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ABSTRACT

 تؤثر السمنة على الوظائف الإنجابية من خلال التسبب باضطراب 
في التوازن الهرموني والتبويض، كما ترتبط السمنة بمجموعة من 
الآثار الصحية الضارة كالتي تحدث مع الارتباط القوي بين الجهاز 
التناسلي وتوازن طاقة الجسم. تنتج السمنة من عدم التوازن المزمن 
بين نسبة استيعاب الطاقة واستهلاكها وهذا التغير في استهلاك 
البدني  التناسلي. ويلعب النشاط  الطاقة يؤثر كثيراً على الجهاز 
من خلال تأثيره على استهلاك الطاقة دوراً مهماً في الحفاظ على 
توازن طاقة الجسم وصحته وبالتالي في تحسين عملية الإنجاب. لذا 
فإن الإنقاص من الوزن يعد من أفضل وأرخص الطرق المستخدمة 

لعلاج العقم لدى النساء البدينات.

Obesity can impact on reproductive functions by 
causing hormonal imbalance and ovulatory dysfunction. 
Furthermore, obesity is associated with a range of adverse 
health consequences. There is a tight coupling between 
the reproductive system and energy balance. Obesity 
results from chronic imbalance between energy intake 
and energy expenditure, and therefore changes in energy 
expenditure impact on the reproductive system. Physical 
activity, through its effect on energy expenditure, plays 
an imperative role in maintaining energy balance and 
thus improving health. It is therefore recommended 
that weight loss is the best and the cheapest therapy for 
infertile obese women.
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Review Article

Obesity corresponds to excess body fat and is 
defined by a body mass index of above 30 kg/m2. 

Its prevalence has strikingly increased during the past 2 
decades, constituting one of the fastest-growing health 
problems worldwide.1 At the turn of the millennium, 
obesity affected 300 million adults throughout the 
world, and this increasing prevalence is a major public 
health hazard.2 This current epidemic of obesity is 
related to the changing pattern of nutrition.3 Further, 
there is a genetic susceptibility for some individuals to 
obesity.4,5 

Body mass index (BMI) is used widely in 
epidemiological studies as a good indicator of 
adiposity.6,7 In the west, 24% of women in England 
are obese,8 and 61% of women in the US are either 
overweight or obese. Recent studies demonstrate an 
escalating incidence in developing countries.9-14 The 
majority of those are women of reproductive age, and 
many of the risk factors that are linked to obesity may 
also predispose them to infertility.15,16 The prevalence of 
obesity in Saudi Arabia, however, is 35.5%, approaching 
the western community and it is expected to increase 
particularly in women.17 Furthermore, many ethnic 
groups who either migrate to western societies or adopt 
a western life style are prone to obesity in their changed 
environment. This is a result of a chronic imbalance 
between energy intake and energy expenditure where 
the energy supply is stored as fat.18 The energy intake 
has become more calorie dense, coexisting with a decline 
in the level of physical activity.3 This probably explains 
the cause as well as the consequence of the obesity 
epidemic.19 A low level of physical activity is certainly a 
strong predictor of mortality.20-22 The deleterious effects 
of obesity on general health are enormous, including 
social, psychological, and demographic problems.23,24 
There is a greater increase in the prevalence of chronic 
medical disorders, particularly related to cardiovascular 
and type II diabetes mellitus.10,12,25 Furthermore, there 
is an increase in the incidence of sleep apnea, arthritis 
and cancer, leading to an increase in mortality and 
morbidity.1,10,20 In the field of obstetrics and gynecology, 
however, obesity is considered a risk factor for a whole 
host of conditions related to reproduction.26,27 In 
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addition, there is an increase rate of complications 
during pregnancy such as, an increased risk of 
miscarriage and raised blood pressure, pre-eclampsia, 
diabetes mellitus, and subsequently an increase in the 
rate of operative delivery.28-30 Further, wound infection 
and thrombo-embolic phenomena are not uncommon. 
The prevalence of hormone dependent gynecological 
tumors, endometrial, and breast cancer are also on the 
increase.31 

With regard to obesity and reproduction however, 
it produces a variety of endocrine alterations in 
the reproductive system, thus, creating difficulty 
in managing infertility.32 It had been reported in 2 
Saudi studies that a third of women needing assisted 
reproductive techniques (ART) are obese.33,34 Weight 
and body mass are known to be of importance to 
the maintenance of regular reproductive cycles. In 
some women, obesity is associated with menstrual 
irregularities, hirsutism, infertility, and decrease in the 
success of fertility treatment.15,16,35 Because weight loss 
in obese women can correct ovulatory dysfunction, it is 
not uncommon for infertility specialists to recommend 
loss of some amount of weight before proceeding with 
fertility treatment.36-41

Obesity continues to increase rapidly in the Kingdom 
of Saudi Arabia.  However, attempts to lose weight are 
not common in the Kingdom. Such an increase in 
obesity will tremendously affect public health, as obesity 
is strongly associated with several health hazards such 
as cardiovascular complications and diabetes mellitus. 
This review article is timely because of the increasing 
epidemiological trends in obesity that we are facing 
in the reproductive endocrine clinics. Moreover, there 
is increasing evidence that intervention with fertility 
treatment is not yielding, which can be frustrating, and 
devastating to both couples and physicians. Whereas, 
when women do things to help themselves with regard 
to weight loss, they can conceive naturally or achieve 
good response with fertility treatment and have a good 
outcome. The aim of this article is to focus attention 
on the impact of obesity on menstrual cycles and 
reproduction, but not across the life time of the woman. 
It will then describe the implications of obesity on the 
outcome of fertility treatment. This review will also 
include effects of obesity on pregnancy and delivery, 
but the implication on fetal morbidity and mortality 
will not be tackled. 

This article will be structured to reflect on the role of 
body weight on reproduction. Specific paragraphs will 
discuss; (i) the epidemiological and clinical evidence 
of the association between obesity and reproductive 
disorders (ii) the pathophysiological aspects by which 
obesity may impair fertility, with particular emphasis 
on androgen disorders; (iii) major factors explaining 

the strong association between obesity, including 
polycystic ovarian syndrome (PCOS) and the potential 
pathophysiological mechanisms of obesity on PCOS. 
This article will therefore, focus on relevant reviews of 
and analysis of current evidence published in the last 5 
decades.   

This article was based on a comprehensive literature 
search that has been conducted across all sources relevant 
to reproductive endocrinology in the clinical context. 
The aim was to perform thorough literature search of 
journal publications. The English literature search has 
covered the period between 1950 and 2011; using 
Medline, Embase, ERIC, and the PsychoINFO database, 
and using the search terms; obesity, BMI, women 
impact, reproduction, insulin resistance (IR), infertility, 
and in vitro fertilization (IVF). These references were 
supplemented with: a traditional hand search of medical 
journals and potential relevant abstracts from relevant 
international meetings, and secondary sources, such as 
textbooks.

