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INTRODUCTION

The field of clinical nutrition as a whole seeks to consider the nutrition of
patients within the healthcare system, paying attention to the interactions
between diet, nutrition, and disease. To that end, this book discusses nu-
trition as both a contributing and managing factor in relation to diseases
such as obesity and diabetes. It also presents malnutrition as a contributing
factor to such diseases and considers the efficacy of micronutrient supple-
mentation. It ends by looking at some of the recent developments and
future trends in the field of clinical nutrition.

The first chapter, by Salehpour and colleagues, examines the effect
of Vitamin D on body fat mass. Vitamin D concentrations are linked to
body composition indices, particularly body fat mass. Relationships be-
tween hypovitaminosis D and obesity, described by both BMI and waist
circumference, have been mentioned. The authors investigated the effect
of a 12-week vitamin D3 supplementation on anthropometric indices in
healthy overweight and obese women. In a double-blind, randomized,
placebo-controlled, parallel-group trial, 77 participants (age 38+8.1 years,
BMI 29.8+4.1 kg/m?) were randomly allocated into two groups: vitamin D
(25 ug per day as cholecalciferol) and placebo (25 ug per day as lactose)
for 12 weeks. Body weight, height, waist, hip, fat mass, 25(OH) D, iPTH,
and dietary intakes were measured before and after the intervention. They
found that Serum 25(OH)D significantly increased in the vitamin D group
compared to the placebo group (38.2+£32.7nmol/L vs. 4.6=14.8nmol/L;
P<0.001) and serum iPTH concentrations were decreased by vitamin D3
supplementation (-0.26+0.57 pmol/L vs. 0.27+0.56 pmol/L; P<0.001).
Supplementation with vitamin D3 caused a statistically significant de-
crease in body fat mass in the vitamin D group compared to the placebo
group (-2.7+2.1kg vs. -0.47+2.1kg; P<0.001). However, body weight and
waist circumference did not change significantly in both groups. A sig-
nificant reverse correlation between changes in serum 25(OH) D concen-
trations and body fat mass was observed (r=-0.319, P=0.005). Among
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healthy overweight and obese women, increasing 25(OH) D concentra-
tions by vitamin D3 supplementation led to body fat mass reduction.

Trautvetter and colleagues looked at the effects of calcium sulfate in
chapter 2. The aim of their study was to examine the postprandial cal-
cium and phosphate concentrations after supplementation with pentacal-
cium hydroxy-triphosphate (CaP). Ten men participated in this double-
blind, placebo-controlled, cross-over study. The participants were divided
into two groups. One group consumed bread enriched with CaP (plus 1 g
calcium/d) and the other group a placebo product for three weeks. After a
two week wash-out, the intervention was switched between the groups for
another three weeks. Blood samples were drawn at the beginning (single
administration) and at the end (repeated administration) of the interven-
tion periods at 0, 30, 60, 120, 180 and 240 min. Between 0 and 30 min, a
test meal, with or without CaP was consumed. The plasma concentrations
of calcium and phosphate were examined. One participant dropped out
due to personal reasons. CaP supplementation resulted in a significantly
higher plasma calcium concentration after 240 min compared to placebo.
After repeated CaP administration, the AUC for the increment in plasma
calcium concentration was significantly higher compared to placebo. After
single and repeated CaP supplementation, plasma phosphate concentration
significantly decreased after 30, 60, 120 and 180 min compared to 0 min.
The placebo administration resulted in significant decreases after 30, 60
and 120 min compared to 0 min. The results show that CaP contributes to
an adequate calcium supply, but without increasing the plasma concentra-
tion of phosphate.

Chapter 3 examines the effects of Vitamin C when used in treating
pediatric depression. Amr and colleagues argue that current antidepres-
sants used to treat pediatric patients have the disadvantage of limited ef-
ficacy and potentially serious side effects. The purpose of this study was
to assess the efficacy of vitamin C as an adjuvant agent in the treatment
of pediatric major depressive disorder in a six-month, double-blind, pla-
cebo-controlled pilot trial. The study group (n=12) was given fluoxetine
(10-20 mg/day) plus vitamin C (1000 mg/day) and control group (n=12)
administered fluoxetine (10-20 mg/day) plus placebo. The data were ana-
lyzed by ANOVA and t-test for independent samples. Both groups dem-
onstrated significantly improved scores on the Children’s Depression Rat-
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ing Scale (CDRS), the Children’s Depression Inventory (CDI), and the
Clinical Global Impression (CGI). ANOVA was significantly different on
all clinical measurements (group effect, time effect, and interaction), with
the exception of group effect and interaction for CGI. Patients treated for
six months with fluoxetine and vitamin C showed a significant decrease
in depressive symptoms in comparison to the fluoxetine plus placebo
group as measured by the CDRS (t=11.36, P<0.0001) and CDI (t=12.27,
P<0.0001), but not CGI (t=0.13, P=0.90). No serious adverse effects were
observed. These preliminary results suggest that vitamin C may be an ef-
fective adjuvant agent in the treatment of MDD in pediatric patients.

Yusutake and colleagues look at the connections between nutrition and
liver disease in chapter 4. The dietary intake of patients with nonalcoholic
fatty liver disease (NAFLD) is generally characterized by high levels of
carbohydrate, fat, and/or cholesterol, and these dietary patterns influence
hepatic lipid metabolism in the patients. Therefore, careful investigation
of dietary habits could lead to better nutrition therapy in NAFLD patients.
The main treatment for chronic hepatitis C (CHC) is interferon-based anti-
viral therapy, which often causes a decrease in appetite and energy intake;
hence, nutritional support is also required during therapy to prevent un-
dernourishment, treatment interruption, and a reduction in quality of life.
Moreover, addition of some nutrients that act to suppress viral prolifera-
tion is recommended. As a substitutive treatment, low-iron diet therapy,
which is relatively safe and effective for preventing hepatocellular carci-
noma, is also recommended for CHC patients. Some patients with liver
cirrhosis (LC) have decreased dietary energy and protein intake, while the
number of LC patients with overeating and obesity is increasing, indicat-
ing that the nutritional state of LC patients has a broad spectrum. There-
fore, nutrition therapy for LC patients should be planned on an assessment
of their complications, nutritional state, and dietary intake. Late evening
snacks, branched-chain amino acids, zinc, and probiotics are considered
for effective nutritional utilization.

Similarly, chapter 5 examines nutrition in patients with end-stage liver
failure. Bémeur and colleagues show that malnutrition is common in pa-
tients with end-stage liver failure and hepatic encephalopathy, and is con-
sidered a significant prognostic factor affecting quality of life, outcome,
and survival. The liver plays a crucial role in the regulation of nutrition by
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trafficking the metabolism of nutrients, their distribution and appropriate
use by the body. Nutritional consequences with the potential to cause ner-
vous system dysfunction occur in liver failure, and many factors contrib-
ute to malnutrition in hepatic failure. Among them are inadequate dietary
intake, malabsorption, increased protein losses, hypermetabolism, insulin
resistance, gastrointestinal bleeding, ascites, inflammation/infection, and
hyponatremia. Patients at risk of malnutrition are relatively difficult to
identify since liver disease may interfere with biomarkers of malnutrition.
The supplementation of the diet with amino acids, antioxidants, vitamins
as well as probiotics in addition to meeting energy and protein require-
ments may improve nutritional status, liver function, and hepatic encepha-
lopathy in patients with end-stage liver failure.

Singh and colleagues argue in chapter 6 that nutritional support in
severe acute pancreatitis (SAP) is controversial concerning the merits
of enteral or parenteral nutrition in the management of patients with se-
vere acute pancreatitis. Here, the authors assess the therapeutic efficacy
of gradually combined treatment of parenteral nutrition (PN) with enteral
nutrition (EN) for SAP. Methods. The clinical data of 130 cases of SAP
were analyzed retrospectively. Of them, 59 cases were treated by general
method of nutritional support (Group I) and the other 71 cases were treated
by PN gradually combined with EN (Group II). The APACHE II score
and the level of IL-6 in Group II were significantly lower than Group I .
Complications, mortality, mean hospital stay, and the cost of hospitaliza-
tion in Group II were 39.4 percent, 12.7 percent, 32 + 9 days, and 30869.4
+ 12794.6 Chinese Yuan, respectively, which were significantly lower than
those in Group 1. The cure rate of Group II was 81.7 percent which is obvi-
ously higher than that of 59.3% in Group I. This study indicates that the
combination of PN with EN not only can improve the natural history of
pancreatitis but also can reduce the incidence of complication and mortal-
ity.

In chapter 7, Martin and colleagues examine the connections between
protein intake and renal function. Recent trends in weight loss diets have
led to a substantial increase in protein intake by individuals. As a result,
the safety of habitually consuming dietary protein in excess of recom-
mended intakes has been questioned. In particular, there is concern that
high protein intake may promote renal damage by chronically increasing
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glomerular pressure and hyperfiltration. There is, however, a serious ques-
tion as to whether there is significant evidence to support this relationship
in healthy individuals. In fact, some studies suggest that hyperfiltration,
the purported mechanism for renal damage, is a normal adaptative mech-
anism that occurs in response to several physiological conditions. This
paper reviews the available evidence that increased dietary protein intake
is a health concern in terms of the potential to initiate or promote renal dis-
ease. While protein restriction may be appropriate for treatment of existing
kidney disease, we find no significant evidence for a detrimental effect of
high protein intakes on kidney function in healthy persons after centuries
of a high protein Western diet.

Chapter 8, in a similar vein, looks at the connections between renal
function and phosphorus intake. Patients with renal impairment progres-
sively lose the ability to excrete phosphorus. Decreased glomerular filtra-
tion of phosphorus is initially compensated by decreased tubular reabsorp-
tion, regulated by PTH and FGF23, maintaining normal serum phosphorus
concentrations. Gonzalez-Parra and colleagues show that there is a close
relationship between protein and phosphorus intake. In chronic renal dis-
ease, a low dietary protein content slows the progression of kidney dis-
ease, especially in patients with proteinuria and decreases the supply of
phosphorus, which has been directly related with progression of kidney
disease and with patient survival. However, not all animal proteins and
vegetables have the same proportion of phosphorus in their composition.
Adequate labeling of food requires showing the phosphorus-to-protein ra-
tio. The diet in patients with advanced-stage CKD has been controversial,
because a diet with too low protein content can favor malnutrition and
increase morbidity and mortality. Phosphorus binders lower serum phos-
phorus and also FGF23 levels, without decreasing diet protein content.
But the interaction between intestinal dysbacteriosis in dialysis patients,
phosphate binder efficacy, and patient tolerance to the binder could reduce
their efficiency.

Cappello and colleagues examine the effects of nutrition on obesity in
chapter 9. Only protein diet has been used successfully to prevent loss of
lean body mass first in post-surgical and then in obese patients. The au-
thors studied overweight and obese patients receiving short treatments of
an exclusively protein-based nutritional solution as 24-hour enteral infu-
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sion. 19,036 patients (age 44.3+13, M:F=2:5) with an initial body mass
index of 36.5+7.1 underwent 10-day cycles of enteral nutrition through a
fine nasogastric tube. The nutritional solution consisted solely of 50-65¢g
of proteins, plus vitamins and electrolytes. The 24-hour infusion was con-
trolled with a small portable pump. Before and after each 10-daycycle
body composition was checked with a Handy 3000 impedance analyzer.
At the onset of treatment, average fat mass was 40.9+12.8 kg while body
cell mass was 42.7+7.2kg in males and 27.4+4.6kg in females. After
an average of 2.5cycles the patients lost 10.2+7.0kg of body weight,
5.8+5.5kg of fat mass and 2.24+3.3kg of body cell mass. No significant
adverse effects were recorded except asthenia and constipation which
were easily controlled with therapy. Long-term results were obtained from
15,444 patients and after an average of 362+296 days we found a mean
weight regain of 15.4%. The authors concluded that Ketogenic Enteral
Nutrition treatment of over 19,000 patients induced a rapid 10% weight
loss, 57% of which was Fat Mass. No significant adverse effects were
found. The treatment is safe, fast, inexpensive and has good one-year re-
sults for weight maintenance.

In chapter 10, Ward looks at the effects of nutrition on patients un-
dergoing gastrointestinal surgery. Nutritional depletion has been demon-
strated to be a major determinant of the development of post-operative
complications. Gastrointestinal surgery patients are at risk of nutritional
depletion from inadequate nutritional intake, surgical stress and the subse-
quent increase in metabolic rate. Fears of postoperative ileus and the integ-
rity of the newly constructed anastomosis have led to treatment typically
entailing starvation with administration of intravenous fluids until the pas-
sage of flatus. However, it has since been shown that prompt postopera-
tive enteral feeding is both effective and well tolerated. Enteral feeding is
also associated with specific clinical benefits such as reduced incidence
of postoperative infectious complications and an improved wound heal-
ing response. Further research is required to determine whether enteral
nutrition is also associated with modulation of gut function. Studies have
indicated that significant reductions in morbidity and mortality associated
with perioperative Total Parenteral Nutrition (TPN) are limited to severely
malnourished patients with gastrointestinal malignancy. Meta-analyses have
shown that enteral nutrition is associated with fewer septic complications



Introduction XXVii

compared with parenteral feeding, reduced costs and a shorter hospital
stay, so should be the preferred option whenever possible. Evidence to
support pre-operative nutrition support is limited, but suggests that if mal-
nourished individuals are adequately fed for at least 710 days preopera-
tively then surgical outcome can be improved. Ongoing research contin-
ues to explore the potential benefits of the action of glutamine on the gut
and immune system for gastrointestinal surgery patients. To date it has
been demonstrated that glutamine-enriched parenteral nutrition results in
reduced length of stay and reduced costs in elective abdominal surgery
patients. Further research is required to determine whether the routine
supplementation of glutamine is warranted. A limitation for targeted nu-
tritional support is the lack of a standardised, validated definition of nu-
tritional depletion. This would enable nutrition support to be more readily
targeted to those surgical patients most likely to derive significant clinical
benefit in terms of improved post-operative outcome.

Damms-Machado and colleagues examine the prevalence of micronu-
trient deficiencies in obese individuals in chapter 11. These deficiencies
are higher compared to normal-weight people, probably because of inad-
equate eating habits but also due to increased demands among overweight
persons, which are underestimated by dietary reference intakes (DRI) in-
tended for the general population. They therefore evaluated the dietary mi-
cronutrient intake in obese individuals compared to a reference population
and DRI recommendations. Furthermore, the authors determined the mi-
cronutrient status in obese subjects undergoing a standardized DRI-cover-
ing low-calorie formula diet to analyze if the DRI meet the micronutrient
requirements of obese individuals. In 104 subjects baseline micronutrient
intake was determined by dietary record collection. A randomly assigned
subgroup of subjects (n=32) underwent a standardized DRI-covering low-
calorie formula diet over a period of three months. Pre- and post-interven-
tional intracellular micronutrient status in buccal mucosa cells (BMC) was
analyzed, as well as additional micronutrient serum concentrations in 14
of the subjects. Prior to dietetic intervention, nutrition was calorie-rich and
micronutrient-poor. Baseline deficiencies in serum concentrations were
observed for 25-hydroxyvitamin-D, vitamin C, selenium, iron, as well as
-carotene, vitamin C, and lycopene in BMC. After a three-month period of
formula diet even more subjects had reduced micronutrient levels of vitamin
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C (serum, BMC), zinc, and lycopene. There was a significant negative
correlation between lipophilic serum vitamin concentrations and body fat,
as well as between iron and C-reactive protein. The present pilot study
shows that micronutrient deficiency occurring in obese individuals is not
corrected by protein-rich formula diet containing vitamins and minerals
according to DRI. In contrast, micronutrient levels remain low or become
even lower, which might be explained by insufficient intake, increased
demand and unbalanced dispersal of lipophilic compounds in the body.

In chapter 12, Mechanick and colleagues argue that type 2 diabetes
(T2D) and prediabetes have a major global impact through high disease
prevalence, significant downstream pathophysiologic effects, and enor-
mous financial liabilities. To mitigate this disease burden, interventions of
proven effectiveness must be used. Evidence shows that nutrition therapy
improves glycemic control and reduces the risks of diabetes and its com-
plications. Accordingly, diabetes-specific nutrition therapy should be in-
corporated into comprehensive patient management programs. Evidence-
based recommendations for healthy lifestyles that include healthy eating
can be found in clinical practice guidelines (CPGs) from professional
medical organizations. To enable broad implementation of these guide-
lines, recommendations must be reconstructed to account for cultural dif-
ferences in lifestyle, food availability, and genetic factors. To begin, pub-
lished CPGs and relevant medical literature were reviewed and evidence
ratings applied according to established protocols for guidelines. From this
information, an algorithm for the nutritional management of people with
T2D and prediabetes was created. Subsequently, algorithm nodes were
populated with transcultural attributes to guide decisions. The resultant
transcultural diabetes-specific nutrition algorithm (tDNA) was simplified
and optimized for global implementation and validation according to cur-
rent standards for CPG development and cultural adaptation. Thus, the
tDNA is a tool to facilitate the delivery of nutrition therapy to patients with
T2D and prediabetes in a variety of cultures and geographic locations. It
is anticipated that this novel approach can reduce the burden of diabetes,
improve quality of life, and save lives. The specific Southeast Asian and
Asian Indian tDNA versions can be found in companion articles in this is-
sue of Current Diabetes Reports.
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Christensen and colleagues examine the effects of fruit restriction on
patients with diabetes in chapter 13. Medical nutrition therapy is recog-
nized as an important treatment option in type 2 diabetes. Most guidelines
recommend eating a diet with a high intake of fiber-rich food including
fruit. This is based on the many positive effects of fruit on human health.
However some health professionals have concerns that fruit intake has a
negative impact on glycemic control and therefore recommend restricting
the fruit intake. The authors found no studies addressing this important
clinical question. The objective was to investigate whether an advice to
reduce the intake of fruit to patients with type 2 diabetes affects HbAlc,
bodyweight, waist circumference and fruit intake. This was an open ran-
domized controlled trial with two parallel groups. The primary outcome
was a change in HbA 1c during 12 weeks of intervention. Participants were
randomized to one of two interventions; medical nutrition therapy + ad-
vice to consume at least two pieces of fruit a day (high-fruit) or medical
nutrition therapy + advice to consume no more than two pieces of fruit a
day (low-fruit). All participants had two consultations with a registered
dietitian. Fruit intake was self-reported using 3-day fruit records and di-
etary recalls. All assessments were made by the “intention to treat” prin-
ciple. The study population consisted of 63 men and women with newly
diagnosed type 2 diabetes. All patients completed the trial. The high-fruit
group increased fruit intake with 125 grams (CI 95%; 78 to 172) and
the low-fruit group reduced intake with 51 grams (CI 95%; -18 to —83).
HbAlcdecreased in both groups with no difference between the groups
(diff.: 0.19%, CI 95%; -0.23 to 0.62). Both groups reduced body weight
and waist circumference, however there was no difference between the
groups. A recommendation to reduce fruit intake as part of standard medi-
cal nutrition therapy in overweight patients with newly diagnosed type 2
diabetes resulted in eating less fruit. It had however no effect on HbAlc,
weight loss or waist circumference. We recommend that the intake of fruit
should not be restricted in patients with type 2 diabetes.

Chapter 14 looks at the effect of restricting carbohydrates on patients
with cancer. Klement and Kdmmerer argue that over the last years, evidence
has accumulated suggesting that by systematically reducing the amount of
dietary carbohydrates (CHOs) one could suppress, or at least delay, the
emergence of cancer, and that proliferation of already existing tumor cells
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could be slowed down. This hypothesis is supported by the association
between modern chronic diseases like the metabolic syndrome and the
risk of developing or dying from cancer. CHOs or glucose, to which more
complex carbohydrates are ultimately digested, can have direct and indi-
rect effects on tumor cell proliferation: first, contrary to normal cells, most
malignant cells depend on steady glucose availability in the blood for their
energy and biomass generating demands and are not able to metabolize
significant amounts of fatty acids or ketone bodies due to mitochondrial
dysfunction. Second, high insulin and insulin-like growth factor (IGF)-1
levels resulting from chronic ingestion of CHO-rich Western diet meals,
can directly promote tumor cell proliferation via the insulin/IGF1 signal-
ing pathway. Third, ketone bodies that are elevated when insulin and blood
glucose levels are low, have been found to negatively affect proliferation
of different malignant cells in vitro or not to be usable by tumor cells for
metabolic demands, and a multitude of mouse models have shown anti-tu-
morigenic properties of very low CHO ketogenic diets. In addition, many
cancer patients exhibit an altered glucose metabolism characterized by in-
sulin resistance and may profit from an increased protein and fat intake. In
this review, the authors address the possible beneficial effects of low CHO
diets on cancer prevention and treatment. Emphasis will be placed on the
role of insulin and IGF1 signaling in tumorigenesis as well as altered di-
etary needs of cancer patients.

In chapter 15, Hanson and colleagues argue that nutrition support
practitioners are currently dealing with shortages of parenteral nutrition
micronutrients, including multivitamins (MVI), selenium and zinc. A re-
cent survey from the American Society of Enteral and Parenteral Nutrition
(ASPEN) indicates that this shortage is having a profound effect on clini-
cal practice. A majority of respondents reported taking some aggressive
measures to ration existing supplies. Most premature infants and many
infants with congenital anomalies are dependent on parenteral nutrition
for the first weeks of life to meet nutritional needs. Because of fragile
health and poor reserves, they are uniquely susceptible to this problem.
It should be understood that shortages and rationing have been associated
with adverse outcomes, such as lactic acidosis and Wernicke encepha-
lopathy from thiamine deficiency or pulmonary and skeletal development
concerns related to inadequate stores of Vitamin A and D. In this review,
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the authors will discuss the current parenteral shortages and the possible
impact on a population of very low birth weight infants. This review will
also present a case study of a neonate who was impacted by these current
shortages.

In chapter 16, by Karras and colleagues, vitamin D concentrations dur-
ing pregnancy are measured to diagnose states of insufficiency or defi-
ciency. The aim of this study is to apply accurate assays of vitamin D
forms [single- hydroxylated [25(OH)D,, 25(OH)D,], double-hydroxylated
[1a,25(0OH),D,, 10,25(OH),D,], epimers [3-epi-25(OH)D,, 3-epi-25(OH)
D,] in mothers (serum) and neonates (umbilical cord) to i) explore ma-
ternal and neonatal vitamin D biodynamics and ii) to identify maternal
predictors of neonatal vitamin D concentrations. All vitamin D forms
were quantified in 60 mother- neonate paired samples by a novel liquid
chromatography -mass spectrometry (LC-MS/MS) assay. Maternal char-
acteristics [age, ultraviolet B exposure, dietary vitamin D intake, calcium,
phosphorus and parathyroid hormone] were recorded. Hierarchical linear
regression was used to predict neonatal 25(OH)D concentrations. Moth-
ers had similar concentrations of 25(OH)D, and 25(OH)D, forms com-
pared to neonates (17.9+13.2 vs. 15.9+13.6 ng/mL, p=0.289) with a
ratio of 1:3. The epimer concentrations, which contribute approximately
25% to the total vitamin D levels, were similar in mothers and neonates
(4.8+£7.8 vs. 4.5+4.7 ng/mL, p=0.556). No correlation was observed in
mothers between the levels of the circulating form (250HD,) and its ac-
tive form. Neonatal 25(OH)D, was best predicted by maternal character-
istics, whereas 25(OH)D, was strongly associated to maternal vitamin D
forms (R2=0.253 vs. 0.076 and R?=0.109 vs. 0.478, respectively). Ma-
ternal characteristics explained 12.2% of the neonatal 25(OH)D, maternal
25(0OH)D concentrations explained 32.1%, while epimers contributed an
additional 11.9%. By applying a novel highly specific vitamin D assay,
the present study is the first to quantify 3-epi-25(OH)D concentrations in
mother - newborn pairs. This accurate assay highlights a considerable pro-
portion of vitamin D exists as epimers and a lack of correlation between
the circulating and active forms. These results highlight the need for ac-
curate measurements to appraise vitamin D status. Maternal characteris-
tics and circulating forms of vitamin D, along with their epimers explain
56% of neonate vitamin D concentrations. The roles of active and epimer
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forms in the maternal - neonatal vitamin D relationship warrant further
investigation.

Bacon and Aphramor discuss current trends in weight management sci-
ence in chapter 17. Current guidelines recommend that "overweight" and
"obese" individuals lose weight through engaging in lifestyle modification
involving diet, exercise and other behavior change. This approach reliably
induces short term weight loss, but the majority of individuals are unable
to maintain weight loss over the long term and do not achieve the putative
benefits of improved morbidity and mortality. Concern has arisen that this
weight focus is not only ineffective at producing thinner, healthier bod-
ies, but may also have unintended consequences, contributing to food and
body preoccupation, repeated cycles of weight loss and regain, distraction
from other personal health goals and wider health determinants, reduced
self-esteem, eating disorders, other health decrement, and weight stigma-
tization and discrimination. This concern has drawn increased attention to
the ethical implications of recommending treatment that may be ineffec-
tive or damaging. A growing trans-disciplinary movement called Health at
Every Size (HAES) challenges the value of promoting weight loss and di-
eting behavior and argues for a shift in focus to weight-neutral outcomes.
Randomized controlled clinical trials indicate that a HAES approach is
associated with statistically and clinically relevant improvements in phys-
iological measures (e.g., blood pressure, blood lipids), health behaviors
(e.g., eating and activity habits, dietary quality), and psychosocial out-
comes (such as self-esteem and body image), and that HAES achieves
these health outcomes more successfully than weight loss treatment and
without the contraindications associated with a weight focus. This paper
evaluates the evidence and rationale that justifies shifting the health care
paradigm from a conventional weight focus to HAES.

In the final chapter, chapter 18, Diez-Garcia and colleagues explore
nutritional care in hospitals. Food and nutritional care quality must be as-
sessed and scored, so as to improve health institution efficacy. This study
aimed to detect and compare actions related to food and nutritional care
quality in public and private hospitals. Investigation of the Hospital Food
and Nutrition Service (HFNS) of 37 hospitals by means of structured in-
terviews assessing two quality control corpora, namely nutritional care
quality (NCQ) and hospital food service quality (FSQ). HFNS was also
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evaluated with respect to human resources per hospital bed and per pro-
duced meal. Comparison between public and private institutions revealed
that there was a statistically significant difference between the number of
hospital beds per HFNS staff member (p=0.02) and per dietitian (p<0.01).
The mean compliance with NCQ criteria in public and private institutions
was 51.8% and 41.6%, respectively. The percentage of public and private
health institutions in conformity with FSQ criteria was 42.4% and 49.1%,
respectively. Most of the actions comprising each corpus, NCQ and FSQ,
varied considerably between the two types of institution. NCQ was posi-
tively influenced by hospital type (general) and presence of a clinical di-
etitian. FSQ was affected by institution size: large and medium-sized hos-
pitals were significantly better than small ones. Food and nutritional care
in hospital is still incipient, and actions concerning both nutritional care
and food service take place on an irregular basis. It is clear that the design
of food and nutritional care in hospital indicators is mandatory, and that
guidelines for the development of actions as well as qualification and as-
sessment of nutritional care are urgent.

— Leah Coles, PhD
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1.1 BACKGROUND

Obesity is a chronic condition of nutrients accumulation [1,2] in which
excess energy aggregates in the form of fat mass [3]. Based on the thrifty
genotype hypothesis [4], since metabolic efficiency is raised in negative
energy states, important interactions between gene and obesogenic envi-
ronment (including food abundance and low physical activity [5]) result in
improper metabolic programming and epigenic change in utero; hence in
this condition obesity is an inevitable outcome [6]. Fat mass distribution
specifically visceral distribution, produces toxic milieu by initiating meta-
bolic and inflammatory cascade, which is followed by endocrine, cardio-
vascular and malignant events. The risk of mortality rises synergistically
with increase in BMI over than 30kg/m? [1].

Serum 25-hydroxyvitamin D concentrations are low in obese adults
[7,8] and linked to components of body composition, particularly body
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fat mass [9,10]. Alterations in the vitamin D endocrine system have been
reported in obesity [11,12]. Lumb et al believed that vitamin D is stored
in adipose and muscle tissues after absorption, and is slowly released into
the blood stream [13,14]. It was thought that vitamin D deficiency caused
obesity, and is proposed that hypothalamus diagnoses low calcidiol con-
centrations in circulation and induces higher body set point by increase
in appetite and decrease in energy consumption via stimulating Agouti
Related Protein/Neuropeptide Y (AgRP/NPY) and suppressing pro-Opi-
omelanocortin/Cocaine- Amphetamine- Regulated Transcription (POMC/
CART) pathway [15,16]. Wortsman et al confirmed insufficiency of vi-
tamin D in the obese people indicating that they need to higher doses of
vitamin D [17].

Evidence implies that dairy product consumption, and high calcium
and/or vitamin D intakes can repress fatty acid synthase enzyme (FAS)
by decreasing intracellular Ca™ in adiposities [18-21]. Recent literature
reveals that vitamin D receptor (VDR) gene polymorphisms are asso-
ciated with adiposity phenotypes [22]. It has been postulated that both
1,25(OH)2D and VDR have imperative roles in adipocyte differentiation
[23,24]. The differentiation of pre-adipocytes to mature adipocytes in vitro
is halted by 1,25(OH)2D3 [24]. Contrarily, high serum 1,25(OH)2 D con-
centrations may increase lipogenesis by stimulating of FAS [25].

Alterations in the vitamin D endocrine system are causally associated
with augmented adiposity or result from augmented fat mass storage of
vitamin D [17]. Accumulating evidence for involvement of vitamin D in
fat mass metabolism [25] was the impetus for this clinical trial in which
we tested the effect of vitamin D3 supplementation on body composition
in overweight and obese women.

1.2 METHODS

1.2.1 SUBJECTS

We conducted the study between November 2009 and April 2010 in the
Heart and Vascular Laboratory in Pharmacology Department of Tehran
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University of Medical Sciences, Tehran, Iran. Recruitment began in August
2009 by advertisements on university and ended in November 2009. The
criteria for eligibility were age between 18-50years old, a BMI >25kg/m?,
an apparently healthy status based on self-reports from the subjects, free
from metabolic bone disease, gastrointestinal disease, diabetes mellitus,
cardiovascular disease, renal disease, no medications, no vitamin supple-
ments, none pregnant or lactating. We excluded individuals with changes
in body weight more than 3 kg within last three months, following weight-
loss programs, taking weight loss drugs, smoking and drinking alcohol. Of
a total of 140 subjects initially selected, eighty five subjects who met the
above inclusion criteria were recruited.

The present study was approved by the Ethics Committee of the Tehran
University of Medical Sciences and Iranian Registry of Clinical Trial (reg-
istration no. IRCT138809092709N2) and written informed consent and
subject assent were obtained.

1.2.2 DESIGN

Individuals were randomly allocated in a double-blind parallel manner
from randomized number in an 85-person list; 42 women were assigned to
the vitamin D group and 43 women to the placebo group. The vitamin D
group had to take vitamin D3 supplement tablet of 25 pug/d as cholecalcif-
erol; Merck Pharma GmbH, Germany, while the placebo group took tablet
of 25 ug/d as lactose; Merck Pharma GmbH, Germany. The intervention
was conducted for 90 days. To ensure and assess compliance, vitamin D
supplements were issued at baseline, exchanged for a new package at both
4 wk and 8 wk, and returned to the research staff at post testing, and pills
were counted later for compliance, which was 87.1% in the vitamin D and
87.4% in the placebo groups. To remain blinded, one research assistant
who was not involved in data collection coordinated the supplement as-
signment schedule.

In a per-protocol analysis, eight subjects were excluded during the
intervention (Figure 1); in the placebo group, four subjects were unwill-
ing to continue the 12-week intervention for personal reasons and another
subject used oral contraceptive pills. In the vitamin D group, one sub-
ject followed a weight reduction program, one got pregnant and one
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FIGURE 1: Follow of participants throughout the intervention.
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was unwilling to continue the 12-week intervention for personal reasons.
Eventually 77 subjects completed the study, 39 in the vitamin D group and
38 in the placebo group.

After a 12-h overnight fast, blood specimens were collected from the
antecubital vein into the tubes. After centrifugation for 20min (3000g),
the serum samples were frozen consecutively and stored at -80°C.

We assessed energy and nutrient intakes by 24 h food recall and vali-
dated food frequency questionnaires [26]. A nutritionist completed ques-
tionnaires during monthly face to face interviews. Because the Iranian
food composition table (FCT) is incomplete (limited to only raw materials
and few nutrients) [27], each food and beverage was analyzed for nutrient
intake using Nutritionist IV software (Version 4.1, First Databank Divi-
sion, The Hearst Corporation, San Bruno, CA) to assess macronutrient
and micronutrient contents of foods. The Iranian FCT was used as an al-
ternative for traditional Iranian food items, such as kashk, which are not
included in the Food Composition Tables for USA (USDA FCT) [28]. The
average of MET-minutes/week was calculated by multiplying the time of
exercise by the respective metabolic equivalent task (MET) using the In-
ternational Physical Activity Questionnaires (IPAQ) [29].

We measured body weight to the nearest 0.1 kg and height in light in-
door clothes using a digital scale (model 763; Seca GmbH & Co, KG,
Hamburg, Germany). Waist and hip circumference were measured on a
horizontal plane at the level of the iliac crest by an Ergonomic Circumfer-
ence Measuring Tape (model 201; Seca GmbH & Co, KG, Hamburg, Ger-
many). Body mass index was calculated as weight in kilograms divided by
the square of the height in meters. We assessed body fat mass and fat free
mass by Bioelectrical Impedance Analysis (model 4000; Body Stat Quad
Scan, Douglas Isle of Man, British Isles) after five minutes resting, with
standard errors of estimate (accuracy) of 4.1%. All anthropometric indices
were obtained using the WHO standard procedures [30].

1.2.3 BIOCHEMICAL MEASUREMENTS

Intact PTH was measured by immunoenzymo-metric assay (IEMA) (Im-
munodiagnostic Systems Ltd, Boldon, UK). Intra- and interassay CVs
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for intact PTH were 5.5%, and 8.3%, respectively. Serum 25(OH) D was
measured by enzyme immunoassay (EIA) (Immunodiagnostic Systems
Ltd, Boldon, UK). Intra- and interassay CVs for 25(OH) D were 6.9%,
and 8.1%, respectively. Calcium was measured by colorimetric enzymatic
(Pars Azmoon, Tehran, Iran), the kit expected range was 2.15-2.57 mmol/L.
The assay sensitivity was 0.05 mmol/L, and intra- and interassay coefti-
cients of variation were 2.4% and 3%, respectively. Phosphorus was mea-
sured by enzymatic photometric UV test (Pars Azmoon Co., Tehran, Iran);
the kit expected range was 0.83-1.45mmol/L. The assay sensitivity was
0.22 mmol/L, and intra- and interassay coefficients of variation were 3.2%
and 4.1%, respectively.

1.2.4 STATISTICAL ANALYSIS

Descriptive statistics are presented as mean £ SD. We examined the nor-
mality of data by Kolmogorov-Smirnov and Shapiro-Wilk tests. All data
had been normally distributed. For the primary analysis, we used an analy-
sis of covariance (ANCOVA) to adjust mean differences on biochemical
variables. Simple Pearson correlations were computed between changes
in 25(OH) D and iPTH concentrations and body fat mass. All statistical
analyses were performed using SPSS (version 16; SPSS Inc, Chicago, IL).
All tests were two-sided and P values <0.05 were considered statistically
significant.

1.3 RESULTS

Participant characteristics are given in Table 1. Baseline characteristics
were similar in the vitamin D and placebo groups (Table 1). Serum 25(OH)
D concentrations increased to (75+£22nmol/L vs. 51.5+31nmol/L;
P<0.001), respectively in the vitamin D group, in comparison to the pla-
cebo group after 12 weeks (Table 2). Although serum iPTH concentrations
decreased in the vitamin D group, these concentrations increased in the
placebo group (-0.26+0.5 pmol/L vs. 0.27+0.5 pmol/L; P<0.001), respec-
tively. In the vitamin D group, weight loss was (-0.3+1.5kg) whereas in
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the placebo group, it was (-0.1+1.7kg), differences were not statistically
significant between the two groups. Waist circumference decreased in
the vitamin D group, but increased in the placebo group (-0.3+4.3cm vs.
0.4%4.1 cm), respectively. Hip circumference decreased (-0.39+2.4cm in
the vitamin D group and -0.9+2.4cm in the placebo group), differences
were not statistically significant between the two groups. Body fat mass
decreased in the vitamin D and placebo groups (-2.7+2kg and -0.4+2kg;
P<0.001). There were significant inverse correlations between changes in
serum 25(OH) D concentrations and body fat mass (r=-0.319, P=0.005)
(Figure2), and iPTH concentrations (r=-0.318, P=0.005). A significant
positive and correlation was observed between changes in serum iPTH
concentrations and body fat mass (r=0.32, P=0.004) (Figure3), while
there were no significant correlations between serum 25(OH)D concentra-
tions and body fat mass or iPTH concentrations.

1.4 DISCUSSION

The present study shows that a 12week supplementation with 25 pg vi-
tamin D3 in overweight and obese women with mean serum 25(OH)D
concentrations of 41.8+31.4nmol/L decreases body fat mass, but does not
affect body weight and waist circumference.

There is a large body of growing evidence showing that dairy products,
and calcium and vitamin D intake play a role in the regulation of body fat
mass [31-33]. Data also indicates that vitamin D may increase lean body
mass [34] and inhibit the development of adipocytes. These effects of vita-
min D may be mediated by 1,25(OH)2D3 or via suppression of PTH [35].

However, there are few clinical trials of vitamin D supplementation
on body composition and most of them have assessed effects of com-
bined calcium and vitamin D supplementation. Moreover, these studies
are heterogeneous with regard to doses and types of vitamin D, lengths
of follow up, outcome ascertainment methods, prevalence of vitamin D
deficiency and other characteristics in studied subjects, which have led to
inconsistent results. Our study is one of the few clinical trials which have
investigated the effect of vitamin D3 supplementation in overweight or
obese women with low 25(OH)D concentrations on body compositions.
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The 12 week vitamin D3 supplementation did not significantly affect body
weight, waist or hip circumference. However, a modest fat mass reduc-
tion of 7% was associated with a significant increase of 250HD levels by
103% and a significant decrease of PTH levels by 14%. The initial serum
25(OH)D concentrations were low in both groups.

TABLE 1: Baseline characteristics of subject groups who received vitamin D3 supplements
(25 w/d) or placebo before the intervention

Characteristics Vitamin D group  Placebo group P-value
Age (y) 38472 3748 0.29
Body weight (kg) 73.9+10.2 75.1£11.9 0.61
Height (cm) 156.5+5.8 159.3+5.6 0.035
Waist circumference (cm) 89.9+8.7 91.2+12.1 0.59
Hip circumference (cm) 108+8.5 108.2+8.1 0.91
BMI (kg/m?) 30.1+3.9 29.5+4.4 0.54
Fat mass (kg) 30.2+6.9 29+8.7 0.53
Fat free mass (kg) 43.7£5.1 45.9+4.7 0.05
Physical activity (MET-minutes/week) 902+1245 702+996 0.43
Energy intake (kcal/d) 1866+927 2060+834 0.33
Carbohydrate intake (g/d) 280+134 329+140 0.12
Fiber intake (g/d) 16£9 18+10 0.23
Protein intake (g/d) 64+29 76+35 0.10
Fat intake (g/d) 55+44 49424 0.43
Dietary calcium intake (mg/d) 873+586 677+386 0.08
Dietary vitamin D intake (ug/d) 0.53+0.6 0.39+0.37 0.22
25(0OH) D (nmol/L)? 36.8+30 46.9+32 0.15
iPTH (pmol/L) 1.4+0.7 1.4+0.7 0.84
Calcium (mmol/L) 2.2+0.09 2.3+0.1 0.004
Phosphorus (mmol/L) 1.1+0.1 1.1+0.1 0.6

“Mean + SD (all such values).
®25(OH) D, 25-hydroxyvitamin D; PTH, parathyroid hormone. To convert 25(0OH) D
values to ng/mL, divide by 2.5. To convert PTH values to pg/mL, divide by 0.11.

Recently, in a double-blind, placebo-controlled trial in overweight
and obese participants, Rosenblum et al [32] reported that after a 16 week
calcium and vitamin D supplementation with either regular or reduced
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energy (lite) orange juice (three 240 mL glasses of orange juice fortified
with 350mg Ca and 1001U vitamin D per serving), the average weight
loss did not differ significantly between groups, but in the regular or-
ange juice trial, the reduction of visceral adipose tissue (VAT) was sig-
nificantly greater in the CaD group than in controls (—12.7+25.0cm? vs.
—1.3+£13.6cm?, P=0.024, respectively) and in the lite orange juice trial,
the reduction of VAT was significantly greater in the CaD group than in
controls (—13.1£18.4cm? vs.—6.4+17.5cm? P=0.039, respectively) af-
ter control for baseline VAT. They suggested that calcium and vitamin D
supplementation contributes to a beneficial reduction of VAT. Dong et al
[36] in a 16 week randomized, blinded, controlled clinical trial of 2000 IU
vitamin D3 supplementation in forty nine black youth, evaluated the rela-
tion between 25(OH)D concentrations and total body fat mass by dual-
energy x-ray absorptiometry. The experimental group compared with the
controls reached significantly higher 25(OH)D concentrations at 16 wk
(85.7+30.1 nmol/liter vs. 59.8+18.2 nmol/liter,P<0.001, respectively) and
partial correlation analyses indicated that total body fat mass at baseline
was significantly and inversely associated with 25(OH)D concentrations
in response to the 20001U supplement (R=-0.46; P=0.03). Zhou et al
[37] in a large-scale, placebo controlled, double-blind, 4-year longitudinal
clinical trial, investigated the effect of calcium and vitamin D supplemen-
tation on obesity in postmenopausal women, randomly assigned into one
of three groups: 1) supplemental calcium (1400mg/d or 1500 mg/d) plus
vitamin D placebo (Ca-only group); 2) supplemental calcium (1400 mg/d
or 1500 mg/d) plus supplemental vitamin D3 (11001U/d) (Ca+D group);
or, 3) two placebos. No significant difference was observed for body mass
index between groups, but changes in trunk fat (for Ca-only and Ca+D
groups compared to the placebo group preserved lower trunk fat 2.4%,
1.4% vs. 5.4%, P=0.015 at year 3) and trunk lean (for Ca-only and Ca+D
groups preserved more trunk lean compared to the placebo group, -0.6%,
-1.0% vs. -2.1%, P=0.004 at year 4), were significantly different between
groups. Major et al [38] conducted a randomized, double-blind, placebo-
controlled study to compare the effects of a 15 week weight-reducing pro-
gram (-700kcal/d) coupled with a calcium plus vitamin D supplementa-
tion (600 mg elemental calcium and 5mg vitamin D, twice a day or
placebo), on the body fat of sixty-three overweight or obese women.
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The calcium+D supplementation did not induce statistically significant
increase in fat mass loss. However, when analyses were limited to very
low-calcium consumers only (initial calcium intake <600 mg/d), signifi-
cant time X treatment interaction were observed in body weight (P<0-009),
BMI (P<0-008) and fat mass (P<0.02). Waist circumference decreased in
both groups and there were significant treatment effects (P=0.03). Zitter-
mann et al [39] investigated the effect of vitamin D (83 pg/d) on weight loss
in overweight subjects with a mean 25(OH)D concentration of 30 nmol/L
in a double-blind manner for 12 months while participating in a weight-
reduction program. Their results showed that although weight loss was not
affected significantly by vitamin D supplementation, waist circumference
however decreased in both groups and there were significant treatment ef-
fects (P=0.022). Body fat mass did not alter after the intervention.

It has been suggested that high levels of calcitrophic hormones such as
la,25,dihydroxyvitamin D and iPTH can modulate intracellular Ca*?con-
centrations, so increasing Ca*? flux to adiposities, which stimulate fatty
acid synthase enzyme, may increase lipogenesis and inhibit lipolysis [25].
According to this hypothesis, 1a, 25dihydroxyvitamin D is known as a key
factor that provokes triglyceride accumulation in adiposities [18] a finding
not confirmed by others [39]. Vitamin D insufficiency and secondary hy-
perparathyroidism lead to PTH related phospholipase C activation in adi-
posities, a process, which is followed by increase in intracellular calcium
[40,41]. Chronic increase in [Ca*?] may attenuate the ability of catechol-
amines in activating of lipolysis by increasing the activity of Ca*? related
cAMP phosphodiesterase [42]. Meanwhile, with increasing of [Ca*?], in-
duction of fatty acid synthase is strengthened, which facilitates de novo li-
pogenesis [43]. Thus hyperparathyroidism can affect weight gain [44,45].

The primary limitation of our study is that we could not assess body
composition by Dual X-Ray Absorptiometry (DXA) as a gold standard
method. However, Bioelectrical Impedance Analysis is a validated and reli-
able method to assess body composition. A second limitation is that Rest-
ing Metabolic Rate (RMR) was not determined in subjects. Although our
main goal was to examine the effect of vitamin D3 supplementation on body
composition. A third potential limitation is not evaluating sun exposure, a
confounding factor, which can not be completely ruled out. However, the
subjects were requested not to use sunscreen during the intervention.
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TABLE 2. Anthropometric, dietary and serum variables in the subject groups after vitamin
D3 supplementation and changes in variables between measurement periods

Characteristics Vitamin D group Placebo group P-valuea
Week 12 Changeb Week 12 Change
Body weight (kg) 73.5+10.43  -0.3£1.5 75+12.3 -0.1£1.7 0.71
Waist circumference 89.5+8.8 -0.3+4.3 91.6+13 0.4+4.1 0.38
(cm)
Hip circumference (cm) 107.6+7.9 -0.39+2.4 107.3£7.2 -0.9+2.4 0.36
BMI (kg/m?) 3044 -0.13£0.6 29.5+4.6 -0.04+0.6 0.50
Fat mass(kg) 28.2+7.5 -2.7+2.1 28.6+8.9 -0.47+2.1 <0.001
Fat free mass (kg) 45.5+4.9 1.8+2.1 46.2+5 0.4+2.1 <0.001
Physical activity (MET- ~ 892+1488 -10£1627 1081+1372  379+1137 0.23
minutes/week)
Energy intake (kcal/d) 2010+£1289  143.7+1358.4 18524992  -208+920.9  0.32
Carbohydrate intake 312+186 31.8+194.6 294+164 -34.3+143 0.23
(g/d)
Fiber intake (g/d) 16+12 1+11.7 14+7 -4.3+11.3 0.10
Protein intake (g/d) 72453 7.8+£54.3 66+32 -9.3+35.6 0.29
Fat intake (g/d) 53+43 -2.3£52.2 45436 -4.2439.3 0.48
Dietary calcium intake =~ 8294533 -43.9+674.4 625+454 -51.84509.5 0.18
(mg/d)
Dietary vitamin D 0.4+0.47 -0.09+0.77 0.37+£0.35  -0.04+0.52 0.70
intake (pg/d)
25(0OH) D (nmol/L) 75422 38.2+32 51.5431 4.6+£14 <0.001
PTH (pmol/L) 1.240.5 -0.2+0.5 1.740.8 0.2+0.5 <0.001
Calcium (mmol/L) 2.2+40.1 -0.02+0.1 2.3+0.09 -0.02+0.1 0.81
Phosphorus (mmol/L) 0.9+0.09 -0.12+0.1 1+0.09 -0.09+0.1 0.21

“An analysis of covariance (ANCOVA) was used to adjust mean differences on all dependent

variables.
bAfter 12 weeks.

Mean £ SD (all such values).

1.5 CONCLUSIONS

To summarize, based on result of the 12 week vitamin D3 supplementa-
tion, we concluded body fat mass decreased in healthy overweight and
obese women via increase in serum 25(OH) D and decrease in iPTH
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FIGURE 2: Relation between alterations of serum 25(OH) D concentrations and body fat
mass.
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FIGURE 3: Relation between alterations of serum iPTH concentrations and body fat mass.
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concentrations. Further investigation into whether vitamin D may play a
role in regulation of body composition is warranted.
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CHAPTER 2

POSTPRANDIAL EFFECTS

OF CALCIUM PHOSPHATE
SUPPLEMENTATION ON PLASMA
CONCENTRATION-DOUBLE-BLIND,
PLACEBO-CONTROLLED CROSS-
OVER HUMAN STUDY

ULRIKE TRAUTVETTER, MICHAEL KIEHNTOPF,
and GERHARD JAHREIS

2.1 BACKGROUND

Hyperphosphatemia is recognized as a risk factor for mortality in chronic
kidney disease [1]. In addition, serum phosphate concentration within the
upper limits of normal is associated with a greater prevalence of vascular
and valvular calcification in patients with moderate chronic kidney dis-
ease [2]. In the last years, our research group performed human studies
involving calcium phosphate supplementation [3-5]. Most studies with
calcium phosphate focus on the beneficial effects relating to intestinal me-
tabolism, e.g. bile acid metabolism, fatty acid excretion, and modulation
of the microbiota [5-8]. This is because amorphous calcium phosphate is
formed in the human gut and, moreover, is able to precipitate intestinal
substances, such as bile or fatty acids [6,7,9]. However, calcium phos-
phate is poorly absorbed in the gut. Evidence comes from studies showing
unchanged fasting plasma concentrations of calcium and phosphate after
calcium phosphate supplementation [4]. Nevertheless, measuring fasting
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concentrations is not a convincing method to examine the influence of
calcium phosphate supplementation on calcium and phosphate status. Fur-
thermore, Heaney et al. showed that solubility of a calcium supplement
has very little influence on its absorbability and that absorption of calcium
from food sources is determined mainly by other food components [10].
In addition, it is necessary to test every calcium product for absorbability
[11]. Therefore, in this human study, we examined the postprandial cal-
cium and phosphate concentrations after calcium phosphate supplementa-
tion of both a single dose and after three weeks.

2.2 METHODS

2.2.1 SUPPLEMENT

For purposes of supplementation, we used pentacalcium hydroxy-triphos-
phate (Ca,(PO,),OH; cfb; Budenheim Germany; CaP) in this study. CaP
was incorporated in whole wheat bread to achieve an additional calcium
intake of 1 g/d (0.5 g phosphorus/d). Participants consumed approximately
135 g of this bread daily. Placebo bread was prepared in exactly the same
way, but without the CaP supplement.

2.2.2 SUBJECTS

The study was conducted between July and September 2010 in the Insti-
tute of Nutrition, Department of Nutritional Physiology at the Friedrich
Schiller University Jena. Ten omnivorous men participated in this double-
blind, placebo-controlled, cross-over study. Eligibility criteria for partici-
pants included age between 20 and 35 years and good physical health.
A further criterion was that participants remain at the blood withdrawal
centre for at least 5 hours between 7.30 am till 12.30 pm. Volunteers were
provided with detailed information regarding purpose, course, and possi-
ble risks involved in the study. All participants gave their written informed
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FIGURE 1: Study flowchart. CaP: pentacalcium hydroxy-triphosphate.
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consent. The study protocol was approved by the Ethical Committee of
the Friedrich Schiller University, Jena (No.:2833-05/10). Of the initial ten
volunteers, one participant dropped out due to personal reasons. The main
study outcomes comprised blood concentrations of calcium and phosphate
(Figure 1).

2.2.3 STUDY DESIGN

Participants were divided into two groups. For a period of three weeks,
one group consumed bread containing CaP whereas the other group con-
sumed the placebo product. This was followed by a two-week wash-out
phase. Thereafter, the intervention changed between the two groups for a
further three weeks. Thus, the study design allowed that every participant
was his own control. The intervention periods are divided in two parts.
At the beginning the participants ate the test bread with or without CaP
onetime and then blood was taken (single administration). Afterwards the
participants consumed the test bread three weeks daily and then blood was
taken again (repeated administration). Consequently, the study involved
four types of administrations: single CaP administration, single placebo
administration, repeated CaP administration and repeated placebo admin-
istration. In addition, participants consumed a defined diet for three days
before each blood sample was taken (Figure 2).

The defined diet containing the complete food supply for three days
was prepared and pre-weighed in the study centre. The subjects were in-
structed to consume no other foods than provided. Any food residues were
weighed and food intake was calculated.

On the day of blood withdrawal, participants came fasting to the In-
stitute of Transfusion Medicine of the Jena University Hospital. Blood
samples were drawn after 0, 30, 60, 120, 180 and 240 minutes, immedi-
ately cooled, and transported to the study centre.

Between time point 0 and 30 minutes, the participants consumed a test
meal. The test meal consisted of bread with or without CaP (according to
the intervention), 20 g butter, 25 g ham, 15 g sweet hazelnut spread and a
banana. During the 240 min the participants were allowed to drink water
ad libitum.
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FIGURE 2: Design of the double-blind, placebo-controlled cross-over study. wk: week;
CaP: pentacalcium hydroxy-triphosphate; blood: blood sampling at time points 0, 30, 60,
120, 180 and 240 minutes; between 0 and 30 minutes, the participants consumed a test
meal with or without CaP; DD: defined diet for three days before blood sampling.

2.2.4 SAMPLE PREPARATION

Samples of each food component of the defined diet were frozen and
stored at —20°C until analysis. Blood was collected in lithium heparin
tubes. Plasma was obtained by centrifugation at 2500 x g for 15 minutes at
20°C. Aliquots were frozen at —80°C until analysis.

2.2.5 FOOD ANALYSIS

The intake of energy, fat, proteins, and carbohydrates was verified using
the Prodi® 5.4 software (Nutri-Science GmbH, Freiburg, Germany). For
intake of minerals, the respective contents in the provided foods were ana-
lysed instead of using the calculation software. Mineral contents of all
food samples were determined employing the iCAP 6000 ICP Spectrometer
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(Thermo Scientific, Waltham, USA). Before analysis, the samples were
ashed at 525°C. The ash was dissolved in HCI (25%) and diluted with
distilled water.

2.2.6 ANALYSIS OF CALCIUM AND PHOSPHATE

Calcium and phosphate in plasma were quantified using the autoanalyser
ARCHITECT C16000 (Abbott, Illinois, USA) according to the manufac-
turer’s recommendations.

2.2.7 CALCULATIONS AND STATISTICAL METHODS

Samples from each participant were coded to protect volunteer identity
and to mask treatment groups during the analysis. The areas under the
curves (AUC) from 0 to 240 min were calculated using the trapezoidal
method. The calculation based on the increment in plasma calcium and
phosphate concentrations.

All values in the text and tables were expressed as mean=standard
deviation. For reasons of clarity and comprehensibility, values in figures
were expressed only as means. Data analysis was performed using the sta-
tistical software package PASW Statistics 18 (SPSS Inc., Chicago, USA).
Differences were considered significant at p<0.05. The effect of time was
tested only to baseline using paired Student’s t-test. The effect of supple-
mentation was tested with paired Student’s t-test. The sample size for cal-
cium and phosphate was n=9.

2.3 RESULTS

Nine subjects completed the four blood samples and test meals. The base-
line characteristics and the nutrient intake of the test meal and defined diet
are presented in Tables 1 and 2.
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TABLE 1: Baseline characteristics of participants who completed the study
Subject (n=9)

Age [y] 27+4
Height [cm] 178+5
Weight [kg] 732475
BMI [kg/m?] 23.1+2.3

TABLE 2: Mean nutrient composition of the test meal and the defined diet

Test meal (per meal) Defined (per day)
Energy [MJ] 2,6+0,1 10,4+1,4
Carbohydrates [g] 82,1+3,4 292,9+41,2
Fat [g] 23,5+0,1 101,6%19,1
Protein [g] 16,7+0,3 85,3+6,3
CaP Placebo CaP Placebo
Ca [mg] 1160+1 55+1 2019+75,2 926+57
from CaP [mg] 1104 0 1104 0
P [mg] 868+4 346+5  2050+127 1542+104
from CaP [mg] 519 0 519 0

N=9; data are expressed as mean+standard deviation;, CaP pentacalcium hydroxy-
triphosphate, Ca calcium, P phosphorus.

The calcium and phosphorous concentrations of the CaP bread was
1129 mg/135 g bread and 749 mg/135 g bread, respectively. The placebo
bread contained 26 mg calcium/135 g bread and 229 mg phosphorus/135
g bread, respectively.

Following single administration with CaP, calcium concentration in-
creased significantly after 120 (p=0.043) and 240 min (p<0.001) com-
pared to 0 min. The three week administration of CaP led to an increase
of calcium concentration after 60 (p=0.026), 180 (p=0.011) and 240
(p=0.001) min compared to 0 min (Figure 3). Both the single and the
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repeated administration of CaP resulted in a significantly higher calcium
concentration after 240 min (p=0.005, p=0.006) compared to placebo.
After repeated administration, the AUC for the increment in calcium con-
centration was significantly higher after CaP administration compared to
placebo (p=0.007).

After single and repeated CaP supplementation, the phosphate con-
centration significantly decreased after 30 (single: p<0.001, repeated:
p=0.002), 60 (single: p<0.001; repeated: p<0.001), 120 (single: p=0.006,
repeated: p=0.006) and 180 (single: p=0.043, repeated: p=0.041) min
compared to 0 min. The placebo administration resulted in similar sig-
nificant decreases after 30 (single: p<0.001; repeated: p=0.001), 60 (sin-
gle: p<0.001; repeated: p<0.001) and 120 (single: p=0.007; repeated:
p=0.011) min compared to 0 min.

Following single CaP and placebo administration, the calcium-phos-
phorus product significantly decreased compared to 0 (CaP: 2.5 mmol2/
12; placebo: 2.6 mmol2/12) after 30 (CaP: 2.3 mmol2/12, p<0.001; pla-
cebo: 2.3 mmol2/12, p=0.003), 60 (CaP: 2.1 mmol2/12, p<0.001; placebo:
2.1 mmol2/12, p<0.001), 120 (CaP: 2.1 mmol2/12, p=0.006; placebo: 2.2
mmol2/12, p=0.008) and 180 (CaP: 2.3 mmol2/12, p=0.049; placebo: 2.3
mmol2/12, p=0.031) min, respectively. After repeated CaP and placebo
administration, the calcium-phosphorus product significantly decreased
after 30 (CaP: 2.4 mmol2/12, p=0.001; placebo: 2.4 mmol2/12, p=0.001),
60 (CaP: 2.1 mmol2/12, p=0.001; placebo: 2.2 mmol2/12, p<0.001) and
120 (CaP: 2.1 mmol2/12, p=0.011; placebo: 2.2 mmol2/12, p=0.012) min
compared to 0 min (CaP: 2.6 mmol2/12, placebo: 2.6 mmol2/12). At 0 min,
the calcium-phosphorus product was significantly higher after CaP admin-
istration compared to placebo administration (p=0.031).

2.4 DISCUSSION

Calcium has a tightly regulated homeostasis rendering it unsuitable for
comparing fasting calcium concentrations for the purpose of determin-
ing the effect of supplementation on calcium status. Although, there are
some studies in the literature in which the calcium concentration was de-
termined following a short time interval after calcium intake [12-16]. For
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instance, Heaney et al. compared the bioavailability of calcium from two
fortification systems. A combination of tricalcium phosphate and calcium
lactate (500 mg calcium, orange juice) led to an increase in serum calcium
of almost 0.35 mg/dl (0.09 mmol/l) after two hours [14]. In the study of
Green et al., the change in the calcium concentration after tricalcium phos-
phate (1200 mg calcium, powder mixed in water) was 0.1 mmol/l [12]. In
present study, plasma calcium concentration rose by approximately 0.06
mmol/l in four hours after single administration and by about 0.1 mmol/l
after repeated administration. The significantly higher calcium concentra-
tion at 240 min after single and repeated CaP administration and the sig-
nificantly higher AUC for the increment in calcium concentration after
repeated CaP administration compared to placebo suggest that part of the
calcium from the CaP supplement was absorbed. Supplementation with
CaP led to an increase in blood calcium concentration, which is compa-
rable to other studies.

