is responsible for the spicy taste of ginger has teratogenic properties. This 
compound has affected some essential embryonic developmental processes, 
for instance, disruption of angiogenesis (Samavati et al. 2017). During one 
study, it was confirmed that ginger inhibited the proliferation as well as tube 
formation of primary cultured human endothelial cells via down-regulation of 
cyclidin D. Meanwhile, in mice, it was seen that tumor growth was inhibited 
by its anti-angiogenic properties. It is supposedly very embryotoxic in the 
second and third trimesters of pregnancy for reasons shown in Figure 14.1 
(Samavati et al. 2017). 

Regulation and Safety of Herbal Medication

A large proportion of the population uses herbal remedies for minor aches 
and complaints rather than rushing to a clinic. Herbal medicine is neither 
studied as extensively as its conventional counterpart nor does it undergo a 
standard regulatory process (Mansoor et al. 2017). The lack of evidence of 
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Figure 14.1  Displays the crucial reasons why ginger should be avoided in the second 
and third trimesters as a remedy for morning sickness in pregnant women.
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the effectiveness as well as the safety of these nutraceuticals has definitely 
raised some concerns among public health practitioners (Chuang et al. 2006). 
These herbal drugs are distributed in the form of water decoctions or ethano-
lic extracts rather than in their fresh or crude form (Kamboj 2000). Creating 
cheaper alternatives of herbal medicines can result in serious health issues. 
Adulteration of herbal drugs using heavy metals, pesticides and other con-
taminants can be very harmful for consumers. The term nutraceutical can be 
difficult to define since the exact concentration of active ingredients present 
is often unknown. For instance, blue cohosh is known to contain vasoactive 
glycosides and alkaloids that have demonstrated harmful effects on the myo-
cardium during animal testing. Although primary public health programs for 
women have encouraged the consumption of 400 μg of folic acid daily, not 
many women have complied. A recent study in the UK demonstrated that 
women planning a pregnancy only slightly increased their intake of folic acid 
supplements. Due to the lack of compliance, many countries have been imple-
menting mandatory fortification programs to enhance their effects and lower 
the risks of neural tube defects (Krista 2011).

Regulations have also been placed for the mandatory fortification of wheat 
flour with folic acid in 53 countries (Krista 2011). A minimum level of folic 
acid fortification has been implemented in countries such as the United States, 
Canada, Chile, South Africa and Costa Rica (Krista 2011). Mandatory fortifi-
cation of cereal grain products with folic acid was implemented in the US 
in 1998. However, research shows that folic acid might need to be added to 
further food products in order to reach all women effectively (Krista 2011) 
(Table 14.3).

Future Applications

Nutraceuticals should be created with plants that are free from harmful pesti-
cides, heavy metals, and radioactive chemicals, and free of any microbial con-
tamination. The extract from the herbs must be thoroughly analyzed for the 
indicated biological activity in vitro model before use. This active ingredient 

Table 14.3  The Classification of Herbs According to their Safety and Therapeutic Use

Therapeutic 
use Safe to use

Use with 
caution

Not 
recommended Forbidden

No human 
data available

Laxative Senna Flaxseed (2nd 
and 3rd 
trimester)

Fenugreek — Rhubarb, flaxseed 
(1st trimester)

Anti-emetic Ginger (1st 
trimester)

Fennel, ginger 
(2nd and 3rd 
trimester) 

— Cannabis —

Source:	 Samavati, R. et al. (2017).
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must then go through a standardization process followed by a stabilization 
process to ensure a shelf life of at least a year before being marketed for 
public use. Advanced standardization techniques, such as chromatographic 
fingerprinting, HPLC, HPTLC, LC-Mass Spectrophotometry, and LC-NMR, 
must be carefully controlled to detect impurities and possible toxins (Nikam 
et al. 2012). Certain herbal drugs should be dispensed as prescription drugs 
or over the counter (OTC) products based on the type of treatment/ailment 
(Kamboj 2000).

Conclusion

Based on most of the aforementioned research studies, contrary to the popu-
lar belief that herbal remedies are safe, they can cause harm as they are 
not regulated. Pregnant women tend to use herbal medicine alongside the 
prescribed medicine as they consider the former safe compared to the latter. 
Factors associated with this decision are level of education, ethnicity, and, most 
importantly, the use of herbal medicine by friends and family (Pallivalipila et 
al. 2017). It is essential that health professionals and/or midwives ask their 
patients about consumption of any herbal remedies and/or nutraceuticals for 
treating their symptoms (Holst et al. 2009). The use of herbal products by 
expectant mothers should be accompanied by appropriate counseling as well 
(Al-Ramahi et al. 2013). 
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Introduction
Nutraceuticals for Bones
Bones are an integral and important part for a sound body and a healthy 
life. Bone well-being is particularly essential for all age groups as it is 
the main foundation that provides support and protection to the body. 
By following healthy diet and exercises we can build strong bones and 
avoid long-term, dependable, and painful medical issues. Milk is the key 
component in the eating regimen that is most effective for bone health. At 
one time people would consume milk from the animals. In the later phase 
of the twentieth century, research acknowledged milk’s significance as a 
part of balanced eating regimen (Braithwaite et al. 2014). 

In the mid-nineteenth century raw milk was distributed in metal buckets and 
could still be warm from the dairy animals it came from when it arrived at its 
destination. This technique of distribution was not appropriate for the deliv-
ery of fresh milk in cities, however, therefore over time the methods of col-
lection and distribution of milk have changed. The consumption of raw milk 
can be hazardous to health, as harmful bacteria may be present, for example, 
salmonella, E. coli, and listeria which are responsible for some food-borne 
ailments. Pasteurization, homogenization, fortification, and, finally, packaging 
in plastic containers were developed to address distribution and food safety 
issues (Braithwaite et al. 2014).

Pasteurization, invented by Louis Pasteur in 1863, is a technique that involves 
heating the milk to a temperature greater than 161 ºF for a short period of 
time; this kills 99% of bacteria, molds, and yeast. The pasteurization tech-
nique was an initial innovation, extending the shelf life of milk by around 
half a month but along with destroying infectious bacteria, it also destroys 
essential minerals such as vitamins, enzymes, and some beneficial bacteria. 
Additionally, milk may also be purified by microfiltered processes, by being 
passed forcefully through ceramic filters to remove bacteria that are then 
homogenized to prevent separation into butter–fat globules and milk fluid. In 
the homogenization process, milk is emulsified under intense pressure as it 
is pumped through narrow tubes in which the fat globules are broken down 
into smaller ones, and, in turn, it does not lose the milk’s nutritional value 
or its effectiveness. In further developments, the dairy industry has gone 
through numerous progressions to raise milk production, quality, and distri-
bution (Varoni & Iriti 2016). 

Resveratrol: Bone Health ...........................................................................228
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Nutraceuticals and Functional Foods 

The term “nutraceuticals” was derived from the words “nutrient” (a food com-
ponent) and “pharmaceutical” (a medical drug), coined in 1989 by Stephen 
DeFelice, founder and chairman of the Foundation for Innovation in Medicine, 
an American organization located in Cranford, New Jersey. 

“Nutraceuticals” is a broad term used to indicate any product derived from 
food sources that has extra health benefits in addition to the basic nutritional 
value found in the food. They are considered to be non-specific biological 
treatments that can be utilized to promote general well-being and control 
symptoms of any disorders.

The hypothesis behind the utilization of nutraceuticals is to prevent several 
types of disorders and illness, with the goal of improving the health of human 
beings by daily diet (Varoni & Iriti 2016). 

Classification of Nutraceuticals
Nutraceuticals and related products can generally be characterized on the 
basis of their natural sources, pharmacological conditions, and chemical con-
stitution of the products. Most frequently they are grouped in the following 
classes: (1) dietary supplements, (2) functional foods, (3) medicinal foods, (4) 
pharmaceuticals.

Dietary Supplement

A dietary supplement contains nutrients derived from food products that are 
available in the form of liquids, capsules, powders, or pills. They are regulated 
by the Food and Drug Administration (FDA) as foods that differs from drugs 
and other food regulations.

Functional Food 

Functional food includes whole foods and fortified foods containing enriched 
or enhanced dietary components that may decrease the risk of chronic dis-
ease and provide a health benefit beyond the traditional nutrients it contains.

Medicinal Food
Medicinal food is formulated to be consumed or administered internally, 
under the supervision of a certified physician. It is used for specific dietary 
management of a disease or condition for which nutritional requirements pre-
requisites are established by the medicinal assessment.
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Pharmaceutical 
Pharmaceuticals are valuable medical components obtained from modified 
agricultural crops or animals. Advocates of this concept believe that utiliz-
ing crops (and potentially even animals) as pharmaceutical factories is con-
siderably more cost-effective than conventional methods of production, with 
higher income for agricultural producers.

Maternal Behavior and Bone Development 
Bone Structure and Function 
Bone is a composite of stringy collagen strands, which can be compared 
to the steel rebar in concrete, and a stronger solidified, mineralized core, 
which contains a higher content of calcium, again in a similar way to con-
crete. However, bone is a living tissue that, although it may look inactive at 
first glance, is persistently breaking down and reforming new bone so that it 
remains adapted to mechanical burdens and stresses. The human body made 
up of 206 bones and other connective tissues called tendons, ligaments, and 
cartilage. Bones are connected to each other by ligaments whereas tendons 
connect bones to muscles, and cartilage furnishes bones with greater flex-
ibility and acts as a cushion in the joints between bones. The skeleton gives 
protection and structural support for all the other organ systems in the body. 
The skull, or cranium, protects the eyes, ears, and brain. The ribs help to 
form a cage that surrounds and protects the lungs and heart. In addition to 
this, red blood cells (RBCs) and white blood cells (WBCs) and platelets are 
synthesized in bone marrow. Bones also contain a complex network of canals, 
blood vessels, and nerves that provide storage for minerals, such as calcium, 
phosphorous, and magnesium, allowing nutrient transport and contact with 
other organ systems (Mine & Shahidi 2005). 

Bone Anatomy and its Structure 
It is essential to understand bone anatomy to consider bone health through 
nutrition. The skeleton is made up of two principal parts, the hub or axial, and 
the appendicular parts. The hub skeleton is made of 88 bones and comprises 
the skull, vertebral column, and rib cage. The appendicular skeleton is made 
of 126 bones and comprises of the shoulder girdle, pelvic girdle, and upper 
and lower extremities. Bones are likewise classified by size and shape, which 
allows for their different functions. There are four kinds of bone: long bones, 
short bones, flat bones, and sporadic/irregular bones. The longest bone in the 
human body is the femur (or “thigh” bone), which stretches out from the hip 
to the knee, and supports the body’s weight when standing, walking, or run-
ning. The wrist is made of eight irregular-shaped bones, which take account 
of the intricate movements of the hands. The twelve ribs on each side of the 
body are bent flat bones that protect the heart and lungs (Trisha 2003) .
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Bones are made of approximately 65% mineralized matrix grid (inorganic 
material), which mostly consists of crystallized hydroxyl apatite of bone tis-
sue and is responsible for its rigid structure. The other 35% of bone is mostly 
fibrous protein, collagen (organic material). The collagen fibers are arranged 
throughout the bone tissue, which gives flexibility and strength. The bones’ 
inorganic and organic materials are organized into two distinct tissue types. 
There is spongy bone, called trabecular or cancellous bone, and compact 
bone called cortical bone (Figure 15.1). These two tissue types contrast in 
their microstructural design and porosity. Trabecular bone is 50% to 90% 
porous, making up around 20% of the adult skeleton, and it shows a lattice-
like structure under the microscope. It is found at the ends of long bones, in 
the centers of vertebrae, and in the pelvis. The more dense cortical bone is 
about 10% porous and makes up about 80% of the adult skeleton. It looks like 
many concentric circles sandwiched together (Figure 15.2). Cortical bone tis-
sue surrounds all trabecular tissue and is the main tissue in the shafts of long 
bones (Pandey et al. 2018).

Figure 15.1  Different parts of bone tissues.

Figure 15.2  Basic types of bones.
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Osteoporosis and Nourishment 
Osteoporosis is a widely spread inflated bone disorder which results in grad-
ual thinning and weakening of the bones. If this weakening of bones goes 
untreated, at some point the bones are probably going to break or crack with 
minor injury or with little trauma. Importantly, women are at a higher risk of 
developing osteoporosis than men as women experience a rapid loss of bone 
from the skeleton due to the decrease in estrogen production. The process of 
breaking down and rebuilding of bone by osteoclasts and osteoblasts respec-
tively is a nearly perfectly coupled system, with one phase stimulating the 
other. Bone contains an extracellular protein matrix (mostly collagen fibers) 
interspersed with bone cells (osteocytes), with a mineral segment comprising 
calcium salts and other minerals, including sodium, magnesium, and fluoride, 
laid on to this. Osteoclasts resorb bone at a specific site, undergo programmed 
cell death, and in turn replace the protein matrix (osteoid) and mediate its 
remineralization. During remineralization, the osteoblasts are enclosed within 
the calcified material and become osteocytes, which maintain the structure of 
the bone. Bone turnover, mediated by the osteoclasts and osteoblasts, occurs 
throughout life and is known as “remodeling.” Estrogen insufficiency post-
pones the customized cell passing or apoptosis of osteoclasts, in this way 
prompting a net bone loss. As an individual ages, the rebuilding framework 
separates and the two procedures (restoration and renewal) become out of 
synchronization. The reasons for this are not clear. A few people have an 
extremely high turnover rate of bone and some have an exceptionally slow 
turnover, yet the breakdown of bone, in the long term, overwhelms the devel-
opment. Since the examples of changing and reabsorbing bone frequently 
shift from patient to tolerant, specialists trust various diverse components rep-
resent this issue. Vital hormones, such as estrogen and parathyroid hormone, 
vitamin D, and blood factors that influence cell development, are associated 
with this procedure. Changes in the dimensions of any of these elements 
could assume a role in the improvement of osteoporosis. Postmenopausal 
women regularly undergo hormone replacement therapy to make up for the 
lowering of their normal estrogen levels. Hormone replacement therapy is 
generally not recommended before a patient is extremely close to the levels 
of bone loss that can prompt osteoporotic fractures. Since calcium is a basic 
element of bone, it is believed to be important to have satisfactory calcium 
intake either as part of the normal diet or by taking supplements. Without 
vitamin D calcium cannot be consolidated into the bone and, subsequently, 
sufficient vitamin D intake is required as well. As well as being a good pro-
tein source, ox-like milk is regularly a primary dietary source for calcium and 
nutrient D. Milk proteins and their consequences for bone malady have been 
the focal point of a lot of research. The proteins found in milk incorporate 
immunoglobulin, development factors, ox-like serum egg whites, alpha-lactal-
bumin, beta-lactoglobulin, and an extensive number of caseins, which are all 
phosphor proteins. These proteins, except for casein, are additionally present 
in whey. Milk is known to contain an assortment of mitogenic proteins and 
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proteins that might be included straightforwardly in bone rebuilding. In this 
way, we can say that bone is a living tissue that constantly adjusts to mechani-
cal issues while progressing toward redesigning. For bone tissue to rede-
sign, certain supplements, such as calcium, phosphorus, magnesium, fluoride, 
nutrient D, and nutrient K, are required (Ahmadieh & Arabi 2011). 

The skeletal structure helps in movement, provides support and protects 
organs, synthesizes platelets and RBC and WBC, and serves as storage for 
minerals, for example, calcium. The skeleton is made up of connective tissues 
including bones, ligaments, and tendons. Bones are comprised of a perios-
teum that encompasses a smaller bone, which encompasses the trabecular 
bone. Bone marrow resides inside the trabecular bone. Bone tissue cells are 
osteoprogenitor cells, osteoblasts, osteoclasts, and osteocytes. Bone is a living 
tissue that adjusts to mechanical pressure through the remodeling procedure. 
Bone remodeling is a multifaceted procedure including four stages: osteo-
cyte activation, osteoclast-intervened bone resorption, surface formation, and 
osteoblast-mediated bone structure. The bone remodeling process requires 
certain supplements, such as calcium, phosphorus, magnesium, fluoride, vita-
min D, and vitamin K7.

The Burden of Osteoporotic Fracture 
There are numerous kinds of resources to be taken into consideration when 
assessing the cost of osteoporosis, including: 

	 1.	The direct expense of treating fractures that result in hospitalization 
(including treatment, restoration, and outpatient visits). 

	 2.	The direct expense of treating fractures that do not result in hos-
pitalization (for example, GP and A&E facilities); medical and non-
therapeutic expenses after fracture. 

	 3.	The cost of accommodation for individuals diagnosed to have osteo-
porosis; and the costs of treating different conditions for which osteo-
porosis is a contributory cause. 

These are not the full scope of assets related to treating, distinguishing, and 
considering individuals with osteoporosis. These are probably going to be 
noteworthy since osteoporotic breaks can place a huge burden on casual 
parental figures. Understanding the magnitude of the expenses is especially 
important for well-being since it gives an indication of the assets exhausted 
from mediations went for diminishing the weight of osteoporosis. The con-
nection between osteoporosis and various other, different conditions has only 
recently come to be recognized. This incorporates a few conditions (pain in 
joints other than back pain) that are owing to different conditions yet are 
actually the outcomes from osteoporotic breaks (e.g. vertebral fractures). This 
sort of misdiagnosis can prompt noteworthy consumption of medicinal ser-
vices. However, osteoporosis is additionally a hazard factor for some regular 
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body movement and joint functions, with the increased seriousness of those 
conditions being related to the increased seriousness of osteoporosis. The 
financial burden alludes to the additional expenses related to the condition, 
but not to the absolute expenses related to treating and considering individu-
als with osteoporosis (King et al. 2012). 

Bone Tissues and Cells 
Bone tissue contains various cell types that always resize and reshape bones 
all through development and adulthood. Bone tissue cells incorporate osteo-
progenitor cells, osteoblasts, osteoclasts, and osteocytes. The osteoprogeni-
tor cells are cells that have not yet developed. When they are invigorated, 
some will progress toward becoming osteoblasts, the bone manufacturers, 
and others will move toward becoming osteoclasts, the cells that separate 
bone. Osteocytes are the most copious cells in bone tissue. Osteocytes are 
star-molded cells that are organized throughout the bone by means of their 
long cytoplasmic arms (National Institutes of Health 2011). 

Bone Modeling and Remodeling
During the early stages of life, bones are ceaselessly developing and chang-
ing shape through two procedures called development (or hardening) and 
displaying. In the primary year of life, just about 100% of the bone tissue 
in the skeleton is replaced. During the time spent displaying, bone tissue is 
destroyed at one site and developed at an alternate site. In adulthood, our 
bones stop developing and displaying, however, they continue to experi-
ence the procedure of bone remodeling. During the time spent remodeling, 
bone tissue is corrupted and developed in a similar area. Around 10% of 
bone tissue is remodeled every year in grown-ups (Peters & Martini 2010) 
(Figure 15.4). 

The initial phase in bone remodeling is osteocyte initiation (Figure 15.3). 
Osteocytes identify changes in mechanical power, calcium homeostasis, or 
hormone levels. In the second step, osteoclasts are selected to the site of the 
change. Osteoclasts are extensive cells with a profoundly sporadic unsettling 
film. These cells combine firmly deep down and emit hydrogen particles, 
which ferment and break up the minerals in the bone tissue grid. This pro-
cedure is called bone resorption and looks like pit unearthing. Our bodies 
unearth pits in our bone tissue since bones go about as storage facilities for 
calcium and different minerals. Bones supply these minerals to other body tis-
sues as the need arises. Bone tissue can rebuild and fix itself when it breaks. 
In addition, on the off chance that you choose to prepare to run a long dis-
tance race, your bones will rebuild themselves by remodeling to better sup-
port the powers of their new capacity (Gallo 1996).

After a specific period of time the bone became older, the osteoclasts start to 
die and bone resorption stops. In the next step of bone renovating, the site 
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is set up for structure. In this stage, sugars, and proteins along the bone's 
surface form a concrete line which acts to frame a solid bond between the 
old bone and the new bone that will be made. These initial three stages take 
around half a month to finish. In the last advance of bone renovating, osteo-
blasts set down new osteoid tissue that tops off the depressions that were 
unearthed during the resorption procedure. Osteoid is bone framework tis-
sue that is made out of proteins, for example, collagen, and isn't mineralized 
yet. To make collagen, nutrient C is required. An indication of nutrient C lack 
(known as scurvy) is bone agony, which is brought about by lessened bone 
redesigning. After the osteoid tissue is developed, the bone tissue starts to 
mineralize. The last advance of bone renovating proceeds for a considerable 

Figure 15.3  Effect of calcium level on PTH release.
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length of time, and for an any longer time thereafter the mineralized bone is 
ceaselessly pressed in a progressively thick manner (Prynne et al. 2006). 

Maternal Pregnancy Factors Influencing Bone Outcomes in the Offspring 

Osteoporosis is progressively perceived as an illness with its roots in early life 
events and exposures. Bone growth in early life may set the stage for peak 
bone mass accomplished in puberty, and suboptimal peak bone mass is an 
entrenched indicator of fracture risk. Since bone development and bone mass 
accretion proceed all through adolescence, it is imperative to take the way of 
life impacts of eating routine and movement of the youngster into record, just 

Figure. 15.4  Process of bone remodeling.
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as infections and restorative medications that may affect skeletal development 
(Tucker et al. 1999). 

Neonatal Programming of Bone Status/Skeletal Development 
During embryonic and fetal development a great part of the skeleton starts 
as a cartilaginous scaffold, which is dynamically reabsorbed and replaced by 
bone. Endochondral bone formation proceeds until the development plates 
combine during puberty. At all life stages sufficient conveyance of mineral 
is required for the skeleton to accomplish and keep up suitable mineral sub-
stance and quality. During fetal development the placenta effectively trans-
ports calcium, phosphorus, and magnesium. Postnatally, passive and after 
that active absorption from the intestine turns into the primary supply of 
minerals to the skeleton. Animal and human data demonstrate that fetal bone 
development requires parathyroid hormone (PTH) and PTH-related protein 
but not vitamin D/calcitriol, calcitonin, or (perhaps) sex steroids. During the 
postnatal period, when intestinal calcium absorption becomes an active pro-
cess, skeletal development begins to rely on vitamin D/calcitriol, however, 
this prerequisite can be circumvented by expanding the calcium substance 
of the eating routine or by controlling irregular calcium imbuement (König et 
al. 2018). The calciotropic hormones play different roles during the fetal and 
neonatal periods regulating skeletal improvement and mineralization. The 
epidemiological proof supporting a role for maternal dietary nutrient D and 
conceivably calcium in fetal, neonatal, and grown-up bone results was gener-
ally limited in the consultations of the audit board in modifying the DRIs for 
calcium and nutrient D (Rabin 2013). 

Overview of Bone Development in Fetal/Neonatal 

These osteochondral ancestors start to be osteoblasts at the site of intra mem-
branous bone arrangement (vault of the skull and a couple of different bones), 
though in the greater part of the creating skeleton they become chondroblasts 
that expansion endochondral bone development. Chondroblasts and osteo-
clasts assimilate the apoptosed chondrocytes and adjacent framework, vascu-
lar attack happens, and afterward osteoblasts set out the essential spongiosa 
(osteoid) and it will progress toward becoming mineralized. What’s more, this 
essential hardening happens in the vertebrae and long bones between the 
eighth to twelfth weeks of pregnancy, yet it isn't until the third trimester that 
the main part of skeletal mineralization happens. Resorption and remodeling 
of the essential spongiosa to make auxiliary spongiosa happens in utero and 
resorption will strangely increment when the embryo is constrained by mater-
nal hypocalcemia. At the 34th seven-day stretch of development, auxiliary 
solidification focuses on the structure in the femurs—making genuine devel-
opment plates—however, generally, most epiphyses are cartilaginous until 
after birth. The development plates become intertwined during adolescence, 
after that linear development is never again conceivable (König et al. 2018). 



