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  Pref ace    

 As the prevalence of obesity rises globally, it is imperative that we understand the 
impact of obesity on different physiologic processes and that we work to determine 
the mechanisms driving obesity’s adverse effects on health. While we strive to 
improve health outcomes for everyone through application of knowledge gained in 
epidemiologic and basic science study, we must not lose sight of the fact that opti-
mal outcomes for patients incorporate patient preferences. Nowhere in medicine is 
this more important than it is in the intersection between female fertility and obe-
sity. For obese women, we must balance competing goals for fertility, family plan-
ning, pregnancy, minimization of long-term risks for the patient, and minimization 
of risks for her future children. 

 This book features chapters written by experts who have made the study of obe-
sity and female fertility a focus in their daily work. It covers a gamut of topics rel-
evant to reproductive age women from a number of different perspectives, including 
those from basic scientists who study the physiology of the menstrual cycle and 
early pregnancy, outcomes researchers who work to identify best practices in the 
delivery of contraceptive and prenatal care, and medical ethicists who advocate for 
policy that weighs the evidence in appropriate balance with principles that respect 
women’s rights. 

 I am proud to have worked on this volume with the contributing authors. It is 
truly representative of the problems of obesity and fertility.  

  St. Louis, MO, USA     Emily     S.     Jungheim, MD, MSCI      
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    Chapter 1   
 Introduction to Obesity and Fertility 

             Violet     Klenov      and     Emily     S.     Jungheim     

        The majority of Americans are overweight or obese [ 1 ]. This is problematic for 
clinicians and patients alike as obesity contributes to myriad of health problems 
including diabetes, coronary artery disease, and certain cancers [ 2 – 5 ]. While it is 
encouraging that obesity rates have begun to plateau, the epidemic of obesity will 
continue to challenge us for years to come. This book was compiled with reproduc-
tive scientists and women’s health providers specifi cally in mind as it outlines our 
current understanding of how obesity affects female reproductive function across 
the lifespan. 

    A Note on Obesity and Male Reproductive Health 

 Although this book and most other work on obesity and reproductive health focuses 
on women, there is a growing body of literature demonstrating adverse effects of 
obesity on male reproductive function [ 6 ]. Obese men have decreased testosterone 
and gonadotropin levels, and increased circulating estrogen levels [ 6 ]. The increase 
in estrogen is likely secondary to peripheral aromatization of androgens. As estro-
gen negatively feedbacks onto the hypothalamus, a hypogonadotropic hypogonad 
state is created leading to lower sperm counts, poorer sperm quality, and increased 
rates of erectile dysfunction [ 6 – 9 ]. Increase in local heat secondary to obesity also 
impairs spermatogenesis [ 10 ]. Ultimately sperm from obese men can contribute to 

        V.   Klenov ,  MD    •    E.  S.   Jungheim ,  MD, MSCI      (*) 
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poor embryo quality [ 11 ]. Due to a paucity of data on the topic, we do not formally 
address male obesity and reproductive function in this book, but we look forward to 
seeing future research in this area.  

    Obesity and Female Reproductive Health 

 It is generally accepted that obesity adversely affects female reproductive function 
[ 12 – 14 ]. However, the mechanisms are not fully understood and are a popular area 
of research. Obesity likely affects reproductive health through a cumulative process 
starting with abnormalities in the hypothalamic–pituitary–ovarian (HPO) axis. 
Abnormal signalling through the hypothalamus and pituitary may affect follicular 
recruitment and infl uence subsequent oocyte quality thus contributing to overall 
subfertility in obese women. Studies of women undergoing assisted reproductive 
technologies (ART) provide a unique opportunity for direct visualization of repro-
ductive tissues in obese women and have demonstrated that obesity also has direct 
effects on oocytes, embryos and on the endometrium. Several retrospective studies 
have associated obesity with increased risk for miscarriage in spontaneous concep-
tions [ 15 ], as well as in obese women receiving donor oocytes after IVF [ 16 ,  17 ]. 
The pathophysiology underlying this association is complex and likely multifacto-
rial, involving the oocyte, embryonic development, and the endometrium. 

 Ultimately, obese women who conceive spontaneously or with ART are at 
increased risk for adverse pregnancy outcomes, including preeclampsia, gestational 
diabetes, fetal growth abnormalities, stillbirth, congenital abnormalities, and the 
need for cesarean delivery [ 10 ,  18 ]. Patients and their physicians must be aware of 
the additional risks obesity confers in pregnancy and outline a plan of care including 
counseling preconceptionally, antepartum, intrapartum and post-partum in order to 
decrease morbidity. Ensuring obese women are using the most effective methods of 
contraception until they are ready to conceive is also important to reduce unin-
tended pregnancy and subsequently obesity-related morbidities. 

 Aside from fertility and pregnancy concerns, evidence demonstrates that obesity 
may infl uence the timing of puberty, the transition to menstrual cyclicity, and ovar-
ian aging. The mechanisms by which obesity infl uences these transitions are not 
fully understood, but we have recruited experts in reproductive biology and repro-
ductive specialists involved in the clinical care of obese women to summarize the 
current understanding of obesity’s impact on female reproductive health. 

 Perhaps the most concerning information presented in the chapters that follow is 
that highlighting the fact that obesity’s adverse effects are likely transgenerational 
(see Chap.   5    ). Children born to obese mothers are at increased risk for obesity, dia-
betes and cardiovascular disease later in life [ 19 ]. This is possibly secondary to 
epigenetic modifi cations of the embryonic genome in response to the alterations of 
the in utero environment caused by obesity. 

V. Klenov and E.S. Jungheim
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 Altogether, the impact of obesity on female reproductive health and the growing 
concern for a transgenerational impact of maternal obesity raise important questions 
regarding the policy and ethics of fertility care for obese women. These questions 
are also addressed in this collection by experts who have applied their clinical expe-
rience and research interests in women’s health to develop thoughtful approaches to 
reproductive care for the obese woman.     
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    Chapter 2   
 Obesity and the HPO Axis 

             Alex     J.     Polotsky       and     Manuel     A.     Doblado     

            Introduction 

 The obesity epidemic in the United States is accelerating. By 2015, approximately 
41 % of US adults will have a body mass index (BMI) of greater than 30 kg/m 2  [ 1 ]. 
Female adiposity is associated with irregular menses, ovulatory dysfunction, 
decreased fertility, and a high risk of obstetrical complications. While adiposity–
subfertility association is well documented, the underlying pathophysiology remains 
poorly understood. Abnormalities of reproductive hormones have been studied as 
potential causes for the aforementioned disorders but a unifi ed mechanism has not 
yet been determined. Studying the female reproductive axis is diffi cult because 
many hormones are secreted intermittently in pulses that cannot be directly 
observed. This review will examine the current literature concerning the impact of 
obesity on the hypothalamic–pituitary–ovarian (HPO) axis and female fertility.  

    Defi nitions 

 Obesity, defi ned by a BMI greater than 30 kg/m 2 , is becoming increasingly common 
with 35.7 % of all US adults being classifi ed as obese based on the most recent 
National Health and Nutrition Examination Survey [ 2 ]. Traditionally, the 
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reproductive effects of female obesity were attributed to anovulation and hyperan-
drogenism. These features, however, are characteristic of PCOS, which has an esti-
mated prevalence of 2–8 % in reproductive age women [ 3 ]. Simple or nonsyndromic 
 obesity is much more prevalent than PCOS and seems to have a different patho-
physiology with respect to the obesity-related reproductive impairment. Most nota-
bly, PCOS is characterized by increased serum luteinizing hormone (LH) while 
obese women typically have overall lower serum LH. Obesity may modulate some 
aspects of pituitary physiology, such as the gonadotropin responsiveness to 
gonadotropin- releasing hormone (GnRH) [ 4 ]. While obesity can affect many 
aspects of PCOS, it is a cause of this syndrome and could certainly affect reproduc-
tion regardless of PCOS symptomatology [ 3 ]. In this review, we will focus on how 
obesity in the absence of PCOS affects the HPO axis.  

    Obesity and Fecundity 

 The relationship between female obesity and reproductive capacity of an individual, 
or fecundity, has been examined in several studies in a variety of populations in set-
tings of assisted and unassisted conception. A prospective cohort study from the 
Netherlands studied the probability of conception among women presenting to a 
fertility clinic for artifi cial insemination. They found that women with higher waist–
hip ratio as well as higher BMI were less likely to conceive than their counterparts 
with lower or normal metrics. There was no relationship between menstrual cycle 
length or regularity and obesity or body fat distribution, suggesting that a factor other 
than regular ovulation was responsible for this decreased probability of conception 
[ 5 ]. A retrospective cohort study from Norway also examined the effect of BMI on 
success of assisted reproductive technology (ART) treatment. Increased BMI was 
associated with a lower live birth rate, higher incidence of early pregnancy loss, 
increased FSH requirement, and fewer obtained oocytes [ 6 ]. Several other studies 
have examined fecundity in women not receiving any fertility treatment. A large, 
retrospective cohort study from the 7,327 US couples showed that women with 
higher BMI had a longer time to pregnancy than normal-weight subjects. This asso-
ciation remained when the analysis was restricted to women with regular menstrual 
cycles [ 7 ]. This implies that the lower fecundability seen in obese women is not 
simply related to increased probability of abnormal cycle length or anovulation. A 
Dutch study of ovulatory, subfertile women showed that obesity was associated with 
a lower probability of pregnancy compared to women with a BMI 20–29 kg/m 2 . For 
every BMI unit above 29 there was a 5 % decrease in probability of pregnancy over 
1 year [ 8 ]. Recent fi ndings from the Study of Women's Health across the Nation 
indicate that obese adolescent girls are expected to have a threefold increased risk of 
lifetime nulliparity and a fourfold increased risk of lifetime nulligravidity [ 9 ]. 

 Thus, most studies of obesity and fecundity suggest that obesity is associated 
with an increased time to pregnancy. The reasons behind this association are unclear. 
While obesity can be associated with an increased risk of abnormal menstrual cycle 
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length [ 10 ], the reduced fecundity persists even when women with abnormal cycle 
length, and thus the vast majority of anovulatory subjects, are removed from the 
analysis. This suggests that obesity affects several different aspects of the HPO axis 
above and beyond a yes-or-no effect on ovulation.  

    Obesity and Central Reproductive Hormones 

    Luteinizing Hormone 

 Several studies have shown a relationship between luteinizing hormone (LH) and 
BMI. Women with higher BMI have decreased LH pulse amplitude and overall 
decreased serum LH compared to normal-weight controls [ 11 ]. A study by Bohlke 
and colleagues suggested an inverse relationship between BMI and LH levels in pre-
menopausal women without polycystic ovarian syndrome (PCOS) [ 12 ]. Another 
study found lower LH levels in women with higher BMI (>23.4) during the follicular 
phase compared to their counterparts with women with the BMI below this some-
what artifi cial cutoff [ 13 ]. Similarly, other researchers found signifi cantly lower fol-
licular LH levels in overweight and obese women compared to normal- weight 
women during the early follicular phase [ 14 ]. Finally, a large study of perimeno-
pausal women showed obese and overweight women had signifi cantly decreased 
daily urinary LH throughout the menstrual cycle as compared to normal- weight 
women [ 15 ]. Notably, whole cycle and peak LH increase signifi cantly in women who 
have undergone bariatric surgery compared to preoperative women [ 16 ]. As these 
women lost a signifi cant amount of weigh postoperatively, these results suggest that 
obesity or an obesity-related condition is directly responsible for this suppressed 
LH. Overall, most studies suggest that obesity may lead to a decreased LH, particu-
larly starting from early follicular phase of the menstrual cycle. One proposed mech-
anism to explain the decreased LH seen in obese women is that the decreased SHBG 
also seen in obese women [ 17 ] leads to increased free estradiol. Thus, it could be 
hypothesized that this increased level of free estradiol may exert exaggerated nega-
tive feedback on the pituitary, leading to diminished gonadotropin output.  

    Follicle-Stimulating Hormone 

 Similar to LH, several studies have also shown decreased levels of follicle- 
stimulating hormone (FSH) in obese women. Women with higher BMI had signifi -
cantly lower FSH levels compared to normal-weight women throughout the 
menstrual cycle [ 13 ]. Total cycle FSH level was also found to be negatively corre-
lated with BMI in perimenopausal women [ 15 ]. As with LH, a possible explanation 
is the increased free estradiol present in obese women due to suppressed SHBG 
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production. Alternatively, reduced restraint from ovarian factors that normally exert 
negative feedback may also be at play as detailed below.   

    Obesity and Ovarian Hormones 

    Androgens 

 In perimenopausal women, BMI was positively correlated with total testosterone 
and free androgen index but negatively correlated with DHEAS and SHBG levels. 
Thus, obesity may be associated with an increase in ovarian androgen production 
but a decrease in adrenal androgen production as well as SHBG [ 17 ]. Another study 
found similar results among postmenopausal women with the metabolic syndrome 
[ 18 ]. Increased androgen effects in obese women could therefore be from two dis-
tinct but necessarily mutually exclusive mechanisms: increased ovarian production 
of androgens or increased free androgens present due to decreased SHBG. Both 
pathways remain plausible hypotheses and will need be carefully tested in light of 
recently developing data on the effi cacy of androgen-increasing aromatase inhibi-
tion in treatment of female infertility.  

    Estradiol 

 Higher BMI may be associated with lower estradiol levels. Premenopausal obese 
women have lower serum estradiol than their normal-weight counterparts. However, 
postmenopausal obese women have signifi cantly higher estradiol than normal- 
weight women [ 19 ]. This relationship in postmenopausal women was also noted in 
another study, which in addition found further increases in estradiol levels with the 
metabolic syndrome [ 18 ]. Not all studies have shown this trend towards lower estra-
diol levels in obese women. When estrone conjugates are measured in the urine 
throughout a menstrual cycle, there are no signifi cant differences between different 
BMI categories [ 11 ,  15 ]. Notably, the latter two studies use urinary estradiol metab-
olites and the others used serum estradiol, which potentially may explain differ-
ences between the observed results.  

    Progesterone 

 Progesterone, similar to estradiol, seems to decrease with increasing BMI. Levels of 
pregnanediol glucuronide (Pdg), a metabolite of progesterone excreted in urine, are 
lower in obese perimenopausal women than in women with normal BMI [ 15 ]. 

A.J. Polotsky and M.A. Doblado
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A similar result was found in obese premenopausal women with normal cycles [ 11 ]. 
Postoperatively, women who underwent bariatric surgery and were ovulatory had 
signifi cantly increased luteal Pdg secretion compared to preoperative women. Pdg 
levels in the postoperative group did not reach the level of normal controls, though 
it should be noted that the postoperative women still had signifi cantly higher BMI 
than the normal-weight controls [ 16 ]. A larger recent study of 29 women has not 
demonstrated an improvement in luteal-phase quality after bariatric surgery [ 20 ]. 
However, the preponderance of evidence indicated that substantial weight loss after 
bariatric surgery is associated with improved ovulatory function, fertility, and preg-
nancy outcomes [ 19 ,  21 ].  

    Inhibins 

 Inhibins are a family of peptides produced by the ovary that are thought to regulate 
follicular development. Inhibin B, mainly produced by the granulosa cells of the 
preantral or small antral follicles, is decreased in overweight and obese women 
compared to normal-weight controls [ 14 ]. Similar results were found among peri-
menopausal women [ 19 ]. Notably, this relationship changes with the transition to 
menopause, with obese women having signifi cantly higher inhibin B levels than 
normal-weight women [ 22 ]. The mechanism for decreased inhibin production in 
obesity is unclear, but implies that lower inhibin in obese women may refl ect the 
harmful effect of obesity on folliculogenesis [ 23 ]. Further, obese women have a 
signifi cant reduction in follicular inhibin B but NOT in the number of ovarian fol-
licles. This suggests a functional rather than structural defi cit [ 14 ]. This functional 
impairment suggests that the predominant impact of obesity is on granulosa cell 
function, rather than a large volume of distribution driving the reduced hormonal 
levels. Thus, obesity represents a paradox of reduced ovarian negative feedback 
restraint DESPITE decreased circulating FSH levels.  

    Anti-müllerian Hormone 

 Anti-müllerian hormone (AMH) is a member of the TGF-beta family and is pro-
duced by the granulosa cells of primary and preantral follicles. Serum AMH lev-
els refl ect the size of the primordial follicle pool [ 24 ]. Like inhibin, AMH levels 
are decreased with increased BMI in most studies. A study of late reproductive 
age women showed signifi cantly decreased AMH in obese women compared to 
normal- weight women [ 25 ]. Another analysis showed this negative correlation 
between AMH and BMI was present among younger premenopausal women 
[ 22 ]. Like inhibin, the lower levels of AMH in obese women may refl ect obesity-
mediated impaired follicular function. While AMH has proven to be a reliable 
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marker of ovarian reserve, the decreased AMH seen in obese women is not 
thought to refl ect decreased ovarian reserve. FSH, another marker of ovarian 
reserve, is often decreased in obesity as we have seen. This would suggest that 
ovarian reserve is likely normal in obese women and the atral follicle count is 
often unaffected [ 22 ].   

    Other Hormones as Potential Modulators of HPO 
function in Obesity 

    Ghrelin 

 Ghrelin is a peptide released by the gut that has a wide array of biological functions 
including modulation of GH secretion. Ghrelin levels correlate negatively with BMI 
in both obese patients and patients with anorexia nervosa [ 26 ]. In animal studies, 
ghrelin was found to stimulate the secretion of both FSH and LH at the pituitary 
gland [ 27 ]. In addition to the gut, other animal studies have shown that ghrelin is 
also produced by the ovary, specifi cally by the corpus luteum [ 28 ]. In vitro and 
animal studies suggest ghrelin is a potential target linking metabolism and fertility; 
however, more study will be needed to further characterize the relationship between 
ghrelin, obesity, and fertility in humans.  

    Leptin 

 Leptin is secreted primarily by adipocytes. Initially described as a satiety factor, it 
conveys a peripheral signal to the central nervous system about body fat stores [ 29 ]. 
Leptin secretion is proportional to body fat stores; levels are elevated in obesity and 
decreased in anorexia nervosa. Administration of exogenous leptin has been shown 
to lead to weight loss in leptin-defi cient adults, but is not effective as a treatment for 
obesity when leptin expression is normal. This has led some to speculate that obe-
sity may represent a state of “leptin resistance” [ 26 ]. Leptin seems to have an effect 
on both the ovary and the hypothalamus. In the ovary, the higher leptin level in 
obese women has been shown to decrease the production of estradiol in the granu-
losa cell in response to FSH [ 30 ]. Elevated leptin levels have been shown to directly 
suppress the gonads and decrease hormone steroidogenesis [ 31 ]. Leptin receptors 
are present in the hypothalamus and play a role in GnRH regulation. Leptin has 
been shown to stimulate GnRH secretion in a GnRH secreting cell line [ 32 ]. A study 
of the rat GnRH pulse generator showed leptin accelerates GnRH pulsatility [ 33 ]. 
The mechanism by which leptin regulates GnRH secretion is thought to be 
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complex, involving neuropeptides as well as nitric oxide [ 34 ]. As with ghrelin, more 
study is needed in humans to further understand the exact role leptin may play in 
reproduction.  

    Adiponectin 

 Adiponectin, another major adipokine, is the most abundant adipose gene transcript 
and is the natural peroxisome proliferator-activated receptor gamma (PPAR-gamma) 
ligand. It is an insulin sensitizer and is profoundly decreased in obesity and type II 
diabetes. Recent studies have also shown that adiponectin is produced by human 
theca cells [ 35 ] and is found in the ovarian follicular fl uid [ 36 ]. Adiponectin levels 
are inversely correlated with BMI, especially in obese subjects [ 37 ] and weight loss 
ameliorates this trend [ 38 ]. While receptors for adiponectin are found mainly on 
skeletal muscle and hepatic tissues, adiponectin has been shown to infl uence ovar-
ian function [ 39 ]. Recent studies have also shown that adiponectin may regulate 
GnRH receptor expression and inhibit basal and GnRH-stimulated LH secretion in 
animal models [ 35 ]. In human studies, adiponectin receptors were found on both 
granulosa and theca cells. In primary granulosa cell culture, adiponectin increased 
insulin-like growth factor 1 (IGF-1) potentiated secretion of progesterone and estra-
diol compared to IGF-1 alone [ 35 ]. This in vitro data from humans is consistent with 
the lower progesterone and estradiol levels seen in obese women in other studies.   

    Obesity as a State of Relative Hypogonadotropic 
Hypogonadism 

 Several recent studies have focused on what are classically thought to be nonrepro-
ductive hormones and their role in obesity-related infertility. One of these hormones 
is insulin. While insulin has been extensively studied in PCOS models of infertility, 
it has not been as thoroughly studied in obesity in the absence of PCOS. A recent 
study used a model of diet-induced obesity in a pituitary-specifi c insulin receptor 
knockout. Wild-type mice fed a high-fat diet became obese, had irregular estrous 
cyclicity and infertile compared to lean animals. The pituitary knockout animals, 
when fed a high-fat diet, also became obese and developed peripheral insulin resis-
tance like the wild-type mice. However, their reproductive phenotype was very 
similar to the lean mice rather than the obese mice. Pituitary insulin knockout mice 
displayed normal estrous cyclicity and signifi cantly more corpus lutea and higher 
fertility rates compared to the obese mice. Thus, insulin signaling at the level of the 
pituitary is implicated as a key player in regulating gonadotropin secretion [ 40 ]. It 
must be noted that the insulin receptor knockout mouse did not exhibit a completely 
normal reproductive phenotype, suggesting that there are factors other than insulin 
that are critical in obesity-related subfertility.  
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    Conclusion 

 Female obesity exhibits pleiotropic infl uence on reproductive physiology and out-
comes regardless of ovulation, as obesity is strongly linked with increased time to 
conception and reduced lifetime fertility even in regularly menstruating women. 
While the many changes to the hormonal milieu in obese women are still being 
detailed, the preponderance of studies demonstrate a harmful impact. Both LH and 
FSH are decreased in obesity and the mechanisms are only partially understood. 
Obesity is also associated with elevated SHBG levels, which may lead to increased 
levels of free estradiol or androgens. These elevated free estradiol and androgen 
levels may feedback on the pituitary leading to suppressed gonadotropin output. In 
addition to the central effects, obesity is also associated with decreased levels of 
ovarian inhibins, especially inhibin B. As inhibins are thought to play a role in the 
development of follicles, reduced inhibins may either lead to or be a result of disor-
dered follicular development. This could potentially lead to the longer or irregular 
menstrual cycles commonly seen in obese women or underscore the relative gonad-
otropin defi cits. However, antral follicle count in obesity is not reduced in most 
studies and neither is the age of menopause which both imply a qualitative rather 
than quantitative ovarian function decline. Levels of AMH are lower in obese 
women as well. While the function of AMH in this context is still not completely 
understood, it is an emerging marker of ovarian reserve. The decreased AMH levels 
seen in obesity may refl ect an overall relative hypogonadal state induced by adipos-
ity in women. The mechanism by which this relative hypogonadism comes about is 
still unclear and likely complex. Future directions should be concentrated on a bet-
ter understanding of the mechanisms underlying the reproductive endocrinopathy 
of obesity. It would be critical to gain an insight on what component of the HPO 
(central vs. ovary) axis is primarily affected in obesity. This is especially important 
as the obesity epidemic is progressing unimpeded and the reproductive sequelae of 
obesity has been cited as one of the reasons for decreasing life expectancy in the 
twenty-fi rst century [ 41 ,  42 ].      
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    Chapter 3   
 Childhood and Adolescent Obesity: 
Implications for Reproductive Health 
and Function 

             Matrika     D.     Johnson       and     Joseph     S.     Sanfi lippo     

            Introduction 

 The problem of obesity is global and has incredible adverse potential for affected 
teens and young adult women. Despite multiple attempts at increasing public aware-
ness, no advance in understanding the impact of the problem is apparent. The 
National Health and Nutrition Examination Survey (NHANES) 1999–2004 focused 
on the problem and the study has continued to try to reduce the national prevalence 
of overweight and obesity categories in the young aged female. The prevalence has 
been reported at 13.9–17.1 %, data reported between 1999 and 2004 [ 1 ,  2 ]. What 
happened to the “fear of fatness” among teens? [ 3 ]. 

 Adequate education of adolescents requires understanding the problem as the 
long term. Reproductive consequences are numerous and include: polycystic ovary 
syndrome, decreased fertility, and endometrial cancer in addition to a number of 
other morbidities and increased mortality. We provide an overview of the epidemi-
ology, potential etiologies, reproductive repercussions, as well as clinical diagnostic 
and management modus operandi for affected children and adolescents.  

    Defi nition 

 The body mass index (BMI) is the most commonly used and accepted measure of 
body weight composition in children aged 2 years old and greater [ 4 ]. The BMI is a 
measure of the weight in relation to height where body weight (in kilograms) is 
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divided by height (in meters) squared. In the pediatric realm, other measures such 
waist circumference, waist-to-hip ratio, weight for height, and the World Health 
Organization (WHO) growth standards are available to evaluate childhood obesity 
but here we will focus on BMI. 

 In the adult population obesity is defi ned as a BMI ≥ 30 kg/m 2 . In the pediatric 
population this defi nition varies by percentile for age and sex. Table  3.1  presents the 
growing consensus of BMI defi nitions in children between age 2 and 18 years of age 
in comparison to adults.

   The distinction of the various BMI categories is important because medical 
sequelae of obesity increase as BMI increases. Thus, those girls that fall into the 
severe obesity subset need to be identifi ed as they have a greater risk of obesity 
persistence into adulthood as well as medical and reproductive sequelae [ 1 ]. 

 In this chapter overweight denotes girls with a BMI between the 85th and 95th 
percentile for their age while obesity denotes girls with a BMI greater than the 95th 
percentile for age, unless otherwise indicated.  

    Epidemiology 

 Today in the United States greater than one-third of children and adolescents are 
either overweight or obese [ 5 ]. The prevalence of obesity between 2009 and 2010 
for all children (6–11 years) and adolescents (12–19 years) combined was 18.2 % 
with minimal difference between childhood obesity (18.0 %) and adolescent obesity 
(18.4 %) [ 5 ]. This is a dramatic increase given the overall prevalence for children 
and adolescents between 1976 and 1980 was 5.5 % (children 6.5 % and adolescents 
5.0 %) [ 6 ]. 

 The prevalence of obesity amongst female adolescents follows this increasing 
trend. In the time period from 1988 to 1994, the prevalence in female adolescents 
was 9.7 % and increased to 17.1 % between 2009 and 2010 (Fig.  3.1 ) [ 5 ,  7 ]. 
Additionally, there are racial and ethnic disparities in obesity prevalence amongst 
female adolescents. In 2009–2010 24.8 % of non-Hispanic black adolescent females 
were obese compared to 18.6 % of Mexican Americans, and 14.7 % non-Hispanic 
whites [ 5 ]. Socioeconomic level and education level of the head of the household 

   Table 3.1    Body mass index (BMI) classifi cation by age [ 75 ,  94 – 98 ]   

 Category  Age 2–18  Age ≥18 

 Underweight  BMI < 5th percentile for age  BMI < 18.5 
 Normal weight  BMI > 5th to <85th percentile for age  BMI 18.5–24.9 
 Overweight  BMI > 85th to <95th percentile for age  BMI 25.0–29.9 
 Obese  BMI > 95th percentile for age  BMI ≥30 (Class I) a  
 Severe obesity  BMI ≥ 120 % of the 95th percentile for 

age or BMI ≥ 35 (whichever is lower) 
 BMI ≥35 (Class II) a  
 BMI ≥ 40 (Class III) a  

   a Obesity classes defi ned by WHO  
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play roles in the prevalence of adolescent obesity. In general, adolescents living at 
lower socioeconomic levels or in homes where the household head has less educa-
tion are more likely to be obese, but these relationships are not consistent across all 
race and ethnicity groups [ 8 ].   

    Etiology 

 Obesity in children and adolescents is a multifactorial. It is the fi nal product of an 
intricate relationship between environmental factors, genetics, and the emerging 
fi eld of fetal programming, also known as the Barker hypothesis. 

    Environmental Factors 

 The environmental factors that have been implicated in childhood and adolescent 
obesity are myriad. Some of these issues include changes in family structure and 
meals, increased television and video games, and less physical activity. Medications, 
viruses, and environmental toxins have also been implicated. The best case can be 
made for those infl uences that increase caloric intake and decrease physical activity 
as those do directly contribute to obesity. More importantly, these are modifi able 
risk factors that can be adjusted to decrease rates of obesity. 

 Stimuli that are thought to increase caloric intake include increasing consump-
tion of sugar-sweetened beverages, fast-food service, larger meal portions, school 
meals with poor nutritional content, and food with high glycemic indices as well as 

  Fig. 3.1    Prevalence of obesity (in percentage) among adolescent females aged 12–19, by race/
ethnicity from 1988 to 1994 and 2009 to 2010* [ 5 ,  7 ]. *All includes some races/ethnicities not 
represented in fi gure       
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along with fewer meals with the family [ 9 – 11 ]. Of these causes, most evidence 
available suggests sugar-sweetened beverages can be a signifi cant contributor to 
obesity in some patient populations [ 12 ]. Conversely, those environmental elements 
thought to decrease physical activity include increasing use of television and video 
games with decreasing structured physical activity, side walk availability, and play-
grounds [ 9 ,  11 ]. The best-established environmental factor that contributes to child-
hood obesity is television viewing. Several studies have shown a direct correlation 
between the prevalence of childhood and adolescent obesity and the amount of time 
spent watching television [ 13 – 19 ].  

    Genetic Factors 

 The precise mechanism of genetics in the development of obesity is diffi cult to 
elucidate as there is an intimate relationship between genetic and environmental 
factors. There are rare childhood genetic abnormalities that lead to obesity such as 
Prader–Willi which are beyond the scope of this chapter. Current literature suggests 
genetic factors account for approximately 30–50 % of the variation in fat distribu-
tion [ 20 ]. In the general population, genetic polymorphisms likely lead to an indi-
vidual’s susceptibility to the environmental factors that cause obesity; however, 
most genetic polymorphisms have yet to be isolated.  

    Fetal Programming 

 There is an emerging body of literature that conditions during the fetal and early post-
natal period infl uence chronic disease through permanent effects on metabolic function. 
This concept is referred to as “fetal programming” [ 21 – 23 ]. Hales and Barker are 
directly linked to the concept of programming, or the Barker hypothesis whereby an 
insult or stimulus during a critical point in development has long-term consequences in 
the development of chronic disease [ 24 ,  25 ]. Fetal programming is thought to play a 
key role in the development of obesity as well as other metabolic disturbances such as 
type II diabetes, metabolic syndrome, and cardiovascular disease [ 26 – 32 ]. The pro-
posed mechanism is that periods of undernutrition during fetal and early postnatal 
period result in changes in the metabolic milieu to slow down weight gain which per-
manently predisposes an infant to metabolic disturbances later in life [ 26 ,  29 ,  33 – 35 ]. 
This mechanism has been successfully validated in animal studies [ 27 ,  30 ,  31 ,  36 – 39 ].   

    Clinical Evaluation 

 A detailed history to include elements of: lifestyle, level of exercise, desktop-based 
activities such as computer games, laptop time, and other aspects of sedentary lifestyle 
remain important [ 40 ]. Genetic aspects and presumed predisposition must be explored. 
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The next major area is assessment by history, physical exam as well as laboratory 
 testing, for those conditions outlined under clinical considerations. Briefl y, these 
include focusing on disorders of glucose and insulin metabolism. Fasting plasma glu-
cose remains an excellent screening tool. Metabolic syndrome must always be consid-
ered as this entity is a predictor of subsequent onset of type II diabetes mellitus and 
cardiovascular disease. 

 Menstrual history is of particular importance in the teen as oligomenorrhea while 
common, should be followed to see if the patient develops criteria that are met to 
establish the diagnosis of polycystic ovarian syndrome subsequently. 

 Cardiovascular history is an integral part of assessment of the obese teen and 
young adult female. It is important that the appropriate size cuff be used when 
 measuring blood pressure. Unfortunately even teens can develop hypertension, left 
ventricular hypertrophy, and other cardiovascular disorders. 

 The lipid profi le remains an integral part of assessment and must be focused on 
identifying hyperlipidemia. Other aspects of assessment include the gastrointestinal 
tract, orthopedic disorders that include: slipped capital femoral epiphysis, fl at knee-
cap secondary to pressure, spondylolisthesis, scoliosis, and osteoarthritis [ 40 ]. 

 Quality of life and assessment of the psychosocial aspects of a predisposed 
 sedentary lifestyle merit consideration in this age group. 

 Other testing includes: chemical panel, complete blood count, and if warranted 
based upon clinical exam androgen levels.  

    Clinical Considerations 

 There are a plethora of comorbidities that occur secondary to childhood and adoles-
cent obesity. These include abnormalities in the cardiovascular, dermatologic, endo-
crine, gastrointestinal, neurologic, psychosocial, and pulmonary systems. These 
comorbidities can have lifelong effects. For example, a study of over 850 girls dem-
onstrated that girls, who were overweight during their childhood, had an increased 
risk of death secondary to all causes and specifi cally secondary to breast cancer 
compared to normal weight peers [ 41 ]. Here we will focus on abnormalities that 
effect reproductive function. 

    Growth and Puberty 

 Increased body weight in girls has been inconsistently associated with early onset 
of puberty [ 42 – 44 ]. Despite the inconsistency, it is defi nitively biologically plausi-
ble. Furthermore, obesity in childhood and adolescence has been associated with 
accelerated bone age and linear growth which may put obese girls at risk for short 
stature [ 45 ,  46 ]. It is not clear if early initiation of menses has a long-term effect on 
adult reproductive function.  
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    Polycystic Ovary Syndrome 

 Obesity increases adolescent’s risk of hyperandrogenism and polycystic ovary 
 syndrome (PCOS). PCOS accounts for most cases of anovulation and hyperan-
drogenism in women and is the most common endocrine abnormality in obese 
females [ 47 – 49 ]. Given the possible long-term sequel, PCOS should be considered 
in adolescents with hirsutism, menstrual disturbances, acne which is resistant to 
treatment, or obesity. The long-term risks of PCOS include gynecological issues 
such as infertility and endometrial cancer as well as other endocrinopathies such as 
metabolic syndrome and type II diabetes mellitus. 

 Diagnosing PCOS during adolescence can be diffi cult as there are no formal 
diagnostic criteria for adolescents. Furthermore, given that it is a syndrome and not 
a disease, the clinical presentation can vary, especially in the adolescent population. 
Adolescent girls may present with menstrual disturbances, hirsutism, severe acne, 
hair loss, obesity, or acanthosis nigricans. The three sets of adult criteria are listed 
in Table  3.2 . It is the current expert consensus that the diagnosis of PCOS can only 
be established 2 years after menarche in a female with hyperandrogenemia and 
menstrual irregularities [ 50 ].

   PCOS has a great impact on reproductive function. This is primarily mediated by 
endocrine dysfunction. Girls with PCOS can experience abnormal pituitary func-
tion, abnormal steroidogenesis, and insulin-resistant hyperinsulinemia. All these 
factors culminate to create an endocrine milieu of hyperandrogenemia, elevated 
luteinizing hormone, and hyperinsulinemia with each factor acting independently 
and mutually to potentiate the others. Obesity exacerbates this endocrine dysfunc-
tion. Collectively these play a role in ovulatory dysfunction. 

   Table 3.2    Diagnostic criteria for polycystic ovary syndrome a  [ 52 ,  99 ,  100 ]   

 NIH  Rotterdam b   AES 
 1990  2003  2006 

 Anovulation or 
oligo-ovulation 

 Anovulation or oligo-ovulation  Ovarian dysfunction (either) 
 Anovulation or 
oligo-ovulation 
 Polycystic ovary by ultrasound 

 Clinical or biochemical 
hyperandrogenism (either) 

 Clinical or biochemical 
hyperandrogenism (either) 

 Clinical or biochemical 
hyperandrogenism (either) 

 Clinical: Hirsutism, acne, 
male pattern balding 

 Clinical: Hirsutism, acne, 
male pattern balding 

 Clinical: Hirsutism, acne, 
male pattern balding 

 Biochemical: High serum 
androgen concentration 

 Biochemical: High serum 
androgen concentration 

 Biochemical: High serum 
androgen concentration 

 Polycystic ovary by ultrasound 

   NIH  National Institute of Health,  AES  Androgen Excess and PCOS Society 
  a After exclusion of other causes of menstrual dysfunction and hyperandrogenism 
  b Criteria developed by European Society of Human Reproduction and Embryology and American 
Society of Reproductive Medicine. Two of three criteria required for diagnosis  
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 Most patients with PCOS, regardless of age, have symptoms of anovulation. 
Moreover, in adolescents regular menses does not ensure ovulation. During the fi rst 
2 years post menarche, roughly half of regular cycles are anovulatory [ 51 ]. Despite 
this, several girls with PCOS and regular menses do ovulate or have a minor ovula-
tory dysfunction that is revealed as unexplained infertility in adulthood [ 52 ,  53 ]. 
Ovulatory dysfunction in adolescence increases the risk of ovulatory dysfunction as 
an adult. The likelihood for prolonged dysfunction increases the longer these men-
strual disturbances persist [ 54 ,  55 ].  

    Fertility 

 Ovulatory dysfunction in adolescence increases the risk of ovulatory dysfunction as 
an adult. The association between obesity and decreased fertility in women can be 
linked to the association of obesity and PCOS but PCOS is not the only cause of 
decreased fertility in obese females. In obese females with regular menses increas-
ing BMI is associated with decreasing pregnancy rates and decreasing time to preg-
nancy [ 56 – 58 ]. It is possible the endocrine environment in obese females has an 
unfavorable infl uence on ovarian function, oocyte quality, endometrial receptivity, 
or any combination of these factors.  

    Endometrial Cancer 

 Obesity is a risk factor for endometrial hyperplasia and type I endometrioid carci-
noma. In addition, chronic anovulation, such as that experienced in females with 
PCOS, is a risk factor as well. Both obesity and chronic anovulation increase endog-
enous estrogen exposure, the main risk factor for endometrial cancer [ 59 ]. In both 
conditions peripheral adipose tissue converts androgens to estrogens via aromatase 
which leads to continued proliferation of the endometrium and ultimately to endo-
metrial hyperplasia or carcinoma. What’s more is that obesity and PCOS commonly 
coexist but it is unclear if together they increase the risk of endometrial pathology. 
Regardless, endometrial hyperplasia and cancer are both presenting at younger ages 
in those girls with obesity and there is a clear association between BMI and early 
development of endometrial cancer [ 60 ]. A meta-analysis of 19 prospective studies 
in 2008 which included over three million women demonstrated that as BMI 
increased, the risk of developing endometrial carcinoma increased as well [ 61 ]. 
This is exacerbated by the fact that other associated factors of endometrial cancer 
such as nulliparity, infertility, type II diabetes mellitus, and hypertension are gener-
ally more prevalent in obese women.  
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    Metabolic Syndrome 

 Studies estimate that approximately 10 % of adolescents have metabolic syndrome 
[ 62 – 64 ]. The prevalence increases as the severity of obesity increases among ado-
lescents. The adult criteria for metabolic syndrome were outlined previously in this 
chapter. Presently it is debated if adolescents should be diagnosed by the same adult 
criteria given that several physiologic pubertal changes mirror the changes in meta-
bolic syndrome. Some suggested diagnostic criteria are listed in Table  3.3 . As a 
consequence of this diagnostic quandary, it is diffi cult to compare pediatric studies 
of metabolic syndrome. Thus, the long-term consequence of metabolic syndrome in 
children and adolescents remains unclear.