Assessment of body composition. Body weight and 
its constituent components of fat mass and lean tissue, 
play an important role in modulating reproductive 
development and function.35 Body weight is often 
expressed simply as mass, which is useful at the population 
level for describing the ecological relationships, such as 
that between the prevalence of low birth weight and 
perinatal mortality. Body weight is also useful when 
considering a time series within a population, or an 
individual, as it then reflects relative change that itself 
carries information of value. In addition to absolute 
weight, are measures of relative weight, expressed either, 
for example, as z-scores against a reference population 
or, most commonly, relative to height. This later 
construct is often expressed as BMI (kg/m2).35 The BMI 
is a simply measured proxy for body composition and 
is based on the early work of Lambert Quetelet.42 The 
BMI, is the weight (wt) in kilogram (kg) divided by the 
height in meters squared (m)2; BMI: Wt (kg)/height 
(m)2. The ideal BMI is between, 19-25 A BMI of 26-
29 is considered overweight while a BMI above 30 is 
defined as obesity. 

According to the World Health Organization 
(WHO, 2000), lean is defined as a BMI < 18.5 kg/m2, 
normal weight as BMI between 18.5 and 24.8 kg/m2, 
overweight as BMI between 25.0 and 29.9 km/m2 and 
obese as BMI ≥ 30 kg/m2. Variations on BMI include 
Ponderal index (kg/m3), which is commonly used when 
assessing body composition in babies.43 

Body weight can also be broken down into constituent 
components and relative distribution around the body. 
For example, models of body composition include 
versions of 2 components (fat and fat-free mass); 3 
components (fat, water, and protein); and 4 components 
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(fat, water, protein, and osseous mineral). Percentage of 
body fat is best determined by displacement, however, 
clinically, this is impractical, but BMI corresponds 
closely to densitometry measurements44 and is a good 
indicator of adiposity.6,7 Although not commonly 
used, parameters for the assessment of obesity include; 
waist circumference and waist: hip ratio.45 A waist 
circumference of >80 cm in women is an accepted 
indicator of visceral fat accumulation.45 In addition to 
the rudimentary measurement of BMI, techniques of 
body composition assessment35 are shown in Table 1.

The distribution of fat, central compared with 
peripheral, or visceral compared with subcutaneous, is 
important because of the regional variation in adipocyte 
metabolism. Most methods estimate total adiposity; skin 
folds, DEXA, CT, MRI, or ultrasound can distinguish 
central from peripheral fat. However, CT, MRI, or 
ultrasound can further subdivide central fat into 
visceral and subcutaneous.45,46 Each of these methods 
constitutes a different balance of precision, participant 
burden, cost, and relevance to the causal pathway and 
outcome of interest.35

Body weight and the onset of puberty. Fifty years ago, 
Tanner47 observed from the Harvard Growth Study that 
early maturation, based on age at peak height velocity, 
was positively associated with a higher weight/height 
ratio. It has since been argued that menarche (the onset 
of menstruation) occurs at a critical level of ‘fatness’ and 
it appears that hypothalamic events leading to pubertal 
development and the achievement of reproductive 
competence may be triggered by metabolic/ 
endocrinological changes due to an increase in fat.48,49 
This has been confirmed in a study demonstrating that 
percent body fat (FAT%) using bioelectrical impedance 
was related to age at menarche, and duration of menstrual 
cycles in ballet dancers.50 There is a related body of 
research indicating that obesity in females as assessed 
by BMI is associated with an early onset of puberty and 
early menarche, menstrual irregularity, and long cycles.51 

Furthermore, recent data suggest that excess adiposity 
during childhood may influence pubertal development 
as well. In particular, excess adiposity during childhood 
may advance puberty in girls. Obesity in peripubertal 
girls may also be associated with hyperandrogenemia 
and a high risk of adolescent polycystic ovary syndrome 
(PCOS).52 Insulin resistance and compensatory 
hyperinsulinemia may represent a common thread 
contributing to many of the pubertal changes reported 
to occur with childhood obesity.53 Weight and body mass 
are known to be of some importance to the maintenance 
of regular reproductive cycles. Certainly, either excess 
weight or marked weight loss can be associated with 
cycle disturbances; anovulation and delayed conception. 
In a larger scale retrospective study, Rich-Edward et al54 
found that women with a BMI > 24 kg m-2 at the age 
of 18 years were at a significantly higher risk of primary 
anovulatory infertility. 

Metabolic effects of obesity on estrogen. A BMI 
greater than 30 is associated with abnormalities in 
estrogen metabolism. Fat acts as a steroid reservoir and a 
precursor for the synthesis of androgens to oestrone and 
oestradiol and hence to oestriol by enhancement of the 
16-hydroxylase pathway.54 Oestrone, while not a potent 
steroid, upon sustained exposure, has a significant 
estrogenic activity particularly on the endometrium 
(lining of the womb). Fishman et al55 examined 
the influence of body weight on oestradiol (E2) 
metabolism. They demonstrated that weight influences 
the direction of E2 metabolism. Also, body weight may 
play a significant role in anovulation, since obesity is 
associated with hormonal aberrations, decreased sex 
hormone binding globulin (SHBG), elevated serum 
E2,56 and elevated levels of androgens.57

Obesity and PCOS: Pathophysiological aspects.   
The PCOS is one of the most common endocrine 
disturbances in women.58 It accounts for 90% of women 
with anovulation who attend infertility clinics.41 It is a 
heterogeneous disorder, the definition of which has been 
refined through the years.59 The syndrome’s cardinal 
features are; characteristic ovarian morphology on 
ultrasound, menstrual irregularity, hyperestrogenism, 
decreased SHBG, hyperandrogenism, and IR. The 
latter 2 disturbances have significant reproductive and 
metabolic consequences.30,60-61 Abdominal/truncal 
(increased waist-to-hip ratio) obesity is another 
important feature of PCOS, which worsens the clinical, 
endocrine and metabolic features of the syndrome.45,62 
This type of obesity is associated with more pronounced 
hyperandrogenism and IR.35 These 2 lead to chronic 
anovulation, through mechanisms primarily involving 
the insulin-mediated overstimulation of ovarian 
steroidogenesis and decrease in SHBG concentration.

The prevalence of obesity in PCOS has been 
estimated to be around 40%.63-65 However, marked 

Table 1 - Techniques of body composition assessment.

1 Skin fold thicknesses and waist-hip ratio45

2 Total body water using isotopically labeled water
3 Hydro-densitometry based on underwater 

weighting
4 Air-displacement plethysmography
5 Bio-impedance analysis
6 Total body potassium
7 Dual-energy X-ray absorptiometry
8 Computed tomography
9 Magnetic resonance imaging

10 Ultrasound35
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Figure 1 -	 Diagram illustrating the complex nature of the relationship between obesity and reproductive abnormalities in simple obesity and obesity-related 
PCOS. The diagram illustrates how factors related to obesity may participate in the complex interaction between androgens, neuroendocrine 
centers, insulin and insulin resistance, leptin and other factors and gonadal and extragonadal mechanisms leading to reproductive disorders 
in simple obesity (the abdominal phenotype) (box A), and particularly when it is associated with PCOS (box B). PCOS - polycystic ovarian 
syndrome, SHBG - sex hormone-binding globulin, THF a - tumor necrosis factor, IGF - insulin-like growth factor. Adapted with permission 
from: Pasquali R, Gambineri A. Metabolic effects of obesity on reproduction. Reprod BioMedcine Online 2006: 12: 542-551.24 

variation has been noted in this frequency, which also 
varies according to ethnicity and geographic location.66 
The pathogenesis of obesity in PCOS is unclear however. 
Obesity could be the consequence of genetic factors,4 or 
alternatively due to life style factors such as diet and 
a sedentary existence.67 More specifically, the role of 
diet in the genesis of obesity and lipid abnormalities 
in women with PCOS has not been established. In the 
general population and in certain ethnic groups, it is 
well-known that high fat/carbohydrate diet markedly 
influences the prevalence of obesity and metabolic 
abnormalities. Obese women with PCOS are more 
likely to have menstrual irregularities and anovulation 
than lean women with PCOS.68,69 Furthermore, IR in 
women with PCOS appears more common than in the 
general population.70,71

