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Abstract
The prevalence of obesity is growing among reproductive age women. This is concerning as
obesity has significant health related consequences. Aside from long term risks of diabetes, heart
disease, and some types of cancer, obesity poses immediate threats for young women including
subfertility and adverse early and late pregnancy outcomes. Epidemiologic and experimental
studies demonstrate associations between pre-pregnancy obesity and poor reproductive outcomes,
however, the mechanisms involved are poorly understood. We discuss current knowledge of the
pathophysiology of obesity in early reproductive events and how these events may affect
reproductive outcomes including fertility, and miscarriage risk. We also discuss avenues for future
research and interventions to improve reproductive outcomes for obese women.
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I. Introduction
Almost a quarter of reproductive age women in the United States are obese with a body
mass index of 30 kg/m2 or greater1. This figure is worrisome as obesity may jeopardize long
term health with increased risks of type II diabetes, cardiovascular disease, and some types
of cancer2. Of more immediate concern for reproductive age women, obesity is associated
with increased risks of subfertility3–5.For those who do conceive, obesity has been
associated with increased risks of miscarriage6, preeclampsia7, 8, and congenital anomalies
in the offspring9. Of further concern, emerging evidence suggests that children born to obese
mothers are at increased risk for obesity10–12, type II diabetes13, and cardiovascular disease
later in life14, perhaps the result of epigenetic modification of the embryonic genome in
response to the alterations of the in utero environment in the setting of maternal obesity14

(Table 1).

Interventions aimed at improving reproductive outcomes for obese pregnant women often
focus on limiting weight gain during pregnancy15, however, many of the risks of obesity in
pregnancy may be linked to abnormalities in reproductive events occurring pre-
conceptionally and early in pregnancy including abnormalities in events of oocyte
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recruitment and development, ovulation, pre-implantation embryonic development, and
implantation16–18. While managing weight gain during pregnancy may be helpful in
preventing some adverse outcomes in obese pregnancy19, such intervention does not address
abnormalities in events which have already occurred. Accordingly, increased intervention
for weight loss and increased efforts in counseling of the risks of obesity to reproductive
potential and outcome should also be undertaken by clinicians working with reproductive
age women. For obese women who do conceive, research elucidating the pathophysiology
of obesity in early reproductive events may help shed light on effective interventions for
preventing the adverse pregnancy outcomes that weight management in pregnancy has not
been able to address.

II. Obesity and ovulation
Increased incidence of subfertility among obese women may be attributed in part to the
frequent co-occurrence of obesity with polycystic ovary syndrome (PCOS)20—a relatively
common condition characterized by hyperandrogenism and anovulation, and associated with
insulin resistance21, 22. PCOS is not uncommon in women of normal weight, however, in
obese women insulin resistance may lead to clinical features consistent with PCOS23, 24.
Insulin resistance and hyperinsulinemia consequent of obesity hamper hepatic production of
steroid hormone binding globulin (SHBG) with subsequent hyperandrogenemia. Lower
SHBG levels and increased peripheral aromatization of androgens to estrogens in obese
women also result in higher free circulating estrogen levels which may lead to increased
negative feedback on the hypothalamic-pituitary axis. This increased negative feedback
adversely affects the gonadotropin secretion needed for adequate ovarian follicular
recruitment and subsequent ovulation24–27. Weight loss among obese women with PCOS
often helps in restoring ovulation and improving chances of conception28, 29.

Independent of PCOS, obesity is associated with abnormalities of the hypothalamic-
pituitary-ovarian (HPO) axis that may affect the quality of follicular development and
ovulation26, 30, 31. As a consequence, fertility is decreased even among obese women with
regular menses3, 32. In a large study of women participating in the Study of Women’s Health
Across the Nation (SWAN) study, a body mass index increasing over 25 kg/m2 was
associated with a longer follicular phase and a shortened luteal phase26. Further detailed
study conducted by some of the same researchers demonstrated decreased LH amplitude and
mean serum LH levels in cycling obese women compared to women of normal weight
possibly leading to a shortened luteal phase30, 31. While the concept and definition of the
luteal phase deficiency and its role in fertility have long been debated, shorter luteal phases
theoretically could affect endometrial development and subsequent embryo implantation33.
If this problem did exist in obese women, it could explain in part findings demonstrating that
obesity may be associated with increased risk of miscarriage in spontaneous conceptions6

and decreased embryonic implantation rates in obese women receiving donor oocytes after
in vitro fertilization (IVF)34.

The mechanism responsible for the observed decreased LH pulse amplitude in obese women
is unknown. Several theories exist including interference of adipokine hormones, or
hormones made by adipose tissue, including leptin, TNF-alpha, or interleukin-1beta, with
the pituitary response to GnRH23, 30, 31, 35, 36. While some work has been done to look at the
effects of obesity on the HPO axis and infertility in animal models, further work examining
these relationships in women are needed37.