       Impaired Glucose Tolerance and Type II Diabetes Mellitus 

 Impaired glucose tolerance is a frequent sequelae of childhood and adolescent 
obesity. The prevalence ranges from 7 to 25 % in obese adolescents and children 
[ 65 – 67 ]. It can present independently or as a component of PCOS or metabolic 
syndrome. Moreover, impaired glucose can suggest an increased risk of develop-
ing type II diabetes mellitus. 

 Type II diabetes mellitus (T2DM) is an “adult disease” that is often seen in obese 
children and adolescents. The prevalence is approximately 4 % in obese adolescents 
and children [ 65 ]. The development of T2DM in childhood is not without added 
risk. Individuals who develop T2DM in childhood or adolescents are noted to have 
more rapid progression of diabetes-associated complications [ 68 ]. 

   Table 3.3    Diagnostic criteria for metabolic syndrome in adolescents [ 101 – 103 ]   

 Parameters 

 NHANES III  Modifi ed ATP III  IDF 

 2002  2004  2007 

 Requirements  All fi ve 
abnormalities 

 ≥3 abnormalities  Waist circumference and 
≥2 other abnormalities 

 Waist circumference  ≥90th percentile  Not specifi ed  ≥90th percentile a  
 Blood pressure  ≥90th percentile  Either  Either 
   Systolic  >95th percentile  >130 mmHg 
   Diastolic  >95th percentile  ≥85 mmHg 
 High-density 
lipoprotein 

 <40 mg/dL  <5th percentile  <40 mg/dL 

 Triglyceride  ≥110 mg/dL  >95th percentile  ≥150 mg/dL 
 Glucose  Fasting 

≥110 mg/dL 
 Impaired glucose 
tolerance 

 ≥100 mg/dL 

   NHANES III  National Health and Nutrition Examination Survey III,  ATP III  Adult Treatment Panel 
III,  IDF  International Diabetes Federation for ages 10–16 
  a Ethnic-specifi c waist circumference [ 103 ]  
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 Hyperinsulinemia can be the initial defect prior to impaired glucose tolerance as 
well as type II diabetes mellitus. Obesity increases the risk of insulin resistance and 
thus hyperinsulinemia. Hyperinsulinemia can have multiple effects on the female 
reproductive system primarily by potentiating or initiating hyperandrogenemia 
[ 69 ]. Hyperinsulinemia is known to impact ovarian and adrenal function to increase 
androgens. It can also lower sex hormone binding globulin leading to increased 
amounts of free bioavailable testosterone. These factors can lead to PCOS or a 
PCOS-like phenotype.  

    Psychosocial 

 There are several psychosocial repercussions to childhood and adolescent obesity. 
The most punitive is discrimination from peers in the form of bias and bullying 
[ 70 ,  71 ]. Girls have more lasting effects from these experiences than boys. 
Adolescent girls exposed to such behaviors are more likely to have negative self-
images during adulthood [ 70 ,  71 ]. Additionally, obese adolescent females are 
noted to complete fewer years of advanced education, decreased incomes, lower 
marriage rates, and higher poverty rates compared to nonobese counterparts in 
adulthood [ 72 ,  73 ].  

    Other Systemic Abnormalities 

 As previously mentioned, childhood and adolescent obesity is associated with 
abnormalities in a multitude of organ systems. Here we touch on other systems for 
completeness. Cardiovascular risks in obese children include hypertension and dys-
lipidemia, previously noted as components of metabolic syndrome, as well as 
abnormal cardiac structure and function and adult coronary artery disease. 
Hypertension is by far the most common comorbidity associated with obesity. 
Pulmonary issues include obstructive sleep apnea (OSA) and obesity hyperventila-
tion syndrome. It should be noted that PCOS and obesity are independent risk fac-
tors for OSA, thus providers should prudently screen obese girls with PCOS for 
OSA. Gastrointestinal problems include nonalcoholic fatty liver disease (NAFLD), 
the most common cause of liver disease in children, and cholestasis [ 71 ,  74 ]. 
Orthopedic concerns consist of slipped capital femoral epiphysis, tibia vara, frac-
tures, and musculoskeletal pain. Dermatologic comorbidities include hidradenitis 
suppurativa, intertrigo, and furunculosis. Lastly, neurologically obese children are 
at risk for idiopathic intracranial hypertension.   

3 Childhood and Adolescent Obesity: Implications for Reproductive Health…



24

    Management 

    Medical Management 

 Lifestyle changes, eating a healthy diet and regular exercise, are of the utmost 
importance when managing childhood and adolescent obesity. This category merits 
clinicians’ well-spent time. The key principles are decreasing caloric intake, avoid-
ing fad diet, and increasing the level of exercise. Ideally support and encouragement 
emanates from parent or guardian; this includes three meals a day that are well 
designed with regard to protein, carbohydrate, and fat content. Avoiding excessive 
amounts of sugars and fatty foods, limiting sugar-sweetened beverages, skim milk 
in place of whole milk are to be suggested. Excellent diets such as Weight Watchers ®  
have proven to be successful long term. 

 Medications need to be carefully selected in teens and young adult females as the 
bottom line remains, “life style modifi cation”. Medications are listed in Table  3.4 . 
Increased satiety and appetite suppression result from this medical treatment [ 75 ].

       Surgical Management 

 Bariatric surgery is indicated in the teen and young adult when morbidity is of para-
mount importance and medical options have been unsuccessful. This is reserved for 
“life-threatening comorbidities” in this age group. Specifi cs include:

•    Greater than 6 months of failed conservative, including medical approaches  
•   BMI > 40 kg/m 2  with major life-threatening comorbidities or BMI > 50 kg/m 2     

   Table 3.4    Weight loss medications   

 Medication  Approval for  Mechanism  Side effects 

 Metformin a   ≥10 year of age  Protein kinase AMP 
activator. Lowers serum 
glucose and facilitates 
insulin utilization 

 GI: fl atus and 
diarrhea 

 Orlistat b   ≥12 years of age  Inhibits pancreatic lipase  GI: intestinal 
cramps, fl atus, and 
fecal incontinence 

 Alters lipid absorption 

 Sympathomimetic drugs c :  Stimulates norepinephrine 
or inhibit its reuptake 

 May increase 
blood pressure 

   Benzphetamine  ≥12 years of age  Causes early satiety 

   Phentermine  >16 years of age 
   Diethylpropion  >16 years of age 
   Phendimetrazine  ≥17 years of age 

   GI  gastrointestinal 
  a Metformin is not approved for weight loss and using it for weight loss is an off-label use 
  b Orlistat: Only long-term medication approved in United States for weight loss in adolescents 
  c Only approved for short-term use up to 12 weeks  
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 Presurgical medical and psychological testing is recommended. Supportive 
 family remains critical to success of surgical intervention. 

 Surgical options include roux-en-Y gastric bypass which has been among the 
surgical armamentarium since the 1960s. The procedure has been replaced by mini-
mally invasive approaches such as adjustable gastric banding.   

    Persistence into Adulthood 

 Childhood and adolescent obesity is a major problem. It is a problem that affects 
multiple race and ethnicities in the United States as well as around the world. 
Current prediction models estimate that approximately 25 % of children less than 
16-year-old will be obese by 2050 [ 76 ]. Childhood obesity leads to adult obesity 
with all its intrinsic problems. The Minneapolis Children’s Blood Pressure Study 
reported that the highest risk for hyperinsulinemia, hypertension, and hyperlipid-
emia occurred when BMI over a period of 16 years was elevated [ 77 ]. With the 
current trend 50 % of women will be obese by 2050 [ 78 ]. 

 There are numerous infl uences that contribute to which obese children and ado-
lescents will become obese adults. Studies indicate that age of onset, severity, and 
parental obesity are major determinants [ 79 – 86 ]. 

 Studies from the 1980s and 1990s indicated the obese adolescents are more 
likely to become obese adults compared to obese children. These studies indicate 
that approximately 80 % of obese adolescents aged 10- to 14-year olds, 50 % of 
obese 6-year-olds, and 25 % of obese preschool children will become obese adults 
[ 82 ,  87 ]. However, given the new environmental factors associated with obesity 
presented earlier in this chapter, primarily increased television viewing, these data 
may not be the same for today’s youth. We may be seeing a generation where more 
obese children are becoming obese adults. 

 It is evident that severity of obesity in adolescents is a predictor of obesity in 
adulthood. In a study of over 8,000 adolescents 75 % of severely obese adolescents 
became severely obese adults while the same was true in only 8 % of obese adoles-
cents [ 88 ]. 

 It is not clear if gender is a determining factor as the available literature is mixed 
[ 89 – 93 ].  

    Prevention 

 Preventing childhood obesity should be a primary concern for all pediatric healthcare 
providers. Healthcare providers should routinely assess BMI and initiate a discussion 
of BMI with children and their families. Providers should assess and educate all 
children and their families on behaviors that put children at risk for obesity i.e., tele-
vision viewing and sugar-sweetened beverages. Early intervention is crucial. When a 
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child is at risk, providers must address these concerns with the child and her family, 
provide obesity prevention education, thoroughly assess the child’s dietary intake 
and physical activity, and suggest healthy nutritional and physical activity alterna-
tives. In those children who continue to be at risk, providers should consider referral 
to a weight loss specialist. It is important that all providers who address childhood 
weight disturbances and their comorbidities do so in a supportive environment that 
focuses on the entire family rather than the child alone to yield the greatest benefi t.     
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    Chapter 4   
 Nutrition in Human Fertility 

             Jorge     E.     Chavarro      ,     Eden     Cardozo     , and     Myriam     Afeiche    

         Identifying the extent to which modifi able lifestyle factors infl uence human fertility 
is of major clinical and public health signifi cance. It is estimated that more than fi ve 
million children have been born worldwide as a result of assisted reproduction [ 1 ]. 
In 2010 alone, there were nearly 150,000 assisted reproduction cycles resulting in 
more than 47,000 deliveries and the birth of 61,564 children in the United States [ 2 ]. 
These impressive fi gures notwithstanding, the number of subfertile couples benefi t-
ing from these therapies represents approximately one tenth of those estimated to 
meet the clinical defi nition of infertility and about 2 % of women estimated to be 
unable to get pregnant or carry a pregnancy to term nationwide [ 3 ]. This vast gap 
alone highlights the need to identify strategies to address infertility that do not rely 
solely on clinical interventions and can be implemented on a population-wide level. 

 On the other hand, there is a critical need to further improve success rates of 
infertility treatments. While the proportion of live births per initiated assisted repro-
duction cycle in the United States improved gradually through the 1990s, it has 
remained steady, at about 30 %, for almost a decade (Fig.  4.1 ). Unfortunately, very 
few predictors of successful infertility treatment are known and the strongest and 
best-characterized risk factor for unsuccessful infertility treatment, age [ 4 ,  5 ], is not 
modifi able. Moreover, the proportion of women delaying childbearing into their 30s 
and beyond 35 years has increased dramatically in the United States and other 
Western nations [ 6 ]. These facts highlight the need to identify potentially modifi -
able factors associated with fertility treatment outcomes.  
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 Emerging evidence further suggests that diet, a potentially modifi able factor, 
could have a major impact on human fertility independent of body weight. In this 
chapter we will review and summarize the current evidence linking diet to fertility 
in women and men, and to outcomes of infertility treatment. 

    Diet and Female Fertility 

 Interest in the role of diet on female fertility is longstanding. There are reports of 
animal models evaluating the effects of micronutrient defi ciencies on ovulatory 
function as early as the 1960s [ 7 ] and prospective studies in humans evaluating the 
role of other dietary factors on fertility since the 1980s [ 8 ]. Most of the existing 
literature revolves around the potential role of two purported reproductive toxicants 
on fertility, caffeine, and alcohol, and is plagued with poor quality research. Recent 
fi ndings, however, suggests that the role of diet on human fertility and on conditions 
associated with infertility may be much broader. 
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  Fig. 4.1    Live birth rate per initiated assisted reproduction cycle, United States 1997–2010. Only 
data from fresh, nondonor cycles is included. Data obtained from the Centers for Disease Control 
and Prevention, Assisted Reproductive Technology Reports and Resources. Available at   http://
www.cdc.gov/art/artreports.htm     (accessed August 6, 2013)       
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    Diet as a Source of Purported Ovarian Toxicants: 
Caffeine, Alcohol, and Dairy 

 Most of the interest in evaluating the role of caffeine on reproductive performance 
in general and on fertility in particular can be traced back to a series of experiments 
in rodents which documented an increased frequency of fetal resorption and con-
genital malformations of the skeleton in rats receiving caffeine via oral intubation [ 9 ]. 
These experiments, however, have little relevance to human exposure given that the 
adverse effects of caffeine were only observed at doses equivalent to consuming 
50–100 cups of coffee per day. In fact, experiments by the same and other research 
groups where caffeine was administered via drinking water and at exposure levels 
more relevant to humans failed to identify any reproductive hazards of caffeine [ 10 , 
 11 ]. Physiologic mechanisms linking caffeine to female reproductive function are 
also unclear. Some evidence suggests that caffeine may inhibit ovulation or corpus 
luteum function [ 12 – 14 ] and caffeine has been associated with higher early follicu-
lar phase E2 levels [ 13 ,  15 ]. However, caffeine has not been associated with indica-
tors of ovarian aging [ 16 ] and, on the other hand, it has been shown to improve 
insulin sensitivity [ 17 ,  18 ], which can result in improved ovulatory function in 
women with polycystic ovary syndrome [ 19 ] and possibly healthy women. 

 Nevertheless, the reputation of caffeine as a reproductive toxicant was reinforced 
by the fi ndings of the fi rst report on the relation between caffeine and fertility in 
humans. Wilcox and colleagues used data from a study aimed at identifying risk 
factors for early pregnancy loss to examine the relation between caffeine and time 
to pregnancy among pregnancy planners [ 8 ]. They found that consuming the equiv-
alent of one cup of coffee per day resulted in a 50 % decrease in conception rate per 
cycle and that there was a dose response effect of caffeine consumption and fecund-
ability. Although this study had major advantages, including its prospective design 
and its restriction to pregnancy planners, it was not originally aimed at assessing the 
effect of caffeine on fertility. Therefore, investigators did not assess caffeine intake 
in detail and failed to obtain data on potential confounding factors [ 8 ]. Furthermore, 
the study evaluated 104 women who did not conceive during their fi rst 3 months of 
trying, but excluded 117 women who did conceive during that time period. 

 Since this report an additional 19 studies have evaluated the relation between 
caffeine and female fertility. While ten of these studies have found a relation 
between coffee or caffeine intake and decreased fertility [ 8 ,  12 ,  20 – 27 ], most of 
them are retrospective [ 12 ,  20 – 25 ,  27 ]. A problem with retrospective studies evalu-
ating this relation is that, since caffeine is almost universally considered to be a risk 
factor for infertility in the general population and is endorsed as such in leading 
reproductive medicine textbooks [ 28 ], retrospectively assessing caffeine intake is 
all but guaranteed to result in differential recall of actual intake between fertile and 
subfertile women thus creating a spurious positive association between caffeine 
intake and fertility. In fact, detailed reviews of the literature regarding the reproduc-
tive effects of caffeine have shown that retrospective studies and studies of lower 
methodological quality are more likely to identify caffeine as a risk factor for 
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adverse reproductive outcomes, including infertility [ 29 ,  30 ]. When only the 8 
 prospective studies are considered, the majority [ 5 ] show no relation between caf-
feine and fertility [ 31 – 35 ] and one study even shows slightly higher fertility among 
caffeine consumers [ 36 ]. Only two prospective studies suggest a deleterious effect 
of caffeine on fertility [ 8 ,  37 ]. The largest and most recent of these prospective stud-
ies found no association between caffeine intake and risk of ovulatory infertility 
among 18,555 women followed over 8 years [ 34 ] and no relation with fecundability, 
the per-cycle probability of conception, among 3,628 women planning a pregnancy 
[ 33 ] (Fig.  4.2 ).  

 The relation between alcohol intake and fertility is equally cloudy. Alcohol has 
been found to induce a rise in estrogen resulting in decreased FSH secretion, 
impairing folliculogenesis and ovulation [ 13 ]. Animal studies indicate that alcohol 
may also have an acute effect at the level of the hypothalamus, inhibiting LH secre-
tion and thus disturbing ovulation [ 38 ]. On the other hand, and like caffeine, alco-
hol intake has been linked to improved insulin sensitivity [ 39 ,  40 ] and is not linked 
to markers of ovarian aging [ 16 ]. As was the case in the caffeine literature, most of 
the 18 studies [ 27 ,  31 ,  34 – 37 ,  41 – 52 ] that have examined the association between 
alcohol intake and fertility in women have reported deleterious effects of alcohol. 
However, many of the methodological issues that plague the literature on caffeine 
and reproductive hazards also apply to the literature on alcohol, starting with study 
design issues; only seven of the studies conducted to date have been prospective 
[ 31 ,  34 – 37 ,  47 ,  48 ]. Among the prospective studies, three report decreased fertility 
with increasing alcohol intake [ 31 ,  37 ,  48 ], two report no association between 
alcohol and fertility [ 34 ,  36 ], one found decreased fertility with higher alcohol 
intake among women older than 30 years of age but a similarly strong association 
in the opposite direction among younger women [ 47 ], and one reported signifi -
cantly decreased fertility among slow acetylators and no relation among rapid 
acetylators [ 35 ]. 

 While a careful review of the existing literature on the relations of alcohol and 
caffeine with fertility does not provide compelling evidence that they signifi cantly 
hamper fertility, the opposite belief is deeply ingrained in the general population 
and among healthcare providers. Despite much research, it is not possible to draw 
strong conclusions regarding the role of alcohol and caffeine on human fertility and 
further study is clearly needed. Because randomized trials of moderate caffeine or 
alcohol consumption in relation to fertility may be judged as unethical by many, 
large prospective observational studies of pregnancy planners, preferably in popula-
tions with different patterns of alcohol and caffeine use, are necessary to determine 
whether moderate consumption of these substances affects fertility. 

 Dairy foods are an additional dietary factor that has been considered as a poten-
tial reproductive toxicant. Lactose, the main carbohydrate in milk, is cleaved in the 
intestine into glucose and galactose. In animal experiments, rodents fed a high 
amounts of galactose have decreased ovulatory rates and develop premature ovarian 
failure (POF) [ 53 ,  54 ]. This observation led to the hypothesis that high intake of milk 
and dairy products may increase the risk of infertility due to ovulatory dysfunction 
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  Fig. 4.2    Caffeine intake and fertility in women. ( a ) Caffeine and risk of ovulatory infertility 
among 18,555 participants in the Nurses’ Health Study II [ 34 ]. Numbers greater than 1 indicate 
higher risk of infertility. ( b ) Caffeine intake and fecundability among 3,628 pregnancy planners in 
Denmark [ 33 ]. Numbers greater than 1 indicate greater probability of conceiving       
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in otherwise healthy women [ 55 ]. However, few studies have been conducted in 
humans [ 50 ,  55 ,  56 ] and their results are not consistent. 

 Cramer and colleagues found a positive correlation between per capita milk con-
sumption and age-related decrease in fertility rates in 31 countries [ 55 ]. On the 
other hand, a case-control study following up on these fi ndings [ 50 ] found that 
women who consumed three or more glasses of milk daily had a 70 % lower risk of 
infertility when compared to women who did not consume milk [ 50 ]. A subsequent 
prospective cohort study found no relation between total intake of dairy foods and 
risk of ovulatory infertility [ 56 ]. However, this study reported unexpected associa-
tions between intake of reduced fat dairy foods with higher risk of ovulatory infer-
tility as well as an association between intake of full-fat dairy foods with lower risk 
of this condition [ 56 ]. A closer inspection of the animal models also suggests that 
diets with galactose contents that are closer to relevant intakes in humans do not 
result in POF or other signs of ovarian damage [ 57 ]. Collectively, these data suggest 
that galactose is unlikely to be an ovarian toxicant at the usual intake levels of 
humans. While the epidemiologic literature suggests that dairy foods may infl uence 
fertility, this literature is nascent and requires further replication.  

    Micronutrients and Female Fertility 

 Clues that micronutrients may infl uence human fertility have been hiding in plain 
sight for decades, as case reports and case series, in the literature [ 58 – 66 ]. Many, 
but not all [ 58 ,  59 ], of these reports are among women with celiac disease, a condi-
tion known to be associated with a higher frequency of infertility and micronutri-
ent defi ciencies, most commonly of iron, folic acid, vitamin B12, and vitamin D 
[ 66 ,  67 ]. A growing body of literature suggests these micronutrients may be impor-
tant in female reproductive physiology and fertility. 

 The strongest evidence is for the role of folic acid and other nutrients involved in 
its metabolism. Folate-requiring reactions, collectively known as the one-carbon 
metabolism, encompass a series of related metabolic pathways where one-carbon 
moieties are transferred from donors to intermediate carriers and ultimately used in 
methylation reactions or as building blocks in the synthesis of DNA [ 68 ,  69 ]. This 
pathway has a greater relevance when folate requirements are heightened due to 
increased demand for DNA synthesis such as gametogenesis and early embryo 
development [ 70 ,  71 ]. As early as the 1960s, it was shown in the immature super-
ovulated rat that either an excess or defi ciency of folates partially inhibited ovula-
tion [ 7 ]. In rhesus monkeys, folate restriction results in irregular menstrual cycles, 
progressive depletion of ovarian granulosa cells, and decreased preovulatory serum 
estradiol and mid-luteal progesterone [ 72 ]. In a prospective cohort study of healthy 
reproductive-age women who did not consume diet supplements, women in the 
highest tertile of folic acid intake (median intake 271 μg/day) had 16 % higher luteal 
progesterone levels and were nearly 70 % less likely to have anovulatory cycles than 
women in the lowest tertile of intake (median intake 101 μg/day) [ 73 ]. In a separate 
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prospective cohort study involving more than 18,000 participants, women in the top 
two quintiles of folic acid intake (median intakes 726 μg/day and 1,138 μg/day, 
respectively) were 40 % less likely to develop infertility due to anovulation than 
women in the lowest quintile of intake (median intake 243 μg/day) [ 74 ]. 

 The effect of folic acid on ovulatory function may result from heightened ovarian 
responsiveness to FSH in high folate environments. In women undergoing con-
trolled hyperstimulation with FSH, carriers of the T allele in position 677 of  MTHFR  
(which leads to decreased enzyme activity and lower 5-methyltetrahydrofolate con-
centrations) have a decreased ovarian responsiveness to FSH, lower oocyte yield 
[ 75 ], and granulosa cells that produce less estradiol [ 76 ]. Similar effects have been 
found among carriers of the  MTHFR  A1298C variant [ 77 ]. In addition to its effect 
on ovulation, folic acid may further enhance fertility by improving embryo survival. 
In vitro studies of mouse preimplantation embryos show that endogenous folates 
are essential for embryo development due to its role in the synthesis of thymidine 
[ 71 ,  78 ]. Since thymidine does not accumulate in cells, accumulation of signifi cant 
amounts of folates in the oocyte is required during gametogenesis to support the 
exponential increase in DNA synthesis that occurs during early embryo develop-
ment [ 71 ,  78 ]. 

 Iron status may also be important for ovulation and fertility as highlighted by 
studies regarding iron-transporting proteins in key ovarian cells. Transferrin (Tf) 
and its receptor (TfR) have been identifi ed in granulosa cells and oocytes in several 
studies [ 79 – 81 ]. It has also been reported that granulosa cells can synthesize Tf 
which may be translocated to the oocytes [ 81 ]. Although it is possible that Tf and 
TfR are redundant in the ovary or do not play an important role in local iron metabo-
lism, it has been suggested that these proteins are essential for ovum development 
and are required to support the increased iron demand of the developing follicle 
[ 80 ]. Additional evidence for a role of iron comes from studies documenting a 
higher risk of infertility among women with subclinical celiac disease. Undiagnosed 
celiac disease is more common among women with unexplained infertility than 
among fertile controls [ 66 ,  82 ]. Moreover, some of these infertile women have signs 
of iron defi ciency including iron-defi ciency anemia [ 66 ] and low ferritin levels 
without evidence of other nutrient defi ciencies [ 82 ]. Intake of nonheme iron was 
more recently found to be related to lower risk of infertility due to anovulation in a 
large prospective cohort study [ 83 ]. Women in the highest quartile of nonheme iron 
intake (median intake 76 mg/day) had 40 % lower risk of infertility due to anovula-
tion than women in the lowest quintile of intake (median intake 9.7 mg/day). Heme 
iron intake was unrelated to fertility [ 83 ]. 

 The potential role of vitamin D on fertility has also received some recent atten-
tion. Physiologic and experimental data in animal models strongly suggest that vita-
min D may play an important role in reproduction. Expression data shows that the 
vitamin D receptor (VDR) is present in the ovary [ 84 ,  85 ], the endometrium [ 84 ], 
and the placenta [ 86 ]. Vitamin D has also been found to stimulate the production of 
estradiol and progesterone in ovarian [ 85 ] and placental tissue [ 87 ], and to regulate 
the expression and secretion of hCG in human syncytiotrophoblasts [ 88 ] in vitro. 
Female rodents fed a vitamin D-defi cient diet have reduced fertility [ 89 ,  90 ]. 
Knockouts for  VDR  and  1α - hydroxylase , which catalyzes the hydroxylation of 
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25(OH)D into the biologically active 1,25(OH) 2 D, shed additional light into the role 
of vitamin D in reproduction. Female knockout mice have decreased fertility as a 
result of uterine hypoplasia, impaired follicular development, and anovulation [ 91 –
 93 ]. Calcium supplementation partially reverses these reproductive effects in the 
knockout models [ 90 ,  94 ] and in the nutritional defi ciency model [ 90 ], while vitamin 
D supplementation reverses them in the defi ciency model [ 89 ], suggesting that there 
may be a combination of direct effects of vitamin D defi ciency and effects mediated 
through secondary derangements in calcium and phosphorus homeostasis. 

 Human data on the role of vitamin D on fertility is less convincing. The three 
case-control studies that have evaluated vitamin D status in relation to PCOS pro-
vide mixed results. Li and colleagues found that vitamin D defi ciency was nearly 
four times more common among 25 PCOS women than among 27 women with 
documented ovulation in Scotland [ 95 ]. This association was not adjusted for dif-
ferences in BMI between these groups, however, and there were no statistically 
signifi cant differences in PTH levels either [ 95 ]. Contrary to these results, Mahmoudi 
and colleagues found that 25(OH)D and PTH levels were signifi cantly higher among 
85 PCOS than among 115 ovulatory controls in Iran, independent of BMI [ 96 ]. 
A third study found no differences in the frequency of vitamin D defi ciency between 
93 PCOS and 71 controls in India [ 97 ]. Studies of vitamin D intake provide equally 
mixed results. Thys-Jacobs and colleagues supplemented 13 PCOS women with 
50,000 IU of vitamin D weekly or biweekly plus 1,500 mg of Calcium daily for 6 
months [ 98 ]. Regular menstrual cycles resumed in 7 of the 9 women with irregular 
menstrual cycles at baseline and two of them became pregnant [ 98 ]. Similarly, Wehr 
and colleagues supplemented 57 PCOS women with 20,000 IU of vitamin D weekly 
and found improvements in menstrual cyclicity in 30 % of women after 12 weeks 
of treatment and in 50 % of women after 24 weeks of treatment [ 99 ]. Nevertheless, 
a prospective study with more than 18,000 women found no evidence of a relation 
between vitamin D intake and risk of anovulatory infertility [ 56 ]. While vitamin D 
intake was strongly related to a lower risk of anovulatory infertility in age-adjusted 
analyses, this association disappeared upon adjustment for potential confounders, 
including BMI. A major limitation of this study, however, is that intake of vitamin 
D is a minor contributor to circulating levels of vitamin D [ 100 ]. In addition, vita-
min D intake in the highest intake group (median intake = 783 IU/day) was substan-
tially lower than in the single-arm trials suggesting a benefi t of vitamin D 
supplementation. Therefore, lack of association with vitamin D intake in this study 
does not necessarily rule out an effect of vitamin D on anovulation-related infertil-
ity. Clearly, whether vitamin D plays a role on female fertility independent of its 
association with obesity remains an open question.  

    Diet as a Modifi er of Insulin Sensitivity 

 Dietary factors may also infl uence fertility through their effects on insulin and 
glucose metabolism. Insulin resistance, hyperinsulinemia, and hyperglycemia 
may be critical in the development of PCOS as demonstrated by the effect of 

J.E. Chavarro et al.



39

insulin sensitizers and other antidiabetic medications on ovulatory function and 
fertility in these women [ 101 – 104 ]. These mechanisms may also infl uence ovula-
tion and fertility among women with no clinical evidence of PCOS and those who 
do not meet all the diagnostic criteria [ 105 – 107 ]. For example, insulin resistance 
and postprandial hyperinsulinemia are more prevalent among oligomenorrheic 
non-PCOS infertile women than among eumenorrheic infertile women [ 105 ]. 
Likewise, diabetic women in the general population have lower fecundability than 
nondiabetic women [ 106 ]. Moreover, HbA1c levels within the nondiabetic range 
are inversely related to fecundability and positively related to characteristics of 
PCOS (free testosterone levels and cycle irregularity) among healthy pregnancy 
planners in the general population [ 107 ]. Since the quality and quantity of carbo-
hydrates [ 108 – 111 ], the amount and sources of protein [ 112 – 115 ], and certain 
types of fat [ 116 ], are known to infl uence insulin sensitivity, it is possible that the 
macronutrient composition of diet could infl uence ovulatory function, and ulti-
mately fertility. 

 The strongest evidence for this hypothesis to date comes from the Nurses’ 
Health Study II, which used data from more than 18,000 women and nearly 
27,000 pregnancies and failed pregnancy attempts. Analysis from this cohort of 
women reveale   d that a 2 % increase in energy intake from  trans- fatty acids 
(approximately 4 g of  trans  fats) at the expense of carbohydrates was associated 
with a 73 % greater risk of ovulatory infertility after adjustment for potential con-
founders, and risk more than doubled when  trans  fats were consumed instead of 
monounsaturated fats [ 117 ]. The amount and source of protein were also related 
to ovulatory infertility in this study. Women in the highest fi fth of total protein 
intake had 41 % higher risk of ovulatory infertility [ 118 ]. However, while protein 
from animal sources was associated to higher risk of infertility, protein from veg-
etable sources was associated with lower risk of infertility. Increasing protein 
intake by 5 % of calories (approximately 25 g of protein) was associated with a 
19 % higher risk of ovulatory infertility when protein came from animal sources 
but a 43 % lower risk when protein came from vegetable sources [ 118 ]. Dietary 
glycemic load, a summary measure of the amount and quality of carbohydrates in 
the diet [ 119 ], was also positively related to a higher risk of ovulatory infertility. 
Women in the highest quintile of dietary glycemic load had 92 % higher risk 
of ovulatory infertility than women in the lowest quintile after adjustment for 
confounders [ 120 ]. 

 This hypothesis is also consistent with fi ndings from other studies among women 
with PCOS. Intake of high glycemic index foods was higher among 30 PCOS 
women than among 27 control women [ 121 ]. In addition, a small crossover feeding 
trial among 11 PCOS women [ 111 ] consuming a low carbohydrate diet (43 % vs. 
56 % of energy) led to changes that would be expected to result in improved repro-
ductive and metabolic outcomes including a reduction in free testosterone levels of 
borderline statistical signifi cance [ 111 ]. The Nurses’ Health Study II data appears to 
be at odds, however, with the fi ndings of two small randomized trials comparing the 
reproductive effects of low protein (15 % of energy) vs. high protein (30 % of 
energy) weight loss diets among overweight PCOS women [ 122 ,  123 ]. The protein 
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content of diet had no effect on menstrual function or androgen levels in these 
studies, although there were some improvements in menstrual cyclicity [ 122 ] and 
reductions in circulating androgens [ 123 ] as a result of improved insulin sensitivity 
due to weight loss. However, since weight loss has such a dramatic effect on ovula-
tory function in PCOS women, it is not surprising that protein intake does not have 
a measurable effect on reproductive parameters within the context of signifi cant 
weight loss.  

    Dietary Patterns and Fertility 

 Characterizing the global effect of multiple dietary factors as summarized by dietary 
patterns can provide a more realistic estimate of the effect that changing diet could 
have on fertility by taking into account the possible multiple interactions between 
individual foods and nutrients. The relation between dietary patterns and fertility 
has been examined in two prospective cohort studies to date (Fig.  4.3 ). In the 
Nurses’ Health Study II, investigators generated a “fertility diet” score that ranked 
women according to their intake of eight dietary factors they had previously found 
to be independently associated to risk of ovulatory infertility [ 124 ]. The highest 
scores were assigned to women with high intakes of protein from vegetable sources, 
full-fat dairy foods, iron, the ratio of monounsaturated to  trans  fats and more fre-
quent use of multivitamins; low intakes of protein from animal sources, dietary 
glycemic load, and low-fat dairy foods. This “fertility diet” score was strongly 
related to a lower risk of ovulatory infertility and infertility due to nonovulatory 
causes. Women in the highest quintile of the score had 66 % lower risk of ovulatory 
infertility and 27 % lower risk of infertility due to other causes than women in the 
lowest quintile of intake independently of age, parity, BMI, and other potential con-
founders [ 124 ]. Furthermore, the authors estimated that, assuming these relations 
were causal, 46 % of all infertility cases due to anovulation could be prevented by 
changes in diet composition alone [ 124 ].  

 Similar fi ndings were reported among participants of the Seguimiento 
Universidad de Navarra (SUN) cohort, which follows university graduates in Spain. 
Higher adherence to a “Mediterranean pattern” diet, characterized by higher intakes 
of vegetables, fruit, fi sh, poultry, low-fat dairy, and olive oil, was associated with a 
lower risk of seeking medical help for diffi culty getting pregnant [ 125 ]. Specifi cally, 
women in the highest quartile of intake of this dietary pattern had 44 % lower risk 
of diffi culty getting pregnant than women in the lowest quartile. The fi ndings of the 
two studies are generally consistent with each other, although full-fat and low-fat 
dairy foods were grouped into different risk profi les in the two studies. While these 
two studies strongly suggest that overall diet pattern have an impact on female fer-
tility, further replication of these fi ndings is warranted.   
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  Fig. 4.3    Dietary patterns and fertility in women. ( a ) “Fertility diet” score and risk of ovulatory 
infertility [ 124 ] Numbers lower than 1 indicate lower risk of infertility. ( b ) Mediterranean dietary 
pattern and odds of diffi culty conceiving [ 125 ]. Numbers lower than 1 indicate lower odds of self- 
reported diffi culty conceiving       
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    Diet, Semen Quality, and Male Fertility 

 Although reproductive abnormalities in the male partner can be identifi ed as many 
as 58 % of the couples evaluated for infertility [ 126 ], infertility research has pri-
marily focused on female factors. Mounting evidence, however, suggests that men’s 
diets may have a nontrivial contribution to a couple’s fertility. Most of the literature 
is based on studies examining the relation between diet and semen quality param-
eters which, although far from perfect proxies for fertility [ 127 – 130 ], shed light 
into the role nutrition has on male reproductive function. Most of the current evi-
dence for a role of diet on fertility falls into one of four areas: dietary factors as 
purported reproductive toxicants, dietary factors that may protect sperm against 
oxidative damage, dietary factors as vehicles for environmental estrogens and 
dietary factors affecting the availability of substrates necessary for spermatogene-
sis. There is also some recent evidence suggesting that vitamin D may also be 
important in spermatogenesis. 

    Diet as a Purported Reproductive Toxicant: 
Caffeine and Alcohol 

 Just as in females, caffeine and alcohol have been some of the most extensively stud-
ied aspects of diet as potential determinants of semen quality. Although some studies 
suggest that caffeine intake may be related to higher sperm motility [ 131 ,  132 ], there 
is extensive evidence that caffeine intake is not related to semen quality parameters. 
A 2011 meta-analysis that combined data from 1,256 men across multiple studies 
found no relation between caffeine intake with sperm concentration, motility or mor-
phology [ 133 ]. Moreover, studies not included in the meta-analysis also fi nd little 
evidence of a relation between caffeine and semen quality [ 14 ,  133 – 136 ], including 
a single-center study of 2,554 young men in Denmark [ 136 ], larger than all other 
studies combined. Given the limited predictive value of semen parameters on fertil-
ity [ 127 ,  137 – 139 ], data on the three studies relating male caffeine intake to time to 
pregnancy among pregnancy planners is particularly important. Jensen and col-
leagues found that the male partner’s caffeine intake was associated with a lower 
probability of conception when they were also nonsmokers [ 26 ], but two similar 
studies found association between caffeine and fecundability [ 26 ,  36 ,  43 ]. 

 While chronic alcoholism can severely affect the reproductive hormone axis and 
spermatogenesis [ 140 ], there is not strong evidence to suggest that moderate alcohol 
consumption affects semen quality or fertility. The previously mentioned meta- 
analysis [ 133 ], which included data from 6,465 men for the evaluation of the rela-
tion between alcohol and semen parameters, found that alcohol consumption was 
related to lower ejaculate volume but was not related to sperm concentration, total 
count, motility, or morphology [ 133 ]. Also, the majority of the studies assessing 
alcohol consumption in the male partner in relation to a couple’s time to pregnancy 
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have not found evidence of a deleterious effect of alcohol [ 36 ,  43 ,  44 ,  141 ]. 
Moreover, when a negative effect of male alcohol consumption has been docu-
mented, it has been among heavy drinkers. A retrospective time to pregnancy study 
among 2,112 pregnant women in the United Kingdom found that heavy alcohol 
consumption by male partners (defi ned as >20 unit/week) was associated with a 
signifi cant reduction in fecundity (twofold longer time to pregnancy), but moderate 
consumption was not associated with decreased fecundability compared to those 
who did not consume alcohol [ 27 ].  

    Antioxidants and Male Fertility 

 There is also an extensive literature on the role of antioxidants on male fertility. 
Unlike the literature on alcohol and caffeine, however, most of the literature is based 
on randomized trials [ 142 – 176 ]. A description of the trials conducted to date can be 
found in Table  4.1 . A meta-analysis published in 2011, evaluated the effects of anti-
oxidant supplementation in subfertile men on semen quality parameters and, impor-
tantly, on clinical pregnancy and live birth rates [ 177 ]. Based on data from three 
trials [ 145 ,  146 ,  148 ] which collectively included 214 couples, the meta-analysis 
found evidence of a statistically signifi cant increase in live births comparing in cou-
ples where men were randomized to antioxidants vs. control [ 177 ]. Similarly, based 
on data from 15 trials [ 142 ,  146 ,  148 ,  151 ,  157 – 161 ,  164 ,  166 ,  167 ,  169 ,  171 ,  174 ] 
which collectively included 964 couples, the meta-analysis found evidence of a 
statistically signifi cant higher pregnancy rate in couples were men were randomized 
to antioxidants [ 177 ]. The meta-analysis also found evidence of signifi cant benefi t 
of antioxidant supplementation on sperm motility after 6 months of treatment (10 
trials, 963 men) but not after 3 months (10 trials, 514 men) or 9 months (3 trials, 332 
men) of treatment, as well as an increase in sperm concentration after 6 months (6 
trials, 825 men) and 9 months (3 trials, 332 men) of treatment but not after 3 months 
of treatment (7 trials, 320 men) [ 177 ].