Insulin resistance and, thus, secondary 
hyperinsulinemia may contribute to the 
hyperandrogenism, anovulation, dyslipidemia, and 
glucose intolerance in women with PCOS. The 
gonadotrophic effects of insulin on ovarian steroid 
hormone synthesis were shown in vivo and in vitro.72-75 
The exaggerated insulin action on the ovarian tissue 
may present the pathogenic mechanism leading to the 
disturbances of the endocrine profile and menstrual cycles 
and hence to infertility in some obese women.72-74

Obesity and fertility. Worldwide, several authors 
have shown that the risk of anovulatory infertility 
increased in women with increasing BMI values.1,39,63,76 

Further, there is a confirmed link between nutrition and 
reproduction.77 Whereby, extremes of weights impact on 
fecundity, by increasing the probability of anovulation.78-

80 Fecundity is used to define the monthly probability 
of conception for a couple that is sexually active, not 
using contraception and capable of getting pregnant. 
It is the biological capacity of reproduction, whereas 
fertility is the actual production of a live offspring.81 The 
mechanism by which underweight impacts on ovarian 
function is by disturbing the hypothalamic control of 
gonadotrophins (Gns) secretion. While the ovarian 
dysfunction in obese women is as a result of different 
endocrine and metabolic alterations, such as effects on 
steroids metabolism and altered secretion of and action 
of insulin and other adipokines, such as leptin resistance 
and adiponectin.82-85 These are emerging as potential 
agents in the pathogenesis of hyperandrogenism and 
anovulation in obese women. Leptin is considered the 
main peripheral signal that affects food intake and energy 
balance. Obesity is a classic condition of circulating 
leptin excess. Leptin is found to have an inhibitory 
effect on ovarian functions leading to anovulation.85-87 
Leptin is the main product of body fat, it regulates the 
Gn surge that initiates the development of prepubertal 
stage (Figure 1).85,88

The association between abnormal weight and 
infertility has also been well documented.15,63,79,80

,89 Support for this association is provided by studies 
documenting resumption of ovulation and improved 
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fecundity following weight loss.37,38,80,90 Mitchell and 
Rogers91 reported in a prospective control study that, 
13 of 15 obese women with amenorrhoea resumed 
menstruation after weight reduction alone. Kiddy 
et al69 have shown that weight reduction improves 
menstrual pattern. In addition, in women presenting 
with anovulatory infertility, weight reduction may 
restore ovulation and conception.92 Furthermore, 
Hollmann et al38 found an improvement of menstrual 
function and ovulatory pattern in 80% and pregnancy 
rate of 29%, which was accompanied by a significant 
decrease in plasma insulin and androgen levels after 
weight reduction. Based on ovulation induction with 
Gns in normogonadotrophic anovulatory women, it 
was found in a meta-analysis,93 that there is a positive 
association between the level of obesity and total 
amount of Gns administered. Moreover, longer periods 
of ovarian stimulation with higher cancellation rates 
have been found in obese women undergoing ovarian 
stimulation.79,89,94 Therefore, any increase in body fat 
exacerbates the condition, and this explains the need 
for using higher doses of induction of ovulation agents 
such as clomifene citrate (CC) an anti-estrogen, or 
Gns in such women. Commonly, these obese women 
do not respond easily to the usual treatment with the 
anti-estrogen CC and Gn.63 It is therefore, strongly 
recommended that weight loss is the best and the 
cheapest therapy for infertile obese women.  

Excess body weight is known to impair the response 
to CC and it has been suggested that obesity per se 
is associated with an altered pituitary response to 
endogenous luteinizing releasing hormone from the 
hypothalamus. Conversely, women who are underweight, 
commonly show a disturbance in the hypothalamic - 
pituitary-gonadal axis and a loss of CC responsiveness. 
Shepard et al95 in a retrospective study, analyzed several 
factors relating to the induction of ovulation with CC. 
They identified that body weight is significantly different 
in responders and non responders and found a positive 
linear relationship between body weight and the dose 
of CC required to induce ovulation.95 Lobo et al,96 in a 
prospective study, found that weight and obesity were 
correlated positively with the dosage of CC required to 
achieve ovulation. Although once ovulation occurred, 
obesity did not influence the ability to conceive. Obese 
women with PCOS are less likely to respond to CC 
than lean women with PCOS.89,96 They are therefore 
more likely to be referred for Gn therapy. However, 
moderately obese women with PCOS respond more 
poorly to Gn therapy than their lean counterparts. 
These women are again less likely to ovulate and, if they 
do respond, they would require a larger daily dose of Gn 
and a longer duration to affect an optimal response.89

A number of articles in the literature revealed a 
relationship between weight, induction of ovulation, 

and the dosage of CC.95-97 However, there are no data 
concerning the influence of weight, and the optimal 
dose of Gn therapy needed in order to achieve successful 
induction of ovulation while minimizing adverse 
affects of ovarian hyper-stimulation and multiple 
pregnancies.98,99 A direct influence of body weight on 
ovarian response to exogenous Gns has been shown for 
women requiring larger dose of Gn therapy to affect an 
optimal response.69,81,100

Hamilton-Fairly et al99 suggested that even moderate 
obesity adversely affects the response of women with 
PCOS to low dose Gn therapy. The association of 
obesity with a poor pregnancy outcome is reinforced by 
a similar finding in the general population.98,99 

However, the factors that affect the dosage of Gns and 
the duration of treatment necessary to stimulate ovarian 
response leading to ovulation and pregnancy remains 
obscure. Obesity is associated with abnormalities in 
estrogen metabolism, and the distribution of drugs 
in the body is dependent on the amount of adipose 
tissue.89 Exactly why women with greater body mass 
require higher Gn dosage is unclear. However, it may be 
related to the larger amount of body surface, inadequate 
E2 metabolism, and decreased SHBG, which may alter 
adequate induction of estrogen receptors. Possibly, 
the intramuscular absorption of the drug is slower or 
incomplete in obese women due to fat infiltration of 
muscle, or decreased muscle vascularity and increased 
subcutaneous fat.

In normally cycling women, Halme et al,101 
demonstrated an increased response to Gn injection 
in women with lower body fat. Others have found a 
positive relationship between body weight, and both 
the number of days and dose of Gns required to induce 
superovulation in ART in women with normal cycles.102 
Lewis et al103 showed that body weight did not markedly 
influence the response to ovarian hyper stimulation in 
normal cycling women.