Because hyperphosphatemia is linked with vascular calcification, car-
diovascular mortality, and progression of chronic kidney disease, phos-
phate intake is an aspect that is controversially discussed [17-19]. In the
present study, there was no difference in the plasma phosphate concentra-
tion between CaP and placebo after 240 min. In another study by Reginster
et al. comprising 10 male subjects, the serum phosphorus concentration
did not change after supplementation with tricalcium phosphate (1000 mg
Ca) within a time frame of 360 min [20]. In contrast, both Yang et al. and
Shires et al. showed an increase in phosphorus concentration after an in-
take of 1200 mg calcium [21,22].

Interestingly, after all administrations (single CaP and placebo admin-
istration, repeated CaP and placebo administrations), phosphate concen-
tration significantly decreased at first, followed by a rise to basal concen-
tration (Figure 2). Karp et al. showed similar results for plasma phosphate
concentration after supplementation with different calcium supplements
and potassium citrate [23]. Because of a decrease in bone resorption, the
authors assumed a decrease in the release of phosphate from bone for po-
tassium citrate only [23]. Moreover, hypophosphatemia can be a result
of phosphate shifts from the blood into the cells, such as after ingestion
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of glucose, fructose, and feeding following starvation (phosphorylation
processes) [24]. A glucose load can induce a transient reduction in serum
phosphate levels [24], probably due to secretion of gastrointestinal hor-
mones and subsequent stimulation of calcitonin [25]. Calcitonin induces
an inhibition of osteoclasts and a reduction in the release of phosphorus
from bone into blood. However, the association between gastrointestinal
hormones and calcitonin has only been shown in rodents and not in hu-
mans [26].

Alternatively, the decreasing concentration of phosphate in the pres-
ent study can also be explained by a dilution effect as participants were
allowed to drink water ad libitum after the test meal. Between time points
60—120 min, the phosphate concentration increased again to baseline lev-
els indicating that intestinal phosphate absorption took place within this
time frame. Indeed, in the study by Karp et al., the participants were also
allowed to drink water ad libitum[23]. In contrast, studies in which liquid
intake were restricted showed either an immediate increase or a constant
phosphate concentration [20-22].

Hence, the present results indicate that the increased phosphate intake
due to the CaP supplementation, did probably not lead to an increased
phosphate absorption in the gut. This conclusion is supported by compa-
rably postprandial phosphate concentrations and the similar AUC for the
increment in phosphate concentration after CaP and placebo administra-
tions. In order to confirm these results, isotopic tracer studies are indi-
cated. However, the results show that phosphate from this CaP supplement
did not lead to an increase in plasma phosphate concentration.

2.5 CONCLUSION

In conclusion, our results show that CaP contributes to an adequate calci-
um supply, but without increasing the plasma concentration of phosphate.
Indeed, the major part of the phosphate from the CaP supplement is pre-
cipitated as amorphous calcium phosphate in the human gut, an aspect that
has been shown in several human studies [3,5,27,28].
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3.1 INTRODUCTION

The prevalence of depression in community settings has been estimated to
be between 0.4% and 2.5% in children and 0.4% and 8.3% in adolescents
[1]. However, in a more recent community study of children without de-
pression who were initially assessed between the ages of 9 and 13 years,
more than 7% of boys and almost 12% of girls developed a depressive
disorder by the age of 16 [2].

While the diagnosis of major depressive disorder (MDD) in younger
patients generally follows the criteria set forth in the Diagnostic and Sta-
tistical Manual of Mental Disorders, 4th edition, text revision (DSM-IV-
TR) [3], the treatment of pediatric depression presents many challenges.
Not only do children with MDD have multiple co-morbid disorders [4,5],
psychosocial and academic problems, and are at increased risk for suicide
attempts, self-harm, and substance abuse [1,6-10], treatment options are
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often limited and ineffective, poorly tolerated, and generally present long
delays in delivering a therapeutic benefit [11-14].

One of the few antidepressants approved for use in children is the se-
lective serotonin reuptake inhibitor (SSRI) fluoxetine [15]. The first study
that demonstrated the positive effects of using fluoxetine to treat depres-
sion in child and adolescent patients was published in 1997 [16], follow-
ing a small trial in which no difference was observed between fluoxetine
treatment and placebo [17]. Overall, five clinical trials have been con-
ducted which show the positive effects of using fluoxetine to treat pediat-
ric depression [16,18-21]. In addition, the improvement response rate on
the Clinical Global Impressions (CGI) for antidepressant use was found
to be between 52% and 61% for fluoxetine patients versus 33% to 37%
for patients treated with placebo [22]. The CGI measures whether or not
depressive symptoms have improved after treatment.

Despite being one of the most popular treatments for pediatric patients,
in 2004 the use of prescription medication such as fluoxetine as well as
other antidepressant medications declined by approximately 20% in the
United States [23]. This shift in prescription patterns is likely due to warn-
ings issued by regulatory agencies, initially in the United Kingdom [24]
and later in the United States [25], against the use of SSRIs to treat depres-
sion in pediatric populations due to the possible link between antidepres-
sant usage and an increased incidence of suicidal ideations or attempts.
Subsequently, there is a compelling need for better understanding of the
pathophysiology of MDD as well as the development of novel treatment
methods that can be used to improve the current clinical management of
pediatric depression.

Nutrients like vitamin C (ascorbic acid) have become of interest in ad-
juvant therapy settings for the management of depressive symptoms due to
the fact that psychological abnormalities are among the characteristics of
vitamin C deficiency [26-29]. A recent population-based survey revealed
that 60% of the patients in the acute medical wards of a Montreal teaching
hospital were vitamin C deficient, while this deficiency was only detected
in 16% of people attending the hospital’s outpatient center [30]. There is
also preliminary evidence that the administration of vitamin C may be able
to reduce the severity of MDD in both children [31] and adults [32], as
well as improve mood in healthy individuals [33-35]. In addition, a recent
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study reported a 35% reduction in average mood disturbance in hospitalized
patients following treatment with vitamin C (1000 mg/day) [36]. In one par-
ticular study that investigated mood, patients who were acutely hospitalized
were either treated with vitamin C or vitamin D as a deficiency in both of
these vitamins has been associated with psychological abnormalities [32].
The results showed that only vitamin C led to an improved mood. More
specifically, treating the vitamin C deficiency led to a decrease in mood dis-
turbance while vitamin D supplementation had no effect on mood. Similar
findings were observed in non-critically ill hospitalized patients who were
treated with vitamin C for hypovitaminosis C [36]. Moreover, an animal
study showed that the co-administration of vitamin C was found to potenti-
ate the action of subeffective doses of fluoxetine (1 mg/kg) [37]. This syn-
ergistic antidepressant effect of vitamin C and fluoxetine suggests that this
vitamin could be helpful in improving conventional pharmacotherapy for
pediatric MDD and potentially reduce side effects.

This study would be the first to examine the efficacy of vitamin C as an
adjunct to SSRIs in the treatment of pediatric depression. In addition, the
low potential toxicity, inexpensiveness, and over-the-counter availability,
we sought to investigate whether oral supplementation of vitamin C would
improve clinical depressive symptoms. Therefore, the present study was
designed to measure the effect of vitamin C on the Children’s Depression
Rating Scale (CDRS), the Children’s Depression Inventory (CDI), and the
CGI scores in pediatric patients with depression taking fluoxetine.

3.2 METHODS

3.2.1 TRIAL DESIGN

The study was a prospective, double-blind, placebo-controlled, six-month
clinical trial. Two parallel groups of outpatient pediatric patients with de-
pression in Mansoura University Hospital, Egypt participated in the study
from October 2009 to September 2011. The study was approved by the
institution’s review board.
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3.2.2 PARTICIPANTS

The authors screened pediatric patients (less than 18 years of age) who
were referred to the outpatient psychiatry clinic for MDD based on a semi-
structured interview and DSM-IV-TR criteria [3]. Exclusion criteria in-
cluded clinically significant organic or neurological disorder, psychotic
disorder or depression with psychotic features, a history of substance
abuse or dependence, or prior use of psychotropic medication. Young pa-
tients with bipolar disorder may experience adverse psychological effects
such as mania and hypomania due to antidepressants and were therefore,
excluded from the study. It has been shown that patients who are young
in age at the onset of bipolar disorder demonstrate an illness progression
that is characterized by high rates of switching into mania or hypomania in
response to antidepressant treatment [38]. Among the 32 patients screened
during this period, five were excluded (two had depression with psychotic
features, two had a history of hypomania, and one had a substance abuse
disorder). The remaining 27 patients agreed to participate in this study
after informed consent from at least one parent was obtained. The patients
did not receive any other treatment such as cognitive behavioral therapy
during the trial period. This trial was performed in accordance with the
Declaration of Helsinki and subsequent revisions [39]. Written consent
was obtained from each patient’s parent or guardian before entering the
study.

3.2.3 INTERVENTION

Vitamin C and placebo were formulated into capsules by the Mansoura
University Hospital. The patients were randomly allocated to either the
treatment or control group using a computer-generated list of random
numbers. Fourteen patients were assigned to the treatment group and were
given fluoxetine (10-20 mg/day) plus vitamin C (1000 mg/day; 500 mg
BID). Thirteen patients were assigned to the control group and were given
fluoxetine (10-20 mg/day) plus placebo. Patients less than eight years of
age received fluoxetine (10 mg/day), whereas patients eight years of age
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or older were given 10 mg/day of fluoxetine for one week and 20 mg/day
all subsequent weeks as per the prescribing information [40]. There are
several published studies which support the administration of 20 mg/day
of fluoxetine for children at least eight years of age [16,18,20,21], and it is
within FDA indication. The use of fluoxetine for children under the age of
eight is off-label. A dose of 1000 mg/day of vitamin C (500 mg BID) was
chosen based on human studies suggest that psychiatric patients generally
require higher levels of vitamin C to improve symptoms than the doses
that are recommended for healthy individuals [32,41]. The recommended
dose of vitamin C for healthy individuals is 70 mg/day, while a dose of
1000 mg/day needs to be consumed before symptoms begin to improve in
psychiatric patients [41].

Patients in the placebo group received two identical capsules (morning
and evening). No other psychotropic medications were prescribed. Three
subjects were removed from the trial due to noncompliance (two patients
from the vitamin C group and one from the placebo group). Patients were
assessed using CDRS, an Arabic version of CDI, and CGI at the baseline
as well as 3 and 6 months after the start of treatment. The scores for the
CDRS were based on parent ratings, CDI on children ratings, and CGI
on clinician ratings. Examinations of patients during the treatment period
were performed by a psychiatrist trained in the use of these instruments.

3.2.4 INSTRUMENTS

The Children’s Depression Rating Scale (CDRS) is a 16-item measure
used to determine the severity of depression in children and adolescents
aged 6 to 12 [42]. The CDRS is derived from the Hamilton Rating Scale
for Depression (HAM-D) [43] and is based on parent, child, and school-
teacher interviews. CDRS scores show good concordance with research
diagnostic criteria for depression [44] and correlate highly with other in-
terview and self-report measures of depression severity [45].

The Children’s Depression Inventory (CDI) is a 27-item, self-rated,
symptom-oriented scale suitable for children and adolescents aged 7 to 17
[46]. The CDI is sensitive to changes in depressive symptoms over time,
making it a useful index for the severity of MDD. The CDI is reported
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to have high internal consistency and test-retest reliability [47]. The CDI
assessment utilized in this study was based on the previously developed
instrument [46] and was translated and normalized for Arab children by
Gharib (1988) [48]. Reliability and validity data for the Arabic version are
comparable to those provided for the original instrument.

The Clinical Global Impressions Scale (CGI) is a 3-item, observer-
rated scale that measures illness severity, global improvement or change,
and therapeutic response [49]. The CGI is rated on a 7-point scale with
each component being rated separately; the instrument does not yield a
global score. Over the past 30 years, the CGI has been shown to correlate
well with standard, well-known research drug efficacy scales, including
the Hamilton Rating Scale for Depression, the Brief Psychiatric Rating
Scale, and the Scale for the Assessment of Negative Symptoms across a
wide range of psychiatric indications [50].

3.2.5 STATISTICAL ANALYSIS

Student’s t-tests and chi-squared tests were used to evaluate possible dif-
ferences in baseline demographics. Two-way repeated measures analysis
of variance (ANOVA) were used to assess the effects of treatment (treat-
ment versus placebo), time (months of visit), and an interaction between
the treatment and time. Significant differences in the mean scores for each
visit were assessed through unpaired Student’s t-tests. Quantitative vari-
ables were tested for normal distributions by the Kolmogorov-Smirnov
test. The variables were presented as means + standard deviations (SD).
Statistical significance was set at the 5% level. SPSS for Windows version
13 was used for the statistical analysis of the data obtained from the study.

3.3 RESULTS

3.3.1 DEMOGRAPHIC CHARACTERISTICS AND ATTRITION

Thirty-two patients were initially examined, but five patients did not sat-
isfy the inclusion criteria. Therefore 27 patients enrolled in the study; 14
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FIGURE 1: Diagram demonstrating the disposition of all patients screened for the study.

assigned to the vitamin C group and 13 to the placebo group. Twenty-four
patients aged between 7 and 14 completed the six-month trial. Two pa-
tients from the vitamin C group and one patient from the placebo group
were removed from the trial due to noncompliance (Figure 1).

The characteristics of the two study groups are summarized in Table 1.
The two groups were well matched, and there were no statistically signifi-
cant differences between the groups with regard to demographic factors or
duration of illness.

3.3.2 EFFECT ON CDRS, CDI AND CGI SCORES

The clinical severity of the depression was comparable at baseline and
not significantly different across all three clinical instruments. As shown
in Figure 2, mean scores for CDRS, CDI, and CGI gradually improved
in both study groups during the trial. ANOVA was significantly different
on all clinical measurements (group effect, time effect, and interaction),
with the exception of group effect and interaction for CGI. The results of
ANOVA are presented in Table 2.
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TABLE 1: Demographic data of the participants in fluoxetine + vitamin C and fluoxetine
+ placebo groups

Characteristic Vitamin C group  Placebo group P

Age (years) 103 £2.2 9.9+2.1 0.653
Sex (M/F) 7/5 8/4 0.673
Duration of illness (months) 43+1.1 4.5+0.1 0.5370

Statistical significance defined as P<0.05.

Table 2: Repeated-measures analysis of variance assessments at baseline and after 3 and 6
months in fluoxetine + vitamin C and fluoxetine + placebo groups

Group effect Time effect Interaction
Variable F Df P F Df P F Df P
CDRS 15590 1,11 <0.0001 294.59 1.6,17  <0.0001 25.14 14,184 <0.0001

CDI 89.69 1,11 <0.0001 512.77 1.8,19.4 <0.0001 57.21 1.8,19.8 <0.0001
CGI 0.000 1,11 1.000 44795 1.6,17.2 <0.0001 0.68 1.1,12.1 0.438

Statistical significance defined as P<0.05. CDI: Children’s Depression Inventory; CDRS:
Children's Depression Rating Scale; CGI: Clinical Global Impression.

The most striking effects were observed for the interaction between
treatment and time: CDRS (F=25.16, df=1.4, 18.4, P<0.0001) and CDI
(F=57.21, df=1.8, 19.8, P<0.0001). There was no significant interaction
effect in CGI scores (F=0.68, df=1.1, 12.1, P=0.438).

The clinical changes demonstrated with vitamin C intake compared
to placebo were noted by the third month of the study (Table 3). At three
months, a significant difference was observed on CDRS (t=9.85, P<0.0001)
and CDI (t=10.77, P<0.0001), but not CGI (t=0.15, P=0.88). By the end
of trial (six months), the vitamin C group showed a significantly larger
decrease in depressive symptoms compared to the placebo group as mea-
sured by CDRS (t=11.36, P<0.0001) and CDI (t=12.27, P<0.0001). How-
ever, the effect on CGI was not significantly different (t=0.13, P=0.90) at
six months.
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FIGURE 2: Mean and SD changes in CDRS, CDI, and CGI scores at baseline and after 3
and 6 months in fluoxetine + vitamin C and fluoxetine + placebo groups. Asterisk indicates
statistical significance defined as P<0.05. CDI: Children’s Depression Inventory; CDRS:
Children’s Depression Rating Scale; CGI: Clinical Global Impression; SD: standard
deviation.
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TABLE 3: CDRS, CDI, and CGI scores at baseline and after 3 and 6 months in fluoxetine

+ vitamin C and fluoxetine + placebo groups

Variable Treatment duration ~ Vitamin C group Placebo group t P
CDRS Baseline 30.1 £3.56 31.3+3.89 0.77 0.45

3 months 14.4 4£2.39 24.7+2.73 9.85 <0.0001

6 months 9.0 £1.50 17.3 £2.73 11.36 <0.0001
CDI Baseline 37.3£2.38 36.7+3.33 —0.42 0.68

3 months 15.8 £2.75 27.0 £2.30 10.77 <0.0001

6 months 9.0+£1.12 15.5+1.45 12.27 <0.0001
CGI Baseline 54.7 £7.19 56.3+£7.23 0.57 0.58

3 months 67.1 £5.04 67.4 £5.55 0.15 0.88

6 months 86.5+4.91 86.7 +4.41 0.13 0.90

Values given are mean =+ standard deviation. The statistics listed were measured with t-test.
Statistical significance defined asP<0.05. CDI: Childrens Depression Inventory;, CDRS:
Children’s Depression Rating Scale; CGI: Clinical Global Impression.

3.3.3 CLINICAL COMPLICATIONS AND ADVERSE EFFECTS

No major adverse effects were observed.

3.4 DISCUSSION

These results show that orally administered vitamin C as an adjunct to
fluoxetine treatment leads to significantly greater decreases in depressive
symptoms in comparison to fluoxetine treatment alone. This was demon-
strated by the decrease in depressive symptoms, which was observed in
the improved CDRS and CDI scores. A significant effect was not observed
for the CGI, but this may be related to the response items for this instru-
ment. For instance, symptoms were scored according to whether “much
improvement” or “very much improvement” was observed [49]. Although
there may have been a slight increase in CGI scores, response items such
as these may have made it difficult to detect a significant improvement of
symptoms. The differences between the scores may have also been related
to the individuals who supplied the ratings for each instrument. More
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specifically, the scores for the CDRS were based on parent ratings, the
scores for the CDI were based on children ratings, and the scores for the
CGI were based on clinician ratings. The scores from the CGI were com-
puted based on clinical criteria such as that which is listed in the DSM-IV-
TR as well as semi-structured interviews. Therefore, the clinician’s rating
and score interpretations adhered to strict guidelines and training, where-
as the ratings from parents and children may have been more subjective
leading to significantly different scores. Nonetheless, these preliminary
findings, including the results of ANOVA suggest that vitamin C may be
an effective adjuvant agent for the treatment of depression in pediatric
patients. Furthermore, the results support the notion that vitamin C has
antidepressant-like properties and are in accordance with previous animal
research that demonstrated vitamin C’s ability to potentiate the action of
conventional antidepressants [37].

Despite the lack of research investigating the effects of vitamin C in
pediatric patients with MDD, previous studies have suggested that vitamin
C improves clinical symptoms in other psychiatric disorders [51-53], and
that vitamin C supplementation can be used to positively modulate mood
[33-35]. Furthermore, Khanzode et al., (2003) showed that plasma levels
of vitamin C were decreased in depressive patients [54]. In a more recent
study, Chang et al., (2007) described a case in which a patient with depres-
sion developed scurvy, suggesting that reduced plasma levels of vitamin
C due to inadequate vitamin C intake could be associated with the patho-
physiology of depression [29]. Other studies have also shown that depres-
sive symptoms are associated with scurvy [55-57].

While the exact role of vitamin C in the etiology of MDD is not well
understood, a growing body of evidence suggests that oxidative stress,
characterized by an accumulation of free radicals due to an organism’s
inhibited antioxidant capacity, may play a primary or secondary role in the
pathogenesis of neurological and psychiatric diseases like MDD [58,59].
The brain is much more vulnerable to oxidative free radicals than other
tissues since it utilizes 20% of the oxygen consumed by the body, con-
tains large amounts of polyunsaturated fatty acids and iron, and typically
has low concentrations of antioxidant enzymes [60]. Previous studies have
shown that MDD may be accompanied by disturbances in the balance be-
tween pro- and anti-oxidative processes, demonstrated by decreased blood
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plasma levels of the antioxidants enzymes superoxide dismutase, catalase,
and glutathione peroxidase and an increased level of lipid peroxidation by-
products in patients with depression versus healthy controls [54,61,62].

While antidepressant drugs may affect the oxidative or antioxidative
systems [54], partly due to their effects on the immune [63] and P450
systems [64], adjunctive therapy with vitamin C may provide additional
protection as it is the brain’s most abundant antioxidant and plays an im-
portant role in preventing free radical-induced damage [65,66]. In addition
to its neuroprotective properties, vitamin C has also been identified as a
neuromodulator in the brain, modulating both dopamine- and glutamate-
mediated neurotransmission [67-69]. As there is a considerable amount of
pharmacological evidence demonstrating the efficacy of antidepressants
with dopaminergic effects in the treatment of depression [70], vitamin C’s
complex interaction with the dopaminergic system may be another poten-
tial mechanism of action. However this effect appears to be dose-depen-
dent. Wambebe and Sokomba (1986) showed that administering 50—200
mg/kg of vitamin C to rats enhanced dopamine-mediated behavioral ef-
fects [71], while higher dosages have been shown to antagonize such ef-
fects [68].

There are a number of other potential biological substrates that under-
lie vitamin C’s effects on depression and mood. For example, Binfaré et al.
[37] identified the involvement of 5-HT 1 A receptors in the antidepressant-
like effect of vitamin C. Additionally, adjuvant administration of vitamin
C may also prove useful in decreasing the risk of suicidal thoughts and
behaviors linked to antidepressant therapy in pediatric patients [72]. Meta-
analyses of placebo-controlled studies have indicated that antidepressants
may cause a significant, although small and short-term, risk of self-harm
or suicide-related events in children and adolescents with MDD, no com-
pleted suicides were reported in any trial included in the analysis [73,74].
Li et al. [75] reported that a history of attempted suicide was shown to
be associated with a low level of antioxidant vitamins and carotenoids.
Therefore, increasing plasma vitamin C levels in children and adolescents
who are being treated with antidepressants may help mitigate some of this
risk. However, as suicidal thoughts and behaviors were not measured in
the present study, future clinical research is needed to test this hypothesis.
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3.4.1 LIMITATIONS

The present study has several limitations, one being its small sample
size. While pilot clinical trials can play an important role in the early as-
sessment of novel treatment methods when they are well designed and
evaluated [76], further studies with larger sample sizes are needed to sub-
stantiate the results of this study. Secondly, drawing conclusions from a
combined sample of children and adolescents with regard to the response
to medication should be done with precaution as there is reason to believe
that children respond differently than adolescents to antidepressants [77].
Also, due to the low potential for adverse drug reactions related to vitamin
C in this study, the effect of doses higher than 1000 mg/day should be
considered in future studies.

Measuring plasma vitamin C levels pre- and post-treatment may
also be of interest, but although these levels were not measured, previ-
ous studies have demonstrated the association between hypovitamino-
sis C (vitamin C deficiency) and psychological abnormalities and this
deficiency is highly prevalent in acutely hospitalized patients [32,36].
Furthermore, the increase in plasma and mononuclear leukocyte vita-
min C from subnormal to normal concentrations after the administra-
tion of vitamin C administration implicate that the metabolic proper-
ties of hypovitaminosis C are consistent with deficiency as opposed to
different mechanisms such as tissue redistribution [36]. These findings
also indicate that patients with depression, such as those who partici-
pated in this study, may experience vitamin C deficiency and that the
decrease in depressive symptoms that was observed may be directly at-
tributed to the synergistic antidepressant effect of vitamin C and fluox-
etine. Future studies that involve measuring plasma vitamin C levels
may further support these findings. Finally, in the current study, par-
ticipants were only treated and assessed for a short period of time (six
months). The most striking effects were observed for the interaction
between treatment and time and this finding suggests that longer trials
are needed to better assess the efficacy of vitamin C as an adjunct to
fluoxetine therapy.
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3.5 CONCLUSION

Treatment with 1000 mg/day of vitamin C potentiated the efficacy of
fluoxetine in pediatric patients being treated for MDD. Furthermore, vita-
min C was shown to be a particularly attractive therapeutic adjuvant due
to the absence of substantial side effects and its inexpensive cost. The ob-
served improvements in CDRS and CDI scores also imply that this type of
treatment effectively increases blood plasma levels of vitamin C as it has
been shown that ascorbic acid deficiency is associated with psychological
abnormalities [26-29]. Future, large-scale clinical trials are warranted to
evaluate the therapeutic efficacy of vitamin C for the treatment of depres-
sion in pediatric patients as well as its effectiveness as an adjuvant treat-
ment to antidepressants.
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CHAPTER 4

NUTRITION THERAPY FOR LIVER
DISEASES BASED ON THE STATUS OF
NUTRITIONAL INTAKE

KENICHIRO YASUTAKE, MOTOYUKI KOHJIMA,
MANABU NAKASHIMA, KAZUHIRO KOTOH,
MAKOTO NAKAMUTA, and MUNECHIKA ENJOJI

4.1 INTRODUCTION

The liver is one of the main organs of nutritional metabolism, including
protein synthesis, glycogen storage, and detoxification. These functions
become damaged to a greater or lesser extent in patients with liver diseas-
es, resulting in various metabolic disorders, and their disturbed nutritional
condition is associated with disease progression. Therefore, dietary coun-
seling and nutritional intervention can support other medical treatments in
some liver diseases.

Nonalcoholic fatty liver disease (NAFLD) is a disease caused by ex-
cessive dietary intake, which leads to hepatocytic triglyceride accumula-
tion, obesity, and insulin resistance; hence, nutrition therapy is a basic
treatment for NAFLD. NAFLD has a wide spectrum of pathologic condi-
tions from simple steatosis to steatosis with necroinflammation and fibro-
sis, the condition termed nonalcoholic steatohepatitis (NASH). Nutritional
intake in NAFLD patients is characterized as energy overload by a high-
carbohydrate and high-fat diet, or excessive cholesterol intake. In patients
with chronic hepatitis C (CHC), nutritional support is expected to promote
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the effect of antiviral treatment, for example, n-3 polyunsaturated fatty
acids (PUFAs) inhibit HCV replication, and a low-iron diet is effective in
reducing hepatic injury. Various nutritional problems as well as clinical
symptoms lie in liver cirrhosis (LC), the end stage of chronic hepatitis,
complications of influence and prognosis. Therefore, nutrition therapy is
important in preventing these problems. In this paper, nutritional aspects
and beneficial nutrition therapies are outlined in patients with NAFLD/
NASH, CHC, and LC.

4.2 PROFILE OF NUTRITIONAL INTAKE IN NAFLD PATIENTS

4.2.1 HIGH-CARBOHYDRATE DIET INCLUDING EXCESSIVE
INTAKE OF SOFT DRINKS

Studies of NAFLD patients found that they had an increased daily con-
sumption of sugar or sugar-containing beverages by twice or more when
compared with their matched controls [1-3]. Imaging indicated that fatty
liver disease worsened with an increase in the number of bottles of soft
drinks consumed, suggesting that consumption of sugar-containing bev-
erages is a significant predictor of NAFLD [3]. Moreover, in NASH pa-
tients, the percentage of simple sugars or carbohydrates contributing to
total energy intake was considerably higher compared with that in sim-
ple steatosis patients [4]. These findings are explained by the following
mechanism; excessive carbohydrates/sugar intake activates sterol regula-
tory element-binding protein-1c (SREBP-1c¢), which acts as a transcription
factor to activate de novo fatty acid synthesis in hepatocytes [5].

4.2.2 HIGH-FAT DIET

It has been recognized that energy overload by excessive fat intake causes
NAFLD [6]. When dietary habits were compared between NASH patients
and healthy individuals, the intake of saturated fatty acids was found to
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be significantly higher in NASH patients [7]. In model animals with an
equivalent daily calorie intake, increasing the fat/energy ratio with a high-
fat diet resulted in an increase in body weight, upregulation of blood glu-
cose levels, progression of steatosis, and marked inflammation of the liver
[8], indicating a close association between excessive fat intake and NASH.
In this regard, it is proposed that peroxisome proliferator-activated recep-
tor- (PPAR-) activation may play an important role [5].

4.2.3 EXCESSIVE CHOLESTEROL INTAKE

In an investigation of nutritional intake, dietary cholesterol levels were
significantly higher in NASH patients compared with healthy individuals
[7]. Also in our study, dietary cholesterol levels were significantly higher
in the order of nonobese NAFLD patients, obese NAFLD patients, and
healthy controls [9]. In animal models, in which dietary energy intake
was within normal limits, a high-cholesterol diet induced NAFLD with-
out obesity [10-12]. Excessive cholesterol intake leads to an increase in
its metabolites, oxysterols, which are agonistic ligands for liver X recep-
tor (LXR), resulting in activation of the LXR-SREBP-1c¢ pathway and
de novo fatty acid synthesis in hepatocytes [13, 14]. Furthermore, in the
NAFLD liver, hepatocytic cholesterol is excessive but de novo cholesterol
synthesis is further activated hence, lipid metabolism is dysregulated [13,
14].

4.3 NUTRITION THERAPY FOR NAFLD PATIENTS

4.3.1 TREATMENT FOR OBESE PATIENTS (ORDINARY TYPE
OF NAFLD)

When nutrition therapy is considered for NAFLD patients, the actual nu-
tritional intake and content should first be examined in detail to determine
which nutrient is the main cause of NAFLD, that is, carbohydrates, fat,
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or cholesterol. Because the state of nutritional intake and hepatic expres-
sion patterns of lipid metabolism-associated factors are different between
obese and nonobese NAFLD patients, the target of nutrition therapy is also
different in the two groups.

It is common knowledge that the main cause of NAFLD is excessive
dietary energy intake in obese patients. In practice, a reduction in nutri-
tional intake by metabolic surgery or dietary counseling improves the
condition of NAFLD in obese patients [15, 16]. Usually, the profile of
nutritional intake in obese NAFLD patients shows excessive intake of car-
bohydrates and fat. Therefore, normalizing their intake of these nutrients,
which leads to weight reduction, can correct a vicious cycle of abnormal
hepatic lipid metabolism. However, it is often hard for patients to main-
tain weight reduction. Additional therapies for weight reduction, including
inhibitors against gastric and pancreatic lipases, such as orlistat, and new
antagonists against endocannabinoid receptors, are now being developed
although these have not proved to be effective or without side effects.

As additional nutritional means, PUFAs and vitamin E with antioxidant
effects may be effective in NAFLD. In a clinical trial of NAFLD patients,
treatment with ethyl icosapentate, a type of n-3 PUFA, for 12 months im-
proved liver function to some extent in a biochemical evaluation [17]. n-3
PUFAs exhibit their effect by suppressing the activity of SREBP-1c¢ and
de novo fatty acid synthesis. It means that n-3 PUFAs may be effective for
patients in whom the main cause of NAFLD is excessive intake of carbo-
hydrates or a shortage of PUFAs, but less effective in NAFLD caused by
excessive fat intake. Vitamin E exhibits a greater effect in patients with
NASH compared with patients with simple steatosis because of its strong
antioxidant activity [18].

4.3.2 TREATMENT FOR NONOBESE PATIENTS

A substantial proportion of NAFLD patients are nonobese and/or are
without insulin-resistance in Japan [19, 20]. In our study of nutritional
intake, mean intake levels of proteins, fat, carbohydrates, and total energy
were not excessive in nonobese patients [9]. However, dietary cholesterol
intake was markedly excessive, while intake of PUFAs was insufficient
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in nonobese patients compared with obese patients and healthy individu-
als [9]. These characteristic findings may be closely associated with the
pathogenesis of NAFLD. In our study, expression levels of lipogenic tran-
scription factor LXR, of which agonistic ligands are oxysterols, were sig-
nificantly higher in nonobese patients compared with obese patients [13,
14]. Thus, in nonobese NAFLD patients, an excess of cholesterol and its
metabolites (oxysterols), leading to activation of de novo fatty acid syn-
thesis via the LXR-SREBP-1¢ pathway, should be considered as a main
cause of steatosis. As a nutritional treatment for these patients, intake of
food containing a high level of cholesterol should be restricted. Accord-
ingly, a Niemann-Pick Cl-like 1 (NPC1L1) inhibitor (ezetimibe), which
decreases cholesterol absorption in the intestine, is a reasonable treatment
relevant to nutrition therapy. In practice, ezetimibe treatment in nonobese
NAFLD patients improves liver injury and steatosis [21]. Also in animal
models, inactivation of NPC1L1, a critical mediator of cholesterol absorp-
tion, shows protective effects against diet-induced hypercholesterolemia
and fatty liver, and ezetimibe treatment improves liver steatosis and insu-
lin resistance in obese rat models [22, 23].

n-3 PUFAs can improve insulin resistance and NAFLD by lowering the
hepatic tumor necrosis factor level. n-3 PUFAs also suppress fatty acid
synthesis by controlling SREBP-1c expression negatively and promote
fatty acid -oxidation by activating PPAR expression [24, 25]. These facts
suggest the possibility that a shortage of PUFA intake leads to NAFLD
independent of dietary energy intake. Because a shortage of PUFA intake
is found in nonobese NAFLD patients, n-3 PUFA-rich fish and supple-
ments of n-3 PUFAs, such as EPA and docosahexaenoic acid, are recom-
mended as nutrition therapy. Some herbal compounds, such as curcuma,
have antioxidant effects and they are expected to show therapeutic effects
on NAFLD.

4.4 PROFILE OF NUTRITIONAL INTAKE IN CHC PATIENTS

Presently, the main strategy for CHC is interferon (IFN)-based antivi-
ral therapy and liver protective treatments. In Japan, a high energy, high
protein, and high vitamin diet was previously recommended for CHC
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patients. This principle had spread and become established by broaden-
ing the meaning of nutrition therapy reported by Patek and Post, which
was adequate for improving the prognosis of alcoholic hepatitis in heavy
drinkers [26]. Generally, the nutritional intake of CHC patients is almost
similar to that of healthy individuals [27]. However, during IFN-based
antiviral treatment, weight loss is apparent in 11-29% of patients because
of decreased appetite and malnutrition [28-32]. Although reducing iron
by phlebotomy and a low iron diet are also effective for liver injury in
CHC patients [33-35], some patients still take iron-rich food and supple-
ments because they believe the incorrect information that glycogen- and
iron-rich corbiculae, curcuma, and bovine liver, which are traditional food
used to treat acute hepatitis in folk remedies, show therapeutic effects for
chronic hepatitis.

4.5 NUTRITION THERAPY FOR CHC PATIENTS

4.5.1 NUTRITION THERAPY DURING IFN-BASED ANTIVIRAL
THERAPY

In CHC patients, HCV infection causes a disturbance of glucose and lipid
metabolism, and liver steatosis [36—38], which reduces the effect by IFN-
based antiviral therapy and affects liver fibrosis [39—42]. However, some
patients have a glucose and lipid metabolism disorder, and obesity due to
lifestyle-related disease independent of HCV infection.

A recent meta-analysis indicated that insulin resistance reduces the an-
tiviral effect of IFN-based therapy, regardless of HCV genotype [43, 44].
Therefore, before starting antiviral therapy, it is better to improve some
metabolic disorders including obesity and insulin resistance by diet ther-
apy and exercise therapy. After starting IFN-based therapy, body weight
decreases due to decreased appetite and some digestive symptoms in many
patients [28, 29]. A recent study showed that resting energy expenditure
did not increase during IFN-based antiviral therapy, and weight loss dur-
ing the therapy was ascribed to a decrease in energy intake [29]. Although
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there are no guidelines on how nutrition therapy should be conducted, a
decrease in quality of life or malnutrition must be prevented for avoiding
an interruption in antiviral therapy.

Various nutrients have lately been identified to be associated with sup-
pression or promotion of HCV proliferation and attract considerable notice
[45]. It is known that -carotene, vitamin D, linoleic acid, arachidonic acid,
eicosapentaenoic acid, docosahexaenoic acid, iron, and zinc have suppres-
sive effects, while retinol, vitamin E, vitamin K, vitamin C, cholesterol,
and selenium have promoting effects on HCV proliferation. For example,
when the serum concentration of vitamin D was maintained at 32ng/mL
or more by daily administration of 2,000IU vitamin D3, the antiviral ef-
fect of IFN-based treatment in CHC patients was markedly improved [46].
There is a fair possibility that a shortage of PUFA intake worsens the an-
tiviral effect of IFN-based treatment in CHC patients [47]. Also, in an
in vitro study, HCV proliferation was markedly suppressed by treatment
with PUFAs, such as arachidonic acid, eicosapentaenoic acid, and docosa-
hexaenoic acid [48, 49]. Additionally, it has been reported that -carotene-
containing food and herbal food show an adjuvant effect for [IFN-based
antiviral therapy [50, 51]. Accordingly, these nutrients are expected to be
used as adjuvants in antiviral therapy for patients with HCV infection.

4.5.2 NUTRITION THERAPY FOR PATIENTS WITH IRON
ACCUMULATION

In CHC patients, hepatic iron uptake is accelerated and excessive iron ac-
cumulation is often apparent in hepatocytes [52—59]. When excessive iron
changes to Fe** from Fe*, free radicals are produced and the oxidative
stress causes injury of cell-membrane and DNA, leading to hepatitis pro-
gression. To prevent the iron-mediated injury, phlebotomy and low iron
diet therapy is effective [33—35]. Long-term phlebotomy with low-iron
diet therapy lowers the risk of development of hepatocellular carcinoma
(HCC) from CHC [60]. In Japan, the desired daily iron intake is <6 g in
low-iron diet therapy. There are two forms of dietary iron: heme iron,
which is present in fish and meat, and nonheme iron, which is present in
vegetables. The absorption rate of iron is 10—40% in fish and meat, and
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0.3-5% in vegetables; therefore, dietary intake of heme iron must be es-
pecially considered in dietary counseling. It is known that a considerable
quantity of iron is contained in lean meat, red flesh, internal organs, and
the dark flesh of a fish; thus, the specific foods to eat should be specified.
However, in low-iron diet therapy, too great a limitation of dietary intake
or food selection can result in total nutritional imbalance. Therefore, regu-
lar dietary monitoring is required for low-iron diet therapy.

4.6 PROFILE OF NUTRITIONAL INTAKE IN LC PATIENTS

LC is a consequence of all forms of chronic hepatic injury characterized
by destruction of hepatic architecture and vascular structures with deposi-
tion of fibrotic tissue, which leads to functional decompensation. In some
LC patients, intake of various nutrients decreases, which accelerates he-
patic dysfunction including a metabolic disorder, resulting in protein en-
ergy malnutrition (PEM) [61-65]. Some investigations have shown that
LC patients have a trend to take more energy via carbohydrates, which
may reflect their insufficient glycogen storage, and fasting accelerates the
oxidation of fat [66—68].

A recent increase in the obese population is a difficult worldwide prob-
lem, and the increase is also marked in LC patients [69]. This phenomenon
indicates that a previous trend of malnutrition has changed into exces-
sive energy intake in LC patients. Recently, there has been an increase in
NASH causing LC. As described above, nutrition therapy for NASH pa-
tients is to correct their excessive dietary energy intake. Also, at present, in
LC caused by alcohol and HCV infection, nutritional intake leans toward
being either sufficient or excessive [68, 70]. In our study of compensated
LC patients with HCV infection, dietary energy intake and/or protein in-
take were excessive in 70% of patients and their intake of energy, proteins,
and fat was significantly higher than that of healthy individuals [70]. Mean
body mass index (BMI) of patients with NASH causing LC was 27.6kg/
m?, while more than 30% of patients with viral hepatitis causing LC were
also obese (kg/m?) [69]. Although the nutritional state of LC patients can-
not be estimated by BMI alone, a recent trend of increased nutritional
intake is apparent in LC patients. The nutritional state of LC patients has
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become diversified by recent changes in dietary habits and by the progres-
sion of nutrition therapy, including treatment with branched-chain amino
acids (BCAAs).

4.7 NUTRITION THERAPY FOR LC PATIENTS

4.7.1 Nutrition Therapy for LC with PEM As a guideline for energy
intake and protein intake, the European Society for Clinical Nutri-
tion and Metabolism (ESPEN) advocated the consensus nutrition stan-
dard for LC patients: 35-40kcal/kg/day in energy and 1.2—1.5kcal/
kg/day in proteins [71]. However, the standard is not always perti-
nent and should be altered depending on conditions, such as race, in-
tensity of daily activity, PEM, glucose intolerance, protein intolerance,
and obesity. Therefore, flexible handling of the guideline is needed.
For nutritional assessment of patients with LC, calorimetry may be the
best way.

Regarding pathophysiology of PEM in LC patients, appetite stimula-
tion signals from the hypothalamus are suppressed via downregulation of
cholecystokinin clearance or cytokine secretion from internal organs, and
additionally, ascitic fluid/intestinal edema induces appetite loss [61-63].
Moreover, in a metabolic disorder in LC, resting energy expenditure is
upregulated and accompanied by an increased combustion rate of fat, re-
sulting in downregulation of the nonprotein respiratory quotient. These
changes are explained by a reduction in hepatic functional reserve, glyco-
gen storage, and insulin sensitivity. In protein metabolism, serum BCAA
values decrease markedly because of increased BCAA consumption in
skeletal muscle as a substrate for efficient energy production and a sub-
strate for compensatory metabolization of ammonia [72, 73]. When ener-
gy nutrition and protein nutrition in viral LC patients were assessed by in-
direct calorimetry and serum albumin level, respectively, 62% of patients
had energy malnutrition, 75% of patients had protein malnutrition, and
50% of patients had energy and protein malnutrition [65]. As a measure
for energy malnutrition, a late evening snack (LES) is recommended.
When the number of meals is divided into 4—6 per day, nitrogen bal-
ance improves [74]. Also glucide intake at night shows a similar effect
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[75]. The disruption of muscle protein is suppressed by BCAA intake
at night and glucose tolerability is improved by BCAA with glucide
intake at night [76, 77]. Because a simple LES addition induces energy
overload promoting obesity and glucose intolerance, it is important
that <200kcal are allocated to the LES from the standard daily total
energy intake. Concrete examples of LES are a snack mainly consist-
ing of carbohydrates, general enteral nutrients, BCAA-rich enteral nu-
trition, and so on [76, 78—82]. It has been reported in LC patients with
LES that energy metabolism (respiration quotient), serum-free fatty
acid levels, and urine 3-methylhystidine levels improve in a week, and
serum albumin levels, nitrogen balance, and QOL improve within 3
months [76, 78, 79].

The incidence of protein metabolism disorder is high in LC, and the
disorder becomes more marked with the progression of cirrhosis. BCAA-
rich enteral nutrition or oral BCAA granules are used for protein metab-
olism disorder in order to improve nitrogen balance and undernutrition.
BCAA-rich enteral nutrition is adequate for patients with chronic hepatic
failure, protein intolerance, and a history of hepatic encephalopathy, and
BCAA granules are suitable for patients with adequate dietary intake but
with hypoalbuminemia resulting from the protein metabolism disorder. In
studies in decompensated LC patients, there was a high evidence level
that BCAA-rich enteral nutrition and BCAA granules improved hypoal-
buminemia, edema, ascitic fluid, event-free survival rates, and QOL [69,
78, 83—85]. However, the clinical response to BCAA was better at an early
stage of hepatic failure [86].

PEM is based on the metabolic disorder and, at present, LES and oral
BCAA supplementation are strongly recommended after assessment of the
metabolic disorder and severity of malnutrition. However, more evidence
is being accumulated on an ordinary diet therapy for LC patients with
PEM, and new standard may be presented hereafter.
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4.7.2 NUTRITION THERAPY FOR LC WITH GLUCOSE
INTOLERANCE

Insulin resistance/hyperinsulinemia and glucose intolerance are often
shown in LC patients and are associated with a reduction in glucose up-
take in the liver and peripheral tissues [87]. It is nutritionally important
that improving hyperinsulinemia brings about normalization of insulin-
dependent glucose uptake and glycogen synthesis [88]. Nutrition therapy
for LC patients with glucose intolerance requires a lower standard of en-
ergy intake to prevent hyperinsulinemia and hyperglycemia. In Japan, the
standard of 25-30kcal/kg ideal body weight/day is an advisable range.
Dietary fiber-rich meals with a low glycemic index, a lower content of
simple carbohydrates, and more exercise, as well as -glucosidase inhibitor
(-GI) or insulin with -GI treatment, improve hyperinsulinemia and hyper-
glycemia in LC patients [89-92]. Zinc supplementation is also effective
for improving hyperglycemia [93].

4.7.3 NUTRITION THERAPY FOR LC WITH A HISTORY OF
HEPATIC ENCEPHALOPATHY

Hepatic encephalopathy is caused by highly impaired hepatic function
and portosystemic shunt formation. Hepatic disruption of ammonia pro-
cessing and urea synthesis is ascribed to hyperammonemia and a decrease
in Fischer’s ratio and BCAA/Tyr ratio. Nutritional induction factors of
hepatic encephalopathy are excessive intake of dietary proteins and con-
stipation. A protein-restricted diet of <40 g/day and BCAA supplementa-
tion has been generally recommended for patients with episodic hepatic
encephalopathy or decompensated cirrhosis [94]. Because long-term pro-
tein restriction promotes catabolism of body proteins and PEM, it must be
combined with BCAA supplementation. Increasing the intake of insoluble
dietary fiber-rich vegetables serves to improve and prevent constipation.
However, it is difficult to control serum ammonia levels by diet therapies
alone, and synthetic disaccharides, such as lactulose, and nonabsorbable
antibiotics are utilized for treatment. Recently, lactulose and/or probiotic
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therapy have been shown to decrease serum ammonia levels [95]. Ad-
ditionally, zinc supplementation is also effective in improving ammonia
metabolism [96, 97].

4.7.4 NUTRITION THERAPY FOR LC WITH OBESITY

Obesity is a risk factor for various cancers and is closely associated with
the incidence of HCC [69, 98]. In a large-scale Japanese study of LC
patients, the percentage of PEM patients (BMI < 18.5kg/m?) was 5.5%,
while the percentage of obese patients (BMI > 25 kg/m?) was 28.3% [69].
A high BMI level as well as a high -fetoprotein level, a low albumin level,
and complications of diabetes were associated with a significantly high
hazard ratio for HCC in LC patients. Obese LC patients, even under diet
therapy, were more likely to develop HCC than nonobese LC patients,
but addition of oral BCAA granules to diet therapy reduced the incidence
of HCC [69]. It has been shown that oral BCAA granules increase serum
albumin levels independent of dietary intake [83]. The mechanism may
be that BCAA improve insulin sensitivity in muscle, increase albumin in
reduced form, and reduce oxidative stress [99—101]. Thus, in obese LC
patients, oral BCAA treatment is recommended in addition to correcting
nutritional intake. Excessive nutrients should be assessed in each patient,
and the time course of nutritional parameters, such as serum albumin and
lean body mass, should be determined for appropriate nutritional therapy.
However, the level to which body weight should be reduced has not been
examined sufficiently in obese LC patients.

4.8 CONCLUSIONS

In NAFLD/NASH patients, elucidation of excessive nutrients by careful
investigation of their dietary intake leads to better nutrition therapy. To
obtain better results for antiviral therapy in CHC patients, nutritional care/
support is a significant strategy. In CHC patients, low-iron diet therapy is
effective for diminishing liver injury and preventing HCC. The nutritional
state of LC patients has a wide spectrum. Therefore, nutrition therapy for
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LC patients should be planned after an assessment of their complications,
nutritional state, and dietary intake.
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CHAPTER 5

ROLE OF NUTRITION IN THE
MANAGEMENT OF HEPATIC
ENCEPHALOPATHY IN END-STAGE
LIVER FAILURE

CHANTAL BEMEUR, PAUL DESJARDINS,
and ROGER F. BUTTERWORTH

5.1 INTRODUCTION

Malnutrition is a common complication of end-stage liver failure (cirrho-
sis) and is an important prognostic indicator of clinical outcome (survival
rate, length of hospital stay, posttransplantation morbidity, and quality of
life) in patients with cirrhosis. Several studies have evaluated nutritional
status in patients with liver cirrhosis of different etiologies and varying
degrees of liver insufficiency [1, 2] leading to a consensus of opinion
that malnutrition is recognizable in all forms of cirrhosis [3] and that the
prevalence of malnutrition in cirrhosis has been estimated to range from
65%—100% [4, 5]. The causes of malnutrition in liver disease are complex
and multifactorial.

The present paper reviews the role of nutrition in relation to the man-
agement of hepatic encephalopathy (HE), a major neuropsychiatric com-
plication of end-stage liver failure. Nutritional consequences of liver
failure with the potential to cause central nervous system dysfunction are
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reviewed. In particular, the roles of dietary protein (animal versus vege-
table), branched-chain amino acids, dietary fibre, probiotics, vitamins and
antioxidants, minerals (zinc, magnesium) as well as L-carnitine in relation
to HE are discussed. An update of the impact of nutritional supplementa-
tion on the management of HE is included.

5.2 MALNUTRITION IN LIVER DISEASE

The functional integrity of the liver is essential for nutrient supply (car-
bohydrates, fat, and proteins), and the liver plays a fundamental role in
intermediary metabolism. For example, the liver regulates the synthesis,
storage, and breakdown of glycogen, and hepatocytes express enzymes
that enable them to synthesize glucose from various precursors such as
amino acids, pyruvate, and lactate (gluconeogenesis). In addition, the liver
is a major site of fatty acid breakdown and triglyceride synthesis. The
breakdown of fatty acids provides an alternative source of energy when
glucose is limited during, for example, fasting or starvation. The liver also
plays a crucial role in the synthesis and degradation of protein. Protein
synthesis by the liver is influenced by the nutritional state, as well as by
hormones and alcohol.

The liver plays a central role in the regulation of nutrition by traffick-
ing the metabolism of nutrients, and many factors disrupt this metabolic
balance in end-stage liver failure. Consequently, when the liver fails, nu-
merous nutritional problems occur (Table 1). Several factors contribute to
malnutrition in liver failure including inadequate dietary intake of nutri-
ents, reduction in their synthesis or absorption (diminished protein syn-
thesis, malabsorption), increased protein loss, disturbances in substrate
utilization, a hypermetabolic state as well as increased energy-protein
expenditure and requirements. Because of decreased glycogen stores and
gluconeogenesis [6], energy metabolism may shift from carbohydrate to
fat oxidation [7] while insulin resistance may also develop. Consequently,
liver cirrhosis frequently results in a catabolic state resulting in a lack of
essential nutrients.
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TABLE 1: Metabolic alterations leading to malnutrition in end-stage liver failure.

Protein Carbohydrate Fat
(1) Increased catabolism (i) Decreased hepatic and (i) Increased lipolysis
skeletal muscle glycogen
synthesis
(ii) Increased utilization of ~ (ii) Increased gluconeogenesis (ii) Enhanced turnover and
BCAAs oxidation of fatty acids
(iii) Decreased ureagenesis  (iii) Glucose intolerance and (iii) Increased Ketogenesis

insulin resistance

TABLE 2: Nutritional recommendations for the management of HE in end-stage liver
failure.

Substrate Recommendation

Energy 35-40kcal/kg/day

Protein 1.2-1.5 g/kg of body weight/day*
BCAA In severely protein-intolerant patients

Antioxidant and vitamins Multivitamin supplements

Probiotics, prebiotics Increasing use for ammonia-lowering and anti-inflammatory actions

*[n severely protein intolerant patients, protein may be reduced for short periods of time,
particularly in grade III-1V hepatic encephalopathy.

It has been estimated that at least 25% of patients with liver cirrhosis
experience HE during the natural history of the disease. HE is more fre-
quent in patients with more severe liver insufficiency and in those with
spontaneous or surgically created portal-systemic shunts. Whether or not
malnourished patients are more prone to develop HE has not been clearly
established, but could be anticipated based on several factors. Firstly, mal-
nutrition tends to be more common in patients with advanced liver disease,
and HE is more likely in this group. Secondly, nutritional deficits such as
decreased lean body mass (muscle is important in ammonia uptake) and
hypoalbuminemia (which increases free tryptophan levels) could promote
HE [8].
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5.3 FACTORS CONTRIBUTING TO MALNUTRITION IN
CIRRHOSIS

A range of factors are known to contribute to malnutrition in cirrhosis.
These factors include (Figure 1) the following.

5.3.1 INADEQUATE DIETARY INTAKE

Cirrhotic patients may unintentionally consume a low energy diet, an ob-
servation that is attributed to several factors including loss of appetite [9],
anorexia, nausea, vomiting, early satiety, taste abnormalities, poor palat-
ability of diets, reflux disease [10, 11], and impaired expansion capacity
of the stomach [9].

5.3.2 INADEQUATE SYNTHESIS OR ABSORPTION OF
NUTRIENTS

The cirrhotic liver may inadequately synthesize proteins and has dimin-
ished storage capacity and an impaired enterohepatic cycle. In addition,
portal hypertensive enteropathy may lead to impaired absorption of essen-
tial nutrients. Moreover, pancreatic insufficiency, cholestasis, and drug-
related diarrhea may all contribute to malabsorption in liver disease.

5.3.3 INCREASED PROTEIN LOSSES

Loss of proteins and minerals may result from complications of cirrhosis
or from iatrogenic interventions such as the use of diuretics for the treat-
ment of ascites and fluid retention as well as from the use of lactulose for
the management of HE. Other potentially important causes of increased
protein losses are blood loss from oesophageal and gastric varices and
from the intestinal lumen due to ulcers or portal enteropathy.
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FIGURE 1: Factors contributing to malnutrition in end-stage liver failure.

5.3.4 HYPERMETABOLIC STATE/INCREASED ENERGY-PROTEIN
EXPENDITURE AND REQUIREMENTS

The hyperdynamic circulation in cirrhosis leads to systemic vasodilation
and an expanded intravascular blood volume. As a direct effect, a higher
cardiac blood volume and therefore a greater use of macro- and micronu-
trients is a common cause of high energy expenditure and demand. Fur-
thermore, the inability of the damaged liver to adequately clear activated
proinflammatory mediators such as cytokines may promote the develop-
ment of an inflammatory response with an increase in both energy expen-
diture and protein catabolism [12]. It has been suggested that elevated
pro- and anti-inflammatory cytokine levels have the potential to result in
hypermetabolism in cirrhosis [13, 14].
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5.3.5 INSULIN RESISTANCE

Insulin resistance and diabetes mellitus are common in patients with liv-
er cirrhosis [15, 16]. Hyperinsulinemia and hyperglucagonemia are fre-
quently present in cirrhotic patients where glucagon is disproportionately
increased resulting in an elevated glucagon/insulin ratio. There is also
impairment of glucose homeostasis due to hepatic insulin resistance char-
acterized by altered gluconeogenesis, low glycogen stores, and impaired
glycogenolysis [15, 16].

5.3.6 GASTROINTESTINAL BLEEDING

Bleeding esophageal varices as a consequence of portal hypertension
are frequent and severe complications of liver cirrhosis. Gastrointestinal
bleeding is also a precipitating factor in HE and may accelerate progres-
sion of malnutrition in cirrhotic patients.

5.3.7 ASCITES

Impaired expansion capacity of the stomach due to the presence of clini-
cally evident ascites may lead to an inadequate intake of nutrients [9], and
cirrhotic patients with ascites often report early satiety and subsequent
decreased oral intake which may result in significant weight loss [17].

5.3.8 INFLAMMATION/INFECTION

Malnourished patients with cirrhosis are prone to the development of in-
flammation and sepsis and their survival may be further shortened by these
complications. There is a significant negative correlation between plasma
levels of proinflammatory cytokines such as tumor necrosis factor-alpha
(TNF-0)) and nutrient intake [18]. In order to reduce intestinal bacterial
translocation and to improve gut immune function, it has been proposed
that pre- and probiotics be added to the diet [19].
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5.3.9 HYPONATREMIA

Hyponatremia is a common complication of patients with advanced liver
disease [20] and is an important predictor of short-term mortality. Hypo-
natremia is also an important pathogenic factor in patients with HE. Cir-
rhotic patients have abnormal sodium and water handling that may lead
to refractory ascites. These patients retain sodium, and dilutional hypo-
natremia may develop, characterized by reduced serum sodium. In such
situations, saline infusion should be avoided and it has been suggested that
sodium intake should not exceed 2 g [21].

5.4 ASSESSMENT OF NUTRITIONAL STATUS IN END-STAGE
LIVER FAILURE

The nutritional assessment of the cirrhotic patient begins with the di-
etary history that should focus on nutritional intake and assessment
of recent weight loss. However, altered mental status may preclude
obtaining a meaningful history, and interviewing family members may
be helpful.

Liver disease may interfere with biomarkers of malnutrition such as
albumin, making it difficult to identify subjects at risk of malnutrition and
to evaluate the need for nutritional intervention. Furthermore, anthropo-
metric and bioelectrical impedance analysis may be biased by the presence
of edema or ascites associated with liver failure. Body mass index (BMI),
an index of nutritional status, may also be overvalued in patients with
edema and ascites. Careful interpretation of nutritional data using these
techniques in the presence of these complications is therefore required.

Generally accepted methods for assessing the clinical status and se-
verity of disease in cirrhotic patients are the Child-Pugh-Turcotte clas-
sification [22] and the model for end-stage liver disease (MELD) [23, 24].
Unfortunately, these systems do not include an assessment of nutritional
status in spite of the fact that malnutrition plays an important role in mor-
bidity and mortality in end-stage liver failure. The omission of nutritional
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assessment results no doubt from the heterogeneous nature of the nutri-
tional deficits in this population.

Subjective Global Assessment (SGA) and anthropometric parameters
are the methods that are frequently used to evaluate nutritional status in
end-stage liver failure [25]. SGA collects clinical information through
history-taking, physical examination, and recent weight change and is
considered to be reliable since it is minimally affected by fluid retention
or the presence of ascites. The use of anthropometric parameters which
are not affected by the presence of ascites or peripheral edema has also
been recommended [22, 25]. Such parameters include mid-arm muscle
circumference (MAMC), mid-arm circumference (MAC), and triceps skin
fold thickness (TST). Diagnosis of malnutrition is established by values of
MAMC and/or TST below the 5th percentile in patients aged 18—74 years,
or the 10th percentile in patients aged over 74 years [26].

BMI changes may afford a reliable indicator of malnutrition using dif-
ferent BMI cutoff values depending on the presence and severity of ascites
[26]; patients with a BMI below 22 with no ascites, below 23 with mild
ascites, or below 25 with tense ascites are considered to be malnourished.
Hand-grip examination by dynamometer has also been proposed as a sim-
ple method to detect patients at risk for the development of malnutrition
[27]. In an interesting new development, Morgan et al. [28] validated a
method where BMI and MAMC are combined with details of dietary in-
take in a semistructured algorithmic construct to provide a method for
nutritional assessment in patients with end-stage liver failure [28]. Despite
these advances, a standardized simple and accurate method for evaluating
malnutrition in cirrhosis remains to be established.