222 Nutraceuticals for Nutritional Health﻿

Supplements during Pregnancy/Maternal Nutrition: 
The Basis of the Dietary Reference 
Consistently throughout everyday life, a healthy and varied diet is imperative. 
In any case, it is vital during pregnancy. The maternal eating routine must 
give adequate energy, calories, and supplements to meet the mother’s stan-
dard prerequisites, and furthermore the necessities of the developing fetus, 
and enable the mother to set down stores of supplements required for fetal 
development and for lactation. The dietary requirements for pregnant women 
are in reality fundamentally the same as those for different grown-ups, how-
ever, with a couple of striking special cases. The primary proposal is to pur-
sue a solid, adjusted eating routine dependent on the Balance of Good Health. 
Specifically, pregnant women should endeavor to expend immense of iron- 
and folate-rich substances, and an everyday supplement of nutrient D (10 µg/
day) is required for pregnancy. In the UK there are no official proposals for 
weight gain during pregnancy. For women with a solid pre-pregnancy weight, 
a normal weight gain of 12 kg (extended to 10–14 kg) has been delineated to 
be connected with the most reduced danger of issues during pregnancy and 
work and with decreased danger of having a low birth weight newborn child. 
Weight gain during pregnancy increases the risk of obesity in the mother after 
the birth (Leidi et al. 2012). 

Concerning the all-inclusive community, pregnant women should endeavor to 
consume no less than two servings of fish every week, one of which ought to 
be oil-rich. In 2004, the Food Standards Agency (FSA) issued new guidelines 
on the consumption oil-rich fish and suggested that pregnant women (and 
individuals who are trying to conceive) consume two segments of oil-rich 
fish every week. Oil-rich fish contains long-chain n-3 unsaturated fats which 
are considered to help prevent coronary illness. Moreover, these kinds of 
unsaturated fats are required for fetal cerebrum and sensory system develop-
ment. For instance, veggie lovers and vegetarians may find it difficult to meet 
their requirements for specific nutrients and minerals, especially riboflavin, 
nutrient B12, calcium, iron, and zinc. However, most veggie lovers and vegan 
women ought to have the capacity to meet their supplement necessities during 
pregnancy, with needful dietary arranging, while those on extremely bound 
weight-control plans may likewise need to use more potent supplements. 
Pregnancy during puberty raises various health concerns. A high proportion 
of young high school women have low intake of a variety of nutrients that are 
urgent during pregnancy, particularly folate, calcium, and iron (Hernlund et 
al. 2013). 

Keeping up a solid, adjusted eating routine during pregnancy and remain-
ing physically active is vital to promote general health and prosperity, and 
furthermore to help prevent high maternal weight gain. Studies do propose 
that standard, oxygen-consuming activity during pregnancy helps safeguard 
physical wellness and self-perception. It is prescribed that pregnant women 
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should proceed with their normal physical activity for whatever length of time 
that feels good, and endeavor to keep active once a day, for example by walk-
ing. Swimming is also a good activity, despite the fact that it is a good idea 
to avoid strenuous or enthusiastic physical activity during pregnancy (Sesso 
et al. 2012). 

Dietary proposals for women before and during pregnancy are fundamentally 
the same as those for different grown-ups, however, with a couple of differ-
ences. The fundamental suggestion is to eat a healthy, adjusted diet as pro-
posed by the Balance of Good Health publication. Be that as it may, there are 
some dietary guidelines specifically for pregnancy, for example taking folic 
acid supplements to help diminish the danger of neural tube defects (NTDs). 
There are also suggestions with respect to sanitation, for example the avoid-
ance of specific foods to limit the danger of food contamination from unsafe 
microorganisms (Cranney et al. 2007). 

Dietary Methodologies for Bone Health 
Osteoporosis is a general medical issue for grown-ups around the world. 
Osteoporosis causes 2 million broken bones and $19 billion in related costs 
each year (Ahmadieh and Arabi 2011). Verifiably, calcium and vitamin D are 
the main supplements used to counteract osteoporosis in older adults. Other 
prescribed defenses include taking part in standard exercise, abstaining from 
smoking, and limiting alcohol intake. Over the past two decades, a few head-
ways have been made, which grant re-examination of existing dietary systems 
for osteoporosis counteractive action. To date, many studies have linked sup-
plements with bone health, for example, vitamins A, B, C, E, and K; minerals 
(potassium, magnesium, and silicon); and macronutrients (protein and fats). 
It is imperative to review this collection of work to determine which dietary 
methodologies could be counterproductive for bone health and the preven-
tion of osteoporosis. In this chapter, we survey investigative thoughts on the 
connection between bone health and supplements, nourishments, and dietary 
examples starting from the Framingham Osteoporosis Study (Weaver 2017). 

Products of the Soil 

Foods grown in soil contain a large number of micronutrients, for example, 
vitamin K, folate, magnesium, potassium, for example, vitamin C and carot-
enoids. Green leafy vegetables inhibition have been related with higher bone 
mineral density (BMD) and less BMD loss after some time. A review of eight 
investigations presumed that in postmenopausal women, cross-sectional 
examinations bolster the sober-minded connection among foods grown from 
the ground consumption with bone health; nonetheless, the proof of a func-
tional impact of products of the soil in osteoporosis avoidance in planned 
associates and randomized controlled preliminaries is less clear. A later report 
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in moderately aged and older people suggested that consuming less than the 
suggested five servings/day of vegetables increased the risk for hip fracture.  

Vitamin C 

A few studies have related oxidative stress to the pathogenesis of osteopo-
rosis. Cancer prevention agents, for example, vitamin C, subdue osteoclast 
activity through their antioxidant action. Furthermore, vitamin C acts as a 
cofactor in advancing osteoblasts and goes about as a cofactor for collagen 
formation and the synthesis of hydroxyproline and hydroxylysine required for 
the arrangement of stable triple helixes (Tranquilli et al. 1994). 

Carotenoids 

Curiously, a connection of carotenoids and lycopene with biochemical mark-
ers of bone turnover has recently been delineated in postmenopausal women. 
In any case, a couple of longitudinal investigations have considered the rela-
tion between carotenoids other than β-carotene with bone loss or fracture 
hazard. In the Framingham study, the relationship between administering 
all carotenoids and individual carotenoids were assessed against bone loss at 
the hip, spine, and outspread shaft in more than four long periods of devel-
opment. In women, the use of lycopene was effective against lumbar spine 
BMD loss more than 4 years. In men, the intake of all carotenoids, β-carotene, 
and lycopene were effective against bone loss. Further, members in the most 
astounding tertile of absolute carotenoids admission had a 46% decrease in 
hip fracture and members with higher lycopene consumption had a 34% l 
lower risk of hip fracture and a 34% less risk of non-vertebral break. The 
results of different studies confirm the link between individual carotenoids 
and a decrease in the risk of hip fracture (Wang et al. 1999a). 

Folate and B12 

In the United States, refined grain items, including enlarged bread, oats, 
and flour, alongside foods grown from the ground, have turned into a pre-
famous wellspring of folate since the 1998 FDA order on folic acid stronghold. 
Information from the Framingham study was among the first to distinguish 
raised plasma homocysteine fixation as a solid risk factor for hip fracture. 
While the biological system connecting homocysteine to bone health stays 
questionable, McLean’s underlying discoveries distributed in 2004 animated a 
flood in research exploring the relation between folate and vitamin B12 with 
bone health since a deficiency in these vitamins is a predominant determinant 
of raised homocysteine in older adults. In contrast to folate, vitamin B12 is 
absent in vegetables, it is found in animal items and fortified breakfast grains. 
Since modification of dietary intake of folate and vitamin B12 can effectively 
lower blood homocysteine focuses, these supplements were conjectured as 
pivotal dietary intercession for improving bone health (Albisetti et al. 2013). 
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Vitamin K 

In Western eating regimens the key type of dietary vitamin K is phylloqui-
none (vitamin K1). Vitamin K is a fundamental factor for the carboxylation 
of osteocalcin, a bone-unconventional protein blended by osteoblasts that is 
among the most lavish bone lattice proteins and furthermore assumes a role 
in bone mineralization. Inadequate vitamin K may prompt under carboxyl-
ation of osteocalcin and add to age-related bone loss and fractures. 

Potassium, Magnesium, and Alkaline Diets 

Research suggests that a watery eating regimen may prevent bone loss and 
fracture. Potassium and magnesium are two dietary constituents found in 
foods grown from the ground that understanding to a higher basic state inside 
the body. Higher intake of potassium and magnesium were related to less 
BMD loss at the hip in men. Dietary intake of potassium and magnesium 
were comparable over the genders, suggesting that sex difference could be 
expected to contribute to contrasting hormonal changes that occur with age 
(Carpenter et al. 2006b). 

Fish 

The positive connection between fish consumption with BMD is likely because 
of its numerous nourishing components. Notwithstanding protein, certain fish 
are rich in polyunsaturated unsaturated fats (PUFA), and explicitly the n-3 
unsaturated fat (FA) family, which have been emphatically connected with 
bone health because of their calming properties. 

Omega-3 Fatty Acids 

In synopsis, unimportant affiliations were seen with intake of individual PUFA 
and BMD in either sex; be that as it may, women whose eicosapentaenoic cor-
rosive (EPA) + docosahexaenoic corrosive (DHA) intake (both n-3 FA) were 
≥ middle (0.14 g daily) had higher femoral neck BMD with higher admission 
of the n-6 FA arachidonic corrosive (AA). This collaboration was likewise 
seen in men where people in the most elevated quartile of AA intake lost 
more hip BMD than those with the least intake, yet just among people with 
low EPA+DHA utilization. In this manner, the defensive impacts of an eating 
regimen high in AA might be dependent upon sufficient EPA+DHA intake. 
Likewise, plasma phosphatidylcholine (PC) centralizations of individual PUFA 
(n-3 FA DHA, and n-6 FA’s AA and linoleic corrosive) were connected with 
femoral neck BMD. In women, no critical affiliations were studied; be that as 
it may, in men a move toward higher BMD was seen with higher plasma PC 
AA (Carpenter et al. 2006a). 

Dietary methodologies can be a key procedure for the prevention of osteo-
porosis. Increasing evidence shows that diet at the dimension of vitamins, 
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minerals, nutritional categories, and dietary examples assumes a key role 
in skeletal health. This section discussed the current understanding of how 
vitamins, minerals, and macrovitamins present inside nutrition classes and 
dietary examples relate to bone health in adults and older adults, with a focus 
on the discoveries from the Framingham Osteoporosis Study cross-sectional 
and planned examinations. Numerous investigations show that the inclusion 
of leafy foods, fish, and specific dairy items in the diet, in addition to limit-
ing alcohol intake, are beneficial for bone health. Further research compar-
ing the use of supplements versus dietary sources of the nutrients discussed 
herein would aid our comprehension of and ability to make suggestions for 
the prevention of osteoporosis. Planned examinations for break result and 
controlled preliminaries are expected to indicate whether treatment with 
unconventional dietary enhancements can improve BMD or reduce crack haz-
ard. Observational investigations have both bolstered and appeared with con-
trolled preliminaries. Longer-term imminent mediation ponders are expected 
to additionally look at the dietary consequences for bone loss and crack (Song 
et al. 2007). 

Potential of Natural Agents against Bone Loss 
It is estimated that there is a high frequency of fractures related to osteopo-
rosis globally. Milk is a readily available source of calcium and vitamin D, 
however one glass of milk daily doesn’t provide the required daily intake of 
these nutrients and numerous individuals have hypersensitivity to dairy items 
or prefer not to consume them. Other great sources of calcium and vitamin D 
are soybeans, parsley, kale, salmon, broccoli, eggs, fish, beans, and enriched 
items, for example, soymilk, rice milk, and almond milk. As you read this 
section you will become familiar with the aim of building and protecting 
healthy bones through appropriate eating regimen and exercise. Whatever 
you choose, realize that your bone health is connected to your diet and way 
of life decisions for a considerable length of time to come. 

In light of the standards of physiological bone recovery and the role of 
osteoblasts and osteoclasts, clearly the rate of supply of new osteoblasts and 
osteoclasts, and the planning of the demise of these cells by apoptosis, are 
prevailing determinants of bone recovery. The exercises of these cells are 
mostly connected with sex steroid deficiency, senescence, and glucocorticoid 
plenitude; besides, at menopause, the rate of bone redesigning decreases 
sharply. The loss of sex steroids up-regulates the age of osteoclasts and 
osteoblasts in the marrow by up-regulating the generation and activity of 
cytokines, including IL-6, TNF, IL-1, and macrophage settlement animating 
elements (M-CSF) which control osteoclastogenesis and osteoblastogenesis. 
The irregular characteristics between bone resorption and arrangement are 
because of an expansion of the working life expectancy of the osteoclasts and 
shortening of the working life expectancy of the osteoblasts. The measure 
of bone shaped during each rebuilding cycle decays with age in both sexes. 
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Glucocorticoid abundance lowers intestinal calcium retention and hypercal-
ciuria because of inadequate vitamin D digestion. These progressions result 
in expanded bone resorption, diminished osteoblast outfit and biosynthetic 
movement, and a lack of sex hormones, just as hyperparathyroidism. A reduc-
tion in the abundance of glucocorticoid affects osteoblastogenesis in the bone 
marrow and furthermore helps the apoptosis of osteoblasts and osteocytes. 
Glucocorticoids legitimately smother bone morphogenetic protein-2 (BMP-2) 
and center restricting factor α-1 (Cbfα-1), two basic components for osteoblas-
togenesis, and may likewise diminish the creation of insulin-like development 
factors (IGFs) while stimulating the transcriptional movement of peroxisome 
proliferator-initiated receptor-γ (PPAR-γ) (Varoni & Iriti 2016; Varoni & Iriti 
2016; Ryder et al. 2005). 

There are a few risk factors that contrast among people and are connected to 
the improvement of osteoporosis and add to the probability of developing the 
disease. These variables can be assembled into two classifications, the first 
being non-modifiable factors, for example, sex, age, body size, ethnicity, and 
family ancestry, the other modifiable elements are sex hormones, anorexia 
nervosa, calcium and vitamin D admission, drug use, way of life, cigarette 
smoking, and liquor consumption, etc. Physical exercise, dietary enhance-
ment, and pharmacotherapy are commonly utilized for the prevention and 
treatment of osteoporosis. The pharmacotherapy for osteoporosis is typically 
centered around pleasing the estrogen level or bone redesign. The systems 
include numerous highlights, for example, animating parathyroid hormone 
(PTH) orchestrates; inciting the statement of OPG (osteoprotegerin); dimin-
ishing IL-1, 4, 6 and M-CSF; expanding estrogens or like-estrogens; enhancing 
Ca and P in bones; repressing the multiplication of osteoclast and prompting 
osteoclast apoptosis; and upgrading the expansion and separation of osteo-
blasts. The medications utilized basically incorporate estrogens, parathyroid 
hormone, different bisphosphonates, the specific estrogen-receptor modula-
tors (SERM) (raloxifene, calcitonin, and sodium fluoride), calcium, and vita-
min D (Carpenter et al. 2006b).

Calcium supplementation alone gives little gainful impact on bone mineral 
thickness through postmenopausal life and may marginally decrease break 
rates, and vitamin D might be a useful treatment for individuals that have low 
vitamin D levels. The long-haul hormone treatment for osteoporosis in post-
menopausal women is dubious, in light of the increase in the danger of breast 
cancer, endometrial malignant growth, and cardiovascular illness. Hormone 
treatment is only a temporary solution for menopause in symptomatic women 
with a high risk of osteoporotic fracture. Bisphosphonates can decrease the 
danger of vertebral breaks and non-vertebral cracks including hip breaks. The 
dosing routine (which required the patience to quick and remain stanscion for 
at any rate 30 minutes) and upper gastrointestinal reactions are regularly hold-
ing components in everyday bisphosphonate treatment. Their range of physi-
ological impact is ambiguous, however, bone turnover markers can remain 
stifled for no less than 5 years after their endpoint. Specific estrogen-receptor 
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modulators (counting raloxifene, arzoxifene, and lasofoxifene) are an artifi-
cially assorted arrangement of aggravates that don’t have the steroid structure 
of estrogen yet have a tertiary structure that enables authority of the estrogen 
receptor to express particular agonist or foe impacts on various estrogen tar-
get tissue. Predominant reactions include a higher risk of venous thrombosis 
similarly to that with hormone treatment and worsening of hot flushes. The 
already unveil treatments act for the most part to diminish bone resorption 
and the anabolic specialist parathyroid hormone basically animates bone 
development. The initial clinical trials in postmenopausal women portrayed 
PTH diminished the danger of cracks with 20 μg portion. Nonetheless, the 
development as far as bone mineral thickness appeared to wind down after 
cessation except if pursued by an antiresorptive operator. What's more, stron-
tium ranelate is a genuinely new anti-osteoporotic operator that has been 
affirmed in the European Union for the treatment of postmenopausal osteopo-
rosis. It increases bone development while lessening bone resorption, anyway 
its component of activity stays questionable. 

Estrogens, bisphosphonates, calcitonin, calcium items, ipriflavone, and ana-
bolic steroids are clinically utilized as powerful drugs; nonetheless, every 
one of them has created some symptoms. Numerous therapeutic plants have 
for some time been utilized to forestall and treat osteoporosis in numerous 
nations. These normal medications obtained from plants cause fewer symp-
toms and are more appropriate for long-haul use than blended medications. 
These plant-based drugs containing a few combined constituents generally 
exhibit their restorative impacts through multi-pathways and have multi-tar-
gets, this property is parallel with the numerous components of osteopo-
rosis pathogenesis. In this chapter, we outline ongoing investigations about 
anti-osteoporotic restorative plants with specific conspicuousness on the com-
pound constituents, systems of activity, and remedial applications. This will 
give more data to the utilizations of therapeutic plants in the prevention and 
treatment of osteoporosis (Carpenter et al. 2006b) 

Resveratrol: Bone Health 
Resveratrol (RSV), a natural polyphenolic compound with anti-inflammatory 
properties (3,5,4′-trihydroxy-trans-stilbene), is normally present in red wine 
and an assortment of plant substances, for example, grapes, cranberries. 
Moreover, RSV inflammation-independent effects have been outlined in con-
nection to the bone. RSV also stimulates differentiation of osteoblast which 
inhibits osteoclast activity, and prevents bone loss in rats, immobilized rats, 
and mature–aged mice. The effects of RSV have been analyzed on biochemical 
markers of bone turnover in a randomized placebo-controlled trial designed 
to scrutinize potential effects of high-dose RSV supplementation on substrate 
metabolism, insulin sensitivity, and body composition. Obese men were ran-
domly assigned to either a placebo or 1,500 mg RSV daily for 4 weeks. 
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RSV treatment of bone cells produces strong defense mechanism, yet dose 
translation from in vitro examinations to clinically significant dosages is con-
strained since bioavailability isn’t considered. Because of numerous activities 
on the two osteoblasts and osteoclasts, research has been conducted on a few 
animal models to examine the bone defensive impacts of RSV supplementa-
tion. Ovariectomized rat models having rapid bone loss because of estrogen-
insufficiency demonstrated that RSV supplementation improved bone mass 
and trabecular bone without stimulating other estrogen-sensitive tissues. RSV 
supplementation preceding age-related bone loss was favorable. In develop-
ing rodents, RSV increased longitudinal bone development, yet had no differ-
ent impacts on bone. In human clinical trials, indication for RSV’s role in bone 
health relies upon data produced by animal studies. A greater comprehension 
of efficacy, safety, and molecular mechanisms of RSV on the bone will add to 
the assurance of dietary suggestions and treatments to reduce osteoporosis 
(Wang et al. 1999b). 

Resveratrol is a therapeutically effective agent for degenerative diseases 
like osteoporosis. Osteoporosis is a prevailing public issue with an overall 
assessed 9 million bone fractures every year. The occurrence of osteoporosis 
is expected to increase as the worldwide population ages (Wang et al. 1999b). 

All through life, bone is remodeled by a process including bone resorption 
which evacuates old bone and replaces it with new bone through the process 
of bone formation. Amid the development phases of childhood, adolescence, 
and into adulthood, bone formation surpasses the rate of bone resorption 
which causes bone mass acquisition. After this stage, at ~20–30 years old, 
bone resorption surpasses bone formation which results in progressive bone 
loss. Thus, enhancing peak bone mass (PBM) is a key factor for the future 
risk of osteoporosis during the development period. This is especially critical 
for women, who are at higher risk of osteoporosis than men, because of bone 
loss resulting from declining estrogens at menopause. Women and men both 
experience age-related bone loss that is regularly quickened by mechanical 
lade related to physical inertness and extended bed rest. Neglect-related bone 
loss is likewise seen in youthful patients subjected to extended bed rest as a 
result of damage or immobilization due to spinal cord injury. 

RSV has estrogenic, anti-inflammatory, antioxidant, and proliferative proper-
ties that can affect metabolism of bone. There are no risks associated with 
consumption of up to 500 mg/d of RSV in animals and human beings. Because 
of its various bioactivities and low harmfulness, RSV is considered as an effec-
tive and safe therapeutic agent of osteoporosis. Moreover, because of the lack 
of human clinical trials, RSV therapeutic role on bone depends on in vitro 
studies and creature models of bone breakdown. The point of this survey 
is to assess the preclinical proof of RSV supplementation to improve bone, 
to decrease the danger of osteoporosis, and to decide potential instruments 
of activity. A superior comprehension of the effects of RSV on the bone will 
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contribute toward the improvement of dietary proposals and treatments for 
forestalling bone misfortune prompting osteoporosis. 

Vitamins D and Essential Children’s Bone Health
Essential Micronutrients for Bone Health: Calcium and Vitamin D
Calcium

Calcium is the most abundant mineral in the body, of which more than 99% of 
it is stored in bone tissue. It performs the most critical functions, though only 
1% of the calcium in the human body is present in the blood and soft tissues. 
Blood calcium levels are carefully controlled so that if blood levels drop the 
body will quickly react by revitalizing bone resorption, subsequently releas-
ing stored calcium into the blood. Thus, bone tissue forfeits its stored calcium 
to keep up blood calcium levels. This is the reason bone health is reliant on 
the intake of dietary calcium and furthermore why blood levels of calcium 
don't always relate to dietary intake. 

Calcium’s Functional Roles

Calcium plays a significant role in different functions in the body.

Bone Formation

The most outstanding calcium function is to build and fortify bones and teeth. 
When bone tissue first forms during the modeling or remodeling process, it is 
unhardened, protein-rich osteoid tissue. In the osteoblast-coordinated proce-
dure of bone mineralization, calcium phosphates (salts) are deposited on the 
protein matrix. The calcium salts progressively crystallize into hydroxyapatite, 
which ordinarily makes up around 65% of bone tissue. At the point when your 
diet is calcium insufficient, the mineral content of bone declines making it 
fragile and feeble. Subsequently, increased calcium intake builds the mineral-
ized substance of bone tissue. More prominent mineralized bone tissue com-
pares to a more prominent BMD and to more prominent bone strength. The 
discrete arrangements of the calcium-rich hydroxyapatite crystals on bone 
tissue’s protein matrix contribute to most differing bone's mechanical prop-
erties. In tooth enamel, hydroxyapatite crystals are densely packed, making 
it the most mineralized tissue (greater than 95%) in the human body having 
incredible strength and sturdiness. The mineralized bone tissue in human 
teeth is so strong that back molars can withstand bite forces surpassing four 
hundred pounds pressure (Wang et al. 1999b).

Nerve Impulse Transmission

Calcium facilitates electrical impulse transmission from one nerve cell to another 
by binding to vesicles that contain neurotransmitters, causing a discharge into 
the neural synapses (junction between nerve cells). This allows the flow of ions 
in and out of nerve cells. If calcium is lacking, nerve-cell function will fail. 
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Muscle Contraction 

For muscle contraction, the circulation of calcium ions along the muscle cell’s 
surface and the influx of calcium into the muscle cell are critical. If calcium 
levels fall below a crucial range, the muscles can’t relax after contracting. The 
muscles become stiff, and involuntary twitching may occur in a condition 
known as tetany.