III. Obesity and the oocyte
Insight into the importance of maternal physiology on oocyte quality can be demonstrated in
experimental animal models of maternal diabetes where there is an increase in granulosa cell
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apoptosis of the ovarian follicle and impaired oocyte maturation15, 16, 38. Similar to diabetes,
obesity is a condition marked by aberrations in circulating levels of substrates for energy
production and it too appears to have effects on oocyte quality. Visually these effects appear
to be primarily on oocyte maturation39–41 although there is data suggesting that even
subjectively normal oocytes are altered at the molecular level by conditions like PCOS42.
These alterations are in genes associated with chromosome alignment and segregation
during mitosis and/or meiosis and in genes associated with peroxisome proliferator-activated
receptors—receptors important to cellular growth and development in the fetus43 and known
to be activated by thiazolidinedione drugs. Thiazolidinedione drugs have been shown to
improve oocyte competence as measured by embryonic development in mouse models of
maternal obesity44 and to induce ovulation in women with PCOS45.

There are a variety of factors that may impair oocyte maturation in obese women including
abnormalities in ovarian follicular recruitment and development due to blunted LH
amplitude as discussed above26, 31. On the other hand, there is evidence that the follicular
environment in which the oocyte develops and matures is altered in obese women compared
to non-obese women. Because these differences are noted in women undergoing IVF where
exogenous gonadotropins are used to achieve follicular recruitment and development, it is
unlikely that the abnormalities are the result of obesity-related HPO-axis dysfunction.
Instead, it may be that some component of obesity alters composition of the follicular fluid
directly which could influence oocyte metabolism or metabolism of the cells that support the
developing oocyte and follicle including granulosa cells, cumulus cells and theca cells46.
Changes in metabolism of these cells could further alter the composition of follicular fluid.
Alterations noted in follicular fluid from obese women include increased insulin, glucose
and lactate, increased androgen activity, increased C-reactive protein, and decreased hCG
levels47, 48. There is also evidence that follicular leptin levels correlate with BMI49. In vitro
studies have shown that leptin impairs steroidogenesis in granulosa cells50, 51, and such an
impairment could also impact follicular development, oocyte quality and ovulation in obese
women52.

Further work is needed to determine how oocyte quality specifically influences pregnancy
outcome for obese women, however as mentioned, data from animal models of obesity and
type I diabetes mellitus demonstrate that poor maternal physiology affects oocyte quality. In
the case of type I diabetes, these affected oocytes predispose to increased risks of fetal
abnormalities including congenital anomalies and fetal growthrestriction15, 17 perhaps via
adverse effects on the meiotic spindle of the oocyte or on mitochondrial structure and
function53. Like diabetes, obesity is also a condition of abnormal maternal physiology.
While laboratory evidence supports a role for poor oocyte quality as a factor in adverse
reproductive outcomes in the setting of obesity41, clinical evidence is lacking.

One avenue to consider exploring for additional information regarding relationships between
oocytes and pregnancy outcome is data from donor oocyte cycles in clinical in vitro
fertilization (IVF) practice. One published abstract suggests donor oocytes taken from obese
women do not affect live birth rates in recipient women of normal weight, however, the
numbers of patients included in the study were too small (64 IVF cycles using oocytes from
normal weight women vs. 8 IVF cycles using oocytes from donors who were obese) to
adequately control for potential confounding factors54. On the other hand, some IVF centers
may restrict oocyte donation to women of normal weight55 as overweight and obese women
are known to require additional gonadotropin stimulation in their IVF cycles and they often
produce fewer oocytes which can increase the cost of an IVF cycle56. Because of this
exclusion it may be difficult to find existing data to explore this question further. National
IVF databases such as those compiled by the Society for Assisted Reproductive Technology
may provide adequate numbers for future study and are worth pursuing.
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IV. Obesity and the embryo
Embryo quality is affected by poor oocyte quality and this may be an issue for obese
women. This has been documented clinically in obese women undergoing IVF where
embryos derived from oocytes fertilized in vitro are of poorer quality than of those derived
from normal weight women48, 57. On the other hand, IVF studies investigating embryo
quality in obese women are conflicting and their findings on embryo quality may not reflect
what truly happens in spontaneous conceptions58. Another issue to consider is the
contribution of sperm to embryo quality. Obesity is known to affect sperm quality, however,
there is very little evidence to illustrate how sperm quality in obese men relates embryo
quality or pregnancy outcome59.