5.5 CONSEQUENCES OF CIRRHOSIS WITH A POTENTIAL TO
IMPACT UPON NUTRITIONAL STATUS AND BRAIN FUNCTION

Cirrhosis results in multiple metabolic abnormalities and alterations in the
synthesis, turnover, and elimination of a range of metal and micronutri-
ents with the potential to alter nutritional status and consequently cerebral
function. Such alterations include the following.
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FIGURE 2: Inter-organ trafficking of ammonia in normal physiological conditions, in
well-nourished patients with end-stage liver failure compared to malnourished end-stage
liver failure patients.
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5.5.1 HYPERAMMONEMIA

Under normal physiological conditions, ammonia is metabolized by the
liver, brain, muscle, and kidney (Figure 2). In well-nourished cirrhotic pa-
tients, the affected liver has an impaired capacity for removal of ammonia
in the form of urea, which may result in increased muscle glutamine syn-
thetase in order to provide an alternative mechanism for ammonia removal
as glutamine. Glutamine synthesis also increases to some extent in the
brain of these patients. HE may develop as a consequence of increased
circulating and cerebral ammonia in well-nourished cirrhotic patients. On
the other hand, in malnourished cirrhotic patients, the loss of muscle mass,
commonly seen as a consequence of malnutrition, can adversely affect
this alternative route of ammonia removal. The brain being the main organ
metabolizing ammonia in these conditions, severe HE is commonly diag-
nosed in malnourished cirrhotic patients.

Hyperammonemia may lead to increased uptake of tryptophan by the
brain which may lead to increased synthesis and release of serotonin and
anorexia. This symptom may render the patient prone to chronic catabo-
lism and malnutrition, and in turn to increased ammonia load, resulting
in a vicious cycle [29, 30]. In addition, hyperammonemia may be more
prominent after gastrointestinal bleeding due to the absence of isoleucine
[31]. Since haemoglobin molecule lacks the essential amino acid isoleu-
cine, gastrointestinal bleed may stimulate the induction of net catabolism
[32].

5.5.2 ZINC

Zinc is an essential trace element that plays an important role in the regula-
tion of protein and nitrogen metabolism as well as in antioxidant defense.
Reduced zinc content is common in cirrhotic patients, but zinc deficiency
cannot be effectively diagnosed based upon serum concentrations since
zinc is bound to albumin, which is also decreased in these patients [33,
34]. Among the mechanisms contributing to zinc deficiency, poor dietary
intake [35], reduced intestinal absorption [36], reduced hepatointestinal
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extraction [37], portal-systemic shunting, and altered protein and amino
acid metabolism have all been implicated [38]. Zinc deficiency may impair
the activity of enzymes of the urea cycle as well as glutamine synthetase
[39, 40], and decreased activity of these enzymes has the potential to lead
to further increases in circulating and brain ammonia with the potential to
cause worsening of HE. Not surprisingly, therefore, an inverse relation-
ship between serum zinc and ammonia concentrations has been described
[41, 42]. Zinc deficiency has been implicated in multiple complications of
cirrhosis, including poor appetite, immune dysfunction, altered taste and
smell, anorexia as well as altered protein metabolism [43, 44]. Surpris-
ingly, in spite of evidence of hypozincemia in cirrhosis, zinc supplementa-
tion in the treatment of HE based on a small number of controlled trials
has so far provided inconsistent results, a finding that may be attributable
to variations in the nature and doses of zinc salts used and to duration of
therapy [45].

5.5.3 SELENIUM

Decreased levels of selenium have been reported in cirrhotic patients [46,
47]. However, the relationship of diminished selenium to the pathogenesis
of cirrhosis and its complications, including HE, has not been clearly es-
tablished.

5.5.4 MANGANESE

In cirrhotic patients, the elimination of manganese is decreased secondary
to impaired hepatobiliary function and portal-systemic shunting, which
result in increased blood manganese levels and increased manganese de-
position in basal ganglia structures of the brain, in particular in globus
pallidus [48—52]. Manganese has also been correlated to increased brain
glutamine levels [53] and changes in dopamine metabolism [49, 54] and
may be related to other alterations in cirrhotic patients with HE, such as
the characteristic astrocytic morphologic changes [55]. Toxic effects of
manganese on central nervous system could be mediated by effects on
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the glycolytic enzyme glyceraldehyde-3-phosphate dehydrogenase (GAP-
DH) [56]. It was also suggested that manganese-induced increases of “pe-
ripheral-type” benzodiazepine receptors (PTBRs) could contribute to the
pathogenesis of HE [57].

5.5.5 L-CARNITINE

The liver is a major site for the production of ketone bodies from the oxi-
dation of fatty acids. Fatty acids cannot penetrate the inner mitochondrial
matrix and cross the mitochondrial membrane to undergo oxidation unless
they are transported by a carrier process involving L-carnitine (3-hydroxy-
4-trimethylammoniobutanoate). Carnitine is a cofactor for mitochondrial
oxidation of fatty acids and prevents the body from using fats for energy
production particularly during starvation. Carnitine deficiency may result
in lethargy, somnolence, confusion, and encephalopathy. Studies of carni-
tine status in cirrhotic patients have yielded conflicting results; the source
of this lack of consensus likely results from both the etiology of cirrhosis
and the severity of liver disease. For example, Rudman et al. [58] reported
reduced plasma and tissue carnitine concentrations in patients with alco-
holic cirrhosis complicated by cachexia, whereas later studies by Fuller
and Hoppel [59, 60] reported an increase of plasma carnitine in alcoholics
with or without cirrhosis. De Sousa et al. [61] reported no such changes in
a similar patient population. In a subsequent study by Amodio et al. [62],
plasma carnitine levels were measured in cirrhotic patients and the rela-
tionship to nutritional status and severity of liver damage was assessed.
Plasma carnitine levels did not differ between Child-Pugh class A, B, and
C patients. Significantly higher levels of acetylcarnitine, short chain acyl-
carnitine, total esterified carnitine, and total carnitine were observed in cir-
rhotic patients independent of etiology of cirrhosis. The issue of carnitine
in relation to liver disease was re-evaluated in 1997 by Krahenbiihl and
Reichen [63] who studied carnitine metabolism in 29 patients with chronic
liver disease of varying degrees of severity and various etiologies. Patients
with alcoholic cirrhosis manifested increased total plasma carnitine levels
with a close correlation to serum bilirubin. Urinary carnitine excretion was
not different between cirrhotic patients and controls with the exception
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of patients with primary biliary cirrhosis. It was concluded that patients
with cirrhosis are not normally carnitine deficient and that patients with
alcohol-induced cirrhosis manifest hypercarnitinemia which results pri-
marily from increased carnitine synthesis due to increased skeletal muscle
protein turnover [63].

5.5.6 VITAMIN B1 (THIAMINE)

Wernicke’s Encephalopathy caused by vitamin B1 deficiency and char-
acterized by a triad of neurological symptoms (ophthalmoplegia, ataxia,
global confusional state) is common in cirrhotic patients. In a retrospec-
tive neuropathological study of sections from patients with end-stage liver
failure who died in hepatic coma, 64% were found to manifest thalamic
lesions typical of Wernicke’s Encephalopathy [64]. None of the cases of
Wernicke’s Encephalopathy had been suspected based upon clinical symp-
toms during life, a finding which draws into question the classical textbook
definition based upon symptomatology associated with the disorder [65].

Causes of vitamin B1 deficiency in cirrhosis include reduced dietary
intake, impaired absorption, and loss of hepatic stores of the vitamin.
Alcoholic cirrhotic patients manifest increased incidence of vitamin Bl
deficiency compared to nonalcoholic cirrhotics [66]. Moreover, ethanol
is known to impair both intestinal absorption of vitamin B1 [67] and to
impair the transformation of the vitamin into its active (diphosphorylated)
form [68]. It has been suggested that common pathophysiologic mecha-
nisms exist in Wernicke’s and hepatic encephalopathies, related to deficits
of vitamin B1-dependent enzymes [69]. Vitamin B1 supplementation is
highly recommended in patients with end-stage liver failure of either alco-
holic or nonalcoholic etiologies.

5.6 NUTRITION, HE, AND LIVER TRANSPLANTATION

HE in end-stage liver failure may contribute to malnutrition in the pre-
transplant period as a consequence of diminished food uptake [70]. Altera-
tions in markers of nutritional status such as serum albumin are significant
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risk factors for both surgical [71] and postsurgical [72] complications of
liver transplantation. Moreover, it has been suggested that nonabsorbable
disaccharides (such as lactulose) administered for the management of HE
may result in intestinal malabsorption in patients with end-stage liver fail-
ure with the potential to result in poor transplant outcome [73].

The negative impact of malnutrition on liver transplantation had
been reported in early retrospective studies [74]. Both preoperative hy-
permetabolism and body cell mass depletion proved to be of prognostic
value for transplantation outcome [75]. Malnutrition is known to lead to
glycogen depletion, and this has been suggested to increase the plasma
lactate:pyruvate ratio during the anhepatic phase and to induce an exac-
erbated proinflammatory cytokine response, thereby favouring the devel-
opment of postoperative systemic inflammatory response syndrome and
multiorgan failure in these patients [76]. To date, there are still insufficient
data in the pretransplant period upon which to base specific recommenda-
tions. In the posttransplant period, nutritional therapy improves nitrogen
balance, decreases viral infection, and shows a trend to shortened inten-
sive care unit stays with lowering of hospitalisation costs [77, 78].

5.7 NUTRITIONAL RECOMMENDATIONS FOR HE IN END-STAGE
LIVER FAILURE (TABLE 2)

5.7.1 GENERAL CONSIDERATIONS

Considering the high prevalence of malnutrition in cirrhotic patients to-
gether with the lack of simple and accurate methods of assessment of mal-
nutrition in this patient population, it is reasonable to assume that malnu-
trition occurs in all patients. Nutritional requirements may vary according
to the specific clinical situation. Multiple (5-6) small feedings with a
carbohydrate-rich evening snack have been recommended with complex
rather than simple carbohydrates used for calories. Lipids could provide
20%—40% of caloric needs. Long-term nutritional supplements may be
necessary to provide recommended caloric and protein requirements.
Additional studies are needed in order to formulate specific recommenda-
tions for nutrients such as zinc, selenium, and carnitine.
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5.7.2 ENERGY REQUIREMENTS

The primary goal for a patient suffering from end-stage liver failure should
be to avoid by all means possible intentional or unintentional weight loss
and sustain a diet rich in nutrients. It has been suggested that patients with
liver cirrhosis should receive 35—40kcal/kg per day [25].

5.7.3 LOW PROTEIN DIET TO BE AVOIDED

Restriction of dietary protein was long considered a mainstay in the man-
agement of liver disease and HE [79, 80]. In particular, protein restric-
tion (0—40 g protein/day) was shown to decrease encephalopathy grade
in patients following surgical creation of a portal-systemic shunt, the
only available therapy at one time for bleeding varices. Protein restric-
tion (0—40 g protein/day) was later extended to include all patients with
cirrhosis who developed encephalopathy. However, more recently, stud-
ies have shown that protein restriction in these patients has no impact
on encephalopathy grade and that it may even worsen their nutritional
status [81]. The increased awareness of the progressive deterioration of
nutritional status in liver cirrhosis combined with a better understand-
ing of metabolic alterations in the disorder has questioned the practice
of prolonged protein restriction in the management of HE [82]. In fact,
protein requirements are increased in cirrhotic patients, and high protein
diets are generally well tolerated in the majority of patients. Moreover,
the inclusion of adequate protein in the diets of malnourished patients
with end-stage liver failure is often associated with a sustained improve-
ment in their mental status. Furthermore, protein helps preserve lean
body mass; this is crucial in patients with liver failure in whom skeletal
muscle makes a significant contribution to ammonia removal. The con-
sensus of opinion nowadays is that protein restriction be avoided in all
but a small number of patients with severe protein intolerance and that
protein be maintained between 1.2 and 1.5 g of proteins per kg of body
weight per day. In severely protein intolerant patients, particularly in
patients in grades III-IV HE, protein may be reduced for short periods
of time [83-85].
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5.7.4 VEGETABLE VERSUS ANIMAL PROTEINS

It has been suggested that vegetable proteins are better tolerated than ani-
mal proteins in patients with end-stage liver failure, a finding that has
been attributed to either their higher content of branched-chain amino ac-
ids and/or because of their influence on intestinal transit [86, 87]. One
study reported that a diet rich in vegetable protein (71 g/d) significantly
improved the mental status of patients suffering from HE while increasing
their nitrogen balance [88]. Vegetable proteins may also increase intralu-
minal pH and decrease gastric transit time. High dietary fibre diet has been
recommended in order to abolish constipation which is an established pre-
cipitating factor for HE in patients with cirrhosis [89, 90]. A daily intake
of 3040 g vegetable protein has been found to be effective in the majority
of patients [88].

5.7.5 BRANCHED-CHAIN AMINO ACIDS (BCAAS)

These amino acids (leucine, isoleucine, and valine) cannot be synthesized
de novo but must be obtained from dietary sources and have a unique role
in amino acid metabolism, regulating the intra- and interorgan exchange
of nitrogen and amino acids by different tissues [91]. Chronic liver disease
and portal-systemic shunting are characterized by a decrease in the plas-
ma concentrations of BCAAs [92], whereas hyperammonemia increases
their utilization. Since hyperammonemia results in increased utilization
of BCAAs, which are largely metabolized by the muscle, it would be an-
ticipated that providing BCAAs could facilitate ammonia detoxification
by supporting muscle glutamine synthesis. Administration of BCAAs has
been shown to stimulate hepatic protein synthesis; indeed, leucine stimu-
lates the synthesis of hepatocyte growth factor by stellate cells [93]. Also,
BCAAs reduce postinjury catabolism and improve nutritional status. Inad-
equate dietary protein intake or low levels of BCAAs may have a deleteri-
ous effect on HE [94], nutritional status [80], and clinical outcome [25,
81] in patients with end-stage liver failure. Clinical trials of BCAAs in
the treatment of HE have yielded inconsistent findings. Several controlled
clinical studies reported no efficacy of BCAAs on encephalopathy grade
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in patients with cirrhosis [95, 96]. However, other trials demonstrated that
BCAAs were beneficial in similar patients [97, 98].

A double-blind, randomized clinical trial demonstrated that, in ad-
vanced cirrhosis, long-term nutritional supplementation with oral BCAA
was useful to prevent progressive hepatic failure [99]. Furthermore, ad-
ministration of solutions enriched with BCA As has been shown to improve
cerebral perfusion in cirrhotic patients [100]. Muto et al. [101] confirmed
the beneficial effects of BCAAs using a more palatable granular formula.
In a multicenter randomized study, it was also reported that long-term oral
supplementation with a BCAA mixture improved the serum albumin level
as well as cellular energy metabolism in cirrhotic patients [102].

The timing of BCAA supplementation in patients with end-stage liver
failure may be crucial. This issue was addressed by a crossover study of
12 cirrhotic patients [103]. Daytime administration improved nitrogen
balance and Fischer’s ratio (ratio of BCAA/AAAs); however, both were
further improved with nocturnal administration. At 3 months, a significant
increase in serum albumin level was observed in patients administered
nocturnal BCAAs, but not daytime BCAAs. It is possible that daytime
BCAAs may be used primarily as calories, whereas nocturnal BCAAs
may be preferentially used for protein synthesis. Furthermore, the long-
term use of BCAAs in liver cirrhosis leads to an increase of serum protein
of approximately 10% if given before bedtime [104]. Problems that limit
the widespread use of BCAAs in the treatment of HE include their expense
and unpalatability [105], both of which may result in poor patient compli-
ance.

5.8 ANTIOXIDANTS

5.8.1 RATIONALE FOR USE OF ANTIOXIDANTS

Cirrhotic patients manifest evidence of increased expression of biomark-
ers of oxidative stress such as increased lipid peroxidation [106, 107], as
well as impaired antioxidant defences. Decreased levels of antioxidant
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micronutrients, including zinc [33, 107], selenium [46, 47], and vitamin
E [107, 108] have been described in patients with end-stage liver failure.
The potential benefits of vitamin E have been investigated, but results are
conflicting. One randomized, placebo-controlled trial of vitamin E supple-
mentation revealed a significant amelioration in terms of liver inflamma-
tion and fibrosis in patients with nonalcoholic steatohepatitis [109], while
other studies with biochemical end points did not demonstrate any sig-
nificant beneficial effect of vitamin E supplements [110]. In an earlier
placebo-controlled randomized trial, 1-year vitamin E supplementation to
patients with end-stage liver failure led to increased serum alpha-tocoph-
erol levels, but did not result in any improvement in survival or quality
of life [111]. The benefits of vitamin E therapy in relation to HE have not
been assessed.

5.8.2 N-ACETYLCYSTEINE

A widely used complementary medical therapy for acute liver failure is
the glutathione prodrug, N-acetylcysteine (NAC) [112, 113]. Glutathione
is a major component of the pathways by which cells are protected from
oxidative stress. NAC is an antioxidant with a thiol-containing compound
and is used to restore cytosolic glutathione and detoxify reactive oxygen
species and free radicals. NAC has proven beneficial in patients with type
I hepatorenal syndrome [112] but was inefficient in patients with hepatitis
C[113]. While NAC is widely used to treat acetaminophen hepatotoxicity,
its benefit in end-stage liver failure with specific reference to HE remains
to be established. In this regard, NAC is known to cross the blood-brain
barrier and to improve central antioxidant status in the brain in mice with
acute liver failure due to azoxymethane-induced hepatotoxicity [114].

5.9 WATER-SOLUBLE AND FAT-SOLUBLE VITAMINS

Deficiencies in water-soluble vitamins (particularly the vitamin B com-
plex) are common in end-stage liver failure [115]. A wide range of neu-
ropsychiatric symptomatology associated with liver disease may be the
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consequence of water-soluble vitamin deficiencies. For example, periph-
eral neuropathy may result from pyridoxine, thiamine, or vitamin B12 de-
ficiency. Confusion, ataxia and ocular disturbances are cardinal features of
a lack of thiamine, and thiamine deficiency has been reported in patients
with hepatitis C-related cirrhosis [116]. Deficiencies in vitamin B12, thia-
mine, and folic acid may develop faster in cirrhotic patients due to dimin-
ished hepatic storage.

Fat-soluble vitamins (A, D, and K) deficiencies are likely to arise from
malabsorption associated with end-stage liver failure. Vitamin A supple-
mentation may be considered since vitamin A deficiency results in nyctalo-
pia and dry cornea, and is associated with increased risk of hepatocellular
carcinoma in patients with end-stage liver disease [117, 118]. Prescrip-
tion of vitamin D, especially in patients with cholestasis (in combination
with calcium since osteoporosis may be a complication of end-stage liv-
er failure), is advised [118, 119]. Also, supplementation of vitamin K in
conditions with high risk of bleeding such as the presence of impaired
prothrombin time and oesophageal varices, should be considered [118].
In view of these findings, administration of multivitamin preparations is
recommended.

5.10 PROBIOTICS, PREBIOTICS, AND SYNBIOTICS

Probiotics are live microbiological dietary supplements with beneficial ef-
fects on the host beyond their nutritional properties. Prebiotics stimulate
the growth and activity of beneficial bacteria within the intestinal flora.
Synbiotics are a combination of pro- and prebiotics. Their mechanisms
of action include the deprivation of substrates for potentially pathogenic
bacteria, together with the provision of fermentation end products for po-
tentially beneficial bacteria. Probiotic or prebiotic treatments aim at in-
creasing the intestinal content of lactic acid-type bacteria at the expense of
other species with more pathogenic potential.

The concept of treating HE with probiotics was already suggested sev-
eral decades ago [120—122]. The therapeutic benefit of acidifying the gut lu-
men with synbiotics in cirrhotic patients with minimal HE was demonstrat-
ed by Liu et al. [123] who showed that synbiotic/probiotic supplementation
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ameliorates hepatic function as reflected by reduced bilirubin and albumin
levels and prothrombin times [123]. Modulation of gut flora was also as-
sociated with a significant reduction in blood ammonia levels and a reversal
of minimal HE in 50% of patients [123]; improved hepatic function and se-
rum transaminase levels in patients with alcohol- and hepatitis C-related cir-
rhosis have also been reported [124]. Another group reported improvement
in biochemical and neuropsychological tests in cirrhotic patients receiving
probiotics [125, 126]. Furthermore, liver transplant recipients who received
a synbiotic regimen developed significantly fewer bacterial infections [127].
In a subsequent clinical trial, the incidence of postoperative bacterial infec-
tion as well as the duration of antibiotic therapy was significantly reduced in
liver transplant patients receiving prebiotics [128]. More recently, Bajaj et
al. [129] demonstrated a significant rate of minimal HE reversal in cirrhotic
patients after probiotic yogurt supplements. Probiotics may provide addi-
tional benefits over dietary supplementation in reducing episodes of infec-
tion. Given the efficacy of probiotics and their lack of side effects, they are
increasingly being used in the management of HE.

5.11 CONCLUSION

Malnutrition is common in patients with end-stage liver failure and HE
and adversely affects prognosis. Inadequate dietary intake, altered synthe-
sis and absorption of nutrients, increased protein losses, hypermetabolism,
and inflammation are among the factors contributing to malnutrition in
this patient population. Although there are now several available meth-
ods to assess malnutrition, a standardized simple and accurate method
for evaluating malnutrition in end-stage liver failure remains a challenge.
Consequences of end-stage liver failure with a potential to impact upon
nutritional status and brain function are numerous and include hyperam-
monemia, reduced zinc and selenium, manganese accumulation as well as
deficiencies of carnitine and water-soluble vitamins, particularly thiamine.
The primary goal for a patient with end-stage liver failure is to avoid by all
means possible weight loss and sustain a diet rich in nutrients. A caloric
intake of 35-40kcal/kg/day is recommended. Low protein diets should
be avoided and protein intake maintained at 1.2—-1.5 g/kg/day. Particular
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attention should also be drawn to vegetable protein as well as to BCAAs
which have proven beneficial in the treatment of HE. Antioxidants as well
as probiotics are increasingly being employed in order to optimize the nu-
tritional status in cirrhotic patients. Administration of multivitamin prepa-
rations, particularly thiamine, is recommended for patients with end-stage
liver failure. Nutritional support to meet energy and substrate needs and
to optimize the removal of circulating ammonia, reduce proinflammatory
mechanisms, and improve antioxidant defenses has the potential to limit
the progression of liver dysfunction, treat HE, and improve quality of life
in patients with end-stage liver failure.
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CHAPTER 6

PARENTERAL NUTRITION
COMBINED WITH ENTERAL
NUTRITION FOR SEVERE ACUTE
PANCREATITIS

AKANAND SINGH, MING CHEN, TAO LI, XIAO-LI YANG,
JIN-ZHENG LI, and JIAN-PING GONG

6.1 INTRODUCTION

Acute pancreatitis (AP) is an acute inflammation process of the pancreas
with variable involvement of other tissue or remote organ systems ranging
from a mild, self-limited course requiring only brief hospitalization to a
rapidly progressive, fulminant illness resulting in the multiple organ dys-
function syndromes with or without accompanying sepsis. Severe acute
pancreatitis (SAP) is a common disease with emergency situation involv-
ing organ failure and/or local complications such as necrosis, abscess, or
pseudocysts having mortality of up to 30 percent. Despite improvements
in intensive care treatment during the past few decades, the rate of death
from SAP has not significantly declined [1]. The pathogenesis of acute
pancreatitis relates to inappropriate conversion of trypsinogen to trypsin
and a lack of prompt elimination of active trypsin inside pancreas [2].
SAP includes a hyper catabolic state leading to protein catabolism and
increased resting energy requirements [3]. As premorbid malnutrition is
frequent, nutritional therapy is now recognized as an important component
of SAP management [4]. The traditional approach to nutritional therapy
in SAP was to rest the pancreas by way of a nil-by-mouth regimen and to
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deliver parenteral nutrition (PN) to meet the nutritional requirement. How-
ever, the recent studies show merits of early EN over PN [5-8]. The Eu-
ropean Society for Clinical Nutrition and Metabolism guidelines suggest
that “all patients who are not expected to be on normal nutrition within
3 days should receive PN within 24 to 48h if EN is contraindicated or if
they cannot tolerate EN” [9]. The American Society for Parenteral and En-
teral Nutrition guidelines in collaboration with the Society of Critical Care
Medicine state: “If early EN is not feasible or available during the first
seven days following admission to the ICU, no nutrition support therapy
should be provided” [10].

PN has been associated with gut mucosal atrophy, overfeeding, hyper-
glycemia, increased risk of infectious complications, and increased mor-
tality rate [11, 12]. EN may be associated with high gastric residue, bacte-
rial colonization of stomach, and increased risk of aspiration pneumonia
[13]. Several studies have reported failure to deliver adequate energy in-
take in clinical practice [14—18], and in practice, it commonly takes up to 7
days to achieve nutritional goal by EN [19]. Nutrition in SAP has been dis-
cussed and researched over the years and still there is dominance of pro-
viding treatment which the doctors think rather than following protocols
and evidence. The role of early EN is well established in SAP and should
be implemented earlier. However the role of PN too cannot be ignored in
SAP [20]. Since 2002, we began to use progressive combined nutritional
support to cure SAP in which PN is combined to EN and we achieved
good results. To discuss the mechanisms of progressive combined nu-
tritional support in the treatment of SAP we studied retrospectively two
groups of patients with two different treatments for nutritional support and
compared the advantages and disadvantages of both nutritional supports.

6.2 MATERIALS AND METHODS

This study is approved by the Review Board of the Second Affiliated
Hospital of Chongqing Medical University, China. Total of 130 patients
with severe acute pancreatitis having similar severity index, treated at The
Second Affiliated Hospital of Chongqing Medical University, Chongqing,
China, between January 1998 and June 2008, were retrospectively select-
ed in to two groups, which include 58 males and 72 females with the
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median age of 49 ranging from 20 to 85 years old. The diagnostic criteria
of severe acute pancreatitis include: clinical features, hyperamylasemia/
hyperlipasemia (three times the normal upper limit); radiological evidence
of severe acute pancreatitis (contrast enhanced CT scan); evidence of or-
gan failure and/or local complications such as pancreatic necrosis; pseu-
docyst, abscess; computed tomography severity index (CTSI) equal to or
greater than 7; Ranson score > 3 and APACHE 11 score > 8.

Group I includes 59 patients from January 1998 to December 2001 out
of whom 27 were male and 32 were female whose age was between 20
to 82 years old. The median age was 51 years. More detailed characteris-
tics of study patients are presented in Table 1. At the time of admission,
the average APACHE II score was 12.21 + 2.56 (markers of the disease
at the time of admission and during the hospital stay are shown in Table
2). Group I adopted comprehensive treatment which included anti-shock
therapy to maintain water, electrolyte, and acid-base; to stabilize internal
environment, rational use of broad-spectrum antibiotics, sedative therapy,
peritoneal lavage, organ support treatment; and treatment for the etiology
of primary disease. Nutritional support was parenteral route and strictly
followed by formula; Actual Energy Expenditure (AEE) = BMR x AF x
IF x TF (BMR = Basic Metabolic Rate, AF = Activity Factor, IF = Injury
Factor, TF = Thermal Factor).

TABLE 1: Characteristics of study patients.

Group | Group II P value
n=>59 n=71
Age in years (average) 51 52.5
Male 27 31
Female 32 40
Etiology
Gallstones 25(49.01%) 34 (47.88%)
Alcohol 21 (41.17%) 28 (39.43%)
Idiopathic 3 (5.88%) 6 (8.45%)
Drug Induced 2(3.92%) 3 (4.22%)
Duration of symptom of disease at the time of 2.63+£0.73  2.77+1.01 0.247*
admission (days in mean + SD and range) (1-5) (1-5)

“Mann-Whitney U-Test.
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TABLE 2: Markers of disease at the time of admission and during the hospital stay.

Group I Group II P value
Mean + SD (range) Mean + SD (range) Group I versus
Group II*
APACHE-II Score
Day 0 12.21 £2.57 12.47+3.71 0.363
Day 4 11.59+5.12 11.45+4.31 0.276
Day 7 11.53 £ 4.49 10.29 +4.21 0.010
Day 14 10.78 +4.77 09.07 £4.97 0.009
IL-6
Day 0 43443 £187.29ng/L  429.57+179.61ng/L  0.755
Day 4 397.50 £ 124.15ng/L.  382.21 £ 135.73ng/L  0.716
Day 7 387.50 £ 165.92ng/L.  285.69 £ 199.17ng/L  0.016
Day 14 385.50 £ 194.52ng/L.  180.33 £ 143.38ng/L  0.006
Serum Albumin Level
Day 0 28.6+3.7g/L 30.03+6.2g/L 0.963
Day 4 2936 +4.6g/L 28.8+53¢g/L 0.865
Day 7 29.64 +5.1g/L 29.3+4.6g/L 0.872
Day 14 29.7+4.2¢g/L 30.01 +£5.7¢g/L 0.987

“Mann-Whitney U-test.

Group II include 71 patients from January 2002 to June 2008 out of
whom 31 were males and 40 were females. The patients were 20 to 85
years in age and the median age was 52.5 years. APACHE II score at the
time of admission at hospital was 12.47 & 3.71. Group II adopted progres-
sive supportive treatment in which different course period of the disease
have different nutritional supports. The first stage (up to day 3-4), the en-
ergy is calculated by formula 1/2 to 1/3 of BMR in which only glucose is
administered by single parenteral route. At the second stage (from day 4
to day 7), the energy is calculated by 2/3 to 1 of BMR in which glucose
accounted for 40—50 percent and fat for 50-60 percent. Both the enteral
route plus parenteral route were used to achieve 100 percent target. At the
third stage (day 7-10 later), the energy supplied was increased on basic re-
quirement and strictly followed the formula AEE. At this stage the glucose
accounts for 50-70 percent, fat for 30-50 percent, and the way was both
the enteral and parenteral nutrition.
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In this study, the nutritional therapy period is defined as the time
from enrolment until the first day the patient received more than 70
per cent of their estimated nutritional requirements through volitional
oral intake. PN was the provision of intravenous nutrients with the
exception of <5% dextrose solutions. EN was defined as the provision
of a nutritionally complete formula into gastrointestinal tract through a
mechanical tube (gastric or small bowel tubes). EN was delivered into
the jejunum distally to the ligament of Treitz. Oral intake was food
taken orally by mouth. The proportion of the daily target volume of
either PN or EN was calculated by dividing the delivered volume by
the target volume.

At the time of hospital admission, there was no significant difference
between the two groups of patients in clinical data and APACHE II score
(t,=-0.352, P=0.726, P> 0.05).

In both the groups, we analyzed APACHE-II score, IL-6 level, se-
rum protein level, complication rate, mortality, cure rate, length of hos-
pital stay, and average hospital cost. Results for normally distributed
outcomes are reported using medians and interquartile ranges (IQRs).
A non-parametric Mann-Whitney -test was used to compare the val-
ues between the two groups. All the data used SPSS 11.0 for statisti-
cal analysis. A two-sided P value of <0.05 was considered statically
significant.

6.3 RESULTS

6.3.1 APACHE-Il SCORE

In Group I, the APACHE II scores on days 4, 7, and 14 were 11.59 +
5.12,11.53+£4.49, 10.78 £ 4.77 and respectively. In Group 11, on day 4,
it was 11.45 + 4.31 which shows no significant difference compared to
day 4 of the Group I, P > 0.05. However, on day 7 and 14 after the treat-
ment in Group II, the APACHE-II scores were 10.29 + 4.21 and 9.07 +
4.97, respectively, which is significantly lower than Group I, P < 0.05
(Figure 1).
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FIGURE 1: Comparison of APACHE II score on days 0, 4, 7, and 14 between Group I and
Group II. “P > 0.05, which is not significant different between Group I and Group II on
Day 1 and Day 4. However, *P < 0.05, which is statically significant between group I and
Group II on Day 7 and Day 14.
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FIGURE 2: Comparison of IL-6 level on days 0, 4, 7, and 14 between Group I and Group
I1. *P > 0.05, which is not significant different between Group I and Group II on Day 1 and
Day 4. However, *P < 0.05, which is statically significant between group I and Group II
on Day 7 and Day 14.



110 Clinical Nutrition

6.3.2 IL-6 LEVEL

Before the treatment, the IL-6 level was 434.43 + 187.29 ng/L in Group L.
After 4, 7, and 14 day of treatment, the IL-6 levels were 397.50 + 124.15
ng/L, 387.5 £ 165.92 ng/L and 385.50 + 194.52 ng/L, respectively. In
group II, the level of IL-6 before the treatment and after 4 days of treat-
ment was 429.57 + 179.61 ng/L and 382.21 £+ 135.73 ng/L, respectively.
Comparing with Group I show no significant difference (t, = -0.320, P =
0.755, P>0.05; t,, = -0.320, P = 0.755, P >0.50). However, 7 and 14 day
after the treatment, the IL-6 levels of Group II were 258.69 £199.17 ng/L
and 180.33 + 143.38 ng/L, respectively, which is significantly lower than
group I (t,, =2.877,P=0.016, P <0.05;t, = 3.436, P=0.006, P <0.05)
(Figure 2).

14d

6.3.3 SERUM ALBUMIN LEVEL

14 day after the treatment, the serum albumin in Group I and Group
IT was 29.7 + 4.2 g/L and 30.01 + 5.7 g/L, respectively, which is not
significant between the two Groups (t,,, =-0.016, P = 0.987, P > 0.05)
(Figure 3).

14d

6.3.4 COMPLICATION RATE

The complication rate of Group II is 39.4 percent which is significantly
less than Group I which has 66.1 percent (X?=9.173, P=0.010, P <0.05)
(Figure 4).

6.3.5 MORTALITY

The mortality of Group Il was 12.7 percent which is significantly less than
the mortality of Group I which has mortality 30.5 percent (X? = 6.227, P =
0.044, P < 0.05) (Table 3).
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FIGURE 3: Comparison of serum albumin concentrations on days 0, 4, 7, and 14 between
Group I and Group II. *P > 0.05 Group I versus Group II, which is not significant.
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FIGURE 4: Comparison of complications, mortality, and patients-cured between Group I
and Group II. *P < 0.05 Group I versus Group II, which is significant.
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Table 3: Outcome in the two groups.

Group I Group II Pvalue
Complication rate 66.1% 39.4% 0.010°
Mortality 30.5% 12.7% 0.044
Cure rate 59.3% 81.7% 0.019°
Length of hospitalization 51+ 8 days 32 +9 days 0.005°
Treatment cost ¥45534+3031.5 ¥30869 + 12794.6 0.001°

“Mann-Whitney U-test.
bFisher s exact test.

6.3.6 CURE RATE

In Group II, the cure rate is 81.7 percent which is significantly higher than
59.3 percent in Group I (X*=7.918, P=0.019, P < 0.05) (Table 3).

6.3.7 LENGTH OF HOSPITALIZATION

The length of hospitalization in Group II was 32 + 9 days which is sig-
nificantly shorter than the days in Group I (t =2.881, P=0.005, P <0.05)
(Table 3).

6.3.8 TREATMENT COST

For the Group II, it is 30869 + 12794.6 Chinese Yuan which is signifi-
cantly less than Chinese Yuan in Group I. (t=-3.475, P=0.001, P <0.05)
(Table 3).

6.4 DISCUSSION

Severe acute pancreatitis (SAP) is acute pancreatitis associated with com-
plications that are either local (e.g., peripancreatic fluid collection,
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necrosis, abscess, pseudocyst) or systemic (e.g., organ dysfunction). Ac-
cording to the Atlanta Classification, SAP can be divided into two phas-
es. The first phase of about 7-10 days start with aseptic inflammation,
systemic inflammation response syndrome (SIRS), sepsis, multi organs
failure (MOF), and even death [21]. The second phase usually after the
second week of the disease, the circumscribed complications such as pan-
creatic necrosis began to appear. During this period, the lives of these
patients are still in serious threat of necrotizing pancreas, complication,
and death which is due to inflammatory immune response of pancreatic
necrosis and infection [22]. In SAP, basal metabolic rate (BMR) increases
due to inflammation and acute stress reaction thereby increase the overall
energy consumption. Eighty percent of patients with severe necrotizing
pancreatitis are overcatabolic and everyday lose more than 40 g of proteins
which give negative balance and is adverse to the disease recovery [4, 23,
24]. Therefore, nutrition support must be guaranteed; if not in time, denu-
trition will get the condition worse [23]. Over the past, number of medi-
cal institutions used Harris-Benedict equation measured by resting energy
expenditure (REE) of patients with SAP, but at the time when body is at
stress due to the disease, there might be high metabolic decompensating
state and hence exogenous nutrients may have refractoriness. Cerra et al.
has proposed the concept of metabolic support which advocates, providing
the necessary nutrients substrate for the body; we must also take another
fact into account that it should not increase the load of the body’s organs
[25]. Lugli et al. has proposed the principles of the nutrition support treat-
ment for acute pancreatitis: (a) asses the nutritional status of patients; (b)
according to the severity of the disease to take the nutrition therapy; (c)
confirm the patients with indications of the special nutritional support to
give special way nutrition therapy [26]. All the nutritional support should
supply the energy as much as possible to meet the need of body under
the premise of not stimulating pancreatic exocrine function [27]. At pres-
ent, very few researches about gradually combined treatment of parenteral
nutrition with enteral nutrition for severe acute pancreatitis have been re-
ported. We think this research will be interesting to the readers.

This study compares the result of two groups of SAP patients to ex-
plore the nutrition requirements of various stages of SAP and to propose
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the method of Gradually Combined Treatment of Nutrition Support for
SAP.

In the course duration of SAP, the need for nutrients varies with the
change of the duration. In order to comply with metabolism of the body in
SAP, we should take the right amount of progressive nutrition support. The
body’s requirements for the amount of nutrients based on the balance of
the body metabolic rate (BMR) and body’s stress response to the inflam-
mation of pancreatitis. At the period of stress response, the body itself is in
the stage of macrophages. At this stage, the patients exhibits higher basal
metabolic and catabolic rates as well as impaired metabolic capability to
use exogenous amino acid and energy. As the disease goes on, the body
adapts to the trauma and the tissues and organs are recovered. At this time,
the body’s requirements for nutritional substrate are gradually reduced and
finally become close to BMR. With the stress response reduced, body’s
repair to trauma and anabolic enhanced, exogenous nutritional substrate
requirement is gradually increased. In this stage, the energy requirement is
equal to acute energy expenditure (AEE).

Till days 3-4 of the onset of SAP, a serious Systemic Inflammatory
Response Syndrome (SIRS) may occur. The body is in the high catabolic
stage and in stress, which represents macrophages to itself and metabolic
disturbance. The principal contraindication of this phase is to improve the
intracellular environment and microcirculation. Intravenous perfusion of
the high calories and high viscosity nutrients solution will increase the im-
balance in the intracellular environment and microcirculation. Therefore
the amount of substrate required by nutritional support should be reduced,
the amount should be equivalent to half of the BMR, the energy should be
supplied by monosaccharide, which mainly provide to the tissue and cells
rely solely, such as the brain, RBSs, and others.

After the comprehensive treatment, the maintenance of the intracellu-
lar environment and microcirculation of most patients are improved. The
differences between decomposition and synthesis of metabolic in the body
reduced, the phenomenon of self-macrophages gradually improved, the
demand for the non-protein calories began to increase to half of BMR
and requires the energy of fats as well as glucose. However, the body
is still in the stress state, the intracellular environment has not fully
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recovered, and cells’ anabolism lack vitality; high nutritional supplements
will increase the burden of tissue and organ, leading to variety of meta-
bolic complications. When SAP entered the second stage of about 7-10
days, most patients have successfully recovered through the stress period,
the environment and microcirculation improved, assimilation is enhanced,
demand of exogenous nutrients substrate increased. After 2 weeks, the en-
ergy demand basically reached AEE.

In this study, we analyzed APACHE-II score and IL-6 levels. After
being admitted in hospital, APACHE-II score is one of the best predictor
to assess the severity of pancreatitis [28]. Also the IL-6 is important pa-
rameter to show the prognostic of SAP and IL-6 > 1000 ng/L prompted a
higher mortality rate [29-31]. As the time course of treatment increased,
APACHE-II score and IL-6 level of both the groups were decreased. How-
ever, differences between Group I and Group II were significant on day 7
and day 14 of the admission. Also the complications, mortality, length of
hospitalization, and the average cost of treatment in Group II were lower
than Group I. The cure rate in Group II was higher than the Group 1. On
day 14 of the treatment, the serum albumin level between the two Groups
was not significantly different. This is because the plasma protein levels
are not a good indicator for nutrition status during inflammation due to
many factors such as the acute-phase response, concomitant diseases, and
the long half-life of albumin.

Patients with SAP are frequently hypercatabolic; timely institution of
feeding is important if malnutrition is to be avoided or treated. Local com-
plications of pancreatitis might cause upper gastrointestinal tract obstruc-
tion, making enteral nutrition problematic. There are also concerns that
enteral nutrition may exacerbate the severity of SAP through further pan-
creatic stimulation and enzyme release. These considerations have led to a
widespread reliance on parenteral nutrition as the main nutritional support
modality in SAP.

Many evidences suggest that there are several potential benefits to en-
teral nutrition compared with parenteral nutrition including a reduction in
microbial translocation, improvements in gut blood flow, and preservation
of gut mucosal surface immunity. Furthermore, since altered gut micro-
biological flora and barrier function may contribute to the development



Parenteral Nutrition Combined with Enteral Nutrition 117

of infected pancreatic necrosis, there are theoretical advantages to enteral
feeding in SAP.

About the timing of nutritional support for the patients with SAP, in
most of the studies, both parenteral nutrition and enteral nutrition begin
within 48 h; parenteral nutrition is started later than enteral nutrition, more
likely an assistant method of enteral nutrition [32]. Although enteral nu-
trition is a more beneficial nutrition support, it is not easy to implement
at early time and has high risk [33]. In Group II, parenteral nutrition was
used at the first stage in order to avoid excessive irritation in severe stress
period. In the second and third stages, parenteral and enteral nutrition were
used together to make up for each other’s deficiencies.

6.5 CONCLUSION

In severe acute pancreatitis, evaluation of body’s metabolism should be
the first consideration and then gradually combined treatment of paren-
teral nutrition with enteral nutrition should be used as routine therapy. This
cannot only improve the natural history of pancreatitis but also can reduce
the incidence of complication and mortality.
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DIETARY PROTEIN INTAKE AND
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7.1 DIETARY PROTEIN INTAKE AND RENAL FUNCTION

Dietary protein intake can modulate renal function [1] and its role in renal
disease has spawned an ongoing debate in the literature. At the center of
the controversy is the concern that habitual consumption of dietary pro-
tein in excess of recommended amounts promotes chronic renal disease
through increased glomerular pressure and hyperfiltration [2,3]. Media re-
leases often conclude that, "too much protein stresses the kidney" [4]. The
real question, however, is whether research in healthy individuals supports
this notion. In fact, studies suggest that hyperfiltration in response to vari-
ous physiological stimuli is a normal adaptative mechanism [5-10].

The purpose of this paper is to review the available evidence regarding
the effects of protein intake on renal function with particular emphasis on
renal disease. This review will consider research regarding the role of di-
etary protein in chronic kidney disease, normal renal function and kidney
stone formation and evaluate the collective body of literature to ascertain
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whether habitual consumption of dietary protein in excess of what is rec-
ommended warrants a health concern in terms of the initiation and promo-
tion of renal disease. In the following review, high protein (HP) diets will
be defined as a daily consumption of greater than or equal to 1.5 g/kg/day,
which is almost twice the current Recommended Dietary Allowance but
within the range of current Dietary Reference Intakes (DRIs) for protein
[11]. The Institute of Medicine DRI report concluded that there was insuf-
ficient scientific evidence for recommendations of an upper limit of pro-
tein intake but suggested an acceptable macronutrient distribution range of
10-35% of total energy for protein intake [11].

While the optimal ratio of macronutrient intake for adults has typically
focused on fat and carbohydrate [12], contemporary discussions include
the role of dietary protein [ 13-15]. This is particularly true given the recent
popularity of high protein diets in weight management [16]. Although the
efficacy of these diets with regard to weight loss is still subject to debate,
several studies have demonstrated favorable physiological effects [12,16-
24]. This has led to a substantial increase in protein intake by individuals
adhering to contemporary weight loss plans. As a result, the safety of ha-
bitually consuming dietary protein in excess of the Recommended Daily
Allowance (RDA) has been questioned.

7.2 AN OVERVIEW OF CHRONIC KIDNEY DISEASE

Chronic Kidney Disease (CKD) is defined as either kidney damage or a
decline in renal function as determined by decreased glomerular filtration
rate (GFR) for three or more months [25]. It is estimated that 1 in 9 adults
in the United States meet this criteria, while an additional 1 in 9 adults are
at increased risk for CKD [26]. In the general population, a decline in renal
function is considered an independent risk factor for both cardiovascular
disease and all-cause mortality [27]. However, the extent to which a mild
diminution in renal function influences this risk is not known [28].
According to the National Kidney Foundation guidelines, CKD is clas-
sified into five stages, each of which directly correlates with the severity of
the disease [25]. As one progresses from stage 1 to 5 there is a concomitant
decline in GFR and thus renal function. The final stage, known as end
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stage renal disease, represents the most severe manifestation of CKD [29].
This classification system provides a universal standard for application of
clinical treatment guidelines.

Hypertension is the second leading cause of CKD and accounts for
approximately 30% of all cases in the U.S. [30,31]. In one study, hyperten-
sion was associated with a premature decline in renal function in men with
normal kidney function [32]. Although, initial estimates of CKD preva-
lence in hypertensive individuals were about 2%, recent evidence suggests
that prevalence rates may be significantly higher [33]. Blood pressure con-
trol is of particular importance in hypertensive individuals with CKD. This
point has been demonstrated in several trials in which antihypertensive
therapy slowed the progression of CKD [34-36].

Race, gender, age and family history are four risk factors for CKD
[37-40]. Recent findings suggest that modifiable lifestyle risk factors (i.e.,
physical inactivity, smoking, obesity) are also associated with CKD. Lim-
ited data exist regarding the role of dietary protein intake as an indepen-
dent risk factor for either the initiation or progression of renal disease but
population studies have consistently demonstrated an inverse relationship
between dietary protein intake and systemic blood pressure [41,42]. In a
randomized control trial [43], dietary protein and fiber had additive effects
in lowering 24-hour and awake systolic blood pressure in a group of 36
hypertensives. While these findings suggest that high protein diets may
be beneficial to hypertensive individuals, additional research is warranted
since increased protein intakes often result in increased consumption of
certain micronutrients known to impact blood pressure (e.g., potassium,
magnesium, calcium) [44].

7.3 DIETARY PROTEIN AND RENAL FUNCTION

The relationship between dietary protein and renal function has been stud-
ied for over half a century [1]. In 1923, Addis and Drury [45] were among
the first to observe a relationship between level of dietary protein and
rates of urea excretion. Soon after, it was established that increased pro-
tein intake elevated rates of creatinine and urea excretion in the dog model
[46]. The common mechanism underlying increased excretion rates
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was eventually attributed to changes in GFR [47,48] and Van Slyke et al.
[49] demonstrated that renal blood flow was the basis for GFR mediated
changes in clearance rates in response to increased protein intake. Clearly
dietary protein effects GFR [50], with both acute and chronic increases in
protein consumption elevating GFR [50,51].

7.4 DIETARY PROTEIN AND THE PROGRESSION OF RENAL
DISEASE

Observational data from epidemiological studies provide evidence that
dietary protein intake may be related to the progression of renal disease
[52]. In the Nurses' Health Study, protein intake, assessed with a semi-
quantitative food frequency questionnaire, was compared to the change
in estimated GFR over an 11-year span in individuals with pre-existing
renal disease [53]. Regression analysis showed an association between in-
creased consumption of animal protein and a decline in renal function sug-
gesting that high total protein intake may accelerate renal disease leading
to a progressive loss of renal capacity. However, no association between
protein intake and change in GFR was found in a different cohort of 1,135
women with normal renal function (Figure 1.). The latter finding led the
authors to conclude that there were no adverse effects of high protein in-
takes on kidney function in healthy women with normal renal status.
Research by Johnson et al. [54], showed protein intake as a possible
risk factor for progressive loss of remaining renal function in dialysis pa-
tients. Indeed, dietary protein restriction is a common treatment modality
for patients with renal disease [55,56] and practice guidelines exist re-
garding reduced dietary protein intakes for individuals with chronic renal
disease in which proteinuria is present [57]. The National Kidney Founda-
tion (NKF) has extensive recommendations with regard to protein intake,
which are a byproduct of the Dialysis Outcome Quality Initiative [58].
Again, it is important to note that these recommendations are not indicated
for individuals with normal renal function nor are they intended to serve
as a prevention strategy to avoid developing CKD. Despite the clarity of
these guidelines, their mere existence has resulted in concern regarding
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FIGURE 1: This figure is a plot of multivariate linear regression for change in estimated GFR according to quintile of total protein intake*
in participants with normal renal function (n = 1135). Data are taken from Knight et al., Ann Intern Med 2003 Mar 18;138(6):460-7 [53].
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the role of dietary protein in the onset or progression of renal disease in
the general population [59].

7.5 DIETARY PROTEIN AND RENAL DISEASE

Allen and Cope's observation that increased dietary protein induced re-
nal hypertrophy in dogs [60] led to speculation that dietary protein intake
may have deleterious effects on the kidney. Later research in the rat model
produced evidence supporting earlier observations from canine research
[61-63]. Recently, Hammond and Janes [64] demonstrated an independent
effect of increased protein intake on renal hypertrophy in mice. In this
study, changes in renal function (i.e., increased glomerular filtration rate
and renal hypertrophy) were observed.

Currently, a combination of hormonal interactions and renal processes
are thought to explain protein-induced hyperfiltration [65]. Increased glu-
cagon secretion in response to protein administration induced hyperfiltra-
tion [66] subsequent to a cascade of events referred to as the"pancreato-
hepatorenal cascade" [67]. It has been hypothesized that cAMP works in
concert with glucagon to mediate GFR [68]. To date, however, this hy-
pothesis has not been tested and other competing hypotheses suggest other
novel mechanisms of protein-induced hyperfiltration [69].

While the effect of hyperfiltration on renal function in those individu-
als with pre-existing renal disease is well documented [52], the application
of these observations to healthy persons with normal renal function is not
appropriate. To date, scientific data linking protein-induced renal hyper-
trophy or hyperfiltration to the initiation or progression of renal disease in
healthy individuals is lacking. The possibility that protein-induced chang-
es in renal function are a normal physiological adaptation to nitrogen load
and increased demands for renal clearance is supported by changes noted
in renal structure and function during pregnancy [70]. GFR increases by
as much as 65% in healthy women [8] during pregnancy, typically return-
ing to nonpregnant levels by three months postpartum [7]. Despite these
changes in renal function, pregnancy is not a risk factor for developing
CKD [6].
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The renal hypertrophy and accompanying improvements in renal
function in the contralateral kidney that occur subsequent to unilateral
nephrectomy also suggest these processes are an adaptive, and possibly
beneficial, response [5]. Studies show, despite prolonged hyperfiltration,
remnant kidney function remained normal and did not deteriorate during
long-term (> 20 yrs) follow-up in nephrectomized patients [9,10]. Thus,
compensatory hyperfiltration appears to be a biological adaptation to a
variety of renal challenges that is not associated with increased risk of
chronic kidney disease in healthy individuals.

7.6 THE BRENNER HYPOTHESIS

Perhaps the most consistently cited reference with regard to the poten-
tially harmful effects of dietary protein intake on renal function is that of
Brenner et al. [3]. In brief, the Brenner Hypothesis states that situations
associated with increased glomerular filtration and glomerular pressure
cause renal injury, ultimately compromise renal function, and potentially
increase the risk for or progression of renal disease. Brenner proposed that
habitual consumption of excessive dietary protein negatively impacted
kidney function by a sustained increased in glomerular pressure and renal
hyperfiltration [3]. Since the majority of scientific evidence cited by the
authors was generated from animal models and patients with co-existing
renal disease, extension of this relationship to healthy individuals with
normal renal function is inappropriate. Indeed, a relationship between in-
creased glomerular pressure or hyperfiltration and the onset or progression
of renal disease in healthy individuals has not been clearly documented in
the scientific literature. Rather, findings from individuals with compensa-
tory hyperfiltration during pregnancy and following unilateral nephrec-
tomy suggest otherwise [9].

The Modification of Diet in Renal Disease (MDRD) study was the
largest randomized multicenter, controlled trial undertaken to evaluate
the effect of dietary protein restriction on the progression of renal dis-
ease [71]. Several variables, including GFR, were measured in patients
with chronic renal disease at baseline and throughout the approximately
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2 year follow-up period. Patients with renal disease randomized to the
very low-protein diet group had slightly slower decline in GFR decline
compared with patients randomized to the low-protein diet group. Further
data analyses showed patients with lower total protein intake would have
a longer time to renal failure and suggested that a lower protein intake
postponed the progression of advanced renal disease. Using meta-analysis
to assess the efficacy of dietary protein restriction in previously published
studies of diabetic and nondiabetic renal diseases, including the MDRD
Study, Pedrini et al. concluded that the progression of both nondiabetic
and diabetic renal disease could be effectively delayed with restriction of
dietary protein [56]. Indeed, current clinical guidelines for the manage-
ment of patients with renal disease continue to be based on the prem-
ise that protein intake greater than that recommended or which results in
a renal solute load in excess of the kidney's excretory capabilities will
contribute to progressive renal failure in persons with compromised renal
function. However, of significance to this review, is the fact that impos-
ing these guidelines on healthy individuals with normal renal function is
overzealous given the current status of the scientific literature in this area.

7.7 DIETARY PROTEIN AND RENAL STRAIN

Concerns about level of dietary protein and renal function are often pre-
sented in public health guidelines [59]. In addition to the claims that high
protein intake causes renal disease, some studies have suggested that renal
function may be negatively affected by routine consumption of high pro-
tein diets [72-75]. Although high protein diets cause changes in renal func-
tion (i.e., increased GFR) and several related endocrine factors [1,76,77]
that may be harmful to individuals with renal disease [52,53], there is not
sufficient research to extend these findings to healthy individuals with
normal renal function at this time.

The lay public is often told that high protein diets "overwork" the kid-
ney and may negatively impact renal function over time [78]. In addition,
a number of highly regarded organizations appear to support this line of
reasoning [79] given the physiological processes required for excretion of
protein-related metabolic waste products to maintain homeostasis follow-
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ing consumption of protein at levels in excess of recommended amounts.
Increased consumption of dietary protein is linearly related to the produc-
tion of urea [80] and urea excretion is controlled by the kidney. These
processes are of significant energetic cost to the kidney and represent the
physiological "strain" associated with increased protein intake [81].

The word "strain" is misleading given its negative connotation. In
a press release [82], one group asserted that increased dietary protein
"strains" the kidney via increased urea production, and causes dehydration
and accumulation of blood urea nitrogen. This press release also suggested
that these events synergistically overwork the kidney and predispose hu-
mans to CKD. Scientific research is often misrepresented in this context.
Research from our laboratory [83] which is cited in the press release, does
not support these contentions. Rather, we found that habitual consumption
of a high protein diet minimally affected hydration indices. Changes in
total body water and renal function were not measured.

The concept that increased dietary protein leads to dehydration may
have originated from an unsubstantiated extension of a 1954 review of
the nitrogen balance literature [84]. This review focused on the design of
survival rations for military operations in the desert or at sea, when water
supply and energy intake are limited. Since the excretion of 1 gram of urea
nitrogen requires 40 — 60 mL of additional water, increased protein intakes
in the study translated into an increased water requirement (i.e., +250 mL
water per 6 grams of dietary nitrogen in a 500 Kcal diet) for excretion of
urea nitrogen. This increased fluid requirement is situation specific and is
not necessarily applicable to individuals whose calorie and water intakes
are adequate. Presently, we know of no studies executed in healthy in-
dividuals with normal renal function which demonstrate a clear relation
between increased dietary protein intake and dehydration or a detrimental
"strain" on the kidney. Therefore, claims that a high protein diet promotes
dehydration or adversely "strains" the kidney remain speculative.

7.8 EVIDENCE IN HEALTHY INDIVIDUALS

Although the efficacy of high protein diets for weight loss has been evalu-
ated, there have been no reports of protein-induced diminutions in renal
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function despite subject populations that are generally at risk for kidney
disease (e.g., dyslipidemia, obesity, hypertension) [14,15,22,85-87]. A
randomized comparison of the effects of high and low protein diets on
renal function in obese individuals suggested that high protein diets did
not present a health concern with regard to renal function their study popu-
lation [65]. In this study, 65 overweight, but otherwise healthy, subjects
adhered to a low or high protein diet for six months. In the high protein
group, both kidney size and GFR were significantly increased from that
measured at baseline. No changes in albumin excretion were noted for
either group and the authors concluded that, despite acute changes in renal
function and size, high protein intake did not have detrimental effects on
renal function in healthy individuals. Similar findings were recently re-
ported by Boden et al. [88] in a study of 10 subjects who consumed their
typical diet for 7 days followed by strict adherence to a high protein diet
for 14 days. No significant changes were noted in serum or urinary creati-
nine and albumin excretion, suggesting no ill-effects of a high protein diet
on renal function.

Athletes, particularly in sports requiring strength and power, consume
high levels of dietary protein [89,90]. In fact, many athletes habitually
consume protein in excess of 2.0 g/kg/day [91]. Supplementation with
amino acids will further increase dietary protein levels in these individu-
als [92]. Yet there is no evidence that this population is at greater risk for
kidney disease or losses in renal function [90]. Poortsmans and Dellalieux
[93] found that protein intakes in the range of ~1.4-1.9 g/kg/day or 170-
243% of the recommended dietary allowance did not impair renal function
in a group of 37 athletes. We found no data in the scientific literature to
link high protein intakes to increased risk for impaired kidney function in
healthy, physically active men and women.

7.9 DIETARY PROTEIN AND RENAL FUNCTION IN ANIMAL
MODELS

Although there is limited research regarding the long-term effects of high
protein intakes on renal function in humans, animal models have provided
insight into this quandary. Mammals fed acute and chronic high protein
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diets exhibit increases in GFR and renal blood flow [94]. These changes,
which are comparable to those observed in humans, led to the hypothesis
that high protein intakes are associated with progressive glomeruloscle-
rosis in the rat. Recently, Lacroix et al. [95] studied the effects of a diet
containing 50% protein on renal function in Wistar rats and noted no ab-
normalities in renal function or pathology. Collins et al. [96] also reported
no adverse effects of long-term consumption of high protein diets on renal
function when two years of a diet containing 60% protein failed to evoke
changes in the percentage of sclerotic glomeruli in rats. Robertson et al.,
[97] studied the effect of increased protein intake on hyperperfusion and
the progression of glomerulosclerosis in dogs that were 75% nephrecto-
mized. After four years of feeding diets that were either 56, 27 or 19%
protein, no association between diet and structural changes in the kidney
were observed.

To the best of our knowledge, there has been only one report of a po-
tentially toxic effect of excessive protein intake on renal function in the
rat. Stonard et al. [98] found a diet containing 33% protein produced tu-
bular damage in a specific strain of female rats. However, findings from
this study are limited by the fact that damage was induced by a bacterial
single-cell protein (Pruteen).

In summary, studies documenting high protein intake as a cause of re-
nal disease in any animal model have not been done. Rather, studies have
typically focused on the interaction between protein intake and renal func-
tion in the diseased state. As a result, findings from these investigations
should not be used as a basis for dietary recommendations for humans.
Studies designed to characterize the effects of dietary protein intake on
renal function in healthy subjects are warranted.

7.10 DIETARY PROTEIN AND KIDNEY STONES

The role of high protein diets in kidney stone formation has received
considerable attention. Excessive protein intake increases excretion of
potentially lithogenic substances such as calcium and uric acid [99,100].
Reddy et al. [101] noted that consumption of a high protein diet for
six weeks was associated aciduria and urinary calcium and claimed
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that this constituted increased risk of stone formation in ten healthy sub-
jects although none of the ten subjects developed renal stones. The severe
carbohydrate restriction imposed in this study may have increased keto-
acid production thereby contributing acid formation. Since consumption
of fruits and vegetables usually produces a marked base load [102], re-
striction of these foods subsequent to the diet intervention may have also
contributed to the net acid load.