Obesity and ART outcomes. High BMI has been 
shown to adversely affect the outcomes of ART 
treatment.82,104-106 However, the effect of body weight on 
the outcome of IVF has not been well established. The 
apparent absence of an adverse effect of excess BMI on 
IVF outcome has been described by Lashen et al.107 Some 
studies however, have shown lower IVF success rates in 
obese women while others could not find a negative 
effect.107,108 Obesity has adverse effect on the outcomes 
of ART, impairing fecundity and reducing pregnancy 
rates.109-111 This appears to be impaired by several 
factors including androgens,112 insulin,113 and leptin.114 

Salha et al115 indicated that high BMI is detrimental to 
the success of IVF and has an important influence on 
the distribution and metabolism of human chorionic 
gonadotrophin; the trigger of ovulation. A systematic 
review of IVF outcomes among overweight and obese 
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women demonstrated that the does of Gns required are 
higher in women with BMI of ≥ 25 kg/m2 in comparison 
with BMI of ≤ 25 kg/m2. Further, Gns requirements 
were higher in obese women BMI ≥ 30 kg/m2 when 
compared with none obese women.116 Li et al117 showed 
in a large cohort study that overweight women required 
more ampoules of Gns, and faced an increased risk of 
cycle cancellation due to poor follicular development. 
A recent study showed that overweight women have 
significantly lower oocytes retrieval in comparison with 
normal weight women.109 Whereas Metwally et al118 
had demonstrated that oocyte quality is unaffected by 
BMI. Although there is evidence linking obesity with 
poor implantation and pregnancy rates,119 more robust 
studies are needed to substantiate these findings. 

Obesity and pregnancy. Weight in pregnancy is 
composed of both weight gains during pregnancy 
and pre-pregnancy weight. Pre-pregnancy obesity was 
associated with poor pregnancy outcome. Maternal 
obesity in pregnancy carries significant risks for both 
mother and fetus such as; an increased rate of miscarriage, 
gestational diabetes, macrocosmia, pre-eclampsia, 
cesarean section and still birth.28,46,118,120 There is an 
increase in congenital malformation, especially neural 
tube defects.121,122 It has also been suggested that central 
compared with peripheral fat is more closely related 
to birth weight, gestational carbohydrate intolerance, 
and hypertension.46 Further, it has been demonstrated 
that maternal pre-pregnant BMI predicts infant’s 
birth weight, and childhood obesity.122,123 This would 
eventually, establishes a risk profile for the development 
of subsequent metabolic disease in children.124 

Positive energy balance and reproduction. A 
sedentary lifestyle leading to obesity, is associated with 
significant health hazards, including increased risk of 
cardiovascular, metabolic diseases and cancer. These 
diseases are associated with higher rates of mortality 
and morbidity. These individuals are also susceptible to 
the development of several reproductive complaints and 
the ultimate fate is reduced reproductive outcomes and 
infertility. Nevertheless, in many cases of positive energy 
balance, reproductive function can be restored with 
simple changes in lifestyle habits that lead to reduction 
in body weight and body fat and improvements in 
insulin sensitivity.18 This again strongly suggests that, 
weight reduction presents cause-related and the cheapest 
treatment of hormonal imbalance in obese women.

The implication of weight loss on fertility. Overweight 
and obesity have been observed to impair both natural 
and assisted conception, and so, the benefits of weight 
loss have been discussed in various contexts in this 
article. However, to emphasize it further, Clark et al37,39 
recommended that as little as 10-15% of weight loss 
can improve fertility outcomes. This success is achieved 
through improvement of endocrine profile, such as; 
decrease in free testosterone, luteinizing hormone, and 

lower fasting insulin levels, which would then lead to 
regularizing menstrual cycles and thus an increase in the 
frequency of ovulation and spontaneous conception, 
and further can enhance success with fertility treatment 
if the need arise.38,119

For someone who is eagerly wishing to conceive, 
weight loss can be difficult. However, giving an insight 
on the implications of central fat deposition on the 
hormonal milieu that is pertinent to ovulation and 
conception would increase the women’s motivation and 
compliance to losing weight. Weight loss can be achieved 
through various means. However, simple life style 
modification can be very rewarding.125,126 Also, weight 
loss can be achieved through diet restriction, physical 
activity both individually or in a group. Furthermore, 
pharmacological measures such as Metformin (insulin 
sensitizing agent), or Orlistat (a lipase inhibitor that 
reduces gastrointestinal fat absorption) can be helpful 
in this regard.127,128 In rare instances however, bariatric 
surgery is a last resort.119 It is therefore, recommended 
that the overweight and obese couple attending fertility 
clinics should be advised and supported to lose weight, 
to raise their awareness on adopting a sustainable 
healthy lifestyle. The couple should be reassured that, 
in the process of losing weight, the couple have the 
likelihood of conceiving naturally or do so on the first 
trial of intervention. Weight loss can have short term 
and long-term benefits on the individual, offspring 
and society.30 However, advice against rapid weight 
loss and excess energy should be stressed, as this may 
have a negative impact on the individual and treatment 
outcomes.129 The British Fertility Society has issued 
policy and practice guidelines advising specialists to 
encourage women to aim for a normal BMI prior to 
commencing fertility treatment.130  

Physical activity and its effect on reproduction. The 
reproductive system is tightly coupled with energy 
balance, and changes in the status of energy balance 
through changes in physical activity can impact on 
the reproductive system.14 According to the Centre of 
Disease Control, physical activity is defined as, “any 
bodily movement produced by skeletal muscle that 
result in expenditure of energy”131 In an effort to combat 
the increasing secular trend of overweight and obesity, 
several organizations including the WHO and the 
American College of Sports Medicine, have announced 
recommendations to the public for physical activity. 
They advocated that to reduce the risk of chronic 
diseases and improve overall health status, people of 
all ages should perform a minimum of 30 minutes of 
moderate-intensity physical activity on most days of the 
week, but also emphasize that greater health benefits can 
be derived from physical activity that is more vigorous 
and longer in duration.132 
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In conclusion, the rising epidemic of obesity reflects 
the tremendous changes in society and the behavioral 
pattern of the society. The deleterious effect of obesity 
on general health is now obvious, this include greater 
prevalence of chronic medical conditions as well as 
increased morbidity and mortality secondary to these 
problems. Obesity represents an important risk factor 
on fertility, which can exacerbate many of the symptoms 
of PCOS and increase the cardiac risk profile of the 
syndrome. Women who are overweight should therefore 
be advised to lose weight before conception in order to 
improve their chances of successful outcome. This is 
because obese women do not respond easily to infertility 
treatment. Further, these medications have a number 
of side effects, and spontaneous conception might 
occur during the process of weight reduction. Women 
coming for IVF treatment cycles are also advised to try 
to normalize their weight before commencing a cycle 
of IVF. Financial, emotional, and time expenditures 
for both women and physicians alike warrant a clearer 
understanding of the factors affecting the dosage and 
duration of treatment with Gns. 

Why heavier women may need more hormones to 
induce ovulation is yet to be clarified. Further studies for 
drug absorption and metabolic clearance rate in normal 
and obese women would address the questions posed. 
Obesity continues to increase rapidly in the Kingdom 
of Saudi Arabia. However, attempts to lose weight are 
not common in the Kingdom. Such increase in obesity 
will tremendously affect public health. Reduction in 
overweight and obesity is therefore, of considerable 
importance to a healthy nation. There is a great need 
for strategies and programs for weight reduction as well 
as weight maintenance that must be of a higher public 
health priority. 