Clotting Factors

At a point when a blood vessel is injured and bleeding occurs, it must be 
controlled, or death may result. Clotting factors and platelets are dynami-
cally circulating in the blood in case of such an emergency. During injury, 
the circulating clotting factors and platelets were activated by specific fac-
tors released from the damaged tissue. Some of the clotting factors require 
calcium for activation. If clotting factors weren’t activated blood clots would 
not form.

In addition to calcium’s four primary functions calcium has various other 
minor functions that are also critical for maintaining normal physiology. For 
example, without calcium, the hormone insulin could not be discharged from 
cells in the pancreas and glycogen could not be broken down in muscle cells 
and used to provide energy for muscle contraction (Matias et al. 2012).

Maintaining Calcium Levels

Blood calcium level is strongly regulated by parathyroid hormone, calcitriol, 
and calcitonin which maintains calcium levels in the blood in the range of 
9 to 11 mg/dL. Calcitriol is the active hormone synthesized from vitamin D. 
Parathyroid hormone and calcitriol help in elevating calcium levels in the 
blood, while calcitonin decreases blood calcium levels.

Parathyroid Hormone 

PTH increases blood calcium levels by means of three different mechanisms. 
First, PTH stimulates the release of calcium stored in the bone. Second, PTH 
follows up on kidney cells to enhance calcium reabsorption and reduces its 
excretion in the urine. Third, PTH stimulates enzymes in the kidney that 
activate vitamin D to calcitriol which acts on intestinal cells by increasing 
dietary calcium absorption. Thus, stored calcium is released, more calcium 
is absorbed from the diet, and less calcium is excreted, resulting in elevating 
calcium levels in the blood (Saggese et al. 1991).

Conclusion

Osteoporosis is the most common bone disorder; it is characterized by a grad-
ual weakening of the bones and finally leads to breakdown and fracture of 
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bones. Due to the high cost of currently available treatment, it is good to pre-
vent osteoporosis. It can be possible to control the onset of osteoporosis by 
maintaining a healthy diet as well as taking regular exercises. Nutraceuticals 
are the agents that play an effective role in bone development as well as give 
mechanical strength to the bones. One of the most essential ways to build and 
maintain healthy bones is by getting enough calcium every day. Currently, 
there are a number of nutraceuticals available which are very good supple-
ments of calcium. Thus, the daily intake of such type of nutraceuticals helps 
in the prevention as well as treatment of osteoporosis.
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16
Nutraceuticals for Maternal 
and Offspring’s Dental Health

Amanda Rodrigues Amorim Adegboye

Dental Diseases

Dental diseases are common conditions and almost every individual has 
had an incidence of caries, periodontitis, or gingivitis during their life span. 
Despite these conditions being associated with a low mortality rate, dental 
diseases cause avoidable pain and anxiety, and eventually may lead to tooth 
loss (Sheiham et al. 2001). Tooth loss results in chewing impairment and con-
sequently leads to the consumption of a limited diet of poor nutritional qual-
ity, which may not only have a severe impact on nutritional status, but on the 
overall quality of life (Sheiham et al. 2001; Sheiham & Steele 2001; Marcenes 
et al. 2003).

Dental caries or decay is a result of a complex interaction over time 
between acid-producing bacteria (e.g. Streptococcus mutans), fermentable 
carbohydrates, and host characteristics, including enamel (outer layer 
of the tooth) mineralization and the production and composition of the 
saliva. The key event for caries development is an ecological shift result-
ing in the overgrowth of aciduric microorganisms in the biofilm due to 
low pH conditions in the oral environment (Selwitz, Ismail & Pitts 2007; 
Takahashi & Nyvad 2008, 2011). 

Periodontal disease is a chronic inflammation induced by bacterial infection 
which affects the supporting structures of teeth (e.g. gums). Periodontitis is 
then characterized by periodontal clinical attachment loss and alveolar bone 
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loss, which can subsequently lead to tooth loss (Krasse et al. 2006a). Gingivitis 
is a mild inflammation of the gingivae and tends to result in redness, swelling, 
and bleeding (Krasse et al. 2006). 

Oral Health and Pregnancy Outcomes

Oral health has often been viewed separately from general health although 
oral health status influences overall well-being and quality of life over a per-
son’s life span (McGrath & Bedi 2001; Sheiham et al. 2006). Physiological 
hormonal changes during pregnancy make pregnant women more prone to 
develop periodontitis or worsen existing periodontitis with the progression 
of pregnancy (González-Jaranay et al. 2017). This inflammatory burden seems 
to have effects far beyond the oral cavity (Kane 2017). Evidence from sys-
tematic reviews suggests that women with periodontitis may be at higher 
risk for delivering premature (less than 37 weeks’ gestation), low birthweight 
(less than 2.5 kg) babies (Chambrone et al. 2011, Kane 2017). Additionally, 
periodontitis seems implicated in preeclampsia (Moura da Silva et al. 2012; 
Sgolastra et al. 2013). A meta-analysis including 15 studies showed a posi-
tive association between preeclampsia and periodontitis (OR: 2.17; 95% CI: 
1.38–3.41; P = 0.0008)(Sgolastra et al. 2013). However, there is conflicting 
evidence related to the association between periodontitis and gestational dia-
betes (Lima et al. 2016). Regarding maternal caries, a recent systematic review 
concluded that dental caries does not appear to be a substantial risk factor for 
preterm birth (Wagle et al. 2018). 

Vertical transmission from mother to child of oral pathogens is also a concern. 
The earlier a child is colonized with S. mutans the higher the risk of caries 
later in life. Mother-to-child transmission of these acid-producing bacteria 
usually occurs during the first few weeks of life, even before the primary 
teeth have erupted (Doméjean et al. 2010). Periodontal pathogens are also 
transmitted between members of the same family. Oral colonization of peri-
odontal pathogens has been identified in children as young as 5–7 years old 
(Asikainen et al. 1997). Therefore, potential low-risk, affordable interventions 
to prevent and treat dental diseases during pregnancy are of relevance for 
both mothers and their offspring. 

Diet and Oral Health

The World Health Organization (WHO) has included dental diseases among 
the chronic diseases preventable by diet (WHO 2003). Dietary factors can 
impact dental health through local or systemic effects(Boyd & Lampi 2001). 
Local effects include the influence of diet on the oral biofilms, bacteria, or 
the amount, composition, and acidity level of the saliva, which are important 
determinants of dental disease (Bowden & Li 1997). Additionally, diet can 
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have systemic effects, when absorbed, nutrients and minerals have an impact 
on tooth development and growth, or on the individual’s resistance to oral 
disease (Boyd & Lampi 2001). Particularly, micronutrients may be of impor-
tance here, and a specific role has been suggested for vitamin D and calcium 
(Grant & Boucher 2010; Adegboye et al. 2016). 

A developing fetus receives all its nutrition from its mother. The early life 
environment, which a fetus is exposed to in the womb and during the first 
year of life, is important for healthy growth and body function. Therefore, it is 
paramount to advise pregnant women on the quality and quantity of dietary 
intake and provide dietary supplements when necessary. 

Human tooth development is unique, as it is formed during a limited period 
of time and remains relatively stable in its structure and metabolism after 
mineralization (Jontell & Linde 1986). For human teeth to be healthy, all parts 
of the tooth must develop appropriately during key stages of fetal life. Thus, 
the intrauterine milieu, influenced by maternal nutrition, smoking habits, and 
alcohol consumption, can affect the formation, development, and mineraliza-
tion of a child’s teeth (Jontell & Linde 1986). Some nutrients have been linked 
to the development of enamel defects (lack of vitamin D), periodontal disease 
(lack of vitamin C), and caries (free sugars, lack of fluoride), but, generally, 
only a few experimental studies have examined the effect of nutraceuticals 
on the prevention, delay of disease onset, and progression and treatment of 
dental diseases (Varela-López et al. 2018). 

The Role of Nutraceuticals on Maternal and Offspring’s Dental Health 

The role of nutraceuticals on dental health has not been extensively inves-
tigated in the general population and only a few studies have focused on 
the dental health of pregnant women and their offspring. Therefore, most of 
the data presented in Table 16.1 are based on studies conducted in the gen-
eral population, which findings can potentially be extrapolated to the dental 
health of pregnant women and their offspring. 

A comprehensive systematic review (Varela-López et al. 2018), with 41 studies 
included, investigated how different types of nutraceuticals (particularly vita-
mins) could ameliorate or improve periodontal health. All vitamins, with the 
exception of vitamin K, were investigated, and those with antioxidant proper-
ties, affecting the immune system, or implicated in bone metabolism seemed 
to be of some relevance for the prevention of periodontitis. Vitamins C and D 
were the most studied vitamins and vitamin D showed the most relevant role 
(Varela-López et al. 2018). One out of eight studies in the systematic review 
focused on pregnant women (Varela-López et al. 2018). In this study, pregnant 
women with moderate to severe periodontitis showed higher prevalence of 
vitamin D deficiency compared to healthy pregnant women (Boggess et al. 
2011). Based on this finding, the authors concluded that use of vitamin D and 
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calcium supplements might be recommended for individuals under physiolog-
ical and/or pathological conditions that increase the risk of bone pathologi-
cal alterations, and that supplementation could also contribute to preserving 
periodontal tissues (Boggess et al. 2011).

Regarding caries, there is evidence suggesting that higher intakes of vitamin 
D, calcium, and dairy products during pregnancy are associated with reduced 
risk of dental caries in the offspring in early childhood (Tanaka, Miyake & 
Sasaki 2010; Tanaka et al. 2012). Vitamin D plays an important role in calcium 
absorption, phosphate and calcium homeostasis, and bone health. During fetal 
development, vitamin D is transported to the fetus via the placenta only (Karras 

Table 16.1  List of Nutrients and Their Relevance for Maternal and Offspring Dental 
Health

Nutrients Potential action mechanisms
Effect on maternal 

dental health
Effect on offspring 

dental health

Vitamin A •	 Maintenance of mucosal tissue integrity.
•	 Important for the immunological function 

and control of inflammation, potentially 
preventing bacteria overgrowth and 
over-inflammation.

•	 Protective effect on 
periodontitis.*

Vitamin C •	 Plays a role in the immunological function 
(e.g. phagocytosis and wound healing).

•	 Down-regulates the expression of 
pro-inflammatory cytokines.

•	 It is important for the maintenance of 
connective tissues (e.g. periodontium).

•	 Protective effect on 
periodontitis.

Vitamin D •	 Regulation of plasma calcium and 
phosphorus levels affecting bone 
development and metabolism. 

•	 Plays a role in the immunological function 
and control of inflammation, inhibiting 
the production of pro-inflammatory 
cytokines.

•	 Prevention of alveolar 
bone loss

•	 Preservation of 
gingival tissue. 

•	 Protective effect on 
periodontitis. 

•	 Effect on primary tooth 
formation and 
mineralization. 

•	 Protective effect on 
caries.

Vitamin E •	 Its antioxidant activity prevents the 
propagation of cell membrane damage by 
peroxyl radicals formed by lipid oxidation 
and stabilizes the membrane structure by 
stopping the free radical chain reaction.

•	 Protective effect on 
periodontitis.*

Calcium •	 Plays a role in bone health (enhances 
mineral bone density).

•	 Enhances enamel remineralization and 
prevents demineralization.

•	 High concentrations of calcium and 
phosphate in saliva may inhibit bacterial 
biofilm formation.

•	 Prevents alveolar bone 
loss.

•	 Protective effect on 
periodontitis and 
caries.

•	 Effect on primary tooth 
formation and 
mineralization.

•	 Protective effect on caries

Note: * Limited evidence
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et al. 2014). The formation and mineralization of deciduous teeth (known as 
milk or temporary teeth) starts at 13 weeks’ gestation (Jontell & Linde 1986). 
Consequently, maternal vitamin D status might influence early tooth mineral-
ization and consequently the offspring’s susceptibility to caries. Some animal 
studies suggest that vitamin D can indirectly regulate dentin mineralization 
via the control of calcium and phosphate ratio, and that enamel mineralization 
might be regulated by genomic and non-genomic pathways (Llena & Forner 
2008; Tanaka, Miyake & Sasaki 2010). 

A systematic review investigating the effect of fluoride supplements in preg-
nant women for the prevention of caries in the primary teeth of their offspring 
found that fluoride supplements taken by women during pregnancy did not 
significantly prevent dental caries in their children at the age of 3 years (RR: 
1.46; 95%CI: 0.75–2.85), nor at the age of 5 years (RR: 0.84; 95%CI: 0.53–1.33) 
(Takahashi et al. 2017). Although this review concluded that there is no sub-
stantial evidence proving that taking fluoride supplements during pregnancy 
effectively prevents dental caries in their offspring it included only one ran-
domized clinical trial (RCT). 

Probiotics are considered functional foods as their health benefits might 
extend beyond the conventional nutrition function (Lin 2003). Probiotics 
are living lactic acid-producing bacteria, which mainly belong to the gen-
era Lactobacillus and Bifidobacterium (Lin 2003). Nikawa et al. (Nikawa et 
al. 2011), conducted a placebo-controlled trial including 50 participants and 
found a reduction in the oral carriage of Mutans streptococci and four other 
periodontal pathogens in healthy adults consuming yogurt-containing probi-
otics (Lactobacillus rhamnosus L8020) compared to those consuming placebo 
yogurt (without probiotics). 

An RCT assessed the effect of Lactobacillus reuteri consumption on preg-
nancy gingivitis in 45 healthy women (24 test/21 placebo) compared to the 
placebo group for a period of approximately 7 weeks (Schlagenhauf et al. 
2016). Offspring dental outcomes were not assessed. The authors concluded 
that regular consumption of L. reuteri-containing lozenges by healthy women 
during pregnancy proved to be a valuable co-adjuvant in the control of gingi-
vitis during pregnancy (Schlagenhauf et al. 2016). 

Although findings on the effects of probiotics on caries and periodontitis 
are promising, suggesting that probiotics can reduce bacterial plaque deposi-
tion (Krasse et al. 2006b), lower cytokine levels (a marker of inflammation), 
and decrease bleeding on probing (BOP) (Twetman et al. 2009) in the gen-
eral population, very few studies have been conducted on pregnant women. 
The encouraging results of the above-mentioned trial including a cohort of 
healthy pregnant women (Schlagenhauf et al. 2016) may not be extrapolated 
to unhealthy pregnant women. Therefore, conclusions of the usefulness of 
probiotic administration in healthy pregnant women may not apply to women 
with compromised general and/or oral health and further evaluations in large 
clinical trials are still needed.
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For probiotics to produce health benefits it is critical that products have an 
adequate level of viable bacteria and are administrated in an appropriate daily 
dose (Lin 2003). The majority of the experimental studies were short-term and 
applied various different probiotic strains making difficult to compare the 
results. Overall, the magnitude of the effects found in the literature were lim-
ited, consequently the clinical relevance of the findings is still questionable. 

Therapeutic Relevance and Implications for Future Research 

Although some studies suggested that the supplementation with vitamins and 
minerals, predominantly vitamins C and D and calcium, might prevent the 
development of or delay the progression of dental diseases, evidence from 
long-term experimental studies in humans is still limited. The effects reported 
in the studies included in the systematic review on nutraceuticals in peri-
odontal health were relatively small to claim therapeutic relevance of sup-
plementation (Varela-López et al. 2018). Additionally, some studies applied 
supplementation in combination with other treatments, which might have 
masked the independent effect of the supplementation. At present, there is 
no evidence supporting the notion that micronutrient supplementation alone 
is enough to revert the periodontium or enamel back to a healthy status. 
Therefore, the use of vitamin and mineral supplements cannot replace other 
traditional therapies. 

Low vitamin D levels affect calcium absorption and metabolism. Pregnancy 
and lactation are periods of additional calcium demand as maternal calcium 
is transferred to the growing fetal skeleton and for breast-milk production 
(Thomas & Weisman 2006). Regardless of dental health benefits for mothers 
and babies, studies indicate that the consumption of calcium and vitamin D 
should be encouraged, particularly during pregnancy and lactation, to pre-
serve maternal skeletal calcium stores, which are usually depleted during 
these two critical periods (Thomas & Weisman 2006). Since the fetus (via the 
placenta) and the infant (through breastfeeding) are dependent on maternal 
sources for the total calcium load, adequate maternal calcium and vitamin 
D intake can affect fetal bone health positively, including enhanced alveolar 
bone mass density, in addition to primary tooth mineralization. Further well-
designed experimental studies are still needed to evaluate the clinical benefit 
of vitamins C and D and calcium supplementation as co-adjunct therapies for 
caries and periodontitis, particularly during pregnancy. 
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17.1 � Introduction 

Atopic dermatitis, eczema, and allergy are disorders that are linked in a vast 
variety of ways. One factor that binds all of them together is their increas-
ing prevalence in recent years, especially in the developed world. The cur-
rent treatments have been accepted as viable ways to augment the quality of 
life and mitigate suffering for many patients with these disorders, but many 
patients still suffer from their symptoms because conventional treatment has 
not resulted in the desired amount of success, as complete cures for these dis-
orders are currently unavailable. To further mitigate the symptoms presented 
by these disorders, there is an increasing amount of study in the field of 
nutraceuticals, i.e. foods with medicinal properties. This chapter will explore 
these newly proposed treatments both as complements to current treatment 
methods and as stand-alone treatments. 

The conditions focused upon are atopic dermatitis, eczema, and allergy. 

•	 Atopic dermatitis, also known as atopic eczema, can be briefly 
described as an inflammatory skin condition that involves atopic sen-
sitization (Johansson et al. 2004).

•	 Eczema is a category of inflammatory skin conditions ranging from 
dyshidrotic eczema to xerotic eczema (Frisch 2017). 

•	 Allergy is an immunological disorder in which the immune response 
overshoots the severity of a harmless substance (EAACI n.d.).

The conditions atopic dermatitis (a type of eczema), allergy, and food hyper-
sensitivity, fall under the umbrella of allergic diseases. The allergic diseases are 
interconnected in many ways, but most famously as a part of the atopic march. 
The atopic march posits that atopic dermatitis can cause the development of 
the allergic rhinitis condition known to predispose a patient for other asthma, 
which can cause the development of asthma (Bantz, Zhu & Zheng 2014). 
Additionally, food allergy has been thought to increase the risk of atopic der-
matitis because of the association of cell degranulation and histamine release 
as a key marker of an allergic response (Kawamoto et al. 2016; Figure 17.1).

Food Allergy
Atopic 

Derma��s/Atopic 
Eczema

Allergic Rhini�s Asthma

Figure 17.1  An illustration of the atopic march (Bantz 2014; Kawamoto 2016).
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17.2 � Atopic Dermatitis 
17.2.1 � What Is Atopic Dermatitis? 
Dermatitis is a series of skin disorders with a wide range of attributions 
including allergy and contact with a skin irritant. Of the many skin disorders 
that fall under the umbrella term dermatitis, atopic dermatitis is the most 
common with a 15–30% lifetime prevalence in children and 2–10% in adults. 
It often presents in infanthood and in many cases subsides by the age of 
three or four with few outbreaks later in life. However, atopic dermatitis, also 
known as atopic eczema, can also be a chronic disorder that persists past 
the mid-20s. The general progression of atopic dermatitis is shown in Figure 
17.2. Additional symptoms of atopic dermatitis include the decreased reten-
tion of moisture in the skin, resulting in skin prone to chapping and split-
ting. Patients with atopic dermatitis are mostly predisposed to the disorder 
through the family’s or individual’s history of allergy, such as hay fever and 
asthma. The pathophysiology of atopic dermatitis has not been determined 
but multiple theories have been presented. A convincing argument has been 
made in regard to the role of the circadian rhythm in atopic dermatitis. The 
circadian clock genes have been found to be associated with skin hydration 
levels through the study of mice with knockout clock genes. The mice pre-
sented with a lack of hydration as a result of dysfunctional AQP3 proteins –  
transmembrane proteins that serve as facilitators of glycerol and water to 
maintain maximum hydration. In turn, this has been linked to nocturnal itch-
ing a symptom experienced by individuals with atopic dermatitis (Vaughn et 
al. 2018). Other theories include the atopic diathesis, the keratinocyte-based 
dogma, and the role of fibroblasts (Kang & Stevens 2003; Berroth et al. 2013). 

17.3 � Treatment – Application of Nutraceuticals 
17.3.1  �Ganoderma lucidum
Ganoderma lucidum, commonly known as the reishi mushroom, has been used 
for years as a part of traditional oriental medicine as an immunomodulator. Its 

• Lesions localized to:
• crook of the elbow
• the back of knees
• the face and neck

Older Children and Adults

• oval, scaly lesions on:
• arms 
• face 
• legs
• torso

One Year Old

• redness
• weeping 

• crushed lesions usually on the face
• intense itching

• papules
• vesicles

• exudation
• scaly crust

Infants

Figure 17.2  The progression of symptoms of atopic dermatitis from infanthood to 
adulthood.
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properties were applied and studied as a treatment of severe atopic dermatitis 
by Michi and Masato. The researchers administered 4–6 reishi tablets, con-
taining the equivalent of 0.92 g of dried mushroom each, daily. In a multiple 
case study design, the researchers monitored the effectiveness of the reishi tab-
lets through the Japanese Dermatological Association’s severity classification, 
with 20 as the highest score. Four out of the five case studies demonstrated 
a decrease in severity score, serum IgE levels, and TARC levels. To highlight 
one of the case studies, a 41-year-old man who had been suffering from severe 
atopic dermatitis for 32 years, marked by systemic erythema and excoriations, 
experienced great success in symptom relief and a reduction of severity score 
from 20 to 10 over the course of three months. The mechanism of the reishi 
mushroom is thought to be its ability to suppress the signaling pathway of the 
protease-activated receptor-2 (PAR2). As seen in mice studies, PAR2 plays a 
role in skin inflammation and delay in epidermal permeability barrier recov-
ery. Thus, suppressing PAR2 can thereby suppress itches induced by PAR2 and 
decrease atopic dermatitis symptoms. However, to make a concrete conclu-
sion that Ganoderma lucidum is effective in the alleviation of atopic dermatitis 
symptoms, a much larger body of research must be conducted (Masato 2014).

17.3.2 � Arnica montana L. and Artemisia absinthium L. 
Arnica montana L. and Artemisia absinthium L. are medicinal plants originat-
ing from temperate parts of Europe and Romania. A study by Craciunescu et 
al. found that the plants’ ethanolic extracts demonstrated antioxidant activity 
and cytoprotection against oxidative damage in fibroblast-like cells. This is 
thought to be due to the fact that the extracts consist of an abundance of flavo-
noids and phenolic acids. Thus, the medicinal plants have scientific evidence 
of their ability to act as a treatment of skin disorders (Craciunescu et al. 2012). 
Atopic fibroblasts have been observed to be an influencing proliferator of 
keratinocytes and the terminal differential process causing atopic dermatitis in 
the skin cultures (Berroth et al. 2013). Thus, as a contributing cause of atopic 
dermatitis, future research may reveal A. montana and A. absinthium as an 
applicable nutraceutical for the treatment of atopic dermatitis because of its 
ability to target fibroblast-like cells (Craciunescu et al. 2012).

17.3.3 � Potential Applications
It has been found that the consumption of magnesium protects against atopic 
sensitization (Rosenlund et al. 2012). Therefore, foods with an abundance of 
magnesium may have a potential for mitigating the symptoms of or preventing 
against atopic dermatitis. 

Magnesium-rich foods include (Cedars-Sinai n.d.):

•	 Nuts and seeds: sunflower seeds, almonds, sesame seeds, cashews, 
Brazil nuts, soybeans, peanuts, walnuts, and pecans

•	 Dairy products: butter and cheese 
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•	 Cereal: bran flakes, cooked oatmeal, and puffed and shredded wheat
•	 Bread
•	 Fruits: bananas, pineapples, and cherries
•	 Vegetables: broccoli, peas, and asparagus.

17.4 � Eczema
17.4.1 � What Is Eczema? 
Eczema is a skin condition with a high prevalence rate and vast range of 
symptoms and causes. Typically, eczema presents with itchiness, erythema, 
and dryness, but there are several other symptoms that can be experienced 
(Frisch 2017). A detailed description of each type of eczema is provided in 
Table 17.1. 