Studies that claim an increased propensity for stone formation as a re-
sult of increased protein intake should be taken at face value because pro-
pensity is a surrogate marker and does not represent actual stone forma-
tion. Further, randomized control trials have not been done to test whether
an increased tendency for stone formation is enhanced with consumption
of a high protein diet.

Epidemiological studies provide conflicting evidence with regard to the
association between protein intake and the predisposition for kidney stone
formation. In a prospective study of over 45,000 men, researchers found a
direct correlation between animal protein intake and risk of stone forma-
tion [103]. However, findings in women are difficult to interpret due to con-
flicting reports in the literature. While some studies have shown a direct
relationship between animal protein intake and risk of stone formation in
women [104,105], other work suggests an inverse relationship exists [106].

Conflicting findings regarding the role of dietary protein in kidney
stone formation limit the development of universal guidelines with regard
to a recommended protein intake for individuals at increased risk for stone
formation [107]. It is not likely that diet alone causes kidney stone forma-
tion [108]. Rather, metabolic abnormalities are typically the underlying
cause [109]. For example, Nguyen et al. [110] found that high intakes of
animal protein adversely affected markers of stone formation in those af-
flicted with a stone causing disorder, while no changes were observed in
healthy individuals. It has been suggested that one must have a preexisting
metabolic dysfunction before dietary protein can exert an effect relative to
stone formation [108]. This notion has been coined the "powderkeg and
tinderbox" theory of renal stone disease by Jaeger [111]. This theory as-
serts that dietary excesses, such as high protein intake, serve as a tinderbox
which, only in tandem with a metabolic abnormality (the powderkeg), can
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bring about stone formation. At the present time, however, evidence show-
ing that a high protein intake is an inherent cause of this renal abnormality
or is consistently associated with increased kidney stone formation does
not exist.

7.11 CONCLUSION

Although excessive protein intake remains a health concern in individu-
als with pre-existing renal disease, the literature lacks significant research
demonstrating a link between protein intake and the initiation or progres-
sion of renal disease in healthy individuals. More importantly, evidence
suggests that protein-induced changes in renal function are likely a normal
adaptative mechanism well within the functional limits of a healthy kid-
ney. Without question, long-term studies are needed to clarify the scant
evidence currently available regarding this relationship. At present, there
is not sufficient proof to warrant public health directives aimed at restrict-
ing dietary protein intake in healthy adults for the purpose of preserving
renal function.
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CHAPTER 8

PHOSPHORUS AND NUTRITION IN
CHRONIC KIDNEY DISEASE

EMILIO GONZALEZ-PARRA, CAROLINA GRACIA-IGUACEL,
JESUS EGIDO, and ALBERTO ORTIZ

8.1 INTRODUCTION

Daily phosphorus ingestion is approximately 1200 mg, of which 950 mg
are absorbed. Around 29% of body phosphorus is located in bone, and
less than 1% is in the blood, which is the phosphorus that is quantified in
clinical practice. Most phosphorus (70%) is located intracellularly and is
interchangeable. Phosphorus is removed by two systems, the gastrointes-
tinal tract, (150 mg/day) and the urine (800 mg/day) [1]. Ingestion of phos-
phorus by an individual with normal renal function results in immediate
phosphaturia probably mediated by phosphatonins of intestinal origin [2].
A positive phosphorus balance recruits other phosphatonins. The first one,
faster and transient, is parathyroid hormone (PTH) and the second one,
slower and lasting, is Fibroblast Growth Factor 23 (FGF23).

Patients with renal impairment progressively lose the ability to ex-
crete phosphorus. Decreased glomerular filtration of phosphorus is ini-
tially compensated by decreased tubular reabsorption regulated by PTH
and FGF 23. This compensation leads to a normal urinary excretion of
phosphorus in 24 h and in maintenance of normal serum phosphorus [3].
However, the adequacy of 24 h urinary phosphorus excretion is difficult
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to interpret, since we do not know the phosphorus ingested, and, as renal
function deteriorates, a positive phosphorus balance results.

FGF23 is a 251 amino acid phosphatonin, which promotes phospha-
turia by decreasing phosphorus reabsorption through inhibition of Na/P
cotransporter type II activity in proximal tubules and by decreasing phos-
phorus absorption in the gut by inhibiting generation of active vitamin D
in proximal tubules through inhibition of renal 1 alpha hydroxylase. Re-
duced active vitamin D facilitates PTH secretion, which further promotes
renal phosphorus excretion [4-6]. FGF23 is released by bone generating
the concept of an osteo-renal axis for phosphorus balance control that has
changed traditional paradigms [4].

8.2 PROTEIN INTAKE AND PHOSPHORUS

There is a close relationship between protein and phosphorus intake
[7]. Proteins are rich in phosphorus so most of the scientific societ-
ies recommend reducing protein intake from early stages in patients
with chronic renal failure, to reduce the input of phosphorus. One gram
of protein has 13—15mg of phosphorus of which 30-70% is absorbed
through the intestine. Thus, an intake of 90 g of proteins a day results
in absorption of 600—700 mg of phosphorus daily. In hemodialysis the
net positive phosphorus balance in 48 hours is 1200-1400 mg/day, of
which dialysis only removes 500-600 mg/session. Thus, there are two
good reasons to restrict protein intake in chronic renal disease. On one
side, a low dietary protein content slows the progression of kidney
disease, especially in patients with proteinuria [8]. In addition,a pro-
tein-restricted diet decreases the supply of phosphorus, which has been
directly related with progression of kidney disease and with patient
survival. A restricted protein diet has additional advantages (Table 1).
In advanced chronic kidney disease (CKD) most guidelines recom-
mend a diet containing 0.6 to 0.8 g protein/kg/day based on meta-anal-
ysis demonstrating its efficacy [9]. This restriction is safe nutritionally
and metabolically [10].
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TABLE 1: Consequences of dietary protein restriction in advanced chronic kidney disease.

Reduces proteinuria.
Improves lipid control
Reduces uremic toxins and acids
Reduces oxidative stress
Improves insulin resistance

Reduces phosphorus load

After initiating dialysis the dietary protein intake should be increased.
Hemodialysis patients with higher protein intake have improved survival,
despite higher phosphorus intake [11]. In a post hoc analysis of the HEMO
study patients without dietary protein restriction have a better survival
than those eating a protein-restricted diet [ 12]. However, a high protein in-
take is associated with a high intake of phosphorus and the latter is associ-
ated with increased cardiovascular mortality. This relationship holds even
when adjusted for serum phosphorus, type and dose of phosphorus bind-
ers, and protein and energy intake [13]. For this reason an adequate protein
intake should be associated with a restriction of dietary phosphorus.

The Food and Nutrition Board of the Institute of Medicine recommends
a diet with 700 mg/day of phosphorus in healthy people, and 1250 mg/day
in children and pregnant women [14]. However, a lower intake is recom-
mended in the renal patient to reduce. The same recommendations advise
restricting food additives containing phosphorus.

8.3 PHOSPHORUS ABSORPTION AND PROTEIN OF DIFFERENT
ORIGINS

Phosphorus in foods is found in different forms. Organic phosphorus as-
sociates with proteins has a low absorption. By contrast absorption of inor-
ganic phosphorus found in additives and preservatives is very high, above
90%. A large amount of phosphate are added to foods as preservatives as
well as from common beverages such cola, with a high phosphate content
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[15]. However, organic phosphorus from plant protein has a lower absorp-
tion than phosphorus from animal protein, ranging from 40 to 50%. The
reason is that phosphorus from plants is in the form of phytates and mam-
mals lack phytases. Phosphorus in animal protein is in the form of organic
phosphate, which is readily hydrolyzed and absorbed [16].

In rats with slowly progressive renal failure fed a casein-based or a
grain-based protein diet, both of which with equivalent total phosphorus
contents had the same serum phosphorous levels. However, the casein-fed
animals had increased urinary phosphorus excretion and elevated serum
FGF23 compared to the grain-fed rats [17].

In a crossover trial 11 patients with CKD stages 3-4 ingested a diet
with animal or vegetable protein for 7 days. Animal protein intake in-
creased serum phosphorus and FGF23 more than vegetable protein intake
[18]. The simple recommendation is to reduce preservatives and additives
in the first place, favor foods rich in vegetables, reduce meat, and avoid
convenience foods.

However, not all animal proteins and vegetables have the same pro-
portion of phosphorus in their composition. There are tables and graph-
ics depicting the amount of phosphorus contained in various foods [19].
Adequate labeling of food requires showing the ratio of phosphorus (in
mg) to protein (in grams). The ratio ranges from <10 to >65 mg/g. Cheese
and soft drinks have a high ratio. This ratio is recommended by KDOQI
guidelines and has several advantages [19].

(a) It is independent of the portion of food served.

(b) It simultaneously represents the contribution of phosphorus, and
protein.

(¢) It draws attention to the phosphorus-rich foods, especially soft
drinks and additives and are not proteins.

However, this ratio does not provide information on the bioavailability
of phosphorus from different sources. Patients with CKD should be pre-
scribed a low phosphorus, low inorganic phosphorus and low phosphorus/
protein ratio diet, and with a proper protein content to improve the attrac-
tiveness of food.
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The Mediterranean diet, until recently widespread in Spain, has a low
phosphorous content and has been shown to reduce plasma homocysteine,
serum phosphorus, microalbuminuria, and cardiovascular risk [20]. Food
additives and preservatives are rich in phosphorus [21]. Additives account
for about 1000 mg/day of phosphorus on average in the American diet.
This amount is important in patients on hemodialysis [22]. Cheese and
soft drinks have a high content of phosphoric acid, in addition to a high
phosphorus-to-protein ratio [23].

Phosphorus intake is now a hallmark of poor quality food. Individuals
with lower socioeconomic status and a lower income have higher serum
phosphorus possibly due to the abuse of preprepared meals and fast food
containing additives [24].

8.4 LOW-PROTEIN DIET AND MALNUTRITION

The diet in patients with advanced-stage CKD has been controversial
throughout the history of Nephrology. CKD is associated with protein
calorie malnutrition [25]. A diet with a too low-protein content can favor
malnutrition and increase morbidity and mortality [7]. However a low-
protein diet can slow the progression of renal disease. While normoproteic
or high-protein diet may increase uremic symptoms and hyperphosphate-
mia. A delicate balance should be sought. A low-protein diet in CKD has
the following potential advantages (Table 1): decreases uremic symptoms
[11], improves phosphorus control [11], delays initiation of dialysis [9],
does not increase the risk of protein malnutrition if accompanied by es-
sential amino acid supplement [26], does not increase mortality in patients
with low-protein diet after starting dialysis [27], and protects against oxi-
dative stress which may aggravate progression of CKD [28].

In dialysis, protein intake should not be restricted despite a higher in-
take of phosphorus, since the risk of protein malnutrition and mortality
exceeds that of hyperphosphatemia [11]. When dialysis patients are pre-
scribed a low-protein intake, actual protein intake is frequently lower than
expected, possibly because of the difficulty in implementing the diet. Thus,
a recommended intake of 0.3—0.6 g/kg/day protein is estimated to result in



146 Clinical Nutrition

an actual intake of 0.48-0.84 g/kg/day [26, 29]. Implementation of a low-
protein diet requires a dedicated staff, with nurses, dietitians, and a close
monitoring by nephrologists. However, in hemodialysis patients net phos-
phorus balance on a normoproteic diet is positive even after deducting the
phosphorus removed during the dialysis session. Hemodialysis removes
800 mg phosphorus/session (2400 mg/week). Thus, a protein intake of 1 g/
kg BW/day as recommended will result in an estimated weekly net bal-
ance of phosphorus of 2000 mg.

Savica el al. suggest to the patients undergoing periodic HD that they
must ingest a quantity of protein of 1,2—1,4 gr per Kg of body weight in
the day and in other hand that they must ingest a quantity of phosphate
no more than 800mg per day. So 1,2-1,4gr of protein correspond to
1.450mg—1600 mg of phosphate and 800 mg of phosphate correspond to
0.6 mg per Kg b.w. per day. If the patients follow the suggestion to ingest
no more 800 mg of phosphate in the day they are at high risk for malnutri-
tion. In fact both dialysis treatment and phosphate binders are unable to
remove the phosphate ingested [15]. We report that 74% of CKD pts ingest
beverages and if we considere this evidence we can calculate a weekly net
positive balance of phosphate of about 2.800 mg. This weekly quantity of
phosphate is very dangerous for calcification in CKD pts [30].

The association between low-protein intake and increased mortality
in dialysis patients suggests that alternative methods are needed to reduce
phosphorus absorption, since high phosphorus is associated with mortal-
ity. There are two main alternatives. One is the use of specific nutritional
supplements high in energy and protein content, but low in phosphorus.
This diet allows maintaining an adequate nutritional status, without alter-
ing the serum phosphorus, and without need for higher phosphorus bind-
ers [31]. The second alternative is nutritional education of the patient. This
includes greater attention to additives and preservatives, to the contribu-
tion of phosphorus from different protein foods, so that the diet is based on
low phosphorus/protein ratio ingredients, as well as the proper and early
use of phosphorus binders [11].
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8.5 PHOSPHORUS BINDERS

In a major retrospective study patients treated with phosphorus binders
before entering dialysis and phosphate above 3.7 mg/dL, had a better long-
term survival than those in whom binders were initiated after initiation of
dialysis. Similar results were obtained when binder use in the first 90 days
of dialysis was compared with later initiation of binders [32]. The authors
speculated that the observation might be explained by modulation of direct
effect of phosphorus or compensatory mechanisms such as FGF23 on pa-
tient survival [33]. However, this reduction in mortality was not observed
in incident dialysis patients treated with calcium-containing binders, either
calcium acetate or calcium carbonate [34]. Phosphorus binders lower se-
rum phosphorus and also lower FGF23 levels. Indeed in early CKD bind-
ers may result in reduced FGF23 levels in the absence of changes in serum
phosphorus [35].

The purpose of therapy with usual phosphate binders is either to limit
the absorption of dietary phosphorous intake and to maintain phospha-
temia in normal range. Mostly of them act by binding phosphate in gut
and eliminating it in the stool. Authors have observed that the salivary
phosphorous ratio in hemodialysis patients is more than doubled com-
pared with healthy controls [36, 37]. Same authors have demonstrated that
salivary phosphate binders, like chitosan-loaded chewing gum, reduced
serum phosphate [38].

8.6 DIFFERENT EFFICACY AND TOLERANCE BETWEEN CAPTORS:
BINDING TO BILE SALTS

There are different phosphorus binders for clinical use, which have dif-
ferent binding power and side effects. In addition, the binding power and
side effects may differ between individuals and impact on efficacy [39].
The main side effects relate to digestive tolerance in around 15-20% of
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patients. [40, 41]. In case of intolerance, modification of the prescribed
binders may reduce the side effects and decrease the absorption of phos-
phorus. Lanthanum carbonate has been successfully used in controlling
hyperphosphatemia in patients with intolerance to other binders [42].

To better understand the causes of reduced efficiency and digestive
intolerance, we must understand the peculiarities of the digestive tract in
uremic patients. CKD patients frequently have intestinal dysbacteriosis,
which may be multifactorial [43] (Table 2).

TABLE 2: Causes of CKD patients intestinal dysbacteriosis.

Dialysis patients eat less fiber than healthy individuals, in part because dietary restrictions that
includes the reduction of fruit and vegetables to avoid an overload of potassium.

Uremia results in intestinal acidification.
Certain drugs, such as antibiotics and phosphate binders alter the intestinal flora.
Bowel dysfunction may cause constipation or increased intestinal transit time.

The metabolism and absorption of proteins is altered and this may lead to malnutrition.

Disbacteriosis promotes the release of products of bacterial metabo-
lism that may enter the blood and originate uremic toxins such as phenols,
indoles, and amines. Uremic toxins may contribute to an increased risk of
cardiovascular and bone disease.

Uremic patients may have a poor digestion and malabsorption of pro-
tein, carbohydrates, and fats [44]. Potential causes are bacterial overgrowth
or disorders of the exocrine pancreas or biliary function. Indeed, uremia is
associated with high plasma levels of peptides such as secretin, pancreatic
secretagogues and gastrin, and an abnormal composition of pancreatic se-
cretion, including low bicarbonate and amylase levels.

Some phosphate binders bind to bile salts. Ten out of 49 dialysis pa-
tients studied had bacterial overgrowth as assessed by the lactulose test,
and this was associated with dyspepsia [44]. Sevelamer exacerbated dys-
pepsia, but supplementation of oral pancreatic enzymes improved symp-
toms and the phosphate binder effectiveness. This highlights the inter-
action between intestinal dysbacteriosis, phosphate binder efficacy and
patient tolerance to the binder.
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Phosphorus binders binding to bile salts may interfere with soluble
molecules that require biliary salts for absorption. In this sense sevelamer
binding to bile salts results in reduced cholesterol absorption and lower
serum LDL-cholesterol and in reduced vitamin D absorption [45].

8.7 CONCLUSIONS

Phosphate overload and hyperphosphatemia have emerged as risk factors
for vascular calcification, cardiovascular mortality, left ventricular hy-
pertrophym and progression of chronic kidney disease. Normoprotein or
high-protein diet may increase uremic symptoms and hyperphosphatemia,
but low protein intake and increased mortality in dialysis patients suggests
that alternative methods are needed to reduce phosphorus absorption. An
adequate nutritional status includes greater attention to additives and pre-
servatives, to the contribution of phosphorus from different protein foods,
a diet based on low phosphorus/protein ratio ingredients as well as the
proper and early use of phosphorus binders.

REFERENCES

1. K. A. Hruska, S. Mathew, R. Lund, P. Qiu, and R. Pratt, “Hyperphosphatemia of
chronic kidney disease,” Kidney International, vol. 74, no. 2, pp. 148157, 2008.

2. T Isakova, O. M. Gutierrez, Y. Chang et al., “Phosphorus binders and survival on
hemodialysis,” Journal of the American Society of Nephrology, vol. 20, no. 2, pp.
388-396, 2009.

3. L. Craver, M. P. Marco, I. Martinez et al., “Mineral metabolism parameters through-
out chronic kidney disease stages 1-5—achievement of K/DOQI target ranges,” Ne-
phrology Dialysis Transplantation, vol. 22, no. 4, pp. 1171-1176, 2007.

4. J. Danziger, “The bone-renal axis in early chronic kidney disease: an emerging para-
digm,” Nephrology Dialysis Transplantation, vol. 23, no. 9, pp. 2733-2737, 2008.

5. F. Takemoto, T. Shinki, K. Yokoyama, et al., “Gene expression of vitamin D hy-
droxylase in the remnant kidney of nephrectomized rats,” Kidney International, vol.
71, pp. 31-38, 2003.



150

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Clinical Nutrition

J. B. Wetmore and L. D. Quarles, “Calcimimetics or vitamin D analogs for sup-
pressing parathyroid hormone in end-stage renal disease: time for a paradigm shift?”
Nature Clinical Practice Nephrology, vol. 5, no. 1, pp. 24-33, 2009.

D. Fouque, S. Pelletier, D. Mafra, and P. Chauveau, “Nutrition and chronic kidney
disease,” Kidney International, vol. 80, pp. 348-357, 2011.

A.S. Levey, T. Greene, G. J. Beck et al., “Dietary protein restriction and the progres-
sion of chronic renal disease: what have all of the results of the MDRD study shown?
Modification of diet in renal disease study group,” Journal of the American Society
of Nephrology, vol. 10, no. 11, pp. 2426-2439, 1999.

D. Fouque and M. Laville, “Low protein diets for chronic kidney disease in non
diabetic adults,” Cochrane Database of Systematic Reviews, no. 3, Article ID
CD001892, 2009.

J. Bernhard, B. Beaufrére, M. Laville, and D. Fouque, “Adaptive response to a low-
protein diet in predialysis chronic renal failure patients,” Journal of the American
Society of Nephrology, vol. 12, no. 6, pp. 1249-1254, 2001.

C. S. Shinaberger, S. Greenland, J. D. Kopple et al., “Is controlling phosphorus
by decreasing dietary protein intake beneficial or harmful in persons with chronic
kidney disease?” The American Journal of Clinical Nutrition, vol. 88, no. 6, pp.
1511-1518, 2008.

K. E. Lynch, R. Lynch, G. C. Curhan, and S. M. Brunelli, “Prescribed dietary phos-
phate restriction and survival among hemodialysis patients,” Clinical Journal of the
American Society of Nephrology, vol. 6, no. 3, pp. 620-629, 2011.

N. Noori, K. Kalantar-Zadeh, C. P. Kovesdy, R. Bross, D. Benner, and J. D. Kopple,
“Association of dietary phosphorus intake and phosphorus to protein ratio with mor-
tality in hemodialysis patients,” Clinical Journal of the American Society of Ne-
phrology, vol. 5, no. 4, pp. 683-692, 2010.

Food and Nutrition Board, “Phosphorus,” in Dietary Reference Intakes: Calcium,
Phosphorus, Magnesium, Vitamin D and Fluoride, pp. 146—189, edited by Institute
of Medicine, National Academy Press, Washington, DC, USA, 1997.

V. Savica, G. Bellinghieri, and L. A. Calo, “Association of serum phosphorus con-
centration with cardiovascular risk,” American Journal of Kidney Diseases, vol. 54,
no. 2, p. 389, 2009.

M. Fukagawa, H. Komaba, and K. 1. Miyamoto, “Source matters: from phosphorus
load to bioavailability,” Clinical Journal of the American Society of Nephrology,
vol. 6, no. 2, pp. 239-240, 2011.

S. M. Moe, N. X. Chen, M. F. Seifert et al., “A rat model of chronic kidney disease-
mineral bone disorder,” Kidney International, vol. 75, no. 2, pp. 176-184, 2009.

S. M. Moe, M. P. Zidehsarai, M. A. Chambers et al., “Vegetarian compared with
meat dietary protein source and phosphorus homeostasis in chronic kidney disease,”
Clinical Journal of the American Society of Nephrology, vol. 6, no. 2, pp. 257264,
2011.



Phosphorus and Nutrition in Chronic Kidney Disease 151

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

K. Kalantar-Zadeh, L. Gutekunst, R. Mehrotra et al., “Understanding sources of di-
etary phosphorus in the treatment of patients with chronic kidney disease,” Clinical
Journal of the American Society of Nephrology, vol. 5, no. 3, pp. 519-530, 2010.
A. De Lorenzo, A. Noce, M. Bigioni et al., “The effects of Italian Mediterranean
Organic Diet (IMOD) on health status,” Current Pharmaceutical Design, vol. 16, no.
7, pp- 814-824, 2010.

C. Sullivan, S. S. Sayre, J. B. Leon et al., “Effect of food additives on hyperphospha-
temia among patients with end-stage renal disease: a randomized controlled trial,”
JAMA, vol. 301, no. 6, pp. 629635, 2009.

J. Uribarri, “Phosphorus additives in food and their effect in dialysis patients,” Clini-
cal Journal of the American Society of Nephrology, vol. 4, no. 8, pp. 1290-1292,
2009.

M. Karalis and L. Murphy-Gutekunst, “Patient education. Enhanced foods: hidden
phosphorus and sodium in foods commonly eaten,” Journal of Renal Nutrition, vol.
16, no. 1, pp. 79-81, 2006.

O. M. Gutiérrez, C. Anderson, T. Isakova et al., “Low socioeconomic status associ-
ates with higher serum phosphate irrespective of race,” Journal of the American
Society of Nephrology, vol. 21, no. 11, pp. 1953-1960, 2010.

L. de Brito-Ashurst, M. Varagunam, M. J. Raftery, and M. M. Yaqoob, “Bicarbon-
ate supplementation slows progression of CKD and improves nutritional status,”
Journal of the American Society of Nephrology, vol. 20, no. 9, pp. 2075-2084, 2009.

M. Aparicio, P. Chauveau, V. De Précigout, J. L. Bouchet, C. Lasseur, and C. Combe,
“Nutrition and outcome on renal replacement therapy of patients with chronic renal
failure treated by a supplemented very low protein diet,” Journal of the American
Society of Nephrology, vol. 11, no. 4, pp. 708-716, 2000.

G. Brunori, B. F. Viola, G. Parrinello et al., “Efficacy and safety of a very-low-
protein diet when postponing dialysis in the elderly: a prospective randomized mul-
ticenter controlled study,” American Journal of Kidney Diseases, vol. 49, no. 5, pp.
569-580, 2007.

E. Peuchant, M. C. Delmas-Beauvieux, L. Dubourg et al., “Antioxidant effects of a
supplemented very low protein diet in chronic renal failure,” Free Radical Biology
and Medicine, vol. 22, no. 1-2, pp. 313-320, 1997.

F. Locatelli, D. Alberti, G. Graziani, G. Buccianti, B. Redaelli, and A. Giangrande,
“Prospective, randomised, multicentre trial of effect of protein restriction on pro-
gression of chronic renal insufficiency. Northern Italian Cooperative Study Group,”
The Lancet, vol. 337, no. 8753, pp. 1299-1304, 1991.

L. A. Calo, V. Savica, P. A. Davis, et al., “Phosphate content of beverages in addition
to food phoaphate additives :real and insidious danger for renal patients,” Journal of
Renal Nutrition, vol. 22, no. 2, pp. 292-293, 2012.

D. Fouque, J. McKenzie, R. de Mutsert et al., “Use of a renal-specific oral sup-
plement by haemodialysis patients with low protein intake does not increase
the need for phosphate binders and may prevent a decline in nutritional status



152

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Clinical Nutrition

and quality of life,” Nephrology Dialysis Transplantation, vol. 23, no. 9, pp.
2902-2910, 2008.

T. Isakova, O. M. Gutiérrez, Y. Chang et al., “Phosphorus binders and survival on
hemodialysis,” Journal of the American Society of Nephrology, vol. 20, no. 2, pp.
388-396, 2009.

O.M. Gutiérrez, M. Mannstadt, T. Isakova et al., “Fibroblast growth factor 23 and
mortality among patients undergoing hemodialysis,” The New England Journal of
Medicine, vol. 359, no. 6, pp. 584-592, 2008.

W. C. Winkelmayer, J. Liu, and B. Kestenbaum, “Comparative effectiveness of
calcium-containing phosphate binders in incident U.S. dialysis patients,” Clinical
Journal of the American Society of Nephrology, vol. 6, no. 1, pp. 175-183, 2011.

E. Gonzalez-Parra, M. L. Gonzalez-Casaus, A. Galan et al., “Lanthanum carbonate
reduces FGF23 in chronic kidney disease Stage 3 patients,” Nephrology Dialysis
Transplantation, vol. 26, no. 8, pp. 2567-2571, 2011.

G. Bellinghieri, D. Santoro, and V. Savica, “Emerging drugs for hyperphosphate-
mia,” Expert Opinion on Emerging Drugs, vol. 12, no. 3, pp. 355-365, 2007.

V. Savica, L. A. Calo, D. Santoro et al., “Salivary glands: a new player in phosphorus
metabolism,” Journal of Renal Nutrition, vol. 21, no. 1, pp. 39—42, 2011.

V. Savica, L. A. Calo, P. Monardo et al., “Salivary phosphate-binding chewing gum
reduces hyperphosphatemia in dialysis patients,” Journal of the American Society of
Nephrology, vol. 20, no. 3, pp. 639-644, 2009.

J. T. Daugirdas, W. F. Finn, M. Emmett, G. M. Chertow, and Frequent Hemodialysis
Network Trial Group, “The phosphate binder equivalent dose,” Seminars in Dialy-
sis, vol. 24, no. 1, pp. 41-49, 2011.

J. Delmez, G. Block, J. Robertson et al., “A randomized, double-blind, crossover
design study of sevelamer hydrochloride and sevelamer carbonate in patients on
hemodialysis,” Clinical Nephrology, vol. 68, no. 6, pp. 386-391, 2007.

W. F. Finn, M. S. Joy, and LAM-308 Study Group, “A long-term, open-label exten-
sion study on the safety of treatment with lanthanum carbonate, a new phosphate
binder, in patients receiving hemodialysis,” Current Medical Research and Opinion,
vol. 21, no. 5, pp. 657-664, 2005.

W. L. Chan, K. Rounsley, E. Chapman et al., “Lanthanum carbonate is an effec-
tive hypophosphatemic agent for hemodialysis patients intolerant of other phosphate
binders,” Journal of Renal Nutrition, vol. 20, no. 4, pp. 270-277, 2010.

P. Evenepoel, B. K. I. Meijers, B. R. M. Bammens, and K. Verbeke, “Uremic tox-
ins originating from colonic microbial metabolism,” Kidney International, vol. 76,
supplement 114, pp. S12-S19, 2009.

A. Aguilera, M. A. Bajo, M. Espinoza et al., “Gastrointestinal and pancreatic func-
tion in peritoneal dialysis patients: their relationship with malnutrition and perito-
neal membrane abnormalities,” American Journal of Kidney Diseases, vol. 42, no.
4, pp. 787-796, 2003.



Phosphorus and Nutrition in Chronic Kidney Disease 153

45. D. Pierce, S. Hossack, L. Poole et al., “The effect of sevelamer carbonate and lan-
thanum carbonate on the pharmacokinetics of oral calcitriol,” Nephrology Dialysis
Transplantation, vol. 26, no. 5, pp. 1615-1621, 2011.

This chapter was originalty published under the Creative Commons Attribution License. Gonzales-Parra,
E., Garcia-Iguacel, C., Egido, J., and Ortiz, A. Phosphorus and Nutrition in Chronic Kidney Disease.
International Journal of Nephrology, vol. 2012, Article ID 597605.doi:10.1155/2012/597605.






PART Il

DIETARY TREATMENTS FOR OBESITY
AND TYPE 2 DIABETES






CHAPTER 9

KETOGENIC ENTERAL NUTRITION AS
A TREATMENT FOR OBESITY: SHORT
TERM AND LONG TERM RESULTS
FROM 19,000 PATIENTS

GIANFRANCO CAPPELLO, ANTONELLA FRANCESCHELLI,
ANNALISA CAPPELLO, and PAOLO DE LUCA

9.1 BACKGROUND

Obesity is a 21st century epidemic, and its relentless spreading is due to
many different reasons. One reason is that the classic treatment, a long
term hypocaloric diet, is unsuited to the spirit of our century that always
aims for fast results. Dieters want instant weight loss and do not want to
lose “only” a few pounds each week. Finding a fast and safe weight loss
treatment could be the crucial battle to win in the war on obesity.

We know that weight loss is a consequence of negative caloric balance
and the more negative the caloric balance the more rapid the weight reduc-
tion will be. Given this logic, total fasting should be the most rapid way to
lose weight but it is impractical for two reasons:
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1. It would cause extreme hunger [1].

2. It would entail loss of lean body mass (LBM), which can be unsafe
for the patient [2]. Total fasting also causes neutropenia [3], lowers
renal creatinine clearence [4] and increases levels of serum biliru-
bin [5]. The total nitrogen loss after 3 to 4 weeks of total starvation
would be approximately 200 g, corresponding to 1,250 g of protein
and equivalent to a loss of some 6kg of muscle tissue [6,7]. The
obese patient will lose body mass in the wrong places (e.g. thighs,
limbs, chest) generating a cachectic appearance. Furthermore he
will rapidly regain all the lost weight as the body works to rebuild
its LBM [8]. Thus, optimal weight loss must be achieved through
reducing fat mass.

An important experiment by Blackburn and colleagues in 1973 [9]
demonstrated that, during fasting, a continuous intravenous infusion of an
amino acid solution could greatly reduce protein loss. Because the treat-
ment was able to totally prevent loss of LBM during fasting, it was said
to have a protein sparing (PS) effect. Blackburn explained the PS effect
through the action of insulin, the main regulator of energetic fuels, by
reasoning that the infusion of amino acids during fasting reduced insulin
levels and therefore prevented muscle catabolism while at the same time a
strong lipolytic effect was promoted with high serum ketone bodies (KB)
[10]. Increased serum KB will not harm the patient because high serum
KB will eventually increase insulin secretion, modulating the lipolytic ef-
fect [11,12]. Furthermore high serum KB will reduce or eliminate hunger
[13,14].

Blackburn et al. immediately realized the importance of the PS effect
for the treatment of obesity. They invented a very low calorie protein diet
[15], the protein sparing modified fast (PSMF), but their subsequent stud-
ies on obese patients were based on an oral protein diet which had two
main drawbacks: (1) glucose intake could not be reduced to zero and (2)
protein intake stopped during the night. Normally overnight fasting does
not entail muscle catabolism because hepatic glycogen sustains the pa-
tient’s energy requirement [16-18], but after one day of a high protein
diet glycogen deposits are greatly reduced [16] and overnight fasting will



Ketogenic Enteral Nutrition as a Treatment for Obesity 159

entail muscle catabolism. As a result the lipolytic effect of the PSMF is
reduced and many weeks of the diet are needed to obtain a 10% weight
loss [15].

To add to the concerns about the PSMF, it was reported that the diet
was suspected of causing severe cardiac arrhythmias [19-23]. A loss of
cardiac protein content was supposed to be the mechanism the cardiac
complications [24]. Other researchers [19,25,26] attributed the effect to
the low quality of protein used in the PSMF, however the diet is thought to
be safe for treatments not longer than 10 days [22,23].

Around the time of the original report published by Blackburn and col-
leagues, our Nutrition Unit at the University of Rome was using a PS diet
(via 24h 1V infusion of strictly amino acids, minerals and vitamins) on our
obese surgical patients. While the aim of our treatment was to improve our
surgical results, we also noted that we confirmed Blackburn et al.’s find-
ings with regards to weight loss [27].

In the 1980s, when enteral nutrition took the place of parenteral nutri-
tion, we had the same results with a 24 h enteral infusion of a solution of
only proteins, electrolytes and vitamins. Those results were not published.
Enteral protein sparing was generally used for obese patients who needed
nutritional support for postoperative complications or acute pancreatitis.
Obesity was never the main indication for the enteral protein sparing treat-
ment. They were all hospitalized patients. Nitrogen balance showed an
acceptable level of nitrogen losses and blood samples showed good toler-
ance of the treatment with normal blood urea and electrolyte levels. No
cardiac complications were ever documented.

Six years ago the young, obese daughter of one of our enteral protein
sparing patients (with a postoperative colon fistula) asked to be treated
only for her obesity. She underwent a home treatment and lost 15kg of
weight. Since then, thousands of patients have come to the University of
Rome from all over Italy to be treated and they had all heard of us only by
word of mouth. They signed a formal consent and were given a standard
apparatus for enteral nutrition (a small nasogastric tube and a portable
pump) for a 24 h infusion of protein to be administered in cycles of 10 days.

In a preliminary study we found that the infusion of 50-65 g/day of
high biological value protein (whey protein) caused a mild ketonemia
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(100-120mg%), eliminated hunger and greatly reduced the loss of lean
body mass while patients were losing weight rapidly. We named this ap-
proach Ketogenic Enteral Nutrition (KEN).

The aim of this study is to determine the feasibility of KEN therapy for
a large population of overweight or obese patients and to assess its clinical
results from a retrospective analysis of the records of all patients who un-
derwent at least one cycle of KEN treatment. We also wanted to compare
the results from KEN treatment to the results from other PSMF studies in
which protein intake was given orally and was suspended during the night.
Long term results have been as well investigated.

9.2 METHODS

The study was performed at the University La Sapienza in Rome within
the Clinical Nutrition Service (CNS) of the Department of Surgery Paride
Stefanini and included overweight and obese patients who did not have
success with previous dietetic treatments for obesity.

Patients with type 1 diabetes, renal failure, heart failure, hepatic fail-
ure, history of severe cardiac arrhythmias, severe eating disorders or who
were pregnant or lactating were excluded. Young patients under 14 were
included only if their body mass index (BMI) was over 40 and they had
undergone a series of dietary treatments without success. The patients
were self-referred and each patient had to sign an informed consent release
before the beginning of the treatment. The procedures were in accordance
with the Helsinki Declaration of 1975 (as revised in 1983).

In a period of 5 years (from 2006 to 2011) 19,036 patients underwent at
least one cycle of KEN treatment. The patients’ ages varied from 10 to 78
(average 44.3 years). The male:female ratio was 2:5. The average weight
at the start of the treatment was 101.4kg, and was higher for men than
women (118.9kg vs 94.9kg, respectively). The mean BMI was 36.5 kg/m?
(in the limit for class 1 and class 2 of obesity) and was also higher in men
than women (38.2 vs 35.8, respectively).

Each patient came to the CNS and received a medical checkup before
the beginning of treatment and a 50 Hz impedance test for body composi-
tion analysis (Handy 3000; DS Medica, Italy). The body composition was
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FIGURE 1: 6-French polyurethane tubes are almost invisible and very well tolerated.
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calculated by a computerized program which was provided by the manu-
facturer, according to the three-compartment model [28].

As shown in Table 1 at the start of the treatment men had a very high
body cell mass (BCM; 42.7kg vs 27.4) while the average fat mass (FM)
was 40.9kg and did not differ between men and women (40.0kg vs 41.7).

TABLE 1: Patients’ baseline data before KEN (n=19,036)

Total M F

Cases 19,036 5,148 13,888
Age 443 +£13.0 447+124 442 +13.2
Initial weight (kg) 101.4+229 118.9+22.9 949+19.2
BMI (kg/m?) 36.5+7.1 38.2+6.8 358+7.1
BCM (kg) 31.6+8.7 427+72 274+46
FM (kg) 40.9 +12.8 40.0£12.6 41.7+12.8
TBW (kg) 43.5+10.9 57.4+9.2 38.3+5.7

Table 1 shows the average age, weight and body composition of the patients before the
start of the KEN treatment. (BCM, body cell mass; FM, fat mass; TBW, total body water).

A 6-fr polyurethane tube was inserted through the nose (Figure 1). The
tube was held in place on the patient’s cheek and ear by transparent tape.

The patients were given an enteral portable pump and a short course
to educate them about its use and about the basics of KEN. The infusion
rate was regulated to provide, on a continuous, 24 h daily infusion, 21 of
fluid and a dose of 50 g of protein (K1000®, Table 2) for women and 65 g
for men (resulting in an average dose of 0.85 g/kg of ideal body weight in
women and 0.89 g/kg in men) and 13—17 mEq of potassium.

Each patient received, in addition, a supplement providing the RDA
[29] for all vitamins and essential minerals. They were also given a 50 g
dose of polyethylene glycol to be taken on the first, fourth and seventh
days of treatment in order to increase intestinal motility and to make up for
the absence of fibers in the protein solution.

The KEN cycles were domiciliary and a medical doctor (MD) was
available by telephone 24 h/day.

To ensure continuous ketosis during the treatment, the patients had to
stop feeding. They were allowed to drink as much as they wanted, however
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they were only allowed to drink water, tea, coffee and chamomile tea with-
out sweeteners.

During the cycle the patients were given a diary to monitor weight,
feeling of hunger (on a visual scale from 1 to 10) and ketonuria (Ketur
test, Roche, Italy).

TABLE 2: (g%) Composition of the nutrition powder (K1000®)

Proteins 90.0
Carbohydrates 1.80
Fats 0.80
Calcium 0.40
Potassium 1.00
Phosphorus 0.20
Sodium 0.10
Magnesium 0.05

Table 2 Composition of K1000® (Nutrimed 2000 srl, Italy), the nutrition feed used for
the KEN, made of whey proteins enriched with potassium chloride, lecithin and bovine
hydrolyzed collagen.

Hypertensive patients were suggested to stop their usual medication
to avoid symptomatic hypotension that was described by other authors
during PSMF [30,31]. They had to monitor their blood pressure daily and
contact the MD in case of increased blood pressure.

As in other PSMF studies [32], diabetic patients were asked to suspend
their usual medications to avoid hypoglycemia. They were also asked to
monitor glycemia 3 times a day and to contact the MD in case of blood
glucose >160mg%. Stopping or reducing the medications did not cause
any trouble, because KEN treatment rapidly reduces hypertension and
hyper-glycaemia. Many times we had to discuss this matter with the phy-
sicians of our patients.

Patients affected by gout and/or hyperuricemia were supplied with
daily doses of allopurinol.

After each KEN cycle, patients returned to the CNS for tube removal,
to report all treatment data (including daily evaluation of hunger level on
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a 1 to 10 visual scale, body weight and ketonuria) and to undergo another
impedance test for body composition evaluation.

Each patient was free to choose the number of KEN cycles he or she
wanted to undergo. If the patient wanted to undergo another treatment
cycle they were first given a rest period of at least 10 days during which
they were advised to follow a low—carbohydrate, normocaloric diet.

They were domiciliary patients and it was impossible to schedule from
the start of treatment the number of cycles each patient had to undergo. We
just told to each patient his ideal body weight and informed him of the risk
of been obese or overweight.

All patients during the 5-year period of this study underwent 1 to 21 cy-
cles of KEN treatment (an average of 2.54+0.03). The total duration of
treatment time from the first 10-day KEN cycle to the last, including vari-
able-length rest periods (some patients came for a new cycleyears later)
lasted from 9 to 1400 days (mean 68+96).

Long term results data were collected by a telephone survey which
were assessed by nurses.

9.3 RESULTS

Table 3 shows the final results. The male patients lost a mean of 11.9kg of
weight which corresponded to 9.96% of initial body weight. Women also
lost about 10% of initial body weight.

The body composition analysis performed before and after treatment
showed that 57% of weight loss was came from FM and 22% came from
BCM.

No technical complications were reported during the introduction of
over 50,000 nasogastric tubes in a 5-year period; neither were there any
metabolic complications due to ketonemia or electrolyte imbalances.

Ketonuria was observed in most patients by the 2nd day of the KEN
treatment and increased within 2-3 days to 100-120mg%. Commonly the
ketonuria was accompanied by moderate halitosis, however this did not
prevent the patients from carrying out normal daily activities.
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TABLE 3: Body Composition changes after treatment with KEN in male and female
patients (¥*P<0.0001. Student paired t-test)

Weight and body composition changes after KEN treatment (n=19,036)
Total ~ Variation=SD M Variation+ SD  F Variation = SD

Body weight (kg) 912  —102+7.0%  107.0 —11.9+7.9% 854  —9.5+6.5%

BMI (kg/m?) 328  -3.7+£2.5* 343 —3.9+2.6% 322 —3.6+2.5%
BCM (kg) 294 -22%+£33* 397  -3.0+4.2* 256  —1.8+2.8%*
TBW (kg) 40.1  -34*£28*% 527  —47+3.5% 353 —3.0+3.4*
FM (kg) 3501 -5.8*+£55% 343  —57+6.0* 359  —5.8+52*

By the 5th day of treatment 24% of patients reported a strong sense of
asthenia, even if they had normal blood pressure levels. By the end of the
treatment, 12% of patients reported a mild sense of hunger.

Nearly one quarter (22%) of the patients were diabetic and receiving
treatment for their condition at the start of treatment. As was observed by
other authors [32], 92% of the diabetics in our study also had to suspend
their medications during the treatment periods because the lack of carbo-
hydrate in the nutritional solution was sufficient to lower their glycaemia
on its own. Of these patients who suspended anti-diabetic therapy, 22%
reported glucose values as low as 60 mg/dL. However, no cases of clinical
hypoglycemia were reported neither was glucose supplementation needed.

Reduced hypertension during PSMF has been reported previously
[30,31]. Similarly, in our study only 20% of the hypertensive patients who
had suspended their medications during the treatments needed to resume
their medications afterwards, and even then they needed a lower dose.

Complications of KEN:

Asthenia 24%

Mild sense of hunger 12%

Constipation (need to increase Macrogol) 5%

Problems with the pump 4%

Damage of the external part of the tube (e.g. shaving) 2%
Gastric hypersecretion 2%

SNk L=
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7. Nausea and vomiting 1%

8. Intolerance to the nasal tube 0.03%

9. Ulcerations or bleeding due to the tube not observed

10. Breakage of the tube in esophagus or in the stomach not observed
11. Perforation or bleeding of the stomach not observed

9.3.1 LONG TERM RESULTS

After the last KEN cycle (after 31-1882days, average 408+309 days)
15,444 patients could be reached by telephone. We found that 55 patients
had undergone bariatric surgery, which is not surprising since many pa-
tients had been referred to us for preparation prior to bariatric surgery
because a preoperative loss of weight causes an improvement of cardio-
vascular and thromboembolic risk factors [33]. Regardless these individu-
als were excluded from the survey. All the other patients had regained an
average of 1.57+7.15kg of body weight (15.4% of the mean weight loss).
38.9% of patients presented a variation of £3% and we can consider that
they maintained their weight loss, 36.9% gained weight (sometimes to a
value higher than the weight they had before the KEN treatment) while
24.1% lost more weight because they were able to return to their sporting
activities.

9.4 DISCUSSION

It is insightful to compare the results of this study with other PSMF stud-
ies in which protein was given by mouth. In one study [15], weight loss
after 17 weeks of treatment was 21kg versus 10.2kg in 3.5weeks in the
present study. Another smaller study [34] found results are closer to ours:
15 patients lost 14.4kg after 6 weeks of PSMF with lactalbumin-derived
protein dosed at 60 g/day. In a third study [35], patients lost around 8 kg in
4weeks on either a lean meat, fish, and fowl diet of 450kcal or an isoca-
loric high-protein liquid diet. None of the studies reported any significant
clinical complications. The last study [35] found that the liquid formula
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diet was less palatable than the whole food diet. In contrast we found that
our patients were able to lose more weight in less time, likely due to the
fact that using a 24 h infusion we could further reduce protein (caloric)
intake while sparing lean mass.

The KEN diet is a well tolerated treatment that produces very rapid
weight loss and gives the patient a psychological boost because he/she
sees immediate results. This enthusiasm gives the patient the resolve to
continue with the treatment. Remember the thousands of patients that
came to us to undergo treatment were not responding to any advertise-
ments, rather they had heard of us by word of mouth.

Another benefit of the KEN treatment is that it is a low-cost treatment.
Investments in the procedure include a 3-h course covering the principles
of the treatment to new patients, scales, stadiometers, impedance apparati
and pumps are relatively inexpensive. Therefore, as all patients stop eating
for 10 days, we can say to them that the treatment will cost about the same
amount as eating their normal diet for 10 days.

A 6-fr nasogastric tube is very well tolerated; patients get used to sen-
sation within 10minutes after insertion and no longer feel its presence.
Only a very small percentage of patients (0.03%) decided to stop treatment
when the tube was placed through the nose. In no cases did the tube cause
ulceration or bleeding, nor was there any breakage in the esophagus or
stomach. However, in some cases the external part of the tube was dam-
aged by the patients themselves when trying to shave or when trying to
replace the tape using scissors. All these problems were solved by replac-
ing the tube itself.

We have assumed that the nasal intubation and the pump are essential
to the success of our treatment for controlling the intake of proteins during
both day and night and for reducing the catabolism of lean mass. While
this assumption should be tested in a double blind study, our results still
show that the KEN diet is more effective in promoting weight loss than
the PSMF diet and reducing the length of treatment to 10 days prevents the
risk of cardiac complications [19-23].

Prof. Jay Mirtallo, President of the American Society for Parenteral
and Enteral Nutrition, recently wrote a letter to the New York Times [36]
about the nasogastric tube for KEN treatment saying that “to report on
someone using this medical therapy as a weight loss method detracts
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from the health benefit achieved by patients with very severe diseases”.
We agree with him—enteral nutrition therapy is normally used to feed
malnourished patients who are unable to eat food by mouth for various
reasons (e.g. dysphagia, cancer) and its utilization has a very important
therapeutic value. However, in our experience, extending the use of the
nasal tube to obese patients did not in any way impair the use of enteral
therapy in malnourished patients. To the contrary, in Italy we noticed that,
after thousands of patients began asking for the therapy as a treatment for
obesity, the number of malnourished patients asking for the tube as a life
support doubled. We think this is likely because they were able to observe
how a high quality of life can be maintained during the treatment, and
that it is not a big deal to have a small tube in your nose. Furthermore we
think the application of enteral therapy in the obese opens new possibili-
ties in healthcare, as worldwide there are the millions of obese patients
who could benefit from this treatment, vastly outnumbering the thousands
of people with cancer or neurologic dysfunction that require a nasal tube.

With regard to the complications of KEN treatment including asthenia
and mild lightheadedness, which have also been reported with the PSMF
diet [15], the symptoms were easily relieved by increasing salt intake [15].

Gastric hypersecretion was present as acid reflux or pyrosis in 2%
of patients during KEN. This effect could be due to the protein infusion
[37,38] or it could be connected with the mild metabolic acidosis [39] that
occurs in ketonemic diets [40]. Constipation is also commonly reported
during ketonemic diets [15,40], probably due to the lack of fibers in the
protein solution. This issue can be resolved by increasing polyethylene
glycol (PEG) administration.

Nausea and vomiting has been reported also in another study [15], and
they are probably in response to the gastric hypersecretion caused by the
ketonemia or by rapid intake of PEG. It is a rare complication but concern-
ing because it can lead to expulsion of the nasal tube which then has to be
re-inserted.

KEN treatment is not an option for long-term dieting because it con-
tains 0% carbohydrates and 0% lipids. Rather, KEN is suitable as a 10-
day controlled period of starvation during which the protein sparing effect
of the continuous infusion of protein allows a fast and safe reduction of
weight. Although the weight loss is still 22% BCM, this is to be expected
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given that the obese and overweight patients show elevated BCM before
the start of treatment. This has been confirmed by other authors [41] and
a minor loss of BCM is not significant. In future studies we will modulate
the protein infusion with respect to the impedance analysis in the aim of
reducing BCM loss and of increasing FM loss from their current levels.

Losing 4kg of fat mass means burning 36,000 calories in 10days. In
other words, to lose 1kg of fat an individual would need to walk for 75 km
[4]2. We tell our patients to live an active life, to maintain their normal
daily activities in spite of the presence of the nasal tube and to walk at
least one hour per day (if they can). This probably is not enough to burn
all those calories. But we must take into account other outputs, such as the
loss of ketones in the urine, in the breath and in the sweat; that is, during
ketosis there is some insensible loss of calories. Furthermore protein infu-
sions are reported to increase energy expenditure by increasing thermo-
genesis [42-44].

The long term results from our study were very positive. The data were
collected by a telephone survey, and while we could not check the patients’
weights directly, we feel the self-reported body weights are accurate and
other reports on long term results after weight loss treatments are also
based on telephone surveys [45]. At the end of a patient’s final KEN cycle
they were advised to regularly check their body weight and were given
advice on how to reduce their weight again if it began to go back up. They
were also advised to consult an MD as needed, however it was rare that
they asked for help. In our study we observed a 15.4% weight regain after
one year, which is an excellent result if we compare it with other reviews
in which a 30-35% weight regain after one year is reported [45]. This
difference may be because KEN treatment spares free fat mass, and this
reduces weight regain [46]. Furthermore the initial weight of our patients
was higher than in most weight maintenance studies [47] which may also
account for our improved long-term results [48,49].

Weight loss in our diabetic and hypertensive patients also promoted
long-term improvement to their conditions, as has been reported in an-
other study [50], and these results will be the subject of a separate report.

Limitations of this study are related to (1) the lack of a control group,
which would be impossible to obtain in our settings. (2) We could not plan
the treatment of each patient at the start because they were on domiciliary
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treatment and (3) many patients come back for a new cycle after years of
rest making uncertain the evaluation of their overall clinical outcome.”

9.5 CONCLUSIONS

During the course of 5years nearly 50,000 small 6-French nasogastric
tubes were inserted without complications and they were well tolerated by
our patients. This study demonstrates that 10-day KEN cycles can induce
rapid weight loss; in a very large number of patients we easily obtained
a 10% weight loss, 57% of which was FM. No significant adverse ef-
fects were found. On a 1-month/5-year follow up, mean weight regain
was 15.4%. The KEN cycles are suitable for normal living and the cost is
minimal, indeed some patients spend less on the treatment than they would
spend on 10days worth of food. Ultimately we conclude that KEN treat-
ment is safe, fast, inexpensive and has good one-year results for weight
maintenance. We propose that KEN is a new approach to obesity treatment
which is faster and more effective than hypocaloric diets [47], without the
complications of bariatric surgery.
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CHAPTER 10

NUTRITION SUPPORT TO PATIENTS
UNDERGOING GASTROINTESTINAL
SURGERY

NICOLA WARD

10.1 INTRODUCTION

Protein-energy malnutrition is a common problem in hospital patients.
Studies have reported 40% of surgical and medical patients to be mal-
nourished on admission to hospital. The majority of patients experienced
nutritional depletion during the course of their hospital admission, which
was more severe in those patients who were already depleted at the time
of their admission [1]. The consequences of pre-operative malnutrition
were first recognised in the 1930's. Studley observed a direct relationship
between preoperative weight loss and operative mortality rate, indepen-
dent of factors such as age, impaired cardiorespiratory function and type
of surgery [2]. The importance of nutritional depletion as a major determi-
nant of the development of postoperative complications has subsequently
been confirmed by Giner et al [3]. The absence of a standardised definition
of nutritional depletion has led to surrogate markers of nutritional status
being utilised. Albumin, muscle function tests, immunological status and
weight loss are used as these show correlation with postoperative morbid-
ity and mortality.
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Nutritional depletion is associated with changes in body composition,
tissue wasting and impaired organ function which leads to impaired im-
mune and muscle function. Thus, depleted patients are at risk from infec-
tious complications and cardiorespiratory impairment [4,5]. Patients who
undergo gastrointestinal surgery are at risk of nutritional depletion from
inadequate nutritional intake; both preoperatively and postoperatively, the
stress of surgery and the subsequent increase in metabolic rate.

More recently, ensuring adequate nutritional intake has been a major
focus of perioperative care and research has focused on the methods of de-
livering nutritional support, their comparative clinical benefits and mini-
mising the metabolic changes associated with surgical trauma.

10.2 METABOLIC CHANGES IN SURGICAL PATIENTS

The physiological stress of surgical trauma causes a surge of sympathetic
activity and an associated rise in catecholamine secretion. These changes
are transient. A more prolonged hypermetabolic state associated with a
pronounced negative nitrogen balance then follows. Metabolic rate is typi-
cally increased by about 10% postoperatively [6]. If adequate nutritional
support is not provided at this stage then excessive skeletal muscle pro-
teolysis occurs with further depression of metabolism. Increased energy
expenditure is associated with a range of hormonal responses that occur
as a result of surgical trauma. Cytokines, including Tumour Necrosis Fac-
tor (TNF) and interleukins (IL-1 and IL-6) have an important role in de-
termining longer-term metabolic changes [7]. These changes may not be
clinically relevant unless postoperative sepsis or trauma follows surgery
but in conjunction with preoperative starvation often results in a signifi-
cant negative nitrogen balance.

10.3 PHYSIOLOGICAL CHANGES IN SURGICAL PATIENTS

It has been proved that intestinal permeability is increased two to fourfold
in the immediate postoperative period, although this normalises within
five days [8]. In addition, nutritional depletion is associated with increased
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intestinal permeability and a decrease in villous height [9]. These findings
have lead to the investigation of treatments aimed at maintaining an intact
mucosal barrier. Increased intestinal permeability indicates a failure of the
gut barrier function to exclude endogenous bacteria and toxins. These have
been proposed as causative agents in the systemic inflammatory response
syndrome, sepsis and multi-organ failure. However, there has been a fail-
ure thus far to prove a correlation between failure of gut barrier function
and septic complications after major upper gastrointestinal failure [10].

10.4 CLINICAL BENEFITS TO SURGICAL PATIENTS

Nutritional support leads to improved nutritional status and clinical out-
come in severely depleted patients [11]. Studies of postoperative nutri-
tional support have demonstrated reduced morbidity and reduced length of
hospital stay [12]. There is also evidence that artificial nutritional support
in malnourished patients is cost effective by reducing the costs associated
with length of stay and morbidity and improved quality of life [13]. It is
important, however, to consider the most clinically appropriate and ben-
eficial means of delivering nutritional support to surgical patients.

10.5 ENTERAL NUTRITION

Conventional treatment after bowel resection has typically entailed starva-
tion with administration of intravenous fluids until passage of flatus, prin-
cipally due to concerns over post-operative ileus. This was based on the
assumption that oral feeding may not be tolerated in the presence of ileus
and the integrity of the newly constructed anastomosis may be compro-
mised. However, small intestinal motility recovers 6—8 hours after surgi-
cal trauma and moderate absorptive capacity exists even in the absence of
normal peristalsis [14]. It has since been shown that postoperative enteral
feeding in patients undergoing gastrointestinal resection is safe and well
tolerated even when started within 12 hours of surgery [15,16]. The com-
monest observed adverse effects were gastrointestinal, such as abdominal
cramps and bloating [16].
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An appropriate delivery method should be selected, depending on the
anticipated duration of enteral feeding, aspiration risk and gastrointestinal
anatomy. No specific clinical or nutritional advantages have been shown
for jejunostomy feeding and this route should be reserved for patients in
whom naso-gastric or naso-jejunal feeding is not feasible or safe [17].

Enteral feeding has been shown to result in some specific clinical ben-
efits, including reducing the incidence of post-operative infectious compli-
cations [11] and an improved wound healing response [ 18]. Enteral nutri-
tion may have other beneficial effects including altering antigen exposure
and influencing oxygenation of the gut mucosa. More research is required
in this area to elucidate whether enteral nutrition truly modulates gut func-
tion or whether tolerance of enteral nutrition is predominantly indicative
of a patient with healthy organ function [19].

10.6 PARENTERAL NUTRITION

A large multi-centre clinical trial has shown no significant reduction in
morbidity or mortality when Total Parenteral Nutrition (TPN) was admin-
istered perioperatively to a heterogeneous group of surgical patients. Strat-
ification of patients in this trial according to nutritional status showed that
patients with mild malnutrition did not benefit from TPN but had more in-
fectious complications. This led the authors to conclude that perioperative
TPN should be limited to severely malnourished patients in the absence
of other specific indications [20]. Subsequent studies have principally
focussed on severely malnourished patients with gastrointestinal malig-
nancy. These patients have been shown to experience clinically significant
reductions in both infectious and non-infectious complications when fed
parenterally for a minimum of ten days pre-operatively [21]. A recent me-
ta-analysis of 27 randomised controlled trials concluded that TPN has no
statistically significant effects overall on mortality or morbidity in surgical
patients. The most recent studies analysed were of better methodological
quality and showed fewer benefits than earlier studies. Studies which in-
cluded only malnourished patients demonstrated a trend to a reduction in
complication rates [22].
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10.7 ENTERAL VERSUS PARENTERAL NUTRITION

Each route of delivery of nutritional support is associated with different
complications. Generally, the complications associated with parenteral
nutrition are associated with greater morbidity than those associated with
enteral nutrition due to the invasive nature of administration. The route of
administration also has effects on organ function, particularly the intesti-
nal tract. Substrates delivered by the enteral route are better utilised by the
gut than those administered parenterally. In addition, enteral feeding when
compared with TPN solutions may prevent gastrointestinal mucosal atro-
phy, attenuate the trauma stress response, maintain immunocompetence
and preserve normal gut flora [23].

A meta-analysis comparing the nutritional efficacy of early enteral and
parenteral nutrition in high-risk surgical patients found that early postop-
erative enteral nutrition was effective and associated with reduced septic
morbidity rates compared with those administered TPN even when cath-
eter sepsis was excluded from the analysis [23]. Enteral nutrition is also
an effective option in severely malnourished patients with gastrointestinal
cancer and is associated with fewer complications, a shorter post-opera-
tive hospital stay [25] and reduced costs compared with TPN [26]. The
principal conclusions from these studies was that the enteral route should
be used whenever possible, but if the enteral route will not be available for
more than one week early administration of TPN should be considered.

10.8 PREOPERATIVE VERSUS POST OPERATIVE

Evidence to support preoperative nutrition support is limited but suggests
that if malnourished individuals are adequately fed for at least 7-10 days
preoperatively then surgical outcome can be improved [20]. The obvious
disadvantage of this is the increased length of hospital stay resulting from
admission for nutritional support and the delay in surgical intervention.
There is also some evidence to support preoperative nutrition support in
patients with inflammatory bowel disease [27]. Studies have also been
carried out which cast doubt on the benefits of the standard preoperative
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fast and have shown reductions in the postoperative catabolic response
and improved well-being [28]. As discussed earlier, there is substantially
more evidence to support early post-operative nutritional intervention by
an appropriate route.