References
  
   1.	 Haslam DW, James WP. Obesity. Lancet 2005; 366: 1197-

1209.
  .2.	 Hall LF, Neubert AG. Obesity and pregnancy. Obstet Gynecol 

Surv 2005; 60: 253-260.
  .3.	 Kyrou I, Tsigos C. Chronic stress, visceral obesity and gonadal 

dysfunction. Hormones (Athens) 2008; 7: 287-293.
  .4.	 Loos RJ, Bouchard C. Obesity--is it a genetic disorder? J Intern 

Med 2003; 254: 401-425.
  .5.	 Calle EE, Thun MJ. Obesity and cancer. Oncogene 2004; 23: 

6365-6378.
  .6.	 Deurenberg P, Weststrate JA, Seidell JC. Body mass index as 

a measure of body fatness: age- and sex-specific prediction 
formulas. Br J Nutr 1991; 65: 105-114.

  .7.	 Gray DS, Fujioka K. Use of relative weight and Body Mass 
Index for the determination of adiposity. J Clin Epidemiol 
1991; 44: 545-550.

  .8.	 The information Centre publication. Health Survey for 
England 2009. [Accessed 2011 August 03; Updated 2010 
December 10]. Available from: http://www.ic.nhs.uk/. 

    9.	Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak 
CJ, Flegal KM. Prevalence of overweight and obesity in the 
United States, 1999-2004. JAMA 2006; 295: 1549-1555.

  10.	Calle EE, Thun MJ, Petrelli JM, Rodriguez C, Heath CW Jr. 
Body-mass index and mortality in a prospective cohort of U.S. 
adults. N Engl J Med 1999; 341: 1097-1105.

  11.	Must A, Spadano J, Coakley EH, Field AE, Colditz G, Dietz 
WH. The disease burden associated with overweight and 
obesity. JAMA 1999; 282: 1523-1529.

  12.	Allison DB, Fontaine KR, Manson JE, Stevens J, VanItallie 
TB. Annual deaths attributable to obesity in the United States. 
JAMA 1999; 282: 1530-1538.

  13.	Prentice AM. The emerging epidemic of obesity in developing 
countries. Int J Epidemol 2006; 35: 93-99.

  14.	Hossain P, Kawar B, ElNahas M. Obesity and diabetes in the 
developing world-A growing challenge. N Eng J Med 2007; 
356: 213-215.

  15.	Pasquali R, Pelusi C, Genghini S, Cacciari M, Gambineri A. 
Obesity and reproductive disorders in women. Hum Reprod 
Update 2003; 9: 359-372.

  16.	Linné Y. Effects of obesity on women’s reproduction and 
complications during pregnancy. Obes Rev 2004; 5: 137-143.

  17.	Al-Nozha MM, Al-Mazrou YY, Al-Maatouq MA, Arafah MR, 
Khalil MZ, Khan NB, et al. Obesity in Saudi Arabia. Saudi 
Med J 2005; 26: 824-829. 

  18.	Redman LM. Physical activity and its effects on reproduction. 
Reprod Biomed Online 2006; 12: 579-586.

  19.	Stubbs CO, Lee AJ. The obesity epidemic: both energy intake 
and physical activity contribute. Med J Aust 2004; 181: 489-
491.

  20.	Calle EE, Teras LR, Thun MJ. Adiposity and physical activity 
as predictors of mortality. N Engl J Med 2005; 352: 1381-
1384; author reply 1381-1384.

  21.	Cameron AJ, Welborn TA, Zimmet PZ, Dunstan DW, Owen 
N, Salmon J, et al. Overweight and obesity in Australia: the 
1999-2000 Australian Diabetes, Obesity and Lifestyle Study 
(AusDiab). Med J Aust 2003; 178: 427-432.

  22.	Homan GF, Davies M, Norman R. The impact of lifestyle 
factors on reproductive performance in the general population 
and those undergoing infertility treatment: a review. Hum 
Reprod Update 2007; 13: 209-223.

  23.	Davidson, MR, London, ML, Ladewig PW, editors. 
Contemporary maternal-newborn nursing care. 6th ed. Upper 
Saddle River, New Jersey (USA): Pearson; 2006. p. 134-135.

  24.	Pasquali R, Gambineri A. Metabolic effects of obesity on 
reproduction. Reprod Biomed Online 2006; 12: 542-551.

  25.	Ford ES. Prevalence of the metabolic syndrome in US 
populations. Endocrinol Metab Clin North Am 2004; 33: 333-
350.

  26.	Bray GA. Obesity and reproduction. Hum Reprod 1997; 12 
Suppl 1: 26-32.

  27.	Norman RJ, Clark AM. Obesity and reproductive disorders: a 
review. Reprod Fertil Dev 1998; 10: 55-63.

  28.	Nohr EA, Bech BH, Davies MJ, Frydenberg M, Henriksen TB, 
Olsen J. Prepregnancy obesity and fetal death: a study within 
the Danish National Birth Cohort. Obstet Gynecol 2005; 106: 
250-259.

  29.	Ramos GA, Caughey AB. The interrelationship between 
ethnicity and obesity on obstetric outcomes. Am J Obstet 
Gynecol 2005; 193: 1089-1093. 

  30.	Catalano PM. Obesity, insulin resistance, and pregnancy 
outcome. Reproduction 2010; 140: 365-371.

  31.	Hershcopf RJ, Bradlow HL. Obesity, diet, endogenous 
estrogens, and the risk of hormone-sensitive cancer. Am J Clin 
Nutr 1987; 45(1 Suppl): 283-289.



1000

Obesity on reproduction ... Al-Nuaim

Saudi Med J 2011; Vol. 32 (10)     www.smj.org.sa

  32.	Balen AH, Rutherford AJ. Managing anovulatory infertility 
and polycystic ovary syndrome. BMJ 2007; 335: 663-666.

  33.	Al-Malki JS, Al-Jaser MH, Warsy AS. Overweight and obesity 
in Saudi females of childbearing age. Int J Obes Relat Metab 
Disord 2003; 27: 134-139.

  34.	Hamilton CJ, Jaroudi KA, Sieck UV. High prevalence of 
obesity in a Saudi infertility population. Ann Saudi Med 1995; 
15: 344-346.

  35.	Davies MJ. Evidence for effects of weight on reproduction in 
women. Reprod Biomed Online 2006; 12: 552-561.

  36.	Harlass FE, Plymate SR, Fariss BL, Belts RP. Weight loss is 
associated with correction of gonadotropin and sex steroid 
abnormalities in the obese anovulatory female. Fertil Steril 
1984; 42: 649-652.

  37.	Clark AM, Ledger W, Galletly C, Tomlinson L, Blaney F, 
Wang X, et al. Weight loss results in significant improvement 
in pregnancy and ovulation rates in anovulatory obese women. 
Hum Reprod 1995; 10: 2705-2712.

  38.	Hollmann M, Runnebaum B, Gerhard I. Effects of weight 
loss on the hormonal profile in obese, infertile women. Hum 
Reprod 1996; 11: 1884-1891.

  39.	Clark AM, Thornley B, Tomlinson L, Galletley C, Norman RJ. 
Weight loss in obese infertile women results in improvement in 
reproductive outcome for all forms of fertility treatment. Hum 
Reprod 1998; 13: 1502-1505.