   While this meta-analysis of randomized trials presents evidence that appears 
solid at face value, there are still many gaps in elucidating the role of antioxidants 
in the management of the couple seeking fertility treatment as clearly signaled by 
the authors by rating the quality of the evidence from this meta-analysis as “very 
low” and qualifying the results as inconclusive [ 177 ]. Some of the problems with 
individual trials are summarized in Table  4.1 . There are additional problems with 
the meta-analysis that are worth considering. First, the defi nition of an antioxidant 
was extremely broad which led to the inclusion of trials of nutrients that are not 
antioxidants [ 178 ,  179 ] or that could infl uence male reproductive function through 
other mechanisms completely unrelated to preventing oxidative damage such as by 
infl uencing sperm DNA production [ 155 ], as discussed below. Second, very few 
trials examined a single antioxidant and the antioxidant doses varied greatly across 
studies. In fact, there were no two trials that compared the exact same intervention 
among all the trials included in the meta-analysis [ 177 ]. In other words, although 
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pooled together in a single analysis, these were all trials of different interventions. 
Therefore it is very diffi cult to attribute the benefi cial effects observed to any one 
nutrient or combination of nutrients and it is nearly impossible to identify the mini-
mal doses of individual antioxidant nutrients that could be reasonably expected to 
have a clinical impact. Another major concern, particularly for trials reporting live 
birth or clinical pregnancy as the outcome, is that dropout rates were relatively high 
and tended to be higher in the control group raising concerns about differential 
reporting of hard clinical outcomes among controls. 

 Some of the gaps from the clinical trial literature can be fi lled by some observa-
tional studies addressing the role of antioxidants on semen quality. While few, they 
have documented dose–response relations between intakes of vitamins C, E, and 
carotenoids with higher sperm concentration and motility [ 180 – 182 ] or the risk of 
oligoasthenoteratospermia [ 183 ], suggesting that these nutrients may explain some 
of the benefi cial effects observed in the trials. However, there is clearly much 
research needed to identify which antioxidants or combinations of antioxidants 
have positive effects on male fertility and at what doses.  

    Diet as a Vehicle for Environmental Estrogens 

 There is some concern that pro-estrogenic or anti-androgenic exposures, some of 
which may be delivered via diet, may affect spermatogenesis [ 184 ,  185 ]. Soy 
beans and soy-derived products are the main dietary source of isofl avones; plant-
derived polyphenolic compounds with estrogenic activity. While generally consid-
ered to have a weak estrogenic activity [ 186 – 191 ], isofl avones can bind strongly to 
membrane estrogen receptors [ 192 ], exert nongenomic actions potentially delete-
rious to male fertility [ 193 ], and have been related to male reproductive disorders 
in mammals [ 194 ]. Human data on the relation between soy or isofl avones with 
male fertility is scarce and inconsistent. Mitchell and collaborators supplemented 
14 young men with 40 mg/day of isofl avones for 2 months and found no appre-
ciable changes in semen quality parameters or reproductive hormone levels com-
pared to presupplementation levels [ 195 ]. Song and colleagues investigated the 
relation between isofl avone intake and semen quality in a group of 48 men with 
abnormal semen parameters and 10 men with normal semen parameters and found 
that isofl avone intake was positively related to sperm count and motility and 
inversely related to sperm DNA damage [ 196 ]. On the other hand, Chavarro and 
colleagues examined the relation between intake of soy and semen parameters 
among 99 male partners of couples seeking fertility treatment and found that 
higher intake of soy foods was associated with lower sperm concentration [ 197 ]. 
In agreement with these fi ndings, a 2013 study of 609 idiopathic infertile men and 
469 fertile controls in China by Xia and colleagues reported that urinary levels of 
isofl avones were related to lower sperm concentration, total count and motility, 
and higher odds of idiopathic male infertility [ 198 ]. This later study is important 
not only because it is larger than all the previous studies combined, but also 
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because it addresses one of the major arguments offered against a potentially del-
eterious role of soy on fertility: that Asian diets include high amounts of phytoes-
trogens from soy foods without any apparent deleterious effect on fertility. The 
data on this fi eld is still developing and future work is needed, particularly focus-
ing on the effects on fertility rather than semen quality, as well as further work 
among populations with high intake of soy. 

 Meat and dairy have also been hypothesized to be vehicles for environmental 
estrogens under modern dairy farming [ 199 ] and livestock production practices 
[ 200 ]. Specifi cally, because commercial milk is mostly obtained from pregnant 
cows [ 199 ,  201 ] there is concern that pregnancy hormones in milk [ 202 ,  203 ] could 
have reproductive effects in milk drinkers. Also, because anabolic sex steroids are 
administered to meat cattle for growth promotion in the United States and other 
countries [ 204 ] and residues are present in meat products [ 203 ], there is concern of 
reproductive consequences [ 200 ,  205 ] of meat consumption in places where this 
practice takes place. 

 Data on the relation between dairy and meat intake on semen quality is growing 
and suggests that these concerns may not be unfounded. Dairy food intake has 
been related to decreased secretion of LH, FSH, and testosterone [ 206 ]. In addi-
tion, intake of full-fat dairy foods has been related to lower sperm motility and 
morphology among healthy young men in the United States and to greater risk of 
oligoasthenoteratospermia among fertility patients in Spain [ 207 ,  208 ]. Also, a 
case-control study in Iran found a positive relation of borderline statistical signifi -
cance between total dairy food intake and risk of asthenospermia [ 209 ]. A fourth 
study among fertility patients in the Netherlands, however, found no relation 
between dairy food intake and semen quality [ 210 ]. Data is equally split on the 
relation between meat intake and semen parameters. One study found meat intake 
to be related to lower semen quality among fertility patients in Spain [ 208 ], while 
another study among fertility patients in the Netherlands did not [ 210 ]. High beef 
consumption during pregnancy has been associated with lower sperm concentra-
tion among male offspring 30 years later [ 205 ]. It should be noted that the European 
Union banned the use of sex steroids for growth promotion in meat producing 
cattle in 1989 [ 204 ,  211 ] and therefore the association observed in the Spanish 
study cannot be attributed to sex steroid residues in beef. Further work, particularly 
in the United States and other countries where this practice still exists, is needed.  

    Diet and the Building Blocks for Spermatogenesis: 
DNA and Cell Membranes 

 As was the case for female fertility, there is also strong evidence that folic acid 
metabolism is important in spermatogenesis and male fertility. This metabolic path-
way is involved in the synthesis of purines and thymidine which are ultimately used 
in DNA synthesis [ 68 ,  69 ], an essential step in spermatogenesis. One-carbon metab-
olism appears to be particularly active in the testes [ 212 – 214 ], and genetic [ 215 ] or 
pharmacologic [ 216 – 218 ] disruption of this metabolic pathway drastically affects 
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spermatogenesis in animal models. In humans, genetic variation in this pathway has 
been related to semen quality. A 2007 meta-analysis on the association between 
 MTHFR C677T  and male factor infertility reported pooled odds ratios (OR) (95 % 
confi dence interval (CI)) for male factor infertility of 1.39 (1.15–1.69) for  TT  homo-
zygotes and 1.23 (1.08–1.41) for  T  allele carriers [ 219 ]. Also, a large study con-
ducted in Korea reported an association between homozygocity for the variant G 
allele in  MTR  A2756G and nonobstructive azoospermia (OR (95 % CI) = 4.63 
(1.40–15.31)) as well as an association between being a carrier (OR (95%CI) = 1.75 
(1.07–2.86)) or homozygote (OR (95%CI) = 2.96 (1.51–5.82)) for the variant G 
allele in  MTRR A66G  and oligoasthenoteratospermia [ 220 ]. 

 Intake of folic acid also seems to impact sperm production. In two trials of folate 
supplementation, blood folate levels had increased fi vefold and seminal plasma 
folate had increased threefold, but no changes were observed in sperm concentra-
tion or motility in one study [ 221 ], while a 53 % increase in sperm concentration 
and a doubling in the proportion of motile sperm were observed in another study 
[ 222 ]. Similarly, in a randomized trial of folate, zinc, folate + zinc or placebo, sub-
fertile men assigned to the folate + zinc arm had a 74 % increase in total normal 
sperm count compared to preintervention values and a 41 % increase when com-
pared to post-intervention values in the placebo arm which did not reach statistical 
signifi cance [ 155 ]. Folates from dietary sources also appear to have an impact on 
semen quality. In a study among fertility patients in Spain, men in the highest tertile 
of folate intake had an 87 % lower risk of oligoteratospermia than men in the lowest 
tertile of intake [ 183 ]. Likewise, seminal plasma levels of vitamin B12 and folate 
are positively related to sperm concentration [ 223 ,  224 ] and, among men who have 
previously fathered a pregnancy and have sperm counts above 20 × 10 6 /mL, seminal 
plasma folate is inversely related to sperm DNA fragmentation [ 225 ]. Furthermore, 
folate intake has been associated with a lower frequency of sperm aneuploidy [ 226 ]. 
Whether these effects on semen parameters have any impact on fertility is not 
known, however. 

 Diet could also infl uence male fertility by infl uencing the composition of cell 
membranes of sperm. Sperm dramatically increase the proportion of unsaturated 
fatty acids, particularly docosahexaenoic acid (DHA), in their membranes as they 
mature [ 227 ]. These changes appear to be the combined result of local metabolism 
and dietary input [ 228 – 232 ]. In humans, numerous studies have related sperm fatty 
acid composition with semen quality parameters suggesting a role of fatty acid 
metabolism on male fertility. For example, sperm membrane DHA content has been 
positively related to sperm motility [ 228 ,  233 – 237 ], sperm normal morphology 
[ 237 ] and sperm concentration [ 233 ,  236 ,  237 ], although some studies have found 
opposite relations [ 238 ]. Similarly, a lower content of saturated fatty acids (SFAs) 
and monounsaturated fatty acids (MUFAs) in sperm membranes has been associ-
ated with better semen quality parameters [ 233 – 237 ,  239 ]. Interestingly, sperm lev-
els of  trans- fatty acids, which cannot be endogenously synthesized and can therefore 
be considered biomarkers of intake, have been related to signifi cantly lower sperm 
concentration among fertility patients [ 239 ] in agreement with rodent models show-
ing decreased spermatogenesis and testicular degeneration when diets are supple-
mented with these fats [ 240 – 242 ]. 
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 The literature on fat intake and sperm quality is scarce. Two trials examined the 
effect of omega-3 on semen quality. DHA supplementation for 3 months failed to 
improve sperm motility in a group of 28 asthenospermic men [ 178 ], while omega-3 
(DHA + EPA) fatty acid supplementation increased total sperm count, sperm concen-
tration, and the percentages of motile and morphologically normal sperm [ 179 ]. A 
potential benefi t of omega-3 polyunsaturated fatty acids (PUFAs) on sperm morphol-
ogy has also been observed in observational studies among fertility patients [ 243 ]. 
Interestingly, two recent observational studies reported that saturated fat intake is 
inversely related to sperm concentration and total sperm counts among fertility 
patients [ 243 ] and among healthy young men [ 244 ]. Because saturated fat intake is 
not related to sperm or seminal plasma levels of saturated fats [ 243 ], it is unlikely that 
this relation is due to a relation between sperm fatty acid levels and sperm counts 
described above. Rather, it is possible that saturated fat intake has an indirect effect 
on spermatogenesis, perhaps by affecting circulating cholesterol levels as suggested 
by rodent models [ 245 ]. As is the case for other dietary factors, it is still to be deter-
mined whether any of the observed relations with semen parameters translates into 
relations with fertility; an important question that deserves further investigation.  

    Vitamin D and Male Reproductive Function 

 There has been increasing interest in the role of vitamin D role in reproduction 
[ 246 ]. The VDR is present in human testis and spermatozoa [ 247 ,  248 ] suggesting 
a role of vitamin D in human spermatogenesis. Vitamin D as 1,25(OH) 2 D promotes 
intracellular calcium increase [ 249 ] through several channels present in the sperm 
tail such as CatSper and Voltage-dependent calcium channels [ 250 ,  251 ]. Calcium 
infl ux through these channels [ 252 ,  253 ], in turn, induces sperm motility [ 249 ,  254 ]. 
Furthermore, male  VDR  knockout mice have lower percentage of motile sperm and 
lower sperm counts [ 255 ], and female rats inseminated with semen from males fed 
a vitamin D-defi cient diet have a smaller litter size [ 256 ]. 

 However, the few epidemiologic studies investigating the relation between vita-
min D and semen quality provide confl icting results. Two studies reported that 
 circulating vitamin D levels are positively related to semen quality [ 254 ,  257 ], 
another found an inverse U-shaped association [ 258 ], and a third found no associa-
tion [ 259 ]. In addition, no studies to date have evaluated whether male vitamin D 
status relates to fertility in couples trying to conceive naturally or to pregnancy and 
live birth rates among couples undergoing infertility treatment.  

    Dietary Patterns and Semen Quality 

 Two studies have also examined the relation of overall dietary patterns to semen qual-
ity parameters. Vujkovic and colleagues examined the relation between data- derived 
dietary patterns and semen quality among fertility patients in the Netherlands [ 210 ]. 
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The investigators identifi ed two diet patterns: a “health conscious” pattern charac-
terized by high intakes of fruit, vegetables, fi sh and seafood, whole grains and 
legumes and low intakes of mayonnaise, meat products, refi ned grains and desserts; 
and a “traditional Dutch” pattern characterized by high intakes of potatoes, meat 
products, whole grains, margarine and mayonnaise, and low intakes of alcohol, non-
alcoholic drinks, breakfast cereals, fruit, soup and desserts. The “health conscious” 
pattern was associated with lower sperm DNA fragmentation as measured with the 
DNA fragmentation index. In addition the “traditional Dutch” pattern was associ-
ated with higher sperm concentration. When individual foods in these dietary pat-
terns were examined, higher intakes of fruits and vegetables were related to lower 
sperm DNA fragmentation and higher sperm motility [ 210 ]. 

 Gaskins and colleagues used the same statistical technique to identify dietary 
patterns and related these to semen parameters among young, healthy men in the 
United States [ 260 ]. In this study, higher consumption of a “prudent pattern”, char-
acterized by high intakes of fi sh, chicken, fruit, vegetables, legumes, and whole 
grains, was positively associated with progressive sperm motility. When individual 
foods within this pattern were considered, only intake of cantaloupes was signifi -
cantly related to progressive sperm motility [ 260 ]. While the patterns identifi ed in 
the two studies are clearly different, there is some consistency in the relation of 
fruit-containing patterns, as well as intake of fruit or specifi c fruits with sperm 
motility. This relation should be investigated further as should the question of 
whether overall dietary patterns have an impact on a couple’s fertility.   

    Diet and Fertility Treatment Outcomes 

 Although increasing evidence suggest that diet may be important for fertility, as 
discussed above, this does not necessarily imply that the same dietary factors related 
to fertility in the general population will also be related to treatment outcomes 
among couples undergoing fertility treatment. On one hand, some physiologic pro-
cesses that may be affected by diet can be bypassed in the setting of infertility treat-
ment and therefore dietary factors affecting natural fertility may have no  infl uence 
on fertility treatment outcomes. On the other hand, fertility patients may be a popu-
lation particularly susceptible to environmental factors, including diet, and there-
fore dietary factors that are not related to fertility in the general population could be 
important among couples seeking fertility care. While current evidence is limited, it 
is important to consider how diet relates to treatment outcomes in women seeking 
fertility treatment. 

 Studies on the relation between caffeine intake and fertility treatment outcomes 
are scarce. Although there is some concern of potential adverse effects of caffeine 
due to its documented presence in follicular fl uid of women undergoing ART [ 261 ], 
data on the relation between caffeine intake and clinical outcomes is mixed. In a 
prospective study of 221 couples undergoing ART, female caffeine consumption 
was associated with a lower likelihood of achieving a live birth, whereas male 
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 caffeine consumption was found to be a signifi cant risk factor for multiple gesta-
tions in couples who achieved pregnancy through IVF or GIFT [ 14 ]. In a similar 
study among 664 couples participating in a randomized trial of IUI, women who 
had recently stopped drinking coffee had higher live birth rates than women who 
were current coffee drinkers or women who had never consumed it [ 262 ]. 
Interestingly, when analyses were restricted to women who were randomized to 
IUI, the relation with past coffee use persisted but live birth rates were also approxi-
mately two times higher among current coffee users than among never users. These 
fi ndings do not suggest a true effect of caffeine but rather that women who decide to 
stop drinking coffee when undergoing fertility treatments may also be making other 
healthy lifestyle changes that improve pregnancy and live birth rates [ 262 ]. 

 Evidence for a relation between alcohol intake and poor fertility treatment out-
comes is equally scarce. The strongest evidence suggesting harm comes from a 
prospective cohort study of 2,545 couples undergoing their fi rst IVF cycle which 
found that women who drink at least four drinks per week had a 16 % lower likeli-
hood of a live birth compared with those who consume alcohol less often [ 263 ]. 
Although similar fi ndings have been reported by others [ 264 ], an analysis of this 
association in the randomized trial of IUI mentioned above revealed a similar pat-
tern to the fi ndings for caffeine [ 262 ]. Discontinuing alcohol was associated with a 
higher likelihood of live birth, relative to women who never consumed alcohol. 
However, there were no differences in live birth rates between women who were 
current alcohol consumers and never consumers again suggesting that discontinuing 
alcohol may be a marker for other factors that predict successful treatment [ 262 ] 
and that this relation probably does not refl ect a deleterious effect of alcohol on 
fertility treatment outcomes. 

 As was the case for natural fertility in women, the most compelling evidence for 
a dietary factor having an effect on fertility treatment outcomes is for folic acid and, 
more generally, the one-carbon metabolism. As discussed above, this metabolic 
pathway is related to response to controlled ovarian hyperstimulation [ 75 ]. In addi-
tion, higher follicular fl uid homocysteine levels, a marker of low folate status, have 
been related to lower day 3 embryo quality [ 265 ], while blood levels of vitamin B12 
were associated with higher day 3 embryo quality [ 266 ]. More importantly, this 
pathway also appears to be important for clinical outcomes. Among women 
 undergoing infertility treatment in the Netherlands, a doubling in follicular fl uid 
folate levels was associated with a 3-fold greater odds of becoming pregnant during 
an ART cycle [ 266 ]. A separate study in the United Kingdom [ 267 ] found no asso-
ciation between folate intake, plasma folate levels, or RBC folate levels and the 
likelihood of a live birth but reported a signifi cantly higher rate of twin births in 
women with higher folate status, suggesting that folate may increase the likelihood 
of each potentially viable embryo to give rise to a live birth. In addition, women 
homozygous for the CC variant in  MTHFR  A1298C were less likely to achieve a 
clinical pregnancy or have a live birth after IVF than women with the AA wild-type 
genotype [ 267 ] suggesting a role of this metabolic pathway on ART outcomes. 
It should be noted that none of the countries where signifi cant effects of this pathway 
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on fertility treatment outcomes have been observed (Germany, the Netherlands, and 
the United Kingdom) supplement their food supply with folic acid and thus the 
relevance of this fi ndings to the United States and countries where foods are supple-
mented with this vitamin is uncertain. 

 While phytoestrogens may have a negative impact on spermatogenesis, as dis-
cussed above, recent data from randomized trials show that phytoestrogen sup-
plementation during infertility treatment improves overall treatment success 
[ 268 ,  269 ]. A study randomizing 147 women with unexplained infertility under-
going clomiphene-stimulated cycles to phytoestrogen supplementation (120 mg/
day) or placebo found that phytoestrogens increased the clinical pregnancy rate 
(37 % vs. 14 %) [ 268 ]. Similarly, a trial which randomized 213 women undergo-
ing IVF to phytoestrogen supplementation (1,500 mg/day) or placebo found that 
phytoestrogen supplementation increased implantation rates (25 % vs. 20 %), 
clinical pregnancy rates (39 % vs. 21 %), and ongoing pregnancy rates (30 % vs. 
16 %) [ 269 ]. 

 As previously discussed, animal data strongly suggest a role of vitamin D on 
fertility but human data on its role on male and female fertility is confl icting. Data 
on a potential role of vitamin D on fertility treatment outcomes is equally confl ict-
ing. The fi rst report in this topic found that follicular fl uid levels of vitamin D were 
related to higher clinical pregnancy rates among 84 women undergoing IVF and 
that this association was independent of BMI and other potential confounders [ 270 ]. 
A subsequent report from a cohort of 101 women found that higher follicular fl uid 
levels of vitamin D were associated with lower clinical pregnancy rate [ 271 ], shortly 
followed by a report where no association was found between follicular fl uid or 
serum levels of vitamin D with clinical pregnancy rate among 82 women undergo-
ing IVF [ 272 ]. Rudick and colleagues reported that serum vitamin D levels were 
unrelated to live birth rates in a cohort of 188 women undergoing IVF [ 273 ]. They 
noticed, however, that serum vitamin D levels were positively related to live birth 
rates among non-Hispanic whites, inversely related among Asians and unrelated 
among Hispanic whites [ 273 ]. Lastly, Firouzabadi found no relation of follicular 
fl uid or serum vitamin D levels with clinical pregnancy rates in a cohort of 221 
women undergoing IVF. Clearly, whether vitamin D plays any role on infertility 
treatment outcomes remains an open question. 

 Only one has so far examined the relation of preconception dietary patterns with 
ART outcomes [ 274 ]. Among 161 couples undergoing IVF, a data-derived 
“Mediterranean” pattern, characterized by high intakes of vegetable oils, vegeta-
bles, fruits, nuts, fi sh, and legumes, low dairy intake, and moderate intake of alco-
hol, was associated with 40 % higher odds of having a positive pregnancy test after 
embryo transfer. The relation with clinical pregnancy or live birth was not examined 
[ 274 ]. The authors suggested that these fi ndings could partially result from higher 
intake of linoleic acid, a precursor to prostaglandins, resulting in improved endome-
trial receptivity and implantation [ 274 ]. This hypothesis is consistent with a report 
of higher implantation and pregnancy rates among women undergoing IVF with a 
higher ratio of serum linoleic to alpha-linolenic acid [ 275 ].  
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    Summary 

 Accumulating evidence suggests that specifi c dietary factors and their related 
metabolism may be an important determinant of fertility in couples trying to become 
pregnant naturally as well as of treatment outcomes of couples undergoing fertility 
treatment. Very few systematic investigations of diet in relation to human fertility 
exist. However, collectively, the literature suggests that a few dietary factors may be 
important in natural and assisted reproduction. Specifi cally, folic acid and other 
nutrients involved in its metabolism may be important for ovulation, spermatogen-
esis, embryo development, and infertility treatment outcomes. While consistent, the 
clinical implications of this knowledge is limited due to the lack of randomized 
trials of folic acid supplementation among women and men aimed at examining 
fertility as an outcome. Therefore, while it is not unreasonable to recommend folic 
acid supplementation for the purpose of improving fertility, the extent of its effect 
on fertility is uncertain at this moment as is also uncertain whether supplementation 
in women beyond doses used for the prevention of neural tube defects can have 
additional benefi ts on fertility. Multiple randomized trials of the effect of antioxi-
dants on semen parameters have been conducted suggesting a positive effect on 
semen quality. However, effects on live births or clinical pregnancies among cou-
ples seeking fertility care are inconclusive. Similarly, intake of some types of fats 
appears to be related to female and male factors infl uencing fertility. Data from ani-
mal studies strongly suggests a role of vitamin D on human fertility but human data 
has been highly inconsistent and equivocal and its clinical signifi cance is unknown 
at this moment. Many studies have examined the roles of alcohol and caffeine on 
human fertility and suggested them to be harmful. However, the majority of studies 
suggesting harm tend to be retrospective and of low methodological quality whereas 
high quality prospective studies suggest that neither caffeine nor alcohol are impor-
tant determinants of fecundity or semen quality. Their role on fertility treatment 
outcomes, however, has not been examined thoroughly and deserves further study. 
More generally, much more research is needed to understand how diet infl uences 
fertility. Specifi cally prospective studies with comprehensive dietary assessments 
and rigorous assessments of potential confounders, studies evaluating the role of 
men’s diet on a couple’s fertility, studies evaluating the interactions between male 
and female partner’s diets on couple-based outcomes as well as studies among cou-
ples undergoing infertility treatment are sorely needed. In addition, randomized tri-
als of specifi c factors where evidence has already accumulated are desirable.     
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    Chapter 5   
 Preconceptional Obesity and Fetal Outcomes: 
Transdisciplinary Evidence for Obesity’s 
Effects on Fertility 

             Kelle     H.     Moley      and     Antonina     Frolova     

            Introduction 

 The most recent National Health and Nutrition Examination Survey reported that 
the US age-adjusted prevalence of obesity in adults was 35.7 % in 2010 but has 
remained stable since 2003 [ 1 ], indicating a leveling off of the previously alarming 
rise. Despite this encouraging trend, several smaller studies showed that rates of 
prepregnancy obesity among reproductive-age women have continued to rise over 
this time period [ 2 – 4 ]. This is an important distinction because women of reproduc-
tive age are usually not yet burdened by the chronic conditions associated with 
obesity, such as heart disease, diabetes, and cancer. However, maternal obesity can 
also affect reproductive functions, contributing to infertility, multiple pregnancy 
complications, and adverse fetal outcomes [ 5 – 7 ]. The mechanisms by which obe-
sity may hinder reproductive function remain largely unknown; thus, designing pre-
conception counseling or interventions to prevent adverse pregnancy outcomes for 
obese patients remains a signifi cant challenge. 

 This chapter will examine the current evidence that obesity affects reproduction 
at the preconception stages and causes abnormal development and function of 
oocytes, preimplantation embryos, or both. The chapter will fi rst focus on the clini-
cal evidence in human spontaneous conceptions and those using assisted reproduc-
tive technologies (ART) that suggest an early-stage reproductive dysfunction in 
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obese women. Next, it will review the animal and in vitro models that demonstrate 
the effects of obesity on oocyte quality and subsequent early embryo development. 
Lastly, the chapter will discuss data suggesting that paternal obesity may also have 
detrimental effects on gamete and embryo quality.  

    Obesity and Oocyte/Embryo Quality in Human Reproduction 

 Compared to normal-weight women, obese women have a higher prevalence of 
infertility—defi ned as the inability to conceive within 12 months of having regular 
unprotected intercourse—and subfertility—requiring a longer time to pregnancy 
once a couple starts trying to conceive [ 8 – 13 ]. For example, analysis of data from 
7,327 women enrolled in the Collaborative Perinatal Project revealed that fecund-
ability, or the probability of conceiving in a given cycle, was reduced by 18 % in 
obese women; they required two months longer to conceive than women with a 
BMI in the normal range [ 14 ]. These fi ndings indicate that obesity may affect 
female fertility at the earliest stages of pregnancy: pre- and peri-implantation. 

 Because obesity is a known risk factor for anovulation, subfertility in obese 
women has often been attributed to this disorder. However, several studies focused 
specifi cally on analyzing pregnancy in ovulatory women revealed that obesity nega-
tively affects fertility even after adjusting for menstrual cycle length and regularity 
[ 12 ,  14 ,  15 ]. A follow-up prospective cohort study of 3,029 subfertile ovulatory 
women found that the chance of spontaneous pregnancy was reduced by about 5 % 
for every BMI unit above 29 kg/m 2  [ 16 ]. These data strongly argue that anovulation 
is not the only mechanism contributing to subfertility in obese women. 

 Studies directly investigating the effects of obesity on human oocyte and embryo 
quality are diffi cult to conduct. Therefore, the data are few and the results are incon-
sistent. One of the earliest such reports analyzed 398 in vitro fertilization (IVF) 
cycles and stratifi ed the oocytes into “good quality”—those at metaphase I and II—
and “bad quality”—those that were at germinal stages, were postmature, or had a 
fractured zona [ 17 ]. Oocytes retrieved from women with a BMI ≥ 25 were signifi -
cantly less likely to be “good quality” than were those retrieved from women with a 
BMI of 20–25. Although other studies have found no differences in the quality of 
oocytes retrieved from obese women and those with a BMI in the normal range, 
they did report that maternal obesity is associated with lower mean embryo grade 
and lower numbers of embryos used in IVF cycles [ 18 ,  19 ]. These results suggest 
that even if an oocyte appears to develop properly and be competent for fertilization, 
underlying damage may adversely affect subsequent embryo quality. It must be 
noted, however, that other groups have reported no differences in the number or 
quality of embryos transferred or the implantation rates between obese and normal- 
weight women undergoing ART [ 20 ,  21 ]. 

 Obese women who achieve pregnancy with ART are at increased risk for spon-
taneous abortion in the fi rst trimester [ 21 ,  22 ] and very early pregnancy loss (before 
week 6 of gestation) [ 20 ]. Because embryo development this early in gestation is 
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most likely affected by gamete quality [ 23 ], these fi ndings support a hypothesis that 
maternal obesity affects oocyte quality before fertilization, thus leading to defects in 
early embryo development or implantation, and subsequent early pregnancy loss. 

 It is possible that obesity affects the endometrium and creates an unfavorable 
environment for the implanting embryo. A way to differentiate between effects on 
the oocyte and the endometrium is to compare the outcomes of ART between obese 
women who use autologous oocytes and those who use donor oocytes. One study 
found that the rate of pregnancy loss persisted in obese women receiving donor 
oocytes, suggesting that altered endometrial receptivity was responsible [ 24 ]. 
A more recent, larger analysis, which used data from the Society for Assisted 
Reproductive Technology Clinic Online Reporting System on 45,163 ART embryo 
transfers, confi rmed that obesity was associated with reduced rates of clinical intra-
uterine pregnancy in women who used autologous oocytes but not in women who 
used donor oocytes [ 25 ]. Although these studies were limited by the small number 
of women using donor oocytes, the data suggest that maternal obesity affects oocyte 
quality independent of any endometrial defi ciencies.  

    Oocyte Quality and Function in Murine Models 

 Given the obvious diffi culties with examining reproductive tissues in humans, 
researchers have turned to animal models to decipher the mechanisms responsible 
for subfertility in obese females. Several murine models of diet-induced obesity 
have now been reported. Although the studies differ in the fat content (22–36 %) of 
the diets, age at and duration of exposure, mouse strain, and other characteristics, 
they all report that female mice fed a high-fat diet (HFD) have signifi cantly higher 
total body weight and adipose tissue weight than mice fed regular chow [ 26 – 28 ]. 
The HFD-fed mice also have elevated levels of fasting serum glucose and free fatty 
acids, suggesting altered energy metabolism similar to that which occurs in type 2 
diabetes mellitus (T2DM). If mated naturally, the obese mice are more likely to be 
anovulatory than their chow-fed counterparts, but a signifi cantly higher number of 
oocytes are recovered if they do ovulate [ 27 ]. However, if mice are superovulated 
with gonadotropin, ovarian follicles of the obese mice show evidence of increased 
apoptosis, and the subsequent oocytes are smaller than those from control mice and 
exhibit delayed maturation [ 26 ,  29 ]. These observations suggest that maternal obe-
sity affects both follicles and oocytes. 

 Studies are now suggesting that oocytes from obese mice are impaired in their 
ability to sustain normal embryo growth. Fertilized oocytes isolated from obese 
mice demonstrate delayed progression starting from the four-to-eight-cell stage 
[ 27 ]. The resulting blastocysts also have aberrant cellular composition, with a 
greater number of cells constituting the trophectoderm than the inner cell mass. 
Another study found that two-cell embryos isolated from HFD-fed obese mice were 
more likely to be developmentally delayed (remained at or did not reach the two- 
cell stage) or to degrade than were embryos from control-fed mice [ 30 ]. Furthermore, 
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whereas more than 50 % of embryos isolated from control-diet-fed mice reached 
the blastocyst stage, less than 20 % of those from HFD-fed mice did so. Notably, 
when the morphologically normal blastocysts from obese and control females were 
transferred into uteri of control female mice, those from the obese group exhibited 
altered growth, characterized by smaller fetal and placental sizes at gestational day 
14.5 [ 26 ,  30 ]. Additionally, 20 % of the fetuses from obese mothers had gross brain 
abnormalities; these were absent in the fetuses from control mice [ 30 ]. Together, 
these data suggest that maternal obesity begins to have detrimental effects as early 
as the oocyte stage and that some of the defects may be subtle, allowing the early 
embryo to appear morphologically normal, but lead to signifi cant developmental 
abnormalities later in gestation. A number of possible mechanisms to explain the 
lasting effects of preconceptional maternal obesity on oocyte and embryo quality 
are being explored, such as aberrant glucose and insulin metabolism, mitochondrial 
dysfunction, cell division defects, and lipotoxicity.  

    Effects of Maternal Obesity on Oocyte and Embryo Quality: 
Possible Mechanisms 

 In an effort to understand the mechanisms by which obesity affects oocyte and 
embryo quality, it is useful to examine other disorders with similar metabolic con-
sequences. For example, obesity is associated with both hyperglycemia and hyper-
insulinemia, which also characterize T2DM. By contrast, type 1 diabetes mellitus 
(T1DM), which usually occurs as a result of an autoimmune disease that destroys 
the insulin-producing pancreatic beta cells, is characterized by severe hyperglyce-
mia and low or absent serum insulin levels. 

    Hyperglycemia 

 Women with T1DM are known to be at a high risk for miscarriage and giving birth 
to infants with congenital malformations [ 31 ]. A murine genetic model of T1DM 
has signifi cantly more apoptosis of granulosa and cumulus cells, both of which sur-
round the maturing oocyte, than a non-diabetic control group [ 32 ]. Additionally, 
oocytes isolated from diabetic mice are smaller in size and have a delay in comple-
tion of meiosis I, a phenotype analogous to the murine diet-induced obesity model 
[ 26 ]. Although the hyperglycemia that characterizes obesity is less severe than that 
in T1DM, exposure to excess glucose could be responsible for aberrant follicular 
and oocyte development in both contexts. 

 The oocyte is not directly exposed to glucose; it instead receives nutrients, sig-
naling molecules, and metabolic intermediates from the cumulus cells with which it 
is intimately coupled via gap junctions and paracrine signaling [ 33 ]. The cumulus 
cells in the cumulus–oocyte-complexes (COCs) are responsible for metabolizing 
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available glucose and supplying the oocyte with its major source of energy, pyru-
vate [ 34 ,  35 ]. In fact, oocytes denuded of their surrounding cumulus cells cannot 
metabolize glucose effi ciently and require pyruvate supplementation for survival 
[ 36 ]. Therefore, hyperglycemia may indirectly impair oocyte development by alter-
ing cumulus cell function. One study showed that cumulus cells from mice with 
T1DM had increased apoptosis rates and signifi cant mitochondrial dysfunction [ 37 ]. 
The apoptotic cumulus cells also demonstrated a diffuse cytochrome c staining 
 pattern and decreased caspase-3 activation, suggesting activation of the apoptosis 
pathway. Although the exact initiating event for mitochondrial dysfunction is 
unclear, glucose deprivation through downregulation of glucose transporters is a 
strong possibility [ 33 ]. In support of this idea, hyperglycemia has been shown to 
result in downregulation of the glucose transporter GLUT1, decreased glucose 
uptake, and increased apoptosis in murine preimplantation embryos and cumulus 
cells [ 37 – 40 ]. Decreased glucose uptake in cumulus cells from mice with chemi-
cally induced T1DM also correlates with lower ATP levels in the COCs [ 41 ]. 
Whether or not these are the mechanisms by which maternal obesity affects oocyte 
quality needs to be determined, but the above models of T1DM and hyperglycemia 
provide a good starting point for future research.  

    Hyperinsulinemia 

 Unlike T1DM, obesity and T2DM are characterized by insulin resistance, which 
results in hyperinsulinemia in addition to hyperglycemia. Insulin signaling is medi-
ated via the insulin receptor (IR) and insulin-like growth factor receptors (IGF1R 
and IGF2R), which are expressed in human, bovine, rat, and murine oocytes [ 42 – 46 ]. 
In vitro exposure of murine COCs to excess insulin produces morphologically 
 normal oocytes but hinders subsequent embryo development from the two-cell to 
blastocyst stage [ 47 ]. However, this deleterious effect is only evident when follicle-
stimulating hormone (FSH) is present in the culture media. Because insulin acts on 
granulosa cells in synergy with FSH to induce their differentiation and steroidogen-
esis [ 48 ], excess insulin may lead to aberrant differentiation of granulosa cells and 
an inability to support proper oocyte development [ 49 ,  50 ]. 

 A recent study demonstrated that murine and human cumulus cells are capable 
of insulin-stimulated glucose uptake, whereas murine oocytes are not (human 
oocytes have not been assayed) [ 51 ]. This study also revealed that insulin activates 
the canonical phosphoinositide 3-kinase (PI3K) pathway, which is required for glu-
cose transporter translocation to the cell surface, in cumulus cells. When mice were 
fed a HFD for four weeks, resulting in hyperinsulinemia without hyperglycemia, 
insulin-stimulated glucose uptake in the cumulus cells was signifi cantly reduced. 
Impaired insulin sensitivity and subsequently decreased glucose uptake in cumulus 
cells is another potential mechanism for obesity’s detrimental effects on oocyte and 
early embryo development. 
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 Another group recently suggested that the peroxisome proliferator-activated 
receptor-gamma (PPARγ) pathway may mediate the adverse effects of maternal obe-
sity on oocyte and early embryo development [ 27 ]. Activation of the PPARγ path-
way in adipocytes stimulates transcription of genes involved in lipid and glucose 
metabolism, resulting in improved insulin and lipid homeostasis [ 52 ]. PPARγ is also 
expressed in murine, ruminant, and human ovarian tissues, particularly in the granu-
losa cells [ 53 ]. Treatment of mice with the PPARγ agonist and the insulin- sensitizing 
agent rosiglitazone for 4 days before ovulation reverses the delays in early embryo 
progression observed in fertilized oocytes harvested from mice fed a HFD prior to 
conception [ 27 ]. The treatment also shows a trend towards reversing the cellular 
composition abnormalities in resulting blastocysts. In addition, rosiglitazone alters 
the expression of several PPARγ target genes within the ovary, suggesting a direct 
effect in this tissue [ 27 ]. However, its administration leads to signifi cant weight loss 
and lower levels of serum glucose, serum triglycerides, and insulin in HFD-fed 
mice. Thus, it is still unclear whether the observed effects on oocytes and early 
embryo development are a consequence of whole-body improvements in insulin 
sensitivity and subsequent reversal of hyperinsulinemia and hyperglycemia or 
refl ect direct action of rosiglitazone on the ovary. Although further studies are 
required, we can glean some additional answers from rats with a conditional knock-
out of PPARγ in the ovary. The resulting females are either infertile or severely 
subfertile [ 54 ]. They have normal follicular development, ovulation, and corpus 
luteum size, but the majority of the resulting embryos fail to implant. Because 
PPARγ was specifi cally knocked down in the ovary but not the uterus in these exper-
iments, it is reasonable to hypothesize that PPARγ plays a signifi cant role in ovarian 
function, either through regulation of oocyte competence or steroidogenesis after 
ovulation. Together, the above studies suggest that insulin sensitizers that specifi -
cally affect the PPARγ pathway may reverse some of the adverse effects of hyperin-
sulinemia on oocyte developmental competence by altering glucose metabolism in 
granulosa and cumulus cells.  

    Mitochondrial Dysfunction 

 Mitochondrial abnormalities are another potential mechanism to explain poor 
oocyte quality and impaired embryo development in obese women. Like all other 
cells, oocytes rely on mitochondria for energy production in the form of adenosine 
triphosphate (ATP). As mentioned above, it is thought that the surrounding cumulus 
cells provide the oocyte with pyruvate [ 35 ], which is metabolized through the mito-
chondrial oxidative pathways to synthesize ATP. The importance of pyruvate 
metabolism was illustrated by a study examining the effects of conditional inactiva-
tion of one of the subunits of the pyruvate dehydrogenase complex,  Pdha1  [ 55 ]. The 
resulting oocytes appeared to progress through the growth phase but were unable to 
support embryo development after fertilization. As expected, the  Pdha1 -defi cient 
oocytes also had decreased ATP levels. Interestingly, the developmental defect was 
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partially rescued in oocytes that were matured within intact COCs, suggesting that 
cumulus cells can provide the oocyte with ATP or other metabolites through gap 
junctions [ 55 ]. 