17.4.2 � Eczema v. Atopic Dermatitis 
Eczema and atopic dermatitis are often used interchangeably; however, there 
are minute but key differences that separate the two conditions. The main dif-
ference between the two disorders is that eczema is a non-specific category of 
skin disorders, whereas, atopic dermatitis is a specific skin disorder that falls 
under the non-specific category of dermatitis. The World Allergy Organization 
has proposed a revision of the definitions of each condition, to better differen-
tiate between the two, in which eczema would be defined as a skin disorder 
with the symptoms and medical components of atopic dermatitis but with the 
exclusion of atopic sensitization, which would be unique to atopic dermatitis 
(Johansson et al. 2004; Figure 17.3). 

17.5 � Treatment – Application of Nutraceuticals
17.5.1 � Probiotics
Probiotics are a category of nutraceuticals that have successfully reduced the 
risk of eczema in an increasing number of studies. Probiotics contain living 
bacteria that are proposed to positively affect gut flora (Fiocchi et al. 2015). In 
a double-blind, randomized, placebo-controlled study conducted by Rautava 
et al. (2012), 241 pregnant mothers with histories of allergic rhinoconjuncti-
vitis, atopic eczema, food allergy, or asthma, which increases risk of eczema 
in their infants, were included in the study. The mothers were randomly 
assigned to receive one of three options: (1) Lactobacillus rhamnosus LPR 
and Bifidobacterium longum BL999 (LPR+BL999); (2) L. paracasei (ST11) and 
B. longum BL999 (ST11+BL999); or (3) placebo. The probiotic supplementa-
tion was begun 2 months before the predicted delivery and continued 2 more 
months after delivery, during breastfeeding. The probiotics were administered 
along with dietary supplements, including vitamins B12, A, and D, folic acid, 
and other micronutrients. The contraction of eczema in the infant was studied 
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through five scheduled visits at 1, 3, 6, 12, and 24 months. Of the 85% mother–
infant pairs that completed the follow-up, eczema was detected in 41% of the 
infants and 13% of the infants were diagnosed with chronically persistent 
eczema. Therefore, a statistically significant reduction in risk of eczema devel-
opment in the first 24 months of life was marked due to maternal probiotic 
supplementations. A statistically significant difference between the combina-
tion of LPR+BL999 and ST11+BL999 was not found. Due to the fact that a 
combination of probiotics was used, the individual benefits and possible syn-
ergistic effects could not be concluded. It is theorized that maternal probiotic 
supplementation controls maternal vaginal and intestinal microbiota, which 
offer a colonizing inoculum to the newborn infant that affects gut colonization 
during the neonatal stages. This theory is supported by the observation that 

Table 17.1 Descriptions of the Various Types of Eczema

Type of eczema Description

Atopic eczema •	 Most common
•	 Also known as atopic dermatitis
•	 Oftentimes there is a family history of eczema or allergy
•	 Symptoms: atopy, increased level of IgE
•	 Many grow out of it for the most part by their mid-20s

Pompholyx eczema •	 Type of acute eczema
•	 Small, itchy vesicles on the feet and hands break down and weep → dry, cracked skin
•	 Unknown cause

Discoid eczema •	 Typically occurs in the older demographic
•	 Symptoms: development of well-defined, round, itchy plaques and lesions (vesicular or 

scaly and cracked)
•	 Acute or chronic

Subacute eczema •	 Symptoms: skin may look as though it has been burned (red and irritated), serum 
excretion, irritation, stinging, burning 

•	 Less severe than acute eczema

Chronic eczema •	 Symptoms: lichenified (thick and leathery) skin, increased itchiness

Juvenile plantar dermatosis •	 Found in children, more commonly in boys, between 4 and 8 years old
•	 Occurs mostly during the summer 
•	 Symptoms: glazed, scaly appearing skin → development of cracks and fissures on 

weight-bearing areas of the forefeet

Irritant contact dermatitis •	 Symptoms: soreness, itchiness, inflammation, rough and scaly skin
•	 Occurs in response to contact with an irritant, e.g. acid, strong detergent 

Allergic contact dermatitis •	 Eczematous reaction to an allergen

Gravitational (varicose) 
eczema

•	 Occurs in patients with varicose veins
•	 Venous insufficiency increases likelihood of eczematous symptoms 

Asteatotic eczema
(eczema craquele)

•	 Patients typically develop this type of eczema in the later years of their life
•	 Risk factors: inherited, hypothyroidism, decreased lipids on skin’s surface, cold weather
•	 Symptoms: dry and itchy skin, superficial fissure running across the skin

Lichen simplex •	 Eczematous reaction to frequent rubbing or scratching 

Source:	 Frisch (2017).
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maternal prenatal probiotic intervention demonstrates a significant effect on 
placental and fetal gut immune gene expression. Although this study showed 
the successful reduction of eczema risk in infants as a result of maternal probi-
otic supplementation, a minority of studies acknowledged by a meta-analysis 
of 29 studies have found statistically significant data showing a lack of effect 
on the reduction of risk (InformedHealth.org 2017). However, the conclusion 
that maternal probiotic supplementation reduces risk can be reached due to 
the fact that studies challenging this statement fall into a minority. This notion 
is reflected in the World Allergy Organization’s guideline that suggests preg-
nant mothers whose children have a high risk of developing allergic disease 
supplement their diet with probiotics due to the benefit of eczema prevention 
(Rautava et al. 2012; Fiocchi et al. 2015). 

17.5.2 � Impatiens capensis, Impatiens balsamina and Lawsone
Impatiens capensis, commonly known as jewelweed, is a plant that Native 
American tribes, such as the Southern Cherokee, Chippewa, Omaha, and 
Potawatomi, have utilized to treat rashes. Impatiens balsamina is the Asian 
relative of the jewelweed, and it has been used for the same purposes. The 
two flowers have been thought to alleviate the symptoms of irritant/allergic 
contact dermatitis (hives and rashes) caused by poison ivy. Walgreens and 
Burts’ Bees have commercialized jewelweed’s abilities to mitigate poison ivy 
dermatitis in their poison ivy soaps. In a study conducted by Motz et al. (2012), 
participants’ forearms were brushed with poison ivy. The poison ivy-affected 
areas were treated by a variety of I. capensis and I. balsamina products, 
including I. capensis extract, mash, and soap, lawsone solution, and I. bal-
samina extract, mash, and soap. The results showed that all tested products, 

Eczema
• World Allergy Organization 

(WAO) proposed definition: 
AD clinical aspects but with an 
absence of atopic sensitization 

• Higher likelihood (one-third) 
of persisting to adulthood 
(chronic)

• In infanthood may be a 
temporary condition leading to 
AD

• Eczema is a category of 
disorders 

• lower likelihood of the 
presence of IgE

o

Atopic
Dermatitis 

••

•

•

WAO: presence of atopic 
sensitization

• Lower likelihood of 
persisiting to adulthood (short-
term or chronic)

• Dermatitis is the category of 
disorders of which atopic 
dermatits fall under

• Raised IgE level is present in 
22% of adult atopic dermatitis 
patients 

Both

Skin 
inflammation 
disorders
Atopic 
Eczema and 
Atopic 
Dermatitis 
are the same 
condition
Common 
symptom:
    rash

Figure 17.3  Differentiation of eczema and atopic dermatitis.
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with the exception of the extracts, were effective, but Dawn dish soap was 
the most effective in mitigating rash development. However, I. capensis and I. 
balsamina soap came in a close second and third, respectively. The research-
ers suggested that rather than their hypothesis of lawsone being the active 
component of the flowers that mitigates rash development, it is possible that 
saponins are the true active component. Although this study suggests that 
jewelweed possesses medicinal properties in regard to contact dermatitis, a 
concrete conclusion cannot be made due to the fact that a much larger body 
of evidence is needed to make such a claim with complete confidence. 

17.5.3 � Evening Primrose Oil and Borage Oil
Borage oil has been found to demonstrate the improvement of eczematous 
symptoms; however, it has also been demonstrated to have no statistical advan-
tage over a placebo. Therefore, it has not been found to be very effective. 
The conclusions reached to by research regarding the effectiveness of evening 
primrose oil on eczema are contradictory, as evidenced by two meta-analyses. 
In one meta-analysis of 27 studies spanning 12 countries, the effects of the 
oral intake of evening primrose oil and borage oil on eczema were explored 
on a total of 1,596 participants. Of the 27 studies taken into consideration, 19 
compared evening primrose oil to a placebo while the rest, 8, studied borage 
oil in comparison to a placebo. Various placebos were implemented in the 
studies, such as liquid paraffin, olive oil, sunflower oil, or other active eczema 
therapies. Most studies found that both evening primrose oil and borage oil 
taken orally resulted in the overall improvement of eczema through partici-
pant and/or physician reports. However, the meta-analysis concluded that the 
improvement in comparison to the placebo demonstrated no statistical advan-
tage for either evening primrose oil or borage oil (Bamford 2013). In Morse 
and Clough’s (2006) meta-analysis, 26 studies with a total of 1,207 participants 
were taken into consideration. This study was conducted with the purpose 
of further investigating the efficacy of evening primrose oil as concluded in a 
1989 meta-analysis of a series of clinical trials that were randomized, double-
blind, and placebo-controlled. Unlike the first-mentioned meta-analysis, Morse 
and Clough’s study concluded that between 4 and 8 weeks the simultaneous 
benefits of evening primrose oil on atopic eczema – mitigation of pruritus, 
crusting, edema, and redness – become apparent. However, the use of potent 
steroids and the beneficial effects of evening primrose oil share an inverse 
relationship (Morse & Clough 2006). The contradictory conclusions regarding 
evening primrose oil are thought to be due to the inconsistencies of patient 
reports and because of the new developments in the two categories it has 
been found that people within certain categories in the variations of fatty acid 
metabolism unique complexities and immune response in atopic condition are 
not positively affected by evening primrose oil. (It works for some, but not 
those that have these complexities.) By further solidifying how to differentiate 
between responders and non-responders and later controlling for this moder-
ating variable, the full significance of evening primrose oil can be measured. 
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To elaborate on the understanding of eczema’s physiology and the beneficial 
role fatty acids can serve in its management and development, further research 
is needed (Morse & Clough 2006).

17.5.4 � Potential Application of Nutraceuticals to Eczema
Eczema traditionally utilizes four categories of medicine as treatment. The fol-
lowing are the categories: 

	 1.	Anti-microbial
	 2.	Antihistamine
	 3.	Anti-inflammation
	 4.	Antipruritic

There are many nutraceuticals that contain these properties but have not yet 
been experimented with as a treatment for eczema. These nutraceuticals are 
outlined in Table 17.2.

17.6 � Allergy 
17.6.1 � What Is an Allergy? 
An allergy is a disorder that results from the immune system overreacting to a 
foreign, but harmless, substance referred to as an allergen. Allergy symptoms 
include runny nose, stuffy nose, sneezing, wheezing, shortness of breath, 
rashes, cough, fatigue, and headache (American College of Allergy, Asthma & 
Immunology 2018). 

Table 17.2  Potential Nutraceutical Applications with Properties

Potential 
nutraceutical Why it may have potential? References
Blackberry leaf tea Antimicrobial and antioxidant Evaluation of antimicrobial and antioxidant activity 

of leaf teas blackberry (Morus nigra)

Cassia pods Antioxidant Rehman et al. (2018)

Aloe vera Antimicrobial, anti-inflammatory, and 
antioxidant

Pankaj et al. (2013), Nafis et al. (2018)

Wormwood Antibacterial University of South Florida (2018)

Peony root Antioxidant Zhang et al. (2018) 

Chinese gentian Anti-inflammatory and anti-pathogenic Wang et al. (2018)

Dittany bark Antipruritic Nutrition almanac

Witch hazel Antipruritic and potentially 
anti-inflammatory

Board (2017)

Dried ginger Antioxidant Jelled et al. (2015)

Chickweed Antimicrobial Komakhin et al. (2016)
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Furthermore, there are two types of allergy:

	 1.	Immediate hypersensitivity: This type of allergy occurs within an hour 
and is mediated by IgE. When the allergen enters the body, the body 
mistakes it for a harmful substance and, in the case of immediate 
hypersensitivity, creates antibodies to fight against the allergen. This 
is process is known as the sensitization phase of an allergic reac-
tion. Next, in the symptomatic phase, the allergen binds to the IgE 
located on the mast cell. This “unlocks and opens” the mast cell, which 
then releases histamines. The histamines trigger the symptoms com-
monly associated with allergies, such as redness, swelling, and itchi-
ness through vasodilation, increased vascular permeability, and nerve 
end stimulation respectively. Immediate hypersensitivity is linked to 
rhinitis and food allergy. 

	 2.	Delayed hypersensitivity: This type of allergy takes longer (up to 48 
hours) to occur, as suggested by its name, and it is mediated by T 
cells. Delayed hypersensitivity is linked to contact eczema (EAACI 
n.d.)

17.6.2 � Application of Nutraceuticals
17.6.2.1 � Probiotics and Prebiotics

New research has been demonstrating the noteworthy effects of the gut’s 
microbiome on the body’s overall health. In line with this research, the 
Guidelines for Atopic Disease Prevention (GLAD-p) panel concluded that 
prebiotic and probiotic supplementation for infants is likely to decrease 
the risk of developing a food allergy (Mazzocchi et al. 2017). The positive 
effects of probiotic supplementation have not been confirmed by meta-anal-
yses (Mazzocchi et al. 2017), but the World Allergy Organization still makes 
an undetailed suggestion that mothers of high-risk infants and infants 
at high risk of allergy should be recommended to take probiotics, likely 
due to the promising results of earlier studies (Fiocchi et al. 2015). One 
study involving a combination oral immunotherapy to peanut and intake of 
Lactobacillus GG resulted in the desensitization of peanut for 89.7% of the 
participants. It was speculated that this was due to the theorized effect of 
the probiotic on T-regulatory cells (Mazzocchi et al. 2017). Another review 
analyzed nine trials consisting of 895 pediatric cow’s milk allergy patients 
and also found positive results. The administration of Lactobacillus rham-
nosus GG is likely to have resulted in inducing tolerance among infants 
suspected of cow’s milk allergy. However, the relief of symptoms cannot 
be stated with absolute certainty due to imprecise results and attrition bias 
(Tan-Lim & Esteban-Ipac 2018). All in all, probiotic and prebiotic supple-
mentation has demonstrated positive results thus far, but has yet to be 
proven on a larger scale. 
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17.6.3 � Potential Application of Nutraceuticals to Allergy
17.6.3.1 � Antioxidants

Diet-derived antioxidants have the potential of serving as nutraceuticals for 
the control and improvement of allergy. It was proposed that, in response 
to oxidative stress, pulmonary and systemic oxidative stress exacerbate 
inflammatory responses that correspond with allergy. Oxidative stress 
occurs as a result of an imbalance of reactive species and antioxidants. It is 
an integral facet of immune defenses in regard to the fact that its purpose 
is to kill infecting microorganisms and prevent the overactivation of T cells. 
However, oxidative stress can also result in dysfunctional cell signaling 
and arachidonic acid metabolism and hence exacerbate inflammation. The 
inflammation may intensify skewing toward a TH2 phenotype, which has 
been found to have an association with the development of allergic dis-
eases. Thus, it is proposed that supplementing antioxidants to the normal 
diet may decrease oxidative stress and, in turn, mitigate the effects of oxi-
dative stress that are related to allergic disease (Moreno-Macias & Romieu 
2014; Figure 17.4).

Reactive 
Species

Antioxidants

Oxidative 
Stress

Exogenous: ozone, cigarette 
smoking

Endogenous: mitochondrial 
respiration, inflammatory cells, 

peroxisomes, arachidonic
metabolism

Exogenous: vitamin C, vitamin E, 
vitamin A, carotenoids, selenium

Endogenous: superoxides dismutase, 
catalase, heme oxigenase-1, 

gluthatione, tannase

Figure 17.4  The balance scale shows that an imbalance between reactive species and 
antioxidants results in oxidative stress (Ebrahimzadeh et al. 2018; Moreno-Macias 
& Romieu, 2014.)
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Antioxidants are molecules that delay cellular damage by eliminating oxidants 
or preventing them from converting into toxic compounds though the neutral-
ization of free radicals. 

As the initial defense against reactive species, antioxidants are an integral 
facet of the immune defense system. Diet-derived antioxidants include: 

•	 Vitamin C: 
•	 Fruits: cantaloupe, citrus fruits, kiwi, mango, papaya, pine-

apple, strawberries, raspberries, blueberries, cranberries, and 
watermelon 

•	 Vegetables: broccoli, Brussels sprouts, cauliflower, green and 
red peppers, spinach, cabbage, turnip greens, sweet and white 
potatoes, tomatoes, and winter squash (“Vitamin C: MedlinePlus 
Medical Encyclopedia”)

•	 Vitamin E: vegetable oils, margarine, nuts and seeds, and leafy greens 
(“Vitamin E,” 2018)

•	 Vitamin A: cod liver oil, eggs, orange and yellow vegetables and 
fruits, and other sources of beta-carotene (e.g. broccoli, spinach, and 
most dark green, leafy vegetables) (“Vitamin A: MedlinePlus Medical 
Encyclopedia”)

•	 Spices: sage, cinnamon, cloves, pepper, oregano (Stone 2009).

Epidemiologic studies offer limited support to the theoretical application of 
antioxidants for the treatment and prevention of allergic disease. One study 
conducted by Sausenthaler et al. (2009) showed vitamin E may have a protec-
tive role from allergic sensitization’s development – the specific serum IgE 
concentration greater than or equal to 0.35 kU/1 – for adults between the 
ages of 29 and 54 (Sausenthaler et al. 2009). This conclusion corresponds to 
that reached by another study conducted by Fogarty et al. In this study, an 
inverse relationship was found between vitamin E intake and serum IgE con-
centrations and allergen sensitization; in other words, high vitamin E intake 
correlates to lower serum IgE concentrations and the frequency of allergen 
sensitization. The intake of antioxidants does show potential as a way to miti-
gate allergic disease; thus, a significant need for research becomes apparent 
in this area of immunology (Moreno-Macias & Romieu 2014). 

17.6.3.2 � Ginger

In a mice study, the 8-week-old Balb/c mice were separated into two groups. 
In one group the mice received a control diet and the other group was fed a 
2% ginger diet. Both groups were sensitized by ovalbumin (OVA). The results 
were promising in that the group fed the ginger diet demonstrated fewer 
sneezes, less nasal running, and lower IgE levels. There was a significant 
decrease in the number of mast cells and inflammatory leukocytes that infil-
trated the nasal mucosa and the proliferation of T cells. It was found that the 
OVA-induced allergy was potently suppressed by 2% ginger diet through the 
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inhibition of T-cell activation. Some researchers propose that 6-gingerol, a 
potent compound found in ginger, has potential as an immunosuppressive 
agent that contributes to ameliorate cytokine-mediated immune responses 
(Kawamoto et al. 2016). 

17.6.3.3 � Curcumin

Curcumin has also been found to improve the symptoms of allergic rhini-
tis, as supported by the data of an ovalbumin-sensitized mice study. The 
results demonstrated curcumin’s suppression of inflammatory cytokines and 
decreases in serum histamine, IgE, and TNF-α in the ovalbumin-induced mice. 
Moreover, the infiltration of inflammatory mast cells in the nasal mucosa was 
significantly lower in the curcumin group in comparison to the control group. 
The researchers also found that curcumin had an influence on the signaling 
pathways of the MAPK molecules and NF-κB transcription factor, which are 
important in the control of the synthesis and release of inflammatory media-
tors by activated mast cells during allergic inflammation (Zhang et al. 2015). 
Thus, the implementation of curcumin in a treatment plan could decrease 
allergen-caused inflammation.

17.7 � Conclusion and Future Perspectives

There is much progress in the field of applying nutraceuticals to various con-
ditions. There is a long way to go before the full potential of the nutraceuti-
cal field is fully tapped into, but a significant start has been made. For atopic 
dermatitis, Ganoderma luciudum was able to better the condition of some 
patients that had stagnant or worsening conditions when using traditional 
allopathic treatments. Moreover, jewelweed extracts also demonstrated medici-
nal properties applicable to mitigating atopic dermatitis symptoms. The num-
ber of nutraceuticals that can be applied increases when opening the pool to 
the full category of eczema. Although studies have been conducted to specifi-
cally apply certain nutraceuticals to eczema, there are multiple substances that 
have as yet only been proposed as possible nutraceutical applications. The 
trend of only scratching the surface of alternative treatments carries on for 
allergic diseases. However, two main branches can be identified in the search 
for an effective nutraceutical to fight against allergic disease: antioxidants and 
probiotics. 

In the future, further testing of the effectiveness of potential nutraceuticals 
would be the first task to tackle. Once a body of nutraceuticals has been 
tested in regard to whether or not significant mitigation or prevention of 
symptoms has been attained, researchers can proceed to isolating the potent 
compounds. For instance, the compound 6-gingerol has been identified 
as a potent compound of ginger, but whether or not other compounds are 
more potent or are applicable to a specific condition has not been explored. 
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Furthermore, the identification of these compounds could then allow for the 
exploration of synergistic effects between natural and synthetic compounds. 
Future and ongoing research along these paths will surely lead the healthcare 
field to produce the best medicines for conditions such as allergic diseases 
that currently have no cures, only treatments. 
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1 � Introduction

Fetal life and early childhood are the most vital periods of life because, in 
this period, the gene-environment interaction can affect the body health 
throughout the remainder of the entire life of a human (Barker 2004). Since 
the early 2000s, with the advent of the idea of fetal programming, a large 
body of research has been conducted to determine which biological events 
that occur during fetal life have an effect on the development of chronic dis-
eases in adulthood. The evidence obtained revealed that the causes of many 
chronic diseases, such as obesity, hypertension, diabetes, and some cancers, 
are rooted in fetal life and early childhood (Huxley, Neil & Collins 2002; 
Ravelli et al. 1999; Eriksson et al. 2003). Hence, recognizing effective factors 
and trying to change them during this critical phase of life can be one of the 
most important strategies for preventing chronic disease throughout the life.

Nutritional deficiencies and inappropriate dietary patterns during pregnancy 
and early childhood provide conditions for the onset of chronic diseases 
through growth retardation and metabolic disturbances in the body (Langley-
Evans 2006). As a result, efforts to reduce nutritional deficiencies and to cor-
rect dietary patterns during this critical period can play a significant role in 
the prevention and improvement of chronic disease during childhood and 
adulthood. 

Nutraceuticals are among the nutritional interventions that can be used dur-
ing fetal life and early childhood to prevent and treat chronic diseases (Kalra 
2003; Figure 18.1). The word “nutraceutical” is composed of two terms “nutri-
tion” and “pharmaceutical,” which was suggested by Stephen DeFelice in 1989 
(Kalra 2003). In this regard, a nutraceutical is defined as “a food (or part of a 
food) that provides medical or health benefits, including the prevention and/
or treatment of a disease” (DeFelice). Examples of nutraceutical also include 
dietary supplements such as vitamins and minerals, fortified foods, dietary 
fibers, herbal products, polyphenols, carotenoids, probiotics, and prebiotics 
(Kalra 2003).

The purpose of this chapter is to introduce nutraceuticals that, when used in 
fetal life and childhood, can be effective in the prevention and/or treatment 
of chronic diseases in later life. Chronic diseases considered in this chap-
ter include obesity, insulin resistance, high blood pressure, and pediatric 
cancers. For each chronic disease, we will briefly define it and introduce its 
related risk factors during fetal life and childhood. After that, the effective 
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nutraceuticals for preventing and treating these chronic diseases will be 
reviewed for each one.