  40.	Norman RJ, Noakes M, Wu R, Davies MJ, Moran L, Wang 
JX. Improving reproductive performance in overweight/obese 
women with effective weight management. Hum Reprod 
Update 2004; 10: 267-280.

  41.	Balen AH, Dresner M, Scott EM, Drife JO. Should obese 
women with polycystic ovary syndrome receive treatment for 
infertility? BMJ 2006; 332: 434-435.

  42.	Jelliffe DB, Jelliffe EF. Underappreciated pioneers. Quételet: 
man and index. Am J Clin Nutr 1979; 32: 2519-2521.

  43.	World Health Organization. Obesity. Preventing and Managing 
the Global Epidemic. In Report of a WHO Consultation on 
Obesity. Geneva; 2006. [Updated date 2000 June 20; cited 
date 2011 March 11]. Available from: http://www.who.int/
nutrition/publications/obesity/en/index.html

  44.	Thomas AE, McKay DA, Cutlip MB. A nomograph method 
for assessing body weight. Am J Clin Nutr 1976; 29: 302-
304.

  45.	Tamer Erel C, Senturk LM. The impact of body mass index 
on assisted reproduction. Curr Opin Obstet Gynecol 2009; 21: 
228-235.

  46.	McCarthy EA, Strauss BJ, Walker SP, Permezel M. 
Determination of maternal body composition in pregnancy 
and its relevance to perinatal outcomes. Obstet Gynecol Surv 
2004; 59: 731-742; quiz 745-746. 

  47.	Tanner JM, editors. Growth at Adolescence. 1st ed. 
Oxford (UK): Blackwell Scientific; 1955. 

  48.	Frisch RE. Fatness, menarche, and female fertility. Perspect 
Biol Med 1985; 28: 611-633.

  49.	van der Spuy ZM, Dyer SJ. The pathogenesis of infertility and 
early pregnancy loss in polycystic ovary syndrome. Best Pract 
Res Clin Obstet Gynaecol 2004; 18: 755-771.

  50.	Stokić E, Srdić B, Barak O. Body mass index, body fat mass 
and the occurrence of amenorrhea in ballet dancers. Gynecol 
Endocrinol 2005; 20: 195-199.

  51.	Cooper GS, Baird DD, Darden FR. Measures of menopausal 
status in relation to demographic, reproductive, and behavioral 
characteristics in a population-based study of women aged 35-
49 years. Am J Epidemiol 2001; 153: 1159-1165.

  52.	Donato J Jr, Cravo RM, Frazão R, Gautron L, Scott MM, 
Lachey J, et al. Leptin’s effect on puberty in mice is relayed 
by the ventral premammillary nucleus and does not require 
signaling in Kiss1 neurons. J Clin Invest 2011; 121: 355-368. 

  53.	Biro FM, Galvez MP, Greenspan LC, Succop PA, Vangeepuram 
N, Pinney SM, et al. Pubertal assessment method and baseline 
characteristics in a mixed longitudinal study of girls. Pediatrics 
2010; 126: e583-e590.

  54.	Rich-Edwards JW, Goldman MB, Willett WC, Hunter DJ, 
Stampfer MJ, Colditz GA, et al. Adolescent body mass index 
and infertility caused by ovulatory disorder. Am J Obstet 
Gynecol 1994; 171: 171-177.

  55.	Fishman J, Boyar RM, Hellman L. Influence of body weight 
on estradiol metabolism in young women. J Clin Endocrinol 
Metab 1975; 41: 989-991.

  56.	Plymate SR, Matej LA, Jones RE, Friedl KE. Inhibition of sex 
hormone-binding globulin production in the human hepatoma 
(Hep G2) cell line by insulin and prolactin. J Clin Endocrinol 
Metab 1988; 67: 460-464.

  57.	Louvet JP, Harman SM, Schrieber JR, Ross GT. Evidence of a 
role of adrogens in follicular maturation. Endocrinology 1975; 
97: 366-372.

  58.	Balen A, Conway GS, Humburg R, Legro RS, editors. 
Polycystic Ovary Syndrome: A Guide to Clinical Management. 
First ed. Boca Raton (FLA): Taylor&Francis; 2005.  

  59.	The Rotterdam ESHRE/ASRM-sponsored PCOS consensus 
workshop group. Revised 2003 consensus on diagnostic 
criteria and long-term health risks related to polycystic ovary 
syndrome (PCOS). Hum Reprod 2004; 19; 41-47. 

  60.	Carmina E, Lobo RA. Polycystic ovary syndrome (PCOS): 
arguably the most common endocrinopathy is associated with 
significant morbidity in women. J Clin Endocrinol Metab 
1999; 84: 1897-1899.

  61.	Lobo RA, Carmina E. The importance of diagnosing the 
polycystic ovary syndrome. Ann Intern Med 2000; 132: 989-
993.

  62.	Gambineri A, Pelusi C, Vicennati V, Pagotto U, Pasquali R. 
Obesity and the polycystic ovary syndrome. Int J Obes Relat 
Metab Disord 2002; 26: 883-896.

  63.	Pandey S, Pandey S, Maheshwari A, Bhattacharya S. The 
impact of female obesity on the outcome of fertility treatment. 
J Hum Reprod Sci 2010; 3: 62-67.

  64.	Balen AH, Conway GS, Kaltsas G, Techatrasak K, Manning 
PJ, West C, et al. Polycystic ovary syndrome: the spectrum of 
the disorder in 1741 patients. Hum Reprod 1995; 10: 2107-
2111.

  65.	Diamanti-Kandarakis E. Role of obesity and adiposity in 
polycystic ovary syndrome. Int J Obes (Lond) 2007; 31: S8-
S13; discussion S31-S32.

  66.	Lobo R, Carmina E. Polycystic ovary syndrome. In: Lobo 
RA, Mishell DR Jr. Davajan V, editors. Mishell’s Textbook of 
Infertility, Contraception and Reproduction Endocrinology. 
4th ed. Oxford (UK): Blackwell Science Publishers; 1997. p. 
363-383.

  67.	Dunaif A, Segal KR, Futterweit W, Dobrjansky A. Profound 
peripheral insulin resistance, independent of obesity, in 
polycystic ovary syndrome. Diabetes 1989; 38: 1165-1174.

  68.	Bringer J, Lefebrue P, Renard EM. The confounding role 
of body habitus in androgen excess. In: Aziz R, Nestler JE, 
Dewailly D, editors. Androgen Excess Disorders in women. 
Philadelphia (PA): Lippincott Raven Publishers; 1997. p. 463-
471.

  69.	Kiddy DS, Sharp PS, White DM, Scanlon MF, Mason HD, 
Bray CS, et al. Differences in clinical and endocrine features 
between obese and non-obese subjects with polycystic ovary 
syndrome: an analysis of 263 consecutive cases. Clin Endocrinol 
(Oxf) 1990; 32: 213-220.

  70.	Dunaif A. Insulin resistance and the polycystic ovary syndrome: 
mechanism and implications for pathogenesis. Endocr Rev 
1997; 18: 774-800.



1001www.smj.org.sa     Saudi Med J 2011; Vol. 32 (10) 

Obesity on reproduction ... Al-Nuaim

  71.	Ehrmann DA. Polycystic ovary syndrome. N Engl J Med 2005; 
352: 1223-1236.

  72.	Barbieri RL, Smith S, Ryan KJ. The role of hyperinsulinemia 
in the pathogenesis of ovarian hyperandrogenism. Fertil Steril 
1988; 50: 197-212.