 Mitochondrial distribution and morphology are altered in oocytes harvested from 
diet-induced obese mice [ 28 ]. Whereas mitochondria in control-derived oocytes are 
distributed diffusely throughout the ooplasm, mitochondria in  obese- derived oocytes 
are perinuclear and in cortical clusters. Transmission electron microscopy of oocytes 
and the surrounding cumulus cells from obese mice reveal mitochondria that have 
fewer and disarrayed cristae, increased swelling, more vacuoles, and decreased elec-
tron density of the matrix [ 30 ]. Similar aberrations in mitochondrial morphology 
have been found in oocytes and cumulus cells from T1DM mouse models and in 
embryos undergoing cleavage arrest [ 37 ,  56 ,  57 ]. 

 Maternal obesity also appears to alter the function of mitochondria in oocytes. 
Oxidative phosphorylation in mitochondria produces reactive oxygen species 
(ROS), which can damage the cell when present in excess. Mitochondria tightly 
regulate the redox status of cells by regenerating antioxidant systems and maintain-
ing the NADPH:NADP+ ratio in the cytosol [ 58 ]. Using a low-toxicity potentiomet-
ric fl uorescent dye, one group observed that oocytes from obese mice had a 
signifi cantly higher inner mitochondrial membrane potential than those from con-
trol mice, and this difference persisted in the zygotes [ 28 ]. This was likely due to an 
increase in mitochondrial respiration because these oocytes and zygotes also had a 
shift of the redox status towards oxidation and increased rates of ROS production. 
One proposed mechanism for these fi ndings is that the increased availability of 
energy substrates, such as carbohydrates and fatty acids, found in an obesogenic 
state causes mitochondrial hyperactivity and increased ROS production and ulti-
mately leads to mitochondrial dysfunction and oocyte damage. A growing body of 
evidence suggests that abnormal energy balance in the oocyte due to mitochondrial 
abnormalities leads to abnormal spindle and chromosome alignments, oocyte matu-
ration failure, and early embryo developmental defects [ 59 ]. 

 Mitochondrial dysfunction induced by excess ROS is thought to cause com-
pensatory upregulation of mitochondrial biogenesis in numerous cell types [ 60 ], 
and there is evidence that this may be the case in oocytes as well [ 57 ]. Oocytes 
derived from mice fed a HFD have signifi cantly higher mitochondrial DNA copy 
number than those from control-fed mice [ 28 ,  30 ]. These oocytes also have 
increased expression of genes involved in mitochondrial biogenesis, including 
 PGC-1α ,  Drp- 1  ,  TFAM , and  NRF1 . Interestingly, oocytes form obese mice have 
lower levels of citrate but unchanged levels of ATP, suggesting that although mito-
chondrial function is disturbed, overall oocyte metabolism is not, perhaps as a 
result of compensatory increases in mitochondrial number [ 30 ]. However, zygotes 
isolated from obese mice 24 h after mating show no evidence of increased mito-
chondrial biogenesis [ 28 ], nor do the number of zygotes recovered from the HFD 
and control groups differ. This is surprising given that signs of ROS-induced dam-
age persist in obese- derived zygotes. This fi nding might be explained by the fact 
that a period of mitochondrial DNA turnover and maternal RNA destruction 
occurs shortly after fertilization [ 61 ]. These initial studies using the HFD-fed 
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murine model are still only correlative, with no proof that ROS-induced mito-
chondrial damage is responsible for the inability of the oocytes to support further 
embryo development. Further studies will also be needed to determine whether 
obesity’s effects on ROS homeostasis contribute to the long-term developmental 
defi ciencies observed in the offspring of obese mice, such as small fetal size and 
congenital abnormalities.  

    Spindle and Chromosomal Alignment Defects 

 Oocytes from mice on a HFD have a higher incidence of metaphase II chromo-
some misalignment, ectopic microtubule organizing centers, and malformed spin-
dles than oocytes from mice fed a control diet [ 30 ]. Similar chromosomal 
abnormalities are found in oocytes from T1DM mouse models [ 41 ,  57 ]. It is 
thought that proper chromosome alignment and spindle formation relies on mito-
chondrial function and distribution within the cell [ 57 ,  62 ]. The  Pdha1 -defi cient 
mice described above provide evidence for this; 98.4 % of the oocytes from these 
mice have gross abnormalities in meiotic spindle formation, chromosome align-
ment, and meiotic maturation [ 55 ]. Studies also link lower ATP levels in oocytes 
with abnormal spindle formation, suggesting that meiotic spindle formation 
requires adequate energy supplies [ 55 ,  63 ]. Alternatively, a biochemical study 
showed that microtubule assembly during spindle formation requires adequate 
NADPH, most likely for maintaining a proper redox state [ 64 ]. Although the pen-
tose phosphate pathway was the provider of NADPH in this study, we know that in 
the oocyte, where glucose is poorly metabolized, mitochondrial metabolism of 
pyruvate regulates NADPH availability [ 58 ]. 

 Oocytes with signifi cant spindle or chromosomal alignment abnormalities are 
likely to fail to fertilize, generate embryos with aneuploidy, or produce embryos 
incapable of normal developmental progression. These abnormalities could contrib-
ute to the higher rates of infertility and spontaneous pregnancy loss observed in 
obese women. In support of this idea, a recent study reported that oocytes from 
obese women undergoing IVF often have gross morphological abnormalities, spin-
dle anomalies, and non-aligned chromosomes [ 65 ,  66 ].  

    Lipotoxicity 

 Although the full function of adipose tissue is poorly understood, it is known that 
this tissue stores excess nutrients in the form of triglycerides and that it also plays 
an endocrine role as a source of adipokines [ 67 ,  68 ]. Accumulating evidence now 
suggests that both of these functions can become dysregulated in the context of 
obesity, thus damaging other tissues, including the reproductive tract [ 69 ]. As the 
storage capacity of adipose tissue becomes overwhelmed, triglycerides begin to 
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accumulate in non-adipose tissues. The resulting high levels of fatty acids cause a 
lipid-induced apoptotic cascade-termed lipotoxicity [ 70 ]. Although this process is 
not yet fully understood, the resulting increased oxidative stress is thought to induce 
endoplasmic reticulum (ER) stress, an unfolded-protein response, and apoptosis. 
Prime examples of lipotoxicity include lipid accumulation in the liver, skeletal mus-
cle, heart, and pancreas; such accumulation contributes to the development of obe-
sity, diabetes, and heart failure. 

 Mammalian oocytes contain lipid droplets, which are thought to be necessary for 
oocyte and preimplantation embryo development [ 71 ,  72 ]. For example, fatty acid 
oxidation is required for oocyte germinal vesicle breakdown and early embryo 
development through the blastocyst stage in mice [ 73 ,  74 ]. Mice fed a HFD for 4 
weeks have higher levels of lipids within their oocytes and surrounding cumulus 
cells than mice fed a control diet [ 29 ]. These COCs also have increased expression 
of the ER stress marker genes  ATF4  and  GRP78  and decreased fertilization rates. 
Additionally, Wu et al. found that  ATF4  expression is elevated in granulosa cells 
from obese women, suggesting that ER stress contributes to lower conception rates 
in obese women [ 29 ]. The source of the excess lipid within oocytes and cumulus 
cells remains an unanswered question. Possibilities include de novo lipogenesis in 
the oocyte and cumulus cells or diffusion from the maternal serum or follicular 
fl uid. Consistent with the latter possibility, increased triglyceride levels have been 
observed in the follicular fl uid of obese women [ 75 ]. Another study also found that 
elevated follicular free fatty acid (FFA) levels are associated with poor COC mor-
phology in women undergoing IVF [ 76 ]. Interestingly, this study found that serum 
FFA levels do not correlate with follicular FFA levels, suggesting that the follicular 
environment is the source for the excess lipids accumulating in the COCs and gran-
ulosa cells. 

 As adipose tissue accumulates to accommodate the excess energy, adipocytes 
grow in quantity and size and alter their secretory profi les [ 67 ]. One important 
secreted adipokine is leptin (the product of the  Obesity  [ Ob ] gene in mice), which 
primarily acts on the hypothalamus to regulate satiety. Levels of leptin in the serum 
and leptin mRNA in adipocytes both directly correlate with BMI in humans [ 77 ]. In 
addition to its stimulatory effects on the hypothalamic–pituitary–gonadal axis [ 78 ], 
leptin appears to directly regulate ovarian function. In fact, the leptin receptor is 
expressed in human and rodent oocytes, theca cells, and granulosa cells [ 79 ,  80 ]. 
Additionally, follicular fl uid from women undergoing IVF contains leptin, the levels 
of leptin positively correlate with BMI [ 81 ], and increased follicular leptin levels 
are associated with poor ovarian response and decreased IVF success rates [ 82 – 84 ]. 
Numerous studies using human tissue and various animal models have shown that 
excess leptin has deleterious effects on oocyte and embryo development [ 83 ]. One 
such study reported that although there were no differences in number of oocytes 
retrieved, fertilized, or developed past the cleavage stage, the embryos generated 
from oocytes retrieved from women with high leptin:BMI ratios were of reduced 
quality at day three post-retrieval [ 84 ]. The subsequent implantation rates were also 
signifi cantly lower in the high vs. low leptin:BMI groups (13.2 % vs. 26.7 %). These 
fi ndings support a hypothesis that excess leptin has deleterious effects on the oocyte, 
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which in turn affect embryo quality and lead to increased pregnancy loss. It is also 
possible that developmental defects resulting from elevated leptin at the preconcep-
tion stage persist in the surviving fetuses and contribute to some of the congenital 
defects reported in children of obese mothers.   

    Paternal Obesity and Implications for Fertility 
and Embryo Health 

 Although the majority of research has focused on maternal obesity and reproductive 
outcomes, recent data indicate that paternal obesity may also cause changes in the 
semen that alter embryo development and contribute to infertility [ 85 ,  86 ]. According 
to population studies, a high paternal BMI is associated with a longer time to con-
ception and an increased risk of infertility among couples trying to conceive [ 8 ,  87 ]. 
This is in part due to lower sperm quality leading to decreased fertilization rates 
[ 88 ]. However, among couples undergoing IVF, paternal obesity is associated with 
decreased number of embryos progressing to blastocyst stage and lower pregnancy 
rates after embryo transfer [ 89 ,  90 ]. These fi ndings suggest that paternal obesity 
compromises sperm function and the ability to generate a normal embryo. 

 Animal models of diet-induced paternal obesity support the observations in 
human pregnancies. Embryos originating from HFD-fed male mice have a reduced 
rate of progression to blastocyst stage, decreased implantation rates, and alterations 
in the cellular composition of the resulting blastocysts [ 85 ,  86 ]. To specifi cally ana-
lyze effects on sperm and eliminate confounders such as mating time, alterations in 
seminal fl uid, and mating behavior, one group generated embryos by performing 
IVF with sperm from HFD- vs. control-fed mice [ 85 ]. Thus, they were able to dem-
onstrate that the delay in early development, altered cell-lineage allocation, and 
lower implantation rates are due to defects in the sperm. This group also reported 
lasting effects of paternal obesity on the offspring, as evidenced by delayed fetal and 
placental development at gestation day 13.5. 

 Few mechanisms for how paternal obesity affects embryo development and sur-
vival have been proposed. Bakos et al. implicated increased oxidative stress and 
subsequent DNA damage in spermatozoa from obese mice [ 91 ]. DNA damage has 
also been observed in sperm from obese men [ 92 ], and this parameter has been 
associated with increased early pregnancy loss in spontaneous conceptions [ 93 ,  94 ]. 
Another group suggested that mitochondrial dysfunction observed in embryos sired 
by obese male mice may be responsible for the associated developmental delays 
[ 85 ]. Proteins encoded by paternal nuclear DNA are incorporated into the respira-
tory chain starting at the two-cell stage and, if the corresponding genes have obesity- 
induced DNA damage, could thus contribute to mitochondrial dysfunction. Lastly, 
epigenetic modifi cations in sperm from obese males have been proposed as a pos-
sible mechanism for altered embryo development [ 95 ]. For example, sperm from 
HFD-fed mice have increased levels of histone acetylation and DNA damage [ 96 ]. 
Similarly, obesity has been associated with hypomethylation of imprinted genes in 
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some tissues [ 97 ]; although this link has not been demonstrated in sperm, such 
hypomethylation has been observed in sperm from infertile men and has been linked 
with early pregnancy loss in rats [ 98 ,  99 ].  

    Conclusions and Future Directions 

 A link between parental obesity and subsequent oocyte quality and developmental 
competence has been established in both humans and mice. However, the mecha-
nisms responsible for disruption of embryo development after exposure of gametes 
to an obesogenic environment are only beginning to be understood. Some of the 
proposed mechanisms in this chapter are based on correlative data and need exten-
sive further experimental data for confi rmation. Others are extrapolated from dis-
ease models, such as T1DM and T2DM, and will need to be confi rmed in the context 
of obesity. Additionally, several studies highlight that further work is required to 
differentiate between direct effects of maternal obesity on the oocyte vs. the sur-
rounding cumulus and granulosa cells. As the mechanisms by which obesity can 
alter early reproductive function are elucidated, specifi c interventions to decrease 
infertility rates and prevent adverse pregnancy outcomes in obese patients can be 
developed.      
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    Chapter 6   
 Fertility Treatment Outcomes 
in Obese Women  

             Erika     M.     Munch      and     Divya     Kelath     Shah     

            Introduction 

 Despite a growing body of literature describing the relationship between body mass 
index (BMI) and fertility treatment outcome, transmission of this knowledge to 
patients remains inadequate. Though many women are aware of a general adverse 
impact of obesity on reproductive health, the scope of knowledge is often limited to 
late pregnancy complications such as higher rates of preeclampsia, gestational dia-
betes, stillbirth, and others as discussed in Chap.   10    . By comparison, women often 
have little information about the effect of excess body weight on conception and 
early pregnancy. 

 This knowledge gap may refl ect the challenge that clinicians face when attempt-
ing to interpret and apply the available data in a way that patients can understand. In 
a cursory view of the literature, it would be easy to see why this is diffi cult: hetero-
geneous defi nitions and clinical endpoints, inconsistencies in protocols among 
treatment centers, and a lack of prospective clinical trials make summarization of 
these published studies a formidable task. 

 Clinicians need a thorough but accessible review of the literature that allows 
them to convey pertinent information directly to patients and colleagues in order to 
improve educational efforts as well as clinical outcomes. To summarize the current 
literature of fertility treatment outcomes in obese women, we chose an approach 
that parallels the infertility evaluation and treatment process, highlighting the impact 
of obesity on each parameter in an accessible but comprehensive manner that facili-
tates patient counseling.  
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    Ovulation and Spontaneous Conception 

 Assessment of ovulatory status should be the fi rst step in the infertility evaluation of 
obese women, as subsequent treatment is frequently based on the presence or 
absence of spontaneous ovulation. 

 Oligo- or anovulation is frequently associated with polycystic ovarian syndrome 
(PCOS). Over 50 % of women with PCOS and associated oligo-anovulation are over-
weight or obese [ 1 ,  2 ]. The ovulatory dysfunction in many PCOS patients is mediated 
by insulin resistance and hyperinsulinemia, which is augmented by the degree of 
obesity [ 3 ]. Insulin stimulates androgen production by ovarian theca cells and inhib-
its hepatic synthesis of sex hormone-binding globulin, resulting in an androgen- 
dominant environment that inhibits normal follicular maturation [ 4 ,  5 ]. With longer 
cycles and fewer ovulatory events, the chances of spontaneous conception for women 
with oligo-ovulation diminish dramatically; thus, interventions aimed to achieve 
regular ovulation are critical initial treatments for infertile obese women. 

 Spontaneous conception rates are compromised, however, even among ovulatory 
obese women [ 6 – 8 ]. A prospective Danish study assessed spontaneous pregnancy 
outcomes in more than 3,000 subfertile women. Regularly ovulating women with a 
BMI > 29 kg/m 2  had a signifi cantly lower probability of pregnancy within the next 
year (HR 0.95 [95 % CI 0.91–0.99]), compared to women with a BMI of 21–29 kg/m 2 . 
Additionally, the investigators noted a 5 % decrease in the probability of pregnancy 
for each unit of BMI > 29 kg/m 2 , which was comparable to an age-related fertility 
decline of 1 year [ 9 ].  

    Weight Loss for Ovulation Induction 

 Sustained weight loss with the goal to resume ovulatory function is an effective but 
diffi cult—and therefore underutilized—treatment for obesity-related subfertility. 
Even small reductions in weight can result in a dramatic return of ovulation and 
pregnancy [ 10 – 12 ]. One novel small prospective study [ 11 ] examined 18 infertile, 
clomiphene-resistant obese women who participated in 6-month program of weekly 
sessions comprised of 1 h of exercise and low-impact aerobics, followed by a 1 h 
seminar on weight-related topics such as nutrition, eating habits, and obesity’s 
effect on the endocrine system. The sessions were structured so that pursuit or dis-
cussion of infertility treatments was specifi cally excluded; the focus was to encour-
age positive changes in lifestyle and health independent of fertility concerns. 
Women were encouraged to participate in other extracurricular exercise activity and 
group support sessions outside of these mandatory sessions. Outcomes for women 
who completed the study (completion group) were compared to those who dropped 
out before completing the study (dropout group). Pregnancy outcomes for all 
women, including those who declined participation in the intervention (declination 
group), were followed for an additional year. Women who completed the full 
6-month program lost an average of 6.3 kg. There were signifi cant decreases in 
serum testosterone and insulin, and rises in sex hormone-binding globulin for 
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women in both the completion and dropout groups. Twelve of thirteen women in the 
completion group regained spontaneous ovulation after the 6-month intervention, 
compared to none of the dropout group. Eleven of the twelve women in the comple-
tion group who attempted pregnancy conceived within 1 year, as compared to 0/5 
and 1/12 women in the dropout and declination groups, respectively (Fig.  6.1 ). Over 
90 % of the participants resumed ovulation after a weight loss of only 4.3 kg; this 
amount is far less than the 5–10 % of total body weight that obese women are often 
recommended to lose to achieve ovulation. Obese women seeking to improve fertil-
ity with minimal pharmaceutical or procedural intervention should fi nd these results 
encouraging.  

 Sustained weight loss is also among the more economical fertility treatments, as it is 
considerably less expensive than most other medical or surgical management strategies. 
The entire 6-month program in the aforementioned study cost considerably less than a 
single cycle of IVF at the same institution. While weight loss should be encouraged in 
all obese patients seeking fertility, it may be of particular interest to those with limited 
resources and/or a longstanding history of infertility.  
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  Fig. 6.1    Changes in weight and ovulation rates during the study period for those subjects who 
completed 6 months of trial. The number of spontaneous pregnancies is shown in the  bottom panel . 
From Clark AM, Ledger W, Galletly C, Tomlinson L, Blaney F, Wang X, et al. Weight loss results 
in signifi cant improvement in pregnancy and ovulation rates in anovulatory obese women. Human 
Reproduction. 1995 Oct;10(10):2705–12. PubMed PMID: 8567797. With permission from Oxford 
University Press, UK       
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    Ovulation Induction and Superovulation 

 When ovulation is irregular or absent, women can undergo ovulation induction with 
oral or injectable medications; the response to these is generally attenuated in obese 
women compared to those of normal weight. Compared with women of normal 
weight, overweight and obese women often require higher doses of clomiphene, the 
fi rst-line agent commonly used to induce ovulation. Previous work by Lobo and col-
leagues [ 13 ] has demonstrated a positive correlation between weight and ovulatory 
dose of clomiphene, with only 20 % of women over 200 lb ovulating in response to 
50 mg clomiphene, and an additional 20 % ovulating at a dose of 100 mg. Elevated 
BMI, and more specifi cally central body fat distribution, can predict increased resis-
tance to clomiphene; such women often require higher doses to achieve ovulation [ 14 ]. 

 When clomiphene is ineffective at effecting ovulation, letrozole is a common 
second-line agent. This aromatase inhibitor has been found to induce ovulation in 
more than 25 % of patients with clomiphene resistance [ 15 ]. No published studies 
have examined the optimal dosing of letrozole for ovulation induction in obese 
women, possibly refl ecting its off-label use for this indication. However, in a small 
study examining pregnancy outcomes in 90 obese and nonobese women undergoing 
treatment with letrozole and intrauterine insemination (IUI), there was no difference 
in pregnancy rates between obese and nonobese women [ 16 ]. 

 If oral ovulation induction fails, the next treatment is typically gonadotropin 
injections, with or without the concurrent use of oral agents, in an attempt to stimu-
late multifollicular development. This treatment is often paired with intrauterine 
insemination (IUI) to maximize chances of conception. Obese women require 
greater quantities of medications to effect ovulation, not only with oral agents, but 
also with injectable gonadotropins. In a retrospective study of more than 300 women 
undergoing more than 800 cycles of superovulation and IUI, the mean total gonado-
tropin dosages per cycle were higher for obese women as compared to those of 
normal weight, even when analyzing only fi rst cycles [ 17 ]. Peak estradiol levels 
during gonadotropin stimulation have been found to be inversely proportional to 
BMI, with lower estradiol levels per follicle in obese women [ 18 ]. However, once 
medication regimens have been optimized for peak estradiol and follicular develop-
ment, obese women undergoing gonadotropin-IUI are generally able to achieve 
pregnancy rates comparable to those seen in normal weight women [ 18 ].  

    In Vitro Fertilization 

 When ovulation induction has failed to achieve pregnancy, many patients may pro-
ceed with the more intensive treatment of in vitro fertilization (IVF)—a process 
involving superovulation, oocyte retrieval, ex vivo fertilization and embryo culture, 
and embryo transfer. A common misconception among many patients is that any 
detrimental impact of obesity on fertility outcomes can be overcome using assisted 
reproductive technologies (ART), but obesity appears to impact each step of the IVF 
process, even at the microscopic level. 
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    Ovarian Stimulation 

 Similar to superovulation with IUI, gonadotropin requirements are typically higher 
in obese as compared to nonobese women undergoing IVF. Obese women undergo-
ing gonadotropin stimulation for IVF have lower peak [ 19 – 21 ] and per follicle 
estradiol levels [ 21 ]. Obese women require a greater total amount of gonadotropins 
to achieve a similar degree of follicular growth as compared to overweight or 
normal- weight women [ 22 ,  23 ], resulting in an increased length of gonadotropin 
stimulation prior to oocyte retrieval [ 20 ]. Given this gonadotropin “resistance,” 
obese women are more likely to have a cycle cancellation, often related to poor 
ovarian response to follicular stimulation [ 24 ,  25 ]. 

 The higher risks of cycle cancellation and increased gonadotropin requirement in 
obese women may lead to higher-than-average costs for IVF in obese women. In a 
retrospective analysis of more than 1,700 fi rst IVF cycles, there were no differences 
in cost per IVF cycle across all ranges of BMI [ 26 ]. However, considering that mul-
tiple cycle starts might be required to ultimately lead to an oocyte retrieval, and the 
decreased chances of pregnancy in obese women undergoing ART (reviewed later 
in this chapter), the cumulative fi nancial cost to achieve a “take-home baby” may be 
greater for obese women. 

 Special consideration should be given when considering ovulation induction out-
comes in obese women with PCOS; this unique group is characterized by high 
antral follicle counts that should offer good chances for follicular recruitment in 
response to gonadotropin stimulation. However, obese women with PCOS also 
require higher doses of gonadotropins to achieve a comparable degree of follicular 
development to their nonobese counterparts. In one study of 72 patients with PCOS, 
women with a BMI ≥ 40 kg/m 2  required higher doses of gonadotropin to achieve the 
same number of mature follicles than those with a BMI < 40 kg/m 2  (2,606.8 IU ver-
sus 1924.6 IU,  p  = 0.03) [ 27 ]. This difference was noted even though there was no 
difference in the total number of follicles between the two groups (follicles >12 mm: 
 p  = 0.5, follicles >16 mm:  p  = 0.87).  

    Oocyte Retrieval, Maturity, and Fertilization 

 Oocyte retrieval for IVF can be particularly challenging in obese women. Visceral 
adipose and redundant inguinal tissue can make manipulation of a transvaginal 
ultrasound probe technically diffi cult, thereby compromising visualization of the 
ovaries. As discussed above, obesity is associated with lower peak estradiol levels 
and fewer follicles for a given level of estradiol. Thus, the total number of follicles 
available for oocyte retrieval may be lower than in nonobese women of a similar 
age. Jungheim and colleagues [ 27 ] described fewer oocytes retrieved in women 
with a BMI ≥ 40 kg/m 2  than those with a BMI < 40 kg/m 2  (8.9 versus 13.6, 
 p  = 0.0006), which is consistent with the fi ndings of other studies [ 24 ,  28 ]. Several 
of the cases were noted to be technically diffi cult in the medical record, and when 
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these cases were removed from the analysis, there was no longer a difference in 
numbers of oocytes retrieved (10.42 versus 13.63,  p  = 0.06). 

 Transabdominal oocyte retrieval is an alternative approach when patient obesity 
compromises transvaginal access to the ovaries. In a retrospective case-control 
study of 69 patients undergoing transabdominal oocyte retrieval owing to one or 
both ovaries being inaccessible through the vagina, comparable numbers of mature 
oocytes were retrieved transabdominally as compared to transvaginal (9.2 versus 
7.3,  p  = 0.14), though the total number of oocytes retrieved was less in the transab-
dominal group (11.9 versus 14.1,  p  = 0.008) [ 29 ]. 

 It is unclear whether obesity affects oocyte development, and some investigators 
have examined follicular fl uid to identify correlations between serum and follicular 
metabolites that may be detrimental to the development of quality oocytes. 
Compared with nonobese women, obese women have higher serum concentrations 
of free fatty acids, and in a study of 102 women undergoing IVF, elevated follicular 
free fatty acids were associated with poor cumulus oocyte complex morphology 
[ 30 ]. Though this study did not fi nd a strong correlation between follicular and 
serum free fatty acid concentrations ( r  < 0.31 for each free fatty acid studied), 
another follicular fl uid study found that elevated follicular total protein and lipopro-
tein A1 were correlated with serum values and were associated with poor chances 
for embryo development [ 28 ]. Clinical utility of these markers will depend on the 
ability of studies to depict a consistent correlation with BMI and treatment 
outcomes. 

 The total number of mature oocytes retrieved may also be lower in obese women. 
In a retrospective review of 1,293 patients undergoing their fi rst IVF stimulation 
cycle, women with a BMI ≥ 40 kg/m 2  had signifi cantly fewer mature oocytes 
retrieved compared to women with a BMI < 40 kg/m 2  (11.69 ± 0.90 for a BMI ≥ 40, 
compared to 14.1 ± 0.32 for a BMI < 25 kg/m 2 , 14.16 ± 0.54 for a BMI 25–30 kg/m 2 , 
13.45 ± 0.49 for a BMI 30–40 kg/m 2 ,  p  < 0.02) [ 20 ]. There are data to suggest, how-
ever, that changes in BMI might improve the mature oocyte yield. In a prospective 
cohort study, Chavarro and colleagues [ 31 ] noted that obese (BMI ≥ 30 kg/m 2 ) and 
overweight women (BMI 25–30 kg/m 2 ) had a higher yield of metaphase II oocytes 
after a short-term weight loss of >1 kg from initial baseline appointment to the time 
of retrieval as compared to similarly obese and overweight women whose weight 
did not change (10.1 [95 % CI 8.5–11.6] compared to 7.8 [95 % CI 6.9–8.8], 
 p  = 0.03). This study hints at a biological plausibility for the observed association 
between BMI and oocyte maturity and quality. Unfortunately, the authors were not 
able to correlate this change in BMI with pregnancy or live birth rates; future studies 
might investigate this relationship further. 

 Some clinicians would suggest that insemination and fertilization rates, rather 
than subjective assessment performed by heterogeneously trained embryologists, 
provide a more objective assessment of oocyte maturity in obese women. Several 
published studies found no difference in fertilization rates between obese and non-
obese women [ 20 ,  32 ,  33 ] but this is not a uniform fi nding [ 21 ]. 

 Taken together, these data suggest that oocyte quality is impaired in obese women 
but is possibly reversible with a reduction in body weight.  
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    Embryo Quality and Transfer 

 Data regarding the quality of embryos created from the oocytes of obese women are 
inconsistent. Several large retrospective studies show no correlation of embryo qual-
ity with obesity, specifi cally no differences in grade [ 24 ], number of cells [ 24 ,  33 ], 
or degree of fragmentation [ 33 ]. However, a smaller retrospective study of 426 
cycles demonstrated that, compared to normal-weight women under 35 years old, 
obese women under 35 years old had lower embryo grades (2.3 ± 1.4 versus 2.0 ± 0.6, 
 p  = 0.02), fewer cryopreserved embryos (0.2 ± 1.2 versus 1.1 ± 2.2,  p  = 0.04), and 
higher numbers of discarded embryos (6.4 ± 0.7 versus 4.5 ± 0.3,  p  = 0.007) [ 32 ]. 

 Transabdominal ultrasound, fast becoming a near universal tool in facilitating 
optimal placement of the transfer catheter during embryo transfer, is more diffi cult 
in obese women. It is plausible that the greater diffi culty in optimal visualization 
during transabdominal ultrasound of obese women may lead to adverse IVF out-
comes, but few researchers have investigated this hypothesis. A single retrospective 
review of 417 fi rst IVF cycles revealed a nonsignifi cant increase in the inability to 
visualize the air bubbles during embryo transfer on women with a BMI > 25 kg/m 2  
( p  = 0.06); this was accompanied by a non-signifi cant decrease in implantation rate, 
and no change in ongoing pregnancy rate [ 34 ]. Given the paucity of published stud-
ies examining embryo transfer protocol in obese patients, no summary statements 
can be made as to whether the known technical challenges in transfer in obese 
women result in adverse pregnancy outcomes.   

    Implantation and Clinical Pregnancy 

 Whether the endometria of obese women have poorer receptivity for implanting 
embryos is unclear. Assessment of the preconception endometrium, either by hys-
teroscopy or endometrial biopsy, is not compulsory in the infertility workup unless 
the patient has risk factors or symptoms suggesting abnormal pathology. However, 
in a retrospective study of over 200 women with infertility, asymptomatic obese 
women had a higher number of precycle endometrial polyps compared with non-
obese women (52 % versus 15 %,  p  = 0.04); the authors suggest that hysteroscopy 
should be routinely performed in obese women prior to cycle start to optimize the 
endometrium prior to stimulation [ 35 ]. The effect of endometrial polyps on fertility 
is poorly understood and understudied; it is possible that obesity may be a common 
link between endometrial polyps and infertility. 

 In addition to macroscopic changes such as uterine polyps, obese women may 
have unidentifi ed microscopic or biochemical alterations in the endometrium that 
alter uterine receptivity. Some studies have revealed lower implantation rates in 
obese women [ 33 ,  34 ,  36 ] but others have shown no difference [ 25 ,  37 ]. In a retro-
spective analysis of 4,609 patients undergoing their fi rst IVF cycle, the odds of 
implantation were as low as 0.52 among obese women as compared to nonobese 
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women [ 38 ]. In a meta-analysis from 2007, Maheshwari summarized the fi ndings of 
21 studies and confi rmed nearly a 30 % lower odds of pregnancy in overweight or 
obese women undergoing IVF [ 23 ]. The odds for implantation are also decreased in 
obese women with PCOS [ 34 ]. 

 Many authors have tried to linearize implantation and clinical pregnancy rate 
data to mathematically predict patient outcomes with increasing BMI, with some 
limited success. A retrospective study of 171 women correlated a one unit increase 
in BMI with a 0.84 diminished odds of pregnancy; this was comparable to the 
diminishment in the odds of pregnancy with a one-unit elevation in baseline 
FSH. Conversely, a one-unit decrease in BMI increased the odds of pregnancy by 
1.19 [ 36 ]. However, given the relatively low median BMI (20.5) of participants, 
with no patients above a BMI of 28, the applicability of this data to clinical practice 
is limited. In a larger retrospective study of over 6,000 women, nearly 25 % of over-
weight or obese women (BMI > 25 kg/m 2 ) had decreased odds of pregnancy; for 
each unit of BMI increase above 25 kg/m 2 , there was a decrease in odds of preg-
nancy by 0.98. There was also a decrease in cumulative pregnancy rate with increas-
ing BMI, from 93.7 % pregnancy within four cycles for women with a BMI < 20 kg/m 2 , 
to 87.1 % for women with a BMI ≥ 30 kg/m 2  [ 33 ]. 

 Obesity does not appear to impact the risk of multiple gestation after fertility 
treatment. In a retrospective cohort of 90 patients, there were no differences in rates 
of multiple gestations between obese and nonobese women undergoing letrozole/
IUI cycles [ 16 ]. Similarly, there were no differences in multiple births in 4,609 fresh 
cycles of IVF across all ranges of BMI from <18.5 kg/m 2  to ≥40 kg/m 2  [ 38 ]. 

    Endometrial Receptivity Versus Poor Embryo Quality: Which 
Is Responsible for the Decreased Pregnancy Rates in Obese 
Women? 

 While data suggest that the implantation rate for obese women is poorer than 
normal- weight women, the majority of studies are unable to differentiate the impact 
of embryo quality from that of endometrial receptivity. Are implantation rates low 
because of poor embryo quality or because of a hostile intrauterine environment? 
This is currently a heavily debated topic and there are data available to support both 
possibilities. 

 An ideal study would eliminate one of the variables in question—for example, 
examining implantation and pregnancy rates in obese women who undergo IVF 
using oocytes from nonobese donors. In a study of 10,000 fi rst IVF cycles using 
oocytes from healthy normal-weight donors, rates of implantation were signifi -
cantly lower when recipient BMI increased beyond 25 kg/m 2  (38.5 % in women 
with a BMI 25–29.9 kg/m 2  versus 39.9 % in recipients with a BMI 20–24.9 kg/m 2 , 
 p  < 0.001), and dramatically so after recipient BMI increased beyond 30 kg/m 2  
(30.5 %  p  < 0.001) [ 39 ]. Clinical pregnancy rates were similarly diminished with 
increasing BMI (55.9 % in recipients with a BMI 20–24.9 kg/m 2  compared to 
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54.3 % for a BMI 25–29.9 kg/m 2 , and 45.4 for women with a BMI ≥ 30,  p  < 0.001). 
Clinical miscarriage rate and ectopic pregnancy rates were similar for all BMI 
groups. In the setting of unchanged laboratory and embryo parameters, these data 
suggest that uterine receptivity may be compromised in obese women. 

 Confl icting results have been reported, however, by a large analysis of 
33,000 cycles from the Society for Assisted Reproductive Technologies (SART) 
database, which found a signifi cant inverse association between obesity and preg-
nancy rate with the use of autologous oocytes, but no difference with the use of 
donor oocytes [ 40 ]. These data suggest an adverse impact of obesity on oocyte qual-
ity rather than endometrial receptivity. This concept was further supported by a 
recent meta-analysis comparing the chance of pregnancy in obese versus normal- 
weight donor oocyte recipients that did not include the aforementioned retrospec-
tive study of 10,000 cycles and found no difference in implantation (RR 0.93 [95 % 
CI 0.80–1.07]) or clinical pregnancy rates (RR 0.98 [95 % CI 0.83–1.15]) in obese 
as compared to normal-weight donor oocyte recipients [ 41 ].   

    Pregnancy Loss 

 Pregnancy loss is heterogeneously defi ned throughout the literature, with some 
studies focusing on fi rst trimester loss and others looking at losses through the point 
of viability, thus complicating attempts to summarize the existing data on the topic. 
A meta-analysis of 21 retrospective and observational studies noted a 30 % increased 
odds of miscarriage (loosely aggregated as losses from conception through 20 
weeks) among overweight or obese women following IVF [ 23 ]. A large study of 
6500 IVF cycles did not demonstrate a signifi cant change in the odds of miscarriage 
(OR 1.009 [95 % CI 0.989–1.028],  p  = 0.643) as defi ned as loss of an established 
pregnancy prior to 22 weeks [ 33 ]. The same study reported a signifi cantly decreased 
odds of live birth in obese women (OR 0.981 [95 % CI 0.967–0.995],  p  = 0.009), 
however, suggesting an increased risk of pregnancy loss not captured by the primary 
analysis. 

 More recently, Metwally and colleagues [ 42 ] performed a meta-analysis of 16 
studies, specifi cally examining miscarriage rates among obese and nonobese women, 
including both spontaneous pregnancies as well as those conceived via assisted 
reproduction. The authors demonstrated a signifi cantly increased odds of miscar-
riage in women with a BMI > 25 kg/m 2  (OR 1.67 [95 % CI 1.25–2.25]), regardless 
of the mode of conception. A subanalyses of the data revealed no change in the odds 
of miscarriage among women conceiving with IVF but suggested that overweight 
and obese women may have signifi cantly higher odds of miscarriage after oocyte 
donation (OR 1.52 [95 % CI 1.10–2.09]) and ovulation induction (OR 5.11 [95 % CI 
1.76–14.83]). These data again raise the question of whether it is the endometrial 
receptivity or embryo quality that plays a dominant role in the achievement of an 
ongoing pregnancy. Based upon the presently available data, it appears that both 
processes may contribute to obesity’s detrimental impact on clinical pregnancy.  
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    Live Birth 

 The most relevant question to most infertile couples is the chances of live birth, or 
the “take-home baby” rate. As most infertility physicians do not provide obstetric 
care much beyond the fi rst trimester, data collection on live birth often requires 
additional investigation. An early retrospective review of 2,660 couples reported 
that, after three cumulative cycles, the unadjusted cumulative live birth rate was 
50.3 % of nonobese women, compared to 41.4 % of obese women ( p  = 0.03) [ 24 ], 
but this and other previously published data was insuffi cient for a 2007 meta- 
analysis to conclusively support a decreased live birth rate in obese women [ 23 ]. 
Height and weight were added to the SART Clinic Online Reporting System (SART 
CORS) database in 2007, facilitating a large study evaluating the impact of obesity 
on live birth rates using over 45,000 embryo transfers from this database. The 
authors reported that women with a BMI ≥ 30 kg/m 2  had a signifi cantly decreased 
odds of pregnancy and live birth compared to nonobese women ( p  < 0.0001) [ 40 ]. 
Increasing obesity appears to further worsen the live birth rate, as illustrated 
(Fig.  6.2 ) by a 2012 retrospective analysis of 4700 fi rst IVF cycles that demon-
strated a reduced chance of live birth, up to 68 %, with increasing BMI (odds of live 
birth 0.63 [95 % CI 0.47–0.85] for women with a BMI 30–35, 0.39 [95 % CI 0.25–
0.61] with a BMI 35–40 kg/m 2 , and 0.32 [95 % CI 0.16–0.64] for a BMI ≥ 40 kg/m 2 ) 
[ 38 ]. Given the abundance of recently published studies on the topic [ 21 ,  33 ,  38 , 
 39 ], it is likely that a meta-analysis of all currently available data may now demon-
strate a clear reduction in live birth rates with maternal obesity.   
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  Fig. 6.2    Forest plot of adjusted live birth rate according to body mass index (BMI, kg/m 2 ) cate-
gory ( circle  represents odds ratio [OR],  horizontal line  represents 95 % confi dence interval [CI]). 
From Moragianni VA, Jones SM, Ryley DA. The effect of body mass index on the outcomes of 
fi rst assisted reproductive technology cycles. Fertility and Sterility. 2012 Jul;98(1):102–8. PubMed 
PMID: 22584023. With permission from Elsevier Limited, UK       
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    Conclusions 

 Several conclusions may be drawn from the available data:

•    Obesity appears to exert a negative impact on most fertility treatment outcomes 
in women.  

•   Obese women are less likely to ovulate with standard doses of oral ovulation 
induction agents, and more likely to require higher doses of gonadotropins for 
ovarian stimulation.  