10.9 IMMUNONUTRITION

In addition to ongoing research ascertaining the specific benefits of the
routes of delivery for nutrition support, more recent research has also fo-
cussed on the composition of nutritional regimens. In particular, much at-
tention has been paid to the potential for specific nutrients to influence the
metabolic response to disease.

Glutamine is the most abundant free amino acid in the extra and in-
tracellular compartments. It plays a vital role in nitrogen transport and
acid base homeostasis and is a fuel for rapidly dividing cells such as en-
terocytes, lymphocytes and fibroblasts. It is also involved in antioxidant
defence mechanisms by influencing glutathione synthesis. In situations of
severe stress or nutritional depletion the demand for glutamine may ex-
ceed the body's capacity to synthesise it. Studies have explored the ben-
efits of glutamine-enriched parenteral nutrition regimens, particularly on
the gut and immune system. It has been demonstrated that the addition of
glutamine to parenteral nutrition regimens given to patients after elective
abdominal surgery results in a reduced length of hospital stay [29] and re-
duced costs [30]. This was accompanied by an improved nitrogen balance
and quicker lymphocyte recovery [29]. Glutamine has also been shown to
maintain intestinal permeability in postoperative patients [31].

Studies regarding the role of two other potential immunonutrients, ar-
ginine and n-3 fatty acids, in gastrointestinal surgery patients have not yet
been published.

10.10 CONCLUSIONS

Randomised controlled trials provide evidence to support the use of enter-
al feeding in surgical patients and indicate no increased morbidity or mor-
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tality. However, no meta-analyses have been carried out to pool the data
from a plethora of mainly small trials. To date, these show no reductions in
mortality have been shown from enterally fed surgical patients. Some use-
ful meta-analyses have been published for parenterally feeding surgical
patients, although many studies were small and of flawed methodological
quality as they did not take into account the many surgical and anaesthetic
variables that can influence post-operative outcomes. Comparative stud-
ies show that, compared with parenteral nutrition, enteral nutrition is well
tolerated and is associated with reduced septic morbidity, costs and length
of stay. These studies form the basis of the current practice of the enteral
feeding route being used wherever possible. Further research is needed to
elucidate whether, alongside improvements in surgical technique and peri-
operative care, enteral nutrition will be associated with overall reductions
in morbidity and mortality.

Further research is required to clearly identify which surgical patients
will significantly benefit from specific nutritional intervention. This is
problematic as assessment of nutritional status is not straightforward
and there is also an absence of a standardised definition of nutritional
depletion. A standardised, validated definition of nutritional depletion
would enable nutrition support to be targeted to those surgical patients
most likely to derive significant clinical benefit in terms of improved
postoperative outcome. This would also facilitate direct comparison of
trial data for large meta-analyses involving "malnourished" patients to
provide robust, evidence based guidelines for nutritional support of sur-
gical patients.
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CHAPTER 11

MICRONUTRIENT DEFICIENCY IN
OBESE SUBJECTS UNDERGOING
LOW CALORIE DIET

NTJE DAMMS-MACHADO, GESINE WESER,
and STEPHAN C. BISCHOFF

11.1 BACKGROUND

In general, occurrence of malnutrition is thought to be disease-related and/
or associated with undernourishment. During the past few years, evidence
has been raised that obesity can also be associated with substantial nutri-
ent deficiencies [1-5]. In fact, the prevalence of micronutrient deficien-
cies in obese individuals is higher compared to normal weight controls
of the same age and sex [6,7], and affects several micronutrients such as
zinc [4,8], selenium [4,6,8,9], folate [4,6,8,10], vitamin B1[11], vitamin
B12[4,6,8,10,12], vitamin A [6,8], vitamin E [4,6], and 25-hydroxyvita-
min D [25(0OH)D] [4,6,8,11]. Imbalances or deficiencies of essential mi-
cronutrients significantly influence day-to-day performance, behavior and
emotional state, as well as intellectual and physical activity [13-15]. It has
been hypothesized that toxic by-products of incomplete biochemical reac-
tions resulting from excessive intake of kilocalories and states of micro-
nutrient deficiencies could lead to further weight gain or development of
associated metabolic diseases [13,16]. Considering the worldwide prevalence
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of obesity, a significant part of the population could be afflicted by this
type of micronutrient deficiency, even in wealthy Western countries.

The dietary reference intakes (DRI) for daily supply of vitamins and
mineral nutrients apply to healthy, normal weight individuals. They ac-
count for individual variations and distinguish between age groups and
sex [17,18], but they do not apply to patients with metabolic alterations
or other disease, or individuals using pharmaceuticals on a regular basis.
Hence, DRI do not necessarily meet the metabolic needs of obese indi-
viduals. Especially in physiologic stress situations like significant weight
loss or periods of weight cycling, obese patients potentially need different
amounts of micronutrients.

The first aim of this pilot study was to investigate the micronutrient
intake in obese subjects compared to a reference population and DRI rec-
ommendations. Second aim was to determine both serum and intracellular
micronutrient status after a standardized DRI-covering low-calorie for-
mula diet over three months in order to analyze if DRI for micronutrients
apply to obese patients in a period of major weight loss. This setting was
chosen, because it offers a unique possibility to study this issue using an
entirely standardized diet consumed by high-grade obese individuals over
a longer-term period.

11.2 METHODS

11.2.1 INTERVENTION AND STUDY POPULATION

This pilot study included obese individuals participating in a multidisci-
plinary weight loss program (OPTIFAST®52) causing an average weight
loss of 26.0kg in men and 19.6kg in women within one year [19]. Brief-
ly, the program consists of a five-phase lifestyle modification program
designed for 52 weeks, including (i) a 1-week introduction during which
a detailed nutrition analysis is performed; (ii) a 12week period of low-
calorie diet (LCD) (800kcal/day) during which participants consume a
formula diet exclusively (daily consumption of 5 sachets at 160kcal each,
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Optifast 800® formula, Nestl¢é Inc.); (iii) a 6 weeks refeeding phase, (iv) a
7 weeks stabilization phase and (v) a 26 weeks maintenance phase. We pre-
viously reported more detailed information about the program [19]. The
five daily consumed formula meals in the second phase contain vitamins,
minerals and trace elements according to DRI for healthy adults (Table 1),
except for the flavor potato/leek, which contains less amounts of vitamin
C, vitamin B12, folate and calcium. However, flavor selection was docu-
mented, recording that the latter one was only consumed occasionally.

Table 1. Content of selected micronutrients in the formula diet and comparison with DRI
(D-A-CH reference values)
Micronutrient Unit  Per sachet % of DRI per 5 Per sachet flavor % of DRI per 5

flavor A sachets B(42g) sachets
429
Vitamin A mg 03 Q188; 3150 0.2 Q125; 3100
Vitamin D ue 1.0 101 1.2 118
Vitamin E mg 4.0 Q2142; 3166 3.4 Q122; 3143
Vitamin C mg 20.0 100 10.8 54
Vitamin B12 ng 0.6 98 0.4 60
Folate ug 80.2 100 48.0 60
Calcium mg 290.6 145 168.1 84
Iron mg 4.0 3133; 9199 3.8 3127; Q191
Zinc mg 3.0 3149; 9213 2.3 4114; 9163
Selenium ug 20.2 144-336 13.6 97-227

Flavor A: vanilla, chocolate, strawberry, coffee, and tomato, flavor B: potato/leek.

To determine micronutrient intake in obese individuals we analyzed
dietary record data obtained during the introduction week from all partici-
pants enrolled from 02/2006 to 02/2010 (n=104). A randomly assigned
subgroup of subjects (n=32) participated in a pilot study, and was fol-
lowed up for micronutrient measurement before and after the three-month
formula diet period (LCD intervention group). Patients with a history of
bariatric surgery were excluded from study participation. The measure-
ments were performed by intracellular micronutrient analysis in buccal
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mucosa cells (BMC) and by additional serum micronutrient analysis in 14
of the subjects. The latter subjects did not differ in initial body weight and
weight loss to the whole LCD intervention group. For 9 subjects, long-
term data on intracellular vitamin concentrations were also obtained at
the end of the program year, 9 months after completion of the LCD phase.
The nutrients evaluated in this study were vitamin C (BMC, serum, leuko-
cytes), vitamin E (BMC, serum), lycopene (BMC), B-carotene (BMC), vi-
tamin A, 25(OH)D, vitamin B12, folate, selenium, iron, zinc and calcium
(all serum). Deficiency was defined as a concentration below the reference
interval: vitamin A 0.2-1.2 mg/ml, vitamin E 5-16 mg/ml (serum)/9.5-20.3
pmol/ug DNA (BMC), 25(0OH)D, 20-70ng/ml, vitamin C 28.3-85.1 ng/
ml (serum)/57-114nmol/108 cells (leukocytes)/3.9-11.1 pmol/ug DNA
(BMC), vitamin B12 191-663 pg/ml, folate 4.6-18.7ng/ml, selenium 74—
139 pg/ml, iron 40—170 pg/dl, zinc 70-150 pg/dl, calcium 2.2-2.6 mmol/I,
B-carotene 0.1-05 pmol/ug DNA, and lycopene 0.1-05 pmol/pug DNA.
Moreover, C-reactive protein (CRP) concentrations were analyzed in
serum samples. Drug use was monitored and documented on standard-
ized forms. We calculated body mass index (BMI) and relative weight
loss in percent (RWL; = 100xAweight loss in kg/initial body weight in
kg). Body composition was analyzed using bioelectrical impedance analy-
sis at all study visits (Data Input Nutriguard M, Darmstadt, Germany).
The study protocol was part of a multicenter clinical trial, research proj-
ect “Obesity and the gastrointestinal tract” (ClinicalTrials.gov identifier:
NCTO01344525), approved by the ethics committee of the University Hos-
pital of Tiibingen, Germany. Informed consent was obtained from every
subject prior to participation.

11.2.2 DIETARY RECORDS

Food intake was recorded using a predesigned daily journal. Subjects had
to document time, amount (in gram) and situation, in which a food or bev-
erage was consumed. They were instructed to: (1) document all consumed
foods and beverages in as much detail as possible, (2) to weigh foods (or
to estimate doses, if weighing was not possible in some situations), (3)
to document food or beverage intake immediately after consumption and
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(4) not to change usual eating habits. Data analysis was performed using
the nutrition software EBISpro, version 8.0 for Windows. In analyzing
the eating records, nutrients were studied in relation to the DRI (D-A-CH
reference values) [18]. The DRI utilized corresponds to the age group and
sex. Furthermore, data were compared with the Second National Nutrition
Survey (NNSII), which is representative for the German population. The
dietary assessment in this survey was performed using controlled inter-
views according to the diet history method, which were reinforced by di-
etary record collection and 24 hour-recalls in a representative sub-sample.

11.2.3 INTRACELLULAR MICRONUTRIENT CONCENTRATIONS
IN BUCCAL MUCOSA CELLS (BMC)

BMC were collected using a kit from Day-med-concept GmbH, Berlin,
Germany. Subjects first had to rinse their mouths with water thoroughly
to remove food particles and then brush the inner lining of their cheeks
with a soft toothbrush twenty times, twice on each side. The toothbrush
was washed in 25ml NaCl solution (0.9%) gently after each brushing.
The samples were then centrifuged at 1,600rpm for 3 minutes. The su-
pernatant was discarded; the cells were completely resuspended in rinsing
solution (phosphor float 0.15% w/v) and centrifuged again at 1,800 rpm
for 3 minutes. After removal of the supernatant fraction, the stabilizing
solution (heat-sensitive reducing agent 0.09% w/v) was added; and the
cells were resuspended and stored. The micronutrients in BMC (pmol/
ug DNA) of the samples were measured by BioTeSys GmbH (Esslingen,
Germany) using an accredited RP-HPLC method according to DIN EN
ISO/IEC 17025. The reference values are based on a statistical distribu-
tion reflecting the 25th and 75th percentile of a data set covering analysed
BMC samples over one year.

Micronutrient concentrations were expressed in pmol/pg DNA. Mi-
cronutrient detection was possible when the amount of DNA in BMC was
at least sufficient (>1 pg). If the amount of DNA extracted was<1 pug, the
data was excluded from analysis. Micronutrients below detection limit
were defined as suboptimal cellular concentrations according to the analy-
sis laboratory and therefore were included.
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11.2.4 SERUM CONCENTRATIONS OF MICRONUTRIENTS

For serum micronutrient analysis, blood was collected by venipuncture
between 8.00a.m. and 10.00 a.m. after an overnight fast. Serum was sepa-
rated by centrifugation at 2,000 x g for 15min at 4°C. Aliquots were im-
mediately stored at —80°C and sent to an external laboratory on the same
day. HPLC was used to assay vitamin A and a-tocopherol. Measurement
of vitamin C, calcium and iron was performed by photometry. Further-
more, serum was analyzed for 25(OH)D (radioimmunoassay), zinc and
selenium (atomic absorption spectrometry) and vitamin B12 and folate
(luminescence immunoassay).

11.2.5 VITAMIN C CONCENTRATIONS IN LEUKOCYTES

Isolation of leucocytes for vitamin C analysis was performed imme-
diately after blood withdrawal. Briefly, sedimentation of erythrocytes
was performed in a hermetic tube in dark environment using 6% Dex-
tran according to the method of Denson et al.[20]. Supernatant was
centrifuged for 10 min at 320 x g. After resuspension with HA buf-
fer lysis of remaining erythrocytes was performed by 5 min incubation
with 10 ml ammonium chloride. After centrifugation (10 min, 600 x g),
leukocytes were manually counted and pellets frozen at —80 °C until
analysis. Determination of total ascorbic acid concentrations in leuko-
cytes was performed by HPLC. In summary, after thawing, leukocyte
pellets reducing agent (20 ul 20% TCEP solution [tris (2- carboxyethyl)
phosphine hydrochlorid]) was added, thoroughly mixed and incubated
on ice for Smin. For cell lysis 80 ul 10% meta-phosphoric acid was
added, mixed and centrifuged (10 min, 13,000 x g, 4°C). Ascorbic acid
concentrations in the supernatant were determined by UV/VIS detector
at 245 nm.

All samples for vitamin C analysis were rapidly processed and shield-
ed from light exposure.
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11.2.6 STATISTICAL ANALYSIS

Values are expressed as means=SD if not indicated otherwise. For the
comparison of dietary record parameters with the reference population,
Gaussian distribution was assumed due to sample size (n=15,371). Dif-
ferences between the obese study population and the NNSII data were
analyzed using unpaired t-tests. The paired t-test was applied to compare
repeated measures of micronutrients. If Gaussian distribution could not be
assumed Wilcoxon signed-rank test was used instead of t-tests. Frequen-
cies were analyzed with cross tables according to the method of McNemar.
Analysis of covariance (ANCOVA) was performed to control for the effect
of sex, age, energy, and medication use on micronutrient concentrations.
Relations between continuous variables were analyzed by calculating the
Spearman’s rank correlation coefficient or, in case of normal distribution
of the data, the Pearson’s correlation coefficient. P values <0.001 were
interpreted as statistically highly significant, p-values between 0.001 and
<0.01 as very significant and p-values between 0.01 and <0.05 as sig-
nificant differences. All analyses were carried out by using the statistics
software SPSS, version 19.0 IBM®SPSS®, Chicago, IL), and Graph Pad
Prism, version 5.0 (GraphPad Software, Inc., La Jolla, CA).

11.3 RESULTS

11.3.1 BASELINE CHARACTERISTICS, WEIGHT LOSS AND
DRUG INTAKE

Prior to intervention all subjects had at least grade I obesity (BMI>30kg/
m?), about 50% even obesity grade 11T (BMI>40kg/m?). The obese study
group (dietary records) and the reference population were well matched
in respect to age, but the obese group comprised more females (Table 2).
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BMI of the reference population was significantly lower compared to the
obese study group (26.5 kg/m? versus 40.9kg/m?, p<0.001). 32 out of 104
obese individuals (31%) underwent the LCD intervention. On average,
these subjects lost 16.2% of initial body weight during the three-month
LCD period. The LCD intervention subgroup (n=9), which was followed
up until program end (12 months after start of intervention), did not dif-
fer in weight loss during the LCD period compared with the whole LCD
intervention group (Table 3).

TABLE 2: Subjects characteristics of the obese study population (dietary record analysis)
and a subgroup undergoing low-calorie diet

Reference Obese study LCD LCD intervention sub-
population population intervention group (follow-up until
(NNSII) (n=104) group (n=32) program end) (n=9)
Sex (%)
male 46.2 26.9 12.5 333
female 53.8 73.1 87.5 66.7
Age 458 45.8+11.0 47.0£10.23 48.9+8.94
Weight [kg]  76.7 117.8+29.85 118.4+19.93 125.5+22.54
BMI [kg/m?]  26.5 40.9+7.20 41.8+7.21 43.0+6.42

Data are presented as mean=+SD.

TABLE 3: Weight loss during low-calorie diet (n=32) and further follow-up until program
end (n=9)

WL after RWL after | WL 12 at RWL at
LCD [kg] LCD [%] program program
end [kg] end [%]

LCD intervention group (n=32) 19.5£5.65 16.2+3.24
LCD intervention subgroup® (n=9) 21.8+8.41 17.0+4.12 | 19.9£15.0 | 15.5+10.6

follow-up until program end.
Abbreviations: WL Weight loss, RWL Relative weight loss.

86% of the subjects undergoing LCD took medication on a regular
basis, which may have resulted in drug-nutrient interaction effects, thus
influencing micronutrient bioavailability: ACE inhibitor (21%), proton



Micronutrient Deficiency in Obese Subjects Undergoing Low Calorie Diet 193

pump inhibitor (8%), antidepressants (14%), L-thyroxine (14%), bigu-
anide (7%), insulin (7%), loop diuretics (8%), NSAID (7%) and xanthine
oxidase inhibitor (14%). Frequencies and dosage of medication decreased
slightly in 36% of the cases during the LCD period. Controlling for sex,
age, energy intake, and medication use, did not reveal significant effects
on micronutrient concentrations.

11.3.2 MICRONUTRIENT INTAKE

Micronutrient intakes in obese subjects are shown in Table 4. Micronu-
trient intake in female subjects was significantly lower for five micro-
nutrients compared to the reference population, in male subjects for six
micronutrients, respectively. Women consumed nine micronutrients in
amounts below DRI whereas with men this applied to seven micronu-
trients. Lowest micronutrient intakes compared to DRI were observed
for retinol, B-carotene, vitamin D, folate, iron and iodine (>75% of the
obese study population below DRI) and vitamin E, C and calcium (>50%
respectively).

Micronutrient intake did not differ between the whole study group
(n=104) and the subset of obese individuals undergoing LCD, which were
further subjected to intracellular and serum micronutrient analysis.

11.3.3 MICRONUTRIENT DEFICIENCIES IN SERUM BEFORE
AND AFTER LCD

Baseline deficiencies in serum micronutrient concentrations were ob-
served for 25(OH)D, vitamin C, selenium and iron (Table 5). Except for
25(0OH)D, the number of cases with deficiencies either remained (sele-
nium, iron, both n.s.) or tended to further increase, which was the case for
vitamin C (+15% of subjects with deficiency, n.s.). After the formula pe-
riod, additional deficiency in zinc (7.7%) and calcium (53.8%) occurred.
Figure 1 shows serum concentrations that decreased (calcium (p<0.01)
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TABLE 4: Cont.

Female subjects (n = 76)

Male subjects (n = 28)

Micronutrients DRIa Obese study Reference Pb Obese DRIa  Obese study Reference Pb Obese subjects
population population subjects population population [%] below DRI
(NNS II) [%] (NNS II)
below
DRI
Sodium [e] 550 3321.7+119.01 2494.0+9.41 <.001 0 550 3981.6+246.13 3458.0+15.72 <05 O
Potassium  [mg] 2000 2649.1+£72.92  3243.0+11.29 <.001 14 2000 2757.2+£146.67 3789.0+15.06 <.001 11
Calcium [mg] 1000  979.9+46.72 1019.0+4.33  ns 63 1000  1020.4+75.47  1143.0£5.93 ns 61
Magnesium [mg] 300  365.2+12.23 376.0+1.23 ns 29 350 380.9+23.01 452.0+1.74 <05 46
Iron [mg] 15 12.9+0.36 12.3+0.04 ns 78 10 14.7+0.79 15.2+0.06 ns 7
Zinc [mg] 7 12.0+0.36 9.5+0.03 <001 3 10 14.2£0.71 12.3+0.05 <05 4
Iodine [nel 200 83.9+4.08 98.0+0.45 ns 99 200 92.8+6.67 107.0+0.5 ns 100

Abbreviations: DRI = Dietary Reference Intake, NNS I = National Nutrition Survey II.

Data are presented as mean+SE.
* Recommendations for nutrient intake in Germany, Austria and Switzerland (D-A-CH reference values)[18].
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b Obese study population compared to German reference population (NNS II).

TABLE 5: Serum micronutrient levels and deficiencies in obese subjects before and after
low-calorie diet (n=14)

Before formula diet After formula diet
Mean+SD Deficiency Mean+SD Deficiency p*
[%] [%0]

Vitamin A [mg/1] 0.67+0.19 0 0.78+0.22 0 n.s.
Vitamin E [mg/1] 11.57+4.31 0 12.54+2.66 0 n.s.
25(OH)D [ng/ml] 17.22+4.02  57.1 24.32+7.25 30.8 <.01
Vitamin C ~ [mg/l] 52.01+10.65 10.0 43.86+15.96  25.0 n.s.
Vitamin [pg/ml]  474.1+£1553 0 528.3+1653 0 n.s.
B12
Folate [ng/ml] 10.51+4.7 0 15.42+4.9 0 <.05
Selenium [peg/1] 87.71+11.74 143 95.42+18.67 16.7 <.05
Iron [pg/dl] 81.50+35.05 14.3 61.62+26.17) 154 <.05
Zinc [ng/dl] 82.14+10.64 0 94.85+13.80 7.7 <.01
Calcium [mmol/l] 2.44+0.10 0 2.18+0.28 53.8 <.01

“ p-values were calculated in relation to absolute values using paired t-tests.

11.3.4 MICRONUTRIENT DEFICIENCIES IN BMC BEFORE AND
AFTER LCD

Intracellular antioxidant status in BMC is displayed in Figure 2. Before in-
tervention, deficiencies were observed for vitamin C (63.3%), B-carotene
(20.0%) and lycopene (10.0%). After the LCD period BMC concentra-
tions of vitamin C (p<0.05) and lycopene (p<0.05) decreased, resulting
in a higher percentage of subjects with deficiencies (vitamin C +30.2%,
p<0.01 and lycopene +6.1%, n.s.). At the end of the weight loss program
(9months after termination of the formula diet) antioxidative status was
optimal or even above reference range, except for vitamin C (deficiencies
in 77.8% of subjects), which also tended to improve (n.s.).
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FIGURE 1: Serum micronutrients levels that decreased (a) or increased (b) in the course
of intervention using a DRI- covering low-calorie formula diet (n=14). The dotted lines
indicate the reference limits for adequate serum levels. Data are presented as median +/—
quartiles (boxes) and 1.5 interquartile ranges (whiskers).
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FIGURE 2: Intraepithelial micronutrient levels before and after obesity therapy using a
low-calorie formula diet (n=32) and during further follow-up (n=9). Samples with no
detectable micronutrient levels were excluded in this analysis. Data are presented as median
+/— quartiles (boxes) and 1.5 interquartile ranges (whiskers). The dotted lines indicate the
reference ranges. Statistical analysis: paired t-test.

11.3.5 VITAMIN C IN SERUM, BMC AND LEUKOCYTES
BEFORE AND AFTER LCD

No correlation between vitamin C serum, BMC and leukocyte concentra-
tions was observed. Serum and BMC vitamin C levels tended to decrease
during the formula period (serum 59.44+£22.73 umol/l before intervention,
37.29+13.48 umol/l after formula diet (n.s.), BMC 6.62+1.52 pmol/ug
DNA and 2.95+1.10 pmol/ug DNA (p<0.001), respectively), whereas
leukocyte vitamin C concentrations increased (81.64+16.30ng/108 cells
to 111.2+£36.32ng/108 cells, p<0.05) (Figure 3).
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FIGURE 3: Comparison of vitamin C levels determined in serum (a) or intracellular, either in buccal epithelial cells (b) or in peripheral
blood leukocytes (c), of obese patients who underwent a DRI-covering low-calorie formula diet program (n=14). The dotted lines indicate
the reference limits for adequate serum levels, the continuous line separates the ’low level range’ from *manifest deficiency range’ according
to reference data from healthy populations. Data are presented as median +/— quartiles (boxes) and 1.5 interquartile ranges (whiskers). BMC
samples below detection level were excluded from this analysis.
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11.3.6 CORRELATIONS WITH C-REACTIVE PROTEIN (CRP),
BODY WEIGHT AND BODY FAT

CRP concentrations positively correlated with body weight (r=0.6558,
p<0.0001). There was a negative correlation between iron and CRP
(r=-0.456, p<0.05). Lipophilic vitamins were negatively associated with
body fat in percent of total body weight (25(OH)D: r=—0,6369, p<0.0001,
vitamin A: r=—0,4663, p<0.05, vitamin E (serum): r=—0,4378, p<0.05).

11.4 DISCUSSION

The present study clearly confirms previous observations stating that obese
individuals are characterized by micronutrient deficiencies [4,6-8,10-13].
The deficiencies are suggested by both low intake and low serum and in-
tracellular levels as shown by our data.

The study demonstrates an insufficient dietary micronutrient supply
of retinol, B-carotene, vitamin D, vitamin E, vitamin C, folate, iron, and
calcium in obese individuals. A highly significant difference compared
to the reference population, both in men and women, was observed for
B-carotene, folate, vitamin C, and fiber - nutrients which are essentially
found in fruits, vegetables and whole-grain products, thus pointing to an
unbalanced diet leading to micronutrient deficiencies.

Evaluation of nutritional intake has some methodological weakness
such as underreporting that limits the interpretation of dietary record
data. The resulting error is possibly even more distinct in obese subjects
[21-24]. However, underreporting especially applies to carbohydrate-rich
snacks [25], which are low in micronutrient content by nature, and not to
‘healthy’ food. Therefore we assume that this error is negligible regarding
micronutrient intake.

Before intervention, obese subjects showed deficiencies of several
micronutrients in serum or BMC, namely 25(OH) vitamin D, vitamin C,
selenium, iron, B-carotene and lycopene. We did not find any statistically
significant correlation between micronutrient intake and serum or BMC
concentrations, which could be due to the limited subject number. Howev-
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er, the reported intakes of B-carotene, vitamin D, vitamin C, and iron were
clearly below DRI and point to a relation between micronutrient intake
and body micronutrient status.

Based on our data, we conclude that a DRI-covering low-calorie for-
mula diet does not meet the demands of obese individuals. The reasons
can be manifold and could cover metabolic alterations during a period of
major weight loss, unbalanced dispersal of lipophilic compounds and fat-
tissue specific oxidative stress. Indeed, we observed even more subjects
with deficiencies in some micronutrients after a three-month period of for-
mula diet compared to the baseline status before intervention. In particu-
lar, vitamin C, selenium, iron, zinc, and lycopene deficiencies increased
or could not be corrected by protein-rich formula diet containing vitamins
and minerals according to DRI. The formula meal replacement products
contained micronutrients in amounts often even higher than those recom-
mended for the general population. We also observed an increase in sub-
jects with calcium deficiency. However, serum calcium concentration is
not an adequate measure for dietary calcium intake, but indicates an elec-
trolyte imbalance induced by weight loss and accompanying fluid changes
in the body.

Possible interaction effects between pharmaceuticals and micronutri-
ents have to be considered, which may account for increased demands.
Within this study, frequency and dosage of drug use did not change during
the LCD period in most of the cases and thus most likely did not confound
the results. In 36% of the subjects the dosage of at least one drug was
slightly reduced, which would, if anything, have improved micronutrient
bioavailability.

We did not find statistically significant correlations between vitamin E
in serum and BMC, but the decrease in BMC concentrations could point
to the fact that intracellular levels respond more sensitively to altered oxi-
dative stress, which particularly occurs in a period of major weight loss
[26]. This is explained by an upregulation of the renin-angiotensin system
and a reduction of glutathione and glutathione peroxidase in erythrocytes,
resulting in higher concentrations of reactive oxygen species which again
promote the metabolic syndrome [6]. All three lipophilic vitamins nega-
tively correlated with total body fat, assessed by bioelectric impedance
analysis. This is most likely due to the storage capacity for lipophilic com-



202 Clinical Nutrition

pounds, which is so far only suggested for 25(OH)D [27,28]. It is tempting
to speculate that this also applies to other lipophilic compounds. Thus,
a higher amount of fat tissue could lead to an increase in accumulation
of lipophilic vitamins, which in turn are lacking in the serum pool. The
positive association between adipose tissue mass and systemic 25(OH)D
concentrations, the almost 2fold reduction of 25(OH)D deficiency follow-
ing LCD, and the significant increase in 25(OH)D serum concentrations
observed in our study all suggest storage in adipose tissue and release dur-
ing weight loss, also described elsewhere [29,30].

McClung et al.[31] hypothesized that obesity influences iron absorp-
tion by inflammatory mediated mechanisms. Proinflammatory cytokines
promote hepcidin release in liver and fat tissue, which is involved in iron
homeostasis, inhibiting absorption in enterocytes [31]. This hypothesis
is supported by a significantly negative correlation of iron concentration
with CRP levels observed in our obese subjects.

Measurement of vitamins in blood samples might not reflect the
amount of vitamins absorbed or the concentration in tissues [32,33]. To
gain information on body distribution we monitored both serum and intra-
cellular levels of vitamins. BMC are easily available and serve as a model
system for assessment of the nutritional and antioxidative status, as well as
to control for the success of supplementation and effect of medicamentous
therapies [33-35]. With a cellular turnover of 5 to 25 days, BMC are sup-
posed to reflect the current cellular supply [36].

We evaluated the level of vitamin C, lycopene, a-tocopherol, and B-car-
otene and thus the antioxidative capacity directly in BMC. These dietary-
derived antioxidants are an important component to support the exogenous
antioxidative system [33]. Except for B-carotene and a-tocopherol, which
were only slightly reduced, we observed a significant decrease in vitamin
C and lycopene during the three-month formula diet suggesting again an
enhanced oxidative stress in obese individuals and thus a higher demand
of antioxidative vitamins compared to healthy, normal weight subjects,
especially in a period of major weight loss.

The current choices for functional markers of vitamin C status are vita-
min C concentrations in plasma and leukocytes. Plasma or serum vitamin
C levels are highly sensitive to recent dietary intakes, but may not reflect
tissue content as well as leukocyte levels [37,38]. Serum vitamin C con-
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centrations remained unchanged during the vitamin C enriched formula
diet, whereas leukocyte levels improved. Leukocyte concentrations more
reliably display long-term supply and deficiencies [37,38]. Bioavailabil-
ity of vitamin C is a complex issue involving distribution to the tissues
and utilization by the tissues [35]. Before intervention, leukocyte levels
were depleted and might replete preferentially due to their high metabolic
priority [37]. Contrary to our expectations intracellular vitamin C con-
centrations in BMC significantly decreased. To obtain a state of complete
saturation, the repletion dynamics of vitamin C in certain tissues may be
more specific than others when the vitamin intake during repletion is lim-
ited [37]. However, the results should be interpreted carefully because of
the small sample size, the variation of vitamin C content throughout cell
types and the reliability of sampling and analysis procedure due to the
unstable nature of vitamin C. In contrast to the fat-soluble antioxidants
a-tocopherol, lycopene and B-carotene, which were demonstrated to be
reliable markers in BMC [32,33,35,39,40], the capacity of BMC vitamin
C concentrations and its reliability as a biomarker for vitamin C status has
not been described so far.

Interestingly, we observed a significant increase in all antioxidants
measured in BMC at the end of the program year. This subgroup only
included nine subjects, but suggests a change in dietary habits following
intensive weight reduction and diet counseling. These subjects were suc-
cessful in losing weight and were able to maintain this weight after the
formula diet, therefore most likely putting their nutritional knowledge into
practice. However, this finding needs to be confirmed by other studies.

A potential limitation of the study is that the dietary assessment
strategies differed in the two study populations. In the NNSII a com-
prehensive dietary history method including cross-check features was
used. The dietary record approach in this study was chosen to provide
quantitatively accurate information on food consumption as well as
influence of food processing, but may be biased due to the estimation
of the weight of food consumed in some cases instead of weighing, and
also by affecting eating behavior. Moreover, for several micronutrients
simple blood concentrations were measured, which might not always
reflect a complete picture of the nutritional status. At this stage we only
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included a small sample size, which limits the explanatory power of
the study results.

11.5 CONCLUSIONS

To the best of our knowledge, this is the first report analyzing if DRI of
micronutrients meet the demands of obese individuals consuming a stan-
dardized LCD diet. Our pilot study provides evidence that a poor micro-
nutrient status in obesity is not only caused by intakes that are below the
DRI. A formula diet providing 100% of micronutrients according to DRI
did not cover the demands of some micronutrients in obese subjects. This
can be explained by metabolic alterations during a period of major weight
loss, unbalanced dispersal of lipophilic compounds and fat-tissue specific
oxidative stress. The underlying mechanisms should be further addressed,
as well as whether obese individuals receiving an energy-balanced DRI-
covering diet also manifest micronutrient deficiencies.
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12.1 INTRODUCTION

Type 2 diabetes (T2D) and prediabetes impose a huge burden of illness on
developed and developing nations through high disease prevalence (6.6%
overall, >10% in many countries), direct and indirect multisystem patho-
physiologic effects, and financial liabilities (US$376 billion annually
worldwide) [1]. This enormous disease burden can be reduced by deliber-
ate application of interventions with proven effectiveness [2—14]. Ideally,
diagnostic and therapeutic interventions should be accessible, facile, af-
fordable, cost-effective, and culturally sensitive [1]. To improve efficien-
cy, they can be combined in coordinated disease management programs.
Lifestyle management, including physical activity and diabetes-specific
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nutrition therapy, is an essential and necessary component of any compre-
hensive care plan for diabetes [15¢, 16, 17]. Care plan implementation is
facilitated by clinical practice guidelines (CPGs) intended to inform clini-
cal decisions, standardize and optimize patient care, improve outcomes,
and control costs [18, 19]. Recommendations within CPGs should be ev-
idence-based, precise, clear, relevant, authoritative, and compatible with
existing norms [20, 21¢]. The purpose of this report is to describe perti-
nent background material and the development process of a transcultural
diabetes-specific nutrition algorithm (tDNA) that can facilitate portability
of evidence-based recommendations to better enable their implementation
and validation across a broad geographic and cultural spectrum.

12.2 BENEFITS AND PROBLEMS ASSOCIATED WITH CPGS

Although CPGs may have distinct flaws or problems intrinsic to their de-
velopment, interpretation, and implementation, they are useful tools to aid
clinical decision making and improve patient care [21e°, 22-26]. Benefits
are derived from the characteristics and attributes of the CPGs. For exam-
ple, authoritative guidelines are developed by expert panels from special-
ized areas of medicine and reflect group consensus on specific aspects of
patient care. These CPGs are evidence-based, transparently incorporating
relevant research findings, and contain recommendations with the great-
est potential for superior clinical outcomes. Depending on the method-
ology used, CPGs may consider subjective factors such as risk-benefit
perceptions and cost-effectiveness. They may also engage such principles
as middle-range question-oriented literature searching, patient-oriented
evidence, cascades of recommendations for a particular clinical question
based on variations in clinical settings, multiple levels of review, and dili-
gent screening of writers and reviewers with respect to credentialing and
conflicts of interest [21¢¢]. Through these exacting methodologies and re-
sultant credible content, CPGs empower practitioners, patients, and the
larger universe of other health care stakeholders to make better decisions
regarding the applicability of care.
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CPGs also have limitations [1, 19, 27]. Even if their recommen-
dations are appropriate, their implementation and performance can
be impeded by untimeliness, complexity, and/or incompatibility with
other recommendations. Their adoption and adherence may be further
hindered by idiosyncratic physician and patient attitudes as well as the
unique characteristics of a practice setting [28]. Guidelines may not
accommodate disruptions in the continuity of care that arise among
health care providers, facilities, and time frames [29]. Moreover, se-
lected recommendations may reflect only a professional perspective,
which may discount patient predilections or values and compromise
clinical adherence and outcomes [19, 28]. Finally, CPGs may not be
able to be generalized for all patients or populations. Patient age, gen-
der, and genomics, as well as culture, customs, and environment, must
be factored into any decision to apply a particular recommendation to a
particular patient in a particular setting [29]. In effect, CPGs are simply
not portable across divergent clinical settings. In light of the globaliza-
tion and impact of the diabetes epidemic, this significant problem must
be resolved.

12.3 ADDRESSING THE PORTABILITY PROBLEM

Whenever possible, either de novo or the most recent up-to-date CPGs
on a particular topic should be used as a resource for specific patient
management issues [30]. For ease of implementation, the CPGs should
be straightforward and readily understood [20]. Derivative products
(i.e., decision trees, flow charts, or algorithms) can be used to reduce the
complexity of comprehensive CPGs, aid comprehension, and facilitate
successful implementation and validation [31-33]. Such tools not only
improve the standardization of care, but also help to coordinate the ac-
tivities of all members of a treatment team for patients with diabetes. A
diabetes flow sheet was shown to increase CPG adherence in a recent
outcomes study based on medical audits [34].
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12.4 TRANSCULTURAL FACTORS

To address the problem of generalizability and the effect of cultural dif-
ferences among patients on a global scale, CPG development must begin
with a robust decision-tree template amenable to strategic modification
that does not sacrifice performance. Thus, the tDNA template was de-
signed for the optimization of nutritional care for patients with T2D and
prediabetes on a global scale (Fig. 1, Tables 1, ,2,2, ,3,3, 4.4, ,5,5, ,66
and and7)7) [15¢e, 3540, 41+, 42]. This instrument extends evidence-
based nutritional recommendations from the American Association of
Clinical Endocrinologists (AACE) [15¢, 43] and the American Diabetes
Association (ADA) [41¢¢] and provides nodes that can be populated with
information based on geographic and ethnocultural factors for individu-
alization and implementation at regional and local levels worldwide. The
tDNA is intended to 1) increase awareness of the benefits of nutritional
interventions for patients with T2D and prediabetes; 2) encourage healthy
dietary patterns that accommodate regional differences in genetic factors,
lifestyles, foods, and cultures; 3) enhance the implementation of existing
CPGs for T2D and prediabetes management; and 4) simplify nutritional
therapy for ease of application and portability.

TABLE 1: Classification of body composition by BMI, WC, and disease risk for Caucasians

BMI, kg/m? Obesity class Disease risk
WC:M<40in WC:M>40in
F<35in F>35in
Underweight <18.5
Normal 18.5-24.9
Overweight 25.0-29.9 Increased High
Obese 30.0-34.9 I High Very high
35.0-39.9 11 Very high Very high
Extremely obese >40 1 Extremely high  Extremely high

BMI body mass index, F female; M male; WC waist circumference

(Adapted from: Bantle JP, Wylie-Rosett J, Albright AL, et al. Nutrition recommendations
and interventions for diabetes: a position statement of the American Diabetes Association.
Diabetes Care. 2008;31 Suppl 1:S61-78) [41+]
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FIGURE 1: Transcultural medical nutrition algorithm for prediabetes and type 2 diabetes.
AACE—American Association of Clinical Endocrinologists; ADA—American Diabetes
Association; BMI—body mass index; DASH—Dietary Approaches to Stop Hypertension;
FPG—fasting plasma glucose; HbAlc—glycosylated hemoglobin Alc; IFG—impaired
fasting glucose; IGT—impaired glucose tolerance; MNT—medical nutrition therapy;
OGTT—oral glucose tolerance test; PG—plasma glucose; WC—waist circumference;
WHR—waist-to-hip ratio
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TABLE 2: Classification of body composition by BMI, WC, and disease risk for Southeast
Asians and Asian Americans

BMI, kg/m? Obesity class Disease risk
WC:M<90cm WC:M>90cm
F<80cm F>80cm
Underweight <18.5
Normal 18.5-22.9 Average Average
Overweight 23-24.9 I Increased High
Obese 25.0-29.9 1I High Very high
Very high Very high
Extremely obese ~ >30 111 Severe Severe

BMI body mass index; F female; M male; WC waist circumference

(Adapted from: Wildman RP, Gu D, Reynolds K, et al. Appropriate body mass index and
waist circumference cutoffs for categorization of overweight and central adiposity among
Chinese adults. Am J Clin Nutr. 2004,;80:1129-36) [36]

(Adapted from: Appropriate body-mass index for Asian populations and its implications

for policy a
63) [37]

nd intervention strategies. WHO Expert Consultation. Lancet. 2004,363:157—

TABLE 3: Physical activity guidelines for the management of diabetes

Intensity
level

Physical activity

Low

Medium

Patients should be encouraged to achieve an active lifestyle and to avoid sedentary liv-
ing, because physical activity and exercise provide many health benefits and facilitate
glycemic control. Participation in any physical activity provides some health benefits

For substantial benefits:

>150 min/week of moderate-intensity activity, or

>75 min/week of vigorous-intensity aerobic activity, or
some combination of equivalent moderate/vigorous activity

Aerobic activity should be performed in episodes of >10 min and preferably spread
throughout the week

For additional, more extensive benefits:

>300 min/week of moderate-intensity activity, or

>150 min/week of vigorous-intensity aerobic activity, or
some combination of equivalent moderate/vigorous activity

additional health benefits are gained beyond this amount
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TABLE 3: Cont.

Intensity Physical activity
level

High Moderate- or high-intensity resistance exercise training for all major muscle groups, as
a separate modality from aerobic exercise, has been shown to increase muscle mass and
strength, alter body composition, and improve glycemic control; therefore, it should be
combined with aerobic activity in each individual >2 days per week

Exercise should be undertaken only after cardiac clearance has been obtained

(Adapted from: US Department of Health and Human Services. 2008 Physical activity
guidelines for Americans. 2008.http.//www.health.gov/paguidelines/guidelines/summary.
aspx. Accessed June 22, 2011) [35]

TABLE 4: AACE/ADA nutritional guidelines for the management of diabetes
Hypocaloric (weight loss) diet: 250-1000 kcal/d deficit

Target: decrease weight by 5% to 10% for overweight/obese, 15% for class 3 obesity
Target: decrease BMI by 2 to 3 units

Carbohydrates (preferably low-glycemic index): 45% to 65% daily energy intake and not less than
130 g/d in patients on low calorie diet

Protein: 15% to 20% daily energy intake
Dietary fat: <30% daily energy intake
Saturated fat: <7% daily energy intake
Cholesterol: <200 mg/d

Fiber: 25-50 g/d

Trans fats: minimize or eliminate

AACE American Association of Clinical Endocrinologists; ADA American Diabetes
Association;, BMI body mass index

(Adapted from: National Guideline Clearinghouse. Guideline synthesis: Nutritional
management of diabetes mellitus. 2009.http://www.guideline.gov.syntheses/synthesis.
aspx?id+16430. Accessed June 22, 2011.) [40]



216 Clinical Nutrition

TABLE 5: Diabetes-specific (glycemia targeted specialized) nutrition formulas for the
management of prediabetes and diabetes

Overweight/obese  Use 2 to 3 diabetes-specific nutrition formulasa as part of a reduced calorie
meal plan, as a calorie replacement for meal, partial meal, or snack (grade C;
LOE 3)

Calorie goals:

<250 1b = 1200 to 1500 calories

>250 1b = 1500 to 1800 calories

Calories from diabetes-specific nutrition formulas
Calories from other healthy dietary source

Normal weight Uncontrolled diabetes 1 to 2 diabetes-specific nutrition
formulas per day to be incorporated
into a meal plan, as a calorie re-
placement for meal, partial meal, or
snack (grade D; LOE 4)

HbA > 7%

Controlled diabetes Use of diabetes-specific nutri-
tion formulas should be based on
clinical judgment and individual
assessmentb(grade D; LOE 4)

HbA  <7%

Underweight Use diabetes-specific nutrition supplementsc 1 to 3 units/d per clinical judg-

ment based on desired rate of weight gain and clinical tolerance (grade D;

LOE 4)

LOE 1: data defined as conclusive results from prospective, randomized controlled trials
that have large subject populations representative of the target population and results that
are easily generalized to the target population. Data also include results from meta-analyses
of randomized controlled trials, results from multicenter trials, and “all or none” evidence;
LOE 2: data include conclusive results from individual randomized controlled trials that
have limited subject numbers or target population representation; LOE 3: data include all
other conclusive clinical findings from nonrandomized studies, studies without controls,
and nonexperimental or observational studies. These data may require interpretation and,
by themselves, are not compelling;, LOE 4: data are defined as information based solely
on experience or expert opinion and are not necessarily substantiated by any conclusive
scientific data. Frequently, only LOE 4 data are available

“Diabetes-specific nutrition formulas are nutritional products used as replacement for
meals, partial meals, or snacks to replace calories in the diet

bIndividuals who may have muscle mass and/or function loss and/or micronutrient
deficiency may benefit from diabetes-specific nutrition supplements. Individuals who need
support with weight maintenance and/or a healthy meal plan could benefit from diabetes-
specific nutrition

*Diabetes-specific nutrition supplements are complete and balanced nutritional products
used in addition to a typical meal plan, to help promote increased nutritional intake
HbAlc glycosylated hemoglobin Alc; LOE level of evidence
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TABLE 6: Criteria for bariatric surgery for the management of diabetes
BMI > 40 kg/m? (about 100 1b overweight for men and 80 1b for women) or

BMI 35-39.9 kg/m? and an obesity-related comorbidity, such as T2D, coronary heart disease, or
severe sleep apnea

BMI 30-34.9 kg/m? under special circumstances

According to the International Diabetes Federation, bariatric surgery should be considered an al-
ternative treatment option in patients with a BMI of 30-35 kg/m? when diabetes is not adequately
controlled by a medical regimen and especially when there are cardiovascular disease risk factors

Consideration may be given to laparoscopic-assisted gastric banding in patients with T2D who have
a BMI > 30 kg/m? or Roux-en-Y gastric bypass for patients with a BMI > 35 kg/m? to achieve at
least short-term weight reduction

And for each of the above:

Failure to achieve and sustain weight loss after attempts at lifestyle modification
Tolerable operative risks

Understanding of operation

Commitment to treatment and long-term follow-up

Acceptance of required lifestyle changes

BMI body mass index; T2D type 2 diabetes

(Adapted from: Weight-control Information Network—an information service of the
National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK). Bariatric
surgery for severe obesity. 2009.http://win.niddk.nih.gov/publications/gastric.htm.
Accessed November 14, 2011) [38]

(Adapted from: International Diabetes Federation. Bariatric surgical procedures and
interventions in the treatment of obese patients with type 2 diabetes: a position statement
from the International Diabetes Federation Taskforce on Epidemiology and Prevention.
http://www.idf.org/webdata/docs/IDF-Position-Statement-Bariatric-Surgery.pdf. Accessed
June 27, 2011) [39]

(Adapted from: Handelsman Y, Mechanick JI, Blonde L, et al. American Association of
Clinical Endocrinologists Medical Guidelines for Clinical Practice for developing a
diabetes mellitus comprehensive care plan. Endocr Pract. 2011;17 Suppl 2:1-53) [15+]

12.5 METHODOLOGY TO DEVELOP THE TDNA

The methods and procedures used to develop the tDNA are widely recog-
nized as state-of-the-art within medical organizations and were rigorously
applied throughout this endeavor. The task force chair initiated the project
via live meetings and telephone or digital communications. Internation-
ally respected health care experts in diabetes and nutrition from Brazil,
Canada, China, Mexico, The Netherlands, Panama, Spain, Taiwan, and the
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United States were identified through literature searches and peer recom-
mendations. Each expert was contacted, briefed on the project, and ques-
tioned about his or her current activities and interest in participating in the
program. Based on responses, invitations were extended until a comple-
ment of specialists, sufficient for advisory activities, accepted the request
to be included in the task force.

TABLE 7: Antihypertensive diet: daily nutrient goals used in the DASH studies

Carbohydrate 55% of calories
Total fat 27% of calories
Protein 18% of calories
Saturated fat 6% of calories
Cholesterol 150 mg

Fiber 30g

Sodium 1500 mg
Potassium 4700 mg
Calcium 1250 mg
Magnesium 500 mg

DASH Dietary Approaches to Stop Hypertension

Based on a 2100-calorie eating plan

(Adapted from: US Department of Health and Human Services. Your guide to lowering
your blood pressure with DASH. NIH publication no. 06-408. 2006. http://www.nhlbi.nih.
gov/health/public/heart/hbp/dash/new_dash.pdf. Accessed June 22, 2011) [42]

Members of the task force provided data, culturally meaningful in-
formation, and expert opinion to guide algorithm development. During
a meeting in New York City on November 12 to 13, 2010, members dis-
cussed clinical evidence and the influence of various diabetes risk fac-
tors and comorbidities (cardiovascular events, obesity, hypertension, and
dyslipidemia) in the construction of the tDNA template. Task force mem-
bers also deliberated over the relative merits of specific metrics (body
weight, waist-to-hip ratio [WHR], fasting blood glucose, and glycosyl-
ated hemoglobin [HbAlc]) and nutritional therapies (foods, diets, and
calorie supplementation and replacement with prepared diabetes-specific
formulas) that would be cited in the template. Diabetes-specific formulas



Diabetes-Specific Nutrition Algorithm

219

(glycemia-targeted specialized nutrition formulas) may be used for calo-
rie replacement or supplementation as part of medical nutrition therapy
(MNT). Transcultural factors influencing dietary practices, food choices,
and diabetes health care interventions were also considered. For exam-
ple, energy-dense fast foods are ubiquitous but may take different forms
throughout the world. Likewise, healthy foods take different forms based
on geography and seasonality. Table 8 lists common international foods
and their glycemic indices [44]. Such information becomes essential at the
local level to make nutritional therapy meaningful.

TABLE 8: Common international foods and glycemic indices

Carbohydrate foods

Glycemic index

Glycemic index

Common foods
White wheat bread
Whole wheat bread
Multigrain bread
Wheat roti
Chapati
Corn tortilla
White rice
Brown rice
Barley
Corn
Spaghetti
Rice noodles
Udon noodles
Couscous

Dairy products
Whole milk
Skim milk
Soy milk
Rice milk
Ice cream
Yogurt

Cereals

Cornflakes

75
74
53
62
52
46
73
68
28
52
49
53
55
65

39
37
37
86
51
41

81

Fruits
Apple
Banana
Dates
Mango
Orange
Peaches
Pineapple
Watermelon
Vegetables
Potato, boiled
Potato, instant mash
Potato, fried
Sweet potato
Carrots, boiled
Pumpkin, boiled
Plantain
Taro, boiled
Vegetable soup
Legumes
Chickpeas
Kidney beans
Lentils

Soy beans

36
51
42
51
43
43
59
76

78
87
63
63
39
64
55
53
48

28
24
32
16
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TABLE 8: Cont.

Carbohydrate foods Glycemic index Glycemic index
Rolled oat meal 55 Snacks
Instant oat meal 79 Chocolate 40
Rice congee 78 Popcorn 65
Muesli 57 Potato chips 56
Millet porridge 67 Soda 59
Biscuits 69 Rice crackers 87

Glycemic index (GI) ranks carbohydrates according to their effect on blood glucose levels.
High GI = >70; medium GI = 56—69; low GI = <55

(Adapted from: Atkinson FS, Foster-Powell K, Brand-Miller JC. International tables of
glycemic index and glycemic load values: 2008. Diabetes Care. 2008;31:2281-3. 45.
Baker R, Feder G. Clinical guidelines: where next? Int J Qual Health Care. 1997;9:399—
404) [44]

The evidence supporting task force recommendations was rated and
assigned a numerical descriptor according to levels of scientific substan-
tiation provided by the 2010 AACE protocol for the development of CPGs
(Table 9) [21e¢]. The cumulative information was then codified using an
alphabetic descriptor (grade A, B, C, D), reflecting the respective strength
of the recommendation [21¢¢]. The data and information used to construct
the algorithm, as well as the included recommendations, closely reflect
similar information and grading found in the diabetes nutrition sections of
the AACE [15¢, 43] and ADA [41+¢] CPGs.

Following the initial task force meeting, a subcommittee reviewed a
meeting transcript to adopt points of agreement and resolve points of dis-
agreement to achieve consensus on all major topics of discussion. Sub-
sequently, all task force members received abstract summaries of the
proceedings for their review and subsequent modification or approval.
Consensus recommendations were discussed at a second task force meet-
ing held on June 17 to 18, 2011 in New York City. At that time, recom-
mendations were critiqued, refined, and prepared for transcultural adapta-
tion by an expanded task force team that included additional experts from
Canada, India, and Spain.
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TABLE 9: Levels of substantiation and their respective numerical and semantic descriptors

Level of evidence Study design or information type
1 RCTs

Meta-analyses of RCTs
Nonrandomized RCTs

—_

Meta-analyses of nonrandomized RCTs
Prospective cohort studies
Retrospective case—control studies
Cross-sectional study

Surveillance study

Consecutive case series

Single case report

Expert consensus

Expert opinion based on experience
Theory-driven conclusions

Experience-based information

B N . T S T - T VS I O S VS R UV S I (SR (SR )

Review

RCT randomized controlled trial

(Adapted from: Mechanick JI, Camacho PM, Cobin RH, et al. American Association
of Clinical Endocrinologists Protocol for Standardized Production of Clinical Practice
Guidelines—2010 update. Endocr Pract. 2010;16:270-83) [21e°]

12.6 TRANSCULTURALIZATION STANDARDS

The transculturalization of CPGs addresses problems that arise when rec-
ommendations are considered for implementation in an environment be-
yond that of the sponsoring individuals or organization [45]. In regard to
nutrition therapy, transcultural factors relate to genetic differences within
a given population, food preferences, religious practices, socioeconomic
status, and others. Attributes of the transculturalization process should
include evidence-based methodology, scientific rigor, transparency, rel-
evance, and authority commensurate with the original CPGs [30, 46-50].
To obtain the cooperation and acceptance of key regional stakeholders in
the implementation of the CPGs, their participation in the transculturaliza-
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tion process is essential. Likewise, a mechanism to have regional experts
train local stakeholders and then continue the iterative process is vital,
along with a validation and evaluation process to further modify the CPGs,
if needed [50, 51]. To accommodate patient opinion and choice, subjective
patient preferences for health care interventions that are locally available
should be considered [52—54], as well as cascades of alternative strategies
for a specific action [55, 56] and patient aids to inform their decisions [53].

12.7 TRANSCULTURALIZATION OF THE DIABETES-SPECIFIC
NUTRITION ALGORITHM

On July 8, 2011, clinical experts from the Philippines, Hong Kong, Indo-
nesia, Malaysia, Taiwan, Singapore, and Thailand met in Taipei, Taiwan
to learn about the tDNA and begin the process of adapting the algorithm
to their territories. This transcultural group was composed of endocrinolo-
gists, dietitians, and primary care practitioners who represented the health
care specialties serving the patient populations that were targeted for the
adaptive process. During the meeting, participants received information
on diabetes and lifestyle modification, nutrition therapy and related clini-
cal outcomes, and tDNA program goals and objectives. A point-by-point
review of the algorithm was undertaken to explore pathways, content, and
supportive evidence and to elicit information for the cultural adaptation of
the algorithm and related recommendations for Southeast Asian patients.
Subcommittee meetings were subsequently held in Taiwan (July 18, 2011)
and India (September 23, 2011) to explicitly populate the nodes of the al-
gorithm and the cells of the calorie supplement/replacement matrix (Table
5) with specific transcultural information and recommendations for their
respective regions. Companion articles in this issue of Current Diabetes
Reports describe the adaptive process and related output [57, 58].

12.8 RESULTS

An amalgam of the deliberations and conclusions of the expanded inter-
national task force is presented here, displaying the consensus composite
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template of the tDNA, which is being used in the transculturalization pro-
cess. Adaptations will be considered in ongoing regional meetings until
provincial versions of the algorithm are available for local implementation
and validation throughout the world.

12.8.1 R1

Diets, meals, and foods influence glycemic status and the risk of diabetic
complications (grade A) [16, 59—61].

12.8.2 R2

MNT is important and should be implemented as an essential component
of comprehensive management programs for all patients with T2D and
prediabetes (grade A) [41e, 43, 62—67].

12.8.3 R3

Diets should be based on individual risk factors for impaired glucose toler-
ance, obesity, hypertension, and dyslipidemia (grade A) [64, 65, 67, 68].

12.8.4 R4

Cultural factors should guide the selection of local foods and meals to
adhere with general nutrition recommendations from the AACE and ADA
(grade D) [1, 41°°,43].

12.8.5 R5

Diabetes-specific formulas may be used for calorie replacement or supple-
mentation as part of MNT (grade A) [41e, 43, 69+, 70, 71]. Prepared and
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packaged diabetes-specific formulas contain nutrients that are designed to
facilitate glycemic control [69¢]. Such nutrients include modified malto-
dextrin, fructose, fiber, soy protein, monounsaturated fatty acids, and an-
tioxidants. Clinical studies have demonstrated improvements in glycemic
profiles and reductions in disease complications among patients who con-
sume prepared formula products as part of MNT. For patients with low
body mass index (BMI) and/or insufficiency states, such as the elderly,
caloric supplementation is helpful for weight gain, amelioration of nutri-
tional deficiencies, and prevention of diabetic complications [69e, 72-75].
For patients with normal or elevated BMI, caloric replacement is helpful
to achieve weight loss, greater metabolic control, and avoidance of subtle
deficits of vitamins or other nutrients that can accompany simple calorie
restriction [69¢]. Intensification or reduction in the number of replace-
ments and supplements is a stepped process based on clinical appraisals
and modification of regimens to meet individual patient goals [73].

12.8.6 R6

Geographic location and ethnocultural classifications should be used to
tailor the algorithm for specific patient populations. Risk factors are the
leading determinants of patient pathways and related recommendations;
one or more risk factors identify patients who are more likely to experi-
ence disease progression and/or complications (grade A) [75—77]. Dietary
modification can mitigate the following risk factors: T2D or prediabetes,
excessive weight or obesity, hypertension, and dyslipidemia (grade A) [64,
65, 67].

12.8.7 R7

Anthropometric measures—BMI, waist circumference (WC), or WHR—
should be used to assess body composition and risk of progression [41e].
Although each of these measures has merit in clinical practice, differ-
ences in values and interpretations arising from phenotypic and cultural
differences among populations have confounded global standardization.
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Likewise, difficulty using some methods (eg, WHR) has created regional
preferences in medical practice and influenced general recommendations.
Consequently, BMI and WC were chosen as the preferred prioritized mea-
sures of body composition in the algorithm. Values for normal and abnor-
mal composition can be adjusted via ethnocultural inputs for local appli-
cability (grade B) [78, 79].

12.8.8 R8

Irrespective of patient risk factors, lifestyle intervention mandates profes-
sional counseling, physical activity, and healthy eating patterns consistent
with current CPGs or evidence (grade A) [41ee, 43]. Professional coun-
seling may be impeded by local attitudes and costs as well as the lack
of perceived value by patients who may be economically disadvantaged.
Although both low-risk and high-risk patients should comply with these
basic recommendations, high-risk patients should intensify their efforts
according to their specific needs and conditions.