  73.	Insler V, Shoham Z, Barash A, Koistinen R, Seppälä M, Hen 
M, et al. Polycystic ovaries in non-obese and obese patients: 
possible pathophysiological mechanism based on new 
interpretation of facts and findings. Hum Reprod 1993; 8: 
379-384.

  74.	Poretsky L, Cataldo NA, Rosenwaks Z, Giudice LC. The 
insulin-related ovarian regulatory system in health and disease. 
Endocr Rev 1999; 20: 535-582.

  75.	Gambineri A, Pelusi C, Manicardi E, Vicennati V, Cacciari 
M, Morselli-Labate AM, et al. Glucose intolerance in a 
large cohort of mediterranean women with polycystic ovary 
syndrome: phenotype and associated factors. Diabetes 2004; 
53: 2353-2358.

  76.	Hassan MA, Killick SR. Negative lifestyle is associated with a 
significant reduction in fecundity. Fertil Steril 2004; 81: 384-
392.

  77.	Franks S, Robinson S, Willis DS. Nutrition, insulin and 
polycystic ovary syndrome. Rev Reprod 1996; 1: 47-53.

  78.	Stein AD, Zybert PA, van de Bor M, Lumey LH. Intrauterine 
famine exposure and body proportions at birth: the Dutch 
Hunger Winter. Int J Epidemiol 2004; 33: 831-836. 

  79.	Ricci SS. Essential of Maternity newborn and women health 
nursing. 1st ed. Pennsylvania (PA): Lippincott Williams & 
Willikins; 2008. p. 70-71.

  80.	Azzam HF. Predictors of Fertility among Egyptian Females 
at Reproductive Age at El- Manial Maternity Hospital. J of 
American Sci 2011; 7: 1019-1029.

  81.	Wood JW, editor. Oxford review of reproductive biology. New 
York (NY): Oxford University press; 1998.

  82.	Fedorcsák P, Dale PO, Storeng R, Ertzeid G, Bjercke S, 
Oldereid N, et al. Impact of overweight and underweight on 
assisted reproduction treatment. Hum Reprod 2004; 19: 2523-
2828.

  83.	Budak E, Fernández Sánchez M, Bellver J, Cerveró A, Simón 
C, Pellicer A, et al. Interactions of the hormones leptin, ghrelin, 
adiponectin, resistin, and PYY3-36 with the reproductive 
system. Fertil Steril 2006; 85: 1563-1581.  

  84.	Norman JE. The adverse effects of obesity on reproduction. 
Reproduction 2010; 140: 343-345.

  85.	Mitchell M, Armstrong DT, Robker RL, Norman RJ. 
Adipokines: implications for female fertility and obesity. 
Reproduction 2005; 130: 583-597.

  86.	Farooqi IS, Jebb SA, Langmack G, Lawrence E, Cheetham CH, 
Prentice AM, et al. Effects of recombinant leptin therapy in a 
child with congenital leptin deficiency. N Engl J Med 1999; 
341: 879-884.

  87.	Moschos S, Chan JL, Mantzoros CS. Leptin and reproduction: 
a review. Fertil Steril 2002; 77: 433-444.

  88.	Considine RV, Sinha MK, Heiman ML, Kriauciunas A, 
Stephens TW, Nyce MR, et al. Serum immunoreactive-leptin 
concentrations in normal-weight and obese humans. N Engl J 
Med 1996; 334: 292-295.

  89.	Hirschberg AL. Polycystic ovary syndrome, obesity and 
reproductive implications. Womens Health (Lond Engl) 2009; 
5: 529-40; quiz 541-542.

  90.	Palomba S, Giallauria F, Falbo A, Russo T, Oppedisano R, 
Tolino A, et al. Structured exercise training programme 
versus hypocaloric hyperproteic diet in obese polycystic ovary 
syndrome patients with anovulatory infertility: a 24-week pilot 
study. Hum Reprod 2008; 23: 642-650.

  91.	Mitchell GW Jr, Rogers J. The influence of weight reduction 
on amenorrhea in obese women. N Engl J Med 1953; 249: 
835-837.

  92.	Rich-Edwards JW, Spiegelman D, Garland M, Hertzmark E, 
Hunter DJ, Colditz GA, et al. Physical activity, body mass 
index, and ovulatory disorder infertility. Epidemiology 2002; 
13: 184-190.

  93.	Mulders AG, Laven JS, Imani B, Eijkemans MJ, Fauser BC. IVF 
outcome in anovulatory infertility (WHO group 2)--including 
polycystic ovary syndrome--following previous unsuccessful 
ovulation induction. Reprod Biomed Online 2003; 7: 50-58. 

  94.	van Swieten EC, van der Leeuw-Harmsen L, Badings EA, 
van der Linden PJ. Obesity and Clomiphene Challenge 
Test as predictors of outcome of in vitro fertilization and 
intracytoplasmic sperm injection. Gynecol Obstet Invest 2005; 
59: 220-224.

  95.	Shepard MK, Balmaceda JP, Leija CG. Relationship of weight 
to successful induction of ovulation with clomiphene citrate. 
Fertil Steril 1979; 32: 641-645.

  96.	Lobo RA, Gysler M, March CM, Goebelsmann U, Mishell DR 
Jr. Clinical and laboratory predictors of clomiphene response. 
Fertil Steril 1982; 37: 168-174.

  97.	Imani B, Eijkemans MJ, te Velde ER, Habbema JD, 
Fauser BC. Predictors of chances to conceive in ovulatory 
patients during clomiphene citrate induction of ovulation 
in normogonadotropic oligoamenorrheic infertility. J Clin 
Endocrinol Metab 1999; 84: 1617-1622.

  98.	Chong AP, Rafael RW, Forte CC. Influence of weight in the 
induction of ovulation with human menopausal gonadotropin 
and human chorionic gonadotropin. Fertil Steril 1986; 46: 
599-603.

  99.	Hamilton-Fairley D, Kiddy D, Watson H, Paterson C, Franks 
S. Association of moderate obesity with a poor pregnancy 
outcome in women with polycystic ovary syndrome treated 
with low dose gonadotrophin. Br J Obstet Gynaecol 1992; 99: 
128-131.

100.	Mulders AG, Laven JS, Eijkemans MJ, Hughes EG, Fauser BC. 
Patient predictors for outcome of gonadotrophin ovulation 
induction in women with normogonadotrophic anovulatory 
infertility: a meta-analysis. Hum Reprod Update 2003; 9: 429-
449.

101.	Halme J, Hammond MG, Talbert LM, O’Rand M, Bailey L, 
Sloan C. Positive correlation between body weight, length of 
human menopausal gonadotropin stimulation, and oocyte 
fertilization rate. Fertil Steril 1986; 45: 372-376.

102.	McClure N, McQuinn B, McDonald J, Kovacs GT, Healy DL, 
Burger HG. Body weight, body mass index, and age: predictors 
of menotropin dose and cycle outcome in polycystic ovarian 
syndrome? Fertil Steril 1992; 58: 622-624.

103.	Lewis CG, Warnes GM, Wang XJ, Matthews CD. Failure 
of body mass index or body weight to influence markedly 
the response to ovarian hyperstimulation in normal cycling 
women. Fertil Steril 1990; 53: 1097-1099.