•   Despite maximal effort in obtaining a good stimulation, obese women have 
lower peak levels of estradiol, which may refl ect a lower number of follicles 
available for retrieval. Poor stimulation may be partially overcome with a more 
aggressive dosing of gonadotropins.  

•   Whether lower implantation and pregnancy rates in obese women are the result 
of changes in endometrial receptivity or due to poor oocyte and embryo quality 
remains unclear.  

•   Regardless of the mechanism, ongoing pregnancy and live birth rates appear to 
be decreased in the obese population.    

 The challenges in summarizing the available data on fertility treatment outcomes 
in obese women are numerous given the heterogeneity of the published studies. As 
such, several limitations must be considered when evaluating the data presented in 
this chapter:

•    The defi nitions of obesity used in studies are widely heterogeneous. Most authors 
abide by the WHO classifi cation for obesity as a BMI ≥ 30 kg/m 2 ; however, oth-
ers have variably defi ned obesity as a BMI ≥ 25 to ≥40 kg/m 2 .  

•   The prevalence of PCOS in the obese population may confound the relationship 
between obesity and infertility treatment outcomes. Many studies fail to stratify 
obese women with and without PCOS, thus making attribution of outcomes 
related solely to BMI diffi cult.  

•   Clinical practice varies widely among providers of infertility care. Standard pro-
tocols may limit the ability of physicians to optimize gonadotropin stimulation 
for an obese patient. Assessment of oocyte and embryo quality is also subject to 
variation in the training and experience of an embryologist.  

•   There is no standard defi nition of clinical pregnancy or pregnancy loss. Depending 
on the study, clinical pregnancy is variably defi ned as positive beta HCG, pres-
ence of gestational sac and/or presence of a fetal pole with or without a heartbeat, 
or ongoing pregnancy at 8 weeks. Pregnancy loss may similarly be relegated to 
the fi rst trimester or extend to the point of viability.    

 How do we put these data to practical use? Without overwhelming couples with 
the specifi cs of individual studies, healthcare providers should emphasize that the 
most straightforward way to improve fertility treatment outcomes in obese women 
is through weight loss. A modest reduction in BMI not only improves a woman’s 
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chance of conceiving but also improves maternal and fetal outcomes during gesta-
tion. While medical treatment can improve pregnancy rates, it does not fully miti-
gate the negative impact of obesity on fertility treatment outcomes. 

 Finally, physicians and researchers should be motivated by the gaps in the cur-
rent literature to coordinate and conduct multicenter prospective trials examining 
the impact of obesity on fertility treatment outcomes. A standard experimental 
approach will not only facilitate the consolidation of existing knowledge, but will 
also hopefully identify novel mechanisms by which to improve fertility outcomes in 
obese women.      
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    Chapter 7   
 Early Pregnancy in Obese Women 

             Christina     E.     Boots       and     Mary     D.     Stephenson     

            Introduction 

 As the obesity epidemic continues, more research is being done to elucidate the 
effects of increasing body mass index (BMI) on reproductive health. Increasingly, 
studies have shown that obesity increases the risk for anovulation, subfertility, infer-
tility, poor IVF outcomes, as well as a multitude of pregnancy complications. 

 Specifi cally, obesity has been shown to have a negative impact on early preg-
nancy. In this chapter, we will focus on the association between obesity and early 
pregnancy loss, in spontaneous conception, in women with a history of recurrent 
pregnancy loss, as well as in the infertility population. How increasing BMI infl u-
ences early pregnancy is still unclear but we will attempt to summarize what is 
known with respect to pathophysiology.  

    Early Pregnancy Loss 

 Miscarriage is broadly defi ned as the spontaneous loss of a pregnancy before reach-
ing a viable gestation. The World Health Organization defi nes a miscarriage as the 
loss of a fetus less than 500 g [ 1 ]. However, in the research literature, miscarriage 
refers to the spontaneous loss of an intrauterine gestation, with other terms being 
used for nonvisualized or extra-uterine pregnancy loss. In 2011, Silver et al. 

        C.  E.   Boots ,  MD      (*)
  Division of Reproductive Endocrinology and Infertility, Department of Obstetrics 
and Gynecology ,  Washington University School of Medicine ,   St. Louis ,  MO ,  USA   
 e-mail: bootsc@wudosis.wustl.edu  

        M.  D.   Stephenson ,  MD, MSc      
  Division of Reproductive Endocrinology and Infertility, Department of Obstetrics 
and Gynecology ,  University of Illinois Chicago ,   Chicago ,  IL ,  USA   
 e-mail: msteph@uic.edu  

mailto:bootsc@wudosis.wustl.edu
mailto:msteph@uic.edu


104

proposed that the defi nition of early pregnancy loss include only those losses that 
spontaneously occurred at less than 10 weeks of gestation, and that fetal death 
includes all pregnancy losses between 10 and 20 weeks [ 2 ]. 

 In the general population, 15–20 % of clinically recognized pregnancies end in mis-
carriage. The risk of pregnancy loss increases to 30–50 % when preclinical pregnancies 
are considered as well [ 3 ,  4 ]. Obese women are more likely to have irregular menses, 
and they are less likely to seek early medical care than normal-weight women [ 5 ,  6 ]. As 
a result, the rate of pregnancy loss may be underestimated in the obese population. 

 Mounting evidence suggests an association between obesity and the risk of mis-
carriage, especially in women undergoing assisted reproductive technology [ 7 – 9 ]. 
Although there is less published data from the general reproductive population and 
in women with recurrent pregnancy loss, recent publications suggest an association 
[ 10 – 13 ]. 

    Spontaneous Conception 

 Limited data exists regarding the relationship between obesity and miscarriage in 
spontaneous conceptions. In 2004, Lashen et al. reported that obesity is signifi -
cantly associated with an increased risk of fi rst-trimester miscarriage, defi ned as 
6–12 weeks of gestation (OR 1.2; 95 % CI 1.01–1.46;  P  = 0.04) [ 10 ]. 

 In 2011, Boots and Stephenson published a systematic review and meta-analysis 
on obesity and miscarriage following spontaneous conception. Overall, six studies 
were included with a total of 3,800 obese women, 3,792 overweight women, and 
17,146 normal BMI women. The percentages of women with one or more miscar-
riage were 16.6 % in the obese, 11.8 % overweight, and 10.7 % in the controls. The 
odds of having one or more miscarriage were increased for obese women (OR 1.31; 
95 % CI 1.18–1.46) when compared to normal BMI women [ 12 ]. One of the limita-
tions of this systematic review was the broad defi nition of “miscarriage” used in the 
studies. For example, two studies did not describe the gestational age at the time of 
the pregnancy loss, while another study included all pregnancy losses of less than 
24 weeks, and another study included only pregnancy losses of less than 13 weeks. 
Additionally, fi ve of the six studies were retrospective in design, and most of the 
studies used self-reported height and weight rather than an objective measurement, 
thereby limiting the reliability.  

    Recurrent Pregnancy Loss 

 Recurrent pregnancy loss (RPL) is a devastating disease that affects up to 5 % of 
couples [ 14 ]. Recently, the American Society of Reproductive Medicine (ASRM) 
redefi ned RPL as two or more failed pregnancies [ 15 ]. Previously, RPL was more 
strictly defi ned as three or more consecutive miscarriages, which the Royal College 
of Obstetricians and Gynecologists term “recurrent miscarriage” [ 16 ]. 
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 ASRM recommends initiating clinical evaluation after two ultrasounds or 
 histopathologic documented pregnancy losses [ 15 ,  17 ]. Recently, Bernardi et al. and 
Foyouzi et al. concluded that chromosome testing of the second miscarriage should 
be performed, based on cost-effectiveness studies, to select which couples would 
benefi t from a thorough RPL evaluation [ 18 ,  19 ]. 

 Standard evaluation of RPL presently includes cytogenetic analysis of both part-
ners, maternal thyroid stimulating hormone (TSH), prolactin, glucose, anticardio-
lipin IgG/IgM, beta-2 glycoprotein-1 IgG/IgM, lupus anticoagulant, and assessment 
of the uterine cavity [ 15 ,  17 ]. With a history of a fetal demise of at least 10 weeks 
size, evaluation also includes inherited thrombophilia testing, including Factor V 
Leiden, prothrombin gene mutation, protein C, protein S, antithrombin, and homo-
cysteine [ 20 ]. Patients should be advised to avoid conception during the evaluation. 
Despite this extensive evaluation, almost half of the couples are left without an 
answer [ 14 ]. 

 Recently, the association between obesity and pregnancy loss in the RPL popula-
tion has been investigated in three studies. In 2004, as a subanalysis of a large case–
control study, Lashen et al. evaluated the risk of recurrent early miscarriage, defi ned 
as three or more miscarriages of less than 12 weeks of gestation [ 10 ]. Despite a 
small sample size ( n  = 10), an association between obesity and recurrent early mis-
carriage was found to be signifi cant (OR 3.5; 95 % CI 1.03–12.01;  P  = 0.04). 

 In 2010, Metwally et al. reported a retrospective analysis of 844 pregnancies in 
491 women with a history of recurrent miscarriage, defi ned as three or more con-
secutive miscarriages. Sixty-nine obese women (BMI ≥ 30 kg/m 2 ) were found to 
have a signifi cantly increased risk of miscarriage in the subsequent pregnancy as 
compared to normal-weight controls (OR 1.71; 95 % CI 1.05–2.8). Logistic regres-
sion analysis showed that an increased BMI was the second most important factor 
in predicting subsequent pregnancy outcome, after advanced maternal age [ 13 ]. 

 Most recently, Lo et al. published a retrospective analysis of 696 women with 
unexplained recurrent miscarriage, of which 90 were obese (BMI ≥ 30 kg/m 2 ). The 
investigators found that obese women with a history of unexplained recurrent mis-
carriage had an increased risk of miscarriage in their subsequent pregnancy when 
compared to normal-weight women (OR 1.73; 95 % CI 1.06–2.83) [ 11 ]. 

 Although only three studies have evaluated the association of obesity and mis-
carriage in women with a history of RPL all three studies have shown comparable 
results. BMI is a modifi able risk factor for women with RPL, and, therefore, we 
recommend measurement of height and weight at initial consultation, assistance 
with preconception weight loss, and measurement of weight at all subsequent preg-
nant and nonpregnant visits.  

    Advanced Reproductive Technology 

 The association between obesity and miscarriage has been extensively studied in 
women undergoing advanced reproductive technology (ART). Although many 
observational studies support this association [ 21 – 23 ], there are several studies that 
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did not fi nd a relationship [ 24 – 26 ]. Between 2007 and 2011, three systematic 
reviews and meta-analyses were performed. Each included 12–33 observational 
studies and used either a BMI of 25 or 30 kg/m 2  as a cutoff [ 7 – 9 ]. Rittenberg et al. 
and Maheshwari et al. both concluded that obese women undergoing ART had a 
higher rate of miscarriage [ 8 ,  9 ]. Maheshwari et al. found moderate heterogeneity 
when comparing BMI < 25 to ≥25 kg/m 2  ( I   2   = 46 %), but no heterogeneity when 
comparing BMI < 30 to ≥30 kg/m 2  ( I   2   = 0 %) [ 9 ]. Conversely, Rittenburg et al. 
showed moderate heterogeneity when comparing both BMI < 25 to ≥25 kg/m 2  
( I   2   = 48 %) and BMI < 30 to ≥30 kg/m 2  ( I   2   = 56 %) [ 8 ]. 

 However, Metwally et al. found confl icting results. In their primary analysis, 
which included all methods of conception (spontaneous conception, ovulation 
induction, and IVF/ICSI), there was a signifi cant increase in miscarriage rates in 
women with a BMI ≥ 25 kg/m 2  compared to controls (OR 1.67; 95 % CI 1.25–2.25). 
In the subanalysis of only IVF/ICSI pregnancies, the association was not signifi -
cant. The limitations of this meta-analysis are the inclusion of only one study with 
spontaneous conceptions and the absence of an assessment for heterogeneity [ 7 ].   

    Pathophysiology 

 Known risk factors for early pregnancy loss include age, diabetes, thyroid disease, 
and polycystic ovarian syndrome (PCOS) [ 27 – 30 ]. Many of these disease states are 
directly associated with obesity and may be confounding factors. The pathophysiol-
ogy of obesity affecting early pregnancy remains elusive. Hypotheses and animal 
models suggest that the endocrine milieu associated with obesity affects the oocytes, 
the developing embryo, and the endometrium [ 31 – 36 ]. 

    Oocytes and Embryos 

 Increasing evidence suggests that obesity affects oocyte quality, which subsequently 
impacts embryo quality [ 37 ]. The studies of Wang et al. and Luzo et al. showed that 
oocytes of high-fat-fed mice had increased mitochondrial dysfunction and abnormal 
morphology, as well as defects in spindle formation and chromosomal misalign-
ment, when compared to lean controls. These abnormalities led to an increased 
frequency of oocyte aneuploidy [ 31 ,  38 ]. 

 However, human studies have not associated obesity with an increased frequency 
of aneuploid miscarriages. In fact, two studies have shown that obese women are 
more likely to have euploid (46,XX or 46,XY) miscarriages compared to normal 
BMI women [ 32 ,  33 ]. In a retrospective case–control study from an infertility prac-
tice, consisting of 204 miscarriages, Landres et al. compared the frequency of 
euploid miscarriages in overweight or obese women (BMI ≥ 25 kg/m 2 ) to normal- 
weight women (BMI < 25 kg/m 2 ). There were 51 overweight or obese women with 
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a signifi cantly increased frequency of euploid miscarriages (56.9 % vs. 36.6 %, 
 P  = 0.04) [ 32 ]. 

 Recently, Boots et al. reported miscarriage chromosome results in women with a 
history of recurrent early pregnancy loss, defi ned as two or more losses of less than 
10 weeks gestation [ 33 ]. The mean maternal age at miscarriage was similar between 
the obese and nonobese groups, 35.0 vs. 34.1 years. The frequency of euploid mis-
carriage among obese women was signifi cantly increased compared to nonobese 
controls, 58 % vs. 37 % (RR = 1.63; 95 % CI 1.08– 2.47;  P  = 0.02) [ 33 ]. Since 
euploid miscarriage increases the risk of subsequent miscarriage, whereas an aneu-
ploid miscarriage is considered a random event and does not increase the risk for 
subsequent miscarriage, these concordant studies suggest that obesity may be an 
independent risk factor for further miscarriage in women with RPL [ 39 ,  40 ]. To 
date, there are no studies that have reported on the impact of weight loss on the 
frequency of euploid miscarriage in women with RPL. 

 Although human studies suggest that obesity does not increase the frequency of 
aneuploid miscarriage, obesity maybe impacting the embryo’s epigenetics [ 41 ,  42 ]. 
Studies show that metabolic insults from maternal dietary imbalance, increased 
fatty acids, and/or glucose intolerance during embryonic development can cause 
potentially stable epigenetic modifi cations, which could explain the lifelong effects 
seen in offspring [ 41 – 43 ]. 

 Dabelea et al. compared siblings that were born before and after their mother was 
diagnosed with diabetes. The risk of developing diabetes was signifi cantly higher in 
the siblings born after the mother developed diabetes, 73 % vs. 33 % (OR 3.7, 95 % 
CI 1.3–11.3,  P  = 0.02). BMI was also higher in siblings exposed to intrauterine dia-
betes with a mean increase of 2.6 kg/m 2  (0.9–4.3;  P  = 0.003) [ 44 ]. This work pro-
poses that a hyperglycemic environment increases the risk of diabetes beyond the 
genetic risk alone. 

 The fi ndings of Debalea et al. are supported by the study of Jungheim et al., who 
reported that pups from obese murine mothers have increased body fat and are at a 
higher risk of glucose intolerance and hypercholesterolemia [ 45 ]. Stothard et al. 
compared outcomes of embryos transferred from diabetic female mice to nondia-
betic female mice to embryos transferred from nondiabetic to nondiabetic female 
mice [ 46 ]. The fetuses from diabetic female mice had signifi cantly decreased 
implantation rates and higher rates of malformations. The effects of early, transient 
exposure    to maternal obesity and/or the diabetic milieu appear to infl uence meta-
bolic and morphologic consequences in offspring [ 46 ,  47 ]. 

 Jungheim et al. reported that embryonic insulin resistance in a type II diabetic 
mouse model has been shown to increase the risk of miscarriage [ 48 ]. In addition, 
Eng et al. suggested that metformin, which increases insulin sensitivity, reverses 
this association in the mouse model [ 49 ]. In human studies, results are convergent. 
In 2009, Palomba et al. published a meta-analysis of 17 randomized controlled trials 
(RCT), which evaluated the pregnancy outcomes in 566 women with PCOS precon-
ceptionally treated or not treated with metformin [ 50 ]. There was no difference in 
the miscarriage rate, 20.9 % vs. 21.2 % (OR 1.02, 95 % CI 0.65–1.21). 

 In 2012, Morin-Papunen et al. published a multicenter, double-blind, RCT of 
320 women with PCOS, defi ned by Rotterdam criteria, who were randomized to 
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receive preconception metformin or placebo [ 51 ]. There was no difference in mis-
carriage rates between cohorts (15.2 % vs. 17.9 %,  P  = 0.8). However, live birth 
rates were signifi cantly increased in the metformin cohort (41.9 % vs. 28.8 %, 
 P  = 0.006), and a nonsignifi cant trend was present in a subanalysis of obese 
(BMI ≥ 27 kg/m 2 ) women treated with metformin preconceptionally (35.7 % vs. 
21.9 %,  P  = 0.07). Although insulin resistance appears to contribute to the develop-
ment and maintenance of early pregnancy, it remains unclear whether improvement 
in insulin sensitivity through the use of metformin alleviates this impact.  

    Endometrium 

 In addition to the oocytes and embryos, obesity and its hormonal and metabolic 
effects may negatively infl uence the endometrium. Obesity is associated with 
increased systemic estrogen, which has been shown to decrease endometrial recep-
tivity [ 34 ]. Increased acute phase proteins and infl ammatory cytokines, such as 
IL-6, PAI 1, and TNF, are elevated in obese women and have been shown to decrease 
implantation and impair maintenance of pregnancy [ 52 – 54 ]. 

 Plasminogen activator inhibitor (PAI), produced by adipose tissue, is elevated in 
obesity and has been correlated with metabolic syndrome [ 52 ]. Glueck et al. has pub-
lished two studies correlating an elevated plasminogen activator inhibitor activity 
(PAI-Fx) with PCOS and RPL [ 54 ,  55 ]. In 1999, Glueck et al. demonstrated that 
women with PCOS who have had prior miscarriages but no live births had a signifi -
cantly higher PAI-Fx than women with PCOS who have had live births but no prior 
miscarriages, 67 % vs. 29 % ( P  = 0.05) [ 54 ]. In 2003, Glueck et al. studied 33 women 
with PCOS and RPL and compared them to 16 women with RPL but without PCOS 
and to 116 normal controls (no PCOS or RPL). The patients with PCOS and RPL were 
statistically more likely to have higher PAI-Fx, 38 % vs. 8 % ( P  = 0.004) [ 55 ]. These 
studies suggest that elevated PAI is associated with an increased risk of miscarriage. 

 Leptin is an adipose-produced hormone that regulates energy metabolism and 
interacts with nearly all reproductive organs, including the hypothalamus, the pitu-
itary gland, and the ovaries. In addition, leptin and its receptor have been observed 
in secretory endometrium. Obesity has been associated with nearly universally ele-
vated levels of leptin and subsequently, with a state of leptin resistance and relative 
defi ciency [ 56 ]. Leptin production has been shown to have an important role in the 
early maintenance of pregnancy by stimulating the expression of matrix metallopro-
teinase by the cytotrophoblast [ 35 ] and modulating the function of local T lympho-
cytes and proto-oncogenes [ 57 ]. The importance of leptin’s role in the endometrium 
has been speculated as the pathophysiology leading to miscarriage in obese women 
[ 56 ]. This hypothesis is supported by the study by Laird et al. which demonstrated 
that women with recurrent miscarriage ( n  = 53) have lower serum leptin levels [ 58 ]. 
Women who subsequently miscarried had signifi cantly decreased levels of plasma 
leptin at both 5–6 weeks and 7–8 weeks of gestation, as compared to women whose 
pregnancy resulted in a live birth. The investigators concluded that leptin may be 
protective of the early pregnancy [ 58 ].  
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    Donor Oocyte Models 

 Human donor oocyte models provide a unique opportunity to differentiate the infl u-
ence of obesity on the oocyte and the endometrium. Several retrospective cohort 
studies have investigated the pregnancy outcomes of obese and nonobese oocyte 
recipients using oocytes from normal BMI donors [ 59 – 61 ]. These studies have 
yielded confl icting results. Jungheim et al. published a systematic review and meta- 
analysis of 6 studies ( n  = 4,758) and concluded that the BMI of oocyte recipients did 
not impact IVF outcomes, including miscarriage rates [ 62 ]. 

 In the largest and most recent retrospective analysis, Bellver et al. reported preg-
nancy outcomes in 9,587 oocyte recipients from normal BMI donors [ 36 ]. Although 
there was no difference in the clinical miscarriage rate between obese and nonobese 
recipients, the implantation rate, clinical pregnancy rate, and live birth rate decreased 
with increasing recipient BMI [ 36 ]. These confl icting results most likely represent 
a multifactorial etiology for poorer pregnancy outcomes in obese women.   

    Conclusions 

 Mounting evidence suggests that obesity negatively impacts early pregnancy by 
impairing implantation and maintenance of pregnancy. Although the pathophysiol-
ogy has not been delineated, changes in oocyte quality, embryonic development, 
and the endometrium have been demonstrated in obese women. Future research is 
urgently needed to determine the pathophysiology. 

 Knowing how obesity impacts conception and the early maintenance of preg-
nancy is crucial to determine whether behavior modifi cations, such as weight loss, 
dietary alterations, or antioxidant supplementation, will reverse the effects. 
Preventing weight gain and obesity prior to conception is the only evidence-based 
recommendation at this time. Prospective trials and epidemiologic studies are 
needed to determine whether physicians should recommend preconception weight 
loss to reduce or perhaps prevent the devastating effects of obesity on pregnancy.      
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    Chapter 8   
 Obesity in Pregnancy 

             Shayna     N.     Conner      and     Alison     G.     Cahill   

            Epidemiology of Maternal Obesity 

 The WHO defi nes obesity as a body mass index (BMI) ≥ 30 kg/m 2 . Obesity is 
 subdivided into Class I (BMI 30–34), Class II (BMI 35–39), and Class III (BMI ≥ 40) 
[ 1 ]. The prevalence of maternal obesity has increased markedly over the past two 
decades; currently, over one-third of reproductive-age women are obese, and 8 % 
are extremely obese (Class III). Obesity rates increase with parity and maternal age 
and differ along racial/ethnic lines. Among women of reproductive age, African 
Americans have the highest rates of obesity (59 %), followed by Hispanics (41 %) 
and non-Hispanic whites (33 %) [ 2 – 4 ].  

    Metabolism in Pregnancy 

 As maternal weight increases with pregnancy, so too does maternal fat deposition. 
In obese women, the accumulated fat tends to be visceral fat, which has been cor-
related with metabolic factors such as blood pressure, insulin sensitivity, and lipid 
distribution. Because of elevated progesterone, human placental lactogen, and estra-
diol, pregnancy induces hyperlipidemia, in which concentrations of very low- 
density lipoprotein and triglyceride are increased but high-density lipoprotein is 
increased only marginally. The hyperlipidemia of pregnancy is manifested to a 
higher degree in obese women [ 5 ]. 
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 Another metabolic change in pregnancy is increase in protein synthesis in the 
second and third trimesters. Protein synthesis is highly active in the growing fetus 
and maternal tissues such as the liver, breasts, and uterus. Although the mecha-
nisms are unclear, some data suggest that protein synthesis is impaired in obese 
women [ 6 ]. 

 Pregnancy is associated with physiologic alterations in glucose metabolism. 
Fasting hypoglycemia, postprandial hyperglycemia, and hyperinsulinemia are 
observed in normal pregnancies. These physiologic effects are often different in 
obese women. For example, fasting hypoglycemia is less pronounced and can even 
be absent [ 7 ]. In addition, obese women often have enhanced insulin resistance, 
which exposes the fetus to hyperglycemia [ 8 ].  

    Weight Gain in Pregnancy 

 Recent evidence shows that excessive weight gain in pregnancy is associated with 
higher infant birth weight and postpartum weight retention. By contrast, poor 
maternal weight gain is associated with decreased infant birth weight [ 9 ,  10 ]. 
Therefore, careful attention should be paid in counseling patients regarding optimal 
weight gain in pregnancy. In 2009, the Institute of Medicine (IOM) published 
guidelines on gestational weight gain according to prepregnancy BMI [ 11 ]. 
However, the IOM did not differentiate women by age, race/ethnicity, or subclas-
sifi cations of obesity. As a result, the weight-gain guidelines span a wide range (see 
Table  8.1 ), and individualization of care and counseling is required for the obese 
patient. For instance, previous studies have demonstrated that as obesity severity 
increases, the optimal weight gain to prevent outcomes such as preterm birth and 
fetal growth abnormalities decreases [ 12 ,  13 ]. Therefore, an overweight or obese 
pregnant woman whose fetus is appropriately grown (by clinical sizing or ultra-
sound) should not be required or encouraged to gain more weight in order to 
 conform to the IOM guidelines.

   Table 8.1    IOM weight gain guidelines for pregnancy based on prepregnancy BMI   

 Prepregnancy 
weight category 

 BMI (kg/
m 2 ) 

 Recommended 
weight gain 
(pounds) 

 Mean (range) in 
pounds/week in second 
and third trimester a  

 Recommended 
weight gain for twin 
gestation (pounds) 

 Underweight  <18.5  28–40  1 (1–3)  No recommendations 
 Normal weight  18.5–24.9  25–35  1 (0.8–1)  37–54 
 Overweight  25–29.9  15–25  0.6 (0.5–0.7)  31–50 
 Obese  ≥30  11–20  0.5 (0.4–0.6)  25–42 

   a Assuming a 1.1–4.4 lb weight gain in the fi rst trimester  
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       Comorbidities in Pregnancy 

 Although obesity by itself can be considered a comorbidity in pregnancy, many 
medical conditions that are common in obese women often complicate pregnancy. 
These include hypertension, diabetes, hyperlipidemia, obstructive sleep apnea 
(OSA), and history of bariatric surgery. 

    Chronic Hypertension 

 Chronic hypertension is present in up to 5 % of all pregnant women, and is much 
more common in obese women [ 14 ,  15 ]. Chronic hypertension can cause end-organ 
damage, thereby complicating pregnancy even further by causing cardiomegaly, 
ischemic heart disease, left ventricular hypertrophy, renal involvement, or retinopa-
thy [ 16 ]. Additionally, chronic hypertension increases the maternal risks of overall 
mortality, preeclampsia, cesarean delivery, and placental abruption, and the fetal 
risks of growth restriction and fetal demise [ 17 – 19 ].  

    Pregestational Diabetes 

 Pregestational diabetes is present in 1 % of all pregnancies and is associated with 
signifi cant morbidity in pregnancy [ 20 ]. As with chronic hypertension, women with 
pregestational diabetes may have signifi cant involvement of the cardiac and renal 
systems. Risks that are increased by pregestational diabetes include preeclampsia, 
cesarean delivery, preterm delivery (PTD), spontaneous abortion (SAB), fetal 
demise, fetal growth abnormality, congenital anomalies, and neonatal complica-
tions [ 21 – 23 ].  

    Hyperlipidemia 

 Hyperlipidemia, which is common among obese women, is associated with an 
increased risk for preeclampsia [ 24 ,  25 ].  

    Obstructive Sleep Apnea 

 OSA, an underdiagnosed but common comorbidity of obesity in pregnancy, is 
also a known secondary cause of hypertension, cardiovascular disease, and mood 
disturbances [ 26 ,  27 ]. OSA has been associated with fetal growth restriction, 
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preeclampsia, and stillbirth [ 28 ]. However, one of the greatest considerations in 
obese women with sleep apnea is diffi culty with anesthesia administration, espe-
cially when  general anesthesia is required.  

    Bariatric Surgery 

 With the high rate of obesity, an increasing number of reproductive-age women are 
undergoing bariatric surgery [ 29 ]. Several studies have concluded that rates of many 
adverse maternal and neonatal outcomes are lower in women who become pregnant 
after bariatric surgery than in obese women who have not had bariatric surgery [ 30 ]. 
Nonetheless, there are some considerations for pregnant women with prior bariatric 
surgery. For instance, prior abdominal surgery can increase the risks incurred during 
a cesarean delivery, vitamin defi ciencies can be a concern, especially in malabsorp-
tive types of surgery, and testing for gestational diabetes may need to be altered 
because of rapid gastric emptying (or dumping syndrome) [ 31 ].   

    Maternal Complications and Risks 

 Pregnancy-associated maternal morbidities have consistently been shown to be 
higher among obese women than normal-weight women at all stages of pregnancy. 
Antepartum risks include gestational diabetes, gestational hypertension, and pre-
eclampsia. Intrapartum complications include induction and cesarean delivery. 
Finally, postpartum complications such as venous thromboembolism and wound 
complication are increased in obese women. 

    Gestational Hypertension and Preeclampsia 

 Gestational hypertension complicates pregnancy in 4.8 % of normal-weight women 
and 10.2 % of obese women, thus putting obese women at increased risk of pre-
eclampsia [ 32 ]. For example, a systematic review by Obrien et al. found that the risk 
of preeclampsia doubled for every 5–7 kg/m 2  increase in prepregnancy BMI [ 33 ]. 
Additionally, Bodnar et al. found that obese women were at threefold higher risk for 
preeclampsia than normal-weight women [ 34 ].  
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    Gestational Diabetes 

 Prepregnancy BMI is a strong predictor in the development of gestational diabetes 
[ 35 ]. Torloni et al. reported that moderately obese (Class I and II) and morbidly 
obese (Class III) women have three- and over fi vefold, respectively, higher risk of 
developing gestational diabetes than normal-weight women [ 36 ]. Furthermore, a 
recent meta-analysis reported that severely obese women (Class II and III) have an 
increased risk (OR 8.6) of gestational diabetes [ 37 ].  

    Induction of Labor and Cesarean Delivery 

 Obesity has been found to be an independent risk factor for induction of labor and 
cesarean delivery [ 38 ,  39 ]. For example, a retrospective cohort study by Kominiarek 
et al. reported that the risk for cesarean increased by 2–5 % for every 1 kg/m 2  rise in 
BMI [ 39 ], and several studies have demonstrated that obese women are at increased 
risk of cesarean regardless of parity or prior cesarean history [ 40 ]. Some studies 
have shown that obese women are at increased risk of cesarean during the fi rst, but 
not the second stage of labor [ 41 ]. This may be due to differences in the labor curve 
in obese women, which will be discussed later in this chapter.  

    Venous Thromboembolism 

 The rate of hospitalization for pregnancy-associated venous thromboembolism has 
increased along with the rate of obesity. Ghaji et al. found that from 1994 to 2009, 
there was a 14 % increase in the total rate of venous thromboembolism; rates 
increased by 17 % and 47 % in the antepartum and postpartum periods, respectively. 
In the same time frame, the prevalence of obesity among pregnant women hospital-
ized for pregnancy-associated venous thromboembolism doubled [ 42 ].  

    Wound Complication 

 Obese women are at higher risk for wound complications after cesarean delivery, 
including separation and infection, than normal-weight women. Rates of such com-
plications range from 3.5 to 30 % [ 43 – 47 ]. Additionally, a dose–response relation-
ship exists between BMI and risk of post-cesarean wound complications [ 48 ] 
(Fig.  8.1 ).    
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    Fetal and Obstetric Complications 

 Possible obstetric complications of maternal obesity include SAB and PTD. The 
fetal risks include macrosomia, stillbirth, and congenital anomalies. 

    Spontaneous Abortion 

 Several studies have observed an association between high BMI and risk of SAB. For 
example, a meta-analysis performed by Boots et al., which included a pooled cohort 
of over 28,000 women with spontaneous conception, found higher rates of SAB in 
obese women than normal-weight women (13.6 % vs. 10.7 %, OR 1.31, 95 % CI 
1.18–1.46) [ 49 ]. Metwally et al. included overweight women in their meta-analysis 
and found that the OR for SAB in women with BMI > 25 was 1.67 (95 % CI 1.25–
2.25) [ 50 ]. Investigations into SAB rate in obese women after confi rmed fetal heart 
activity reveal confl icting fi ndings; some studies suggested an increased risk of SAB, 
whereas others showed no difference [ 51 ,  52 ]. Additionally, there is evidence that 
obese women undergoing infertility treatments have increased SAB rates [ 53 ,  54 ].  
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  Fig. 8.1    Incidence of wound complication related to increasing BMI. Figure from: Conner SN, 
Verticchio JC, Tuuli MG, Odibo AO, Macones GA, Cahill AG. Maternal Obesity and Risk of 
Postcesarean Wound Complications. American Journal of Perinatology. 2013 Jun 13       
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    Preterm Delivery 

 The association between obesity and risk for PTD has not been well delineated. 
Rates of indicated PTD are clearly elevated among obese women because of comor-
bid conditions and increased rates of maternal, fetal, and obstetric complications, 
but the relationship between obesity and spontaneous PTD is not clear. Reviews 
have consistently shown that women in higher obesity classes (II and III) have 
increased risks for PTD, but risk estimates for women in obesity Class I are less 
consistent [ 55 ,  56 ]. A recent population-based retrospective cohort study of over 1.5 
million deliveries found an overall increased risk for PTD in obese women and 
observed a dose response for higher BMI classes. However, when investigating the 
risk for spontaneous PTD, only extreme PTD (22–27 weeks’ gestation) was found 
to be elevated in women with BMI ≥ 30 [ 57 ]. More data are needed to determine the 
risk of spontaneous PTD in obese women.  

    Macrosomia 

 Diabetes is a well-known risk factor for macrosomia (birth weight >4,500 g), but 
obesity alone has also been shown to be an independent risk factor for fetal macro-
somia. A retrospective cohort study of over 12,000 deliveries found that, compared 
to subjects with normal BMI, obese women were at higher risk for birth weight in 
the 90th percentile or greater (16.8 % vs. 10.5 %) [ 58 ]. Furthermore, a recent meta- 
analysis found that obese women have over threefold higher risk for macrosomia 
than women with normal BMI (OR 3.23, 95 % CI 2.39–4.37) [ 59 ].  

    Stillbirth 

 Both large well-performed cohort studies and meta-analyses reveal maternal obe-
sity, compared to normal BMI, is an independent risk factor for stillbirth (OR 1.63–2.8) 
[ 60 – 62 ] (see Table  8.2 ) [ 63 ].

   Table 8.2    Obesity and risk of stillbirth   

 Study  Type of study  Stillbirth OR  95 % CI 

 Kristensen 2005 [ 60 ]  Retrospective cohort  2.8  1.5–5.3 
 Chu 2007 [ 61 ]  Meta-analysis  2.07  1.59–2.74 
 Flenady 2011 [ 62 ]  Meta-analysis  1.63  1.35–1.95 
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       Congenital Anomalies 

 Several investigations have shown an association between maternal obesity and 
increased risk of specifi c congenital anomalies. Obese women are at the highest risk 
for fetuses with neural tube defects, hydrocephaly, and cardiac defects [ 64 – 67 ] (see 
Table  8.3 ). Compounding this fi nding, limitations in ultrasound because of body 
habitus can make diagnosis of fetal anomalies diffi cult in women with high BMI.

        Pregnancy Management Guidelines 

 Given the prevalence of obesity encountered in general obstetric practice, it is 
important to have an evidence-based approach to antepartum, intrapartum, and post-
partum management to minimize morbidity in these patients. It is important to note, 
however, that patients are individuals with differing comorbidities, and their care 
should not be determined solely on the basis of BMI. 

    Initial Counseling 

 All initial prenatal visits for obese pregnant patients should include counseling regard-
ing nutrition, weight gain, and anticipated risks to the pregnancy. Women should be 
informed of the recommendations about daily caloric intake, daily amounts of each 
food group for each trimester, and key vitamins and minerals required during preg-
nancy. This can be accomplished by providing patients with the education pamphlet 
from ACOG on nutrition during pregnancy or referring patients to a registered dieti-
cian for additional counseling. Obese pregnant patients should be counseled regard-
ing optimal weight gain, as discussed previously in this chapter [ 11 ]. In addition, the 
initial counseling session should highlight maternal, fetal, and obstetric risks associ-
ated with obesity, and attention should be paid to portray accurate risk estimates.  

   Table 8.3    Obesity and risk of specifi c congenital anomalies   

 Anomaly 

 Stothard et al.  Watkins et al.  Waller et al.  Shaw et al. 

 Meta-analysis  Case control  Case control  Case control 

 NTD/spina bifi da  1.87 (1.62–2.15)  3.50 
(1.20–10.30) 

 2.19 (1.69–2.85)  1.90 (1.30–2.90) 

 Hydrocephaly  1.68 (1.19–2.36)  –  1.27 (0.74–2.19)  – 
 Cardiac  1.30 (1.12–1.51)  2.00 

(1.20–3.40) 
 1.33 (1.17–1.52)  – 

 Cleft lip and palate  1.20 (1.03–1.40)  –  1.07 (0.86–1.32)  – 
 Gastroschisis  0.17 (0.10–0.30)  –  0.19 (0.10–0.35)  – 
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    Early Anatomy Scan 

 Most pregnant women undergo a routine anatomic survey to detect fetal anomalies 
during the second trimester, between 18 and 22 weeks’ gestation [ 68 ]. Although 
obese women are at higher risk for fetal congenital anomalies, multiple large retro-
spective cohort studies have shown that the odds of detection of fetal anomalies are 
signifi cantly decreased in obese women [ 69 – 71 ]. For example, Thornburg et al. 
found that whereas completion rates for a standard anatomic survey were 79 % for 
normal-weight women, they were 72 %, 61 %, and 49 % for women with Class I, 
Class II, and Class III obesity, respectively [ 71 ]. Another study reported that 66 % 
of fetal anomalies were detected with standard ultrasound examination in normal- 
weight women, but 25–48 % of such anomalies were detected in obese women 
[ 70 ]. Based on these fi ndings, fi rst-trimester ultrasound is emerging as an addi-
tional screening tool for detection of severe fetal anomalies in morbidly obese 
women. First-trimester evaluation of limited fetal anatomy can be performed trans-
vaginally, thus avoiding the abdominal pannus. However, further research is needed 
to assess the benefi t of fi rst-trimester ultrasound for fetal anatomy screening in 
obese women.  

    Early Screening for Gestational Diabetes 

 Because maternal obesity increases the risks for gestational and pregestational dia-
betes, early screening can improve fetal outcomes. Performing a one-hour glucose 
challenge test as early as the fi rst prenatal visit in women with BMI ≥ 30 can effec-
tively identify women with undiagnosed type 2 diabetes [ 72 ,  73 ]. When early 
screening is negative, repeat screening should be implemented between 24 and 28 
weeks’ gestation.  

    Aneuploidy Screening 

 First and second trimester screening for aneuploidy should be routinely offered to 
all pregnant women [ 74 ]. Evidence suggests that high BMI is not associated with 
suboptimal visualization on fi rst-trimester nuchal translucency measurement, but 
there is a higher likelihood that transvaginal views will be required to complete the 
assessment [ 75 ]. Additionally, there are no data to suggest that maternal serum 
screening accuracy is affected by maternal weight. Therefore, counseling on genetic 
screening options should be identical for obese and normal-weight women.  
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    Monitoring Fetal Growth 

 Obese women are at increased risk for macrosomia and large-for-gestational-age 
infants [ 76 ,  77 ], but because of maternal habitus in obese patients, clinical sizing by 
Leopold maneuvers and fundal height measurements can often be misleading and 
overestimate fetal size. This problem is often obviated because many obese patients 
will have other comorbidities, such as diabetes or chronic hypertension, that act as 
indications for serial fetal growth assessment via ultrasound. For obese women with 
no indications for serial assessments of fetal growth, there is a paucity of evidence 
on the best method of screening for fetal growth abnormalities. It is reasonable to 
attempt clinical sizing based on maternal body habitus, and then obtain ultrasound 
measurements if fetal growth abnormality is suspected. Further research is required 
on this subject.  