Aside from the contributions gametes may make to embryo quality after fertilization occurs,
the pre-implantation embryo itself is particularly vulnerable to metabolic insult. Study of
human embryos from spontaneous conception is obviously difficult; however, experimental
animal models provide an alternate mechanism for studying the effects of maternal obesity
on early conception and pregnancy outcomes. In one such example, pre-implantation
embryos subjected to conditions of maternal insulin resistance demonstrated decreased
insulin-stimulated glucose uptake and increased apoptosis60. When these embryos were
transferred into normal surrogates, resulting pregnancies were associated with increased
miscarriage rates and growth abnormalities in resulting offspring suggesting lasting
developmental programming at the pre-implantation stage of development17, 61.

Recent work suggests abnormalities in offspring stemming from metabolic insults at the pre-
implantation embryonic stage of development may occur as a result of alterations in
embryonic mitochondrial physiology62, or in epigenetic modifications like embryonic allelic
expression of imprinted genes associated with growth like Igf263, 64. Epigenetic
modifications of the genome at this stage of development are generally stable for a lifetime
providing an explanation for the long-term influence of such insults on health of the
offspring later in life65.

V. Obesity and early pregnancy
In addition to increased risks of congenital anomalies, preeclampsia, gestational diabetes,
and stillbirth among obese pregnant women8, 9, 66–68, there is also data to suggest risk of
miscarriage is increased among obese women69. This association is difficult to study though
as many spontaneously pregnant women are not followed closely in early pregnancy and
may not ever present for care if they experience a miscarriage. Women undergoing
infertility treatment may offer more information regarding adverse pregnancy outcomes like
miscarriage as they tend to be followed very closely in early pregnancy. Overall, it appears
that miscarriage risk is increased among obese women undergoing fertility treatment,
however, data regarding the risk of miscarriage among women undergoing specific types of
fertility treatment are not entirely clear yet6.

When considering mechanisms that could influence early pregnancy among obese women, it
is conceivable that obesity’s effects on the oocyte or embryo could affect the embryo’s
potential for development. Additionally, it is possible that obesity imparts a negative
influence on the endometrium influencing the risk of miscarriage. Supporting this concept, it
appears that the endometrium is responsive to hormones influenced by obesity including
insulin and adipokines such as leptin and adiponectin70–73. Furthermore, data from obese
women receiving oocytes for IVF from healthy women shows obese women experience
increased risks of miscarriage compared to normal weight recipients6 although data
demonstrating increased miscarriage rates after IVF in obese women using their own
oocytes are insufficient in that most are retrospective, underpowered, and fail to include
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information to adequately account for potentially confounding factors6, 56, 74. If the
endometrium and subsequent implantation are affected by obesity, it is possible this could
also influence the development of other pathologies related to implantation including
preeclampsia.

VI. Limitations of current evidence and future avenues for research
The bulk of the current data available investigating relationships between obesity and
oocytes and early reproduction in spontaneous conception are restricted to work in animal
models and a small amount of clinical data from obese women undergoing in vitro
fertilization (Table 2). Unfortunately, the available clinical data is limited in that most
women undergoing IVF are treated with gonadotropins. Drug regimens and protocols, and
response to drugs may vary from patient to patient with many obese women requiring larger
amounts of gonadotropin stimulation to achieve mature ovarian follicles prior to undergoing
ultrasound-guided follicular aspiration56. These variations in stimulation protocols could
potentially affect ovarian follicles and their content, and the resulting oocytes independent of
one’s BMI75.

Another limitation of data derived from women undergoing IVF is that complete
investigation of the oocyte would require destruction of the oocyte making it difficult to
justify studies of oocytes from women undergoing IVF for procreative management. Instead
we are often left using surrogate markers of oocyte quality including subjective measures
like direct visualization of nuclear maturation, grading of embryo quality after fertilization,
and more objective measures like fertilization rate and pregnancy rates after IVF. The
problem with the latter measure is that it relies on other factors including competence of the
sperm to fertilize the oocytes, quality of the embryo culture, and endometrial receptivity.

One final limitation of data derived from women undergoing IVF is that pregnancy rates in
IVF pregnancy may be improved over those in spontaneous conception because multiple
embryos are often transferred (single embryo transfer is not common in the United States9),
and these embryos are chosen for their superior morphological characteristics compared to
others in the cohort. Because of laboratory intervention, it is conceivable that early
pregnancy outcomes among obese women conceiving via IVF are improved over those
conceiving spontaneously as only one embryo is typically “available” in spontaneous
conception6, although the effects of obesity on later pregnancy outcomes may be more
difficult to tease out in this population. Data from obese women receiving donor oocytes
from normal weight women may allow for further elucidation of the effects of obesity at
later, post-implantation events in the reproductive process. Potential questions to explore in
these patients include whether or not pregnancy rates among these women are the same as
they are in obese women receiving embryos created from their own oocytes when
controlling for other factors. Also, are rates of miscarriage, preeclampsia and other adverse
pregnancy outcomes the same among these women? Studies of this nature are difficult to
perform at one center because numbers of patients may be limited, however, collaboration
among multiple participating centers and disciplines would allow such work to take place.