2 � Nutraceuticals and Obesity
2.1 � Obesity
Obesity is defined as the extra accumulation of body fat (Gungor 2014). 
Recently, it has been reported that globally the rate of obesity in children 
and adolescents, aged 5 to 19 years, has risen tenfold in the past four decades 
(NCD-RisC 2017). Apart from genetic factors, a decrease in physical activity 
and an increase in the availability of foods with a high energy density have 
potentially increased the rate of childhood obesity (Han, Lawlor & Kimm 
2010). Besides, nutritional deficiencies or imbalances during fetal life can also 
lead to obesity (Ross & Desai 2013). In fact, the important issue is that child-
hood obesity puts children at risk from other chronic diseases, such as diabe-
tes mellitus, cardiovascular diseases, and cancers (Gungor 2014).

Figure 18.1  The beneficial effects of nutraceutical intake during early life on the pre-
vention and treatment of chronic diseases throughout the life span. 
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2.2 � Effective Nutraceuticals in Obesity Prevention and Treatment
2.2.1 � Vitamin and Mineral Supplementation

Deficiencies in some vitamins and minerals may predispose a child to being 
overweight or to obesity. For example, Tint et al. have found that neonates of 
Asian mothers with inadequate serum levels of 25-hydroxyvitamin D (25(OH)
D) have higher abdominal adipose tissue (Tint et al. 2018). Several experimen-
tal and observational studies examined the relationships between maternal 
or fetal vitamin D status and the offspring’s adiposity (Wang et al. 2018; Wen 
et al. 2018; Santamaria et al. 2018). The corresponding results showed that 
lower maternal vitamin D status was associated with the offspring’s greater fat 
mass during childhood (Crozier et al. 2012). As suggested by a recent animal 
study, vitamin D deficiency (VDD) during pregnancy may interfere with the 
methylation of adipogenic genes and consequently promote the proliferation 
and differentiation of pre-adipocytes, ultimately leading to offspring obesity 
(Wen et al. 2018). In line with this evidence, the results of a randomized 
controlled trial showed that vitamin D supplementation of low birthweight 
infants during the first 6 months of age resulted in children with a lower body 
mass index (BMI) at the age of 3–6 years (Trilok-Kumar et al. 2015). As a 
result, an adequate intake of vitamin D during pregnancy and early infancy is 
emphasized to prevent obesity and other adverse outcomes of VDD. It should 
be noted that due to the sequestration of vitamin D in body fat stores, obese 
children have a higher risk of VDD when compared to their lean counterparts 
(Alemzadeh et al. 2008). It seems that the dietary reference intake for vitamin 
D (400 IU/d) might be inadequate to treat VDD in obese children (Rajakumar 
et al. 2008). According to a cohort study, receiving high dose of vitamin D 
supplements (25,000 IU/week) by obese children with VDD can be well toler-
ated and it effectively increases the serum vitamin D to the sufficient levels 
(Radhakishun et al. 2014). Therefore, it seems reasonable to revise the recom-
mendations for the daily intake of vitamin D in obese children with VDD. 

Folic acid or folate is another vitamin where deficiency during pregnancy may 
affect the body composition of the offspring. Interestingly, the findings from 
an animal study showed that maternal folate and/or vitamin B12 restriction 
increased visceral adiposity in rat offspring (Kumar et al. 2013). Indeed, the 
activity of the two lipogenic enzymes (i.e. fatty acid synthase and acetyl-
CoA-carboxylase) was significantly higher in the offspring of folate-restricted 
female rats than in controls (Kumar et al. 2013). This finding was suggested 
as a reason for the increased adiposity in the offspring of rats in the above-
mentioned study (Kumar et al. 2013). However, it should be taken into account 
that the results of a cohort study did not confirm such an effect (Lewis et al. 
2009). Further studies are needed to clarify the role of folic acid in the preven-
tion of childhood obesity.

There is evidence regarding the effects of zinc supplementation on body 
composition, especially during infancy and childhood (Cavan et al. 1993; 
Kikafunda et al. 1998). Children who have adequate zinc status show more 



265Chronic Diseases ﻿

lean body mass and less fat mass than those with zinc deficiency (Gibson, 
Skeaff & Williams 2000; Friis et al. 1997). This lean tissue accretion has been 
attributed to the body’s efficient utilization of protein and energy due to zinc 
supplementation (Gibson, Skeaff & Williams 2000; Golden & Golden 1992).

Calcium adequacy during fetal life and childhood may also affect body com-
position through its roles in lipolysis and in changing the body composition 
(Moore et al. 2006). Observational studies have found an inverse association 
between calcium intake and weight or body fat mass in children (Wang, Wu & 
Zhang 2016; Moreira et al. 2005). However, the results obtained from clinical 
trials are conflicting. For example, a one-year randomized clinical trial that 
examined the effects of 1,000 mg/day calcium supplementation on preschool 
children found a weak inverse relationship between fat mass gain and calcium 
intake only in supplemented children who were in the lowest tertile of dietary 
calcium intake (DeJongh, Binkley & Specker 2006). However, a meta-analysis 
of 17 randomized controlled trials (RCTs) did not show any significant effects 
of calcium supplementation on fat mass and lean body mass in healthy chil-
dren (Winzenberg et al. 2007). On the other hand, it is still unclear whether 
calcium intake from dairy products or from supplements is effective in reduc-
ing body fat. Thus, until the results of the studies become clear, it is recom-
mended that children keep their intake of calcium up to the recommended 
levels (700–1,000 mg/day) and provide most of their daily calcium needs from 
dairy products.

2.2.2 � Long-Chain Polyunsaturated Fatty Acids

The n-3 long-chain polyunsaturated fatty acids (n-3 LC-PUFAs), eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA), are derived from alpha-
linolenic acid (plant source) or obtained from marine oils (Scorletti & Byrne 
2013).The important biological roles of n-3 LC-PUFAs in the human body 
include the production of anti-inflammatory mediators and involvement in 
gene expression (Todorcevic & Hodson 2015). The effectiveness of fish oil 
consumption, as a source of n-3 LC-PUFA, in the prevention and treatment of 
childhood obesity is under investigation. Epidemiologic studies have reported 
a significant association between maternal n-3 fatty acid levels and childhood 
adiposity (Vidakovic et al. 2016). However, the results of recent RCTs were 
contradictory. In a long-term follow-up of a randomized trial in mothers with 
obesity, Foster et al. found that DHA supplementation at 800 mg/day during 
the second half of pregnancy, resulted in lower BMI and adiposity in offspring 
at 2 and 4 years of age (Foster et al. 2017). However, in a similar study, the 
maternal intake of DHA-rich fish oil (800 mg/day) during the second half of 
pregnancy did not affect the growth or body composition of children at 3 
or 5 years of age (Muhlhausler et al. 2016). Further clinical trials are needed 
to confirm the beneficial roles of DHA intake during fetal life in prevent-
ing childhood obesity. If mothers want to use fish oil supplements during 
pregnancy or when breastfeeding to take advantage of them in the growth 



266 Nutraceuticals for Nutritional Health﻿

and development of the fetus or neonate, they should pay attention to their 
quality and safety. Fish oil supplements should have appropriate amounts of 
an antioxidant such as vitamin E to prevent lipid peroxidation (Saldeen & 
Saldeen 2004). Additionally, its content of dioxin and polychlorinated biphe-
nyls (PCBs) should not exceed the established safe limit (Saldeen & Saldeen 
2004). Therefore, mothers are recommended to use fish oil supplements under 
the supervision of healthcare providers.

Another LC-PUFA that may have anti-adipogenic effects on the human body is 
conjugated linoleic acid (CLA). CLA is an 18-carbon polyunsaturated fatty acid 
that is naturally present in the meat and dairy products derived from rumi-
nants. It has two isomers, cis-9, trans-11 and trans-10, cis-12, with the former 
being found naturally in meat and dairy products. It has been reported that 
CLA can increase the gene expression of lipolytic enzymes such as carnitine-
palmitoyl transferase and acyl-CoA oxidase, and uncoupling protein in liver, 
muscle, and brown adipose tissue consequently increases ß-oxidation of fatty 
acids (Inoue et al. 2006). Several animal studies provide evidence indicating 
the improvement in body composition and obesity in the offspring of mothers 
who have consumed CLA during pregnancy (Segovia et al. 2017; Lavandera  
et al. 2017). However, there are limited human studies that have evaluated the 
effects of CLA on obesity during childhood (Racine et al. 2010). In a clinical 
trial, 53 children aged 6–10 years who were overweight or obese received 3 
g/day of CLA (50:50 cis-9, trans-11 and trans-10, cis-12 isomers) or a placebo 
in chocolate milk for 7 months. After the end of the trial, it was observed 
that CLA supplementation significantly reduced body fatness and also signifi-
cantly decreased serum levels of high-density lipoprotein (HDL) (Racine et al. 
2010). As a result, more well-designed clinical trials are required to confirm 
the beneficial effects, as well as adverse effects, of CLA. Therefore, it is not 
recommended to use this supplement in children without the prescription of 
a nutritionist.

2.2.3 � Probiotics, Prebiotics, and Synbiotics

The World Health Organization defines a probiotic as a “live microorgan-
ism which, when administered in adequate amounts, confers a health benefit 
on the host” (Tsuda & Miyamoto 2010). Prebiotics are non-digestible food 
ingredients that facilitate the growth or activity of beneficial gut microor-
ganisms and, finally, synbiotics are defined as food ingredients or dietary 
supplements combining probiotics and prebiotics to enhance host welfare 
(Pandey, Naik & Vakil 2015). Today, the roles of intestinal microbiota in the 
development and progress of chronic diseases such as obesity are under 
investigation. Therefore, it is proposed that by manipulating the intestinal 
microbiota through probiotics, prebiotics, and/or synbiotics, it might be pos-
sible to prevent or treat obesity (Nagata et al. 2017; Hume, Nicolucci & Reimer 
2017). Probiotics and/or prebiotics can decrease the gut permeability, and 
hence prevent the absorption of endotoxins such as lipopolysaccharides 
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(LPS), which are molecules that trigger the production of pro-inflammatory 
cytokines such as TNF-α and IL-6 (Figure 18.2; Sanchez, Panahi & Tremblay 
2014). Consequently, by decreasing the inflammatory mediators, probiotics 
and/or prebiotics are involved in the prevention of atherosclerosis, obesity, 
and insulin resistance (Sanchez, Panahi & Tremblay 2014). Additionally, they 
may decrease the appetite through augmentation in the levels of gut sati-
ety hormones such as glucagon-like peptide-1 (GLP-1) and peptide YY(PYY) 
(Figure 18.2; Cani et al. 2009). There are few clinical studies regarding the 
roles of probiotics as a nutraceutical in the management of obesity in chil-
dren. In an open prospective clinical study, Nagata et al. found that drinking 
beverages containing the strain Lactobacillus casei by obese children for 6 
months, contributed to approximately 3% weight reduction in them (Nagata 
et al. 2017). In a recent RCT, the intake of 8 g/day of oligofructose-enriched 
inulin (a prebiotic) vs. maltodextrin as a placebo for 16 weeks by overweight 
or obese children led to a significant reduction in weight z-score, percentage 
of body fat and percentage of trunk fat (Nicolucci et al. 2017). Investigating 
the effects of probiotics, prebiotics, and synbiotics on the prevention of obe-
sity in children would be a novel area in the field of nutraceuticals.

2.2.4 � Herbal Products

Herbal products can prevent obesity through mechanisms such as stimula-
tion of thermogenesis, reducing energy intake, increasing metabolism, and 

Figure 18.2  Some of the proposed mechanisms involved in the beneficial effects of 
probiotics on the prevention of obesity and insulin resistance in children. GLP-1: 
glucagon-like peptide-1; IL-6: interleukin 6; LPS: lipopolysaccharides; PYY: peptide 
YY; TNF-α: tumor necrosis factor-alpha. 
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decreasing intestinal fat absorption as well as anti-inflammatory and anti-
oxidant activity (Payab et al. 2018). These mechanisms are carried out by 
phytochemicals that are part of herbal products such as polyphenols. Among 
the polyphenols studied, there is evidence regarding the beneficial effects of 
curcumin, quercetin, and catechins on obesity and body composition (Zhao 
et al. 2017; Suzuki et al. 2016).

Curcumin is derived from the spice turmeric and it has been shown that in pri-
mary human adipocyte it could suppress the expression of adipogenic transcrip-
tion factors such as peroxisome proliferator-activated receptor γ (PPARγ) (Kim et 
al. 2011). Moreover, in animal models of obesity, curcumin reduced macrophage 
infiltration into adipocytes and, hence, decreased adipose tissue inflammation 
(Shao et al. 2012). 

Quercetin is found in many fruits, vegetables, leaves, wine, and tea (Rauf 
et al. 2018). The abundant sources of this flavonoid include red onions, 
kale, cherries, and apple (Rauf et al. 2018). Results from in vitro stud-
ies have indicated that quercetin can inhibit the gene expression of ace-
tyl-CoA carboxylase (ACC) and fatty acid synthase (FAS), the two key 
enzymes of lipogenesis (Ahn et al. 2008). It is of interest that quercetin 
may induce the gene expression of the uncoupling protein (UCP-1: a pro-
tein that mediates uncoupling of oxidative phosphorylation from adenos-
ine triphosphate [ATP] synthesis) in white adipocyte mitochondria in order 
to increase thermogenesis and expand brown adipose tissue (Lee, Parks &  
Kang 2017). 

Catechins are low molecular weight polyphenols mainly extracted from green 
tea leaves and consisting of several monomers such as catechin, epicatechin, 
epicatechin gallate, epigallocatechin (EGC), and epigallocatechin gallate 
(EGCG) (Suzuki et al. 2016). It has been reported that after catechin inges-
tion, dietary fat oxidation was enhanced due to increased β oxidation in liver 
(Murase et al. 2002). In addition, catechins can increase thermogenesis, pos-
sibly via induction of sympathetic nervous system (Dulloo et al. 2000). In a 
clinical trial, obese Japanese children assigned randomly to receive 576 mg 
catechins (catechin group) or 75 mg catechins (control group) once per day 
for 24 weeks (Matsuyama et al. 2008). At the end, the waist circumference in 
the catechin group was significantly lower than that of the control group for 
subjects in the above median category (Matsuyama et al. 2008). 

It is noteworthy that the majority of the data regarding the effects of herbal 
medicines or phytochemicals on obesity treatment have been derived from 
cellular or animal studies (van der Spuy & Pretorius 2009). In other words, 
the effect of herbal supplements on human obesity has not yet been ascer-
tained. The chemical components in herbal supplements, especially in con-
centrated amounts, would be harmful and may cause liver and kidney toxicity, 
especially in children who are more vulnerable than adults (van der Spuy & 
Pretorius 2009). Thus, before any recommendation is made for the use of 
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herbal supplements in the treatment or prevention of obesity in both adults 
and children, the safety of these supplements should be confirmed in valid 
studies.

3 � Nutraceuticals and Insulin Resistance
3.1 � Insulin Resistance
Insulin resistance (IR) is one of the most important components of meta-
bolic syndrome that can cause other chronic diseases such as Type 2 diabetes 
mellitus (T2DM), obesity, and cardiovascular disease. The prevalence of IR 
is higher in children that are overweight or obese (Romualdo, Nobrega & 
Escrivao 2014). IR is characterized by increase in serum concentrations of 
insulin and a decrease in peripheral glucose uptake (Damiani et al. 2011). 
The results of a cross-sectional study in Brazil showed that IR was associ-
ated with lower levels of high-density lipoproteins cholesterol (HDL-c) and 
higher values for waist circumference measurements in children with obesity 
(Romualdo, Nobrega & Escrivao 2014). Interestingly, the results of the pro-
spective cohort study in Australia revealed that maternal body size prior to 
pregnancy is positively correlated to increased child IR (Maftei et al. 2015). 
Besides, non-alcoholic fatty liver disease (NAFLD) is a hepatic feature of IR 
and its prevalence is increasing alarmingly among children and adolescents 
(Conjeevaram Selvakumar, Kabbany & Alkhouri 2018).

3.2 � Nutraceuticals that May Improve Insulin Resistance
3.2.1 � Vitamin and Mineral Supplementation

One of the most important nutraceuticals, which has received lots of atten-
tion in terms of improving insulin resistance during the last decade, is vitamin 
D. The results of experimental and observational studies demonstrated that 
vitamin D deficiency during early life and childhood might be a risk factor for 
insulin resistance, Type 1 and Type 2 diabetes mellitus (Grunwald et al. 2017; 
Papadimitriou 2017). However, the results of clinical trials are controversial 
regarding the effects of vitamin D on IR in different adult populations. For 
example, in a recent systematic review, we showed that vitamin D supple-
mentation significantly reduced IR in patients with NAFLD in only one out 
of the six reviewed clinical trials (Sharifi & Amani 2019). Indeed, few studies 
have examined the effects of vitamin D supplementation on IR and/or NAFLD 
among children (Della Corte et al. 2016). In a recent clinical trial, Della Corte 
et al. found that daily DHA (500 mg) plus vitamin D (800 IU) supplementa-
tion in obese children with NAFLD improved IR, lipid profile, and hepatic 
enzymes. However, in two other clinical trials, vitamin D supplementation did 
not result in an improvement of IR and other components of metabolic syn-
drome (MetS). Different doses and durations of vitamin D supplementation, as 
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well as different populations and age groups, are possible reasons for contro-
versies between the results obtained from previous clinical trials.

Among minerals, zinc deficiency during prenatal life and childhood may pre-
dispose children to IR and pre-diabetes (Islam et al. 2016). However, the 
results of a few clinical trials have supported the beneficial effects of zinc 
on IR in children with MetS (Mispireta et al. 2017). Iranian obese children, 
who received 20 mg of elemental zinc vs. their counterparts who received a 
placebo for 8 weeks in a cross-over RCT, showed a significant decrease in 
IR parameters and inflammatory biomarkers such as high-sensitive C reac-
tive protein (hs-CRP) (Kelishadi et al. 2010). Zinc is a cofactor of antioxidant 
enzymes such as superoxide dismutase (SOD) (Mazani et al. 2013). As a result, 
it is proposed that this trace element can attenuate IR, through promoting 
antioxidant defense in the body (Marreiro et al. 2006).

Low serum magnesium levels may also contribute to the development of IR 
in children (Celik, Andiran & Yilmaz 2011). It is of interest that through an 
epigenetic process, low dietary intake of magnesium during pregnancy may 
lead to MetS in offspring in later life (Takaya 2015). Epigenetic refers to the 
process that biological or environmental factors affect the phenotype without 
changing the DNA sequence (Dupont, Armant & Brenner 2009). Binding of a 
protein to the specific sites of DNA, as an epigenetic change, can modify the 
gene expression (Takaya et al. 2011). Magnesium is proposed to be a cofactor 
that facilitates such binding and consequently modulates the expression of 
genes that are involved in MetS pathogenesis (Takaya 2015). 

3.2.2 � n-3 Long-Chain Polyunsaturated Fatty Acids

Most of the previous studies have evaluated the effects of n-3 LC-PUFA on 
metabolic parameters in children who had NAFLD (Mann et al. 2018). NAFLD 
is a hepatic feature of metabolic syndrome and is associated with IR. A longi-
tudinal study showed that boys who had received n-3 LC-PUFA supplements 
in infancy had a reduced insulin concentration and IR at 5 years of age (Mori 
et al. 2018). In other RCT, Nobili et al. reported that DHA supplementation 
(doses of 250 and 500 mg/day) for 24 months improved IR, liver steatosis, 
and hepatic enzymes in children with NAFLD (Nobili et al. 2013). In addition, 
supplementation with 900 mg n-3 LC-PUFA daily in overweight children and 
adolescents for one month led to a 15% significant reduction in the homeo-
stasis model assessment of IR (HOMA-IR) independent of weight changes 
(Lopez-Alarcon et al. 2011). It has been suggested that n-3 LC-PUFA might 
improve IR via its ability to inhibit inflammatory pathways and involvement 
in the gene expression (Xu et al. 2015). 

3.2.3 � Probiotics, Prebiotics, and Synbiotics

The early alteration in the gut microbiota by specific probiotics, prebiotics, 
and synbiotics may affect chronic diseases such as IR and MetS (Isolauri & 
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Salminen 2015). Evidence indicates the beneficial effects of probiotics on 
NAFLD in children (Mann et al. 2018). Using a mixture of eight probiotic 
strains in a supplement, named VSL#3, with a sample of children with NAFLD 
for 4 months resulted insignificant fatty liver improvement, although the 
changes in HOMA-IR were not significant between VSL#3 and placebo (Alisi 
et al. 2014). The other important benefit of probiotics that has attracted more 
attention recently is their probable ability to protect against the onset of Type 
1 diabetes mellitus (T1DM) (Groele, Szajewska & Szypowska 2017). Recent 
evidence has indicated a significant decline in the numbers of Lactobacillus 
and Bifidobacterium in children with beta-cell autoimmunity (Murri et al. 
2013). Additionally, in a prospective cohort study, the probiotic supplementa-
tion during the first 27 days of life was associated with a significantly lower 
risk of islet autoimmunity, especially in children who had a genetically higher 
risk of T1DM (Uusitalo et al. 2016). It should be taken into account that few 
human studies have investigated the effects of probiotics/prebiotics on IR, 
MetS, T1DM, and T2DM among children. More high-quality clinical trials are 
needed to establish a safe recommendation of probiotics and/or prebiotics in 
children with MetS.

3.2.4 � Low Glycemic Index Products

The glycemic index (GI) indicates the extent to which a carbohydrate-contain-
ing food affects postprandial blood glucose levels compared with a reference 
product containing the same amount of available carbohydrate (Barclay et al. 
2008). Consumption of low GI food is protective against IR among children 
(Visuthranukul et al. 2015). The GI of food products can be lowered during the 
production process. In this regard, the food industries can reduce the glycemic 
index of high-carbohydrate products through the changes made during their 
processes, such as the addition of fiber or resistant starch. For example, in a 
recent study Schuchardt et al. showed that consumption of a newly developed 
fiber-enriched cookie by healthy volunteers led to lower postprandial insulin 
concentration compared to white bread (Schuchardt et al. 2016). 

3.2.5 � Herbal Products and Phytochemicals

Insulin resistance and diabetes mellitus induce oxidative stress via the eleva-
tion in serum glucose and free fatty acid levels (Wei et al. 2009). Recent 
evidence reveals that oxidative stress can develop and exacerbate diabetes 
mellitus’s complications (Domingueti et al. 2016). Therefore, the antioxidants 
are important nutraceuticals that neutralize reactive oxygen species and pre-
vent or treat the complications that are associated with IR. The major sources 
of antioxidants are phytochemicals extracted from plants (D’Andrea 2015). 
Some phytochemicals such as quercetin, silymarin, and anthocyanins have 
been investigated in terms of the effects on IR and diabetes mellitus. Some 
proposed mechanisms underlying the beneficial effects of phytochemicals’ 
intake on IR and T2DM has been shown in Figure 18.3.
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Alongside the free radical scavenging ability, quercetin might stimulate glu-
cose uptake via the induction of glucose transporter type 4 (GLUT4) and can 
inhibit hepatic glycogenolysis and gluconeogenesis (Alam, Meerza & Naseem 
2014). Although animal studies strongly support the beneficial effects of quer-
cetin on IR and diabetes, the results of clinical studies are still limited and 
inconclusive (Pereira et al. 2016).

Silymarin is a mixture of flavonolignans extracted from the seeds of Silybum 
marianum (milk thistle) (Tuorkey, El-Desouki & Kamel 2015). Although 
silymarin has been known to be effective in the treatment of liver disease, 
its potential antidiabetic properties have been reported recently (Shin et al. 
2015). The overall results of the available clinical trials revealed that silyma-
rin supplementation (dosage range: 200 to 800 mg/day) led to improvements 
in glycemic control, IR, and antioxidant indices such as SOD, GPx, and total 
antioxidant capacity (TAC) in adults with IR and/or diabetes mellitus (DM) 
(Hussain 2007; Huseini et al. 2006; Ebrahimpour Koujan et al. 2015).