    Antenatal Testing 

 Women with BMI ≥ 30 have increased rates of stillbirth independent from obesity- 
related comorbidities [ 61 ,  76 ,  78 ]. Antepartum fetal surveillance through the use of 
non-stress tests and biophysical profi les are currently implemented for a variety of 
other maternal and fetal indications in order to reduce the risk of stillbirth. In 2009, 
Signore recommended that the role of antenatal testing in obesity should be a focus 
of future research [ 79 ]. Currently, convincing data on the benefi t of routine antena-
tal fetal surveillance solely for the indication of maternal obesity is lacking. Given 
the technical diffi culties of performing fetal testing in obese pregnant women, the 
false-positive rate of non-reassuring testing must be investigated before fetal testing 
is routinely employed in obese women who lack additional comorbidities.  

    Delivery Planning 

    Anesthesia Management 

 The physiologic effects of pregnancy increase the diffi culty of anesthesia adminis-
tration, and increasing BMI can compound these technical challenges. For example, 
intubation for initiation of general anesthesia in emergent cesarean deliveries is 
more diffi cult in obese women than in normal-weight women and is of primary 
concern. Therefore, early placement of regional anesthesia has been advocated as a 
strategy to reduce the need for general anesthesia in emergent situations. Another 
concern was illustrated by a prospective cohort study by Bamgbade et al., which 
found that obesity was associated with increased diffi culty in performing regional 
anesthesia. Although more than two attempts were required for successful place-
ment, failure rates were not increased in obese women [ 80 ]. In addition to diffi cult 
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placement, obese women have been found to have more frequent persistent hypo-
tension and fetal heart rate decelerations after epidural anesthesia [ 81 ]. Overall, in 
the anesthetic management of obese patients in labor, communication between 
obstetricians and anesthesiologists should be initiated early and often.  

    Induction of Labor 

 Because of higher rates of maternal and fetal complications in pregnancy, obese 
women are at increased risk for indicated induction of labor. Obese women are also 
more likely than normal-weight women to have a failed induction and undergo 
cesarean delivery. Wolfe et al. reported that the likelihood of a failed induction 
increased with increasing obesity class: 13 %, 20.2 %, 24.2 %, and 29 % for normal 
weight, obesity Class I, Class II, and Class III, respectively [ 82 ]. Furthermore, in a 
secondary analysis of a randomized controlled trial of women induced with prosta-
glandins, Pevzner et al. found that the duration of labor, oxytocin requirements, and 
cesarean delivery rates were signifi cantly higher as the degree of obesity increased 
[ 83 ]. Therefore, it is prudent to weigh the risks and benefi ts of induction of labor in 
obese patients, especially in the case of elective induction.  

    Trial of Labor After Cesarean 

 Obesity has consistently been cited as a risk factor for failed trial of labor after cesar-
ean, with failure rates increasing with increasing BMI [ 84 ,  85 ]. In a multicenter pro-
spective cohort study of 14,529 women undergoing trial of labor after cesarean, the 
success rate for obese women was 68.4 %, whereas 79.6 % of nonobese women were 
successful [ 86 ]. Additionally, in a secondary analysis investigating maternal and neo-
natal morbidities from trial of labor, morbidly obese women were found to have a 
fi vefold higher risk of uterine rupture or dehiscence than normal- weight women 
(2.1 % vs. 0.4 %) [ 87 ]. The etiology for decreased success rates in obese patients is 
unknown, but it is possible that physicians wish to avoid the morbidity associated 
with an emergent cesarean and thus have a lower threshold for advising a cesarean 
delivery. Another hypothesis is that obese women are more likely to fail trial of labor 
because their labor curve progression is different from their nonobese counterparts, 
thus leading to an increased likelihood of cesarean for labor arrest. Obese patients 
considering trial of labor after cesarean should be aware of the lower success rates 
but also consider their increased risk of morbidities incurred with cesarean delivery.  

    Labor Management: Changes to the Labor Curve 

 It is important to recognize that increasing BMI is associated with slower labor 
progression in both nulliparous and multiparous women [ 88 ]. A recent retrospective 
cohort study among 5,204 consecutive singleton term pregnancies who completed 
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the fi rst stage of labor found that the overall duration of labor was longer, and 
 progression of the early part of the fi rst stage was slower, in obese women than in 
normal- weight women [ 89 ]. These fi ndings should be considered before performing 
a cesarean for labor arrest in an obese patient (Fig.  8.2 ). However, there is no asso-
ciation between BMI and length of the second stage or risk for cesarean [ 90 ].   

    Cesarean Delivery 

 Compared to normal-weight women, obese women undergoing cesarean delivery 
face longer operative time, higher blood loss, increased rates of incisions other than 
Pfannensteil, and increased rates of wound complications [ 47 ,  48 ]. Additionally, 
postpartum venous thromboembolism risk is increased after cesarean and is com-
pounded in obese women undergoing cesarean. Strategies to reduce surgical-related 
morbidity in obese women have been investigated and are described below.

    1.    Perioperative antibiotic prophylaxis 
 For obese women, as for all obstetric patients, antimicrobial prophylaxis is rec-
ommended within 60 min before the start of a cesarean delivery [ 91 ,  92 ]. The 
recommended dose of 1 g of intravenous cefazolin should be increased to 2 g in 
patients with BMI > 30 or absolute weight more than 100 kg [ 93 ]. However, 
recent studies have suggested that even with a dose of 2 g of cefazolin, the tissue 
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concentration of the antibiotic in obese women at the time of skin incision is 
insuffi cient [ 94 ]. These studies suggest that further research is needed to deter-
mine the optimal dose to prevent infectious morbidity in obese patients.   

   2.    Postpartum venous thromboembolism prophylaxis 
 Because obesity, pregnancy, and cesarean delivery are all independent risk fac-
tors for venous thromboembolism, pneumatic compression devices should be 
placed prior to cesarean delivery for all women regardless of BMI. Evidence 
supporting a role of routine postpartum or post-cesarean chemoprophylaxis for 
venous thromboembolism is lacking. There are data regarding the use of low 
molecular weight heparin or unfractionated heparin in the postpartum period for 
women with history of thromboembolism or thrombophilia [ 95 ]. However, as 
confi rmed by a recent Cochrane review [ 96 ], obesity alone as a risk factor for 
thromboembolism is not a current indication for administration of anticoagula-
tion therapy in pregnancy and the early postnatal period. Additionally, prophy-
lactic anticoagulation therapy is not without side effects and risks, such as 
bleeding and post-cesarean wound complications [ 97 ].   

   3.    Wound management and incision guidelines 
 Obese women with the same BMI can have vastly different body habitus and 
weight distributions; therefore, it is diffi cult to perform randomized trials on the 
best incision type for obese patients undergoing cesarean. Such information 
would be valuable, however, as increasing BMI has consistently been found to be 
associated with increasing risk for wound complications, including separation 
and infection [ 43 – 46 ]. Several cohort studies have demonstrated that vertical 
skin incisions place obese patients at increased risk for wound complications. 
For example, Thornburg et al. examined data from 623 women with BMI > 35 
and found that the wound complication rates were 45.7 % with vertical skin inci-
sions and 11.6 % with transverse incisions [ 44 ]. Similarly, in a study by Wall 
et al. involving 239 women with BMI > 35, vertical skin incisions were associ-
ated with an odds ratio of 12.4 for wound complication [ 98 ]. However, in clinical 
practice, vertical skin incision may be the best option for a safe fetal outcome in 
a morbidly obese patient with a large pannus. Clearly, the risks and benefi ts of a 
transverse versus a vertical skin incision must be weighed carefully, but the evi-
dence points to a maternal benefi t with transverse incisions in obese patients.    

  Prior to skin closure after cesarean, suture closure of the subcutaneous fat should 
be performed in patients with fat thickness greater than 2 cm. Evidence for this 
recommendation comes from a meta-analysis by Chelmow and colleagues, which 
found that suture closure of the subcutaneous dead space reduced wound complica-
tions after closure (RR 0.56, 95 % CI 0.36–0.86). The reduction was largely due to 
a decreased rate of wound seromas [ 99 ]. 

 Recent evidence from randomized trials and meta-analyses reveals an overall 
lower wound complication risk in women with post-cesarean skin closure with 
sutures than with staples [ 100 – 102 ]. However, no study has shown sutures or staples 
to be superior in obese women. Figueroa et al. examined this question in a popula-
tion in which the average BMI was >30 but found no difference in the rate of wound 
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complication for obese women who received staples versus suture [ 102 ]. Further 
research is needed to determine the optimal method of skin closure in obese patients 
undergoing cesarean. 

 Multiple randomized trials and meta-analyses have investigated the use of pro-
phylactic subcutaneous drain placement in obese women undergoing cesarean and 
have consistently shown that this procedure does not decrease wound complication 
rate [ 103 ,  104 ]. Thus, subcutaneous drains should not be routinely placed at the 
time of cesarean delivery.    

    Summary 

 Understanding the evidence-based approach to caring for the obese pregnant patient 
cannot be understated. It is well established that obese women are at increased risk 
for maternal complications such as gestational diabetes, gestational hypertension 
and preeclampsia, induction of labor, cesarean delivery, venous thromboembolism, 
and wound complication in pregnancy. In addition, there is a higher rate of fetal 
complications including SAB, PTD, macrosomia, congenital anomalies, and still-
birth in obese women. The obese patient may have concomitant comorbidities that 
further complicate pregnancy. This chapter has described existing evidence and 
delineated pregnancy management guidelines for this patient population. However, 
it is important to recognize the current gaps in knowledge where further research is 
necessary. Specifi c areas that require further study include benefi ts of an early anat-
omy ultrasound in the fi rst trimester, optimal method for screening for fetal growth 
abnormalities, the benefi ts of antenatal testing, dosage of perioperative antibiotics, 
the best strategy for venous thromboembolism prophylaxis, and the most effi cacious 
wound closure method. The goal of future research should be to focus on strategies 
and interventions that will decrease maternal and fetal morbidity in obese women.     
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    Chapter 9   
 Contraceptive Counseling in Obese Women 

                Colleen     McNicholas      ,     Rachel     Zigler     , and     Tessa     Madden    

         The concurrent epidemics of unintended pregnancy and obesity intersect in the fi eld 
of family planning. Obesity in reproductive-age women has translated into increased 
rates of adverse neonatal and maternal outcomes [ 1 – 5 ]. Effective and appropriate 
contraceptive counseling in this population can help ensure that pregnancies are 
planned and medical comorbidities are optimally managed. 

 There are signifi cant gaps in the current scientifi c literature regarding the best and 
most effective contraceptive options for overweight and obese women. The majority 
of contraceptive research is limited to women within 130 % of ideal body weight. 
Additionally, the lack of robust data coupled with the increased risk of medical 
comorbidities makes contraceptive recommendations challenging for clinicians. 

 This chapter will discuss common concerns about contraceptive use in over-
weight and obese women, describe available reversible and permanent contracep-
tive methods starting with long-acting reversible contraceptives (LARC), and 
review the available literature for each contraceptive method addressing both phar-
macokinetic and clinical outcomes data. Throughout this chapter we will refer to 
two documents developed by the Centers for Disease Control and Prevention (CDC) 
designed to helped clinicians navigate their patient’s specifi c clinical characteristics 
in determining the appropriateness of a method; the United States Medical Eligibility 
Criteria (MEC) [ 6 ] and Selected Practices Recommendations (SPR) [ 7 ]. The MEC 
provides recommendations for contraceptive methods on a scale of 1–4 for any 
given medical condition (Table  9.1 ). A  category 1  means the methods is 
 recommended without restriction. A  category 2  method is one where the theoretical 
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or proven risk of the medical condition is generally outweighed by the benefi t of the 
method. If the theoretical or proven risk of the medical condition usually outweighs 
the benefi t of the method, it is labeled as  category 3 . Finally, if there is suffi cient 
evidence that a method poses an unacceptable health risk, it is  category 4 .

      Common Contraceptive Concerns in Obese Women 

 Effectiveness is one of the most important characteristics for women when choosing 
a contraceptive method [ 8 ]. Effectiveness of hormonal contraception may be 
impacted by metabolic differences in women of differing weights [ 9 ,  10 ]. Until 
recently, the majority of pharmacokinetic data excluded overweight and obese 
women. Recent studies indicate there may be differences in the metabolism between 
normal and overweight women [ 11 – 14 ], but data from clinical research studies has 
not shown increased method failure rates [ 15 ,  16 ]. 

 A second common concern in this population is increased risk of venous throm-
boembolism (VTE) with estrogen-containing contraceptives given the increased 
incidence of VTE in obese populations [ 17 ]. Given VTE is a rare event in the 
reproductive- age population, there is limited data investigating whether obese 
patients have an increased risk when using combined hormonal methods. Current 
expert opinion allows the use of estrogen-containing methods in obese women if no 
other contraindications exist (e.g., personal history of VTE, hypertension, or cardio-
vascular disease). 

 Lastly, many obese women have medical comorbidities such as diabetes or 
hypertension and clinicians are faced with navigating complex medical histories to 
counsel women on safe and effective contraceptive methods. Most medical comor-
bidities affect eligibility for estrogen-containing contraception. Nonhormonal and 
progestin-only methods remain safe for women with most medical comorbidities. 
We encourage healthcare providers to use the US MEC to maneuver these individ-
ual patient characteristics.  

    Long-Acting Reversible Contraceptives 

 There are currently four LARC methods available in the United States, three intra-
uterine devices (IUDs) and one subdermal implant. LARC methods are the most 
effective reversible methods with failure rates less than 1 % [ 18 ]. They have very 

  Table 9.1    United States 
medical eligibility criteria  

 Category 1  Method can be used without restriction 
 Category 2  Benefi t outweighs the theoretical or 

proven risk 
 Category 3  Theoretical or proven risk outweighs 

the benefi t 
 Category 4  Unacceptable health risk 
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few contraindications and are particularly well-suited for the overweight and obese 
population as none of these methods contain estrogen (MEC 1). LARC methods do 
require a clinician visit for insertion and removal, which may be interpreted as an 
access barrier. However, it also provides clinicians with an opportunity to provide 
counseling related to the woman’s obesity-related health risks. 

    Intrauterine Devices 

 There are currently two well-studied IUDs available in the United States: the 52 mg 
levonorgestrel intrauterine system (LNG-IUS) and the copper T380 intrauterine 
device (Cu-IUD) (Fig.  9.1 ). The LNG-IUS is currently FDA-approved for up to 5 
years of use. The T-shaped frame contains 52 mg of the progestin levonorgestrel. 
There are several mechanisms by which pregnancy is prevented; cervical mucus 
thickening, inhibition of sperm motility and capacitation, and thinning of the endo-
metrial lining [ 18 ]. The LNG-IUS also has several non-contraceptive benefi ts. 
Average monthly blood loss decreases signifi cantly and up to 20–40 % of women 
will become amenorrheic after 1 year of use [ 19 – 21 ]. This may be of particular 
benefi t to women who experience diffi culty with menstrual hygiene as a result of 
severe obesity. The rate of amenorrhea may be infl uenced by BMI; one study found 
that women with higher BMI had a delay to amenorrhea, but 25–72 % achieved 
amenorrhea between the fourth and fi fth year of use [ 22 ]. Regardless of whether 
amenorrhea is achieved, the LNG-IUS offers protection against endometrial hyper-
plasia and adenocarcinoma, an important benefi t in this population who are exposed 
to excess circulating estrogens. The LNG-IUS has been investigated as a nonsurgi-
cal treatment for endometrial hyperplasia and malignancy [ 23 – 25 ] and is frequently 
considered in obese women who have comorbidities that make them poor surgical 
candidates or where future fertility is desired [ 26 ,  27 ].  

 The Cu-IUD is a nonhormonal method in which the T-shaped frame is wrapped 
in copper wire. This method is currently FDA-approved for up to 10 years of use 
making it one of the most cost-effective reversible methods available [ 28 ]. Pregnancy 
is prevented mainly through the spermicidal action of the copper ions [ 29 ]. Because 
the Cu-IUD does not deliver any hormone to the endometrium, it does not improve 
the bleeding profi le of users. Despite the lack of hormone, it has been shown to also 
provide protection against endometrial hyperplasia and adenocarcinoma, likely as a 
result of the endometrial infl ammatory process [ 24 ]. 

 A third IUD, the 13.5 mg LNG-IUS, has recently been approved by the FDA for 
up to 3 years of use. There is limited data about the use of this method in overweight 
and obese women. Due to a lower dose of levonorgestrel, the rate of amenorrhea 
was dramatically lower (12 % vs. 40 %) in the studied population (<130 % ideal 
body weight). Given that the rate of amenorrhea may be lower in obese women with 
the 52 mg LNG-IUS, the 13.5 mg is even less likely to result in amenorrhea. 
Similarly, there is currently no data evaluating the extent to which this device pro-
vides endometrial protection against hyperplasia and adenocarcinoma. 
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 Like all contraceptive methods, there are risks to IUD use. Spontaneous expul-
sion occurs in 2–10 % of users [ 30 ,  31 ]. There is no data to suggest that this rate is 
higher in obese women. Obese women who expel their IUD should be managed in 
the same manner as normal-weight women. Uterine perforation at the time of inser-
tion is low, estimated at less than 1/1,000 insertions [ 32 ]. The risk of perforation is 
correlated to clinician experience and is lower in more experienced clinicians [ 32 ]. 
There is no data that indicates perforation rates are related to body weight, although 
clinicians may perceive insertions to be more diffi cult in obese women. If perfora-
tion is recognized at the time of insertion, the device can be easily removed. 

  Fig. 9.1    Long-acting 
reversible contraceptive 
methods. ( a ) 52 mg LNG- 
IUS ( b ) Cu-IUD ( c ) ENG 
implant       
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However, if perforation is unrecognized at the time of insertion and the IUD is 
found to be intra-abdominal, removal of the IUD may be challenging in the obese 
patient. The standard recommendation for an extrauterine IUD is laparoscopic 
removal. In an obese or morbidly obese woman, laparoscopic removal may be tech-
nically diffi cult. In such an instance, some clinicians have chosen to leave the LNG- 
IUS in situ [ 33 ,  34 ]. Because the Cu-IUD acts primarily through an infl ammatory 
response, careful consideration of surgical risk should be completed before decid-
ing to leave the IUD in the abdomen. One small study compared intraoperative lapa-
roscopic fi ndings in women who were undergoing removal of intra-abdominal IUDs 
and found no difference in adhesion formation between the two devices [ 35 ]. 
However, these results should be interpreted with caution as the time since insertion 
was relatively short ranging from days to 7 months. Given that perforation is rare, 
there is no evidence regarding the contraceptive effi cacy of intra-abdominal LNG- 
IUS, therefore another form of effective contraception should be initiated.  

    Subdermal Implant 

 The subdermal etonogestrel implant is a single ethylene vinyl acetate rod measuring 
4 cm in length that continuously releases the progestin etonogestrel (ENG) (Fig.  9.1 ). 
The continuous release of ENG suppresses ovulation, inhibits endometrial prolifera-
tion, and thickens cervical mucus [ 18 ,  36 ]. Results of pharmacokinetic studies of the 
implant in overweight and obese women suggest that this population has a lower serum 
concentration of ENG [ 11 ,  37 ]. However, the levels remain well above the level required 
for ovulation suppression. The signifi cance of this fi nding is unknown given the small 
sample size. A large observational study revealed no increase in the rate of unintended 
pregnancy in overweight and obese implant users [ 16 ]. Furthermore, a study evaluating 
serum ENG levels in overweight and obese women at the end of three and four years of 
implant use found that ENG levels were similar in obese and normal-weight women, 
and that those levels remained above the threshold for ovulation supression [ 38 ]. 

 Unlike IUDs, initiation of the implant does not require a pelvic exam. The device 
is placed superfi cially under the skin of the arm after administration of local anes-
thesia. The major disadvantage of the implant is unpredictable irregular bleeding. 
Bleeding patterns can range from amenorrhea to daily spotting. Obese women may 
be less bothered by the irregular bleedings as obese women have a higher incidence 
of irregular bleeding than normal-weight women. Several potential interventions 
have been suggested to address the irregular bleeding patterns [ 39 ], but there is 
limited evidence to suggest that any of these interventions are effective.   

    User-Dependent Methods 

 Methods that require continued action from the user are termed  user - dependent 
methods . These include injectables, the vaginal ring, the contraceptive patch, and 
oral contraceptive pills. 
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    Depot Medroxyprogesterone Acetate 

 DMPA is an injectable progestin that is administered every 11–13 weeks. It prevents 
pregnancy primarily by ovulation suppression [ 40 ], and secondarily through thick-
ening of the cervical mucus and endometrial alterations [ 41 – 43 ]. Typical-use failure 
rates range between 2 and 6 % [ 18 ,  44 ]. While one study found lower levels of 
medroxyprogesterone acetate in obese women, these levels were still considered 
suffi cient and there is no evidence to suggest there is an increased risk of failure in 
obese DMPA users [ 13 ,  45 ]. 

 The absence of estrogen is one advantage of DMPA for obese women The 
American College of Obstetrics and Gynecology released a bulletin stating that 
DMPA is a safe method for women with known risk factors for cardiovascular dis-
ease, thromboembolism, congestive heart failure, and cerebrovascular disease [ 46 ]. 
Similar to the LNG-IUS, DMPA users can expect signifi cant reduction in menstrual 
blood loss or complete menstrual suppression, which occurs in up to 50 % of users 
at 12 months [ 47 ,  48 ]. Like other progestin-only methods, DMPA also provides 
endometrial protection and has been shown to reduce the risk of endometrial cancer 
by as much as 80 % [ 49 ,  50 ]. 

 DMPA does have several disadvantages. DMPA has been associated with weight 
gain, which may be a particular disadvantage for already obese women. Some stud-
ies suggest that overweight and obese women, particularly adolescents, may experi-
ence more weight gain than normal-weight users [ 51 – 53 ] with DMPA use. 
Long-term DMPA use has been associated with a temporary and usually reversible 
decrease in bone density [ 54 – 57 ]. The combined evidence on weight gain and bone 
loss support the current MEC category 2 for women with BMI >30 and less than 18 
years old. For women greater than 18 years, the recommendation remains 
category 1.  

    Combined Hormonal Contraceptives 

 Combined hormonal contraceptives (CHC), which contain both estrogen and pro-
gestin, are among the most commonly-used reversible methods in the United States 
[ 58 ]. CHC include the vaginal ring, transdermal patch, and combined oral contra-
ceptive pills (COCs). All of these methods work primarily by ovulation suppression 
and secondarily by cervical mucus thickening. The type and amount of progestin 
does vary between different formulations. Concerns about effectiveness in the obese 
women are not unfounded. Several pharmacokinetic studies in COC users have 
found that hormonal half-life, time to steady state, drug clearance, and peak hor-
mone levels may be different in obese women compared to normal-weight women 
[ 59 ,  60 ]. Despite potential differences, obese women in these studies were not found 
to be at any increased risk of ovulation [ 59 ,  61 ]. Studies of transdermal patch users 
found serum hormone levels to be correlated with body weight and limited evidence 
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suggests that women weighing more than 90 kg are at increased risk of failure and 
pregnancy [ 62 ]. Although these studies were limited by small samples of obese 
women, 5 of the 15 documented pregnancies were in women over 90 kg. These 
women accounted for only 3 % of the study population, but represented 33 % of the 
pregnancies, suggesting that if these women are unwilling to consider a different 
method they should be counseled on a potential increase in the risk of failure. Lastly, 
as with COCs and the patch, the vaginal ring has been shown to have with lower 
serum hormone levels in obese women [ 14 ]. However, these lower levels were suf-
fi cient to reliably suppress ovulation. Obese ring users were also evaluated for pro-
longed use and were found to have therapeutic hormone levels even when a single 
ring was used for six continuous weeks [ 63 ]. Clinical outcomes data from a large 
observational study found that obese users of COCs, the patch, and the ring did not 
have an increased risk of an unintended pregnancy [ 15 ]. In summary, current data 
suggests that there may be pharmacokinetic differences in obese women using 
COCs and the ring, but that these differences do not translate into higher failure 
rates or increased risk of unintended pregnancy. The available data on the patch sug-
gests that obesity is associated with a higher risk of failure and pregnancy. 

 Nearly all of the risks associated with CHC are related to the estrogen compo-
nent, despite the fact that most of the contraceptive effect is due to the progestin. 
Clinicians’ concerns about using these methods in the obese women stem from the 
known associated comorbid conditions (e.g., hypertension, thromboembolism) that 
are relative or absolute contraindications to estrogen-containing methods. Nearly all 
CHC in the United States contain ethinyl estradiol (EE) in doses ranging from 10 to 
50 mcg [ 18 ]. CHC are contraindicated in women with a personal history of throm-
boembolism (MEC category 4); however, use in women who are at higher risk for 
thromboembolism because of obesity is not contraindicated. The current MEC cat-
egory for CHC use in obese women without a personal history of VTE or other 
contraindicated comorbid condition is 2. This categorization recognizes the ele-
vated relative risk in obese women, which may be as high as threefold [ 64 ], but also 
takes into account the fact that the absolute risk is still quite small. The risk of VTE 
may differ by the CHC preparation. Studies comparing the transdermal patch to 
equivalent COCs are confl icting but suggest that there may be as much as a twofold 
increase in VTE among patch users [ 59 ,  65 – 67 ]. Risk of VTE in ring users has been 
estimated at 149 per 100,000 women, compared to 53 per 100,000 patch users [ 68 ]. 
Despite this elevated absolute risk, it is important to remember that the risk of 
thromboembolism in pregnancy and postpartum is four to fi ve times higher than in 
a woman using any estrogen-containing contraceptive [ 69 ]. Therefore, the increase 
in VTE risk with CHC is less than the risk of VTE if she should become pregnant. 

 The presence of comorbid conditions in the obese population is common with 
hypertension and diabetes mellitus (DM) topping the list. Multiple medical prob-
lems can make contraceptive counseling diffi cult, but also makes pregnancy compli-
cated and occasionally dangerous. Hypertension, even if well controlled, is category 
3 for CHCs and becomes a category 4 if uncontrolled or vascular disease has been 
documented. CHC becomes less appropriate as the number of comorbid conditions 
increases. For example, insulin-dependent DM alone is category 2, however in the 

9 Contraceptive Counseling in Obese Women



140

presence of end organ sequelae (e.g., retinopathy, neuropathy, and nephropathy) it 
becomes category 3 for continuing a previously initiated method and category 4 for 
initiating a new method. Similarly, the CDC has created a category for women “with 
multiple risk factors for cardiovascular disease.” Although “multiple” is not clearly 
defi ned, the category includes age, obesity, smoking, hypertension, and diabetes, 
many of which describe obese women. If a clinician interprets “multiple” to means 
2 comorbid conditions, then any CHC method for these women would be consid-
ered category 3 for continuing a previously initiated method, and category 4 for 
initiating a new CHC method.  

    Progestin-Only Oral Contraceptives 

 Progestin-only pills (POP) are a safe method for obese women. Formulations of 
POPs in the United States are limited to norethindrone, although there are POPs 
containing a variety of progestins available in other countries. POPs prevent preg-
nancy through a combination of mechanisms including ovulation inhibition, cervi-
cal mucus thickening, and endometrial alteration, although they do not reliably 
suppress ovulation [ 18 ]. Typical-use failure rates in the general population mirror 
that of COCs, although unlike COCs, serum progestin levels are nearly undetect-
able 24 h following administration [ 70 ]. This fi nding results in the current emphasis 
on strict compliance of dosing at the same time every day. There are no studies 
specifi cally addressing effectiveness in the obese population, but POPs are cur-
rently categorized as category 1.   

    Special Populations 

 Increasing numbers of morbidly obese women are opting for surgical treatment of 
their obesity [ 71 ]. There is currently several options for bariatric procedures ranging 
from restrictive (gastric banding) to the traditional malabsorptive procedures (Roux-
en- Y, sleeve gastrectomy, biliopancreatic diversion) [ 72 ]. Because obesity is associ-
ated with anovulation and subsequently infertility [ 73 ], many of these women may 
not be using effective contraception prior to their surgery as they do not consider 
themselves at risk for pregnancy. With rapid weight loss following surgery, these 
women will likely become ovulatory again; without effective contraception, they 
will be at risk of unintended pregnancy. The American College of Obstetricians and 
Gynecologist currently recommends that women delay pregnancy for 12–18 months 
following bariatric surgery as rapid weight loss can pose additional maternal and 
neonatal risk [ 74 ]. For women who have undergone a malabsorptive procedure, use 
of oral contraception is not generally recommended as the absorption of the steroid 
is likely impaired. This recommendation is based on few studies with small sample 
sizes [ 75 ,  76 ]. If women prefer oral contraceptives, consideration of nonoral routes 
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is encouraged, for example vaginal administration [ 77 – 79 ]. There have been few if 
any studies evaluating other methods in this population. The effectiveness of the 
ENG implant in women who had undergone a Roux-en-Y gastric bypass was evalu-
ated in one small study. Findings indicate that ENG levels decrease at 3 and 6 
months after surgery with increasing weight loss, but remain well above the serum 
levels required for effectiveness [ 37 ]. There has also been one study evaluating the 
LNG-IUS in an adolescent bariatric surgical population and found the LNG-IUS 
was an acceptable and effective option in this setting [ 80 ]. Studies have shown that 
few women are referred for contraceptive counseling prior to their surgical inter-
vention [ 81 ] indicating that obstetrician-gynecologists should be proactive about 
assessing obese patient’s desires and plans for surgical weight loss.  

    Permanent Sterilization 

 Female sterilization, also known as tubal ligation or tubal occlusion, is one of the 
most common methods of contraception among women in the United States with 
approximately 27 % relying on this method between 2006 and 2010 [ 82 ]. In over-
weight and obese women, surgical contraception, which includes tubal ligation, is 
the type of contraception most often used [ 83 ]. Tubal ligation is often a choice for 
women who have completed childbearing, do not wish to have user-dependent 
 contraception, or have contraindications to hormonal forms of contraception. 
In addition, it is highly effective, with a cumulative 5-year failure rate of 13 per 
1,000 [ 84 ]. Several options exist for sterilization and preference is infl uenced by 
timing, surgical or anesthesia risk, and technical ease. 

    Postpartum Tubal Ligation 

 Postpartum tubal ligation includes those procedures performed at the time of cesar-
ean or immediately following vaginal delivery. The most popular techniques include 
the Pomeroy and Parkland methods due to their ease and effectiveness [ 84 ]. Both 
methods involve a complete transection of the mid-isthmic portion of the fallopian 
tube. The 5-year failure rate is 6 per 1,000, making postpartum tubal ligation the 
most effective form of sterilization [ 85 ]. Pathologic confi rmation of complete tubal 
transection ensures immediate protection, regardless of BMI [ 86 ]. 

 Disadvantages of postpartum tubal ligation in obese women are often related to 
mode of delivery. When performed at the time of cesarean delivery, the fallopian 
tubes are generally easily visible and accessed in the surgical fi eld. When performed 
after a vaginal delivery, a separate procedure is required. Normally, this procedure 
is easily performed through a small infraumbilical incision where the fallopian 
tubes can be accessed. Some clinicians consider obese women as poor candidates 
for immediate postpartum sterilization after a vaginal delivery as this procedure can 

9 Contraceptive Counseling in Obese Women



142

be technically challenging due to the increasing depth of subcutaneous tissue and 
diffi culty accessing the tubes. In addition, even if the tubes are accessible, it may be 
diffi cult to minimize tension on the tissue, thus possibly causing laceration of the 
fallopian tubes, tearing of the mesosalpinx, and subsequent bleeding [ 84 ]. Due to 
the possibility of the latter complications, studies have been performed researching 
the use of titanium (Filshie ® ) clips for postpartum tubal ligation for easier access, 
but these studies have shown the titanium clip to be less effective, possibly second-
ary to the edema and engorgement of the tubes during pregnancy [ 87 – 89 ].  

    Interval Tubal Ligation 

 Interval tubal ligation includes those procedures performed before a pregnancy 
occurs or at any point after the postpartum period. These procedures can be per-
formed hysteroscopically or laparoscopically. 

    Hysteroscopic Tubal Occlusion 

 Hysteroscopic tubal occlusion is performed transcervically avoiding any surgical 
incisions. The only hysteroscopic occlusion method currently available in the 
United States is Essure ®  which consists of stainless steel and nickel-based coils that 
contain polyethylene terephthalate fi bers. These coils cause an infl ammatory reac-
tion and subsequent scar formation within the tubes, resulting in occlusion. 
Sterilization is not immediate and must be confi rmed with hysterosalpingogram at 
3 months. Therefore, an interval form of contraception must be used until tubal 
occlusion has been verifi ed. Clinical trials of women with successful Essure place-
ment show only 3.5 % tubal patency at 3 months and 0 % patency at 6 months [ 88 ]. 
Hysteroscopic occlusion has a failure rate of 1.6 per 1,000 and there is no evidence 
to suggest BMI affects this rate [ 90 ]. 

 In addition to the effectiveness, the hysteroscopic occlusion has multiple advan-
tages for obese women. This procedure can be performed under local anesthetic 
with a paracervical block, thus removing the increased risk of general anesthesia. It 
is a minimally invasive procedure that does not involve abdominal incisions or entry 
into the peritoneal cavity. Therefore, unlike postpartum or laparoscopic forms of 
tubal ligation, it virtually avoids the need for a larger surgery such as laparotomy 
which carries additional morbidity in obese women [ 91 ].  

    Laparoscopic Tubal Ligation 

 Laparoscopic tubal ligation is performed through two or more subcentimeter inci-
sions in the abdomen. Sterilization can be accomplished by various techniques 
including titanium clips (Filshie ® ), silicone rings (FalopeRing ® ), and bipolar coagu-
lation. Other forms not often used are unipolar coagulation and spring-loaded clips. 
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The titanium clips provide immediate occlusion of the fallopian tube as well as 
cause necrosis of the tubal section over time. Ten-year failure rates for this method 
are estimated between 2 and 10 per 1,000 [ 92 ]. The mechanism of occlusion for the 
silicone ring is similar to that of the titanium clips and 5-year failure rates have been 
estimated at 10 per 1,000 [ 85 ]. Bipolar coagulation results in sterilization through 
fulguration of three adjacent tubal segments. A 5-year failure rate of 16.5 per 1,000 
has been reported [ 85 ]. 

 The main advantage of laparoscopic tubal ligation over hysteroscopic occlusion 
is immediate effectiveness. Like hysteroscopy, laparoscopy is considered a mini-
mally invasive technique as it avoids a laparotomy incision. Yet, despite being mini-
mally invasive, many studies show that complications with surgery and anesthesia 
can arise secondary to obesity, including diffi culties with access and maintenance of 
the airway and adequate intraoperative ventilation. The technical component of lap-
aroscopy may also be more diffi cult. Safe entry into the peritoneal cavity and main-
tenance of suffi cient pneumoperitoneum may be a challenge. In patients where 
pneumoperitoneum could not be achieved for tubal ligation, over 70 % of the patients 
were obese. This same review found that obesity was an independent risk factor for 
one or more complications occurring during laparoscopic tubal ligation including 
unintended major surgery (i.e., conversion to laparotomy), transfusion, febrile mor-
bidity, life-threatening events, or rehospitalization [ 93 ]. Other studies have shown 
complications including longer operating times and longer hospital stays [ 94 ].    

    Conclusion 

 The most effective contraceptive method is one chosen by a woman who has par-
ticipated in the decision-making process [ 95 ]. Many of these women will present 
with complicated histories and will take time to appropriately evaluate. Additionally, 
helping patients understand the relative and absolute risks associated with reversible 
methods is complicated at best. Use of the MEC and actively involving your patient 
in the decision process increases the likelihood that the patient will choose an 
appropriate contraceptive method. Lastly, remember that the risk of contraception 
in this population must be kept within the context of risk with pregnancy; pregnancy 
carries a much greater risk of morbidity and mortality than any contraceptive 
method. Ensuring that pregnancy when it does occur is planned will ultimately 
improve the overall health of these women and their families.     
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    Chapter 10   
 Obesity and Ovarian Aging (Diminished 
Ovarian Reserve and Menopause) 

                Melanie     Meister       and     Amber     R.     Cooper     

            Natural Ovarian Aging 

 Cessation of ovarian function is generally thought to be driven by oocyte depletion 
through atresia and ovulation and occurs earlier than the aging of other organ sys-
tems in otherwise healthy females [ 1 ,  2 ]. While more recently controversial, the 
dogma of ovarian aging is that females are born with a fi nite number of oocytes, 
which remain arrested at Prophase I of meiosis, and the depletion of this predeter-
mined oocyte population results in reproductive senescence [ 3 ]. The average age of 
reproductive senescence, i.e., menopause, in the United States is 51.4 [ 4 ] but ranges 
from 42 to 58 [ 1 ] suggesting that variation exists among females in the number of 
oocytes, rate of follicular depletion, or both. In general, however, the overall rate of 
follicular depletion appears to accelerate with age [ 2 ,  3 ]. Emerging evidence sug-
gests that mitotically active germline stem cells may persist in the oocytes of post-
natal women and contribute to the pool of available follicles [ 5 ,  6 ].  
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    The Stages of Menopause 

 The Stages of Reproductive Aging Workshop (STRAW) was held in 2001 with the 
goal of clarifying nomenclature and developing a system to defi ne stages of female 
reproductive aging [ 1 ]. The workshop generated a seven-stage system determined 
by variations in cyclic regularity and hormone levels among women from puberty to 
death. Most women will progress chronologically through these stages but some 
will bounce back and forth [ 1 ]. The duration of each stage is variable and the natural 
menopausal transition occurs more as a continuum. These stages provide a basis for 
understanding the menopausal transition from the clinical perspective of changes in 
menstrual cycle and the biological perspective of hormonal changes. 

 The STRAW criteria were revised in 2011 at the “STRAW+10” workshop to 
improve generalizability and applicability to several groups that were excluded dur-
ing the initial consensus conference. This follow-up conference, therefore, broad-
ened the applicability of these stages to include smokers, women with BMI >30, 
women who had previously undergone hysterectomy, those with chronic menstrual 
cycle irregularities, uterine or ovarian anomalies, heavy exercisers, and those with 
signifi cant illness including cancer [ 7 ]. 

 The stages begin at menarche and are numbered with the Final Menstrual Period 
as zero, those stages preceding the FMP designated as negatives and those follow-
ing the FMP as positives. During the Early Reproductive Period (−5) cycles are 
initially variable but progressively become more regular. Reproductive potential 
increases as cycles become more regular, and FSH levels are normal. Once cycles 
are regular, women are within The Peak Reproductive Period (−4). Eventually, sub-
clinical changes begin with a slight decline in the reproductive potential and mild 
elevation in FSH, these subtle changes mark the onset of The Late Reproductive 
Period (−3). This stage was further subdivided during STRAW+10. (−3b) is charac-
terized by essentially regular cycles, normal FSH, but low AMH, AFC, and Inhibin B. 
The transition to (−3a) results in subtle menstrual cycle changes (shorter cycles), 
increased FSH, and decreased AMH, AFC, and Inhibin B. This subdivision high-
lights the importance of the subtle change in hormonal milieu that is not initially 
refl ected in menstrual cycle changes. Once cycles are more variable, the woman has 
reached The Early Menopausal Transition (−2). At this stage cycles change by 
seven or more days from previous length, but no cycles are skipped. Hormonal 
changes include increased FSH, low AMH, and low AFC. The Late Menopausal 
Transition (−1) is defi ned by variable cycle length with two or more missed cycles 
and a period of amenorrhea for 60 days or more. It is during this stage that vasomo-
tor symptoms predominate and FSH is notably elevated. 