104.	Wang JX, Davies M, Norman RJ. Body mass and probability of 
pregnancy during assisted reproduction treatment: retrospective 
study. BMJ 2000; 321: 1320-1321.

105.	Loveland JB, McClamrock HD, Malinow AM, Sharara FI. 
Increased body mass index has a deleterious effect on in vitro 
fertilization outcome. J Assist Reprod Genet 2001; 18: 382-
386.

106.	Nichols JE, Crane MM, Higdon HL, Miller PB, Boone WR. 
Extremes of body mass index reduce in vitro fertilization 
pregnancy rates. Fertil Steril 2003; 79: 645-647.

107.	Lashen H, Ledger W, Bernal AL, Barlow D. Extremes of body 
mass do not adversely affect the outcome of superovulation and 
in-vitro fertilization. Hum Reprod 1999; 14: 712-715.

108.	Bellver J, Ayllón Y, Ferrando M, Melo M, Goyri E, Pellicer 
A, et al. Female obesity impairs in vitro fertilization outcome 
without affecting embryo quality. Fertil Steril 2010; 93: 447-
454.



1002

Obesity on reproduction ... Al-Nuaim

Saudi Med J 2011; Vol. 32 (10)     www.smj.org.sa

109.	Zhang D, Zhu Y, Gao H, Zhou B, Zhang R, Wang T, et al. 
Overweight and obesity negatively affect the outcomes of 
ovarian stimulation and in vitro fertilisation: a cohort study of 
2628 Chinese women. Gynecological Endocrinological 2010; 
26: 325-332.

110.	Crosignani PG, Ragni G, Parazzini F, Wyssling H, Lombroso 
G, Perotti L. Anthropometric indicators and response to 
gonadotrophin for ovulation induction. Hum Reprod 1994; 9: 
420-423.

111.	Wass P, Waldenström U, Rössner S, Hellberg D. An android 
body fat distribution in females impairs the pregnancy rate of 
in-vitro fertilization-embryo transfer. Hum Reprod 1997; 12: 
2057-2060.

112.	Smith SR. The endocrinology of obesity. Endocrinol Metab 
Clin North Am 1996; 25: 921-942.

 113.	 Poretsky L, Piper B. Insulin resistance, hypersecretion 
of LH, and a dual-defect hypothesis for the pathogenesis of 
polycystic ovary syndrome. Obstet Gynecol 1994; 84: 613-
621.

114.	Agarwal SK, Vogel K, Weitsman SR, Magoffin DA. Leptin 
antagonizes the insulin-like growth factor-I augmentation 
of steroidogenesis in granulosa and theca cells of the human 
ovary. J Clin Endocrinol Metab 1999; 84: 1072-1026.

115.	Salha O, Dada T, Sharma V. Influence of body mass index and 
self-administration of hCG on the outcome of IVF cycles: a 
prospective cohort study. Hum Fertil (Camb) 2001; 4: 37-42.

116.	Maheshwari A, Stofberg L, Bhattacharya S. Effect of overweight 
and obesity on assisted reproductive technology--a systematic 
review. Hum Reprod Update 2007; 13: 433-444.

117.	Li Y, Yang D, Zhang Q. Impact of overweight and underweight 
on IVF treatment in Chinese women. Gynecol Endocrinol 
2010; 26: 416-422.

118.	Metwally M, Ong KJ, Ledger WL, Li TC. Does high body 
mass index increase the risk of miscarriage after spontaneous 
and assisted conception? A meta-analysis of the evidence. Fertil 
Steril 2008; 90: 714-726.

119.	Brewer CJ, Balen AH. The adverse effects of obesity on 
conception and implantation. Reproduction 2010; 140: 347-
364.

120.	Cedergren MI. Maternal morbid obesity and the risk of adverse 
pregnancy outcome. Obstet Gynecol 2004; 103: 219-224.

121.	Andreasen KR, Andersen ML, Schantz AL. Obesity and 
pregnancy. Acta Obstet Gynecol Scand 2004; 83: 1022-1029.

122.	Dietl J. Maternal obesity and complications during pregnancy. 
J Perinat Med 2005; 33: 100-105.

123.	Li C, Kaur H, Choi WS, Huang TT, Lee RE, Ahluwalia JS. 
Additive interactions of maternal prepregnancy BMI and 
breast-feeding on childhood overweight. Obes Res 2005; 13: 
362-371.

124.	Reilly JJ, Armstrong J, Dorosty AR, Emmett PM, Ness A, 
Rogers I, et al. Early life risk factors for obesity in childhood: 
cohort study. BMJ 2005; 330: 1357.

125.	Huber-Buchholz MM, Carey DG, Norman RJ. Restoration 
of reproductive potential by lifestyle modification in obese 
polycystic ovary syndrome: role of insulin sensitivity and 
luteinizing hormone. J Clin Endocrinol Metab 1999; 84: 
1470-1474.

126.	Moran LJ, Noakes M, Clifton PM, Tomlinson L, Galletly C, 
Norman RJ. Dietary composition in restoring reproductive and 
metabolic physiology in overweight women with polycystic 
ovary syndrome. J Clin Endocrinol Metab 2003; 88: 812-
819.

127.	Tang T, Glanville J, Hayden CJ, White D, Barth JH, Balen 
AH. Combined lifestyle modification and metformin in obese 
patients with polycystic ovary syndrome. A randomized, 
placebo-controlled, double-blind multicentre study. Hum 
Reprod 2006; 21: 80-89.

128.	Metwally M, Amer S, Li TC, Ledger WL. An RCT of 
metformin versus orlistat for the management of obese 
anovulatory women. Hum Reprod 2009; 24: 966-975.

129.	Tsagareli V, Noakes M, Norman RJ. Effect of a very-low-calorie 
diet on in vitro fertilization outcomes. Fertil Steril 2006; 86: 
227-229.

  130.	 Balen AH, Anderson RA; Policy & Practice Committee 
of the BFS. Impact of obesity on female reproductive health: 
British Fertility Society, Policy and Practice Guidelines. Hum 
Fertil (Camb) 2007; 10: 195-206.

131.	Pate RR, Pratt M, Blair SN, Haskell WL, Macera CA, Bouchard 
C, et al. Physical activity and public health. A recommendation 
from the Centers for Disease Control and Prevention and the 
American College of Sports Medicine. JAMA 1995; 273: 402-
407.

132.	United States Department of Agriculture, Center for nutrition 
policy and promotion. Dietary Guidelines for Americans, 
2010. Washington (DC): Center for Nutrition Policy and 
Promotion; 2011 January 6.

Related topics

Abdel-Wahab AM, Atwa HA, El-Eraky AZ, El-Aziz MA. Subclinical atherosclerosis in 
obese adolescents with normal left ventricular function. Saudi Med J 2011; 32: 919-
924.
  	
Abdel-Megeid FY, Abdelkarem HM, El-Fetouh AM. Unhealthy nutritional habits in 
university students are a risk factor for cardiovascular diseases. Saudi Med J 2011; 32: 
621-627.
  	
Mazloom Z, Hejazi N, Dabbaghmanesh MH. Effects of obesity on inflammation and 
lipid profile of obese women. Saudi Med J 2009; 30: 1357-1358. 