Anthocyanins are another subgroup of flavonoids that are supposed to have 
beneficial effects on IR and DM (Belwal et al. 2017). They are responsible for 
the red, purple, and blue colors of the plants (Belwal et al. 2017). Thus the rich 
sources of anthocyanins include blackberries, bilberries, cranberries, raspber-
ries, black currant, cherry, grape, strawberry, colored cabbage, etc. (Belwal et 
al. 2017). It has been reported that anthocyanins may have inhibitory effects 

Figure 18.3  Suggested mechanisms underlying the beneficial effects of the intake of 
phytochemicals on insulin resistance and Type 2 diabetes mellitus. GLUT4: glucose 
transporter type 4; ROS: reactive oxygen species. 
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on α-glucosidase and pancreatic α-amylase in the gut thereby limiting the 
glucose absorption (Tadera et al. 2006). Additionally, increased translocation 
of GLUT4, decreased phosphorylation of insulin receptor substrate 1 (IRS-1) 
as well as the inhibition of fatty acid and triglyceride synthesis are among the 
suggested mechanisms by which anthocyanins increase insulin sensitivity and 
reverse diabetic condition (Takikawa et al. 2010). However, clinical studies 
indicating the true effects of anthocyanins’ supplementation on IR and DM 
among children are very limited (Belwal et al. 2017). In a placebo-controlled 
clinical trial, it was shown that consumption of a freeze-dried strawberry bev-
erage (a rich source of anthocyanins) daily for 6 weeks resulted in signifi-
cant decrease in hemoglobin A1c (HbA1c), lipid peroxidation, inflammatory 
response, and diastolic blood pressure in adults with T2DM (Amani et al. 2014; 
Moazen et al. 2013).

Currently, validated data is not available to establish the safe doses of phy-
tochemicals for the prevention and/or treatment of IR. Therefore, until then, 
children and adults are recommended to receive such phytochemicals by 
increasing their intake of dietary sources such as colorful fruits and vegetables.

4 � Nutraceuticals and Hypertension
4.1 � Hypertension
Currently, one of the major health concerns in children is increasing trend of 
hypertension prevalence that can occur due to the increased prevalence of 
obesity and the tremendous changes in lifestyle (Falkner, Lurbe & Schaefer 
2010). The significance of this health issue is better understood when we con-
sider that the occurrence of hypertension in childhood can be continued into 
adulthood and, consequently, that related cardiovascular complications may 
arise earlier in life (Thompson et al. 2013).

4.2 � Nutraceuticals that May Control Blood Pressure
4.2.1 � Vitamin and Mineral Supplementation

Vitamins and minerals such as vitamin C, vitamin E, and calcium have a sci-
entific background in terms of their beneficial effects on blood pressure (BP) 
control (Jamshidi & Kelishadi 2015; Block et al. 2008; Franco Mdo et al. 2009). 

Vitamin C and vitamin E are antioxidants and, therefore, they can increase the 
nitric oxide (NO) production leading to improvements in endothelial function 
and arterial compliance (Plantinga et al. 2007). In a clinical trial by Rimoldi et 
al., the administration of 1,000 mg vitamin C plus 400 IU vitamin E to children 
who had been conceived by assisted reproductive technology (ART) for 4 
weeks, significantly increased plasma NO levels and flow-mediated vasodila-
tion (FMD) and attenuated pulmonary hypertension compared with placebo 
(Rimoldi et al. 2015).
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One of the independent risk factors for cardiovascular diseases and hyperten-
sion among children is hyperhomocysteinemia (Glowinska et al. 2003). It has 
been reported that folic acid supplementation could decrease blood pressure 
through the reduction of homocysteine (Hcy) levels (Papandreou et al. 2010). 
Children with hyperhomocysteinemia who received a 5-mg supplement of 
folic acid orally twice a week for 2 months revealed a significant decrease in 
Hcy levels as well as systolic and diastolic blood pressure compared with the 
controls (Papandreou et al. 2010).

Findings from a systematic review demonstrated that higher maternal calcium 
intake during pregnancy was associated with a reduction in the offspring’s 
systolic BP (SBP) (Jamshidi & Kelishadi 2015). The study by Belizan et al. was 
the first RCT that showed maternal calcium supplementation during preg-
nancy (2 g/day of elemental calcium) was associated with a lower risk of 
high SBP in offspring at the age of 7 years (relative risk: 0.59; 95% confidence 
interval: 0.39– 0.90) (Belizan et al. 1997). The mechanism of action has not 
been fully understood. However, Belizan et al. suggested that high maternal 
calcium intake could decrease maternal BP, and hence reduce fetal exposure 
to maternal hormones and substances that affect developmental program-
ming, leading to high BP later in life (Belizan et al. 1997).

4.2.2 � n-3 Long-Chain Polyunsaturated Fatty Acids

A growing body of evidence suggests that n-3 long-chain polyunsaturated fatty 
acids may exert beneficial effects on childhood hypertension. In a multicenter 
RCT in Europe (participants were from four centers in the UK, Belgium and 
Italy), children who received LC-PUFA-supplemented formula compared with 
those who received unsupplemented formula had lower mean BP and DBP 
at the age of 6 years (Forsyth et al. 2003). Of note, data from this study were 
used by Straub et al. to evaluate the cost-effectiveness of supplementing infant 
formula with LC-PUFAs on lowering blood pressure (Straub et al. 2011) and 
found it to be an economically worthwhile prevention strategy to decrease the 
rate of hypertension-related diseases in later life (Straub et al. 2011). Based 
on data derived from a birth cohort study in the Netherlands, van Rossem et 
al. reported that children who received human milk with a higher content of 
n-3 LC-PUFA (above the median) had significantly lower SBP and DBP at the 
age of 12 years (van Rossem et al. 2012). However, the effects of n-3 LC-PUFA 
supplementation on the offspring’s BP during pregnancy have not been con-
firmed by longitudinal studies (Rytter et al. 2013; Rytter et al. 2012).

4.2.3 � Herbal Products and Phytochemicals

Among phytochemicals, the intake of flavonoids is associated with a lower 
risk of hypertension and cardiovascular disease (de Jesus Romero-Prado et al. 
2015; Habauzit & Morand 2012). The beneficial effects of flavonoids on hyper-
tension are mediated through antioxidant and anti-inflammatory activities 
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and also by improvement in nitric oxide metabolism and endothelial function 
(Habauzit & Morand 2012).

Flavanols from cocoa chocolate protect vascular endothelium function by 
increasing NO bioavailability and improving FMD in healthy or hyperten-
sive subjects (Grassi et al. 2012). By analyzing data from 20 RCTs, Ried et 
al. concluded that the intake of flavanol-rich cocoa can significantly reduce 
SBP (–2.77 mmHg) and DBP (–2.20 mmHg) in healthy adults compared with 
controls (Ried et al. 2012). Even an intake of low doses of polyphenol-rich 
dark chocolate (6.3 g, 30 kcal per day) by adults with pre-hypertension might 
effectively reduce BP (Taubert et al. 2007). Only one clinical trial has been 
performed on healthy children to find out the effects of dark chocolate con-
sumption on BP (Chan et al. 2012) indicating similar SBP and DBP between 
the children who received dark chocolate and their controls after 7 weeks of 
intervention (Chan et al. 2012). 

The other polyphenol-rich food that showed promising effects on BP is pome-
granate juice (Shema-Didi et al. 2014; Stowe 2011). A recent meta-analysis of 
eight RCTs indicated a significant decrease in both systolic and diastolic blood 
pressure after pomegranate consumption in adults (Sahebkar et al. 2017). 
Interestingly, after the dose-response analysis, the decrease in SBP remained 
significant even when pomegranate juice had been consumed at less than 
250 ml per day (Sahebkar et al. 2017). In this regard, no clinical trial has 
been conducted yet in children. The acceptability and easy consumption of 
dark chocolate and pomegranate juice by younger children are among the 
important advantages of these nutraceuticals, considering that even taking a 
small amount would be beneficial in controlling high BP (Chan et al. 2012). 
However, it should be noted that consuming extra amounts of dark chocolate 
by overweight or obese children may yield high amounts of energy.

5 � Nutraceuticals and Pediatric Cancers
5.1 � Pediatric Cancers
Pediatric cancers are cancers that occur at the age of 0–14 years (Childhood 
cancer 2017). The most prevalent cancers in children include leukemia, brain 
tumors, and lymphomas (Childhood cancer 2017). Nutraceuticals can be used 
in two ways in pediatric cancers: as chemopreventive agents and adjuvant 
therapies (Ferrucci et al. 2016).

5.2 � Important Nutraceuticals in the Prevention 
and Treatment of Pediatric Cancers

5.2.1 � Vitamin and Mineral Supplementation

Vitamins or minerals may exert protective effects against cancer, consid-
ering their antioxidant, anti-inflammatory, and methyl donor properties. 
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These nutraceuticals exert their beneficial roles in both the prevention and 
treatment of pediatric cancers. For example, receiving folic acid during 
pregnancy may reduce the risk of childhood brain and spinal cord tumors 
(Chiavarini, Naldini & Fabiani 2018) or supplementation with selenium 
might ameliorate the chemotherapy side effects in children with cancer 
(Vieira et al. 2015). When compared with a healthy pediatric population, 
children with cancer have a higher prevalence of vitamin D deficiency that 
predisposes them to low bone mineral density and other adverse outcomes 
(Revuelta Iniesta et al. 2016).

Of note, in the cancer prevention phase, the U-shaped relationship between 
the status of micronutrients and the risk of cancer is evident. For example, 
people with low selenium status may benefit from selenium supplementation, 
however, additional selenium intake by those who have adequate or high 
selenium status may increase the risk of chronic diseases such as T2DM or 
cancers (Rayman 2012). 

5.2.2 � Herbal Products and Phytochemicals 

Investigators in the field of pediatric cancers are trying to find non-invasive 
therapies to impede cancer progression. Indeed, some of the plant-derived 
nutraceuticals have been found to protect against angiogenesis, tumorigene-
sis, and metastasis in pediatric cancers originating from brain, bone, and liver 
(Heger et al. 2014). One of the phytochemicals that has been shown to have 
anti-tumorigenic effects is curcumin (Ferrucci et al. 2016). The results of an  
in vitro study showed that curcumin administration into the cell lines of pedi-
atric epithelial liver tumor significantly decreased their viability in a dose-
dependent manner (Bortel et al. 2015). The mechanisms proposed include 
the inhibition of nuclear factor kappa beta (NF-κB) and decreased cyclin D, 
a factor that controls cell cycle and has the potential to be converted to an 
oncogene (Bortel et al. 2015). Of interest, curcumin can cross the blood-brain 
barrier due to its lipophilic properties and probably would be an effective 
nutraceutical to impair pediatric brain tumors (Marchiani et al. 2014).

The clinical trials investigating the effects of phytochemicals on pediatric 
cancers are very scarce and the majority of available evidence is derived from 
in vitro and experimental studies (Ferrucci et al. 2016). The other promising 
plant-derived nutraceuticals for pediatric cancer treatment include resveratrol, 
quercetin, diallyl trisulfide and green tea extract that have been reviewed by 
Ferrucci et al. (Ferrucci et al. 2016).

5.2.3 � Probiotics, Prebiotics and Synbiotics

Significant alterations in gut microbiota (dysbiosis) may predispose children 
to increased risk of chronic diseases such as cancer (Bai, Behera & Bruner 
2018). On the other hand, dysbiosis in the gut during the treatment phase 
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of cancer may alter chemotherapy and increase the cancer-related symptoms 
(Kelly et al. 2016). Additionally, dysbiosis in gut microbiota may cause altera-
tions in mood and promote depression in patients with cancer (Naseribafrouei 
et al. 2014). Therefore, based on the current evidence it seems that modula-
tion in gut microbiome by certain probiotics, prebiotics, and synbiotics may 
have beneficial roles in the prevention and treatment of pediatric cancers. 
Among the probiotic strains, Lactobacilli and Bifidobacterium breve have 
been shown to attenuate chemotherapy side effects such as the occurrence 
of fever and infections in children with cancer (Ekert et al. 1980; Wada et al. 
2010). Additionally, a prebiotic supplement such as fructooligosaccharides 
(FOS) being taken by children during the chemotherapy phase might help 
the growth of beneficial gut microbiota like Lactobacilli and Bifidobacteria 
(Zheng et al. 2006). Unfortunately, safety concerns were not reported in pre-
vious RCTs in this regard (Wada et al. 2010; Zheng et al. 2006). Further studies 
are needed to determine the effective strains of probiotics and proper com-
ponents of prebiotics alongside their probable side effects in the treatment 
of pediatric cancers.

6 � Summary
•	 The intake of vitamin D, folate, zinc, and calcium supplements during 

fetal life or early childhood may prevent adiposity and obesity later 
in life.

•	 By decreasing the inflammatory mediators, probiotics and/or prebiot-
ics are involved in prevention of atherosclerosis, obesity, and insulin 
resistance

•	 Evidence indicates the beneficial effects of curcumin, quercetin, and 
catechins on obesity and body composition during childhood.

•	 It is proposed that zinc can attenuate IR through the promotion of 
antioxidant defense in the body.

•	 Through an epigenetic process, the low dietary intake of magnesium 
during pregnancy may lead to metabolic syndrome in offspring later 
in life.

•	 The intake of probiotics in early childhood may protect against the 
onset of T1DM.

•	 Vitamin C, vitamin E, and calcium have scientific backgrounds in 
terms of beneficial effects on blood pressure control.

•	 The supplementation of infant formula with LC-PUFA may decrease 
the rate of hypertension later in life.

•	 In the cancer prevention phase, the U-shaped relationships between 
the status of micronutrients and the risk of cancer should be consid-
ered and taking extra amounts of them should be avoided.

•	 The promising effect of plant-derived nutraceuticals on pediatric can-
cer prevention and treatment include curcumin, resveratrol, querce-
tin, diallyl trisulfide (from garlic) and green tea extract.



278 Nutraceuticals for Nutritional Health﻿

7 � Future Direction

Valid and reliable randomized controlled clinical trials are required in order 
to establish the true association between the intake of nutraceuticals dur-
ing childhood and risk of chronic diseases throughout life. Additionally, safe 
amounts of nutraceuticals for mothers and children remain to be determined 
by appropriate study design. It is worth noting that nutraceuticals may have 
the potential to alter the programming of chronic diseases during fetal devel-
opment via the epigenetic process, a novel area for future research. 
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19.1  Introduction of Nutraceuticals

The term “nutraceutical” was coined by Stephen DeFelice in 1989 from the 
words “nutrition” and “pharmaceutical” and it has gigantic possibilities for 
development and extension with regard to medical advantages (Ruchi et al. 
2017). Nutraceuticals are characterized as dietary/nourishment supplements 
that convey a concentrated form of an assumed bioactive operator from suste-
nance, displayed in a non-food lattice and utilized in measurements with the 
intent of improving a person’s well-being (Mukherjee et al. 2017). A nutraceu-
tical can likewise be characterized as “sustenance (or part of nourishment) that 
gives medicinal or medical advantages, including the counteractive action or 
potential treatment of a malady” (Kalra 2003). This term is connected to items 
that can be disengaged from natural items, dietary enhancements (supple-
ments), explicit weight control plans and handled nourishments (like home-
made food), for example, oats, soups and drinks that other than sustenance are 
additionally utilized as prescription (Nasri et al. 2014). Recently, nutraceuticals 
have emerged as beneficial health products obtained from many industries 
such as food, herbal and pharmaceutical manufacturing industries (Dillard & 
German 2000). Natural medication are becoming increasingly popular as they 
are transformed into edible items and people recognize the side effects and 
toxicity issues of conventional medicines. With the modernized, aggressive 
way of life, increased levels of stress and the lack of physical activity, all types 
of diseases are having a field day (Nethathe & Russell 2014). Nutraceuticals 
provide non-specific biological therapy for treatment and prophylaxis of vari-
ous types of disease (Wong 2001). So the significance of such products has 
been linked with the treatment of numerous disorders, for example, malig-
nancy, metabolic issues, cold and cough, depression, coronary illness, post-
poned gastrointestinal purging and many other conditions that need particular 
consideration (Lachance & Das 2007).

Well before the advancement of the particular logical control of nourishment, 
rationalists and later doctors paid close attention to the job of the day-by-
day diet in individual and general well-being. Strikingly, over the last 2,000 
years, from the time of Hippocrates (460–377 bc) to the beginning of present-
day medicine (Andlauer & Fürst 2018), the act of medication itself comprised 
the most piece of the insightful decision of characteristic nourishment items. 
Hippocrates obviously recognized the imperative connection between nourish-
ment and well-being and underlined that distinctions of illnesses rely upon 
nutriment (Hippocrates, Jones & Potter 1923). Only a clinician can commit 
murder with complete exemption (Pliny & Rackham 1938). In contrast, Galen 
(131–201 ad), a doctor, reflected trust in the information and capacity of doctors 
to set up sound weight control plans that would improve general well-being 
(Goss 1958). Casimir Funk found in the shell of a grain of rice a nitrogen-
containing amine-base (amine); since he felt that this substance was “life-basic” 
for the individual, he characterized the phrase “Vitamine” from “Vita = life” and 
“amine = chemical amine” (Casmir 1975). To be sure, it is very entrancing that 
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the power we today credit to nutrients resembles that one portrayed to “mix-
ture vitae” (Bitensky 1973) which was portrayed as a mixture of life in old days.

Any well-being useful impact of nutraceuticals is identified with the way that 
they are obtained from sustenance or part of nourishment, and therefore, they 
can be viewed as protected or, by and large, perceived as sheltered (generally 
recognized as safe, GRAS) (Santini, Tenore & Novellino 2017). Conventional 
drugs are also gaining a legitimate spot in the present medicinal services 
framework as home grown dietary enhancements. Some notable and further-
more some novel bioactive phytochemicals have been separated from dif-
ferent herbal plants which were utilized in traditional Chinese medicine and 
Ayurvedic medicine (Misra 2013). Numerous phytochemicals present in con-
sumable plant materials and plant extricates utilized in conventional medica-
tion or in dietary enhancements are unreservedly accessible to the general 
population. Another are which has received significant attention recently is 
that of prebiotics and polyunsaturated fats (PUFAs) (Ansari & Inamdar 2010). 
Prebiotics are non-absorbable nourishment supplements, which positively 
influence the host by invigorating development, movement, or both, of explicit 
intestinal bacteria (Das et al. 2012). 

The reasons for a shift towards nutraceuticals are (Chaudhari et al. 2017) as 
follows: 

	 1.	Expansion of the number of buyers who are worried about human 
services costs. 

	 2.	Disappointment with pharmaceutical operators in advancing well-
being, people are moving to nutraceuticals to improve their well-
being and avert ceaseless sickness. 

	 3.	Health care providers recognize the way that our strongly prepared nour-
ishment supply, originating from harvests developed with synthetic 
composts, pesticides, herbicides and often genetically modified seeds, 
need adequate supplements that are fundamental to perfect health.

	 4.	Individuals who are currently trusting more in avoidance than fix. 
	 5.	Individuals with constant sicknesses who have discovered no arrange-

ment in allopathic meds.
	 6.	Economically challenged patients. 

19.2 � The Significance of Nutraceuticals in the Present 
Era (Ashwini, Vaishali & Digambar 2018)

•	 Higher trust in item quality and adequacy. 
•	 The improved market for nutraceutical items. 
•	 Increased open mindfulness. 
•	 Increased social insurance industry mindfulness. 
•	 Establishment of a self-overseeing motivation. 
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•	 Have a psychological benefit by accomplishing something for oneself. 
•	 Be seen to be more “normal” than conventional natural drugs and 

considerably less liable to cause unsavoury side effects. 
•	 May present nourishment for populaces with exceptional require-

ments (for example supplement heavy sustenance for the elderly).

19.3 � Categorization of Nutraceuticals According to Disease

The approach of nutraceuticals matters because of the power it holds to treat 
diseases through diet only. They are proposed to prevent diseases (Singh 
1992; Ruchi, Amanjot, Sourav, & Keerti 2017). The classification of nutraceuti-
cals is given in Table 19.1 and Figure 19.1. 

Table 19.1 Classification of Nutraceuticals and Their Uses

S.No
Class of 

Nutraceuticals Definition Uses

1 Functional Foods Also called the tertiary function of foods, It was 
supposed to be directly involved in modifying 
physiological systems, such as the immune, 
endocrine, nervous, circulatory and digestive 
systems.

Omega-3 enriched foods, 
oats, tomatoes and nuts. 

2 Fortified Foods Foodstuffs to which compounds of proven therapeutic 
or preventive efficacy have been added.

Gold kiwifruit is genetically 
modified for a high level of 
ascorbic acid, carotenoids, and 
lutein and zeaxanthin.

3 Medicinal 
Products 

A product that contains a compound with proven 
pharmacological and beneficial therapeutic effects, 
a drug, prodrug or a cellular element, plus 
excipients, or excipient.

Tablet, capsule, elixir, solution for 
injection, transdermal 
formulation, cream or ointment.

4 Dietary 
Supplements 

A substance added to the diet, often taken as a 
pharmaceutical formulation, to treat or prevent a 
deficiency.

Inulin which on further hydrolysis 
gives oligofructose and 
galactooligosaccharide.

5 Recombinant 
Products 

It involves the application of biotechnology and 
genetic engineering in the production of energy 
providing foods such as yogurt and cheese or 
extraction of bioactive components by enzymatic or 
fermentation technology. 

Yogurt, cheese, vinegar and other 
products produced with the help 
of recombinant biotechnology.

6 Herbal Products Any medicinal product, exclusively containing as 
active ingredients one or more herbal substances or 
one or more herbal preparations.

Concentrates and extracts e.g., 
aloe vera, wheat grass,ginger, 
garlic etc.

7 Natural 
Products 

These are the chemical constituents of plants with 
distinct biological activities. These are been reported 
to have active components which exert their effects 
toward the metabolism and biochemical reactions in 
living beings and thus, provide health benefits.

Carotenoids, flavanoids, 
glycosides, carbohydrates and 
other natural products. 
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19.4 � Respiratory Function and Disorders

The lungs depend on separated air through the nose (with cilia and bodily 
fluid endeavouring to channel/trap undesirable particles) or unfiltered air by 
means of the mouth. Anatomically, the respiratory tract has been partitioned 
into the upper (organ outside thorax – nose, pharynx and larynx) and lower 
respiratory tract (organ inside thorax – trachea, bronchi, bronchioles, alveolar 
pipe and alveoli (DeVries, Kriebel & Sama 2016). Our lungs are one of the 
biggest essential organs. The oxygen we take in goes into our lungs and goes 
into the blood from that point. It is then transported to all the cells in our 
body through our circulatory system. The lungs are situated in the area of the 
chest in the body, secured by the ribs in the rib confine. Their structure can 
be contrasted with that of a topsy turvy tree. The windpipe separates into two 
airways called bronchi, which lead to the lungs. Inside the lungs, the airways 
continue stretching into smaller airways until the air sacs otherwise called 
alveoli are reached (“Respiratory System” 2018).

The elements of the human respiratory framework are: 

•	 To transport air into the lungs and to encourage the dispersion of 
oxygen into the circulatory system. 

•	 To remove carbon dioxide from the blood and breathe it out from the 
body.

•	 To eliminate some toxic waste from the body.
•	 To maintain the acid-base balance of the body through various mech-

anisms like bicarbonate ion system and help in regulating the tem-
perature of the body (Walden 2018).

Respiratory diseases are the most commonly reported medical health issues in 
the world. Millions of people are suffering from different kinds of respiratory 
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Figure 19.1  Classification of nutraceuticals (Hathcock 2001, Kaur et al. 2015).
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diseases. Pollution is the major factor responsible for these respiratory dis-
orders. Polluted air contributes to Chronic Obstructive Pulmonary Disease 
(COPD) prevalence and symptom onset (Kampa & Castanas 2008). WHO eval-
uates that in 2012, some 14% of deaths were expected to be caused by COPD 
or intense lower respiratory diseases, and 14% of deaths caused by lung tumor 
growth (Kumar 2018).