 The Final Menstrual Period (0) is retrospectively defi ned after 12 months of 
amenorrhea. The Early Postmenopausal Period (+1) includes the retrospectively 
defi ned fi rst year of amenorrhea and the following 4 years. This is a period of 
increased vasomotor symptoms and elevated FSH. It, too, was subdivided for fur-
ther clarifi cation into: (+1a), the end of the 12-month period of amenorrhea where 
FSH and estradiol levels are variable; (+1b), the remainder of the 4-year period 
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characterized by rapid changes in FSH and estradiol; and (+1c), with ultimate 
 stabilization of high FSH and low estradiol. Finally, The Late Postmenopausal 
Period (+2) begins 5 years after the fi nal menstrual period and lasts for the remain-
der of the woman’s life with persistently elevated FSH. 

 The characteristics of the menopausal transition are noted to differ among races, 
smokers, and by body habitus. African American women and Hispanic women of 
Mexican descent begin the transition at an earlier age than women of other races [ 4 ,  8 ]. 
Obese women, on average, enter the menopausal transition sooner, but ultimately 
progress through the stages at a slower rate [ 8 ]. The etiology for this fi nding is 
unclear and is unlikely attributable solely to elevated BMI. Smokers, on the other 
hand, typically progress through the stages of menopause faster than nonsmokers 
and, on average, are younger at the time of their fi nal menstrual period [ 8 ].  

    The Endocrinology of Menopause 

 The menopausal transition is characterized by hormonal shifts that occur as a result 
of feedback on the hypothalamic-pituitary-ovarian axis [ 9 ]. As the follicular pool is 
depleted, and the number of small antral follicles declines, the production of Inhibin 
B decreases [ 10 ]. Inhibin B is produced by the granulosa cells of the growing folli-
cles and is the primary regulator of FSH secretion during the follicular phase. The 
decrease in Inhibin B levels lifts the inhibitory tone over the hypothalamic-pituitary- 
ovarian axis allowing FSH levels to increase [ 11 ]. This ultimately leads to attenua-
tion of the follicular phase and resultant shortening of cycles [ 12 ,  13 ]. Initially, the 
elevated FSH maintains secretion of estradiol from the granulosa cells of the grow-
ing follicles, but this elevation is transient. 

 Cycles during the Early (−2) and Late (−1) Menopausal Transition stages are 
often anovulatory, although ovulatory cycles still occur. Dominant follicle selection 
and corpus luteum formation during these ovulatory cycles is preserved early on 
with associated normal or occasionally supratherapeutic estrogen and progesterone 
levels during the luteal phase [ 8 ,  10 ,  12 ]. Anovulatory cycles classically consist of 
low Inhibin B, elevated FSH, and low estradiol [ 13 ].  

    Primary Ovarian Insuffi ciency and Diminished 
Ovarian Reserve 

 Although the reproductive system appears to age at a faster rate than the other organ 
systems, ovarian aging and reproductive senescence that occurs younger than age 
40 is pathologic. Primary Ovarian Insuffi ciency (POI), formerly Premature Ovarian 
Failure (POF), is defi ned by at least 4 months of amenorrhea and two serum FSH 
levels in the menopausal range, separated by at least 1 month, occurring in women 
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younger than 40, and is seen in about 1 % of the population [ 7 ,  14 ]. Despite their 
high levels of gonadotropins, one-third of these women demonstrate ovarian folli-
cles on pelvic ultrasound, half intermittently produce estrogen-suggesting preserva-
tion of some ovarian function [ 14 ], and nearly 20 % spontaneously ovulate even 
after the diagnosis [ 15 ]. In fact, 5–10 % achieve pregnancy [ 14 ] suggesting the 
physiology of primary ovarian insuffi ciency is complex and does not merely repre-
sent premature menopause. 

 The etiology of POI is vast and, in many cases, poorly understood [ 16 ]. It is 
broadly classifi ed as either depletion of ovarian follicles or follicular dysfunction 
[ 15 ]. Causes of ovarian follicle depletion include genetic disorders (autosomal 
translocations, trisomies, and X-chromosome abnormalities like Turner Syndrome 
and FMR1 premutations); somatic disorders (galactosemia); autoimmune disor-
ders; and direct ovarian damage (ovarian surgery, oophorectomy, exposure to viral/
environmental toxins, chemotherapy, or radiation therapy) [ 17 ,  18 ]. Follicle dys-
function includes signal defects (FSH-receptor mutation, LH-receptor mutation, 
and G-protein mutation), enzyme defi ciencies (isolated 17,20-lyase defi ciency, aro-
matase defi ciency), autoimmunity, and insuffi cient follicle number (luteinized 
graafi an follicles) [ 14 ]. Although specifi c etiologies have been described, 65–90 % 
of cases remain idiopathic, occurring in karyotypically normal females [ 15 ,  19 ]. 

 Eighty-fi ve to Ninety percent of cases of POI are sporadic [ 14 ]. The remaining 
10–15 % of cases have an affected fi rst-degree relative and history may elicit other 
autoimmune disorders consistent with autoimmune polyglandular syndrome, rheu-
matoid arthritis, or systemic lupus erythematosus; intellectual disorders, 
Parkinsonian symptoms, or history of fragile X syndrome is suggestive of an FMR1 
premutation [ 14 ]. Despite an association with autoimmune disorders, there is no 
role for testing for ovarian autoantibodies as these are nonspecifi c [ 14 ]. 

 The term  ovarian reserve  was one coined through advances in assisted reproduc-
tive technologies. It generally describes the pool of primordial follicles available for 
recruitment and ultimately determines an individual’s reproductive potential [ 18 ]. 
Typically, tests of ovarian reserve are utilized during the infertility workup to pre-
dict a patient’s response to controlled ovarian stimulation with in vitro fertilization 
(IVF) [ 18 ]. The purpose of predicting ovarian reserve is to enable clinicians to bet-
ter counsel patients who desire IVF on their potential for success and, in some 
cases, to help determine the stimulation protocol. POI is considered the most severe 
phenotype of a depleted or dysfunctional ovarian reserve. The term diminished 
ovarian reserve (DOR) has also evolved over the last several decades, though a gen-
eral consensus of criteria for diagnosis are generally lacking. DOR can be a function 
of advanced chronological age or a pathologic condition that results in fewer folli-
cles available for activation than would be expected based on a female’s age alone. 
As the quantity and quality of the available oocytes decrease, so too does the effi -
cacy of the granulosa cells, contributing to both the altered hormonal milieu and 
degree of impaired reproductive potential [ 20 ]. 

 When followed for an entire menstrual cycle and compared with healthy con-
trols, young women with diminished ovarian reserve were noted to have signifi -
cantly higher early follicular phase FSH, prolonged duration of FSH and LH surge, 
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and subsequently signifi cantly lower concentrations of estrogen metabolites during 
the luteal phase [ 20 ]. Physiologic ovarian aging, however, is a time of relative 
hyperestrogenism without the protracted FSH/LH surge seen in young women with 
diminished ovarian reserve [ 20 ]. Furthermore, when young women with diminished 
ovarian reserve do ovulate, their hormone levels during those cycles more closely 
resemble those seen in normal reproductive-age women, not perimenopausal 
women [ 12 ].  

    Assessment of Ovarian Reserve 

 Numerous tests and assays have been developed to predict ovarian reserve. Currently 
available tests include FSH, Inhibin B, estradiol, AMH, and transvaginal ultrasound 
to determine antral follicle count. Of these, the most sensitive and specifi c are anti- 
müllerian hormone (AMH) and antral follicle count (AFC) [ 18 ]. 

 Classically, early follicular FSH and estradiol was the test of choice, and, when 
elevated on cycle day 3 >10 mIU/mL and >80 pg/mL respectively, suggested an 
overall diminished ovarian reserve [ 10 ,  21 ]. As elevated estrogen will cause feed-
back inhibition on FSH, both hormones are checked to avoid false negative results. 
However, high threshold levels of FSH are needed to achieve specifi city in predict-
ing poor response to stimulation or nonpregnancy, limiting its usefulness [ 22 ]. 

 Inhibin B is a heterodimeric glycoprotein secreted from growing follicles, and 
secretion decreases as follicles are depleted [ 23 ]. Early follicular phase Inhibin B, 
therefore, has been used as a marker ovarian reserve. The magnitude of the change 
in Inhibin B is more predictive of progression through the stages of menopause than 
a predetermined value, which makes interpreting the results diffi cult [ 8 ]. Finally, 
Inhibin B secretion continues even after a dominant follicle has been selected, thus 
it does not consistently refl ect true ovarian reserve [ 24 ,  25 ]. 

 At present, the most accurate and reliable tests are anti-müllerian hormone 
(AMH) and antral follicle count (AFC). 

 The antral follicle count is measured as the number of follicles visible on trans-
vaginal ultrasound, typically obtained during the early follicular phase [ 26 ], and is 
used as a surrogate measure of the primordial follicle pool [ 24 ]. Two perpendicular 
measurements are made of each identifi ed follicle, and those with an area of 
2–10 mm are counted as antral follicles [ 27 ]. AFC is considered normal when 5–10 
antral follicles are identifi ed on each ovary [ 10 ]. This has been demonstrated to be 
a good marker of ovarian reserve with higher precision than age or basal FSH, ease 
of obtaining, low intercycle variability, and low-to-moderate interobserver variabil-
ity [ 28 ]. 

 Anti-Müllerian hormone (aka Mullerian-inhibiting substance) is a homodimeric 
glycoprotein member of the TGF-beta superfamily initially identifi ed by its role in 
male sex differentiation during embryogenesis [ 29 ]. In females, AMH is undetect-
able at birth but increases gradually and fi nally reaches a stable level at puberty [ 29 ]. 
It is produced by the granulosa cells of primary, secondary, and early antral follicles, 
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and is responsible for regulating steroidogenesis and folliculogenesis within the 
ovary [ 30 ]. A decline in serum AMH represents one of the fi rst clinically detectable 
signs of diminished ovarian reserve [ 29 ,  31 ,  32 ]. 

 While not without limitations, AMH is increasingly used as a marker of ovarian 
reserve. In addition to its early decline, it is relatively stable throughout the men-
strual cycle, is minimally infl uenced by hormonal contraceptives, has less intercycle 
and intracycle variability, and is comparable among women of various races [ 29 ,  32 ]. 
Further, AMH secretion ceases once the dominant follicle is selected, so AMH levels 
more accurately refl ect the pool of growing follicles without signifi cant infl uence by 
the dominant follicle [ 25 ]. The AMH assay is more sensitive than FSH, Inhibin B, or 
estradiol for detecting diminished ovarian reserve [ 29 ,  30 ], and serum AMH corre-
lates better with IVF outcomes than AFC, FSH, Inhibin B, or estradiol [ 30 ]. 

 Additional tests for ovarian reserve include the clomiphene citrate challenge test 
(CCCT), ovarian volume assessment (OVVOL), ovarian vascular fl ow, ovarian 
biopsy, exogenous FSH ORT (EFORT), and Gonadotropin releasing hormone ago-
nist stimulation test (GAST) [ 22 ]. These are functional assays and are less often 
used clinically.  

    Obesity and Ovarian Aging 

 Both natural and pathologic ovarian aging are complex processes in need of signifi -
cantly more research. The infl uence of obesity on ovarian aging and ovarian screens 
is predominantly unknown with relatively little data. However, there is suggestion 
that obesity has an association with the aging process and/or the interpretation of 
ovarian reserve screens. 

 The WHO classifi es weight in terms of BMI, and considers those with BMI of 
25 kg/m 2  or greater overweight and 30 kg/m 2  or greater obese. Obesity causes det-
rimental effects to most organ systems, including the reproductive system. Adipose 
tissue secretes peptides, called adipokines, which act systemically, interacting with 
the hypothalamic-pituitary-ovarian axis, cardiovascular, immune system, and meta-
bolic system [ 19 ]. 

 The four primary adipokines include leptin, adiponectin, ghrelin, and resistin 
[ 33 ]. Leptin is involved in neuronal control of body fat and levels increase in obe-
sity. It exerts a direct inhibitory effect on growing follicles via inhibition of steroido-
genesis in theca and granulosa cells [ 33 ]. This is one proposed reason for poor 
response to controlled ovarian stimulation in obese women, and explains their 
altered levels of reproductive hormones as compared to women of normal weight. 

 Adiponectin enhances fatty acid utilization, inhibits atherosclerosis, and inhib-
its glucose production by the liver [ 34 ]. Studies in porcine ovaries demonstrate 
adiponectin receptors on granulosa cells and activation of these receptors stimu-
lates vascular endothelial growth factor synthesis and modifi es the enzymes of the 
steroid synthesis pathway [ 33 ]. Analogous changes occur in the preovulatory pro-
cess, thus alterations in adiponectin may lead to abnormalities with ovulation [ 33 ]. 
Resistin and ghrelin are the other primary adipokines, and although resistin levels 
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are increased in obesity, neither has a signifi cant impact on oocyte maturation or 
ovarian function [ 33 ]. 

 Overweight and obese women demonstrate menstrual cycle dysfunction. Cycles 
are more often anovulatory, and ovulatory cycles are longer with longer follicular 
phases in particular [ 13 ,  31 ]. At menopause there is a decrease in the ratio of estro-
gens to androgens [ 19 ,  35 ]. Overall fat mass increases with redistribution of fat 
leading to increased central adiposity and waist circumference [ 19 ,  35 ]. As a result, 
postmenopausal women are predisposed to increased BMI, insulin resistance, meta-
bolic syndrome, and cardiovascular disease [ 8 ,  19 ,  35 ]. The redistribution of adipos-
ity postmenopausally generates a decline in Leptin levels but no appreciable change 
in the other adipokines [ 33 ,  36 ]. 

 The interpretation of studies examining a relationship between BMI and ovarian 
aging must be done cautiously with particular attention to the etiology of the ovar-
ian dysfunction. For example, obese women with PCOS may have a signifi cantly 
altered process of follicular depletion or pool size compared with obese women 
without PCOS or normal-weight women, which could be more infl uenced by PCOS 
than the BMI The same holds true for POI. POI in the setting of Turner Syndrome 
will often be associated with elevated BMI secondary to the metabolic consequences 
inherent in the disease itself. In contrast, karyotypically normal women with POI, in 
general, manifest a  lower  BMI than normally menstruating women [ 19 ,  21 ,  35 ]. 
Again, the relationship between BMI and ovarian aging/oocyte depletion in such 
examples may be a byproduct of the underlying conditions rather than adiposity, 
though quality of the embryos remains unknown. 

 Interestingly, despite a lower BMI, POI appears to be an independent risk factor 
for the development of metabolic disease [ 35 ]. Insulin sensitivity in these patients is 
signifi cantly decreased from normal [ 35 ], and the lipid profi les and blood pressure 
trends for women suffering from POI more closely resemble chronologically older 
women with increased LDL, decreased HDL, higher triglycerides, and mildly ele-
vated blood pressures [ 19 ]. These women are at increased risk for cardiovascular, 
skeletal, neuropsychiatric complications, and all cause mortality over their age- 
matched counterparts secondary to long-term estrogen depletion [ 17 ,  20 ].  

    Obesity and Reproductive Hormones 

 While obesity itself may not have a primary role in oocyte pool depletion, it can 
contribute to the clinical manifestation of the menopausal process. Women under-
going natural menopause with a BMI of 30 kg/m 2  or greater have signifi cant differ-
ences in their reproductive hormone milieu as compared to normal-weight women 
[ 37 ]. This can lead to confusion in interpreting tests of ovarian reserve, especially in 
patients pursuing ART. 

 Estradiol levels in obese women are signifi cantly lower through the Early 
Menopausal Transition (−2), normalize during the Late Menopausal Transition 
(−1), and then are signifi cantly higher during the Postmenopausal Period [ 13 ,  35 , 
 38 ,  39 ]. 
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 The higher estradiol levels measured in postmenopausal obese women result 
from the peripheral conversion of androgens to estrogens by aromatase within adi-
pose tissue. The inverse relationship between adiposity and estrogen levels in pre-
menopausal women is less intuitive. Sex hormone-binding globulin levels are 
positively correlated with estrogen levels in premenopausal women, and negatively 
correlated with BMI in all women [ 40 ]. Thus, as BMI increases, SHBG decreases 
with a subsequent decrease in estrogen. Further, insulin resistance is a known com-
plication of obesity. Elevated serum insulin results in low levels of sex hormone- 
binding globulin and hyperandrogenism, which can induce granulosa cell apoptosis 
and impaired ovarian function [ 41 ]. 

 Inhibin B levels are also affected by BMI. Overweight and obese premenopausal 
women consistently demonstrate lower serum Inhibin B levels than women of nor-
mal weight [ 23 ,  24 ,  37 ,  39 ,  41 ]. 

 FSH levels in postmenopausal obese women are also signifi cantly lower than 
their normal-weight counterparts, but the divergence in FSH levels between obese 
and normal-weight women is typically not evident until the time of the Final 
Menstrual Period or the Early Postmenopausal Period [ 13 ,  37 ]. The association 
between FSH and BMI is weaker in premenopausal and perimenopausal women 
[ 24 ,  41 ], but some studies report a negative association [ 38 ,  39 ] as demonstrated in 
postmenopausal women. 

 Several authors have investigated AFC in obese women, but there does not 
appear to be a clear relationship, independent of other factors. Obese women dem-
onstrate comparable AFCs with normal-weight women [ 24 ,  37 ,  39 ,  41 ]. 

 Studies evaluating a relationship between AMH and BMI are confl icting, but 
most suggest an inverse correlation [ 24 ,  31 ,  35 ,  37 ,  41 ]. The temporal relationship 
of AMH and ovarian aging, however, does not appear to be affected. The decline in 
AMH throughout the stages of menopause proceeds at the same rate regardless of 
the starting AMH level or BMI [ 31 ]. Multiple mechanisms have been proposed to 
explain the apparent relationship between AMH and BMI including increased 
catabolism of AMH in the setting of excess adiposity, a negative impact on ovarian 
function, or diminished ovarian reserve [ 29 ,  31 ]. Interestingly, when women with 
diminished ovarian reserve are examined independently, an association between 
BMI and AMH has been reported, while the same study demonstrated no associa-
tion between BMI and AMH in women with normal ovarian reserve [ 21 ,  42 ].  

    Conclusions 

 Increased adiposity negatively impacts fertility, but the mechanism has not yet been 
fully elucidated. 

 The relative leanness of women suffering from POI and the normal AFC in obese 
women suggest that obesity does not directly deplete ovarian reserve. Obesity may, 
however, impair ovarian function as demonstrated by the disruption of normal 
 ovulation and altered hormonal balance in these women. Extrapolating information 
from the proven effects of adipokines on ovarian function supports this notion. 
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 The lower levels of AMH identifi ed in obese women may suggest an impact of 
obesity on ovarian aging that is still undefi ned. Alternatively, this may simply be a 
result of sequestration or increased clearance of the hormone independent of ovar-
ian function. 

 While there does not appear to be a direct cause-and-effect relationship between 
obesity and POI, there may be metabolic derangements in these women, potentially 
related to increased insulin resistance, that contributes to their pathologic ovarian 
aging. 

 Finally, as more obese women seek treatment for infertility, clinicians are faced 
with the diffi cult task of interpreting tests of ovarian reserve despite confl icting 
evidence for the effects of obesity on the accuracy of the assays. Given the preva-
lence of obesity in numerous countries there remains a signifi cant need for contin-
ued research pursuits related to the complex and bidirectional relationship between 
obesity and ovarian aging.     
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    Chapter 11   
 Obesity, Reproductive Outcomes, and Access 
to Infertility Treatments: A Clinical 
and Ethical Debate 

             Samantha     Schon      and     Samantha     Butts     

            Introduction 

 The obesity epidemic has signifi cantly impacted risks in obstetrics and gynecology. 
Pregnancy-related complications in obese pregnant women include increased risk 
of fetal anomalies, gestational diabetes mellitus, stillbirth, fetal macrosomia, and 
Cesarean delivery. Obese women also have unique challenges to fertility and fecun-
dity such as increased risk of early miscarriage compared to normal-weight women 
[ 1 ]. Obesity is associated with disordered ovulation and menstrual cycle irregular-
ity, most notably in women with polycystic ovary syndrome (PCOS) which affects 
5–10 % of reproductive-age women [ 2 ,  3 ]. While overweight or obese status is not 
a requisite for the diagnosis of PCOS, 50–75 % of affected individuals are over-
weight or obese [ 2 ,  4 ] Anovulation is the primary defect leading to infertility in 
obese women with PCOS. 

 As with normal-weight women, the treatment of infertility in overweight and 
obese women must be individualized to maternal factors, paternal factors, and risks 
and benefi ts of various treatments. Numerous clinical reports have demonstrated 
that infertility treatments (regardless of the underlying cause) in overweight and 
obese women result in lower odds of live birth than in normal-weight women. A 
major fi nding of the Cooperative Multicenter Reproductive Medicine Network Trial 
of Clomiphene, Metformin, or Both for Infertility in the Polycystic Ovary Syndrome 
was that subjects with a body mass index (BMI) greater than 30 kg/m 2  had a signifi -
cantly lower rate of live birth than those with BMI less than 30 kg/m 2  independent 
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of assigned treatment (clomiphene citrate, metformin, or the treatments combined) 
[ 5 ]. The risk of early pregnancy loss has also been shown to be greater in obese 
women who conceive with fertility treatments compared to nonobese women [ 2 ]. 
Modest weight loss—between 5 and 10 % of total body weight—restores ovulatory 
cycles in many oligoovulatory women with PCOS [ 6 ]. In addition, signifi cant 
weight loss as occurs with bariatric surgery, drastically reduces perinatal complica-
tions that often occur in the pregnancies of obese women [ 2 ]. Despite concerns 
about risks to fetal growth and development following surgical weight loss, preg-
nancies conceived at least 12 months following bariatric procedures have not been 
associated with signifi cant perinatal morbidity [ 7 ,  8 ]. 

 Assisted reproductive technologies (ART) such as in vitro fertilization (IVF) and 
intracytoplasmic sperm injection (ICSI) are often recommended to women with 
specifi c infertility diagnoses (i.e., tubal factor, severe oligospermia) or to those who 
have not achieved a pregnancy with treatments such as ovulation induction or artifi -
cial insemination. Obesity has been noted to negatively impact multiple facets of 
ART such as response to gonadotropins, cycle cancellation rates, clinical pregnancy 
rates, and live birth rates [ 9 ,  10 ]. Obesity may also diminish live birth rates in IVF 
when donor oocytes are used and the recipient is obese [ 11 ], however, the literature 
has not consistently supported this association [ 12 ]. 

 These data support the fact that obesity challenges fecundity in both natural and 
assisted attempts at conception. In light of the diminished effi cacy of ART in obese 
women using autologous oocytes, the specifi c risks of treatment (i.e., ovarian hyper-
stimulation syndrome, egg retrieval procedure, and conception of multiples) and the 
known benefi ts of weight loss to reproductive outcomes, a debate has emerged 
around the implementation of body mass index (BMI) cutoffs that would restrict 
obese women from infertility treatments. While formal guidelines that directly 
address this debate do not exist in the United States, many fertility practices both 
domestically and abroad currently limit access to infertility treatments for obese 
women. The goal of this chapter is to summarize the current literature addressing 
the use of BMI as a criterion for access to infertility treatment and ART. The prin-
ciples of respect for autonomy, justice benefi cence/nonmalefi cence will be intro-
duced to develop a bioethical framework within which to consider this debate.  

    Arguments Supporting a BMI Cut Off 

 In the United States there are currently no offi cial guidelines advocating a specifi c 
BMI above which infertility treatment should be discouraged or refused. Globally, 
however, the recommendation and enforcement of BMI thresholds is prevalent and 
growing. Examples of these policies and arguments for their use are discussed 
below. 
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    The New Zealand System 

 In New Zealand, a clinical ranking system known as clinical priority access criteria 
(CPAC) was fi rst introduced in the 1990s with a stated goal of ranking patients for 
elective, publicly funded procedures. In 2000, this was extended to patients seeking 
treatment for infertility [ 13 ]. Given that obesity is considered to decrease the likeli-
hood of successful infertility treatment, the CPAC ranking system was only applied 
to women within the BMI range of 18–32 [ 14 ,  15 ]. One retrospective study exam-
ined the effect of these criteria on women outside of the BMI range, and reported 
that while similar proportions of women in different BMI categories would have 
been eligible for publicly funded ART, the number actually receiving treatment was 
lower in the higher BMI group [ 14 ]. They also found that women with a BMI >32 
were less likely to receive private ART [ 14 ]. The authors argued that women with 
BMIs between 32 and 35 were able to modify their lifestyle and achieve a weight 
loss that then enabled them to receive treatment. Those in support of CPAC claim 
that this system has allowed for more equitable care and greater access to ART in 
New Zealand and that most evidence supports the need for weight improvement 
measurements [ 14 ]. Evidence cited includes increased rates of infertility, increased 
maternal and neonatal complications, and increased costs of treatment in over-
weight and obese women. Also noted, are the benefi ts of weight loss in improving 
fertility outcomes in this population [ 16 ].  

    The United Kingdom 

 While the United Kingdom does not have an enforced BMI threshold for ART, their 
reproductive societies have recommended BMI ranges for those undergoing ART. 
The most recent National Institute for Health and Care Excellence (NICE) guidelines 
suggest that BMI should be in the range of 19–30 kg/m 2  before commencing with 
assisted reproduction, and that a woman with a BMI outside this range is likely to 
have a lower chance of successful assisted reproduction [ 17 ]. The British Fertility 
Society (BFS) states that infertility treatment should be deferred if BMI is in excess 
of 35 and that obese infertile women under the age of 37 should be encouraged to 
reduce their BMI to less than 30 [ 18 ]. The basis for these recommendations include 
diminished odds of natural conception and successful fertility treatment in obese 
women, as well as the increased risk of miscarriage, pregnancy complications, and 
congenital anomalies. The BFS also addresses the decreased safety of fertility treat-
ment in obese women and the potential negative long-term health effects on both 
mother and child [ 18 ]. In accord with these recommendations, it has been reported 
that two-thirds of clinics in the United Kingdom apply a BMI cutoff to patients being 
evaluated for infertility treatments [ 19 ].   
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    Additional Arguments for BMI Cutoffs 

 Other reports have proposed that women with a BMI >35 should lose weight prior 
to conception and not prior to receiving infertility treatment [ 20 ]. In this case it is 
argued that given the signifi cant risks of obesity to both the mother and fetus, the 
woman should actually be protected against pregnancy during the time of weight 
loss and that the combination of weight loss, contraception, and folic acid should 
become the standard in the preconceptual care of obese women [ 20 ]. 

 Proponents of using BMI cutoffs to determine access to infertility treatments 
have focused on the importance of weight loss in specifi c patient populations. Balen 
et al. have suggested that weight loss should be a prerequisite to the treatment of 
obese women with PCOS. In this case, the authors argue that weight loss should fi rst 
be achieved to improve the endocrine profi le, frequency of ovulation, and likelihood 
of a healthy pregnancy [ 21 ], and that all treatment aimed at ovulation induction 
should be deferred (including metformin), until these patients reach a BMI cutoff of 
35 kg/m 2  [ 21 ]. 

 The likelihood that both ART and pregnancy are more expensive in obese patients 
is used as an argument supporting BMI cutoffs in populations where fertility treat-
ment is publicly funded. In one study by Koning et al., a theoretical model was 
developed to evaluate costs of treating different populations of infertile women (i.e., 
ovulatory and anovulatory normal weight and obese women). In both ovulatory and 
anovulatory subfertile women, overweight and obesity resulted in decreased fecun-
dity and an increase in the number of pregnancy complications and costs per live 
birth [ 22 ]. While this argument has been put forth by proponents of BMI cutoffs 
[ 16 ], the authors of the study conclude that their data does not demonstrate a reason 
to withhold treatment, especially as there has been no evidence that weight loss 
impacts live birth rates and pregnancy-related complications [ 22 ]. 

    The US Perspective 

 In the United States there are no offi cial guidelines regarding infertility treatment 
for obese women. In a recent survey examining physician practice patterns and 
beliefs, 42.9 % of surveyed infertility centers used a BMI cutoff to determine access 
to any treatment and 73.9 % of medical directors of infertility practices believed that 
a cutoff should exist. Furthermore, 54.8 % of centers had a cutoff for access to IVF 
and 82.9 % of IVF medical directors believed that a cutoff should exist [ 23 ]. In 
contrast to the BMI threshold of 30 kg/m 2  in Europe and New Zealand, the recom-
mended cutoffs reported by clinics in the United States ranged from 30 to 55, with 
the most common recommendation being 40 kg/m 2  [ 23 ]. The most provocative fi nd-
ing of this study is that a majority of IVF medical directors believe that a BMI cutoff 
should be implemented. While there are currently no offi cial statements from US 
reproductive societies, it seems apparent that a widespread interest exists in the 
development of formal guidelines for BMI thresholds defi ning access to infertility 
treatment in the United States. 
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 Even in the absence of formal guidelines limiting access to infertility treatments 
according to BMI, national data suggests that overweight and obese women with 
infertility are less likely to receive treatment than normal-weight women. A second-
ary analysis of the 2002 National Survey of Family Growth, demonstrated that com-
pared to nonobese women, those with class II/III obesity (30.0–34.9/≥35 kg/m 2 ) 
were most likely to seek medical attention to become pregnant, but least likely to 
receive medical or surgical fertility-related services [ 24 ]. In addition, obese women 
had the lowest percentage of private insurance, the highest percentage of uninsured 
status, and the lowest household income [ 24 ].   

    Arguments Against a BMI Cut Off 

 Opponents of BMI thresholds argue that a policy of restriction is diffi cult to defi ne, 
defend, and implement [ 25 ]. These same opponents note that many studies describ-
ing diminished success rates of fertility treatment are evaluating outcomes such as 
increased drug dose or ovulation and are not in fact looking at outcomes such as 
clinical pregnancy or live birth. Furthermore, not all studies demonstrate decreased 
live birth rates with increasing BMI [ 25 ]. 

 Another central tenet of the argument against BMI cutoffs is the treatment delay 
inherent to weight loss efforts. Preventing older obese women from attempting 
pregnancy until they have lost weight may cost valuable time, further decreasing 
chances of conception [ 25 ]. It has been argued that while ART success rates decrease 
with increasing BMI, the same relationship is observed with increasing age, espe-
cially in patients older than 40 [ 22 ]. Although fertility societies in the United 
Kingdom recommend a BMI cutoff for access to ART, a recent European Society of 
Human Reproduction and Embryology (ESHRE) task force concluded that obese 
women approaching the end of their fertile period should not be forced to achieve 
weight loss before treatment is considered [ 26 ]. 

 Opponents of BMI cutoffs also argue that asking obese women to defer treatment 
for weight loss adds to a sense of stigmatization for these patients. It has been 
pointed out that women are entitled to choose a less-than-ideal treatment if they 
have received appropriate information on risks, benefi ts, and effectiveness [ 27 ]. 

 Finally, the notion that offering ART to obese infertile women is not cost effect 
remains a current matter of debate. In a study using patient level data, Maheshwari 
et al., found no signifi cant difference in cost per live birth resulting from ART in women 
who are overweight and obese compared with women with a normal BMI [ 28 ]. 

    Bioethical Framework 

 The core principles of ethics—autonomy, benefi cence/nonmalefi cence, and justice—
can be applied to further interpret the debate about the use of BMI cutoffs to deter-
mine access to infertility treatments [ 29 ]. Respecting the autonomy of patients 
acknowledges their right to freely make medical choices after informed of the risks, 
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benefi ts, and alternatives to such choices. Considering patient autonomy would also 
lend support to the argument to treat an obese woman with infertility and against 
BMI cutoffs to restrict access to care. The principles of benefi cence and nonmalefi -
cence obligate providers to prioritize the well being of patients and to avoid treat-
ments that expose them to excessive risk. When considering these specifi c principles, 
an argument can be made that supports the implementation of BMI cutoffs for 
access to care when the risk to benefi t ratio of treatment is unacceptably high. In 
certain clinical scenarios, benefi cence/nonmalefi cence may confl ict with the prin-
ciple of respect for patient autonomy. As pertains to the current debate, this could 
transpire if a provider believes that the risk of ART in an obese patient is high and 
the benefi t is low but the patient wishes to move forward despite extensive counsel-
ing. This confl ict highlights the concept that no single principle is absolute in the 
process of ethical decision-making. 

 The principle of justice applies to the delivery of care to individuals and to 
 consideration of the societal impact of medical decision-making [ 29 ]. Justice asserts 
that individuals should be treated equally and is the principle invoked in determining 
allocation of limited healthcare resources such as organ transplants. Examining the 
debate of obesity and access to infertility treatments through the lens of justice intro-
duces an additional level of complexity to this argument. If a just approach to the 
allocation of infertility treatments is that all women with infertility should receive 
care, then obesity should not be used to limit access. When considering justice from 
the perspective of society at large, treating infertility in overweight and obese women 
who develop treatment complications and/or perinatal morbidity could strain health-
care resources. Ultimately, continued ethical appraisal of this debate will be valuable 
in fi nding the best approach to care for obese women with infertility.   

    Conclusion 

 While there is ongoing controversy regarding the implementation of BMI cutoffs 
for access to infertility treatments in general and to ART specifi cally, it is evident 
that obesity constitutes a signifi cant obstacle to receiving infertility treatment. As 
the rate of overweight and obesity continues to grow, especially among reproductive- 
age females, physicians will have to best integrate the current available evidence 
when counseling and treating their patients. Furthermore, given the increasing 
 consensus that BMI restrictions should be applied, reproductive societies will need 
to formally address this important issue.     
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    Chapter 12   
 Surgical Interventions and Reproductive 
Function in Obese Women 

             Julie     S.     Rhee       and     Jason     Y.     Rhee    

            Introduction 

 The growing epidemic of obesity weighs heavily on societies around the world. 
According to the World Health Organization (WHO) 65 % of the world’s popula-
tion lives in countries where overweight and obesity kills more people than under-
weight [ 1 ]. “Globesity” as it has been termed, has spurred a tremendous amount of 
research, encompassing both long-term health outcomes of obesity and potential 
treatment options. Of the treatment options, surgical intervention is exceedingly 
common and effective [ 2 ,  3 ]. A 2014 meta-analysis of 37 randomized controlled 
trials investigating modern bariatric practices, found a 92 % resolution of diabetes, 
75 % resolution of hypertension, 76 % resolution of dyslipidemia, and 96 % resolu-
tion of obstructive sleep apnea [ 4 ,  5 ]. 

 Although obesity affects both men and women, women are not only more likely 
to be obese but they also comprise the majority patients undergoing bariatric sur-
gery. Women account for over 80 % of all patients undergoing bariatric surgery 
between ages 18 and 45 [ 6 ]. In one observational study, 30 % of women undergoing 
bariatric surgery stated that future pregnancy was important and 32 % intended on 
becoming pregnant within 2 years [ 7 ]. Although published data on this topic is 
sparse, it is of paramount importance that clinicians are aware of the existing litera-
ture regarding the impact of bariatric surgery on fertility so patients may be coun-
seled appropriately prior to undergoing a procedure.  
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    Bariatric Surgical Options 

 In general, weight loss with bariatric surgery can be accomplished through two 
different mechanisms: restriction of the stomach capacity versus reduction of the 
absorptive capacity of the gastrointestinal tract (Table  12.1 ). Laparoscopic adjust-
able gastric banding (LAGB) and laparoscopic vertical gastroplasty (sleeve gastrec-
tomy) fall into this category of restrictive procedures, while laparoscopic Roux-en-Y 
gastric bypass (LRYGB) incorporates both restricting the volume of the gastric 
pouch and bypassing 50–150 cm of small intestinal tract, thus creating a malabsorp-
tive state. Laparoscopic adjustable banding and Roux-en-Y bypass are the two most 
common bariatric procedures performed today. Solely malabsorptive procedures 
include jejunoileal bypass, biliopancreatic diversion and biliopancreatic diversion 
with duodenal switch. These malabsorptive procedures are not commonly per-
formed. It is important to distinguish the type of bariatric procedure as the term 
“bariatric surgery” is often used to encompass all types of surgeries with the intent 
of weight loss; however, the techniques and the physiologic impact of each type of 
surgery vary dramatically. As research continues, a deeper understanding of the dif-
ferences is becoming more appreciated. As technology improves and techniques 
change, it is clear the type of surgical intervention must be taken into consideration 
when interpreting the literature.

   Overall, extensive research has outlined the benefi ts of bariatric surgery, namely 
improvement or complete resolution of various medical comorbidities [ 8 ]. However, 
the research of bariatric surgery and its overall impact on fertility and pregnancy 
outcomes is still evolving as the practice of bariatric surgery develops. For example, 

   Table 12.1    Bariatric procedures and their mechanism   

 Mechanism  Bariatric procedure  Concerns specifi c to reproductive age women 

 Restrictive  Laparoscopic adjustable 
gastric band (LAGB) 

 • Can be adjusted during pregnancy if issues 
with nausea or inadequate weight gain 

 • Risk of gastric ulceration during pregnancy 
 • Risk of nutritional defi ciencies 

 Vertical banded gastroplasty  • Risk of nutritional defi ciencies 
 Sleeve gastrectomy 

 Malabsorptive  Jejunoileal bypass  • These procedures are rarely performed due 
to long-term associated morbidity  Biliopancreatic diversion 

 Biliopancreatic diversion 
with duodenal switch 

 Restrictive and 
malabsorptive 
components 

 Roux-en-Y  • May interfere with absorption of oral 
contraceptives 

 • Risk of internal hernia and bowel 
obstruction during pregnancy 

 • Risk of nutritional defi ciencies (more 
common than with solely restrictive 
procedures) 
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several cases of increased fertility after bariatric surgery were reported after 
biliopancreatic diversion (BPD) [ 9 ,  10 ], a procedure in which the majority of the 
stomach pouch is removed to reduce food intake while the remaining portion of the 
stomach is connected to the lower portion of the small intestine. Weight loss with 
BPD has been reported to improve fertility; however, BPD has fallen out of favor 
and is rarely performed in the United States due to concerns of malnutrition, hepatic, 
and renal failure [ 11 ]. Despite this, bariatric surgery shows promise to improve 
fertility for obese women wanting to achieve pregnancy.  

    Obesity, Reproductive Physiology, and Polycystic 
Ovary Syndrome 

 Obesity’s impact on adverse reproductive sequelae and altered hormonal milieu has 
been described [ 12 – 15 ] and different mechanisms have been proposed as discussed 
elsewhere in this book. In general, obesity increases the risk of anovulation and 
menstrual cycle abnormalities. In ovulatory women menstrual cycle length is altered 
with obesity manifesting as a longer follicular phase and a shorter luteal phase. 
Associated mechanisms are discussed elsewhere in this book, but briefl y, it has been 
demonstrated that as BMI increases, follicular phase is lengthened and the luteal 
phase is shorter [ 12 ]. These changes are associated with decreased urinary lutein-
izing hormone (LH) and follicle stimulating hormone in the follicular phase, and 
decreased luteal phase pregnanediol-3-glucuronide (Pdg), a progesterone metabo-
lite. Overall this suggests corpus luteum dysfunction with decreased capacity for 
implantation and maintenance of a healthy pregnancy. Consistent with this, a sepa-
rate study also demonstrated reduced LH pulse amplitude and lower levels of uri-
nary Pdg in ovulatory morbidly obese women, again indicating altered function of 
the corpus luteum [ 13 ]. 