12.8.9 R9

A registered dietitian (RD) who is familiar with the components of MNT
should be involved in patient management (grade B) [41¢¢]. Long-term
changes in behavior are difficult to achieve for many patients. To as-
sist implementation, physicians should encourage and support patients
through the behavior modification process. However, physicians are lim-
ited by time and experience in behavior modification techniques. There-
fore, the use of other health care professionals with expertise in patient
self-management may be necessary. Research has shown that lifestyle
case management by RDs can improve health outcomes among patients
with T2D [80, 81, 82]. In cultures and regions (e.g., Hong Kong) where
patients may oppose or decline nutrition consultation by health care pro-
viders who are not physicians, we encourage physicians to develop skills
in nutrition medicine by participating in appropriate continuing medical
education.



226 Clinical Nutrition

12.8.10 R10

Patients should be encouraged to lead an active lifestyle and avoid seden-
tary living, as physical activity and exercise independently confer health
benefits and facilitate glycemic control (grade A) [35, 83—85]. Substantial
benefit is achieved with >150 min per week of moderate activity or >75
min per week of vigorous aerobic activity [83—86]. Resistance exercise
training, as a separate modality from aerobic exercise, can increase muscle
mass and improve glycemic control and should be combined with aerobic
activity (grade D) [87]. Additional time spent on any physical activity can
augment benefit and represents an intensification strategy for patients with
higher risk stratification or those who do not achieve their goals with less
intense activity.

12.8.11 R11

MNT was introduced in 1994 by the American Dietetic Association to
better express the concept of therapeutic nutrition [65, 88]. It consists of
specific nutritional interventions that include assessment, counseling, and
dietary modification, with and without specialized nutritional formulas for
calorie supplementation or replacement [65]. Diabetes-specific MNT has
been considered a cornerstone of diabetes treatment because it can im-
prove glycemic profiles and reduce the risk of disease complications [65,
67, 89]. Formalized recommendations for T2D in the medical literature
include the following: carbohydrates, preferentially from low-glycemic
index foods, for 45% to 65% of daily energy intake and not less than 130
g/day in patients on low-calorie diets (grade D) [41e°, 43, 90, 91]; fats for
less than 30% of daily energy intake (grade D) [41ee, 43, 90]; saturated fat
for less than 7% of daily energy intake (grade A) [41ee, 43, 90, 92]; pro-
tein for 15% to 20% of energy intake and not less than 1 g/kg in patients
with normal kidney function (grade D) [41°e, 43]; cholesterol restricted to
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less than 200 mg daily (grade A) [41, 43, 90, 92]; trans fats eliminated or
reduced to minimal intake (grade D) [41e°, 43, 90, 92]; and fiber for 25 to
50 g daily (grade A) [41°-, 43, 90].

12.8.12 R12

Overweight or obese patients should adhere to these guidelines and try to
achieve a gradual weight loss of 5% to 10% by reducing caloric intake,
for a total daily deficit of 250 to 1000 kcal (grade A) [15¢°, 16, 17, 41ee,
43, 70, 93, 94]. Patients with class 3 obesity should shed 15% of body
weight (grade D) [15¢e, 16, 17, 41, 43, 70, 93, 94]. BMI should be de-
creased by 2 to 3 units (grade D) [41ee, 43, 70, 93, 94]. Any amount of
weight loss is associated with metabolic benefits, even if clinical targets
are not met.

12.8.13 R13

Bariatric surgery may be considered for patients with T2D and obesity
who 1) fail to respond to lifestyle and pharmacologic interventions; 2)
meet established criteria related to body composition, comorbidities, and
surgical risk; and 3) commit to durable lifestyle changes and follow-up
evaluations [95-98]. The recent statement by the International Diabetes
Federation on criteria for bariatric surgery should be considered when
making treatment decisions [39].

12.8.14 R14

Patients with T2D or prediabetes complicated by hypertension require fur-
ther nutritional management. Sodium intake should already be limited to
1,500 mg/day per recent recommendations provided by the Dietary Guide-
lines for Americans, 2010 (grade A) [99-102, 103+, 104]. The principles
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of the Dietary Approaches to Stop Hypertension (DASH) diet, particularly
increasing the consumption of fresh fruits and vegetables, should also be
incorporated into the patient’s diet.

12.8.15 R15

Patients with lipid abnormalities must pay closer attention to fat intake
based on their dyslipidemic profiles and may benefit from viscous fibers
and plant sterols (grade A) [91, 92, 105—111]. The reduction of simple sug-
ars and alcohol is important for patients with hypertriglyceridemia.

12.8.16 R16

When multiple comorbidities exist in a patient with T2D or prediabetes,
recommended interventions are applied simultaneously and at a higher
level of intensity, but individual patient factors, such as potential for ad-
herence, adverse effects, and dietary customs and practices, are also taken
into account (grade D).

12.8.17 R17

Follow-up evaluations for all patients should occur at appropriate intervals
depending on need (grade D). Assessments should include a history and
physical examination (anthropometrics, blood pressure); blood chemistries
(glucose, HbAlc, lipids, renal function, and liver enzymes depending on
clinical status); and urinary microalbumin determination. Improvements
in disease states based on follow-up assessments create an opportunity to
diminish the intensity of interventions and to spare resources. Although
deterioration of clinical status creates a need to increase the intensity of
interventions, it also creates an opportunity to search for ways to improve
care and possibly adherence.
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12.9 DISCUSSION

Within North America, the national prevalence of diabetes and prediabetes
ranges from 10.1% in Mexico to 11.6% in Canada and 12.3% in the United
States [1]. The global prevalence is significantly lower, at 6.6%, but rates
in the Arab countries are much higher at 13.4% (Oman) to 18.7% (United
Arab Emirates) [1]. These figures reflect accurate estimates of the size of
affected populations, but do not convey the complexities that underlie the
epidemiology of the disease. Hidden behind these numbers are the details
that illuminate the nature of the problem. Today, societies are heteroge-
neous not only in North America, but in many other places around the
world. Continents, countries, states, municipalities, and even neighbor-
hoods can be characterized by ethnicity, customs, mores, habits, and be-
liefs. All of these demographics influence personal choices that contribute
to health or illness and the prevention or development and perpetuation of
diabetes.

Health care providers must understand the culture of diabetes to ef-
fectively manage their patients with diabetes. Although general cultural
sensitivity training is offered in medical school and through postgraduate
activities, most practitioners are woefully deficient in the knowledge and
skill to maneuver medically through the intricacies of a diverse patient
population [112—115]. Clinical guidance rarely cites the cultural differenc-
es that truly matter in the delivery of health care. This may be especially
true—and particularly important—with respect to diabetes, a disease that
is intimately associated with lifestyles and foods. For these reasons, the
international task force sought to identify and incorporate regional differ-
ences in genetic factors, diet, exercise, and culture into CPGs for nutrition
therapy in T2D and prediabetes.

For example, based on clinical evidence, it was abundantly clear to the
task force members that a principal cause of obesity and diabetes was the
consumption of energy-rich or fast foods. Such foods are characterized by
high concentrations of fats and refined carbohydrates with high glycemic
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indices. Describing foods in terms of composition, however, may limit
comprehension and corrective action. Instead, citing examples that are
culturally meaningful (e.g., fried white rice with pork drippings or quarter-
pound cheeseburgers with french fries and soda) may be more relevant.

Assessing an individual for diabetes risk seems relatively straightfor-
ward until one realizes that Southeast Asians tend to develop the disease
at a younger age and lower BMI. Disease management in Southeast Asian
patients is also complicated by a greater prominence of postprandial hy-
perglycemia and renal complications.

Economics and education affect the likelihood that a health care inter-
vention, regardless of its benefit, will be adopted and faithfully used by a
particular segment of society. Task force members noted that the accep-
tance of dietitians or nutrition counselors, for instance, is low in Southeast
Asia because the importance of such individuals is probably undervalued
or misunderstood, not only by patients but occasionally by physicians,
too. The cost and relative inaccessibility of these allied professionals may
impede their participation in health care, especially when community re-
sources are not available for targeted education. Moreover, broader educa-
tion in the form of CPGs for comprehensive care of patients with diabe-
tes as well as specific lifestyle interventions are needed worldwide, but
guidance comes mostly from developed countries, especially Europe and
North America, where interpretation of sophisticated recommendations is
easier than in developing non-English-speaking nations. Couple this prob-
lem to a lack of familiarity with nutrition therapy in general and prepared
liquid formulas in particular, and the likelihood of effective nutrition man-
agement is greatly reduced

In response to these problems, we developed the tDNA. It has four
major strengths: 1) simplicity that fosters not only an understanding of di-
abetes-specific nutrition therapy but also the cultural adaptation necessary
for worldwide implementation; 2) incorporation of advice from national
and international associations and respected publications; 3) inclusion of
important clinical evidence and experience from multinational health care
stakeholders who contributed to the developmental process; 4) openness
to scientific and cultural adaptation.

Dietary and culinary habits within many diverse global communities
must still be identified, and guidance must be further tailored along ethnic
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and cultural lines. To reach this end point within the tDNA program, diabe-
tes and nutrition experts from around the world continue to be organized,
familiarized with program goals, and invited to contribute to the transcultur-
alization process. Adapted versions of the algorithm have already emerged
for Southeast Asian and Asian Indian populations [57, 58]. Implementation
will require education initiatives and follow-up assessments to determine
if clinical benefit is truly achieved. These activities are currently being
planned within the tDNA program. If found to be successful in optimizing
comprehensive diabetes care, the tDNA and related educational resources
will be made available for widespread dissemination and worldwide imple-
mentation.

12.10 CONCLUSIONS

The algorithm presented here incorporates established standards used for
CPG development, adaptation, and implementation. It is comprehensive
and authoritative, yet brief and easy to use. Importantly, it is designed for
simplicity and global cultural adaptation, or transculturalization. In large
part, it conveys established clinical guidance from highly respected orga-
nizations for nutrition therapy and lifestyle management. It also references
calorie augmentation or replacement with diabetes-specific liquid meals,
a relatively novel addition to traditional nutrition therapy. It remains open
to modification of content and context.
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CHAPTER 13

EFFECT OF FRUIT RESTRICTION ON
GLYCEMIC CONTROL IN PATIENTS
WITH TYPE 2 DIABETES:
A RANDOMIZED TRIAL

ALLAN S. CHRISTENSEN, LONE VIGGERS, KJELD HASSELSTROM,
and SOREN GREGERSEN

13.1 BACKGROUND

The prevalence of type 2 diabetes (T2DM) is still rising and has reached
epidemic proportions in most countries [1]. It is estimated that around 350
million people worldwide have T2DM [1]. Individuals with T2DM have
increased morbidity and mortality and represent a huge economic burden
for society. The importance of medical nutrition therapy (MNT) is recog-
nized as one of the cornerstones in the treatment of T2DM [2-4]. Several
evidence-based nutrition guidelines have been published and show that
both diet quality and quantity have a huge impact on T2DM [3-5]. A vari-
ety of fibre-rich food like fruit and vegetables are generally recommended
[4,5].
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Fruit contain a wide range of specific bioactive substances which can
act through multiple pathways in the human body e.g. as antioxidants,
reduce inflammation and improve endothelial function [6-8]. High fruit
intake has been shown to reduce the risk of e.g. cardiovascular disease
[9,10] and some cancer types [11].

Health professionals often have concerns about the sugar content of
fruit and therefore advice individuals with T2DM to restrict their in-
take to a maximum of two pieces a day. Few studies have addressed
whether high fruit intake is associated with glycemic control and these
have shown either no association [12-15] or an inverse association [16]
between fruit intake and either HbAlc or blood glucose. However, these
are all observational studies and none are performed in subjects with
T2DM. Therefore sparse data exist to answer the question whether or
not fruit has a negative impact on blood glucose levels in subjects with
T2DM. We carried out this study to test the hypothesis that an advice to
restrict fruit intake to a maximum of two pieces a day compared to at
least two pieces a day results in an improved glycemic control in adults
with type 2 diabetes.

13.2 METHODS

13.2.1 SUBJECTS

Volunteers were selected from patients referred to MNT by their GP to
the Outpatient Clinic at Department of Nutrition, Regional Hospital West
Jutland. Eligible patients were adults with T2DM (duration of T2DM <
12 months), HbAlc values 12.0% or less and who accepted to adhere to
the protocol. Exclusion criteria were clinically significant cardiovascular,
renal or endocrine disease. A total of 136 subjects were invited and 63
subjects were randomized. Each subject gave informed, written consent
and the study was approved by The Regional Committee on Biomedical
Research Ethics.
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13.2.2 STUDY DESIGN

This study was a 12 week open randomized parallel diet intervention trial.
Sequentially numbered, sealed envelopes containing a computer-generat-
ed allocation were used. The intervention consisted of standard MNT and
an advice to either: 1) Eat at least two pieces of fruit each day (high-fruit)
or 2) eat no more than two pieces of fruit each day (low-fruit). Both groups
had two consultations with an experienced registered dietitian at the Out-
patient Clinic. One consultation in the beginning and one at the end of
the study period. Shortly before consultations in the Outpatient Clinic the
subjects had a blood sample drawn at their GP. During the intervention
subjects were treated at the GP’s discretion. The primary outcome was
change in HbAlc. Secondary outcomes were changes in fruit intake, body
weight and waist circumference.

13.2.3 NUTRITIONAL INTERVENTION

The MNT was given on an individual basis and focused on the individual
needs and personal preferences [3]. All overweight subjects were advised
to restrict the energy intake. The only difference in the MNT between the
groups was the advice concerning fruit intake. The patients were recom-
mended to eat fresh and whole fruit only and to exclude fruit juice, canned
and dried fruit from their diet or keep it as low as possible. One piece of fruit
was standardized to the amount of a fruit that contained approximately 10
grams of carbohydrate e.g. 100 grams apple, 50 grams banana or 125 grams
orange. The patients were given written information and pictures about the
amount of the most common fruit that corresponded to one piece.

13.2.4 ANTHROPOMETRY MEASUREMENTS

Height was measured at the first visit only. Body weight and waist circum-
ference were measured at both visits. Subjects were weighed barefooted
and in light clothing on a calibrated scale. Height was measured using a
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wall measuring stick scale. Waist circumference was measured horizon-
tally at the level of the umbilicus in a relaxed standing position.

13.2.5 BIOCHEMICAL ANALYSIS

Blood samples were taken at the subjects GP using standard procedures.
The blood samples were analyzed at Department of Clinical Biochemis-
try, Regional Hospital West Jutland using standard laboratory procedures.
HbA 1c was analyzed using HPLC.

13.2.6 FRUIT INTAKE

The subjects filled in a weighed 3-day fruit record before and after the
intervention. At each visit the fruit intake was estimated using dietary re-
calls. Portion sizes were estimated and translated to grams using pictures
and table values of mean weight for a given standard portion [17,18]. This
was compared with the fruit record to avoid errors. Fruit intake was calcu-
lated at each visit as mean intake using the 3-day fruit record.

13.2.7 PHYSICAL ACTIVITY

A self-reported questionnaire was used at each visit to estimate physical
activity level [19].

13.2.8 STATISTICAL ANALYSIS

Statistical analysis was performed using Stata statistical software package
11.1 (Stata, College Station, TX, USA). All analyses were performed on an
intention-to-treat basis, with a two-sided 0.05 significance level (0¢=0.05).
We used paired t-test to analyze if a variable changed significantly from
before to after the intervention. For each outcome we compared mean
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difference (after - before) between the two groups using an unpaired t-test.
For the primary outcome we also used multiple regression analysis con-
trolling for potential confounders. Results are given as mean + standard
error unless otherwise stated.

A sample of 38 subjects in each arm was estimated to detect a differ-
ence of 0.7% in HbAlc. The sample size was based on achieving an 80%
power with a = 0.05, SD = 1.0 and dropout = 10%. The inclusion rate was
slower than anticipated. The study was terminated prematurely due to lim-
ited time and research funding. Fortunately, the variation in HbAlc was
smaller than estimated in the power calculation and there were no drop-
outs. Therefore the actual power in the study was around 90% to detect a
difference of 0.7% in HbA1c between the groups.

TABLE 1: Baseline characteristics of study participants*

High-fruit Low-fruit

(n=32) (n=31)
Age (years) 59+12 57+12
Sex (female) 14 (44) 18 (58)
Height (cm) 170 £ 8 169 £ 10
Body weight (kg) 92+17 91+17
BMI (kg/m?) 3245 3246
Waist circumference (cm) 104 + 11 107+ 9
HbAlc (%) 6.7+12 65+1.1
Physical activity level (PAL) 1.7+0,1 1.6 +£0,1
Fruit intake (g) 194 + 87 186 + 82
Duration of diabetes (days) 22 (12-107) 33 (14-54)
Start on OAD prior to intervention®
1-30 days 10 (45) 7(58)
31-60 days 6(27) 3(25)
> 60 days 6(27) 2(17)

*Baseline values are presented as mean + SD, median (25th-75th centile), and number
(%). 1 OAD = oral antidiabetic drugs.
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13.3 RESULTS

13.3.1 BASELINE CHARACTERISTICS

Recruitment took place from November 2009 to March 2011 with the last
visit in June 2011. In total 63 T2DM subjects were included. Baseline
characteristics are shown in Table 1. At baseline significantly more sub-
jects were taking oral antidiabetic drugs (OADs) on the high-fruit diet than
on the low-fruit diet (22 vs 12; p=0.02). There were no significant differ-
ences between the groups for any of the other baseline variables.

13.3.2 COMPLIANCE TO INTERVENTION

Based on the fruit records and recalls, the reported fruit intake was altered
as expected (Table2). One subject on the high-fruit diet kept the fruit in-
take steady just below two pieces a day. The outcomes were unaffected by
exclusion of this non-compliant subject.

TABLE 2: Body weight, waist circumference and fruit intake before and after intervention

High-fruit Low-fruit Differences between
groups
Before After Before After Means p-value
(C195%)
Body weight 924+£29 899+3.0% 91.2+3.0 896+ -0.9 0.18
(kg) T 2.9% (—2.2t00.4)
Waist circumfer- 103+2 99 + 2% 107 +2 103£2*% -1.2 0.17
ence (cm) (-3.0t0 0.5)
Fruit intake 194+15  319+24% 186+15 135+7* 175 <0.0001
(grams) (119 to 232)

* Significant difference between before and after.
7 Body weight: high-fruit (n = 32), low-fruit (n = 31), waist circumference: high-fruit (n =
27), low-fruit (n = 22), fruit intake: high-fruit (n = 32), low-fruit (n = 31).
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13.3.3 HBA1C

As expected, there was a significant reduction in HbAlc in both groups.
The high-fruit group had a change from 6.74 + 0.2 to 6.26 + 0.1% and the
low-fruit group a change from 6.53 £ 0.2 to 6.24 + 0.1%. The reductions
were 0.49 + 0.2 and 0.29 + 0.1% in the high-fruit and low-fruit diet respec-
tively. There was no significant difference between the groups (Table 3).
Adjusting for use of OAD at baseline did not significantly change the re-
sult (Table 3). Five subjects (high-fruit = 2; low-fruit = 3) increased OAD
dosage during the study period. They had a significantly higher HbAlc
at baseline and reduced their HbA 1c significantly more during the study
(Figure 1).

TABLE 3: Mean difference between the groups in HbAlc (%)

Difference* CI 95% p-value
Unadjusted 0.19 -0.23t00.62 0.37
Adjusted for baseline OAD} 0.06 —0.38t00.49 0.80

* Difference between the diets (high-fruit (n = 32) — low-fruit (n = 31)) analyzed by
multiple regression. 1 OAD = oral antidiabetic drugs.

13.3.4 WEIGHT AND WAIST CIRCUMFERENCE

Both groups had a significant reduction in body weight and waist circum-
ference with no differences between groups (Table2). The reductions in
body weight were 2.5 + 0.5 and 1.7 + 0.5 kg in the high-fruit and low-fruit
diet respectively. In waist circumference the reductions were 4.3 £+ 0.6 and
3.0 = 0.6 cm in the high-fruit and low-fruit group, respectively. Neither
change in body weight (=—0.07, p=0.61; r=0.17, p=0.19) nor in waist
circumference (r=—0.15, p=0.31; r=0.13, p=0.36) was associated with
change in fruit intake or change in HbAlc respectively.
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FIGURE 1: HbA1c values before and after intervention by groups. Each thin line represents
one subject. Thick line represents mean change.

13.3.5 PHYSICAL ACTIVITY

A significant change in physical activity was seen in the high-fruit group
(0.07 £ 0.02 PAL; p=0.005) but not in the low-fruit group (0.04 £+ 0.03
PAL; p=0.19). However, there was no difference between the groups (0.04

PAL; p=0.31).
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13.3.6 SIDE EFFECTS

One subject on the high-fruit diet, who increased fruit intake from 145
to 310 grams, reported mild gastrointestinal side effects, but the subject
remained compliant throughout the study.

13.4 DISCUSSION

Our pragmatic trial demonstrated that, in adults with newly diagnosed
T2DM, MNT with an advice to restrict fruit intake resulted in a decreased
fruit intake while MNT with an advice to eat more fruit resulted in an
increased fruit intake. However this difference in fruit intake did not sig-
nificantly affect glycemic control, body weight or waist circumference.
To our knowledge, this is the first randomized intervention study ex-
amining the effects of dietary advice to restrict fruit intake on glycemic
control in T2DM. Most intervention studies with fruit have investigated
fruit as a part of a whole diet, fruit mixed with vegetables or only one type
of fruit and often as a single meal study e.g. glycemic index studies. Very
few intervention studies have tested a variety of fruit over several weeks
and none have investigated long-term glycemic control in T2DM subjects.
In our study we found that restriction of fruit intake does not signifi-
cantly affect HbAlc. In a study by Rodriguez et al. 15 obese women ran-
domized to either a low-fruit or a high-fruit diet for 8 weeks a difference
between the groups of 550 kJ from fructose was obtained [20]. This is
around twice the difference obtained in the present study. The study re-
ported no differences in HOMA, glucose or insulin levels between the
groups. In another study by Madero et al. 131 obese subjects were ran-
domized to a low-fructose diet or a moderate-natural- fructose diet for 6
weeks [21]. The groups’ intake of fruit corresponded to approximately 250
and 2200 kJ, respectively in low-fructose and moderate-natural-fructose
which corresponds to a difference between the groups about three times as
large as in the present study. Significant reductions in HOMA and glucose
values were seen within the moderate-natural-fructose group, but no dif-
ference between the groups was seen. Cross-sectional studies have shown
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that fruit intake is not associated [12-15] or inversely associated [16] with
HbAlc or other parameters reflecting glycemic control. Further, cohort
studies addressing the impact of fruit intake on the incidence of T2DM
have shown either no association or an inverse association [22,23]. The
evidence, including our present study, therefore suggests that a high fruit
intake does not have a negative impact on glycemic control.

We found a tendency towards reduced body weight and waist circum-
ference in the group that ingested most fruit 0.9 (CI 95%; —0.4 to 2.2) kg
and 1.2 (CI 95%; —0.5 to 3.0) cm respectively. This corroborates with a
few intervention studies. The study by Rodriguez et al. in which the high-
fruit group had a significant reduction in waist circumference compared
to low-fruit group (5.5 vs. 2.4 cm; p=0.048) [20]. Weight loss was similar
in the two groups (6.1 vs. 6.4 kg; p=0.78). In another intervention study
49 obese women were randomized to add either three apples, three pears
or three oat cookies to their usual diet for 10 weeks [24]. The total energy
and fiber content of the supplements were matched. The two groups with
fruit supplements lost significantly more body weight than the group with
oat cookies (—0.9 vs —0.8 vs 0.2 kg). In a third study by Madero et al.
the moderate-natural-fructose group reduced body weight more than the
low-fructose group (4.1 vs 2.9 kg; p=0.02) [21]. A recent review study
concluded that in most studies a higher fruit intake has a beneficial effect
on body weight and that no studies have found a negative effect [25].

In spite of a difference in fruit intake of about two pieces daily between
the groups we did not find any effect on HbAlc, body weight or waist cir-
cumference. The most likely explanation is that fruit is eaten as a part of a
daily diet and therefore when changing the fruit intake it will lead to other
changes in the diet. We did not measure total energy intake, but weight and
physical activity were similar between the groups and therefore energy
intake must have been more or less the same in both groups too. When
changing the fruit intake other changes in the diet most likely occur and
this would explain that there was no difference in HbAlc, body weight
and waist circumference despite the significant difference in fruit intake.

Our study has several strengths. It is the first randomized controlled
study investigating the relevant scientific question: does fruit intake mat-
ter in relation to glycemic control in T2DM subjects? We chose to do this
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in a “real life” setting. Thus, almost all subjects were fully compliant and
there were no drop-outs.

However, our study also has some weaknesses. First, it can be argued
that a greater difference in fruit intake between the high and low fruit
groups would have resulted in a significant effect, positive or negative.
However, we consider a difference of about two pieces of fruit as clini-
cally relevant and we think it reflects a “real life” situation. We admit
that testing whether an even higher fruit intake may impact significantly
the glycemic control would be interesting, but this was not the intention
in this pragmatic trial. Secondly, we did not control (and had no pre-trial
intention to do so) the intake of medication. A difference in baseline use of
OADs could bias the results. However, adjustments did not significantly
change the results (Table 3). Therefore we do not believe it has biased the
results. Thirdly, fruit intake and physical activity were self-reported and
therefore could have been subject to under or over-reporting. Measure-
ment of biomarkers of fruit intake, e.g. plasma vitamin C and plasma ca-
rotenoids would have strengthened the study.

13.5 CONCLUSIONS

We conclude that an advice to restrict fruit intake as part of standard MNT
in overweight adults with newly diagnosed TDM2 does not improve gly-
cemic control, body weight or waist circumference. Considering the many
possible beneficial effects of fruit, we recommend that fruit intake should
not be restricted in T2DM subjects.
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CHAPTER 14

IS THERE A ROLE FOR
CARBOHYDRATE RESTRICTION IN
THE TREATMENT AND PREVENTION
OF CANCER?

RAINER J. KLEMENT and ULRIKE KAMMERER

14.1 INTRODUCTION

When defining the factors of a healthy lifestyle that aims at preventing a
disease like cancer, a logical approach is to compare individuals that get
the disease with those that don't. Cancer, which might be considered a dis-
ease of civilization, has consistently been reported to be very rare among
uncivilized hunter-gatherer societies [1-4]. This observation makes sense
from an evolutionary perspective from which it is reasonable to assume
that the lifestyle factors that protect our genome against tumorigenesis
have been selected for early in the history of the genus homo when hu-
mans lived as hunter-gatherers [5]. In particular, the time since the neolith-
ic revolution, which meant the transition from foraging and nomadism to
agriculture and settlement, spans a fraction less than 1% of human history.
Thus, the switch from the "caveman's diet" consisting of fat, meat and only
occasionally roots, berries and other sources of carbohydrate (CHO) to a
nutrition dominated by easily digestible CHOs derived mainly from grains
as staple food would have occurred too recently to induce major adoptions
in our genes encoding the metabolic pathways. This is even more the case
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for the changes that occurred over the past 100 years, in particular the
switch from labor in the field to a sedentary lifestyle and an increase in the
consumption of easily digestible CHOs with high glycemic indices (GIs),
leading to diseases of civilization that are strongly associated with the so-
called Western way of life [6]. Despite a large heterogeneity in regional
occupation, modern hunter-gatherers share certain lifestyle factors that are
not frequently met in Westernized societies, including regular physical ac-
tivity, sun exposure, sufficient sleep, low chronic stress and the lack of
foods that would also not have been available to our pre-neolithic ances-
tors. While there is already compelling evidence for the beneficial roles
of regular physical activity and sufficient vitamin D in the prevention and
treatment of cancer, the influence of the altered nutritional patterns in the
Western diet is less clearly defined.

14.1.1 MODERN HUNTER-GATHERERS' DIET

Data from 229 hunter-gatherer societies included in the revised Ethno-
graphic Atlas indicate that hunter-gatherer diets differ from typical West-
ern ones in basically two aspects: first, a strong reliance on animal foods
(45-65% of energy or E%) and second, the consumption of low-GI plant
foods such as vegetables, fruits, seeds and nuts [7]. This is consistent
with stable isotope studies of human fossils [8,9]. As a consequence, the
amount and type of carbohydrates in the typical western diet differ mark-
edly from the ones that our genes adapted to. In particular, Cordain and
colleagues estimated that modern hunter-gatherers derived about 22-40
E% from CHOs and 19-30 E% from protein, which is lower and high-
er, respectively, than recommended by Western food agencies. Recently,
Stréhle & Hahn confirmed that the energy derived from CHOs—despite
being dependent upon geographic latitude and ecological environment - in
modern hunter-gatherers is markedly lower than in Westernized societies
[10]. High CHO intake, in particular in the form of sugar and other high
GI foods, has been linked to modern diseases like metabolic syndrome
[11], Alzheimer's disease [12,13], cataract and macula degeneration [ 14-
16] and gout [17]. Intriguingly, with the possible exception of Alzheimer's
disease [18], the occurrence and prognosis of cancer seems positively
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associated with both the prevalence of these diseases [19-28] and the GI
and glycemic load (GL) of the diet [29-32]; this implies a possible role of
high CHO intake in cancer as well.

In this review, we are going to present some arguments that support the
hypothesis that lowering the amount of CHOs in the diet can have direct
beneficial effects on the prevention and treatment of malignant diseases.
The main focus will be on very low CHO, ketogenic diets as an effective
supportive therapy option for cancer patients.

14.2 TUMOR CELL METABOLISM—IT'S ALL ABOUT GLUCOSE

That there exists an intimate connection between CHOs and cancer has
been known since the seminal studies performed by different physiolo-
gists in the 1920s. Treating diabetic patients, A. Braunstein observed in
1921 that in those who developed cancer, glucose secretion in the urine
disappeared. Further, culturing tissue of benign and malign origin in glu-
cose-containing solutions, he quantified the much higher consumption by
cancer tissue compared to muscle and liver [33]. One year later, R. Bierich
described the remarkable accumulation of lactate in the micromilieu of
tumor tissues [34] and demonstrated lactate to be essential for invasion of
melanoma cells into the surrounding tissue [35]. The most accurate and
well known experiments were published by Otto Warburg and colleagues
from 1923 on [36-38]. Warburg observed that tumor tissue ex vivo would
convert high amounts of glucose to lactate even in the presence of oxygen
(aerobic glycolysis), a metabolic phenotype now referred to as the War-
burg effect. This meant a sharp contrast to normal tissue which was known
to exhibit the Pasteur effect, i.e., a decrease of glucose uptake and inhibi-
tion of lactate production under aerobic conditions. Today, the Warburg
effect is an established hallmark of cancer, i.e., a pathological capability
common to most, if not all, cancer cells [39]. At first sight, the reason
why many cancers should run preferentially on glucose to produce energy
seems counter-intuitive: basic biochemistry textbooks tell us that glycoly-
sis partially oxidizes the carbon skeleton of one mole of glucose to two
moles of pyruvate, yielding two moles of ATP and NADH. In normal cells
under normoxic conditions, pyruvate is oxidized in the mitochondria by
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the enzyme pyruvate dehydrogenase, creating acetyl-CoA which is further
utilized in the tricarboxylic acid cycle (TCA or Krebs cycle) to yield a total
of 32+ moles of ATP. Thus, the oxidation of pyruvate in the mitochondria
supplies 30+ additional moles of ATP compared to its reduction to lactate
via lactate dehydrogenase A (LDHA), which happens in case of insuffi-
cient oxygen levels or - in case of cancer cells - due to the Warburg effect.

14.2.1 POSSIBLE CAUSES FOR THE "WARBURG EFFECT"

Over the past years, however, it has become increasingly clear that malig-
nant cells compensate for this energy deficit by up-regulating the expres-
sion of key glycolytic enzymes as well as the glucose transporters GLUT1
and GLUTS3, which have a high affinity for glucose and ensure high gly-
colytic flux even for low extracellular glucose concentrations. This char-
acteristic is the basis for the wide-spread use of the functional imaging
modality positron emission tomography (PET) with the glucose-analogue
tracer 18F-fluoro-2-deoxyD-glucose (FDG) (Figure 1). There are mainly
four possible drivers discussed in the literature that cause the metabolic
switch from oxidative phosphorylation to aerobic glycolysis in cancer
cells. The first one is mitochondrial damage or dysfunction [40], which
was already proposed by Warburg himself as the cause for tumorigenesis
[41]. Somatic mutations in mitochondrial DNA (mtDNA) and certain OX-
PHOS genes can lead to increased production of reactive oxygen species
(ROS) and accumulation of TCA cycle intermediates (succinate and fu-
marate) that trigger the stabilization of hypoxia inducible factor (HIF)-1a,
inactivation of tumor suppressors including p53 and PTEN and upregula-
tion of several oncogenes of the phosphoinositide 3-kinase (PI3K)/Akt/
mammalian target of rapamycin (mTOR) signaling pathway [42]. In tumor
cells, Akt plays a major role in resisting apoptosis and promoting prolif-
eration, and it does so by reprogramming tumor cell metabolism [43-45].
Akt suppresses f-oxidation of fatty acids [46], but enhances de novo lipid
synthesis in the cytosol [47,48]. Akt also activates mTOR, a key regulator
of cell growth and proliferation that integrates signaling from insulin and
growth factors, amino acid availability, cellular energy status and oxygen
levels [49,50]. In cancer cells, mTOR has been shown to induce aerobic
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FIGURE 1: PET image of a patient with a left central lung carcinoma (arrows). Note also the high FDG uptake by the kidneys (Fig D), brain
and myocard (Figure E). Source: PET/CT Imaging Centre, University Hospital of Wiirzburg.
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glycolysis by up-regulating key glycolytic enzymes, in particular through
its downstream effectors c-Myc and HIF-1a. Both of these transcription
factors are involved in the expression of pyruvate kinase M2, a crucial
glycolytic enzyme for rapidly proliferating cells [51].

HIF-1a is further important for the adaption to hypoxia by increasing the
expression of glycolytic enzymes including GLUT1 and hexokinase (HK)
I as well as several angiogenic factors [49,52]. The observation that certain
malignant cells are able to use both glycolysis and OXPHOS under aerobic
conditions has been taken to argue that mitochondrial dysfunction alone is
not a sufficient cause for the Warburg effect [53]. Indeed, somatic muta-
tions in most oncogenes and tumor suppressor genes have been shown to
directly or indirectly activate glycolysis even in the presence of oxygen. As
described above, they do so mainly by hyperactivating major metabolic sig-
naling pathways such as the insulin-like growth facor-1 receptor (IGFR1)-
insulin receptor (IR)/PI3K/Akt/mTOR signaling pathway (Figure 2). In
principle, hyperactivation of this pathway can occur at several points from
alterations in either upstream (receptor) or downstream (transducer) proteins
and/or disruption of negative feedback loops via loss-of-function mutations
in suppressor genes [44,45,54]. Thus, genetic alterations in oncogenes and
tumor suppressor genes are a second possible cause for the Warburg effect.

As a third mechanism, with advanced tumorigenesis, non-mutation in-
duced stabilization of HIF-1a occurs through a lack of oxygen in hypoxic
tumor regions and contributes to increased glycolysis. Proliferation of ag-
gressive tumors proceeds too fast for concurrent vascularization, so that hy-
poxic regions will develop. Because the diffusion coefficients for glucose
are larger than for oxygen, these regions rely heavily on glycolysis. Hypoxic
cancer cells are particularly radio- and chemoresistant. In PET-studies, tu-
mor areas with high FDG uptake have been consistently linked to poor prog-
nosis [55,56] and are now being considered as important biological target
volumes to receive dose escalations in radiation treatment [57].

14.2.2 THE IMPACT OF INSULIN AND IGF1

Finally, chronic activation of the IGFR1-IR/PI3K/Akt survival pathway
through high blood glucose, insulin and inflammatory cytokines has been
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FIGURE 2: The IGF1R-IR/PI3K/Akt/mTOR pathway and its manipulation through diet.
Elevations in blood glucose concentrations lead to secretion of insulin with subsequent
elevation of free IGF1. Binding of insulin and IGF1 to their receptor tyrosine kinases
induces autophosphorylation of the latter which leads to subsequent activation of PI3K by
one of at least three different pathways [54]. Further downstream, PI3K signaling causes
phosphorylation and activation of the serine/threonine kinase Akt (also known as protein
kinase B). Akt activates mammalian target of rapamycin (mTOR), which itself induces
aerobic glycolysis by up-regulating key glycolytic enzymes, in particular via its downstream
effectors c-Myc and hypoxia inducible factor (HIF)-1o. mTOR is negatively affected through
activation of AMPK, which can be achieved by dietary restriction [67]. In addition, a possible
negative interaction between insulin and AMPK is discussed in vivo [60].
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proposed as a cause of carcinogenesis [30,58,59] and switch towards aero-
bic glycolysis. In this theory, hyperactivation of the IGFR1-IR signalling
pathway does not occur primarily through somatic gene mutations, but
rather through elevated concentrations of insulin and IGF1, allowing for
more ligands binding to their receptors. Interestingly, gain-of-function
mutations resulting in ligand-independent overactivation of both IGFR1
and IR are uncommon [60]. Furthermore, loss-of-function of the tumor
suppressor PTEN may result in hypersensitivity to insulin/IGF1-mediated
activation of the IGFR1-IR pathway rather than constitutive downstream
activation [60]. Thus, it seems possible that high levels of insulin and
IGF1 in the microenvironment favor cell survival and evolution towards
malignancy instead of apoptosis in DNA-damaged cells. Indeed, both hy-
perglycemia and hyperinsulinemia are predictors of cancer occurrence and
cancer-related mortality [23,25,26]. This highlights the link between the
metabolic syndrome and cancer on the one hand and cancer and lifestyle
factors like nutrition on the other. As indicated in Figure 2, restriction of
dietary CHOs would counteract this signalling cascade by normalizing
glucose and insulin levels in subjects with metabolic syndrome, in this
way acting similar to calorie restriction/fasting [61,62]. Indeed, it has been
shown in healthy subjects that CHO restriction induces hormonal and met-
abolic adaptions very similar to fasting [63-66]. Dietary restriction is able
to inhibit mTOR signalling through a second, energy-sensing pathway by
stimulating phosphorylation of AMP-activated protein kinase (AMPK)
[67]. In vitro, AMPK phosphorylation is sensitive to the ratio of AMP/
ATP within the cell; in vivo, however, concentrations of glucose and other
nutrients are kept fairly stable throughout calorie restriction, suggesting
that hormones such as insulin and glucagon might play a more dominant
role in regulating AMPK and thus mTOR activation [60]. This may open
a second route to mimic the positive effects of calorie restriction through
CHO restriction (Figure 2).

14.2.3 GLYCOLYSIS: BENEFICIAL FOR TUMOR CELLS

Besides the ability to grow in hypoxic environments, a high glycolytic rate
has several additional advantages for the malignant cell: First, it avoids
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the production of ROS through OXPHOS. Second, the phosphometabo-
lites that accumulate during glycolysis can be processed in the pentose
phosphate pathway for biosynthesis of nucleic acids and lipids. Similarly,
overexpession of Akt induces an increased flow of pyruvate-derived ci-
trate from the mitochondrion into the cytosol, where it is used for lipid
biosynthesis. Third, a tumor cell focusing on glycolysis no longer relies on
intact mitochondria and may evade apoptotic signalling which is linked to
mitochondrial function. In addition, the genes and pathways that up-regu-
late glycolysis are themselves anti-apoptotic [40]. Fourth, high glycolytic
activity produces high levels of lactate and H" ions which get transported
outside the cell where they directly promote tumor aggressiveness [68]
through invasion and metastasis, two other hallmarks of cancer. For this
purpose, glycolytic tumor cells often show overexpression of monocar-
boxylate transporters (MCTs) and/or Na'/H" exchangers [69] that allow
them to effectively remove large amounts of H" ions. For MDA-MB-231
breast cancer cells it has been shown that lactate drives migration by act-
ing as a chemo-attractant and enhances the number of lung metastasis in
athymic nude mice [70]. Lactate can also be taken up and used as a fuel
by some malignant cells, and oxidative tumor cells have been shown to
co-exist with glycolytic ones (both stromal and malignant) in a symbiotic
fashion [71]. In glioma cells, lactate upregulates and activates the ma-
trix metalloproteinase (MMP)-2 which degrades the extra-cellular matrix
and basement membrane [72]. Activation of MMPs may also occur in the
microenvironment through low pH values in a similar way as discussed
for carious decay of the dentin organic matrix through lactate released
by cariogenic bacteria [73]. Acidification of the microenvironment further
induces apoptosis in normal parenchymal and stromal cells [74,75] and
therefore provides a strong selective growth advantage for tumor cells that
are resistant to low pH-induced apoptosis [76,77].

14.3 GLUCOSE AVAILABILITY AS A PROMOTER OF CANCER
GROWTH

Taken together, increased glucose flux and metabolism promotes several hall-
marks of cancer such as excessive proliferation, anti-apoptotic signalling, cell
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cycle progression and angiogenesis. It does so, however, at the expense of
substrate inflexibility compared to normal cells. It is clear that the high pro-
liferative phenotype can only be sustained as long as a steady supply of sub-
strates for ATP production is available. Thus, with progressive tumorigenesis,
cancer cells become more and more 'addicted' to aerobic glycolysis [53] and
vulnerable to glucose deprivation. Indeed, several studies have shown that
malignant cells in vitro quickly lose ATP and commit apoptosis when starved
of glucose [78-80]. Masur et al. showed that diabetogenic glucose concen-
trations (11 mM) compared to physiological ones (5.5 mM) lead to altered
expression of genes that promote cell proliferation, migration and adhesion
in tumor cell lines from several organs including breast, colon, prostate and
bladder [81]. Adding insulin to the high-glucose medium further enhanced
proliferation rates by 20-40% and promoted activation of the PI3K pathway.
The question is whether altered blood glucose levels have similar effects on
tumor growth in vivo. Theoretically, low blood glucose might cut some of the
most hypoxic tumor cells from their diffusion-limited fuel supply. Gatenby
and Gillies originally proposed this mechanism as an explanation for necrotic
areas often found within tumor tissue [82], but they later revised this hypoth-
esis based on a mathematical model that predicted only a modest decline of
glucose concentrations with distance from the closest blood vessel [69]. There
are, however, several lines of evidence pointing towards a strong correlation
between blood glucose levels and tumor growth in vivo that might indicate
other important effects mediated by glucose. For example, the reduction of
plasma glucose levels in tumor-bearing animals induced through calorie re-
striction may be responsible, directly or indirectly, for the significantly pro-
longed survival compared to normal-fed controls [83,84]. In 1962, Koroljow
reported the successful treatment of two patients with metastatic tumors by an
insulin-induced hypoglycemic coma [85]. Hyperglycemia, on the other hand,
is a predictor of poor survival in patients with various cancers [22,26,86-88]
and has been positively correlated to an increased risk for developing cancer at
several sites including the pancreas, esophagus, liver, colon, rectum, stomach
and prostate in large cohort studies [25,89,90].
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14.3.1 INDIRECT EFFECTS OF GLUCOSE AVAILABILITY

Besides delivering more glucose to the tumor tissue, hyperglycemia has
two other important negative effects for the host: First, as pointed out by
Ely and Krone, even modest blood glucose elevations as they typically oc-
cur after a Western diet meal competitively impair the transport of ascor-
bic acid into immune cells [88,91]. Ascorbic acid is needed for effective
phagocytosis and mitosis, so that the immune response to malignant cells
is diminished. Second, it has been shown in vitro and in vivo that hyper-
glycemia activates monocytes and macrophages to produce inflammatory
cytokines that play an important role also for the progression of cancer
[92-94] (see below). Third, high plasma glucose concentrations elevate
the levels of circulating insulin and free IGF1, two potent anti-apoptotic
and growth factors for most cancer cells [60]. Free IGF1 is elevated due
to a decreased transcription of IGF binding protein (IGFBP)-1 in the liver
mediated by insulin [95]. Due to expression of GLUT2, the B-cells of the
pancreas are very sensitive to blood glucose concentration and steeply in-
crease their insulin secretion when the latter exceeds the normal level of
~5 mM. In the typical Western diet consisting of three meals a day (plus
the occasional CHO-rich snacks and drinks), this implies that insulin lev-
els are elevated above the fasting baseline over most of the day. Both insu-
lin and IGF1 activate the PI3K/Akt/mTOR/HIF-1a pathway by binding to
the IGF1 receptor (IGF1R) and insulin receptor (IR), respectively (Figure
2). In addition, insulin stimulates the release of the pro-inflammatory cy-
tokine interleukin (IL)-6 from human adipocytes [96]. Thus, it could be
hypothesized that a diet which repeatedly elevates blood glucose levels
due to a high GL provides additional growth stimuli for neoplastic cells.
In this respect, Venkateswaran et al. have shown in a xenograft model of
human prostate cancer that a diet high in CHO stimulated the expression
of IRs and phosphorylation of Akt in tumor tissue compared to a low CHO
diet [97]. In colorectal [27], prostate [24] and early stage breast cancer
patients [23,98] high insulin and low IGFBP-1 levels have been associated
with poor prognosis. These findings again underline the importance of
controlling blood sugar and hence insulin levels in cancer patients. Dietary
restriction and/or a reduced CHO intake are straightforward strategies to
achieve this goal.
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14.4 ALTERED NUTRITIONAL NEEDS OF CANCER PATIENTS

Cancer patients and those with metabolic syndrome share common patho-
logical abnormalities. Since 1885, when Emst Freund described signs of
hyperglycemia in 70 out of 70 cancer patients [99], it has been repeatedly
reported that glucose tolerance and insulin sensitivity are diminished in
cancer patients even before signs of cachexia (weight loss) become evi-
dent [100-102]. Both diabetes and cancer are characterized by a common
pathophysiological state of chronic inflammatory signalling and associat-
ed insulin resistance. In cancer patients, insulin resistance is thought to be
mediated by an acute phase response that is triggered by pro-inflammatory
cytokines such as tumor necrosis factor (TNF)-a [101] and IL-6 [103].
In animal and human studies, removal of the tumor resulted in improved
glucose clearance, suggesting that these cytokines are secreted, at least in
part, from the tumor tissue itself [104,105]. The impact on the metabo-
lism of the host is illustrated in Figure 3. In the liver, the inflammatory
process leads to increased gluconeogenesis that is fuelled by lactate se-
creted from the tumor as well as glycerol from fatty acid breakdown and
the amino acid alanine [106] from muscle proteolysis. Gluconeogenesis is
an energy-consuming process and might contribute to cancer cachexia by
increasing total energy expenditure. Despite increased lipolysis, hepatic
production of ketone bodies is usually not enhanced in cancer patients
[107,108]. This is in contrast to starvation, where the ketone bodies aceto-
acetate and B-hydroxybutyrate counteract proteolysis by providing energy
for the brain and muscles [109]. In muscle, glucose uptake and glycogen
synthesis are inhibited already at early stages of tumor progression, while
fatty acid oxidation remains at normal levels or is increased [110,111]. In
the latter case, more fat has to be provided from lipolysis in the adipose tis-
sue. In addition, muscles progressively lose protein to provide amino acids
for hepatic synthesis of acute-phase proteins and as precursors for glu-
coneogenesis. Thus, insulin resistance contributes to fat loss and muscle
wasting, the two hallmarks of cancer cachexia. At the same time, it makes
more glucose in the blood available for tumor cells.
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FIGURE 3: Development of the cachectic state via sustained inflammatory signaling. Glucose metabolism in peripheral tissues is impaired
already at early stages, while hepatic gluconeogenesis increases during tumor progression at later stages.
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14.4.1 FAT AND KETONE BODIES: ANTI-CACHECTIC EFFECTS

It therefore seems reasonable to assume that dietary carbohydrates mainly
fuel malignant cells which express the insulin-independent glucose trans-
porters GLUT1 and GLUT3, while muscle cells are more likely to benefit
from an increased fat and protein intake. This was summarized as early as
in 1977 by C. Young, who stated that lipid sources predominate the fuel
utilization of peripheral tissue of patients with neoplastic disease com-
pared to healthy subjects [112]. In addition, most malignant cells lack key
mitochondrial enzymes necessary for conversion of ketone bodies and
fatty acids to ATP [40,113,114], while myocytes retain this ability even
in the cachectic state [107]. This led some authors to propose a high-fat,
ketogenic diet (KD) as a strategy to selectively improve body composi-
tion of the host at the expense of the tumor [113,115,116]. The traditional
KDs, which recommended protein and CHO to account, in combination,
for roughly 20 E% (in the incorrect assumption that they were equiva-
lent due to gluconeogenesis) and fat for the remaining 80 E%, have been
widely used to treat childhood epilepsia since the 1920s [117]. KDs are
also used to treat adiposity [118] and currently adult epilepsy [119]. In the
1980s, Tisdale and colleagues investigated the effects of a ketogenic diet
consisting mainly of medium chain triglycerides (MCTs) on two aggres-
sive animal tumor models that were known to lack the ability to utilize
ketone bodies. While the diet had no effect on rats bearing the Walker 256
sarcoma [120], it decreased the cachectic weight loss in proportion to its
fat content in mice bearing the mouse-specific colon carcinoma MAC16
[121]. For the latter, they further proved an anti-cachectic effect of a keto-
genic diet in which the MCTs were replaced with long chain triglycerides
(LCTs), although to a somewhat lesser extent [122]. Contrary to LCTs,
MCTs do not require transport in chylomicrones, but readily reach the
liver where they are metabolized to yield high amounts of ketone bodies.
Interestingly, administration of insulin was able to reduce the weight loss
similar to the ketogenic MCT diet, but at the expense of a 50% increase in
tumor size, which could be counteracted by addition of f-hydroxybutyrate
in the drinking water [123]. The supporting effect of insulin on tumor
growth has been known since 1924, when Héndel and Tadenuma described
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the nourishing effect of insulin on tumor tissue in an animal model [124],
showing evidence that reducing insulin might reduce tumor growth.

14.4.2 CLINICAL STUDIES ON FAT AND CACHEXIA

Clinical studies investigating the anti-cachectic effects of high-fat diets
are, however, rare. Fearon et al. administered a 70% MCT diet supple-
mented with B-hydroxybutyrate parenterally to five late-stage cachectic
patients. After seven days on the diet, mean body weight had increased
by 2 kg and their physical performance status had improved [125]. Nebel-
ing et al. investigated the effects of a MCT-based ketogenic diet taken ad
libitum (60% MCT oil, 20% protein, 10% CHO, 10% other fats) on body
weight and glucose metabolism in two pediatric patients with advanced-
stage astrocytoma. Within 7 days on the diet, blood glucose levels had
decreased to normal, while glucose uptake by the tumor estimated from
FDG-PET scans had decreased by an average value of 21.8%. Notably,
body weight remained stable throughout the study period of 8 weeks. In
a randomized controlled study, Breitkreuz et al. showed that by supple-
menting the normal diet of 11 under-nourished, non-diabetic patients suf-
fering from metastatic gastro-intestinal cancers with a fat-enriched liquid
supplementation for 8 weeks, it was possible to reverse the loss of body
weight and lean tissue mass and to improve several quality-of-life param-
eters in the treatment group, while the control group continued to lose
body and lean tissue weight [126]. The supplement contained 66% energy
from fat, of which 45% were monounsaturated, 27% saturated (both LCT
and MCT) and 28% polyunsaturated; mean energy intake ranged between
1000 and 2000 kcal/day and tended to be higher in patients receiving the
additional fat drink.

14.5 THE BENEFITS OF MILD KETOSIS

The study of Breitkreuz et al. shows that ketosis might not be necessary to
improve the cachectic state of cancer patients. In recent years, however,
more evidence has emerged from both animal and laboratory studies



270 Clinical Nutrition

indicating that cancer patients could benefit further from a very low CHO
KD. In their mouse models, Tisdale et al. already noted that the KD not
only attenuated the cachectic effects of the tumor, but also that the tumors
grew more slowly (although they did not attribute this to a direct anti-
tumor effect of B-hydroxybutyrate). Tumor growth inhibition through a
KD has now been established in many animal models, is supported by a
few clinical case reports, and laboratory studies have begun to reveal the
underlying molecular mechanisms.

14.5.1 IN VITRO STUDIES

More than 30 years ago, Magee et al. were the first to show that treating
transformed cells with various, albeit supra-physiological, concentrations
of B-hydroxybutyrate causes a dose-dependent and reversible inhibition
of cell proliferation [116]. Their interpretation of the results that "...ketone
bodies interfere with either glucose entry or glucose metabolism..." has
been confirmed and further specified by Fine et al., who connected the
inhibition of glycolysis in the presence of abundant ketone bodies to the
overexpression of uncoupling protein-2 (UCP-2), a mitochondrial defect
occurring in many tumor cells [127]. In normal cells, abundant acetyl-CoA
and citrate from the breakdown of fatty acids and ketone bodies would
inhibit key enzymes of glycolysis to ensure stable ATP levels; in tumor
cells, however, the same phenomenon would imply a decrease in ATP
production if the compensatory ATP production in the mitochondria was
impaired. For several colon and breast cancer cell lines, Fine et al. showed
that the amount of ATP loss under treatment with acetoacetate was related
to the level of UCP-2 expression.

Very recently, Maurer et al. demonstrated that glioma cells - although
not negatively influenced by B-hydroxybutyrate - are not able to use this
ketone body as a substitute for glucose when starved of the latter, contrary
to benign neuronal cells [128]. This supports the hypothesis that under low
glucose concentrations, ketone bodies could serve benign cells as a substi-
tute for metabolic demands while offering no such benefit to malign cells.
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14.5.2 ANIMAL STUDIES

To our knowledge, the first and—with a total of 303 rats and nine experi-
ments - most extensive study of a KD in animals was conducted by van
Ness van Alstyne and Beebe in 1913 [129]. Experiments were divided into
two classes: in the first class, rats in the treatment arm were fed a CHO-
free diet consisting of casein and lard for several weeks before plantation
of a Buffalo sarcoma, while the control arm received either bread only or
casein, lard and lactose. Rats on the CHO-free diet not only gained more
weight than the controls, but also exhibited much less tumor growth and
mortality rates, the differences being "... so striking as to leave no room for
doubt that the diet was an important factor in enabling the rats to resist the
tumor after growth had started." In a second class of experiments using ei-
ther the slow-growing Jensen sarcoma or the aggressive Buffalo sarcoma,
the rats were put on the CHO-free diet on the same day that the tumor was
planted. This time, differences between the treatment and control groups
were "... so slight that ... one is left in no doubt of the ineffectiveness of
non-carbohydrate feeding begun at the time of tumor implantation." Inter-
estingly, this parallels the observation of Fearon et al. that rats who started
to receive a KD at the same day as tumor transplantation did not differ
from controls in either body or tumor weight after 14 d [120]. In these rats,
it was noted that despite persistent ketosis, blood glucose levels were not
significantly lower than in controls which were also fed ad libitum. This
stability of blood glucose, independent of ketosis, was subsequently con-
firmed in studies in which mice were fed ad libitum on a KD [84,114,121-
123,130] although two studies reported a drop in blood glucose concentra-
tions compared with the control group [116,131]. In the study of Magee et
al., however, diet was presented as a liquid vegetable oil and energy intake
was not monitored, allowing for the possibility that the animals underate
voluntarily, in this way consuming a "caloric restricted KD" used in sev-
eral experimental settings from the Seyfried lab [84,114,132], which was
shown therein to be superior to the unrestricted KD in tumor growth con-
trol. That "caloric restriction" per se can hamper tumor growth has been
impressively demonstrated already in 1942 by A. Tannenbaum in a series
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of comprehensive mouse models with different mouse strains and tumor
induction types [133]. Throughout all experimental series, a strict restric-
tion of food intake (impeding weight gain) several weeks before inducing
tumorigenesis by application of 3,4 benzpyrene decreased the appearance
rate and appearance time of tumors in the diet mice compared to the ad
libitum controls. Notably, the calorie-restricted diet was composed of 53%
CHOs compared to 69% in the control group. Despite a lack of data on
blood glucose and ketone body levels, it could be speculated that the strict
restriction of food per se (to 50-60% of the control group) induced a ke-
totic state and thus the ketones were - at least to some extend - responsible
for the effects observed.

In Table 1, we summarize the main results of various mouse studies
that determined the effects of KDs on tumor growth and host survival.
The results seem to indicate an anti-tumor effect of ketosis. Freedland et
al. indeed reported that the mice with the highest levels of ketone bodies
had the longest survival times in a human prostate cancer xenograft model
[134]. But other studies suggest that there are further possible factors to
consider. Seyfried et al. used linear regression to show that plasma glucose
and IGF1 levels are a better predictor of tumor growth than ketone bodies
in a murine astrocytoma model [84]. Tumor growth in this as well as in a
follow-up [114] study was only retarded when the KD had been restricted
to induce body weight loss, again underlining the effect of caloric restric-
tion per se. This contrasts with other studies showing growth-inhibitory
effects of unrestricted or higher-caloric KDs despite neither decreases in
blood glucose concentration nor body weight loss compared with a con-
trol group [130,134,135]. According to Otto et al., whose diet had been
enriched in MCT and omega-3 fatty acids, fat quality might play a role in
explaining these results [130]. The situation in humans might be different
as well, as for example Fine et al. found no correlation between calorie
intake or weight loss and disease progression in ten patients on an unre-
stricted KD [136] (see also below).

Concerning fat quality, Freedland et al. observed that a diet rich in corn
oil might stimulate prostate cancer growth to a greater extent than one rich
in saturated fat [134]. A recent study suggests, however, that tumor growth
inhibition neither depends on fat quality nor ketone body levels [131]. In
this case, mice injected with either murine squamous cell carcinoma or
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human colorectal carcinoma cells received a low CHO, high-protein diet
in which ~ 60 E% was derived from protein, 10-15 E% from CHO and ~
25 E% from fat. No systemic ketosis was measured, yet tumors grew sig-
nificantly less compared with a standard diet containing 55 E% from CHO
and 22 E% from the same fat source. IGF1 levels and body weight re-
mained stable, so these findings could not be attributed to one of these fac-
tors. There was, however, a significant drop in blood glucose, insulin and
lactate levels, and a positive correlation between blood lactate as well as
insulin levels and tumor growth was found. The study of Venkateskwaran
et al. indicates that in prostate cancer insulin and/or IGF1 play major roles
in driving tumor cell proliferation [97].

The diversity of these findings should not be surprising, given the va-
riety of mice strains, tumor cell lines, diet composition and time of diet
initiation relative to tumor planting. Instead, it seems remarkable that the
same basic treatment, namely drastic restriction of CHOs, apparently in-
duces anti-tumoral effects via different pathways. Thus, it may depend
on the circumstances which variables—including blood glucose, insulin,
lactate, IGF1, fat quality and ketone bodies—are the best predictors of and
responsible for the anti-tumor effects of very low CHO diets.