19.4.1 � Causes
The common causes behind respiratory disorders are:

•	 Genetic Issues
•	 Toxic agents
•	 Accidents 
•	 Harmful lifestyle
•	 Low immune functioning
•	 Adverse climatic conditions and intolerable air pollution
•	 Excessive exposure to smoke and other toxic materials present in the 

environment
•	 Inappropriate development of lungs during childhood/before birth
•	 Presence of fungal, viral and bacterial infections (Philips 2018).

19.4.2 � Disorders of the Respiratory Framework Is 
Characterized into Four General Territories 

•	 Obstructive conditions: e.g., emphysema, bronchitis, COPD, asthma 
assaults. 

•	 Restrictive conditions: e.g., sarcoidosis, alveolar harm, fibrosis, 
pleural emanation. 

•	 Vascular ailments: e.g., aspiratory embolism, pneumonic edema, 
aspiratory hypertension. 

•	 Infectious, ecological and other “ailments”: e.g., pneumonia, 
tuberculosis, asbestosis, particulate contaminations, coughing is of a 
noteworthy issue. 

Disorders of the respiratory system are classified into four general areas:

•	 Obstructive conditions: e.g., emphysema, bronchitis, COPD, asthma 
attacks.

•	 Restrictive conditions: e.g., sarcoidosis, alveolar damage, fibrosis, 
pleural effusion.

•	 Vascular diseases: e.g., pulmonary embolism, pulmonary edema, 
pulmonary hypertension.
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•	 Infectious, environmental and other “diseases”: e.g., pneumonia, 
tuberculosis, asbestosis, particulate pollutants, Coughing is of a major 
issue (Dasaraju & Liu 1996).

19.4.3 � Current Therapeutic Regimen for Respiratory Disorders

•	 Traditional Therapy: In the general public, herb salves, including 
air-dried herbs, homemade soups and other natural items have had a 
long history of combining plant supplements with local cooking.

•	 Modern Therapy: In spite of the fact that the utilization of herbs 
and characteristic items from plants (natural products from plants, 
NPFPs) and normal items from creatures (natural products from ani-
mals, NPFAs) have been basically referred to in audits dependent on 
ebb and flow respiratory infections e.g., vitamin, mineral and organic 
mixes, with and without cancer prevention agent properties will be 
discussed (Steinemann et al. 2018).

19.5 � Role of Nutraceuticals in the Suppression 
of Respiratory Tract Disorders

The role of nutraceuticals in respiratory diseases is given in Table 19.2.

19.5.1 � Nutraceuticals Used to Treat Respiratory Disorders
A summary of nutraceuticals is given in Table 19.3. 

19.6 � The Emerging Role of Nutraceuticals in 
Respiratory Function Maintenance

•	 The way of eating will help fight the impacts of pollution and coun-
teract the effects of contamination on asthma and other respiratory 
disorders. 

•	 The significance of such products has been related to the treatment 
and treatment of numerous disarranges, for example, malignant 
growth, metabolic issues, colds and coughs. 

•	 A mix of supplements, botanicals and basic oils can address the gen-
eral well-being of the respiratory framework and give additional help 
to the immune system. 

•	 Antioxidants are the lungs’  first line of defense against free radicals. 
A number of natural supplements can provide explicit help to the vari-
ous portions of the lungs against pollution and free radicals. 

•	 Nutrigenomics is noteworthy in the activity of nutraceuticals against 
developing and various contaminations by providing genetic 
information. 
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Table 19.2 Summary of Nutraceuticals According to Their Use in Various Respiratory 
Disorders

S. No. Category Examples Uses

1 Herbs •	 Eucalyptus
•	 Lungwort 
•	 Oregano
•	 Plantain leaf
•	 Lobelia
•	 Peppermint
•	 Osha root 
•	 Elecampane

Respiratory spasms, which can be beneficial for dry, 
irritating coughs and asthma.

2 NPFAs •	 Fish oil
•	 Heparin
•	 PUFA

Anti-inflammatory.
Asthma and idiopathic pulmonary fibrosis.

3 NPFPs •	 Green tea Type 2 diabetes and lung cancer.
Strong antioxidant and anti-inflammatory effects.

4 Vitamin •	 Vitamin C 
•	 Vitamin D
•	 Vitamin E
•	 Flavonoids 
•	 Carotenoids
•	 Antioxidants

Anti-asthmatic.
COPD.
Antioxidants and they show anti-inflammatory as well as 

anti-allergic properties.
Reducing the expression of ECM genes.

5 Minerals •	 Magnesium 
•	 Calcium 
•	 Potassium

Anti-asthmatic.

6 Diet •	 Fruits and vegetables 
•	 Bread and cereals 
•	 Beans, nuts and seeds
•	 Dairy products, fish, poultry, 

wine, red meat and olive oil

Reduces the risk of developing lung diseases, particularly 
asthma and COPD.

7 Chinese 
Drugs

•	 Phlegm 
•	 Reishi mushroom
•	 Ginger root

Normal inflammatory response.
Support a healthy histamine response.
Immune balancing.

8 Ayurvedic 
Medicine

•	 Adhatodavasica
•	 Tylophoraindica
•	 Holy basil
•	 Ivy leaf 
•	 Stinging nettle

Anti-spasmodic activity in the lungs.
Respiratory health.
Anti-inflammatory.
Immune balancing.

9 Aroma 
Therapy

•	 Oils of cypress
•	 Sweet marjoram
•	 Niaouli
•	 Red Mandarin
•	 Asian ginseng

Antispasmodic activity.
Promote clear airways within the lungs.
Antimicrobial activity.
Promotes healthy inflammatory.

(Baybutt et al. 2002, Gayan-Ramirez 2018, Zhao et al. 2014, Kubo et al. 2005, Hu & Cassano 2000, Jinno et al. 2006, Sriram, 
Kalayarasan & Sudhandiran 2009, Berthon & Wood 2015, Littlefield 2015). 
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Table 19.3 Summary of Various Nutraceuticals and Their Sources

Sr. No Nutraceutical to Be Used Source Used to Treat Disease

1. Dietary fibers (beta-glucan) Fruits and vegetables Asthma

2. Probiotics and prebiotics Bacteria like 
lactobacillus and 
bifidobacteria

Asthma 

3. Fructo-oligosaccharides (FOS) Fruits (banana, 
chicory, tomato)

Bronchitis

4. Vitamin C Citrus fruits Asthma

5. Vitamin E Vegetables Asthma

6. Carotenoids Carrot and raddish Asthma

7. Vitamin A Fruits & Vegetables Lungs Inflammation

8. Alpha tocopherols Soya, Sesame & Nuts Lung Edema

9. Prostaglandins and cytokines COPD

10. PUFA (poly unsaturated fatty 
acids) 

Fish oils, soybean oils 
and nuts

Nuts

11. Adhotavasaka Shrub Bronchoconstriction and cough

12. Albizialebbeck Bark Cough, cold, asthma, bronchitis

13. Boswellia serrata Whole plant Chronic Lungs Inflammation

14. Curcuma longa Dried flower buds Ova asthma

15. Glycyrrhiza glabra Dried ttems COPD, cough

16. Piper longum Riped Fruits Tuberculosis and respiratory tract infection

17. Zingiber officinale Rhizomes Asthma, bronchitis cold

18. Kalanchoe Integra Boiled eaf extract Acute and chronic bronchitis, ronchial asthma

19. Hedychium spycatum Rhizomes Cough, asthma and other respiratory disorder

20. Tylophora indica Leaves Bronchial asthma, bronchitis, whooping cough

21. Ocimum sanctum Leaves Cough, cold, asthma and bronchitis

22. Solanum xanthocarpum Juice of berries Bronchitis & Asthma

23. Quercetin (flavanoids) Onions, Apples, Tea, 
Berries&Broccoli

Asthma and bronchial inflammation

24. Colchicine (alkaloid) Plant of Colchicum 
autumnale

Pulmonary fibrosis and bronchial asthma

25. Warifteine (alkaloid) Cissampelos 
sympodialis

Airway-Hyperresponsiveness & Lung 
Remodeling

26. Resveratrol (dietary polyphenol) Seeds of grapes Asthma, allergic airway disease

(Yadav et al. 2012, Biol et al. 2018, Gulati et al. 2016, Hwang & Ho 2018, Prabu et al. 2012).
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•	 Nutraceuticals have received significant attention because of potential 
in supporting wellbeing and aiding in recovery for different health 
issues (Lachance and Das 2007, Nasri et al. 2014).

•	 Foods and supplements have a key role in the typical workings of the 
body. They have turned out to be exceptionally useful in keeping up 
the strength of an individual and in decreasing the danger of different 
sicknesses. 

•	 Nutraceuticals are part of a curative diet that has a fundamental role 
in taking care of well-being, improving health and modulating immu-
nity, and thereby preventing various infections (Ahmad et al. 2013).

19.7 � Advantages of Nutraceutical Therapy in Respiratory Tract Functions

•	 Increase the well-being of our diet. 
•	 Help us to live longer.
•	 Help us to avoid particular medical conditions.
•	 Useful for treating nourishment inadequacies.
•	 Usually, they do not require prescriptions.
•	 Nutraceuticals do not need clinical trials to determine their effectiveness.
•	 They are the substrates for numerous biochemical reactions.
•	 They are ligands that can act as agonists or antagonists of cell surface 

or intracellular receptors.
•	 In some cases, they can act as the scavengers of highly reactive spe-

cies or toxic chemicals.
•	 They are compounds that enhance the absorption and/ or stability of 

essential nutrients.
•	 Side effects might be less common than from general pharmaceuticals 

(Das et al. 2012b, Nasri et al. 2014, Dillard & German 2000).

19.8 � Advanced Research on Respiratory Function Based on Nutraceuticals

A number of chronic respiratory diseases are caused by air pollution and 
other environmental factors. For the treatment of these chronic respiratory 
diseases, a number of drugs are available but none of them cure these disor-
ders, and they have a lot of side effects. So nowadays research on nutraceuti-
cals has been increasing to find better treatment options (Whyand et al. 2018, 
DeVries, Kriebel & Sama 2016). 

Currently, many research studies are being carried out on nutraceuticals to 
find their efficacy in respiratory disorders. Quercetin, a flavonoid, has been 
found to be very beneficial in the case of pulmonary fibrosis. It generally acts 
by disturbing the redox balance of the lungs in cases of pulmonary fibro-
sis (Veith et al. 2017). Like quercetin, epigallocatechin gallate obtained from 
green tea has also shown promising results with pulmonary fibrosis (Sriram, 
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Kalayarasan & Sudhandiran 2009). Vitamins are of crucial importance as 
nutraceuticals. Consumption of vitamin A might have beneficial effects on 
asthma by the downregulation of oxidative stress (Paiva & Russell 1999) or 
by directly affecting the immune system (Mora, Iwata & von Andrian 2008). It 
has been observed that a low dietary intake of ascorbic acid and tocopherols 
is associated with a higher prevalence of asthma and other respiratory disor-
ders (Tricon et al. 2006). Animal studies have shown that curcumin, obtained 
from Curcuma longa, has potent anti-inflammatory activity in lungs and it 
may also protect from pulmonary fibrosis (Yang et al. 2017, Chauhan, Dash 
& Singh 2017). Fats like PUFA and omega-3 oils have also shown to reduce 
inflammation. For mild and acute forms of asthma LCPUFAs, like fish oil, have 
shown to be more effective. 

Medicinal plants used in respiratory diseases as nutraceuticals: 

	 1. Adhatodavasica: The roots, leaves and flower of this plant are used 
as a bronchodilator in case of asthma. Vasicine is known to have a 
major role in the activity of the drug (Rachana et al. 2011). 

	 2. Bryophyllum pinnatum: This plant has shown so many different uses 
such as immunosuppressant, anti-inflammatory, antioxidant and wound 
healing. Leaves of this plant have proven to be effective in bronchial 
asthma in some recent studies. However, anti-allergic effects of this 
drug also have been demonstrated by researchers (Julius et al. 2014). 

	 3. Albizialebbeck: The aqueous extract of this drug has shown to be 
useful asthma and anaphylaxis in experimental studies (Biol et al. 
2018). 

	 4. Boswellia serrata and Curcuma longa: Extract of Boswellia serrata 
has been used for asthma in traditional medicine. This extract con-
tains resins, amino acids, terpenes, polyphenols and β-boswellic acid, 
which is the main active component (Khajuria et al. 2008). Curcuma 
longa, on the other hand, has curcumin, which is the main active 
component (Zhang et al. 2011). 

	 5. Glycyrrhiza glabra and Hedychium spicatum: Glycyrrhiza has been 
used to treat cough since ancient days. Glycyrrhizin and Glycyrrhizinic 
acid are the main active constituents of this drug responsible for this 
use (Ram et al. 2011, Park et al. 2004). A study has evaluated the 
effectiveness of aqueous and ethanolic extract of Hedychium as an 
anti-inflammatory agent. The result of this study supports the use of 
this drug in respiratory disorders (Ghildiyal et al. 2012). 

	 6. Ocimum sanctum and Piper longum: Recent animal data has shown 
the immunomodulatory effects of Ocimum sanctum. But the leaves of 
this plant have been used for cough and asthma in the past (Mediratta 
et al. 1988). On the other hand, Piper longum has been reported to be 
a good nutraceutical remedy for respiratory disorders and tuberculo-
ses (Singh 1992). 

	 7. Zingiber Officinalis: It is also known as ginger. It has been shown 
that this drug can be used in cough and asthma. Recently it was found 
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that fresh ginger extract has antiviral use against human respiratory 
syncytial virus-induced plaque formation on airway epithelium (Ram 
et al. 2011). 

19.8.1 � Marketed Products
A list of marketed nutraceuticals is given in Table 19.4.

19.9 � Challenges/Limitations in the Use of Nutraceuticals

Due to the increase in consumption of nutraceuticals, nowadays consumers 
worry about food sanitation and the nature of the crude materials used to 
make nutraceutical supplements has received intense scrutiny (Dahiya 2013). 
Unlike pharmaceutical preparations, nutraceutical preparations do not need 
to fulfil many requirements. Generally, it may be easy to develop a pharma-
ceutical form (tablets, powders, capsules, suppositories, etc.) containing bio-
active food for a formulator (Keservani et al. 2017), but:

•	 It is often challenging to obtain excellent bioavailability for such 
products. 

•	 Selection of suitable raw materials for the preparation of the formula-
tion is a great challenge.

Table 19.4  List of Marketed Nutraceuticals

S. No.

Marketed 
Formulation

(Brand Name) Generic Name Use to Treat Disease Manufacturer

1. Omacor Omega-3 polyunsaturated 
fatty acids

Asthma & Bronchial 
Inflammation

Aurobindo pharma

2. B.Colostrum Bovine colostrum Asthma FinecurePharma

3. Immuno Boost C+ Vit. C, colostrum, Echinacea 
purpurea

Broncho constriction,
Cold

FinecurePharma

4. Oxi Grape-50 Dicalcium Phosphate Cold, Broncial Inflammation FinecurePharma

5. KO-Q-10 Plus Ginger and Ggeen tea extract Cold, Inflammation of Lungs FinecurePharma

6. Appocarotenal Precursor of vitamin A Asthma DSM Nutraceuticals

7. Elavida Polyphenols Broncial Inflammation DSM Nutraceuticals

8. Nutritional Lipids LC-PUFA Cold & Asthma DSM Nutraceuticals

 9. ALL-Q Coenzyme 10 Bronchial inflammation DSM Nutraceuticals

 10. Life sARA Omega-6-fatty acids Asthma DSM Nutraceuticals

(Drugs.com, n.d., Chauhan et al., 2013, “Pharmaceutical Manufacturing and Exports, Research and Development in Pharma” 
2018, DSM, n.d.).
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•	 Selection of the drug delivery system (Dillard & German 2000) for the 
nutraceuticals is also a challenge. 

•	 Nutraceuticals consist of biological products that have a higher ten-
dency to degrade easily e.g., probiotics (Ernst 2001) so this limits their 
shelf life and the stability of the formulation is a factor which cannot 
be compromised (Chang 2000). 

•	 Active ingredients of the product should be released only when trig-
gered by an external stimulus (Ruchi et al. 2017). But this is quite dif-
ficult to achieve in the case of nutraceuticals.

•	 Due to insufficient awareness about nutraceuticals; manufacturing 
processes in several firms give negligible consideration to product 
extraction, enhancement of the shelf life, storage of the crude and 
prepared materials, meeting the quality standards of the ingredients 
and prevention from contamination (Crandell & Duren 2001).

•	 The bioavailability of any product is usually affected by the low stabil-
ity, solubility and/or permeability of the bioactive constituent in the 
gastrointestinal tract. For example, in the case of curcumin (Gbassi & 
Vandamme 2012).

•	 Probiotics encapsulation technology (PET), which has recently 
emerged as an approach for the delivery of probiotics, is under inves-
tigation to overcome challenges of probiotics delivery. 

•	 Conditions that maintain cell viability like solvent type, biomaterial 
selection and toxicity and choice of proper technology are of main 
concern in formulating probiotics (Bagchi & Nair 2016).

•	 Nutraceuticals include dietary supplements, functional foods, etc., 
and the components used in the formulation must be of food grade.

•	 Many widely used medicinal plants still lack extensive physiological 
characterization. This limits the choice for researchers and decreases 
the scope of innovations in the nutraceutical domain.

•	 A major concern for the use of nutraceuticals is the lack of quality 
control that results in adulteration or contamination of nutraceuticals 
(Patil 2011). 

•	 The cost of nutraceuticals is another major concern (Briskin 2000).

19.9.1 � Approaches to Overcome Challenges
Manufacturers in industries can’t add a nutraceutical to a supplement, even 
if they have a very good effect and advantages. The use of nanotechnol-
ogy for pharmaceutical applications has created other options for decreas-
ing the side effects of potentially risky nutraceuticals (Keservani et al. 2014). 
Advances in micro- and nanoscale encapsulation for producing fit-for-purpose 
delivery systems have shown promise for adjustment, taste veiling, controlled 
discharge and targeted delivery of bioactive compounds and nutraceuticals 
(Augustin & Sanguansri 2015). Encapsulation includes entanglement of a bio-
active part (e.g., a nutraceutical) inside an auxiliary material, which might be 
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alluded to as the framework or wall material or encapsulant. The encapsulated 
bioactive part is shielded from the outside environment until it is discharged 
by a trigger at an ideal site and time. Materials used to embody nutraceuticals 
are given in Table 19.5.

The use of novel drug delivery systems to deal with their formulation prob-
lems have drawn more and more the attention of researchers by introducing 
nano-carriers like:

Nanoemulsion: It is a nanoformulation in which two immiscible liquids 
are mixed to get one single phase in the size range of 20 nm to 200 nm. 
Resveratrol is a natural product with poor bioavailability. It is a stilbenoid, 
a type of natural phenol and a phytoalexin produced by several plants in 
response to injury, or when the plant is under attack by pathogens such as 
bacteria or fungi. It has been encapsulated with a nanoemulsion to enhance 
its bioavailability (Ruchi et al. 2017). 

Liposomes: These are the spherical vesicles made of phospholipids that con-
sist of the lipid bilayer. Liposomal preparation of anti-gout drug colchicine 
has been proven very effective in the treatment of gout (Priprem et al. 2008).

Phytosomes: These are the complex of phospholipids and active pharmaceu-
tical ingredients (APIs). These can be used to overcome low solubility prob-
lems of drugs like ginseng (Bhattacharya 2009). 

Microspheres: These are the spherical vesicles like particles having a size in 
the range of 1–1000 µm. They are used to achieve the desired release or used 
in the site-specific delivery of API. Parenteral preparation of camptothecin 
has been loaded in microspheres which shows prolonged anticancer effect 
than conventional intravenous preparation (You et al. 2006). 

Transferosomes: They consist of an aqueous phase surrounded by a lipid 
bilayer. They have been successfully used for improving penetration of drugs 
like vincristine, curcumin and colchicine (Patel et al. 2009).

19.9.2 � Safety and Efficacy
Numerous nutraceuticals are being utilized as an option for both sustenances 
and medication. An expansive number of these items make unlawful medical 

Table 19.5 Showing the Selected Materials Used Encapsulation of 
Neutraceuticals

Class Examples

Proteins Milk proteins, gelatins and plant proteins

Carbohydrates Starch and starch derivatives, non-starch polysaccharides, cyclodextrins and sugars 

Lipids & Waxes Waxes, milk fats, vegetable fats and oils 

Surfactants Natural surfactants, synthetic surfactants, mono and diglycerides
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claims with no guidelines or appropriate information to support their viabil-
ity. All things considered, purchasers/patients need confirmation that an item 
is protected and ideally ready to do what it says (Crandell & Duren 2001). 
Nutraceuticals do not have major toxic effects in this regard. The stock ought 
not to be taken in the familiar sayings, “if little is great, a ton is better” since 
“it can hurt”. Nutraceuticals, in the same way as other substances, may cause 
issues because of some unwanted impacts, or by delaying the progress of 
proper treatment. It is much simpler to set up the security of a nutraceutical 
than setting up its viability. Studies demonstrate that test portions of nutra-
ceuticals are a few-fold greater than the proposed doses helping to build up 
to toxic date. These investigations must test the animal’s reactions in both the 
short and long term. The absence of information regarding risks related to 
nutraceuticals should not to be interpreted as proof of trustworthiness (Oh 
& Jun 2014). Proof of viability is given by studies that report the pharmaceu-
tical, pharmacokinetics and pharmacodynamics properties of a compound. 
Pharmaceuticals date is an assessment of the nature of assembling, virtue 
of item and precision of labelling. Pharmacokinetics information comprises 
of absorption, distribution, metabolism, excretion and toxicity (ADMET) of 
the medication, which essentially summarises the passage of the medication 
through the body. It likewise responds to the inquiry regarding the ingestion, 
distribution, digestion, and discharge. Pharmacodynamics assessment depicts 
how APIs act in the body (de Whalley et al. 1990).

19.10 � Regulatory Aspects
19.10.1  India
The essential arrangement of tenets administering the nutraceutical show-
case is the Dietary Supplement Health and Education Act (DSHEA) of 1994 
(Ahad, Nissar & Rather 2017). In contrast to pharmaceuticals, nutraceuti-
cals are commonly not under the administrative control of the Drugs and 
Cosmetic Act of 1940. In this way, different acts have been passed to provide 
guidance for the use of nutraceuticals. The Prevention of Food Adulteration 
Act 1954 came into power on June 1, 1955, and the Fruit Product Order was 
likewise passed in 1955. Furthermore, the Meat Food Products Order was 
passed in 1973; the Edible Oils Packaging (Regulation) Order was passed in 
1998; the Solvent Extracted Oil, De-Oiled Meal and Edible Flour (Control) 
Order were passed in 1967; the Milk and Milk Products Order was passed 
in 1990; and the Essential Commodities Act was passed in 1955 relating to 
where food is made. To bring all the acts under one umbrella and bind them 
together, approving strategies, basic application structures and methodology 
for the enrolment of nourishment organizations, centralised permissions, 
security, and sterile and clean conditions, the Prime Minister's gathering on 
the industry established a single food regulatory authority in 1998 that pro-
vides a unified set of rules on food and farming enterprises (Ray, Joshi & 
Gulati 2016). The Indian Food Safety and Standards Bill (FSSB) was passed 
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in 2005 and was marked by the president on August 23, 2006. Lastly, the 
legislature of India executed the Food Safety and Standards Authority of 
India (FSSAI) in 2006. The Food Safety and Standards Act (FSSA) intends to 
coordinate sanitation laws in the nation to deliberately and logically build up 
the sustenance handling industry and to make a change in outlook from an 
administrative routine to self-compliance. The demonstration accompanied 
two fundamental targets: (1) to acquaint a solitary resolution relating with 
nourishment and (2) to accommodate logical improvement of the sustenance 
handling industry. Manufacture, capacity, appropriation and deal and import 
of nutraceuticals in India are directed under the Food Safety and Standards 
Act of 2006 (Keservani et al. 2014, Ahmad et al. 2011)

19.10.2 � USA
In the USA, watershed enactment was passed in 1994 to control the assembling 
and showcasing of nutraceuticals. This law, known as the Dietary Supplement 
Health and Education Act (DSHEA) 1994, replaced 45 years of expanding FDA 
guidelines on well-being related items. The FDA may build up good manu-
facturing practices for nutraceuticals as long as these guidelines follow the 
less stringent guidelines for food instead of those for medications (Kaushik, 
Dureja & Kumar 2003, Tutelyan et al. 2016). 