While IVF data is limited, as discussed, it does provide unique opportunity for further
investigation of adverse effects of obesity on reproduction and interventions that have not
been fully explored. Unlike spontaneous conception, IVF allows the opportunity to follow a
woman from the pre-conceptional period to the peri-conceptional period. Tissue specimens
and laboratory data are available at these time points that are not available in spontaneous
conception. With cooperation and organization, collaboration between reproductive
endocrinologists and obstetricians following these women in pregnancy allows for continued
monitoring and data and specimen collection throughout pregnancy and delivery. The
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opportunity to follow offspring of these pregnancies also exists. In the past most studies of
IVF offspring has focused on IVF’s affects on offspring health, however, future studies may
take advantage of the availability of maternal specimens and data available in the pre- and
peri-conceptional periods to focus on the affects of maternal physiology on reproductive
outcomes and the health of offspring.

Obese women undergoing IVF also provide opportunity to see the influence of different
pharmacologic interventions on oocyte quality, embryo health, and pregnancy outcomes.
Some possible interventions to explore further in this population include IVF pretreatment
with insulin-sensitizing agents such as metformin or PPAR agonists like rosiglitazone
investigating not just IVF and obstetrical outcomes, but also looking into changes in
composition of follicular fluid and function of retrieved granulosa cells as there are animal
studies showing improvements in oocyte quality, embryo quality and pregnancy outcomes
with such treatment44, 76. Not only would this type of work provide improved insight on the
effects of obesity on early reproduction and subsequent pregnancy outcomes, but it would
also provide mechanistic information to address debate in clinical literature regarding use of
these agents in populations of anovulatory obese women with PCOS to optimize outcomes
for these women77, 78.

In considering obesity and its effects on reproduction, it is important to recognize that most
obese women experience normal fertility and favorable reproductive outcomes. Further
investigations into the underlying mechanisms responsible for poor reproductive outcomes
in obese women will help to identify which obese women are particularly at risk for poor
reproductive outcomes whether it be women who have developed other obesity related
health issues like insulin resistance, PCOS, or metabolic syndrome, or whether it be women
with some other underlying process that has yet to be discovered. Such investigations will
also bring us closer to improving reproductive outcomes women who are at risk.
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Table 1

Epidemiologic studies of adverse reproductive outcomes in obese women

Outcome Odds Ratio Reference Type of study Patients
(n)

Subfertility 2.2 (95% CI: 1.8–2.6) Nohr et al (12) Prospective cohort 4901

Miscarriage 1.67 (95% CI: 1.25–2.25) Metwally et al (6) Meta-analysis 2257

Various fetal anomalies 1.2 (95% CI: 1.03–1.4, cleft lip and
palate); 2.24 (95% CI: 1.86–2.69, spina

bifida)

Stothard et al (9) Meta-analysis 863; 1188

Large-for-gestational-age 2.3 (95% CI: 1.9–2.7) Nohr et al (12) Prospective cohort 4901

Preeclamspia 1.6 (95% CI: 1.1–2.25, obese vs. non-
obese); 3.3 (95% CI: 2.4–4.5, morbidly

obese vs. non-obese)

Weiss et al (68) Prospective cohort 15,225; 14,629

Obesity in the offspring at age 1
(BMI ≥ 95th percentile)

1.9 (1.3–2.6) Nohr et al (12) Prospective cohort 4901
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Table 2

Proposed mechanisms by which obesity may affect early stages of reproductive development

Stage of development Proposed mechanism Possible effects on
reproduction

Evidence References

Oocyte Abnormal hypothalamic
GnRH pulsatility; abnormal
follicular environment

Poor oocyte quality;
impaired ovulation

Human serum samples; human
IVF specimens; animal
specimens

Jain et al (31);
Robker et al (40,
47);
Jungheim et al (41)

Pre-implantation embryo Poor oocyte quality;
impaired embryonic
metabolism and quality;
epigenetic modification

Impaired implantation;
miscarriage; fetal
anomalies and growth
abnormalities

Animal specimens; human IVF
specimens

Jungheim et al
(41);
Carrell et al (48);
Metwally et al
(57);
Eng et al (76)

Implantation Abnormal endometrium Impaired implantation;
miscarriage; fetal
growth abnormalities

Human endometrial biopsies Mozzanega et al
(72)
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