14.5.3 HUMAN STUDIES

Until now, no randomized controlled trials have been conducted to evalu-
ate the effects of a KD on tumor growth and patient survival. It has to be
noted in general, however, that any dietary intervention requiring a dra-
matic change of life style makes randomized studies nearly impossible
—however, even prospective cohort studies are missing. There is only an-
ecdotal evidence that such a diet might be effective as a supportive treat-
ment. One study investigated whether a high-fat diet (80% non-nitroge-
nous calories from fat) would inhibit tumor cell replication compared to
a high-dextrose diet (100% non-nitrogenous calories from dextrose) in 27
patients with gastro-intestinal cancers [137]. Diets were administered par-
enterally and cell proliferation assessed using thymidine labeling index on
tumor samples. After 14 days, the authors found a non-significant trend for
impaired proliferation in the high-fat group. Whether ketosis was achieved
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with this regime was not evaluated, but blood glucose levels were compa-
rable in both trial groups. A very recent pilot trial demonstrated the feasi-
bility of a low CHO up to a ketogenic regimen implemented for 12 weeks
in very advanced outpatient cancer patients. Notably, severe side effects
were not observed, nearly all standard blood parameters improved and
some measures of quality of life changed for the better [138]. The first
attempt to treat cancer patients with a long-term controlled KD was re-
ported by L. Nebeling in 1995 for two pediatric patients with astrocytoma
[139]. The results of those two cases were very encouraging and the diet
was described in detail in another publication [140]. Implementing a KD
with additional calorie restriction in a female patient with glioblastoma
multiforme clearly demonstrated that this intervention was able to stop
tumor growth [132]. This was achieved, however, on the expense of a dra-
matic weigh loss of 20% over the intervention period, which is no option
for the majority of metastatic cancer patients being in a catabolic state. A
first clinical study applying a non-restricted KD for patients with glioblas-
toma (ERGO-study, NHI registration number NCT00575146), which was
presented at the 2010 ASCO meeting [141], showed good feasibility and
suggested some anti-tumor activity. The protocol of another clinical inter-
ventional trial (RECHARGE trial, NCT00444054) treating patients with
metastatic cancer by a very low CHO diet was published in 2008 [142],
and preliminary data from this study presented at the 2011 ASCO-meeting
showed a clear correlation between disease stability or partial remission
and high ketosis, independent of weight loss and unconscious caloric re-
striction of the patients [136]. While a randomized study for the treatment
of prostate cancer patents applying the Atkins diet (NCT00932672) is cur-
rently recruiting patients at the Duke University, another trial posted at the
clinical trials database (ClinicalTrials.gov) is not yet open for recruitment
(NCTO01092247). Very recently, two Phase I studies applying a ketogenic
diet based on KetoCal® 4:1 started recruitment at the University of lowa,
intended to treat prostate cancer patients (KETOPAN, NCT01419483) and
non-small cell lung cancer (KETOLUNG, NCT01419587). Thus, in the
future, several data should be available to judge whether this kind of nutri-
tion is useful as either a supportive or even therapeutic treatment option
for cancer patients.
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TABLE 1: Animal studies that have investigated the effects of a KD on tumor progression and host survival

animals n tumor feeding  C/P/F major fat  diet diet BWvs. BGvs. other effects vs. Ref.
source initiation  duration controls controls  controls
(E%) (d) (@)
C57BL/6 mice 18 B16 mela- ad libi- 0/0/1001  PUFA 0 14 - b lower number of ~ [116]
noma tum vegetable lung metastases b
oil
BALB/c mice 20 Medina- restricted  30/60/5 hydro- ~14 70 l le mortality rate | ¢ [83]
Oborn-Daniel-  to 60 genated
son mammary  E% of vegetable
tumor control oil
NMRI mice >15  MACI6 colon ad libi- ../../802  MCT 8 20 T - 50% less weight [121]
carcinoma tum emulsion loss b; 1eft35%
less tumor weight
NMRI1 mice MACI16 colon  ad libi- .../80 14 -21 9 T - 36% less weight [123]
carcinoma tum loss a
32% less tumor
weight ¢
less nitrogen
output a
C57BL/6 mice 6 CT-2A mouse  restricted  0/8/92 lard 1 13 13 13 80% less tumor [84]
astrocytoma to 60 weightb; plasma

E% of
control

IGF1 levels | b,3
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TABLE 1: Cont.

animals n tumor feeding C/P/F major fat  diet diet BWyvs. BGvs. other effects vs. Ref.
source initiation  duration controls controls  controls
SCID mice 25 LAPC-4 hu- 9% more  0/16/84 milk fat ~ -24 > 40 - tc longer survivalb [134]
man prostate energy + lard
cancer than con-
trol
NMRI mice 12 23132/87 ad libi- 0/14/86 cheese+ 0 > 16 - - longer survivala; [130]
human gastric ~ tum MCT +
adenoma omega-3
oil
tumor growth rate
le
larger necrotic
area in tumorsb
C3H/HeN 5 squamous cell  ad libi- 16/58/26 -7 16 T l 41% less tumor [131]
mice 4 car-cinoma tum volumed
VII
Foxnlnu mice 12 LNT-229 ad libi- 0/13/36 flaxseed 1 > 63 - - no significant dif-  [128]
glioma cells tum and ferences in surviv-
hemp- al, tumor growth
seed oil and plasma IGF1
levels

In all but one cases, control diets contained a minimum of 40% CHO. Diet initiation refers to the time of tumor cell plantation.
SCID = Severe Combined Immunodeficiency; C/P/F = ratio of CHO.protein:fat; E% = percent of energy; BW = body weight; BG = blood

glucose

1 plus not further specified pellets on days 5, 8 and 11/2 plus 3 mg/ml beta-hydroxybutyrate in drinking water/3 controls were fed a KD ad
libitum, not high-CHO/4 similar results for Rag2M mice bearing human colorectal HCT-116 tumors/a p < 0.005; bp < 0.01; ¢ p < 0.05; d

p<0.1
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14.6 IS THERE A ROLE FOR CARBOHYDRATE RESTRICTION IN
THE PREVENTION OF CANCER?

"Prevention of cancer” can refer to either the inhibition of carcinogenesis
per se or—once that cells made the transition to malignancy—the suffi-
cient delay of tumor growth, so that it remains undetected and asymptom-
atic during a subject's lifespan. There is evidence that even modest CHO
restriction may influence both of these mechanisms positively through
various pathways. The IGF1R-IR pathway has already been discussed:
once a potentially carcinogenic somatic mutation has occurred, the prob-
ability for carcinogenesis of a cell that is borderline between apoptosis
and malignancy might be raised by high levels of insulin and IGF1 in
the micro-environment. Once a cell became malignant, high insulin and
IGF1 levels might accelerate proliferation and progression towards a more
aggressive, glycolytic phenotype. In rats treated with the carcinogen N-
methyl-N-nitrosourea, it has been shown that lowering the CHO content
of the diet from 60 E% to 40 E% with a simultaneous increase in protein
was sufficient to lower postprandial insulin levels as well as decrease the
appearance rate of tumors from (18.2 + 1.3)%/wk to (12.9 £ 1.4)%/wk (p
< 0.05), however with no statistically significant effect on tumor latency
and weight measured after 10 wk [143]. Similarly, a recent study reported
that NOP mice, which normally have a 70 - 80% chance of developing
breast cancer over their lifetime due to genetic mutations, stayed tumor-
free at 1 year of age when their calories from CHO were limited to 15%,
while almost half of those on a 55% CHO diet developed tumors [131].
Notably, only 3 out of 11 mice in the 15% CHO group died with having a
tumor compared to 7 out of 10 in the 55% CHO group; at death, signifi-
cantly lower plasma insulin levels had been measured for the low CHO
group. These results support the epidemiological [25,29,31,32] and in vi-
tro [81,144] findings that high CHO diets, in particular those including
high GI foods, promote mammary tumorigenesis via the sustained action
of insulin.

Lower insulin levels may further increase the chance of intermittent
ketosis, in particular if CHO restriction is combined with exercise, calorie
restriction or intermittent fasting. Seyfried and Shelton [40] pointed out
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the possibility of ketone bodies to help in cancer prevention through their
ability to protect the mitochondria from inflammation and ROS. Being
more satiating than low-fat diets [145,146], a low CHO diet would make
it easier to avoid caloric overconsumption or to implement intermittent
fasting as an additional lifestyle change [147].

14.6.1 AVOIDANCE OF CHRONIC INFLAMMATION

Another potential benefit of low CHO diets might lie in their influence
upon inflammatory processes that take place within various tissues. In-
flammation is a well-established driver of early tumorigenesis and accom-
panies most, if not all cancers [148]. Chronic, 'smouldering' inflamma-
tion can both cause and develop along with neoplasia. There is evidence
that chronic intake of easily digestible CHOs is able to promote such an
inflammatory state in leukocytes and endothelial cells [94]. In obese in-
dividuals [149] and healthy subjects who underwent eccentric exercise
training [150], the inflammatory state was further augmented postprandi-
ally through a high CHO intake, but not through high-fat, low CHO meals
in the latter study. Maybe more importantly, even moderate CHO restric-
tion has been shown to effectively target several important markers of ath-
erosclerosis and type II diabetes, both of which are associated with chronic
inflammation [151-157]. Forsythe et al. showed that in overweight indi-
viduals with dyslipidemia a very low CHO diet had a more favorable ef-
fect than a low fat diet in reducing several markers of inflammation [158].
Given these findings, it can be hypothesized that a diet with a low GL
positively affects cancer risk through reducing postprandial hyperglyce-
mia and the associated inflammatory response.

In this context, it is important to note that a low CHO diet offers further
possibilities to target inflammation through omission or inclusion of cer-
tain foods. Usually, CHO restriction is not only limited to avoiding sugar
and other high-GI foods, but also to a reduced intake of grains. Grains
can induce inflammation in susceptible individuals due to their content
of omega-6 fatty acids, lectins and gluten [159,160]. In particular gluten
might play a key role in the pathogenesis of auto-immune and inflamma-
tory disorders and some malignant diseases. In the small intestine, gluten
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triggers the release of zonulin, a protein that regulates the tight junctions
between epithelial cells and therefore intestinal, but also blood-brain bar-
rier function. Recent evidence suggests that overstimulation of zonulin
in susceptible individuals could dysregulate intercellular communication
promoting tumorigenesis at specific organ sites [161].

Paleolithic-type diets, that by definition exclude grain products, have
been shown to improve glycemic control and cardiovascular risk factors
more effectively than typically recommended low-fat diets rich in whole
grains [162]. These diets are not necessarily very low CHO diets, but fo-
cus on replacing high-GI modern foods with fruits and vegetables, in this
way reducing the total GL. This brings us back to our initial perception
of cancer as a disease of civilization that has been rare among hunter-
gatherer societies until they adopted the Western lifestyle. Although there
are certainly many factors contributing to this phenomenon, the evidence
presented in this review suggests that reduction of the high CHO intake
that accounts for typically > 50 E% in the Western diet may play its own
important role in cancer prevention and outcome.

14.7 CONCLUSIONS

We summarize our main findings from the literature regarding the role of
dietary CHO restriction in cancer development and outcome.

1. Most, if not all, tumor cells have a high demand on glucose com-
pared to benign cells of the same tissue and conduct glycolysis
even in the presence of oxygen (the Warburg effect). In addition,
many cancer cells express insulin receptors (IRs) and show hyper-
activation of the IGF1R-IR pathway. Evidence exists that chroni-
cally elevated blood glucose, insulin and IGF1 levels facilitate tu-
morigenesis and worsen the outcome in cancer patients.

2. The involvement of the glucose-insulin axis may also explain the as-
sociation of the metabolic syndrome with an increased risk for several
cancers. CHO restriction has already been shown to exert favorable
effects in patients with the metabolic syndrome. Epidemiological



Carbohydrate Restriction in the Treatment and Prevention of Cancer 281

and anthropological studies indicate that restricting dietary CHOs
could be beneficial in decreasing cancer risk.

3. Many cancer patients, in particular those with advanced stages of
the disease, exhibit altered whole-body metabolism marked by in-
creased plasma levels of inflammatory molecules, impaired glyco-
gen synthesis, increased proteolysis and increased fat utilization in
muscle tissue, increased lipolysis in adipose tissue and increased
gluconeogenesis by the liver. High fat, low CHO diets aim at ac-
counting for these metabolic alterations. Studies conducted so far
have shown that such diets are safe and likely beneficial, in par-
ticular for advanced stage cancer patients.

4. CHO restriction mimics the metabolic state of calorie restriction
or—in the case of KDs—fasting. The beneficial effects of calorie
restriction and fasting on cancer risk and progression are well es-
tablished. CHO restriction thus opens the possibility to target the
same underlying mechanisms without the side-effects of hunger
and weight loss.

5. Some laboratory studies indicate a direct anti-tumor potential of
ketone bodies. During the past years, a multitude of mouse studies
indeed proved anti-tumor effects of KDs for various tumor types,
and a few case reports and pre-clinical studies obtained promising
results in cancer patients as well. Several registered clinical trials
are going to investigate the case for a KD as a supportive therapeu-
tic option in oncology.
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15.1 INTRODUCTION

Product shortages in the healthcare system can have a significant impact
on the care provided to patients. In the case of premature or ill infants,
high nutrient needs and a lack of nutrient stores make the appropriate ad-
ministration of nutrition essential. At birth, the clamping of the umbili-
cal cord immediately disrupts the delivery of nutrients from the placenta,
which places these infants into a situation that makes adequate provision
of nutrients extremely important and challenging. Though the preferred
method of feeding, enteral feedings are often delayed in the premature
infant due to the fragility and medical complications associated with pre-
maturity. Management of co-morbid conditions, such as patent ductus ar-
teriosis, chronic lung disease and feeding intolerance frequently involve
restriction of fluids and delays in enteral feeding advancement. As a result,
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these cases usually remain dependent on parenteral nutrition (PN) for the
first few weeks of life; however, those with complications, such as necro-
tizing enterocolitis, may require sole PN for much longer time periods. In
the infant with congenital anomalies, such as gastroschisis, trachea-esoph-
ageal fistula or bowel disease, feedings may not be feasible for weeks or
even months. There is growing evidence that inadequate nutrition in the
first few weeks of life results in growth failure and poor long-term neu-
rodevelopmental outcomes [1,2]. Due to concern for current shortages of
parenteral nutrition (PN) micronutrient additives, the purpose of this paper
is to review the potential effect of these shortages on premature and new-
born infants and to present a case study of nutrient deficiency resulting
from this shortage.

15.2 CURRENT SHORTAGES AND TPN MANAGEMENT
STRATEGIES

According the American Society for Enteral and Parenteral nutrition (AS-
PEN), all PN products, aside from dextrose and water, have been in short
supply at some point since the spring of 2010 (see Table 1) [3]. At the time
of this writing, a number of PN products continue to be unavailable or in
short supply. The current status of these and other drug products can be
accessed at the Food and Drug Administration web site [4].

TABLE 1: Parenteral Shortages 2010-2012.

Amino Acids Ascorbic Acid Calcium Chloride
Calcium Gluconate Chromium Copper

Cyanocobalamin Fat Emulsions L-cysteine

Magnesium Sulfate Multivitamins (MVI) Phytonadione (vitamin K)
Potassium Acetate Potassium Phosphate Selenium

Sodium Acetate Sodium phosphate Trace Elements

Vitamin A Zinc
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ASPEN has provided timely and comprehensive advice to clinicians
for dealing with PN product shortages. Recommendations for conserv-
ing products during shortages of electrolytes, vitamins and minerals are
included in Table 2.

TABLE 2: ASPEN Recommendations for Conservation of PN Products.

1. Consider oral or enteral administration

2. Prioritize patients, saving supplies for those most vulnerable patients

3. Eliminate adding injectable electrolytes/minerals to enteral nutrition products
4. Minimize the use of additives to daily maintenance IV fluids

5. Reevaluate replacement algorithms or treatment protocols

6. Carefully evaluate alternative supplies of individual and multiple electrolyte products that are
available, including standardized, commercially available PN products

In a recent survey conducted by ASPEN, 25% of respondents stated
their hospitals are in short supply of pediatric multi-dose products, and
28% indicated they are in short supply of single-dose products, such as
selenium. When asked what actions were being employed in response
to these shortages, 70% reported giving multivitamins (MVI) only three
times per week, 28% were giving half the recommended dose daily, 27%
were giving no MVI and 9% were giving adult MVI to pediatric patients
[3].

Product shortages are not new and have historically been documented
to cause morbidity and mortality. The omission of vitamins from PN has
been associated with death as far back as 1989, when three people at a
large university medical center died from refractory lactic acidosis caused
by receiving thiamine-deficient PN [5]. In 1997, three additional patients
receiving thiamine-free TPN due to a national shortage developed lactic
acidosis, and later, in 1998, a case report of Wernicke encephalopathy
and beriberi due to a multivitamin shortage was published [6]. Due to the
historical documentation of such adverse outcomes in adults, we sought
documentation of the potentially adverse effects in high-risk, premature
infants.
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15.3 NUTRITIONAL NEEDS OF PRETERM INFANTS AND
POTENTIAL EFFECT OF SHORTAGES OF PN COMPONENTS

15.3.1 PROTEINS AND AMINO ACIDS

Per kilogram, premature infants have among the highest protein needs of
any population during the lifecycle. Adequate protein provision of up to
4-4.5 g/kg/day is required for very low birthweight infants to match intra-
uterine accretion rates and to promote appropriate growth [7,8]. Adequate
growth during Neonatal Intensive Care Unit (NICU) hospitalization is es-
sential to reduce the risk for negative outcomes associated with growth
restriction, including chronic lung disease, cerebral palsy, neurological
impairment and rehospitalization after discharge [3,9]. The early admin-
istration of parenteral protein helps to offset the nutritional deficits that
begin with preterm birth and continue throughout the infant’s hospitaliza-
tion [10]. Early administration of PN that meets protein goals has been as-
sociated with improvements in both short-term [11] and long-term growth
[1]. In contrast, infants not receiving early administration of amino acids
have been found to have suboptimal head growth at 18 months of age
[1]. Restrictions in head circumference growth are especially concerning,
given the association between poor head growth and decreased neurode-
velopmental outcomes [12]. Likewise, goal provisions of both protein and
energy during the first week of life may positively influence 18-month
developmental outcomes [13]. Furthermore, shortages of individual amino
acids can have a profound effect on premature infant outcomes. For ex-
ample, supplementation of neonatal PN with cysteine has been associated
with improved nitrogen balance, which may support appropriate growth
for both weight and head circumference [14,15]. The addition of cysteine
may also help to lower the pH of the PN mixture. This allows increased
amounts of calcium and phosphorus to be provided with a decreased risk
for mineral precipitation, further promoting adequate bone mineralization
and growth [16]. Consequently, shortages of amino acid formulations im-
pacting early and adequate provision of protein in this population can have
significant long-term ramifications.
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15.3.2 LIPIDS

Fat provision is essential for life, but most specifically for premature in-
fants to promote normal growth and development. Fat is the most calori-
cally-dense nutrient and aids in the development of cells, the eye and the
brain. Without lipid provision to PN-dependent infants, essential fatty acid
deficiency (EFAD) develops quickly as there are reports as early as the
second day of life [17]. EFAD may result in failure to thrive, dermatitis,
thrombocytopenia, susceptibility to infection and poor would healing [17].
Fat-free PN as the primary source of nutrition may further result in subop-
timal calorie provision and associated growth restriction. Increased total
caloric intake in the first week of life has been associated with improved
Bailey MDI scores in a preterm infant population [13].

15.3.3 MINERALS

In addition to macronutrient shortages, micronutrient shortages have the
potential to significantly impact the health of infants. One PN additive
that is commonly used among the premature infant population is calcium
gluconate. Although higher in aluminum content than other available PN
calcium salts, calcium gluconate is often the additive of choice due to its
favorable solubility curves, allowing for higher calcium and phosphorus
administration. Like protein, calcium and phosphorus needs in premature
infants remain high. Approximately 80% of total body calcium, phospho-
rus and magnesium at birth are accrued within the last trimester of preg-
nancy. Consequently, infants born prematurely have inadequately miner-
alized bones and require higher weight-based provisions of calcium and
phosphorus compared to infants born at term [8]. Adequate magnesium
provision is also necessary to promote bone growth, as hypomagnesaemia
may hinder calcium absorption. In addition, many common medications
used for NICU infants can decrease calcium and magnesium absorption,
including diuretics, steroids and anti-convulsants [8,18]. It has been well-
documented that premature infants receiving inadequate amounts of cal-
cium and phosphorus from PN have higher incidences of osteopenia and
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elevated levels of serum alkaline phosphatase, which may indicate poor
bone mineralization and rapid bone turnover [19]. Clinical manifestations
of poorly mineralized bone will vary depending on the degree of bone
mineralization. Bone fractures may develop in these infants as a result
and may negatively affect the stability of the chest wall, which can lead to
atelectasis or an increased risk of chronic lung disease [14].

15.3.4 TRACE ELEMENTS

Only two trace elements are recommended on the initial day of PN; zinc
and selenium. Other trace elements are not thought to be needed until after
two weeks of age [14]. Zinc is a cofactor in more than 300 metabolic pro-
cesses and supports protein and nucleic acid synthesis, immune function,
gene expression and growth. Two-thirds of the total body zinc is trans-
ferred from mother to fetus during the last trimester of pregnancy and
serum levels of zinc decline progressively in infants on zinc-free PN [20].
As a result, ill neonates are at a high risk of developing zinc deficiency if
adequate supplementation cannot be provided. Additionally, most com-
mercially-available trace element formulations contain insufficient zinc to
meet the needs of the preterm infant. Therefore, supplemental zinc must be
added to PN, creating an additional mechanism for shortages.

Selenium is a component of glutathione peroxidase, a compound which
protects against free radical injury. Premature infants are often exposed to
high levels of oxygen and resulting oxidative stress. It has been speculated,
though not proven, that selenium could be an important contributing factor
in the pathogenesis of disorders, such as bronchopulmonary dysplasia [21].
Most of the placental transfer of selenium occurs after the 36th week of ges-
tation [20]; hence, most premature infants will be born selenium-depleted.
Serum selenium concentrations have been shown to decrease quickly in in-
fants treated for respiratory distress syndrome who receive selenium-free or
selenium-deficient PN [22]. A 2009 Cochrane review of selenium supple-
mentation suggested that the currently recommended dose of selenium (2
ug/kg/day) for preterm infants receiving parenteral nutrition is inadequate to
maintain selenium concentrations, so a dose of 3 pg/kg/day may be more ap-
propriate to achieve concentrations found in healthy breast-fed infants [23].
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As current shortages make it difficult to provide even the previously recom-
mended amounts, implementing new evidence-based recommendations for
increased nutrient dosing becomes nearly impossible.

Inadequate provision of many other trace elements also poses nutri-
tional risks for premature infants. For example, both rapid growth and lim-
ited stores make premature infants at risk for copper deficiency, which can
result in osteoporosis, neutropenia or hypochromatic anemia [17]. Like
zinc and selenium, accretion of these nutrients occurs primarily during the
last trimester of pregnancy, so adequate provision is essential.

15.3.5 VITAMINS

Premature infants require higher amounts of most vitamins when com-
pared to term infants, due to increased nutrient losses or increased re-
quirements for growth. Recent studies have documented nutrient de-
ficiencies, specifically vitamin D deficiency, are highly prevalent in
preterm births [24-27]. Vitamin D supplementation during infancy is
associated with increased bone mass in childhood [28]. Consequently,
deficiency and inadequate supplementation may result in rickets or cra-
niotabes [29]. Recent research has also expanded our understanding of
vitamin D status during infancy to include health benefits beyond bone
status. Poor vitamin D status during early infancy is now thought to be
associated with other negative health outcomes, such as type 1 diabetes
[30,31], and pulmonary problems, such as respiratory tract infections
or wheezing later in childhood [32-34]. The current recommendation
for parenteral vitamin D intake is 400 [U/day [8] which is the amount
included in 5 mL in most pediatric PN MVI formulations. Concerning,
however, is that PN pediatric MVI dosing is weight-based according
to the manufacturer instructions; so many low birth weight infants re-
ceive less than 5 mL (400 IU Vitamin D) daily. These dosing practices,
combined with product shortages, may make adequate administration
of vitamin D challenging in infants dependent on PN. Monitoring the
vitamin D status of newborns is additionally challenging, as 25(OH)D
levels are not an accurate marker of vitamin D status in the newborn
population. In 2006, Singh et al. showed that a biologically inactive
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C-3 epimer of vitamin D is present in high levels in the bloodstream
of infants up to one year of age and may lead to an overestimation of
vitamin D status in infants and concerns regarding vitamin D overdos-
ing in others [35].

Administration of vitamin E is recommended immediately after birth
in premature infants, as some older studies suggest a reduction in inci-
dence and severity of intraventricular hemorrhage. A plasma target of >1
mg/dL by 24 h of life, and 2 mg/dL by three days of life has been recom-
mended to reduce IVH [14,36,37]. These levels should be attainable with
the administration of current PN MVI formulations, which would provide
2.8 mg/kg/day of vitamin E if given daily. However, limiting the amount
of MVI provided to premature infants, as many institutions are now being
forced to do, could negatively impact serum levels.

Vitamin A is necessary in premature infants for normal lung growth
and for maintaining the integrity of the respiratory epithelial track. Pre-
term infants are born with essentially no hepatic reserves of Vitamin A, so
levels of vitamin A at birth are reflectively low [38]. Therefore, Vitamin
A needs to be provided consistently from PN to promote adequate intake.
However, a 2011 study demonstrated that despite a policy to introduce
intravenous-lipid supplemented PN by day of life two, only 11% of infants
consistently met the recommended daily intake of vitamin A during the
first two weeks of life [39]. Considering inadequate provision despite the
best efforts, it remains concerning that many PN-dependent infants are
receiving reduced MVI dosing due to current shortages. The role of vita-
min A in preventing neonatal chronic lung disease has consistently been
documented, including evidence that intramuscular supplementation of
vitamin A in extremely low birthweight infants improves respiratory out-
comes [38,40]. A meta-analysis of low birthweight infants demonstrated
that either enteral or parenteral supplementation with vitamin A reduced
the risk of both death and oxygen requirement at one month of age, and
the risk of oxygen requirement at 36 weeks corrected gestational age [38].
This practice may be limited, since intramuscular injections are consid-
ered painful; however, current product shortages of the vitamin injections
would inhibit this practice from being initiated in NICUs targeting bron-
chopulmonary dysplasia (BPD). In addition to its role in lung integrity,
vitamin A appears critical in the development of ocular photoreceptors.
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During the third trimester of pregnancy, the ocular content of rhodopsin
(of which vitamin A is an essential component) increases 10-fold [39].
For the NICU hospitalized infant, an adequate substrate in the form of
vitamin A needs to be available to support this process in the extrauterine
environment. Recommended PN administration of vitamins and minerals
discussed above are given in Table 3. Vitamin levels provided by current
MVI dosing guidelines are provided in Table 4.

TABLE 3: Recommended PN Administration of Select Nutrients *.

Birth weight <1.5 kg

Term Infants

Calcium 3 mEq/kg/day 2 mEqg/kg/day

Zinc 1000-3000 pg/kg/day 250 pg/day <3 months
100 pg/day >3 months

Selenium 1.3-4.5 pg/kg/day 2.0 pg/day

Vitamin A 700-1500 TU/day 2300 IU

Vitamin D 400 IU/day 400 IU/day

Vitamin E 6—12 IU/kg/day 7 IU/day

* Adapted from [16].

TABLE 4: Vitamin Levels Provided by Current Dosing of Pediatric MVI.

Per 1.5 mL MVI

Per 3.25 mL MVI Per 5 mL MVI

(<1000 g) (1001-2500 g) (>2500 g)
Vitamin C (mg) 24 5.2 80
Vitamin A (IU) 690 1495 2300
Vitamin D (IU) 120 260 400
Thiamine (B1) (mg) 0.36 0.78 1.2
Riboflavin (B2) (mg) 0.42 091 1.4
Pyridoxine (B6) (mg) 0.3 0.65 1
Niacin (mg) 5.1 11.1 17
Dexpanthenol (mg) 1.5 33 5
VitaminE (IU) 2.1 4.6 7
Vitamin K (mg) 0.06 0.13 0.2
Folic Acid (ng) 42 91 140
Biotin (pg) 6 13 20
BI12 (ng) 0.3 0.65 1
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15.3.6 EPIGENETIC RAMIFICATIONS OF EARLY NEONATAL
NUTRITION

In addition to the acute problems from inadequate nutrient provision dur-
ing the NICU stay, accumulating evidence implies that the early prena-
tal period is critical for influencing disease risk for a range of disorders
that may develop later in life. There is considerable evidence suggesting
that the risk of developing non-communicable diseases can be altered by
modifying influences of early-life environment, which includes nutritional
factors. This programming appears to be largely independent of genomic
sequences and is likely to be mediated by epigenetic mechanisms. Epi-
genetic programming during development is widely believed to have a
long-lasting effect on the health of a newborn [41]. Epigenetic changes are
modification to the DNA, which can be caused by various factors, includ-
ing the environment, which do not change the underlying sequence.
Studies have demonstrated that infants born prematurely have de-
creased insulin sensitivity when compared with those born at term [42,43].
In one study of preterm vs. term infants and insulin sensitivity, all of the
infants born prematurely had inadequate protein intake in the first month
of life, which was proposed as a trigger to an epigenetic modification of
genes involved in glucose regulation [42]. Supplementation with vitamin
D during infancy has been reported to confer protection against beta-cell
regulated autoimmune disorders [44,45]. A potentially very important
activity of vitamin D receptor agonists is their capacity to induce in vi-
tro and in vivo tolerogenic dendrite cells, which are able to enhance sup-
pressor T-cells that, in turn, inhibit T-cell responses. Failure of tolerance
mechanisms may lead to auto-reactive T-cell activation and to induction
of autoimmune diseases [46]. In a birth-cohort study published in 2001,
Hypponen et al. found that vitamin D supplementation during the first year
of'life is associated with a lower risk of type-1 diabetes [47]. This prospec-
tive study followed 12,055 infants born in Finland and collected data in
the first year of life regarding vitamin D supplementation practices; later
in life, data was collected on the diagnosis of type I diabetes. At this time
in Finland, the recommended level of Vitamin D supplementation for in-
fants was 2000 IU daily, and infants in the study were classified as follows:
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receiving daily supplementation of less than 2000 U, within 2000 IU or
over 2000 IU. Higher vitamin D supplementation in infancy was associ-
ated with a decreased frequency of Type 1 diabetes later in life when ad-
justed for neonatal, anthropometric and social characteristics. Infants who
regularly took the recommended dose of 2000 IU vitamin D per day had
a relative risk (RR) of 0.22 (95% CI: 0.05-0.89) compared to those who
regularly received less than the recommended amount. Children suspected
of having rickets during the first year of life had a RR of 3.0 (95% CI: 1.0-
9.0) compared with those without such a suspicion [31]. These results are
consistent with the findings of the EURODIAB study in 1999, which was
a large multicenter and population-based case-control study on early risk
factors of childhood onset Type I diabetes. Vitamin D supplementation in
early infancy to prevent rickets in seven different European regions was
also associated with a decreased risk for childhood-onset, insulin-depen-
dent diabetes. The favorable association with vitamin D supplementation
persisted after adjustment for birth weight, duration of breast feeding, ma-
ternal age and study center [30]. Additionally, vitamin D supplementation
in infancy has also been associated with a decreased risk of pre-eclampsia
later in life [47]. Consideration of the potential for early nutrition inter-
ventions to have long-term health outcome implications is crucial when
designing nutrition support regimens for the premature infant population.

15.3.7 POTENTIAL COST OF SHORTAGES

Poor outcomes attributable to PN shortages can quickly become costly
to both an infant’s health and associated healthcare costs. In 2007, the
Journal of Pediatrics compiled data regarding health care costs associated
with initial hospitalization for premature infants. The data clearly showed
a monetary cost increase for all premature births compared to term births,
but this cost was four-to-seven-times higher for low birthweight infants
with complications like chronic lung disease or intraventricular hemor-
rhage. Additionally, 15% of all premature or low birthweight infants were
given a diagnosis of slow growth, malnutrition or small for gestational
age. The cost for these categorized infants was nearly $450 million [48].
Despite high health care costs, complications associated with inadequate
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nutrition from PN shortages can have a much more devastating toll on
infant health. Complications, such as intraventricular hemorrhages or de-
velopmental delay, may impact life-long ability and care requirements.
Similarly, chronic diseases pose increased risks for infections and infant
mortality. Adequate provision of nutrients from PN is essential to help pre-
serve the health integrity of these infants, but unfortunately, PN shortages
have the potential to do the opposite.

15.3.8 CASE STUDY

At our care facility, one infant on prolonged PN-developed selenium de-
ficiency with associated skin symptoms. This infant was born at an esti-
mated gestational age of approximately 26 weeks with a birth weight of
790 g. The infant developed a bowel perforation within the first few weeks
of life and required surgery, with a resulting jejunostomy placement. The
infant required both sole and partial PN for most of his extensive hos-
pital stay, and was approximately four months of age when able to take
full enteral feedings. Due to current shortages, no selenium was available
to add to the PN formulation. The infant developed dry, scaly skin and
a selenium level was checked around three months of life secondary to
skin symptoms and recent PN additive shortages. The selenium level was
reported from the laboratory as 11 pg/L, which is well below the normal
range for serum selenium of 23—190 pg/L. Conditions, such as macrocy-
tosis and fatal cardiomyopathy, have been reported when selenium levels
fall below 16 pg/L [23]. Once enteral feedings were established, 25 ug of
oral selenium was supplemented every other day, because no parenteral
selenium was available. By discharge around five months of life, the infant
was on calorically-dense full enteral feedings and his skin symptoms had
resolved, so at this point selenium supplementation was discontinued.

15.3.9 POTENTIAL SOLUTIONS:

As is evident from Table 2, whenever possible during a shortage of PN
products, prioritization of resources is crucial in ensuring that the most
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vulnerable populations receive critical products. Additional strategies to
potentially maximize the nutrition status of premature infants during PN
product shortages should be explored. For instance, our care facility was
forced to reduce pediatric PN MVI to tri-weekly provision to conserve
supplies. With the concern for inadequate nutrient provision to our ex-
tremely and very low birthweight infants, we increased the weight-based
MVI dosing. For example, infants receiving 1.5 mL of PN MVI would
receive 3.25 mL tri-weekly. Though this is not a documented strategy, it
does allow for a higher administration of nutrients while conserving avail-
able local resources.

15.4 CONCLUSION

This review demonstrates the potential short-term and long term epigen-
etic impacts that current PN shortages can have on premature and ill in-
fants. Clinicians must, therefore, make decisions using current evidence
and clinical judgment to ensure avoidance of poor outcomes in situations
where adequate administration of all essential nutrients is not possible.
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16.1 INTRODUCTION

Vitamin D insufficiency and deficiency has been associated with a wide
spectrum of diseases, ranging from neurological disorders to chronic in-
flammatory conditions [1]. The resurgence of rickets in some Western
countries highlights the potential risks of not gaining sufficient vitamin
D through diet, supplementation or exposure to sunlight [2,3]. Vitamin
D deficiency is frequently defined as serum concentrations less than 20
ng/mL with concentrations between 21-29 ng/mL treated as insufficien-
cy and greater than 30 ng/mL as sufficient [4-7]. Recent studies attest to
widespread insufficiency of vitamin D in many Western nations, namely
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the UK, USA and other European countries, including Greece [5,6,8]. Vi-
tamin D deficiency during pregnancy has been associated with maternal
morbidity, including gestational diabetes [9] and an increased rate of
caesarean section [10]. Likewise, for the neonate, there is a putative as-
sociation with being small-for-gestational age (SGA) [11]. Finally, as far
as children are concerned, impaired neurocognitive development [12]
and skeletal problems, such as reduced bone mineral content [13] have
been reported.

A recent report details the importance of maternal circulating vi-
tamin D concentrations in determining neonatal circulating vitamin
D [14]. The authors compared the contributions of genetic factors to
maternal vitamin D levels and found that 19% of neonatal circulat-
ing vitamin D levels are predicted by the latter with genetics having
little influence. The recent report of a lack of significant relationship
between circulating 25(OH)D and the highly active 10,25-(OH),D
concentrations in a meta-analysis of mother-neonate studies suggest
that measurement of vitamin D concentrations should go beyond the
routinely measured 25(OH)D forms [15]. Many studies have relied on
questionable assays to assess concentrations of the various forms of
vitamin D [16,17]. Given the complexities involved in rigorous assess-
ment of vitamin D analogues, a novel assay was recently introduced to
differentiate and quantify the circulating precursors and active forms
from biologically inactive epimers [18,19]. It is envisaged that the role
of vitamin D in disease prevention and treatment can be further eluci-
dated with the accurate measurement of all forms of vitamin D, includ-
ing epimers.

The primary aim of this study was to determine serum (mothers) and
umbilical cord (neonates) concentrations of all vitamin D forms [single-hy-
droxylated [25(OH)D,, 25(OH)D, ], double-hydroxylated [10,25(OH),D,,
1a,25(OH),D,], epimers [3-epi-25(OH)D,, 3-epi-25(OH)D,]], in a
Northern Greece cohort of pregnant women at term and their neonates,
by applying a novel highly specific and accurate assay. A secondary aim
was to predict neonatal vitamin D concentrations by means of maternal
parameters.
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16.2 SUBJECTS AND METHODS

16.2.1 SUBJECTS

The study was conducted from January 2011 until December 2011. Preg-
nant women were recruited from the Maternity Unit of the First Depart-
ment of Obstetrics and Gynaecology, Aristotle University, Thessaloniki,
Greece. Inclusion criterion was full-term pregnancy (37th -42th gestation-
al week). Maternal exclusion criteria were primary hyperparathyroidism,
secondary osteoporosis, liver disease, hyperthyroidism, nephrotic syn-
drome, inflammatory bowel disease, rheumatoid arthritis, osteomalacia,
morbid obesity, diabetes in pregnancy, age<18 year and use of medica-
tions affecting calcium (Ca) or vitamin D status. Neonatal exclusion cri-
teria were being small-for-gestational age (SGA) and presence of severe
congenital anomaly. Informed consent was obtained from all mothers.
The protocol received approval from the Bioethics Committee of Aristotle
University of Thessaloniki, Greece.

16.2.2 DEMOGRAPHICS AND DIET

At enrolment, demographic and social characteristics were recorded. Ca
and vitamin D dietary intake during the last month of pregnancy were
assessed through a validated, semi- quantitative, food frequency question-
naire that includes 150 foods and beverages [20]. For each dietary item,
participants were asked to report their frequency of consumption and por-
tion size. From these data, calculations were made for estimations of con-
sumed quantities (in g per day) and total energy intake (in kcal per day),
on the basis of a food composition database, modified to accommodate the
particularities of the Greek diet [21].
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16.2.3 BIOCHEMICAL AND HORMONAL ASSAYS

Blood samples were obtained from mothers by antecubital venipuncture
30—60 minutes before delivery. Umbilical cord blood was collected im-
mediately after clamping, from the umbilical vein. Serum and umbilical
cord specimens were stored at -20°C prior to analysis for the following
parameters: Ca, phosphorus (P), parathyroid hormone (PTH), vitamin D,
vitamin D, 25(OH)D,, 25(OH)D,, 1a,25(OH),D,, 10,25(0OH),D,, 3-epi-
25(0OH)D, and 3-epi-25(OH)D,. Serum Ca and P determinations were
performed using the Cobas INTEGRA clinical chemistry system (D-
68298; Roche Diagnostics, Mannheim, Germany). The inter- and intra-
assay coefficients of variation (CVs) were 0.99% and 3.5% for Ca, and
1.3% and 2.5% for P, respectively. PTH determinations were performed
using the electrochemiluminescence immunoassay ECLIA (Roche Di-
agnostics GmbA, Mannheim, Germany). Reference range for PTH was
15-65 pg/mL, functional sensitivity 6.0 pg/mL, within-run precision 0.6
- 2.8% and total precision 1.6 - 3.4%. Using the novel assay, a total of
eight forms of vitamin D were quantified by liquid chromatography tan-
dem mass spectrometry (LC-MS/MS) with lower limits of quantification
(LLOQ) as follows: vitamin D, (0.5 ng/mL), vitamin D, (0.5 ng/mL),
25(0OH)D2 (0.5 ng/mL), 25(OH)D, (0.5 ng/mL), 10,25(0H),D, (0.015
ng/mL), 1a,25(0OH),D, (0.015 ng/mL), 3-epi-25(OH)D, (0.01 ng/mL)
and 3-epi-25(OH)D; (0.015 ng/mL). Briefly, the assay involves a chiral
column in tandem with a rapid resolution microbore column along with
liquid-liquid extraction. The method is fully validated using quality con-
trols at four different concentration levels (QCL, QCM, QCH, LLOQ).
Quality controls were calculated after chromatographically separating
the epimers, isobars and other analogues. The same concentrations were
recovered from spiked quality controls prepared in house. The accuracy
of the assay was also double checked using DEQAS and Chromsystem
quality controls. Full method validation parameters have been reported
previously [18,19]. Maternal vitamin D deficiency was defined as serum
concentrations <20 ng/mL, insufficiency as 21-29 ng/mL and sufficien-
cy as>30 ng/mL.
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16.2.4 UVB MEASUREMENTS

Ultraviolet B (UVB) radiation includes wavelengths from 280 to 320 nm.
UVB data for the broad geographical region of Thessaloniki, Greece were
collected from the Section of Applied and Environmental Physics, Aristo-
tle University of Thessaloniki. Daily integral of effective UVB radiation
from sunrise to sunset (from 09:00 to 16:00) was used as the most repre-
sentative parameter for UVB exposure. These hours were selected as they
represent the beginning and the end of the working time for the majority of
the population. Individual sunlight exposure was recorded for each partici-
pant during that period. Finally, mean UVB exposure during the previous
45 days (daily integral) before blood sample collection (estimated mean
half-life of vitamin D) was calculated for each participant.

16.2.5 STATISTICAL ANALYSIS

The dependent variables (DV) were the concentrations of circulating vi-
tamin D, and D, in neonates. Adjusted body mass index (BMI) was cal-
culated by adjusting the pre-delivery weight with the average expected
weight gain based on the mother’s pre-pregnancy BMI. In cases below
the limit of quantification (BLQ), a conservative zero value was imputed.
Owing to large within group variances, vitamin D concentrations between
mothers and neonates were compared using Wilcoxon Signed Rank test.
ANOVA was used to compare the circulating vitamin D concentrations in
neonates of mothers with deficient, insufficient and sufficient vitamin D
status. To determine the explained variances by the independent variables
(IV) in predicting the DV (neonatal serum vitamin D, and D,, separately),
two hierarchical linear regression analyses were used. In both models, in
order to control for random differences between mothers (e.g. maternal
age, number of previous live birth, UVB exposure and vitamin D), these
variables were entered in the first block, followed by serum concentrations
of 250HD, and D,, along with their corresponding epimers, individually.
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Meeting assumptions for the regression models were defined as follows:
Durbin-Watson statistics (d) between 1.5 and 2.5 for auto-correlation of
residuals and Variance Inflating Factor (VIF)<5 for multi-colinearity,
along with satisfactory normal P-P plot of regressions standardized re-
sidual. The level of significance was set as p<0.05. All statistical analyses
were conducted in SPSS v19 (SPSS Inc, Chicago, IlI).

16.3 RESULTS

The sample consisted of 60 pairs of Caucasian mothers and their neonates.
Mean maternal age was 32.8+5.2 years, 40% with previous live birth
(31.7% primiparous and 8.3% multiparous). The mean pre-conception
BMI was 22.2+3.3 kg/m? (range 16.1 - 31.6), adjusted BMI was 22.4+4.3
kg/m? (range 13.5 - 35.5). Thirty-six women were on Ca supplementa-
tion (range 250 — 1000 mg per day, with 32 on 500 mg per day) and none
were on vitamin D supplementation. Of the 60 neonates, 67% were fe-
male. PTH, Ca, P concentrations of mothers and neonates, along with the
estimated daily average intake of Ca and vitamin D, and UVB exposure
are presented in Table 1.

16.3.1 MATERNAL AND NEONATAL VITAMIN 25(OH)D
CONCENTRATIONS

Mothers had slightly, but not statistically significantly, higher concentra-
tions of circulating vitamin D [25(OH)D, and 25(OH)D,] compared to
neonates (17.9£13.2 vs. 15.9+£13.6 ng/mL, W=771.0, p=0.289) (Figure
1). The proportions of the mothers with sufficient, insufficient and defi-
cient 25(OH)D concentrations are shown in Figure 2A. The frequency dis-
tribution revealed 40 women below 20 ng/mL, with a further 11 between
21-29 ng/mL, leaving a minority in the sufficient range. Notably, whilst
the pattern of neonatal 25(OH)D concentration roughly followed the same
of the mothers in the deficient and insufficient mother groups, it varied
widely resembling uniform distribution in the group of mothers with suffi-
cient vitamin D status. Although thresholds for neonatal serum vitamin D
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sufficiency are yet to be established, the frequency distribution of neonatal
25(OH)D concentrations (Figure 2B), followed the pattern of the maternal
circulating levels, with the majority of the values being concentrated at
the low end of the spectrum. The mean neonatal 25(OH)D concentrations
in the three maternal groups were significantly different [12.5+8.7 vs.
19.2+49.1 vs. 26.6+26.3 ng/mL, F(2,59)=4.914, p =0.011] for neonates
of mothers in the deficient, insufficient and sufficient group, respectively.
This overall result was due to a difference between the deficient and suf-
ficient groups (p =0.012), but not due to other comparisons (deficient vs.
insufficient, p=0.279 and insufficient vs. sufficient, p=0.413).

TABLE 1: Measures of PTH, Ca, P concentrations of mothers and neonates, and daily
average intake of Ca, vitamin D

Mother Neonates

Range Mean+SD Range Mean+SD
Vitamin D® intake (ng/day)  0.35-5781.00 421.97+1206.130
Ca intake® (mg/day) 111.0-1935.40  786.10+360.240
UVB (wh/m?) 0.01-0.36 0.20+0.11
PTH (mg/dL)" 19.00-85.40 36.91+15.15 1.20-17.90  6.99+2.78
Ca (mg/dL)" 4.20-9.60 8.56+0.75 8.90-11.80  10.32+0.62
P (pg/mL)* 1.40-5.00 3.58+0.63 4.30-7.10 5.73+0.58

“mother n=>358.
b mother n=159, neonate n=>57.
¢ mother n =60, neonate n=>57.

16.3.2 PROPORTIONS OF VITAMIN D FORMS

Mean concentrations of vitamin D forms in mothers and neonates are il-
lustrated in Figure 1. As far as the 10,25(0OH),D, and 1a,25(OH),D, forms
are concerned, only 1a,25(OH),D, was measured in mothers, at a very low
concentration (0.06+0.06 ng/mL). The 1a,25(OH),D, form was below the
limit of quantitation. In line with previous reports [15], no significant re-
lationship was observed between maternal circulating forms [25(OH)D, ]
and the highly active 1a,25(OH),D, concentrations (r=-0.011, p=0.931).
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The epimer concentrations (Figure 1) were similar in mothers and neonates
(4.8+7.8 vs. 4.5+4.7 ng/mL, W=1015.0, p=0.462). Notably, 24.7% and
22.2% of the measured vitamin D forms were for inactive epimer forms
for mothers and neonates, respectively. The 25(OH)D, concentrations
were higher compared to 25(OH)D, levels (75.6+22.2% in mothers and
75.9423.9% in neonates); thus, the ratios of 25(OH)D,: 25(OH)D, were
3:1, approximately, for both mother and neonates. A positive correlation
(r=0.543, p<0.001) was detected between maternal and neonatal 25(OH)
D concentrations, whereas inactive [3-epi-25(OH)D] concentrations
showed a weaker correlation (r=0.268, p=0.038) (Figure 3). The 25(OH)
D and inactive [3-epi-25(OH)D] concentrations were positively correlat-
ed in the mothers (r=0.528, p<0.001) but not in the neonates (r=0.142,
p=0.414). There was no significant correlation between 10,25(OH),D,
and 3-epi-25(OH)D concentrations.

16.3.3 MATERNAL PREDICTORS OF NEONATAL VITAMIN D
CONCENTRATIONS

The hierarchical linear regression models for predicting neonatal 25(OH)D
concentrations are detailed in Table 2. In the majority of analyses, assump-
tions were met as defined. In the independent models (Table 2), the neo-
natal 25(OH)D, concentrations were best predicted from maternal charac-
teristics (R*=0.253), whereas 25(OH)D, was strongly linked to maternal
vitamin D forms (R?=0.478). Maternal serum concentrations of PTH, Ca
and P together only explained a small proportion of the neonatal 25(OH)
D, (R*=0.046) and an even smaller part of the 25(OH)D, (R*=0.013).
Neonatal vitamin D concentrations were calculated as the sum of 25(OH)
D, and 25(OH)D,. Circulating neonatal vitamin D concentrations in new-
borns followed the pattern of predicting 25(OH)D,, with maternal 25(OH)
D, and 25(OH)D, explaining 32.1% of the neonatal vitamin D variance
and epimer forms contributing an additional 11.9%. Therefore, all four
maternal vitamin D forms combined [25(OH)D,, 25(OH)D,, 3-epi-25(OH)
D,, 3-epi-25(OH)D, ] explained 44% of the neonatal vitamin D concentra-
tions when controlled for other maternal characteristics such as age, UVB
exposure, vitamin D and Ca intake and Ca, P and PTH concentrations.



321

An Observational Study Reveals that Neonatal Vitamin D

Blood glucose (mmol/L)

-+BFOMD
-+~ RFOMD
= Reference bread

25

FIGURE 1: Mean concentration of (A) maternal and (B) neonatal vitamin D forms. 1: 25(0OH)D,, 2: 25(0OH)D,, 3: 3-epi-25(OH)D,, 4: 3-epi-

25(0H)D,, 5: 10,25(0H),D,. Bars represent within-group standard deviations.
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On the contrary, 10L,25(OH)2D3 did not make a contribution to the neona-
tal vitamin D concentrations. Predicting 25(OH)D in neonates, mother’s
age showed statistical significance for the coefficients (f = -0.343). For
25(OH)D,, mother’s 25(OH)D, concentrations showed statistical signifi-
cance for the coefficients (B = 0.218) and 3-epi-25(OH)D, (B = 0.596).
These standardized P values can be used for weighting each individual’s
measures on the IVs to obtain individual predicted score on the DV, re-
spectively. Mother’s age was independent of vitamin D intake (r=-0.093,
p=0.483), negatively correlated with UVB exposure (r=-0.304, p=0.019)
and weakly negatively correlated with Ca intake (r=-0.244, p=0.062).

16.4 DISCUSSION

16.4.1 MATERNAL AND NEONATAL VITAMIN 25(OH)D
CONCENTRATIONS

The potential impact of vitamin D deficiency during pregnancy on mater-
nal and neonatal health has attracted much interest in recent years. It has
been suggested that maintaining adequate maternal stores of vitamin D
during pregnancy is of vital importance for both mothers and neonates to
ensure skeletal and extra-skeletal health.

The results of this study come mainly from a population of pregnant
women with vitamin D deficiency or insufficiency. Although the study
was not designed for this purpose, a high prevalence of maternal vitamin
D insufficiency and deficiency was detected, in a sunny European area,
such as Northern Greece. A similar pattern of distribution between mater-
nal and neonatal 25(OH)D concentrations was observed, with 25(OH)D,
being the most abundant circulating vitamin D form in both mothers and
neonates. These results reflect previous reports of widespread vitamin D
deficiency and insufficiency in Europe and the USA. However, the known
cross-reactivity of many assays with the epimer forms suggests that levels
reported in previous studies are overestimations. Furthermore, the conun-
drum of a mismatch between levels of the usually quantified circulating
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forms (250HD) and the active form (1a,25-(OH),D) [15] have been con-
firmed in this study, as no relationship was observed between 25(OH)D,
and 1a,25(0OH),D, once epimers have been differentiated.

TABLE 2: Hierarchical linear regression model for predicting neonatal 25(OH)D
concentrations

DV: Neonatal 25(0OHD), DV: Neonatal 25(0OH)D,

Step IV (Maternal) R? AR? SD B R? AR? SD B

1 UVB exposure -0.243 -0.121
Age -0.343* -0.227 *
Adjusted BMI -0.172 0.032
Vitamin D intake 0.082 0.143
Ca intake 0.207 0.207* 0222 0.096 0.096 -0.018

2 Serum PTH 0.043 0.046
Serum Ca -0.267 0.169
Serum P 0.253 0.046 -0.011 0.109 0.013 -0.161
25(0OH)D, 0.254 0.002 0.040 0.267 0.158 ** 0.271*
25(0H)D, 0.302 0.048 0.272 0.438 0.171 ***  0.218

Epi-25(OH)D, 0.303 0.000 0.124 0.518 0.080 ** -0.091
Epi-25(OH)D, 0.309 0.006 -0.179 0.586 0.068** 0.596 **
10,25(OH),D, 0.329 0.020 -0.147 0.587 0.001 0.032

N O W B W

*p<0.05; **p<0.01, *** p<0.001. BMI: body mass index, Ca: calcium, DV: dependent
variable, 1V: independent variable, P: phosphorus, PTH: parathyroid hormone, SD:
standard deviation, UVB: ultraviolet B.

At this time, there is no documented benefit in measuring 25(OH)D,
and 25(OH)D,, separately; serum total 25(OH)D has been designated as
the functional indicator of vitamin D status [22]. However, the ability to
accurately measure serum concentrations of 25(OH)D, and 25(OH)D,
brings new potential to both observational and intervention studies. On
a physiological basis, it could be hypothesised that maternal vitamin D
active forms have an impact on the newborn, which, to a great extent,
depends on the mother to form its dynamic vitamin D equilibrium. There-
fore, these findings confirm current concerns regarding the maintenance of
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adequate maternal vitamin D status during pregnancy, since the reflection
of maternal concentrations of these forms explains 32.1% in neonates. It
should be noted that data on 25(OH)D, and 25(OH)D, concentrations ex-
clude epimer forms; thus, caution should be paid when comparing them to
other studies [8].

Given that vitamin D, is the only high-dose preparation available in
many countries, potential differences in the ability of assays to accurately
detect 25(OH)D, and 25(OH)D, are of clinical importance, in cases where
supplementation is suggested. Moreover, when 25(OH)D results are re-
ported as 25(OH)D, and 25(OH)D,, vitamin D, administration does re-
duce serum 25(OH)D, concentrations [23]. Until the physiologic impact
of this reduction, if any, is clarified by future studies, a low 25(OH)D,
value in the setting of ergocalciferol supplementation does not constitute
vitamin D deficiency. LC-MS/MS and the potential of accurate measure-
ment of both bioactive forms of vitamin D could offer a valuable tool in
daily practice, in order to avoid data misinterpretation, especially in condi-
tions like pregnancy.

16.4.2 PROPORTIONS OF VITAMIN D FORMS

The findings of this study, using a novel assay with the ability not just to
exclude but also to measure vitamin D epimers demonstrated that epimers
comprise approximately 25% of the measured vitamin D concentrations
in both mothers and neonates, following similar patterns of distribution.
The presence of both 3-epi-25(OH)D, and 3-epi-25(OH)D, forms have
been previously reported in infants [24]. Our group has demonstrated the
presence of 3-epi-25(OH)D, form, in a small cohort of healthy adults [18].
These results were further confirmed in a larger study, in adults [25]. The
present study is the first to quantify concentrations of the 3-epi-25(OH)D,
in both mothers and neonates. Large inter-individual variances in the epi-
mer content were noted in vitamin D concentrations, ranging between 0%
and 100% with 63.8% of the mothers and 67.8% of the neonates showing
epimer to total circulating concentration of 25% or less. Thus, the epimer-
adjusted concentration is only applicable to conclusions at the aggregated
level (i.e. mothers, neonates) and should not be used for making judgments
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at the individual level, unless 3-epi-25(OH)D, and 3-epi-25(OH)D3 are
clearly separated and excluded from the 25(OH)D measurements. On the
other hand, based on present results, it becomes evident that 1¢,25(0OH),D,
and 1a,25(0OH),D, have minor contributions to the sum of vitamin D mea-
surements in both mothers and infants.

Based on these findings, it could be hypothesized that assays that
do not separate the 3-epi forms or have significant cross-reactivity with
the epimer will, most likely, report erroneously high concentrations for
both infants and adults, as 3-epi constitutes a substantial fraction of total
25(0OH)D. This assay limitation should be considered by clinicians mea-
suring vitamin D status in infants and mothers. LC-MS/MS, by measuring
vitamin D isoforms separately, provides a ‘clear-cut’ view of vitamin D
status. By excluding epimer concentrations, it appears that the mean vita-
min D concentration in term pregnancies is considerably below the suffi-
ciency threshold. Although the sample size of the present study was small
for drawing conclusions, the accurate measurement of active vitamin D
metabolites could offer a valuable tool in the establishment of a novel,
realistic view of vitamin D status during pregnancy.

16.4.3 MATERNAL PREDICTORS OF NEONATAL VITAMIN D
CONCENTRATIONS

Based on our primary results, regarding the accurate proportions of vita-
min D metabolites in maternal circulation, we further investigated if there
is an ability to predict neonatal 25(OH)D concentrations from maternal
parameters. Our analysis showed that, apart from being a reliable marker
of vitamin D maternal status, 25(OH)D comprises a significant parameter
in predicting neonatal 25(OH)D, concentrations, which constitutes the
major neonatal vitamin D form. The addition of certain maternal param-
eters could offer additional prognostic value in this process, specifically
in neonatal 25(OH)D, concentrations. The additional analytical capacity
enhances the predictive power with the epimers contributing 11.9% to an
overall 44% explained variances in active vitamin D concentrations in
neonates. This result significantly exceeded previous reports of 19% in a twin
study, which investigated genetic versus maternal vitamin D concentrations in
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determining offspring vitamin D concentrations [14]. Overall, the above
findings regarding maternal vitamin D concentrations and other param-
eters could be useful in daily clinical practice, as a part of a predictive
model for neonatal vitamin D concentrations, based on maternal param-
eters, which could contribute to the appropriate management of the major
health issue of maternal vitamin deficiency during pregnancy.

16.4.4 ADVANTAGES AND DISADVANTAGES

The present study has three major advantages. First, the data incorporate
specific and accurate measurement of seven out of eight forms of vita-
min D, including vitamin D, and D,, hydroxylated derivatives and epimer
forms. To the best of our knowledge, these data are unique to the litera-
ture on pregnancy. Second, as routine assays do not allow differentiation
among the full range of different vitamin D forms, this novel assay al-
lowed for a very detailed approach to the complex vitamin D metabolism
in the mother - newborn bipole. Third, the study allowed the control for
maternal characteristics such as age, UVB exposure, dietary intake and
PTH, Ca and P concentrations, which afforded separating the explained
variances for the active vitamin D concentrations over and above the
shared variances by maternal characteristics. In combination, we were
able to explain 56.1% in the variances in neonatal 25(OH)D concentra-
tions. Limitations of the study were its rather small sample size and its
cross-sectional design, which prevented prospective data to be collected
throughout pregnancy. Moreover, measurement of vitamin D-binding pro-
tein (VDBP), a significant parameter of vitamin D dynamics in pregnancy,
was not feasible.

16.5 CONCLUSIONS

This study provided evidence for i) maternal and neonatal vitamin 25(OH)
D concentrations in a sunny European area, which proved to be sub-op-
timal, ii) 3-epi-25(OH)D, and 3-epi-25(OH)D, forms in both mothers
and neonates, which contribute approximately 25% to the total vitamin D
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concentrations and iii) a relationship between maternal and neonatal con-
centrations leading to a prediction model. The accurate assay highlights
a considerable proportion of vitamin D exists as epimers and there is a
lack of correlation between the circulating and active forms. These results
underscore the need for accurate measurements to appraise vitamin D sta-
tus. The results, based on specific and accurate measurement, revealed
that maternal characteristics and active forms of vitamin D, along with
their epimers explain 56% of neonatal vitamin D concentrations. Further
investigation, based on accurate measurements of vitamin D metabolites,
is warranted to establish optimal concentrations during pregnancy, in an
attempt to prevent maternal morbidity and developmental deficiencies.
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CHAPTER 17

WEIGHT SCIENCE: EVALUATING THE
EVIDENCE FOR A PARADIGM SHIFT

LINDA BACON and LUCY APHRAMOR

17.1 INTRODUCTION

Concern regarding "overweight" and "obesity" is reflected in a diverse
range of policy measures aimed at helping individuals reduce their body
mass index (BMI) [1]. Despite attention from the public health establish-
ment, a private weight loss industry estimated at $58.6 billion annually
in the United States [1], unprecedented levels of body dissatisfaction [2]
and repeated attempts to lose weight [3,4], the majority of individuals are
unable to maintain weight loss over the long term and do not achieve the
putative benefits of improved morbidity and mortality [5]. Concern has
arisen that this weight focused paradigm is not only ineffective at produc-
ing thinner, healthier bodies, but also damaging, contributing to food and
body preoccupation, repeated cycles of weight loss and regain, distraction
from other personal health goals and wider health determinants, reduced
self-esteem, eating disorders, other health decrement, and weight stigma-
tization and discrimination [6-8]. As evidence-based competencies are
more firmly embedded in health practitioner standards, attention has been
given to the ethical implications of recommending treatment that may be
ineffective or damaging [5,9].
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A growing trans-disciplinary movement called Health at Every SizeS™
(HAES)? shifts the focus from weight management to health promotion.
The primary intent of HAES is to support improved health behaviors for
people of all sizes without using weight as a mediator; weight loss may or
may not be a side effect.