 Adipokines are hormones produced by adipose tissue, and a number of adipo-
kines have been implicated as having effects on reproductive physiology including 
adiponectin, resistin, and leptin. Of these leptin is perhaps the best studied. Leptin 
secretion correlates directly with total body adiposity. Obese women have excess 
serum leptin concentrations with subsequent inhibition of ovarian steroidogenesis 
and follicular growth [ 16 ]. A study examining the contrary scenario, found that 
leptin administration in women with hypothalamic amenorrhea due to strenuous 
activity or low weight resulted in a resumption of gonadotropin secretion, follicular 
development, and ovulation, demonstrating the important physiologic role that 
leptin plays in female reproductive function [ 17 ]. 

 Polycystic Ovarian Syndrome (PCOS) is associated with obesity, anovulation, 
and insulin resistance and other metabolic derangements. About 30–70 % of patients 
with PCOS are obese [ 18 ]. Insulin resistance and a hyperinsulinemic state in PCOS 
patients lead to stimulation of excess androgen production that inhibits normal fol-
licular growth and maturation [ 19 ]. This then leads to oligo- and anovulation in 
many women with PCOS, with subsequent subfertility. The ovulatory dysfunction 
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associated with PCOS has been attributed primarily to the hyperandrogenic 
 environment, but is augmented by factors associated with obesity, i.e., hyperinsu-
linemia and increased levels of leptin [ 14 ,  15 ].  

    Impact of Bariatric Surgery on Reproductive Physiology 

 Bariatric surgery restricts caloric intake and nutrient absorption, thereby promoting 
weight loss and decreasing overall total body adiposity. Leptin concentrations 
decrease with weight loss after bariatric surgery and research in murine models have 
shown improved fertility after reduction of leptin levels after decreased caloric intake 
and dietary modifi cation [ 20 ,  21 ]. A recent study investigating leptin levels after bar-
iatric surgery demonstrated that, regardless of the type of surgical procedure, levels 
of leptin and insulin resistance signifi cantly decreased following bariatric surgery, 
further suggesting that weight loss alters the endocrinologic balance [ 22 ]. Also, 
cytokines such as interleukin-6 (IL-6) and plasminogen activator inhibitor- 1 (PAI-1) 
are higher in obese women and can contribute to ovulatory dysfunction and implan-
tation failure. Levels of these cytokines are lower after bariatric surgery, which help 
improve ovulatory function and implantation [ 23 ]. 

 A 2006 survey of 98 anovulatory women found that 70 of these women regained 
ovulatory function after bariatric surgery, and that average weight loss was higher 
among those who regained ovulatory function compared to those who did not (61.4 vs. 
49.9 kg respectively) [ 24 ]. This is consistent with a 1998 survey of 56 anovulatory 
overweight women showing that 90 % of women regained ovulatory menstrual 
cycles after bariatric surgery. In this study, women who regained ovulatory function 
also had an overall greater average weight loss compared to women who did not 
regain function [ 25 ]. In a recent study of 20 obese women with PCOS who under-
went LRYGB, with a mean follow-up time of nearly 4 years, 82 % experienced 
normalization of their menstrual cycles and of those patients who had not conceived 
prior to surgery (50 %), all patients who further desired pregnancy became pregnant 
within 3 years [ 26 ]. In another study of 24 obese women with PCOS who underwent 
LRYGB, all women resumed normal menstrual cycles after a mean of 3.4 months 
postoperatively. Eighteen of 23 subjects had moderate to complete resolution of 
hirsutism. The study also notes that of the fi ve subjects who were infertile prior to 
surgery, all women were able to conceive without ovulation induction using clomi-
phene postoperatively [ 27 ]. However, given that most of these studies are retrospec-
tive with small sample sizes, the current lack of well-designed studies does not 
allow for defi nite conclusions or formal recommendations to be made regarding the 
reproductive benefi t of bariatric surgery in women with PCOS. 

 In regards to ovulatory women undergoing bariatric surgery, a recent study by 
Legro et al. demonstrated improved, shorter follicular phase length from 22 days 
preoperatively to approximately 14 days after bariatric surgery [ 28 ]. The study also 
noted improved hyperandrogenemia and sexual function after bariatric surgery. In a 
follow-up study, investigators measured urinary excretion of LH and Pdg during the 
luteal phase before and after bariatric surgery in obese women. Levels of both 
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 hormones increased post-surgery, but still remained below levels seen in controls [ 28 ]. 
Taken together these data suggest that while bariatric surgery may help improve 
ovulatory function in obese women, there may be a certain amount of weight loss 
required to completely restore function, or perhaps there are lingering effects of 
obesity on the hypothalamic–pituitary–ovarian axis after weight loss surgery.  

    Bariatric Surgery and Fertility 

 Based on available literature, it is diffi cult to conclude whether bariatric surgery 
improves fertility per se, as most studies that have reported on fertility following 
bariatric surgery demonstrate that not all patients prior to surgery struggled with 
infertility or even attempted pregnancy. On the other hand, it is well established that 
weight loss with bariatric surgery improves ovulatory function and menstrual regu-
larity as discussed above. 

 In a 2008 systematic review by Maggard et al., authors identifi ed a number of 
studies demonstrating improved menstrual regularity, ovulation, and improvements 
in androgen levels after bariatric surgery, but only six studies specifi cally addressing 
female fertility after bariatric surgery [ 6 ]. One of the identifi ed studies compared 
preoperative and postoperative reproductive histories of women who underwent 
bariatric surgery and had lost greater than 50 % of excess weight. 29/115 women 
(25 %) had reported infertility prior to bariatric surgery and there was data on nine 
women who conceived after surgery. Of these women 8 were in the group that had 
reported infertility prior to surgery. While this data is helpful, it is diffi cult to deduce 
any causal effects given that the follow-up time was not mentioned in this study 
and the number of patients who tried to conceive prior to surgery was unknown. 
The diffi culty of determining how many patients actually desired pregnancy preop-
eratively or postoperatively is a common theme seen in studies. 

 In regards to fertility after specifi c types of bariatric procedures, there is one 
recent study. This study conducted in Italy and published in 2012, investigated 110 
women who had undergone bariatric surgery (intragastric balloon placement, LAGB, 
sleeve gastrectomy, and LRYGB) who were identifi ed with subfertility prior to sur-
gery [ 29 ]. After surgery, 69 % of those patients became pregnant, with greater weight 
loss and lower BMI being positively associated with pregnancy. The endocrinologic 
changes that take place with signifi cant weight loss were not investigated in the 
study. The authors did not fi nd a difference in pregnancy rates across the different 
types of bariatric surgical methods. 

 Although the data looking specifi cally at female fertility is limited, since the main 
premise of bariatric surgery is weight loss and any improvement of fertility may be 
an “unintended” outcome, at minimum, physicians can counsel patients by stating 
that research indicates that surgical intervention via bariatric surgery may have a 
benefi t on future fertility. One can infer that although there is limited evidence of 
improved fertility as gauged by increased pregnancy rates, there is ample evidence 
that hormone levels and menstrual cycles do seem to normalize in women post-sur-
gery via the multiple physiologic mechanisms previously described in this chapter.  
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    Bariatric Surgery and In Vitro Fertilization 

 Despite the fact that bariatric surgery may improve ovulatory function and fertility 
in obese women, some women who undergo bariatric surgery may still require 
aggressive fertility treatment like in vitro fertilization (IVF). Despite this, few data 
exist regarding IVF in women who have undergone bariatric surgery. In a case series 
by Doblado et al., the authors show evidence that IVF is safe and effective in women 
who have undergone bariatric procedures [ 30 ]. On the other hand, the authors raise 
the point that special considerations need to be made for women who have under-
gone bariatric surgery in the setting of IVF. First, the authors state that ovarian 
hyperstimulation syndrome could lead to serious complications including ascites 
and increased intraabdominal pressure which could in turn increase the risk of intes-
tinal obstruction and internal hernia, two late complications of bariatric surgery. 
Internal hernia presents clinically with nausea and abdominal pain which could 
mimic OHSS. 

 Overall, there seems to be suffi cient evidence to suggest that obesity adversely 
impacts IVF outcomes, however, it is diffi cult to deduce based on existing literature 
if weight loss actually improves clinical pregnancy rate and live birth outcome in 
women undergoing IVF. Given that little has been published on the impact of surgi-
cal intervention on IVF outcomes, it would be diffi cult to counsel patients that 
undergoing bariatric surgery prior to undergoing IVF would be benefi cial. 
Furthermore, patients and physicians must weigh the risks and benefi ts of surgical 
weight loss and the delay in time to conceive that one must account for following 
surgery. More work is needed to investigate the true impact of weight loss via surgi-
cal intervention on the outcome of IVF.  

    Time to Wait for Conception After Surgery 

 The optimal timing of conception after bariatric surgery has not been determined, as 
the trajectory of weight loss and recovery for each patient is different. However, 
rapid weight loss generally plateaus after 18 months post-surgery, after which, the 
concerns for nutritional defi ciencies are somewhat diminished. Constrained by the 
limited nature of research on this topic, the American College of Obstetricians and 
Gynecologists (ACOG) published a practice bulletin in 2009 that does not make any 
recommendations regarding the timing of conception, but ACOG recommends 
closer surveillance of maternal weight and nutritional status, in addition to regular 
ultrasounds for serial monitoring of fetal growth, for those women who conceive 
<12 to 24 months after bariatric surgery [ 31 ]. 

 In attempts to address the question of optimal timing for conception, a 2011 
study compared pregnancy outcomes in 104 women who conceived during the fi rst 
year following bariatric surgery to outcomes from 385 women who conceived after 
the fi rst year following bariatric surgery [ 32 ]. The study found no differences in 
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risks of hypertensive disorders, diabetes, adverse perinatal outcomes, or bariatric 
complications between the groups. Cautions regarding this study were raised however 
as the majority of the women studied had undergone restrictive procedures 
(88 %) vs. procedures incorporating malabsorption components like Roux-en-Y 
which carry a higher risk of nutritional defi ciencies. 

 In a retrospective study spanning 3 years, pregnancies before 1 year (early group, 
21 subjects) and after 1 year (late group, 13 subjects) following LRYGB were not 
statistically different in terms of fetal weight, term pregnancy, and obstetric compli-
cations [ 33 ]. However, the limitations of this study make it diffi cult to draw any 
strong conclusions. Namely, the two cohorts were statistically different in age at 
pregnancy, average BMI at pregnancy and average weight gain during pregnancy. 
Though no statistically signifi cant differences were observed in the outcome mea-
sures, with larger cohorts, the trend observed in major complications may have 
resulted in a statistically signifi cant difference between the groups. 

 Nutrition is an important issue post bariatric surgery, particularly in women who 
undergo malabsorptive procedures as they may experience defi ciencies in iron, 
folate, vitamin B12, calcium, and vitamin D. All women should be screened for 
nutritional defi ciencies prior to proceeding with pregnancy, and special supplemen-
tation is advised during pregnancy (Table  12.2 ).

       Bariatric Surgery and Maternal/Neonatal Outcomes 

 Until recently, the data regarding maternal and neonatal outcomes was based on 
studies comparing outcomes from women who delivered post bariatric surgery to 
control populations. These data were summarized in a 2008 systematic review and 
meta-analysis published in the Journal of the American Medical Association demon-
strating lower maternal complication rates including lower rates of gestational diabe-
tes, and lower rates of preeclampsia after bariatric surgery compared to obese women 
without surgery. In regards to neonatal outcomes, this same paper found no differ-
ences between neonatal outcomes for children born to women who had undergone 
bariatric surgery and outcomes for children born to nonobese controls. The outcomes 
they looked at included premature delivery, low birth weight, and macrosomia. 

   Table 12.2    Preconception counseling for women who have undergone bariatric surgery   

 • Recommend waiting 12–24 months prior to conceiving to maximize benefi t of weight loss 
surgery and to avoid exposing the fetus to rapid changes in maternal weight 

 • Evaluate for micronutrient defi ciency and supplement as necessary 
 • For women who have a history of infertility, complete an infertility work up of referring 

them to the appropriate specialist for evaluation if they fail to conceive within a reasonable 
amount of time 
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 Since 2008, several studies have been published suggesting that there may be an 
increased risk of preterm birth and small for gestational age in children born to 
mothers who have undergone bariatric surgery; however, none of these studies com-
pare pregnancies in the same women pre- and post-surgery [ 34 ,  35 ]. More recently, 
in 2012, a group in Israel published a paired analysis investigating pregnancies in 
144 women who had a child before bariatric surgery and one after between 1998 
and 2008. This work demonstrated a reduction in maternal hypertensive disorders 
(31.9 % vs. 16.6 %,  p  = 0.004), gestational diabetes (20.8 % vs. 7.6 %,  p  = 0.001), 
and cesarean due to labor dystocia (5.6 % vs. 2.1 %) despite older age at second 
pregnancy (26.4 vs. 32.2 years,  p  < 0.001) [ 36 ]. Importantly, eight of the women in 
the study were admitted to the hospital during their pregnancies for complications 
related to their bariatric procedures. These complications included anemia, vomit-
ing or dysphagia, and gastric band slippage. Following pregnancies occurring 
between 2006 and 2012, this same group found similar outcomes for second deliv-
eries after bariatric surgery suggesting sustainable benefi ts for maternal outcomes 
after bariatric surgery [ 37 ]. Neither of these studies found any benefi t for the neo-
nates born after bariatric surgery. 

 Since the surgical and physiologic fundamentals of bariatric surgery differ 
depending on type of surgery, it is important to consider difference in maternal and 
fetal outcomes when comparing one type of surgery to another. In a recent study 
published in 2012, authors investigated outcomes for 42 pregnancies in 36 women 
who had undergone bariatric procedures [ 38 ]. Twenty-two of the pregnancies were 
in women who had undergone LAGB, and 20 of the pregnancies in women who had 
undergone LRYGB. The authors found no difference in gestational age at delivery, 
fetal weight, maternal complications, or fetal outcomes for pregnancies in women 
who had LAGB versus LRYGB. Future comprehensive meta-analyses of pregnancy 
outcomes in women undergoing different surgical techniques would be helpful 
given the small size of many of these studies [ 34 ].  

    Conclusion 

 Bariatric surgery as a weight loss intervention has dramatically increased in the past 
10 years for women of reproductive age. It has been shown to be an effective weight 
loss tool for many overweight and obese patients. The effect of surgical weight loss 
on future fertility is unknown and remains to be further investigated. Given there is 
suffi cient data to show decreased pregnancy rates in obese women desiring to con-
ceive, weight loss overall is benefi cial to restoring normal reproductive function. 
However, whether bariatric surgery improves pregnancy rates and live birth rates 
remains to be elucidated, as similar cohorts of patients have not been adequately 
compared in the literature. Given there is evidence demonstrating altered reproduc-
tive hormone profi le in obesity which reverts after weight loss surgery, bariatric 
surgery remains a sound option for women who desire relatively rapid weight loss 
and wish to maintain future fertility.     
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    Chapter 13   
 Conclusions: Establishing an Ethically 
and Medically Sound Framework 
for Integrating BMI Limits into Infertility 
Care for Obese Women 

             Lisa     M.     Cookingham     ,     Elizabeth     M.     Graf     , and     Ginny     L.     Ryan     

            Introduction 

 Obesity is an increasingly common comorbidity for women seeking infertility care 
in the United States (US) and other countries, and infertility care providers share the 
concerns of all women’s healthcare providers regarding risks and costs of obesity- 
related complications of surgery, pregnancy, and delivery for these women. As this 
book has highlighted, maternal obesity also has a signifi cant impact on the health of 
offspring in the fi rst and even subsequent generations. This reality puts both the 
obese infertile population, who suffer deeply with infertility and with the challenge 
of losing weight, and their care providers, whose goal is to optimize reproductive 
outcomes, in a very diffi cult position. 

 In non-emergent medical interventions and surgical procedures, the standard of 
care is to proceed only when benefi ts outweigh the risks for the individual patient. 
Some surgeons and surgical groups in the United States have generalized this practice 
by implementing policies restricting certain procedures (such as joint replacements) 
to those under a particular body weight or body mass index (BMI), assuming that 
this will decrease procedural and postoperative risks and improve outcomes for 
these patients [ 1 ,  2 ]. No doubt these restrictions are also driven by a desire to 
decrease providers’ liability and institutional costs. Cost has also been the major 
driver of BMI limits for infertility care in countries which subsidize this care, such 
as in Europe and Australia, with the understanding that these countries have an ethical 
obligation to control medical costs in the interest of population health [ 3 ,  4 ]. 

        L.  M.   Cookingham ,  MD    •    E.  M.   Graf ,  PA-C    
  Department of Obstetrics and Gynecology ,  University of Iowa ,   Iowa City ,  IA ,  USA     

    G.  L.   Ryan ,  MD, MA      (*) 
  Division of Reproductive Endocrinology and Infertility, Department of Obstetrics 
and Gynecology ,  University of Iowa Carver College of Medicine ,   Iowa City ,  IA ,  USA   
 e-mail: Ginny-ryan@uiowa.edu  

mailto:Ginny-ryan@uiowa.edu


180

 In the United States, however, infertility care has been limited more by an 
individual’s ability to pay for this care and by age limits than by federal or state 
regulations, medical comorbidity or sociodemographic category. In our Western, 
liberal democratic society, reproduction is considered a fundamental and compel-
ling evolutionary, sociocultural, and personal interest for individuals and the com-
munity, though not so important as to compel adequate insurance coverage. Thus 
there must be a signifi cant level of evidence that pregnancy is life-threatening or 
patients are unable to provide “minimally adequate or safe care for offspring” before 
practices can withhold assisted reproductive care. For example, disability, sexual 
orientation, and marital status alone are not considered valid reasons to withhold 
infertility care [ 5 ]. Nor has it been the general practice for individual clinics or fed-
eral regulators to restrict infertility care due to obesity-related costs, since this care 
is paid for through personal means or private insurance. 

 With the rise of extreme obesity in the United States, however, and the increasing 
rates of obesity-related complications for mothers and babies, there is a greater 
understanding that these complication costs are shared by all of society. There is 
also emerging evidence that obesity impacts the success of infertility care. All of 
this has resulted in a growing conversation about limiting infertility treatment, and 
especially assisted reproductive technologies (ART), in the United States based on 
BMI. In a recent online survey study of public opinion in this country, for example, 
55 % of respondents supported BMI limits to access to ART [ 6 ]. The challenges for 
care providers motivated by compassion and guided by evidence is to weigh the 
ethical and medical issues involved in these policies, implement them fairly and 
appropriately, and focus on medical rather than social outcomes. Obesity must be 
understood by both patient and provider to be a medical risk factor for experiencing 
infertility and for treatment failure, as well as for suboptimal pregnancy outcome. 
In this way, BMI limits may be appropriately framed as medical goals rather than 
social judgments.  

    Background for Our Policy: “One Healthy Baby at a Time” 

 In our center’s infertility practice, we are guided by the goal, “One Healthy Baby at 
a Time.” From this goal has arisen a successful mandatory single-embryo transfer 
policy for in vitro fertilization (IVF) patients who have very good prognosis for suc-
cess. This policy, instituted in 2004, is applicable clinic-wide and for all practitio-
ners, and this consistency has been vital to the policy’s just application and the 
ability to track outcomes. Patients have demonstrated understanding that this policy 
is motivated not by desire to restrict their autonomy but to optimize safe outcomes 
for their families, and the rate of risky multiple gestations in our program has 
decreased by 50 % [ 7 ]. An important component of this policy has been early noti-
fi cation of patients through preappointment informational materials and counseling 
at their initial intake appointment. 

 Our practice also has previous experience with limiting treatment based on BMI 
for those patients who desire to use our shared risk (commonly known as “war-
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ranty”) program for IVF payment. This program was developed for those who have 
no insurance coverage for IVF, and it offers signifi cant reimbursement to qualifi ed 
patients who do not achieve an ongoing pregnancy. Because this program involves 
shared fi nancial risk between our IVF practice and the patient, it has been consid-
ered ethically and medically appropriate for the practice to limit enrollment to those 
patients with the best chance of pregnancy success. Identifying that extreme obesity 
is associated with a lower chance of conception and ongoing pregnancy, we have 
limited our shared risk program to those patients with a BMI under 40. Again, this 
policy is practice-wide and fairly applied, and experience has shown that patients 
often have good success with losing weight to meet qualifi cations when motivated 
by this economic incentive. 

 Individual infertility providers in our practice had been intermittently setting 
BMI limits for all infertility treatments (including oral ovulation induction and 
intrauterine insemination) for a number of years, especially for those patients who 
have other medical comorbidities such as uncontrolled diabetes or hypertension. 
This was sometimes unjust and frustrating, however, due to inconsistent application 
between different patients seeing the same provider and between different providers 
seeing the same patient. As a result, there was a call from within our practice for a 
consistent, specifi c, and medically supported protocol for limiting treatment based 
on BMI while incorporating other medical comorbidities and age. 

 At our academic hospital, we have experienced multiple cases of obesity-related 
complications in our fertility clinic and labor and delivery unit. From infertility treat-
ment failures to technically diffi cult oocyte retrievals that challenge anesthesiologists 
or cause excessive blood loss, these complications were undeniably related to the body 
habitus of the patients involved. Even more alarming were two separate cases of mater-
nal deaths resulting from obesity-related complications of pregnancy and delivery. It 
was these latter 2 cases that put a tragic face on this issue and provided the fi nal impetus 
to begin to develop our policy on obesity and infertility care in late 2012. 

  At the outset of establishing this policy, we were acutely aware that this practice 
could be viewed as discriminatory, offensive, or unethical. We wanted to ensure 
that our policy was not a manifestation of subconscious bias but instead a practical 
tool to focus our conscientious practice of reproductive care resulting in healthy 
outcomes for moms and babies. Thus prior to devising any specifi c guidelines, 
we investigated the pertinent medical literature, including guidance from our 
 professional organizations, and other sources of ethical guidance that could best 
direct our efforts.  

    Professional Guidelines 

 The American Congress of Obstetricians and Gynecologists (ACOG) currently 
provides no specifi c guidance regarding the propriety of restricting infertility care 
or discouraging pregnancy based on BMI criteria. ACOG has clearly acknowledged 
obesity-related problems in reproductive-age women, however, with multiple 
publications citing specifi c recommendations for obese women who are pregnant or 
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seeking preconception care. In a recent  Committee Opinion  from January 2013, 
recommendations include preconception assessment and counseling for obese 
women, including “provision of specifi c information concerning the maternal and 
fetal risks of obesity in pregnancy” as well as “encouragement to undertake a 
weight-reduction program” [ 8 ]. ACOG also recommends that all overweight and 
obese women be offered a consultation with a nutrition specialist and encouraged to 
partake in an exercise program; additionally, ACOG recommends that counseling 
should continue in the postpartum period and prior to attempting pregnancy again 
[ 8 ]. Furthermore, ACOG has supported initiatives to tackle obesity, such as the 
“OBesity Project,” which aims to educate providers and patients about the conse-
quences of obesity in an obstetric population [ 9 ]. 

 Like ACOG, the American Society for Reproductive Medicine (ASRM) provides 
no specifi c guidance regarding restricting fertility care based on BMI criteria. In 2008, 
an  Educational Bulletin  published by ASRM acknowledged that obesity has an 
adverse effect on assisted reproductive technologies (ART) success, including 
decreased rates of fecundity and increased rates of miscarriage [ 10 ]. Specifi c rec-
ommendations for preconceptual counseling of obese women were outlined, advis-
ing providers to discuss the medical, obstetric, and neonatal consequences, as well 
as the long-term implications, of obesity on the patient and potential offspring [ 10 ]. 
No explicit recommendations are detailed regarding alterations of, or restrictions 
on, fertility treatment in obese women; however, ASRM does emphasize diet and 
exercise as the fi rst-line treatment for obesity-related infertility [ 10 ]. 

 Despite the lack of specifi c guidance from ACOG and ASRM regarding restric-
tions, one group’s publication describes what is actually occurring in fertility clinics 
across the country. Harris et al. found in 2011 that 42.9 % and 54.8 % of these clin-
ics actually have a BMI cutoff for controlled ovarian hyperstimulation and IVF, 
respectively, and a full 73.2 % and 82.9 % of survey respondents thought a BMI 
cutoff should exist for these 2 treatment types, respectively [ 11 ]. The study reported 
that clinics use a variety of cutoffs for BMIs ranging from 30 to 55 kg/m 2 , with a 
mode and median of 40 kg/m 2 . The authors suggest there is already a practical con-
sensus among providers of fertility care that guidelines should exist and that a 
national recommendation would be advantageous in developing policies that are 
acceptable, both medically and ethically.  

    Principle-Based Ethics: Benefi cence 

 According to ACOG, benefi cence “means doing or producing good,” and “expresses 
the obligation to promote the well-being of others” [ 12 ]. This principle obliges pro-
viders to act in a manner most likely to benefi t the patient. As evidenced in our 
Introduction, benefi cence was the primary reason for developing this policy and the 
guiding principle throughout the development process. The shared physician and 
patient goal of a favorable outcome from any fertility treatment applies to all 
patients, whether obese or not. With this in mind, restricting treatment to patients 
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that are not in optimal health, based on BMI and/or laboratory abnormalities, was 
incorporated to optimize the chance of a favorable outcome for both the patient and 
the potential offspring. Encouraging safe weight loss and therapeutic lifestyle 
changes not only increases the opportunity to achieve this shared goal, but also has 
a benefi cial impact on the patient’s overall health status. Additionally, we strongly 
encourage partners to participate in these changes with our patients in an effort to 
promote the well-being of the couple and family.  

    Principle-Based Ethics: Non-malefi cence 

 The principle of non-malefi cence goes hand-in-hand with the principle of benefi -
cence. Non-malefi cence is most commonly recognized by the Latin phrase  primum 
non nocere , which means “fi rst, do no harm.” It requires that providers not inten-
tionally cause harm or injury to their patients and do their best to avoid foreseeable 
harms. When considered with benefi cence, the principles together direct that pro-
viders on balance strive to do more good than harm. This supports our concern 
regarding the potential risk for complications resulting from fertility treatment, 
including the harm that could result from diffi cult fertility procedures, such as 
oocyte retrievals, and the potential complications of pregnancy and delivery that 
may have never occurred if we had not assisted with the pregnancy’s conception. If 
we as physicians are aware of the increased rate of medical complications that can 
arise from an obese woman carrying a pregnancy (i.e., gestational diabetes, gesta-
tional hypertension, preeclampsia) and the increased rate of operative and postop-
erative complications that can arise from an obese woman delivering a baby (i.e., 
excessive blood loss, wound breakdown and infection, endometritis), is it ethically 
sound to assist in achieving pregnancy?  

    Principle-Based Ethics: Justice 

 The principle of justice is often separated into “commutative” justice, implying an 
obligation to treat all people equally according to their particular need, and “dis-
tributive” justice, implying an obligation to equitably allocate goods in a society 
[ 12 ]. Distributive justice is an important consideration in healthcare systems where 
infertility care is publicly funded and resources are limited. In New Zealand, for 
example, a system was developed to prioritize access for patients seeking publicly 
funded fertility treatments and patients were excluded if their BMI was >32 kg/m 2 . 
Commentators suggested that the system encouraged a healthy lifestyle and rein-
forced the public health message of obesity as a major health problem, and that 
weight loss achieved by patients in order to partake in publicly-funded treatments 
was “good medicine” as demonstrated by decreased obstetric complications and 
improved neonatal health, with concurrent reduction in the cost of ART overall [ 13 ]. 
While infertility care is not publicly funded in the United States, it would be naïve 
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to ignore the impact that complicated pregnancies and deliveries, unhealthy chil-
dren, and multigenerational obesity has on societal costs. Furthermore, better con-
trolling these costs related to obesity and pregnancy may help facilitate improved 
insurance coverage for infertility care. 

 Commutative justice is more diffi cult to apply to infertility care policies related 
to obesity. If obesity were solely a societal categorization without substantive health 
impacts, such as marital status or sexual orientation, it would be unjust to treat any-
one differently in provision of medical care based on their BMI or body weight. As 
previous chapters have evidenced, however, signifi cant obesity more often carries 
with it important health risks for moms, babies, and future generations and thus 
weight categorizations are more than simply societal groupings. In developing our 
obesity and infertility policy, however, we wanted to be inclusive of our entire popu-
lation and not just those whose BMI and other medical comorbidities put them out 
of the range of immediate infertility treatment. Thus our goal is to share the policy, 
and each patient’s BMI, with all of our patients through distribution of the “Obesity 
and Infertility” information and policy description sheet. In this way, all patients can 
see that we have identifi ed obesity as an important medical morbidity for 
reproductive- age women, can situate their own weight (and their partner’s weight) 
in comparison to the normal range, and can ask about resources to assist in their own 
efforts to maintain a healthy weight.  

    Principle-Based Ethics: Respect for Autonomy 

 The principle of autonomy “acknowledges an individual’s right to hold views, to 
make choices, and to take actions based on her own personal values and beliefs” 
[ 12 ]. With regard to reproduction, patients have the right to place their own values 
on childbearing and to make choices regarding their health and healthcare based on 
those views. Providers are obligated to inform patients of the risks, benefi ts, and 
alternatives to their medically indicated options for infertility care. After providing 
complete information, respect for autonomy suggests that providers respect the 
decision-making capacity of the patient herself. This does not mean, however, that 
the patient can demand any treatment “carte blanche,” regardless of medical propri-
ety. Respect for autonomy must be balanced by a physician’s right to practice medi-
cine in accordance with his or her conscientious practice.  

    Conscientious Practice 

 A controversial topic in the fi eld of obstetrics and gynecology at times, conscientious 
practice is most commonly invoked when a healthcare provider refuses to provide a 
legal medical intervention such as abortion or emergency contraception based on 
her own religious or moral views. As noted above, however, conscientious practice 
may also be used to describe a physician’s day-to-day practice of weighing an 
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individual’s risks and benefi ts related to a particular procedure or medical option 
and deciding that this particular option is not medically appropriate for that patient 
in those circumstances. While the provider should be allowed to make this determi-
nation on the basis of conscientious practice in the case of clear medical evidence, 
great care must be taken to avoid the practice, or even appearance, of paternalistic 
and prejudicial judgment.  

    Our Obesity and Infertility Care Policy: Development 
and Implementation 

 We spent several months reviewing the above resources and the medical literature, 
as well as holding formal and informal meetings to discuss parameters of the policy 
with all team members (physicians, embryologists, nurses) in our Reproductive 
Endocrinology and Infertility division as well as our Obstetrics and Gynecology 
department. We also sought feedback from our Hospital Advisory Committee’s 
Ethical Issues Subcommittee. In general, we met with less resistance in these meet-
ings than we anticipated, as there was a shared understanding of the signifi cant 
reproductive risks of obesity. Colleagues provided guidance on similar policies in 
place in their particular subspecialties, and most discussion involved the clinical 
evidence for particular BMI cutoffs and the propriety of mandatory referrals and 
laboratory assessment. 

 The Ethical Issues Subcommittee “considered both medical and ethical issues 
involved in the policy, with focus on a variety of interrelated questions, including: 
reproductive freedom, the difference between positive and negative rights, the best 
interests of the potential mother, the best interests of the potential child, distributive 
justice and resource allocation, the conscientious practice of professionals, and 
analogies to other clinical contexts that involve obesity or behavioral constraints.” 
(Minutes of the Meeting of the Ethical Issues Subcommittee, November 13, 2012, 
The University of Iowa Hospitals and Clinics). A key point that arose in this discus-
sion was the fact that reproduction is currently considered a negative right rather 
than a positive right; in other words, women and families should be free from inter-
ference in pursuing their reproductive goals but care providers should not feel com-
pelled to assist in attaining these goals to the detriment of their patient’s well-being 
and against their own medical judgment. 

 Early in the process we recognized the need to provide medically appropriate 
and readily available weight loss assistance to obese patients, and especially those 
patients whose BMI and/or other medical comorbidities would not immediately 
allow them to proceed with infertility treatment. We consulted with providers spe-
cializing in weight management, exercise physiology, nutrition, and perinatology, 
and partnerships were solidifi ed. Our goal was to have these referral services readily 
available for our obese patients in order to optimize the complete and multidisci-
plinary management of their infertility and obesity. 

 In addition to developing resources for our patients, we also wanted to ensure that 
our staff and referral sources were equipped for the implementation of our policy. 
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We created talking points for our schedulers so they could inform new and existing 
patients of the change in our practice. Within our electronic medical record system, 
we created premade phrases that could be utilized in clinic notes and in letters to 
new and returning infertility patients. Additionally, we attempted to contact all 
known referrers by letter (including the 2-page information sheet and policy descrip-
tion, see Box  13.1 ) so they were aware of the policy prior to transferring patient care 

   Box 13.1 Obesity and infertility information sheet and policy description 
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to our team. As with the single-embryo transfer policy described above, we felt 
strongly that patients should be made aware of this policy early in their relationship 
with our clinic. Thus, we included our 2-page information sheet and policy descrip-
tion with our scheduling letters and information packets for all new infertility 
patients. Following these measures, a date was set to implement the policy. 

    Box 13.1 (continued) 
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      Challenges in Development: Medically Appropriate Limits 

 As mentioned above, this issue was the most common source of discussion during 
development of our policy. While many measures of well-being worsen even with 
mild and moderate obesity, it is also true that many obese women have very healthy 
pregnancies and long and active lives. Comorbidities that tend to track with obesity, 
such as hypertension and glucose intolerance, are more risky to certain pregnancy 
and delivery outcomes than the obesity itself, yet it is hard to predict whether a 
particular woman will manifest these comorbidities during a future pregnancy. It is 
also diffi cult to decide upon a level of increased risk, or decreased effi cacy, which is 
compelling enough to warrant delay in a much desired treatment for infertility. 
Furthermore, there is little evidence in the literature looking at reproductive out-
comes for women in the very highest BMI categories or reproductive outcomes 
specifi cally for obese women treated for infertility. 

 Our experience with a BMI limit of 40 kg/m 2  in our shared risk IVF program has 
generally been positive, with interested couples demonstrating motivation and suc-
cess in meeting this criterion. The survey of infertility clinics in the United States 
noted above also suggests physicians feel that 40 kg/m 2  may be a reasonable limit 
for provision of IVF treatment [ 11 ]. Other countries with subsidized infertility care 
set limits that are signifi cantly lower, such as 30 kg/m 2  in England (  http://www.hfea.
gov.uk/fertility-treatment-cost-nhs.html#1    ). For a woman who is 5 ft 4 in. tall, a 
BMI limit of 40 kg/m 2  or 30 kg/m 2  means she could weigh up to 230 lb or 175 lb, 
respectively, and still receive care. By way of comparison, the average adult woman 
in the United States is 5 ft 4 in. tall and weighs 166 lb [ 14 ]. Since we were very 
motivated by medical indications in development of this policy, we decided that the 
evidence was less equivocal regarding the reproductive risks of very severe obesity, 
and thus we chose 50 kg/m 2  as our limit to start. This means that a woman of aver-
age height can weigh up to 290 lb and still receive infertility care in our clinic, 
assuming that other medical untreated comorbidities do not exist. While this is our 
upper limit for now, we are certainly open to lowering this BMI limit as medical 
knowledge and policy effi cacy dictate.  

    Challenges in Development: Time-Sensitivity 

 Since acute weight loss may be just as detrimental to a woman’s health and the 
effi cacy of their infertility treatment, we encourage steady but moderate weight 
loss supervised by a primary care physician. Unfortunately, for women in their late 
30s and early 40s and those with diminished ovarian reserve, time is of the essence 
in proceeding with infertility treatment. As described in our policy, we understand 
that not all patients have the time needed to make effective lifestyle changes lead-
ing to weight loss and improved glucose control, and thus there are exceptions to 
our BMI policy for situations such as these when BMI is between 40 and 49. 
Similarly, if oocyte freezing is sought for fertility preservation prior to cancer 
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treatment, for example, exceptions to the policy can be made. As a practice, we 
reserve the right to discuss particular medical situations as a group and make rare 
exceptions to our policy, always keeping in mind the primacy of the health of our 
patients and their offspring. 

 The issue of time also arose in considering how improved obesity counseling 
and support from our physicians, nurses, and schedulers would likely increase the 
length of clinic visits and amount of clinical work. Efforts were made to have 
resources readily available to faculty and support staff to facilitate these efforts 
(see Box  13.1 ), but there is no question that effective obesity care takes additional 
time in clinic, and more clinic visits. Our expectation is that making obesity care a 
routine part of the whole team’s practice will result in improved effi ciency and 
effi cacy over time.  

    Challenges in Development: Readability and Utility of Policy 

 We initially considered developing a larger number of policy-related resources 
that would meet the needs of patients, support staff, nursing, and physicians. This 
quickly became confusing, however, and we decided instead to simplify our 2-page 
information sheet and policy description. This 2-page document became an infor-
mational resource for previsit patients, a worksheet for patient-provider interac-
tions, and a reference for practice physicians and nurses and referring providers. In 
order to effectively meet all of these needs, the document had to be thorough but 
concise and relatively simple to read. We recognize that the fi nal result may not be 
fully understandable by patients of every reading level; however, we plan to over-
come this issue by working through the document in person with each patient so 
that the message is personalized.  

    Challenges in Development: Prepayment for Infertility Care 

 One of our main reasons to inform patients and referring providers of this obesity 
and infertility care policy prior to their fi rst visit is to avoid the situation where a 
patient prepays for her visit upon arrival and then is informed that she is not a can-
didate for immediate infertility intervention due to her BMI and/or medical comor-
bidities. All patients will still receive a full evaluation and comprehensive treatment 
plan, including plans for weight management. While we hope that this is well worth 
the cost of a visit, we understand that patients do not expect to face further delays to 
their conception plans when they present to an infertility clinic. This frustration can 
be exacerbated by the long distances that some of our patients travel from within and 
outside of the state to seek care. Advance information and careful clinical counseling 
will be vital to avoiding this unfortunate situation.  
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    Response and Evaluation 

 Despite the fairly recent introduction of our Obesity and Infertility Care policy, we 
have already received an overwhelmingly positive response from both our internal 
women’s healthcare providers and from referring providers. Some have commented 
that the policy was overdue, and we have had suggestions to lower the BMI limit 
further. We have also heard that referring providers use this information to counsel 
and encourage their patients to work towards a healthier BMI as part of their infer-
tility management. 

 In general, patients who have been thoroughly counseled regarding the rationale 
behind such a policy have responded positively as well. We have had a few patients 
who have disapproved of the restrictions, and it is diffi cult to know how many 
patients have gone elsewhere for care after learning of our policy. This would be a 
regrettable outcome of policy introduction, since we are in a stronger position than 
ever to effectively and safely provide high-quality infertility care to our patients 
after mobilizing available resources for obesity treatment. 

 While we recognize that the policy is not without fl aw, we will continue to refi ne 
and reevaluate our guidelines based on evolving medical evidence, our clinical out-
comes, and changes in local healthcare resources. We look forward to conducting 
formal research into the acceptance and impact of the policy on our patients and 
providers, and we are dedicated to providing full evaluation and treatment planning 
for any patient that seeks our assistance, regardless of BMI status. We hope to set an 
example for other practices and offer guidance for other infertility care providers in 
an effort to improve the health of women nationwide. Even though infertility care 
providers often interact with women for a limited time during their reproductive 
lives, and most do not provide obstetrical care for the pregnancies whose conception 
they assist with, as obstetrician/gynecologists we cannot ignore the fact that we 
have a vital role in the health and well-being of our patients, their offspring, and 
their families. It is very clearly our responsibility to identify obesity in our patients 
and facilitate treatment in a medically and ethically appropriate manner.     
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