19.11 � Future Perspectives on Nutraceuticals

Businesses increasingly look at how supplements influence individuals from 
a medicinal services viewpoint. Thus they looking at ways both medical treat-
ment and nutrition can be incorporated into the medical field to guarantee that 
holistic medical care is provided. Interest in new innovation and the use of 
hereditarily altered innovation inside the sustenance business for restorative 
and medical advantages is set to drive a further increment in market incomes 
inside the nutraceuticals industry. Extending the collection of logical research 
which approves the viability and security of these new items will animate 
further interest in the innovation and application of nutraceuticals (Daliri & 
Lee 2015). Promising innovations, for example, nutrigenomics, imaging pro-
cedures and combining advances, are dynamically being utilized in nutrition 
research. New ideas in sustenance innovation may likewise add to some further 
advances in creating nourishment items that can bolster the great strength of 
society. The expanded purchaser mindfulness on utilitarian nourishments and 
nutraceuticals will, in any case, drive further income development, throughout 
the globe. Increased consumer awareness of functional foods and nutraceuti-
cals will, however, drive further growth in revenue globally. Domestic growth 
in nutraceutical consumption is expected to continue as novel products and 
new target segments are introduced by domestic producers, including spe-
cialty goods focused on probiotics and heart health. An aging global popula-
tion and rising social insurance costs have shifted consumer focus to more 
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advantageous living, insurance care and helper source finding or medication. 
Continuing concerns over “expectation,” expanded worldwide guidelines, and 
security because of overseas production could stifle development (van der 
Zanden et al. 2014).

19.12 � Conclusion

Nutraceuticals can play an important role in the prevention and treatment of 
respiratory tract disorders like COPD, asthma and cough. They are gener-
ally nutritionally supplemented and can be added to the treatment regimen 
to get better results or to reduce side effects during main pharmacotherapy. 
Currently many nutraceuticals are in use for various upper and lower respi-
ratory tract infections, and many are yet to be introduced to the market. 
Medicinal herbs, such as a nutraceutical, are the potential source of therapeu-
tic agents for respiratory tract disorders and they are widely used for various 
types of other disorders like chronic heart disease, gastrointestinal tract disor-
ders, and cancer. Respiratory disorders are generally related to inflammation 
so nutraceuticals lowering inflammation are also a potential source of thera-
peutic agents. Nowadays, research has been not only focused on the search of 
new potential nutraceuticals but also on the drug delivery systems by which 
a nutraceutical can be delivered to consumers. Research in this field is under 
progress for some novel approaches that can treat respiratory disorders.
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Fetal programming, placenta role in, 40–42
Fish, for bone health, 225
Fish oil supplement, 78, 129, 143, 

200, 265–266
Flavanols, 275
Flavonoids, 30, 78, 79, 274

for prenatal depression, 178–180

Foeniculum vulgare, 67, 204
Foetal development and health, 23

nutraceuticals effects on, 23–24
Foetal immune system, 114
Foetus development, 108–110
Folate, see Folic acid
Folic acid, 62, 94, 126–128, 193

background of using in pregnancy, 
199–200

benefits, 14–15
for bone health, 224
consumption, 206
deficiency, 190, 192–193

and risk to foetal health, 84
effect in preconception, 26–27
for gestational diabetes mellitus, 159
for obesity, 264
for placental growth, development 

and function, 43–46
prevention of

miscarriage, 82–83
preeclampsia, 140–141

supplements, 96–98
Follicle-stimulating hormone, 126
Food and Drug Administration (FDA), 

65, 213, 224, 302
Food Safety and Standards Act  

(FSSA), 302
Food Standards Agency (FSA), 222
Fortified milk, 63
FOS, see Fructooligosaccharides
Framingham Osteoporosis Study,  

223–224, 226
Free thyroxine 4 (FT4), 125
Free triiodothyronine 3 (FT3), 125
Fructooligosaccharides (FOS), 277
FSA, see Food Standards Agency
FSSA, see Food Safety and Standards Act
FSSB, see Indian Food Safety and 

Standards Bill
FT3, see Free triiodothyronine 3
FT4, see Free thyroxine 4
Functional food, 155, 213–214

G
Ganoderma lucidum, 247–248, 257
GBS, see Group B streptococcus
GDM, see Gestational diabetes mellitus
Genistein, 30
Genomic imprinting, 43
Gestational age, nutraceuticals impact on, 

203–204
Gestational diabetes, 59

prevention of, 12
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Gestational diabetes mellitus (GDM), 
153–154

nutraceuticals and their role in
antioxidant vitamins, 155–156
folate and vitamin B12, 159
nicotinamide, 158
pyridoxine, 158–159
vitamin A, 156–157
vitamin D, 157
vitamin E, 157–158

Gestational hypertension (GH), 133
Gestational weight gain (GWG), 58–60

macronutrient requirements for, 60–62
micronutrients for, 62
nutraceuticals for, 62–64

GH, see Gestational hypertension
GI, see Glycemic index
Ginger, 16, 201, 205, 256
Ginger tea, 16
Gingivitis, 235
Ginseng, 201–202
Glucocorticoids, 226, 227
Glucose, 107
Glucose pathway, 80
Glucose transporter 4 (GLUT4), 156
GLUT4, see Glucose transporter 4
Glutathione peroxidase, 178
Glycemic index (GI), 271
Glycyrrhiza glabra, 297
Golden ragwort, 203
Gram-positive cocci, 123
GraviFrisk, 201
Green tea, 4, 203
Group B streptococcus (GBS), 81

prevention of, 12
Guanidine, 82
Gut microbiota, 144, 179, 276–277
GWG, see Gestational weight gain

H
Haemoglobin, 99, 32, 92, 95
Haemolysis, elevated liver enzymes, 

low platelet count (HELLP), 99
hCG, see Human chorionic gonadotropin
Heam iron, 95, 99
Hedychium spicatum, 297
HELLP, see Haemolysis, elevated liver 

enzymes, low platelet count
Hemorrhage, 191, 192
Hepcidin, 190
Herbal medicines, 197–199

future applications, 206–207
regulation and safety of, 205–206

Herbal nutraceuticals, 23–24

Herbal products, 267–269, 271–273, 
274–275, 276

Herbs, 202
safety and type, 206

Hibiscus sabdariffa tea, 65
Hippocampus, 128
Hippocrates, 288
HIV, 117
Homocysteine, 45, 140–141, 159
Hormone balance

in non-pregnant and pregnant 
women, 125–126

in pregnancy, 123–125
Human chorionic gonadotropin (hCG), 

124, 125
Human milk, 110–111
Human tooth development, 237
Hydrogen-donating antioxidant, 74
Hyperchromic anemia, 190
Hyperhomocysteinemia, 99, 134, 141, 274
Hypertension, 59

nutraceuticals and, 273–275

I
IGF, see Insulin-like growth factor
IGF2/H19 imprinting, 43
Immediate hypersensitivity, 254; see also 

Delayed hypersensitivity
Immunodeficiency virus, 117
Impatiens balsamina, 251–252
Impatiens capensis, 251–252
Indian Food Safety and Standards Bill 

(FSSB), 301
India, nutraceuticals regulations, 301–302
Infant response to stress, 14
inflammation, 46
Institute of Medicine (IOM), 58, 59, 130
Insulin-like growth factor (IGF), 42
Insulin resistance (IR), nutraceuticals and, 

269–273
Intravenous iron therapy, 193
Invasive bacteria, 115
Iodine intake, 30–31
IOM, see Institute of Medicine
IR, see Insulin resistance
Iron, 32, 86, 94, 100, 177–178

deficiency, 94–97, 108–110
for gestational diabetes mellitus, 160–161
and lactoferrin binding, 111

Iron-deficiency anaemia, 92, 95, 96, 
108–109, 177, 189, 190, 192

Iron dextran, 193
Iron-fortified foods, 97
Isoflavones, 67
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Jewelweed, 251, 257

L
Lactobacillus, 12, 123, 239, 254, 271, 277
Lactobacillus casei, 267
Lactobacillus reuteri, 239
Lactobacillus rhamnosus, 63, 80, 81, 

179, 239, 254
Lactoferrin, 110, 111

treatment, 193
Lactogen, 42
Lawsone, 251–252
LC-PUFA, see Long-chain 

polyunsaturated fatty acids
LH, see Lutenizing hormone
Linoleic acid, 172
Linolenic acid, 27, 172
L. interrupta, 24
Lipoic acid, 77
Lipopolysaccharides (LPS), 266–267
Liposomes, 300
Listeria monocytogenes, 107
Long-chain fatty acids, 12–13
Long-chain polyunsaturated fatty acids 

(LC-PUFA), 143, 265–266, 270, 274
Low glycemic index products, 271
LPS, see Lipopolysaccharides
Lutenizing hormone (LH), 126
Lycopene, 224

M
Macronutrients; see also Micronutrients

for gestational weight gain, 60–62
Magnesium, 16

for atopic dermatitis, 248–249
for bone health, 225
for gestational diabetes mellitus, 159
for insulin resistance, 270
in prevention of preeclampsia, 137–138

Malaria, 91
Male fetuses, placentas of, 42
Mammalian proteins, 60
Marketed nutraceuticals, 299
Maternal behavior, 214–220
Maternal deficiency, 33
Maternal dental health, role of 

nutraceuticals on, 237–240
Maternal infections, 105

nutraceuticals and its uses, 113–115
prevention, identification, and 

common outcomes, 115–117

role of nutraceuticals in, 106–108
Maternal iron deficiency, 108–110
Maternal malnutrition, 100, 109
Maternal microbiome, 144
Maternal morbidity, 87
Maternal mortality, 72, 80, 88, 89

nutraceuticals effect on, 87–88
Maternal nutrition, 87–88

supplements during, 222–223
Maternal preconceptional health, 23
Mean blood haemoglobin 

concentration, 92, 93
Medicinal foods, 213
Melatonin, 117
Metal-chelating antioxidant, 74
Metallonutraceuticals, 32
Methylenetetrahydrofolate 

reductase (MTHFR), 44
Microcyctic anemia, 190
Micronutrients, 59, 62

for anaemia, 99–100
Microspheres, 300
Mild anaemia, 92
Milk, 62–63, 212
Milk proteins, 216
Minerals, 159–161, 270, 273, 275–276
Miscarriage, impact of nutraceuticals 

on, 82–84
Moderate anaemia, 93
Modern therapy, 293
Monosaturated fatty acids, 28
Monounsaturated fatty acids, 27–28
Mood disorders, 129
Moringa oleifera, 127
Mortality rate, nutraceuticals impact 

on, 204–205
MTHFR, see Methylenetetrahydrofolate 

reductase
Multivitamins, 126, 200
Muscle contraction, 231
Mutans streptococci, 239
Mwanamphepo, 202

N
N-acetyl-cysteine, 112
NAFLD, see Non-alcoholic fatty 

liver disease
Nanoformulation, 300
Nanotechnology, 299
Necrotizing enterocolitis, 14
Neonatal B1a cells, 25
Neonatal death, 205
Neonatal programming, of bone status, 221
Nerve impulse transmission, 230–231
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Nettle tea, 16
Neural tube defects (NTDs), 14, 62, 82, 

199–200
Neuronal hypothesis, 173
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Nicotinamide, for gestational diabetes 

mellitus, 158
N-methylcytisine, 203
Non-alcoholic fatty liver disease 

(NAFLD), 269–271
Non-digestible fibers, 161
Non-heam iron, 95, 100
Non-pregnant women, hormone 

balance in, 125–126
Nourishment, 216–217
NTDs, see Neural tube defects
Nutraceuticals, 1–2, 154–155

for anaemia, 94–95
anaemia for, 94–95, 100–101
antioxidative, 73–77
application to allergy, 253–257
and benefits to the developing 
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for bones, 212
categorization, 116, 290–291
challenges/limitations, 298–301
clinical applications on pregnant 
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components, 108
defined, 39–40, 135–136, 154, 262
effects of human milk as, 110–111
effects on maternal mortality, 87–88
and functional foods, 213
future perspectives, 302–303
for gestational weight gain, 62–64
and hypertension, 273–275
impact on gestational age, 203–204
impact on mortality rate, 204–205
impact on uterine growth, 203
importance in healthy living, 4–5
influence of types of, 23–24
and insulin resistance, 269–273
introduction of, 288–289
as minerals, 30–31
and obesity, 129–130, 263–269
as omega-3 fatty acids, 27–28
other essential benefits, 14–16
and pediatric cancers, 275–277
as polyphenols, 29–30
in preconception, 23–27
in pregnancy, 11, 126–128
for prenatal depression

astaxanthin, 179

B vitamins, 176–177
flavonoids, 178–179
iron, 177–178
omega-3 fatty acids, 172–174
probiotics, 179–181
selenium, 178
vitamin A, 176
vitamin D, 174–175
zinc, 177

in prevention of preeclampsia 
and eclampsia

calcium, 136–137
carotenoids, 144–145
folic acid, 140–141
magnesium, 137–138
omega-3, 142–143
probiotics, 143–144
vitamin B12, 141
vitamin D, 139–140
vitamins C, 142
vitamins E, 142
zinc, 138–139

as probiotics, 31
regulation of, 3–4, 301–302
respiratory tract functions

advanced research, 296–298
advantages in, 296

role, 23
in maternal infections, 106–108
in pregnancy, 71–72
in respiratory diseases, 294
in respiratory function  

maintenance, 293, 296
in stillbirths, 84–87

safety and efficacy, 300–301
scope and future developments, 2–4
significance in the present era,  

289–290
supplements, 42–43

antioxidants, 48–49
folic acid, 43–44
omega-3 fatty acids, 46–47
vitamin B12, 44–46
vitamin C, 48–49
vitamin D, 47–48
vitamin E, 48–49

treatment – application to
atopic dermatitis, 247–249
eczema, 249–253

types of, 73, 118
use in respiratory disorders, 295
and uses to combat maternal 

infections, 113–115
as vitamins, 24–25
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for weight loss and consumption, 66
Nutritional constituents of food plants, 88
Nuts, 64

O
Obesity, 80

defined, 64
nutraceuticals and, 129–130, 263–269
postpartum, 64–65

Obstetric bleeding, 190
Ocimum sanctum, 297
Offspring’s dental health, role of 

nutraceuticals on, 237–240
Omega-3 fatty acids, 13, 14, 122, 129, 

200–201
for bone health, 225–226
for diet of pregnant woman, 61
effects of nutraceuticals as, 27–28
for placental growth, development 

and function, 46–47
for prenatal depression, 172–174
in prevention of preeclampsia, 142–143

Omega-6 fatty acids, 27, 61
One-carbon metabolism, 62
Oral health, 236–237
Oral iron therapy, 193
Osteoclasts, 216
Osteocytes, 216
Osteoporosis, 216–217, 223
Osteoporotic fracture, burden of, 217–218
Osteoprogenitor cells, 218
Ovalbumin (OVA), 256
Oxidative damage, 86
Oxidative stress, 24, 46, 48–49, 255

P
PA, see Pyrrolizidine alkaloids
Parathyroid hormone (PTH), 231
Parenteral iron therapy, 193
Partus preparatus, 201
Pathogenesis, 134–135
Peak bone mass (PBM), 229
Pediatric cancers, nutraceuticals and, 

275–277
Peppermint tea, 16
Periodontal disease, 235
Periodontal pathogens, 236
Periodontitis, 235, 236
Peroxisome proliferator-activated 

receptor (PPAR), 45
PET, see Probiotics encapsulation 

technology

Pharmaceutical applications, 299
Pharmaceuticals, 23, 214
Phytochemicals, 271–273, 276, 289
Phytosomes, 300
PIH, see Pregnancy-induced hypertension
Piperine, 73
Piper longum, 297
Placental artery distensibility, 45
Placental epigenetic programming, 45
Placental growth, development 

and function
antioxidants, 48–49
folic acid, 43–44
omega-3 fatty acids, 46–47
vitamin B12, 44–46
vitamin C, 48–49
vitamin D, 47–48
vitamin E, 48–49

Placental hormones, 42
Placenta, role in fetal programming,  

40–42
Pollution, 292
Polyphenols, 75–76, 86

nutraceuticals as, 29–30
Polyunsaturated fatty acids (PUFAs),  

27–28, 107, 122, 173–174, 289
for bone health, 225
effects of, 27–28
n-3 long-chain, 265, 274
omega-3, 46–47
role in gestational diabetes mellitus, 

161–162
Pomegranate juice, 275
Postpartum anemia, see Anaemia
Postpartum depression (PPD), 170
Postpartum obesity, 64–65
Postpartum, risk factors during, 171–172
Potassium, for bone health, 223
PPAR, see Peroxisome proliferator-

activated receptor
PPD, see Postpartum depression
Prebiotics, 122, 123, 289; see also 

Probiotics; Synbiotics
application to allergy, 254
for insulin resistance, 271
for obesity prevention and 

treatment, 266–267
for pediatric cancers, 277

Preconception
betacarotene supplementation in,  

25–26
folic acid intake in, 26–27
iodine intake, 30–31
nutraceuticals influence on, 23–24
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vitamin A supplementation in, 25–26
vitamin B6, B12, and trace elements 

intake in, 26
vitamin D intake in, 24–25

Preconceptional health, 22, 23
Preeclampsia; see also Eclampsia

definition of, 133–134
prevention of, 134–135

nutraceuticals in, 135–145
Pregnancy

background of nutraceuticals used in, 
199–202

depression during, 170
hormone balance in, 123–125
nutraceuticals in, 11, 126–128
reduced hormones during, 124–125
supplements during, 222–223

Pregnancy-induced hypertension 
(PIH), 133

Pregnancy outcomes, 82–84, 86, 87, 236
Pregnancy Risk Assessment 

Monitoring System, 130
Pregnant women, hormone balance in, 

125–126
Pregorexia, 60
Premature births, 115–117
Prenatal infections, impact on 

infants, 111–113
Preterm labor, 13
Probiotics, 5, 80, 122, 123

application to allergy, 254
defined, 11
for dental health, 239–240
for eczema, 249–251
functions of, 11–14
for gestational weight gain, 63–64
for insulin resistance, 271
nutraceuticals as, 31
for obesity prevention and 

treatment, 266–267
for pediatric cancers, 277
for prenatal depression, 179–181
in prevention of preeclampsia, 143–144

Probiotics encapsulation technology  
(PET), 299

Progesterone, 42, 123, 124, 125
Prostaglandins, 42
Proteins, 60–61, 107, 190, 216–217
Psychoneuroimmunological 

hypothesis, 173
PTH, see Parathyroid hormone
PUFAs, see Polyunsaturated fatty acids
Pyridoxine, for gestational diabetes 

mellitus, 158–159
Pyrrolizidine alkaloids (PA), 204

Q
Quercetin, 30, 268, 271–272, 296

R
Randomized clinical trial (RCT), 239
Raspberry leaf, 204
Raspberry tea, 16
RBP, see Retinol-binding protein
RCT, see Randomized clinical trial
Reishi mushroom, 247–248
Respiratory disorders

causes, 292
classification of, 292–293
nutraceuticals use in, 295
therapies, 293

Respiratory function, 291
Resveratrol (RSV), 29–30

for bone health, 228–230
Retinoids, 156
Retinol, 156
Retinol-binding protein (RBP), 156
Riboflavin, 62

deficiency of, 98
Rooibos tea, 16
RSV, see Resveratrol

S
Sausenthaler S, 256
Schizophrenia, 111, 112
Selective serotonin reuptake 

inhibitor (SSRI), 129
Selenium, 276

for prenatal depression, 178
Senecio aureus L., 203
Senecio biafrae, 113
Serum ferritin, 190
Severe anaemia, 93
SGA, see Small for gestational age
Sickle cell anaemia, 99
Silybum marianum, 272
Silymarin, 274
Single-nucleotide polymorphisms  

(SNPs), 44
Singlet-oxygen quenching antioxidant, 74
Skeletal development, 221
Small for gestational age (SGA), 134
SNPs, see Single-nucleotide polymorphisms
Soil products, for bone health, 223–224
Soy protein, 67
Spina bifida, 199–200
SSRI, see Selective serotonin 

reuptake inhibitor
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Stillbirths, 80
nutraceuticals role in, 84–87

Stinging nettle, 24
Sustained attention, 13
Synbiotics, 266–267, 270, 276–277

T
Taspine, 203
Tetrapleura tetraptera, 113
T helper 1 (Th1) cytokines, 124
T helper 2 (Th2) cytokines, 124
Thyroid peroxidase, 177
Thyroid stimulating hormone (TSH), 125
TLRs, see Toll-like receptors
Tocopherols, 74, 297
Tocotrienols, 74
Toll-like receptors (TLRs), 61
Tooth development, 237
Total thyroxine 3 (TT3), 125
Total thyroxine 4 (TT4), 125
Trabecular bone, 215
Trace elements intake, 26
Traditional medicine, 199
Traditional therapy, 293
Trans-astaxanthin, 179
Transferosomes, 300
Trigonella foenum-graecum 

(fenugreek), 66–67
TSH, see Thyroid stimulating hormone
TT3, see Total thyroxine 3
TT4, see Total thyroxine 4
Type 1 diabetes mellitus, 269, 271
Type 2 diabetes mellitus, 269

U
Urtica dioica, 23
Urtica urens, 23
USA, regulations for nutraceutical, 302
Uterine growth, nutraceuticals impact on, 203

V
Vascular endothelial growth factor  

(VEGF), 41
VDD, see Vitamin D deficiency
VEGF, see Vascular endothelial 

growth factor
Vitamin A, 127, 297

for allergy, 256
for gestational diabetes mellitus, 156–157
in preconception, 25–26
for prenatal depression, 176

Vitamin B, 82, 97

Vitamin B6, 26, 158–159
Vitamin B9, 62
Vitamin B12, 62

for bone health, 224
deficiency, 94–95, 98–100, 190, 192
for gestational diabetes mellitus, 159
for obesity, 264
for placental growth, development  

and function, 44–46
in preconception, 26, 27
in prevention of preeclampsia, 141

Vitamin C, 28, 96
for allergy, 256
benefits, 15–16
for blood pressure, 273
for bone health, 223, 237–240
for placental growth, development 

and function, 48–49
in prevention of preeclampsia, 142

Vitamin D, 63, 276
benefits, 15
for bone health, 231, 237–240
and bone loss, 226–227
for gestational diabetes mellitus, 157
for insulin resistance, 269–270
for obesity, 264
for placental growth, development  

and function, 47–48
in preconception, 24–25
for prenatal depression, 174–175
in prevention of preeclampsia, 139–140

Vitamin D deficiency (VDD), 174, 264
Vitamin E, 28

for allergy, 256
for blood pressure, 273
for gestational diabetes mellitus, 

157–158
for placental growth, development  

and function, 48–49
in prevention of preeclampsia, 142

Vitamin K, 82
for bone health, 225

Vitamins
for bone health, 223
for maternal and offspring dental 

health, 238
nutraceuticals as, 24–25
for pediatric cancers, 275–276
for weight gain during pregnancy, 62

Vivomixx, 80

W
WAT, see White fat tissue
Watershed enactment, USA, 302
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Weight gain, 108
recommendations, 58–59

Weight loss supplements, 65–67
World Health Organization (WHO), 136, 

140, 292
anaemia and, 91–93, 97
dental diseases and, 236
folic acid intake, 44
obesity and, 64
traditional medicine estimate, 198
zinc intake, 139

Z
Zinc, 16, 32, 100

for gestational diabetes mellitus, 160
for insulin resistance, 270
for obesity, 264–265
for prenatal depression, 177
in prevention of preeclampsia,  

138–139
Zingerone, 73
Zingiber Officinalis, 297
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