HAES is emerging as standard practice in the eating disorders field:
The Academy for Eating Disorders, Binge Eating Disorder Association,
Eating Disorder Coalition, International Association for Eating Disorder
Professionals, and National Eating Disorder Association explicitly support
this approach [10]. Civil rights groups including the National Association
to Advance Fat Acceptance and the Council on Size and Weight Discrimi-
nation also encourage HAES. An international professional organization,
the Association for Size Diversity and Health, has developed, composed of
individual members across a wide span of professions who are committed
to HAES principles.

17.1.2 HEALTH AT EVERY SIZE: A REVIEW OF RANDOMIZED
CONTROLLED TRIALS

Several clinical trials comparing HAES to conventional obesity treatment
have been conducted. Some investigations were conducted before the
name "Health at Every Size" came into common usage; these earlier stud-
ies typically used the terms "non-diet" or "intuitive eating" and included
an explicit focus on size acceptance (as opposed to weight loss or weight
maintenance). A Pub Med search for "Health at Every Size" or "intuitive
eating" or "non-diet" or "nondiet" revealed 57 publications. Randomized
controlled trials (RCTs) were vetted from these publications, and addition-
al RCTs were vetted from their references. Only studies with an explicit
focus on size acceptance were included.

Evidence from these six RCTs indicates that a HAES approach is as-
sociated with statistically and clinically relevant improvements in physio-
logical measures (e.g. blood pressure, blood lipids), health behaviors (e.g.
physical activity, eating disorder pathology) and psychosocial outcomes
(e.g, mood, self-esteem, body image) [11-20]. (See Table 1.) All studies in-
dicate significant improvements in psychological and behavioral outcomes;
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TABLE 1: Randomized controlled HAES studies reported in peer-reviewed journals

Investigation ~ Group Population Number  Follow-up Attrition Improvements Decrements

type* (n) of (number

treatment  of weeks
sessions  post treat-
ment)
Physio-logic Health Psycho-social
behaviors

Provencher,et HAES (n=48); Over- 15 26 8%; Not evaluated Eating Not evaluated None
al., 2009[17] social support weight 19%; behaviors
and 2007[20]  (n=48); control  and obese 21%

(n=48) women
Bacon et al, HAES (n=39);  Obese 30 52 8%; 42% LDL, systolic Activity, Self esteem, de- None
2005 [11]Jand  diet (n=39) women, blood pressure  binge eating  pression, body
2002[19] chronic dissatisfaction,

dieters body image,
interoceptive
awareness

Rapaport et Modified cogni-  Over- 10 52 16%; Total choles- Activity®, di-  Emotional well- None
al.,, 2000[16]  tive-behavioral weight 16% terol®, LDL etary quality®  being®, distress®

treatment and obese cholesterol®,

(n=37); cogni- women systolic blood

tive behavioral pressure®,

treatment (n= 38) diastolic blood

pressure
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improvements in self-esteem and eating behaviors were particularly note-
worthy [11-14,16,17,19,20]. Four studies additionally measured metabol-
ic risk factors and three of these studies indicated significant improvement
in at least some of these parameters, including blood pressure and blood
lipids [11,12,16,17,19,20]. No studies found adverse changes in any vari-
ables.

A seventh RCT reported at a conference also found significantly posi-
tive results [18], as did a non-randomized controlled study [21] and five
studies conducted without a control [22-26].

All of the controlled studies showed retention rates substantially
higher than, or, in one instance, as high, as the control group, and all
of the uncontrolled studies also showed high retention rates. Given the
well-documented recidivism typical of weight loss programs [5,27,28]
and the potential harm that may arise[29,30], this aspect is particularly
noteworthy.

17.2 ASSUMPTIONS UNDERLYING THE CONVENTIONAL
(WEIGHT-FOCUSED) PARADIGM

Dieting and other weight loss behaviors are popular in the general popu-
lation and widely encouraged in public health policy and health care
practice as a solution for the "problem" of obesity. There is increas-
ing concern about the endemic misrepresentation of evidence in these
weight management policies [5,8]. Researchers have demonstrated ways
in which bias and convention interfere with robust scientific reasoning
such that obesity research seems to "enjoy special immunity from ac-
cepted standards in clinical practice and publishing ethics" [5,8,31]. This
section discusses the assumptions that underlie the current weight-fo-
cused paradigm, presenting evidence that contests their scientific merit
and challenges the value of promoting weight management as a public
health measure.
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17.2.1 ASSUMPTION: ADIPOSITY POSES SIGNIFICANT
MORTALITY RISK

Evidence: Except at statistical extremes, body mass index (BMI)—or
amount of body fat—only weakly predicts longevity [32]. Most epidemio-
logical studies find that people who are overweight or moderately obese
live at least as long as normal weight people, and often longer [32-35].
Analysis of the National Health and Nutrition Examination Surveys I,
I, and III, which followed the largest nationally representative cohort of
United States adults, determined that greatest longevity was in the over-
weight category [32]. As per the report, published in the Journal of the
American Medical Association and reviewed and approved by the Cen-
ters for Disease Control and Prevention and the National Cancer Institute,
"[this] finding is consistent with other results reported in the literature."
Indeed, the most comprehensive review of the research pooled data for
over 350,000 subjects from 26 studies and found overweight to be associ-
ated with greater longevity than normal weight [36]. More recently, Jans-
sen analyzed data in the elderly (among whom more than 70 percent of all
deaths occur)—also from 26 published studies—and similarly found no
evidence of excess mortality associated with overweight [37]. The Ameri-
cans' Changing Lives study came to a similar conclusion, indicating that
"when socioeconomic and other risk factors are controlled for, obesity is
not a significant risk factor for mortality; and... for those 55 or older, both
overweight and obesity confer a significant decreased risk of mortality."
[38] The most recent analysis, published in the New England Journal of
Medicine, concluded that overweight was associated with increased risk,
but only arrived at this conclusion after restricting the analysis by exclud-
ing 78 percent of the deaths [39]. They also used a reference category
much narrower than the entire "normal weight" category used by most
other studies, which also contributed to making the relative risk for over-
weight higher.

There is a robust pattern in the epidemiological literature that has been
named the "obesity paradox" [40,41]: obesity is associated with longer
survival in many diseases. For example, obese persons with type 2 diabe-
tes [42], hypertension [43,44], cardiovascular disease[41,45], and chronic
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kidney disease [46] all have greater longevity than thinner people with
these conditions [47-49]. Also, obese people who have had heart attacks,
coronary bypass[50], angioplasty[51] or hemodialysis [52] live longer
than thinner people with these histories [49]. In addition, obese senior citi-
zens live longer than thinner senior citizens [53].

The idea that "this is the first generation of children that may have
a shorter life expectancy than their parents" is commonly expressed in
scientific journals [54] and popular press articles [55], even appearing in
Congressional testimony by former Surgeon General Richard Carmona
[56] and a 2010 report from the White House Task Force on Childhood
Obesity[57]. When citation is provided, it refers to an opinion paper pub-
lished in the New England Journal of Medicine [54], which offered no sta-
tistical evidence to support the claim. Life expectancy increased dramati-
cally during the same time period in which weight rose (from 70.8 years in
1970 to 77.8 years in 2005) [58]. Both the World Health Organization and
the Social Security Administration project life expectancy will continue to
rise in coming decades [59,60].

17.2.2 ASSUMPTION: ADIPOSITY POSES SIGNIFICANT
MORBIDITY RISK

Evidence: While it is well established that obesity is associated with in-
creased risk for many diseases, causation is less well-established. Epide-
miological studies rarely acknowledge factors like fitness, activity, nu-
trient intake, weight cycling or socioeconomic status when considering
connections between weight and disease. Yet all play a role in determining
health risk. When studies do control for these factors, increased risk of
disease disappears or is significantly reduced [61]. (This is less true at sta-
tistical extremes.) It is likely that these other factors increase disease risk
at the same time they increase the risk of weight gain.

Consider weight cycling as an example. Attempts to lose weight typi-
cally result in weight cycling, and such attempts are more common among
obese individuals [62]. Weight cycling results in increased inflammation,
which in turn is known to increase risk for many obesity-associated diseas-
es [63]. Other potential mechanisms by which weight cycling contributes to
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morbidity include hypertension, insulin resistance and dyslipidemia [64].
Research also indicates that weight fluctuation is associated with poorer
cardiovascular outcomes and increased mortality risk [64-68]. Weight cy-
cling can account for all of the excess mortality associated with obesity
in both the Framingham Heart Study [69] and the National Health and
Nutrition Examination Survey (NHANES) [70]. It may be, therefore, that
the association between weight and health risk can be better attributed to
weight cycling than adiposity itself [63].

As another example, consider type 2 diabetes, the disease most highly
associated with weight and fat distribution. There is increasing evidence
that poverty and marginalization are more strongly associated with type
2 diabetes than conventionally-accepted risk factors such as weight, diet
or activity habits [30,71-73]. A large Canadian report produced in 2010,
for example, found that low income was strongly associated with diabe-
tes even when BMI (and physical activity) was accounted for [73]. Also,
much evidence suggests that insulin resistance is a product of an underly-
ing metabolic disturbance that predisposes the individual to increased fat
storage due to compensatory insulin secretion [61,74-78]. In other words,
obesity may be an early symptom of diabetes as opposed to its primary
underlying cause.

Hypertension provides another example of a condition highly associ-
ated with weight; research suggests that it is two to three times more com-
mon among obese people than lean people [79]. To what extent hyper-
tension is caused by adiposity, however, is unclear. That BMI correlates
more strongly with blood pressure than percent body fat [80] indicates that
the association between BMI and blood pressure results from higher lean
mass as opposed to fat mass. Also, the association may have more to do
with the weight cycling that results from trying to control weight than the
actual weight itself [48,81,82]. One study conducted with obese individu-
als determined that weight cycling was strongly positively associated with
incident hypertension [82]. Another study showed that obese women who
had dieted had high blood pressure, while those who had never been on
a diet had normal blood pressure [67]. Rat studies also show that obese
rats that have weight cycled have very high blood pressures compared
to obese rats that have not weight cycled [83,84]. This finding could also
explain the weak association between obesity and hypertension in cultures
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where dieting is uncommon[48,85]. Additionally, it is well documented
that obese people with hypertension live significantly longer than thinner
people with hypertension [43,86-88] and have a lower risk of heart attack,
stroke, or early death [45]. Rather than identifying health risk, as it does
in thinner people, hypertension in heavier people may simply be a require-
ment for pumping blood through their larger bodies [89].

It is also notable that the prevalence of hypertension dropped by half
between 1960 and 2000, a time when average weight sharply increased,
declining much more steeply among those deemed overweight and obese
than among thinner individuals [90]. Incidence of cardiovascular disease
also plummeted during this time period and many common diseases now
emerge at older ages and are less severe [90]. (The notable exception is
diabetes, which showed a small, non-significant increase during this time
period [90].) While the decreased morbidity can at least in part be attribut-
ed to improvements in medical care, the point remains that we are simply
not seeing the catastrophic disease consequences predicted to result from
the "obesity epidemic."

17.2.3 ASSUMPTION: WEIGHT LOSS WILL PROLONG LIFE

Evidence: Most prospective observational studies suggest that weight
loss increases the risk of premature death among obese individuals, even
when the weight loss is intentional and the studies are well controlled with
regard to known confounding factors, including hazardous behavior and
underlying diseases [91-96]. Recent review of NHANES, for example, a
nationally representative sample of ethnically diverse people over the age
of fifty, shows that mortality increased among those who lost weight [97].

While many short-term weight loss intervention studies do indicate im-
provements in health measures, because the weight loss is always accom-
panied by a change in behavior, it is not known whether or to what extent
the improvements can be attributed to the weight loss itself. Liposuction
studies that control for behavior change provide additional information
about the effects of weight (fat) loss itself. One study which explicitly
monitored that there were no changes in diet and activity for 10-12 weeks
post abdominal liposuction is a case in point. Participants lost an average
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of 10.5 kgs but saw no improvements in obesity-associated metabolic ab-
normalities, including blood pressure, triglycerides, cholesterol, or insulin
sensitivity [98]. (Note that liposuction removes subcutaneous fat, not the
visceral fat that is more highly associated with disease, and these results
should be interpreted carefully.)

In most studies on type 2 diabetes, the improvement in glycemic con-
trol is seen within days, before significant weight or fat is lost. Evidence
also challenges the assumption that weight loss is associated with im-
provement in long-term glycemic control, as reflected in HbAlc values
[99,100]. One review of controlled weight-loss studies for people with
type 2 diabetes showed that initial improvements were followed by a de-
terioration back to starting values six to eighteen months after treatment,
even when the weight loss was maintained [101].

Furthermore, health benefits associated with weight loss rarely show a
dose response (in other words, people who lose small amounts of weight
generally get as much health benefit from the intervention as those who
lose larger amounts).

These data suggest that the behavior change as opposed to the weight
loss itself may play a greater role in health improvement.

17.2.4 ASSUMPTION: ANYONE WHO IS DETERMINED CAN
LOSE WEIGHT AND KEEP IT OFF THROUGH APPROPRIATE
DIET AND EXERCISE

Evidence: Long-term follow-up studies document that the majority of in-
dividuals regain virtually all of the weight that was lost during treatment,
regardless of whether they maintain their diet or exercise program [5,27].
Consider the Women's Health Initiative, the largest and longest random-
ized, controlled dietary intervention clinical trial, designed to test the cur-
rent recommendations. More than 20,000 women maintained a low-fat
diet, reportedly reducing their calorie intake by an average of 360 calories
per day [102] and significantly increasing their activity [103]. After almost
eight years on this diet, there was almost no change in weight from start-
ing point (a loss of 0.1 kg), and average waist circumference, which is a
measure of abdominal fat, had increased (0.3 cm) [102].
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A panel of experts convened by the National Institutes of Health de-
termined that "one third to two thirds of the weight is regained within
one year [after weight loss], and almost all is regained within five years."
[28] More recent review finds one-third to two-thirds of dieters regain
more weight than was lost on their diets; "In sum," the authors report,
"there is little support for the notion that diets lead to lasting weight
loss or health benefits [5]." Other reviews demonstrate the unreliability
of conventional claims of sustained weight loss [104,105]. There is a
paucity of long term data regarding surgical studies, but emerging data
indicates gradual post-surgery weight regain as well [106,107]. Weight
loss peaks about one year postoperative, after which gradual weight re-
gain is the norm.

17.2.5 ASSUMPTION: THE PURSUIT OF WEIGHT LOSS IS A
PRACTICAL AND POSITIVE GOAL

Evidence: As discussed earlier, weight cycling is the most common result
of engaging in conventional dieting practices and is known to increase
morbidity and mortality risk. Research identifies many other contraindica-
tions to the pursuit of weight loss. For example, dieting is known to reduce
bone mass, increasing risk for osteoporosis [108-111]; this is true even in
an obese population, though obesity is typically associated with reduced
risk for osteoporosis[108]. Research also suggests that dieting is associ-
ated with increased chronic psychological stress and cortisol production,
two factors known to increase disease risk [112]. Also, there is emerging
evidence that persistent organic pollutants (POPs), which bioaccumulate
in adipose tissue and are released during its breakdown, can increase risk
of various chronic diseases including type 2 diabetes [113,114], cardiovas-
cular disease [115] and rheumatoid arthritis [116]; two studies document
that people who have lost weight have higher concentration of POPs in
their blood [117,118]. One review of the diabetes literature indicates "that
obese persons that (sic) do not have elevated POPs are not at elevated risk
of diabetes, suggesting that the POPs rather than the obesity per se is re-
sponsible for the association" [114].
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Positing the value of weight loss also supports widespread anxiety
about weight [119,120]. Evidence from the eating disorder literature indi-
cates an emphasis on weight control can promote eating disordered behav-
iors [7]. Prospective studies show that body dissatisfaction is associated
with binge eating and other eating disordered behaviors, lower levels of
physical activity and increased weight gain over time [121,122]. Many
studies also show that dieting is a strong predictor of future weight gain
[66,123-128].

Another unintended consequence of the weight loss imperative is an
increase in stigmatization and discrimination against fat individuals. Dis-
crimination based on weight now equals or exceeds that based on race or
gender [129]. Extensive research indicates that stigmatizing fat demoti-
vates, rather than encourages, health behavior change [130]. Adults who
face weight stigmatization and discrimination report consuming increased
quantities of food [131-134], avoiding exercise [133,135-137], and post-
poning or avoiding medical care (for fear of experiencing stigmatization)
[138]. Stigmatization and bias on the part of health care practitioners is
well-documented, resulting in lower quality care [139,140].

17.2.6 ASSUMPTION: THE ONLY WAY FOR OVERWEIGHT
AND OBESE PEOPLE TO IMPROVE HEALTH IS TO LOSE
WEIGHT

Evidence: That weight loss will improve health over the long-term for
obese people is, in fact, an untested hypothesis. One reason the hypothesis
is untested is because no methods have proven to reduce weight long-term
for a significant number of people. Also, while normal weight people have
lower disease incidence than obese individuals, it is unknown if weight
loss in individuals already obese reduces disease risk to the same level as
that observed in those who were never obese [91,93].

As indicated by research conducted by one of the authors and many
other investigators, most health indicators can be improved through
changing health behaviors, regardless of whether weight is lost [11]. For
example, lifestyle changes can reduce blood pressure, largely or complete-
ly independent of changes in body weight [11,141-143]. The same can be
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said for blood lipids [11,143-145]. Improvements in insulin sensitivity and
blood lipids as a result of aerobic exercise training have been documented
even in individuals who gained body fat during the intervention [145,146].

17.2.7 ASSUMPTION: OBESITY-RELATED COSTS PLACE A
LARGE BURDEN ON THE ECONOMY, AND THIS CAN
BE CORRECTED BY FOCUSED ATTENTION TO OBESITY
TREATMENT AND PREVENTION

Evidence: The health cost attributed to obesity in the United States is cur-
rently estimated to be $147 billion annually [147] and this cost estimate has
been used to justify efforts at obesity treatment and prevention. Although
this estimate has been granted credence by health experts, the word "esti-
mate" is important to note: as the authors state, most of the cost changes
are not "statistically different from zero." Also, the estimate fails to ac-
count for many potentially confounding variables, among them physical
activity, nutrient intake, history of weight cycling, degree of discrimina-
tion, access to (quality) medical care, etc. All are independently correlated
with both weight and health and could play a role in explaining the costs
associated with having a BMI over 30. Nor does it account for costs as-
sociated with unintended consequences of positing the value of a weight
focus, which may include eating disorders, diet attempts, weight cycling,
reduced self-esteem, depression, and discrimination.

Because BMI is considered a risk factor for many diseases, obese per-
sons are automatically relegated to greater testing and treatment, which
means that positing BMI as a risk factor results in increased costs, regard-
less of whether BMI itself is problematic. Yet using BMI as a proxy for
health may be more costly than addressing health directly. Consider, for
example, the findings of a study which examined the "healthy obese" and
the "unhealthy normal weight" populations [148]. The study identified six
different risk factors for cardiometabolic health and included subjects in
the "unhealthy" group if they had two or more risk factors, making it a
more stringent threshold of health than that used in categorizing meta-
bolic syndrome or diabetes. The study found a substantial proportion of
the overweight and obese population, at every age, who were healthy and a
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substantial proportion of the "normal weight" group who were unhealthy.
Psychologist Deb Burgard examined the costs of overlooking the normal
weight people who need treatment and over-treating the obese people
who do not (personal communication, March 2010). She found that BMI
profiling overlooks 16.3 million "normal weight" individuals who are not
healthy and identifies 55.4 million overweight and obese people who are
not ill as being in need of treatment (see Table 2). When the total popula-
tion is considered, this means that 31 percent of the population is mis-
identified when BMI is used as a proxy for health.

TABLE 2: Cost of Using BMI as a Proxy for Health®

Abnormal Normal TOTAL
cardiometabolic cardiometabolic
profile profile
Untreated "Normal" weight 23.5% 76.5% (53.0 million ~ 100%
(BMI=18.5-24.9) (16.3 million people)® people) (69.3 million
people)
Treated "Overweight" 48.7% 51.3% 100%
(BMI=25.0-29.9) (34.1 million people)  (35.9 million people)® (70.0 million
people)
"Obese" 68.3% 31.7% 100%
(BMI > 30.0) (42.0 million people)  (19.5 million people)® (61.5 million
people)
TOTAL 46% 54% 100%

92.4 million people  108.4 million people ~ 200.8 million people

“Based on study by Wildman et al. [148].

bFalse negative: 16.3 million of 92.4 million (17.6%) who have abnormal cardiometabolic
profile are overlooked

‘False positive: 55.4 million of 131.5 million (42%) are identified as ill who are not

The weight bias inherent in BMI profiling may actually result in higher
costs and sicker people. As an example, consider a 2009 study published
in the American Journal of Public Health (96). The authors compared
people of similar age, gender, education level, and rates of diabetes and
hypertension, and examined how often they reported feeling sick over a
30-day period. Results indicated that body image had a much bigger im-
pact on health than body size. In other words, two equally fat women
would have very different health outcomes, depending on how they felt
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about their bodies. Likewise, two women with similar body insecurities
would have similar health outcomes, even if one were fat and the other
thin. These results suggest that the stigma associated with being fat is a
major contributor to obesity-associated disease. BMI and health are only
weakly related in cultures where obesity is not stigmatized, such as in the
South Pacific [48,149].

17.3 HEALTH AT EVERY SIZE: SHIFTING THE PARADIGM FROM
WEIGHT TO HEALTH

This section explains the rationale supporting some of the significant ways
in which the HAES paradigm differs from the conventional weight-fo-
cused paradigm. The following topics are addressed:

1. HAES encourages body acceptance as opposed to weight loss or
weight maintenance;

2. HAES supports reliance on internal regulatory processes, such as
hunger and satiety, as opposed to encouraging cognitively-imposed
dietary restriction; and

3. HAES supports active embodiment as opposed to encouraging
structured exercise.

17.3.1 ENCOURAGING BODY ACCEPTANCE

Conventional thought suggests that body discontent helps motivate ben-
eficial lifestyle change [150,151]. However, as discussed previously in
the section on the pursuit of weight loss, evidence suggests the opposite:
promoting body discontent instead induces harm [122,133,134,152], re-
sulting in less favorable lifestyle choices. A common aphorism expressed
in the HAES community is that "if shame were effective motivation, there
wouldn't be many fat people.” Mounting evidence suggests this belief is
unfounded and detrimental[8,152]. Promoting one body size as more
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favorable than another also has ethical consequences [120], contributing
to shaming and discrimination.

Compassion-focused behavior change theory emerging from the eating
disorders field suggests that self-acceptance is a cornerstone of self-care,
meaning that people with strong self-esteem are more likely to adopt posi-
tive health behaviors [153,154]. The theory is borne out in practice: HAES
research shows that by learning to value their bodies as they are right now,
even when this differs from a desired weight or shape or generates am-
bivalent feelings, people strengthen their ability to take care of themselves
and sustain improvements in health behaviors [8,11].

Critics of HAES express concern that encouraging body acceptance
will lead individuals to eat with abandon and disregard dietary consider-
ations, resulting in weight gain. This has been disproven by the evidence;
no randomized controlled HAES study has resulted in weight gain, and all
studies that report on dietary quality or eating behavior indicate improve-
ment or at least maintenance [11,14-23]. This is in direct contrast to dieting
behavior, which is associated with weight gain over time [66,123-128].

17.3.2 SUPPORTING INTUITIVE EATING

Conventional recommendations view conscious efforts to monitor and re-
strict food choices as a necessary aspect of eating for health or weight
control [155]. The underlying belief is that cognitive monitoring is essen-
tial for keeping appetite under control and that without these injunctions
people would make nutritionally inadvisable choices, including eating to
excess. The evidence, however, disputes the value of encouraging external
regulation and restraint as a means for weight control: several large scale
studies demonstrate that eating restraint is actually associated with weight
gain over time [66,123-126].

In contrast, HAES teaches people to rely on internal regulation, a pro-
cess dubbed intuitive eating [156], which encourages them to increase
awareness of their body's response to food and learn how to make food
choices that reflect this "body knowledge." Food is valued for nutritional,
psychological, sensual, cultural and other reasons. HAES teaches people
to make connections between what they eat and how they feel in the short- and
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medium-term, paying attention to food and mood, concentration, energy
levels, fullness, ease of bowel movements, comfort eating, appetite, sati-
ety, hunger and pleasure as guiding principles.

The journey towards adopting intuitive eating is typically a process
one engages in over time. Particularly for people with a long history of
dieting, other self-imposed dietary restriction, or body image concerns, it
can feel very precarious to let go of old habits and attitudes and risk trying
new ways of relating to food and self. Coming to eat intuitively happens
gradually as old beliefs about food, nutrition and eating are challenged,
unlearned and replaced with new ones.

A large popular literature has accumulated that supports individuals
in developing intuitive eating skills [8,156-160]. (Intuitive eating is also
known in the literature as "attuned eating" or "mindful eating." Note that
intuitive eating is sometimes promoted as a means to weight loss and in
that context is inconsistent with a HAES approach.)

There is considerable evidence that intuitive eating skills can be learned
[11,18,161], and that intuitive eating is associated with improved nutrient
intake [162], reduced eating disorder symptomatology [17,18,163-165] -
and not with weight gain [11,13,16-18]. Several studies have found intui-
tive eating to be associated with lower body mass [162,163,166,167].

17.3.3 SUPPORTING ACTIVE EMBODIMENT

HAES encourages people to build activity into their day-to-day routines
and focuses on helping people find enjoyable ways of being active. The
goal is to promote well-being and self-care rather than advising individ-
uals to meet set guidelines for frequency and intensity of exercise. Ac-
tive living is promoted for a range of physical, psychological and other
synergistic benefits which are independent of weight loss. Myths around
weight control and exercise are explicitly challenged. Physical activity is
also used in HAES as a way of healing a sense of body distrust and alien-
ation from physicality that may be experienced when people are taught to
over-ride embodied internal signals in pursuit of externally derived goals,
such as commonly occurs in dieting. In addition, some HAES programs
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have used physical activity sessions, along with other activities such as
art and relaxation, to further a community development agenda, creating
volunteer, training and employment opportunities and addressing issues
of isolation, poor self-esteem and depression among course participants.

17.4 CLINICAL ETHICS

There are serious ethical concerns regarding the continued use of a weight-
centered paradigm in current practice in relation to beneficence and non-
maleficence. Beneficence concerns the requirement to effect treatment
benefit. There is a paucity of literature to substantiate that the pursuit of
weight control is beneficial, and a similar lack of evidence to support that
weight loss is maintained over the long term or that programs aimed at
prevention of weight gain are successful. Nonmaleficence refers to the
requirement to do no harm. Much research suggests damage results from a
weight-centered focus, such as weight cycling and stigmatization. Consid-
eration of several dimensions of ethical practice—veracity, fidelity, justice
and a compassionate response—suggests that the HAES paradigm shift
may be required for professional ethical accountability [168].

17.5 PUBLIC HEALTH ETHICS

The new public health ethics advocates scrutiny of the values and structure
of medical care, recognizing that the remedy to poor health and health
inequalities does not lie solely in individual choices.

This ethicality has been adopted by HAES in several ways. HAES aca-
demics have highlighted the inherent limitations of an individualistic ap-
proach to conceptualizing health. Individual self-care is taken as a starting
point for HAES programs, but, unlike more conventional interventions,
the HAES ethos recognizes the structural basis of health inequities and
understands empowerment as a process that effects collective change in
advancing social justice [169]. HAES advocates have also stressed the
need for action to challenge the thinness privilege and to better enable fat
people's voices to be heard in and beyond health care [8,170].
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The hallmark theme of the new public health agenda is that it em-
phasizes the complexity of health determinants and the need to address
systemic health inequities in order to improve population-wide health out-
comes and reduce health disparities, making use of the evidence on the
strong relationship between a person's social positioning and their health.
For example, research since the 1950s has documented huge differences
in cardiac health between and across socioeconomic gradients which has
come to be recognized as arising from disparities in social standing and
is articulated as the status syndrome [171]. Since weight tracks closely
with socioeconomic class, obesity is a particularly potent marker of social
disparity [172].

There is extensive research documenting the role of chronic stress in
conditions conventionally described as obesity-associated, such as hy-
pertension, diabetes and coronary heart disease [173]. These conditions
are mediated through increased metabolic risk seen as raised cholesterol,
raised blood pressure, raised triglycerides and insulin resistance. The in-
crease in metabolic risk can in part be explained by a change in eating,
exercise and drinking patterns attendant on coping with stress. However,
changes in health behaviors do not fully account for the metabolic distur-
bances. Instead, stress itself alters metabolism independent of a person's
lifestyle habits [174]. Thus, it has been suggested that psychological dis-
tress is the antecedent of high metabolic risk [175], which indicates the
need to ensure health promotion policies utilize strategies known to re-
duce, rather than increase, psychological stress. In addition to the impact
of chronic stress on health, an increasing body of international research,
discussed earlier, recognizes particular pathways through which weight
stigmatization and discrimination impact on health, health-seeking behav-
iors, and quality of health care [125-133].

Policies which promote weight loss as feasible and beneficial not only
perpetuate misinformation and damaging stereotypes [176], but also con-
tribute to a healthist, moralizing discourse which mitigates against social-
ly-integrated approaches to health [155,168,177,178]. While access to size
acceptance practitioners can ameliorate the harmful effects of discrimina-
tion in health care for individuals, systemic change is required to address
the iatrogenic consequences of institutional size discrimination in and
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beyond health care, discrimination that impacts on people's opportunities
and health.

Quite aside from the ethical arguments underscoring inclusive, non-
discriminatory health care and civil rights, there are plausible metabolic
pathways through which reducing weight stigma, by reducing inequitable
social processes, can help alleviate the burden of poor health.

17.6 CONCLUSION

From the perspective of efficacy as well as ethics, body weight is a poor
target for public health intervention. There is sufficient evidence to recom-
mend a paradigm shift from conventional weight management to Health at
Every Size. More research that considers the unintended consequences of
a weight focus can help to clarify the associated costs and will better allow
practitioners to challenge the current paradigm. Continued research that
includes larger sample sizes and more diverse populations and examines
how best to deliver a Health at Every Size intervention, customized to
specific populations, is called for.

We propose the following guidelines, which are supported by the As-
sociation for Size Diversity and Health (ASDAH), to assist professionals
in implementing HAES. Our proposed guidelines are modified, with per-
mission, from guidelines developed by the Academy for Eating Disorders
for working with children [7].

* Interventions should meet ethical standards. They should focus on health,
not weight, and should be referred to as "health promotion" and not market-
ed as "obesity prevention." Interventions should be careful to avoid weight-
biased stigma, such as using language like "overweight" and "obesity."

* Interventions should seek to change major determinants of health that re-
side in inequitable social, economic and environmental factors, including
all forms of stigma and oppression.

* Interventions should be constructed from a holistic perspective, where con-
sideration is given to physical, emotional, social, occupational, intellectual,
spiritual, and ecological aspects of health.

* Interventions should promote self-esteem, body satisfaction, and respect
for body size diversity.

* Interventions should accurately convey the limited impact that lifestyle be-
haviors have on overall health outcomes.
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 Lifestyle-oriented elements of interventions that focus on physical activity
and eating should be delivered from a compassion-centered approach that
encourages self-care rather than as prescriptive injunctions to meet expert
guidelines.

* Interventions should focus only on modifiable behaviors where there is evi-
dence that such modification will improve health. Weight is not a behavior
and therefore not an appropriate target for behavior modification.

* Lay experience should inform practice, and the political dimensions of
health research and policy should be articulated.

These guidelines outline ways in which health practitioners can shift

their practice towards a HAES approach and, in so doing, uphold the te-
nets of their profession in providing inclusive, effective, and ethical care
consistent with the evidence base.
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18.1 BACKGROUND

Changes in population age distribution and lifestyle require that these in-
stitutions undergo modifications, in order to meet the current demands of
society such as increased life expectancy and new disease profiles [1-4].
As part of the national health systems, these changes had an impact on
the hospitals. The emergence of novel technologies, the constant need for
recycling of knowledge and abilities due to reformulations of scientific
paradigms, and the hospital costs implied in this recycling justify the need
for assessment of quality and efficacy in this health segment [5].
Nutritional status in hospital inpatient has been the object of many
studies [6-11], but there are only a few literature works on quality indica-
tors concerning hospital food and nutrition services (HFNSs) as well as
food and nutritional care actions conducted by dietitians in health insti-
tutions [12-15]. Hospital expectations often place the food and nutrition
service as an undervalued support service [16], even though changes and
improvements in hospital diets and nutritional care can prevent nutritional
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aggravations [7,8,12,17] that have a negative impact on the length of hos-
pital stay and hospitalization costs [10,11,18-20]. Moreover, such amelio-
ration can also impact patient’s perception of the hospitalization experi-
ence positively [21,22].

European research on food and nutritional care in hospital has recog-
nized that it is necessary to define responsibilities, promote staff qualifica-
tion, enable patients’ participation in nutritional decisions, and integrate
the health care team into nutritional care [14]. A comparative study on
nutritional care management involving two hospital institutions, namely
a French hospital and a Brazilian hospital, has detected fragmentation of
dietitians’ actions due to existence of different interlocutors and to the un-
predictability inherent to food preparation procedures [23].

Food and nutritional care actions regarding both patient assistance and
food quality must be well delineated and become an effective practice in
health institutions. Different management sectors, namely the clinical and
administrative areas, should be involved in the process, and actions should
be recognized and evaluated by regulating agencies concerned with hos-
pital quality control.

Standardization of nutritional care practice in the United States was
implemented by the American Dietetic Association (ADA) in 1987. In
1993, the Clinical Nutrition Management executive committee selected
professionals who later developed and assessed the standard nutritional
practices that should be employed for management of the clinical nu-
tritional area, which gave rise to a standard reference for this field [24].
Knowledge about the actual state of food and nutritional care is a crucial
stage for delivery of good quality hospital assistance. This kind of diagno-
sis enables future comparisons and allows for evaluation of implemented
changes, which is essential for action planning [25].

This study aimed to detect and compare actions relative to food and
nutritional care quality in hospital in public and private hospitals.

18.2 METHODS

Thirty-seven hospitals were investigated. Twenty-seven hospitals were
located in municipalities of the state of Sdo Paulo, more specifically
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Campinas and Ribeirdo Preto, whereas ten hospitals were located in the
city of Florianopolis, capital of the state of Santa Catarina. Both Campinas
and Ribeirdo Preto are important scientific-technological health centers
with various services of nationwide recognition. The cities included in the
present work are home to various public (federal and state) and private uni-
versities. Campinas, Ribeirao Preto, and Floriandpolis have an estimated
population of 1,039,297; 547,417; and 396,723 inhabitants, respectively.

In the states of Sdo Paulo and Santa Catarina there are 2.29 (0.58 pub-
lic and 1.71 private) and 2.66 (0.67 public and 1.99 private) hospital beds/
1,000 inhabitants, respectively. The metropolitan region of Florianopolis
holds a larger concentration (72.7%) of public beds (2.61 of the 3.59 hos-
pital beds/1,000 inhabitants are public), while the metropolitan region of
Campinas has a larger proportion (74.6%) of private beds (1.47 of the 1.97
hospital beds/1,000 inhabitants are private) [26].

The following inclusion criteria were considered: hospitals located in
the studied municipalities, regardless of the type—general, specialized,
public, private, small (up to 50 beds), medium-sized (between 51 and 150
beds), or large (more than 150 beds)—that agreed to take part in the re-
search. Psychiatric hospitals, day hospitals, nursing homes, and shelters
were not included. Hospitals that did not have a dietitian responsible for
the Hospital Food and Nutrition Service (HFNS) were excluded because
this is compulsory according to the Brazilian law and hospitals that re-
fused to participate in the study were not included, either. Although the
healthcare team is responsible for nutritional screening and other actions,
the piece of this investigation was to evaluate the dietitians actions of the
hospitals food and nutritional services. An informed consent for the par-
ticipation in the research was obtained from both the interviewee and a
representative of the participating institution. The project was approved
by the Research Ethics Committee of Faculdade de Medicina de Ribeirdo
Preto, University of Sao Paulo.

Data was collected by means of a structured interview, using a ques-
tionnaire designated Instrument for Evaluation of Food and Nutritional
Care in Hospital—IEFNCH [27]. This questionnaire contained open and
closed questions that helped diagnose hospital activities supporting food
and nutritional care. The questions were directed to the hospital nutrition
service coordinators during two visits that had been pre-arranged with
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the institution. The present IEFNCH was based on instruments published
in similar works [13-15,24,28-30]. After the application of IEFNCH, a
data bank containing information about various aspects of the institutions
under study was built. We organized these data as criteria, according to
these references used to qualify this instrument [27]. The size of the HFNS
was measured by the number of hospital beds per dietitian, the number of
HFNS staff members (kitchen staff) per dietitian, the number of produced
meals per HFNS staff member, and the number of produced meals per
dietitian. In these cases all dietitians that worked in these hospitals were
considered, which include, clinical dietitian, dietitian who works in the
management of meal production and the dietitian coordinator, if there was
one.

Activities carried out by the HFNS were divided into two corpora of
criteria, one relative to nutritional care quality (NCQ) and another con-
cerning quality of the actions related to hospital food service (FSQ). De-
scriptive statistics was accomplished for the NCQ and FSQ criteria in
terms of the legal nature and location of the institution. Differences in the
criteria between public and private hospitals were considered substantial,
moderate, and small when they were equal to 30%, less than 30 to 15%,
and less than 15%, respectively (Table 1).

The criteria were subdivided into 8 groups of actions, designated NCQ
and FSQ indicators (4 groups of actions for each corpus). These indica-
tors, consisting of between 3 and 6 criteria, were measured as a percentage
of existence of that group of actions in a certain institution. Each indi-
cator thus corresponded to 25% of the total NCQ and FSQ value. Food
and Nutritional Care Quality in Hospital (FNCQH) was determined as the
mean percentage that each institution complied with the NCQ and FSQ
indicators, and comparisons in terms of the legal nature, type (general or
specialized), size, and location of the hospital as well as the presence of
a clinical dietitian were made. It was considered “clinical dietitian” the
professional who works in the infirmary with the patient’s nutritional care.
The existence of actions was assessed; however, the extent of their cover-
age was not evaluated.

Descriptive statistical data analysis was also performed, and ANOVA
models were employed for comparison of NCQ and FSQ among the stud-
ied institutions. Such model assumes that the residues obtained from the
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TABLE 1: Criteria comprising the nutritional care quality (NCQ) and food service quality
(FSQ) indicators

Ncq indicators (100%) Employed Criteria

Inpatient dietary coverage actions (a) (25%) Al.Duty shift system in the area of clinical nutri-
tion

A2 .Supervision of meal distribution in the ward
A3.Routine visits to patients

Evaluation and monitoring of nutritional sta- B1.Nutritional status evaluation (complete)
tus actions (b) (25%)

B2.Nutritional status monitoring

B3.Entry of nutritional care information in the
medical record

B4 Filling in forms about nutritional care
BS5.Nutritional guidance at discharge
B6.Assistance protocols

Actions on integration of nutritional assistance C1. Diet prescription in the medical records
activities within the team (c) (25%)

C2. Interconsultations on nutritional care
C3. Team visits to patients
C4. Participation in activities outside the HFNS
C5. Nutritional support team

Actions supporting diet therapy (d) (25%) D1.Diet manual
D2.Information about energy supply
D3.Selection of nutritional supplements

D4.Mechanisms for patients to require changes to
the diet

Fsq indicators (100%) Employed criteria

Mediation actions with users and other hospi- Al. Duty shift in the area of meal production
tal sectors (a) (25%)

A2. Formal evaluation of the HFNS regarding
user satisfaction

A3. Planning and goal-setting for the HFNS
A4. HENS participation in other hospital sectors

Autonomy and management control actions B1. HFNS responsibility for purchases
(b) (25%)

B2. Budget autonomy

B3. Control of cost/meal or cost/daily produced
food

B4. Statistical control by the HFNS
BS. Statistical control of the produced diets
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TABLE 1: Cont.

Meal production qualification actions (c) Cl. Standard prescription form
(25%)

C2. Dietetic kitchen

C3. Routine tasting of diets

C4. Good practice manual

C5. Diet manual (*)

C6. Production of nutritional supplements
Staff qualification actions (d) (25%) D1. Staff evaluation

D2. Instrument for staff evaluation

D3. Periodic training program

(*) This criteria was considered important in both NCQ and FSQ.

difference between values predicted by the model and the observed values
have normal distribution with average 0 and constant variance. In situa-
tions in which this assumption was not confirmed, transformed-response
variables were utilized [31]. Models were adjusted with the aid of the soft-
ware SAS version 9.

18.3 RESULTS

Sixty-seven point six percent of the sample consisted of private hospitals,
including philanthropic institutions (10 hospitals), whilst 32.4% were pub-
lic hospitals, 18.9% of which were university hospitals and 13,5% were
government institutions. In Floriandpolis the majority of the sample was
comprised of public hospitals (70,0%), whereas the cities of the state of
Sdo Paulo had a larger number of private institutions (81.5%) (Table 2).
However, in terms of the public beds, Floriandpolis had 79%; Ribeirdo
Preto had 67% and Campinas had 51%. Considering beds in specialized
hospitals, we had 13,0% in Campinas (90,0% public beds), 7,3% in Ri-
beirao Preto (38,5% public beds) and 19,4% in Florianopolis (88,4% pub-
lic beds). The investigated hospitals corresponded to 82.4% of the hospital
beds available in the referred municipalities (Campinas 82.5%; Ribeirao
Preto 87.5%; Florianopolis 76.0%), which represented a coverage of 5,566
beds [26]. There were 2 hospitals in Florianépolis, 2 in Ribeirdo Preto
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and 2 in Campinas that did not accept to participate. There were 2 more
hospitals in Florianépolis that were not included because one was being
renovated and the other did not have a dietitian at that moment; and one
in Campinas did not have a dietitian when we were collecting the data of
the investigation.

As for HFNS human resources ratio, the average number of hospi-
tal beds per HFNS staff member and per dietitian was 3.81 (SD 1.98)
and 68.04 (SD 43.26), respectively. Both indicators had a large coeffi-
cient of variation (Cv) (52.01% and 63.58%, respectively). Concerning
meal production per staff member and per dietitian, the average number
of produced meals was 20.55 (SD 14.61 and Cv 71.08%) and 320.65 (SD
173.67 and Cv 54.16%), respectively. There were a significant statistical
difference between public and private hospitals to the number of hospital
beds per HFNS staff member (p=0.02) and per dietitian (p<0.01) (Table
3). These variables were also significantly different for the hospitals lo-
cated in Floriandpolis, as compared to institutions situated in Campinas
(p<0.01) and Ribeirao Preto (p=0.04).

TABLE 2: Characteristics of the hospitals

Hospital Characteristics Campinas  Ribeirdo Preto Florianopolis  Total

(n=17) (n=10) (n=10) n=37) %
Legal nature
Public (n=12) 3 2 7 12 324
Private (n=25) 14 8 3 25 67.6
Total 17 10 10 37 100.0
Type
Specialized 3* 2%* %Ak 7 18.9
General 14 8 8 30 81.1
Total 17 10 10 37 100.0
Size
Small 2 1 3 6 16.2
Medium 11 6 4 20 54.1
Large 4 3 3 10 27.0
Total 17 10 10 37 100.0

* Maternity, oftalmologic and women hospital; ** maternities; ***maternity and infections
and contagious disease hospital.
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Hospitals n.b/HFNS sm n.b/dt n. HFNS sm/dt  n.meals/ HFNS = n.meals/ dt

sm
Maximum 11.51 169.00 60.00 85.71 780.0
Ribeirdo Preto
Mean (sd) 3.824(1.17) 84.29+(41,29) 22.18+(9.76) 18.21+(8.68) 363.5+(164,85)
Median 3.57 75.00 19.00 20.50 348.0
Coefficient of Variation 30.64 49.67 44.01 47.65 4535
Minimum 2.11 25.00 11.90 6.25 115.0
Maximum 5.58 145.00 40.00 31.07 665.0
Floriandpolis
Mean (sd) 2.67£(1.11) 36.09+(16.76) 14.36+(7,13) 25.06+(11,81)  343.8+(173,74)
Median 2.08 32.50 14.00 22.39 332.00
Coefficient of Variation 41.75 46.44 49.64 47.11 50.53
Minimum 1.72 16.00 8.00 11.72 98.00
Maximum 4.63 66.67 32.30 50.00 637.00

* n.b/HFNS sm = number of beds per HFNS staff member; n.b/dt = number of beds per dietitian;, n. HFNS sm /nt = number HFNS staff
members per dietitian; n.meals/ HFNS sm = number of produced meals per HFNS staff member,; n.meals/dt = number produced meals per

dietitian.
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TABLE 4: Cont.

NCQ criteria Private Public Hospi-  Differ- Campinas Ribeirdo Flori-
Hospitals tals (n=12) ence* (n=17) Preto (n=10)  anopolis
(n=25) (n=10)
B2. Nutritional status 8 32.0 6 50.0 18.0 7 412 4 400 3 30.0
monitoring
B3. Entry of nutri- 9 36.0 7 58.3 223 7 412 2 200 7 70.0

tional care informa-
tion in the medical
record

B4. Filling in forms 7 28.0 4 333 53 5 29.4 1 100 5 50.0
about nutritional care

BS. Nutritional guid- 24 96.0
ance at discharge

B6. Assistance 9 36.0 6 50.0 14.0 10 588 3 30,0 2 20.0
protocols

100.0 4.0 16 94.1 10 100.0 10 100.0

C - Actions on inte-
gration of nutritional
assistance activities
within the team

Cl. Diet prescription 15 60.0 7 58.3 1.7 12 706 4 400 6 60.0
in the medical records

C2. Interconsultations 7 28.0 5 41.7 13.7 5 29.4 3 30.0 4 40.0
on nutritional care
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Evaluation of the presence of actions related to criteria of the NCQ
corpus revealed that the difference between public and private hospitals
varied between 1.7% and 50.7%, and that the average of this difference
were 17.4% (SD 14.9%). The actions with the most differences (>30%)
between public and private institutions were presence of routine visits to
patients, evaluation of nutritional status, and existence of mechanisms for
patients to require changes to the diet (Table 4), all of which predominated
in the former type of health institution.

In all the studied cities, actions related to inpatient dietary coverage
were rarely present in public and private hospitals (between 12% and 35%
of the institutions developed these actions). A slightly better situation was
found in terms of actions concerning assessment and nutritional status
monitoring, which existed in 33.3% to 66.7% of the public hospitals. Nu-
tritional guidance at discharge was one of the actions that were most pres-
ent in both public and private institutions. As for the remaining actions,
they occurred in approximately a third of the private hospitals.

When it comes to municipalities, hospitals in Floriandpolis stood out
particularly for entry of nutritional care information in the medical record
and existence of a printed form specially designed for nutritional care.

As for actions related to integration of the health care team into nutritional
care activities, over 70% of the HFNS of public and private hospitals partici-
pated in events held outside the institution, evidencing engagement of the ser-
vice with nutritional issues. On the other hand, actions related to insertion of
the dietitian into the health care team were more frequent in public hospitals;
for instance, routine visits to inpatients and requirement for nutritional care
interconsultation with the HFNS took place in public institutions more often.

Information about the diet energy supply, present in approximately half of
the hospitals, and the choice of nutritional supplement offered by the HFNS,
which occurred in approximately one third of the institutions, indicated that
HFNS actions supporting dietotherapy must be implemented and valued,
since they are essential for efficient delivery of inpatient nutritional care.

Evaluation of the criteria of the FSQ corpus revealed that the differ-
ence between public and private hospitals in terms of the presence of ac-
tions related to meal production was 17.3% (SD 13.5%) on average, vary-
ing between 1.0% and 39.3%. A higher number of private hospitals had a
good practice manual, a diet manual, an instrument for staff evaluation,
and a periodic training programme (Table 5).
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TABLE 5: Cont.

HMPQ criteria Private  Public Differ- Campinas Ribeirdo Florianépo-

Hos- Hospitals  ence* (n=17) Preto (n=10) lis (n=10)

pitals (n=12)

(n=25)
BS. Statistical control of the 17 68.0 11 91.7 23.7 13 76.5 8 80.0 7 70.0
produced diets
C - Meal production qualifi-
cation actions
Cl. Standard prescription 10 40.0 4 333 6.7 7 41.2 4 40.0 3 30.0
form
C2. Dietetic kitchen 13 52.0 8 66.7 14.7 8 47.1 8 80.0 5 50.0
C3. Routine tasting of diets 15 60.0 4 333 26.7 12 706 5 50.0 2 20.0
C4. Good practice manual 21 84.0 6 50.0 34.0 14 82.4 6 60.0 7 70.0
C5. Diet manual ** 16 64.0 4 333 30.7 14 824 3 300 3 30.0
C6. Production of nutritional 7 28.0 5 41.7 13.7 6 353 4 400 2 20.0
supplements
D — Staff qualification actions
D1. Staff evaluation 13 52.0 2 16.7 353 5 294 5 500 4 40.0
D2. Instrument for staff 8 32.0 4 333 13 1 59 4 40.0 7 70.0
evaluation
D3. Periodic training program 15 60.0 3 25.0 35.0 6 353 7 700 5 50.0

* Difference (in %) between Private and Pubic Hospitals; ** This criteria was considered important in both NCQ and FSQ.
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Management control actions were strongly influenced by the legal na-
ture of the institution, many of which reflected in the differences found
between public and private hospitals. Among the actions that were de-
tected in most of the institutions, HFNS participation in other hospital
administrave spheres and cost control can be mentioned. In contrast, less
than a third of the hospitals conducted evaluation regarding user satisfac-
tion. It is noteworthy that less than half of the institutions had a standard
diet prescription form (nutritional contents of food preparations furnished
by the Service). There was a larger difference between public and private
hospitals with respect to the meal production qualification actions. In the
same way, it is important to note that few public institutions carried out
staff qualification actions.

The mean percentage of compliance with the NCQ criteria in private
and public hospitals was 41.6% (SD 19.8) and 51.8% (SD 16.1), respec-
tively, and the median was 39.2% and 53.0%, respectively. As for FSQ
criteria, compliance values were 49.1% (SD 20.7), median of 46.7% and
42.4% (SD 16.6), median of 42.7%, respectively.

Among the variables analyzed in Table 6, NCQ was positively influ-
enced by hospital type (general) and presence of clinical dietitian. FSQ
was affected by hospital size: medium-sized and large institutions were
significantly better than small hospitals.

18.4 DISCUSSION

HFNS human resources, measured in terms of number of hospital beds
and produced meals, are heterogeneous and characterized by a wide coef-
ficient of variation, thus suggesting that there are no preset parameters for
human resources ratio in this area.

The relation number of staff members per hospital bed, an indicator
of hospital human resources in Brazil, varies between 1.0 and 7.2, while
in public institutions this indicator varies from 4.0 to 9.0 [32]. Using this
same relation for the number of HFNS staff members per hospital bed,
an average of 0.27 (SD 0.09) and median of 0.25 is obtained. Differences
found between human resources ratio in public and private hospitals with
respect to the number of hospital beds per dietitian and the number of
HFNS staff members per dietitian evidences a more favorable situation
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in public institutions in terms of graduated professionals. The difference
among the investigated cities is probably a consequence of the larger con-
centration of public hospitals in Florianopolis. In a study on eight hospitals
of four different Brazilian states [33] was observed a relation varying from
50 up to 150 patients per dietitian, associated with a situation of very pre-
carious in same action analised about nutritional care.

Viabilization of nutritional care through evaluation of nutritional status
and establishment of actions that suit their clinical and nutritional status
along the duration of hospital stay depend on the relation number of hos-
pital beds per dietitian [34]. Even if screening criteria are created and nu-
tritional care levels are defined [35], values of 30 and 15 hospital beds per
dietitian are recommended for general hospitals and more complex units,
respectively [30]. The study that evaluated how nutritional risk is assessed
and managed in European hospitals with twenty one thousand patients,
found a range between 21% and 73% of the units from different regions
that reported nutritional screening routine. The presence of dietitian, nutri-
tion team and the screening nutrition routine increased the probability of
to identifing nutritional risk [36].

More heterogeneous conditions were detected for the productivity indi-
cator (number of produced meals per staff member). The number of meals
produced for other segments such as hospital staff members and visitors
may distort the aims of the HFNS and redirect human resources from the
nutritional care sector to meal production. An increase in administrative
demands may also deteriorate inpatient nutritional care actions [16,33].

Comparison between public and private health institutions in terms of
NCQ criteria reveals that there are more actions related to nutritional care
in public hospitals (routine visits to patients, evaluation of nutritional status,
mechanisms for patients to require changes to the diet, entry of nutritional
care information in the medical record, among others). Such actions may
avoid or detect nutritional problems that can be handled during the hospital
stay, thereby preventing nutritional aggravations [37]. This difference can
be attributed to the presence of a larger number of clinical dietitian in public
hospitals and to the fact that there are more university hospitals of public le-
gal nature. The lack of nutritional assessment, diet prescription, and entry of
nutritional information in medical records has also been detected in another
work on Brazilian and Italian hospitals [16,33,38].
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TABLE 6: Cont.

Medium (n=21) 46.63 4830  39.99 21.70 85.40 49.57 50.40  37.47 18.30 100.00
(18.65) (18.57)

Large (n=10) 49.21 51.05  40.29 21.70 80.40 51.96 49.80  37.80 30.00 91.70
(19.83) (19.64)

Municipality

Campinas 51.49 51.30  38.95 20.80 85.40 c 46.94 50.40  40.80 12.50 78.30 d

(n=17) (20.06) (19.15)

Ribeirdo Preto  36.05 31.05 50.50 9.20 62.90 57.01 48.55 39.03 31.70 100.00

(n=10) (18.20) (22.25)

Florianopolis 42.64 45.85 36.19 21.70 65.80 36.89 35.85 32.67 14.20 56.70

(n=10) (15.43) (12.05)

a — no significant difference; b — significant difference between small and medium-sized hospitals (p=0.01) and between small and large
hospitals (p=0.01) and no significant difference between medium-sized and large hospitals; ¢ — significant difference between institutions
in Campinas and Ribeirdo Preto (p=0.04), no difference for the others; d — significant difference between Ribeirdo Preto and Floriandpolis
(p=0.03), no difference for the others.
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Some actions are lacking in both public and private institutions, with
a difference smaller than 15% between them. Such lack of NCQ actions
denotes little technical qualification for very important actions. Only half
of the hospitals provide information about energy supply, whereas only
a third has appropriate forms for registration of nutritional care, partici-
pation of the dietitian in meal distribution, and production of nutritional
supplements by the HFNS. The legally prescribed nutritional support team
[39] exists in a quarter of the hospitals only. These data reinforce the need
for professional qualification and nutritional care action descriptors for the
hospital segment [38].

Differences in FSQ criteria demonstrate that there is greater concern
about staff evaluation and standardized procedures such as good practice
and diet manuals in private institutions. Slight differences emerge when
most of the NCQ and FSQ criteria are compared between public and pri-
vate hospitals and among municipalities, which highlights the need for
establishing general quality standards for an HFNS.

Among the FSQ actions, up to a third of the hospitals have duty shift in
the area of meal production, carry out staff evaluation, and conduct formal
evaluation of the HFNS regarding user satisfaction. There are actions that
call for closer attention, since they take place in less than a third of the
hospitals. For instance, despite being present in most of the public hospi-
tals and in half of the private institutions, supervision of patient nutrition
in the ward would very much facilitate establishment of mechanisms for
patients to require changes to the diet if patient food ingestion was directly
observed. Unfortunately, this contact between the dietitian and the patient
has been overlooked [33.,40]. As for differences concerning the responsi-
bility of the HFNS for purchases, they are due to regulations regarding this
procedure in public hospitals.

Request of nutritional care by physicians and other professionals by
means of interconsultations demonstrates recognition of this type of action
by the multiprofessional team. Nevertheless, this takes place in less than
a third of private institutions. In public hospitals, the situation is slightly
better, though below the desired frequency. Similar results indicating that
food and nutritional care is still incipient in health institutions have also
been reported by De Seta et al. [33].
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Herein, the legal nature of the institution did not influence the food
and nutritional care quality, in spite of the larger number of dietitian pres-
ent in public hospitals. Evaluation of HFNS human resources ratio did
not necessarily imply in better quality, since it also depends on profes-
sional qualifications and skills. Nevertheless, hospitals with clinical di-
etitians had substantially better NCQ, and 80% of the 15 institutions that
hired a dietitian were public. The presence of a specialized professional
in this area may make all the difference in terms of nutritional care qual-
ity not only because of qualification, but also because of the existence
of institutional policies valuing these actions. However, it is noteworthy
that an array of conditions should also exist, so that this type of care can
be improved [37,41]. Professional qualification, institutional policies for
the sector, nutritional care quality programmes such as accreditation and
institutional evaluation [42], and sufficient number of professionals [34]
can better qualify food and nutritional care in hospitals.

The more complex structure of general hospitals favors NCQ. A higher
demand due to the diverse nutritional problems that may arise in general
institutions may contribute to this result. Although there are no significant
differences in relation to FSQ, data for general (49.8%) and specialized
(34.5%) hospitals suggest that more complex units are more qualified in
this area. Results concerning hospital size can be analyzed in the same
light. Larger hospitals have higher FSQ. Additionally, size does not sig-
nificantly influence NCQ, but scores rise with increasing hospital size.
Furthermore, university hospitals may influence hospital nutritional care
positively, once they are placed among general institutions. It should be
borne in mind that five of the seven university hospitals included in this
work are large.

The significant difference between the NCQ scores of hospitals located
in two cities of the same state (both cities proportionally having the same
number of university hospitals) and the lack of any difference as com-
pared to institutions located in Floriandpolis, where public hospitals are
the majority, suggest that other factors operate when service qualification
is being analyzed. Even if no differences among these municipalities ex-
ist in terms of staff qualification, differences regarding professional skills
may be present.
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18.5 CONCLUSION

Food and nutritional care quality in hospital must be evaluated and quali-
fied for improved efficacy of health institutions. The legal nature and size
of hospitals may interfere in the examined segments, human resources
score, NCQ, and FSQ. However, results from the present analysis lead
to the conclusion that nutritional care is still incipient, and that actions
concerning patient care and food service take place on an irregular basis
in hospitals. This study allowed for attainment of a qualitative panorama
of these actions and human resources indicators concerning hospital food
and nutrition services.

The fact that coverage of the assessed actions was not verified is a
limitation of the present work, which might have generated biased data.
For instance, it is possible that some hospital units have excellent nutri-
tional care teams while the care delivered to inpatients of some wards is
deficient. The other limitation of the study was the frequency that these ac-
tions were developed. Both are important aspects that can influence in the
quality of care. Some criteria influenced by the legal nature of the hospital
may have given rise to some distortions.

Put together, our results show the performance of the actions devel-
oped by the HFNS. Although we cannot measure the coverage and the
frequency of the actions, this study made a profile of the food and nutri-
tional care in hospitals, an important step in guidelines for nutritional care
in hospitals.
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