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Beneficial  effects  on  health  of limiting  food  intake  for certain  periods  of  time  have  been  recognized  for
a  long  time.  While  many  diets  can  produce  short-term  weight  loss, most  fail  to  result  in  a long-lasting
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impact.  Current  data  suggest  that  intermittent  fasting  may  be beneficial  for overall  health  and  wellbeing.
However,  the lack  of properly  designed  clinical  studies  makes  it  challenging  to  formulate  evidence-based
practice  recommendations.  Potential  health  risks  of  drastic  changes  in  food  intake  are  often  ignored
and  might  only  be revealed  after extensive  follow-up.  This  review  summarizes  the  popular  intermittent
dieting  methods  and  their  potential  impact  on  fertility  and reproduction.
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. Introduction

Beneficial effects on health of limiting food intake for certain
eriods of time have been recognized for ages. First scientific study
ssessing the influence of restricted caloric intake on lifespan was

caution when attempting to translate animal model data on weight
reduction to humans. While many diets can produce short-term
weight loss, most fail to result in a long-lasting impact. Potential
health risks of drastic changes in food intake are often ignored and
might only be revealed after extensive follow-up. This review will
onducted almost 80 years ago in rats. It indicated that limited
ood intake dramatically extended lifespan in these animals [1].
ince that time many other studies confirmed these results in other
pecies [2]. It must be emphasized that it is prudent to exercise

∗ Corresponding author. Tel.: +1 3037246515.
E-mail addresses: malgorzata.skaznik-wikiel@ucdenver.edu,

skaznik22@yahoo.com (M.E. Skaznik-Wikiel).

ttp://dx.doi.org/10.1016/j.maturitas.2014.08.007
378-5122/© 2014 Elsevier Ireland Ltd. All rights reserved.
be devoted to describing the popular intermittent dieting methods
and their potential impact on fertility and reproduction

2. What is intermittent fasting?

Several nutritional strategies exist to facilitate weight loss. The

two most popular diets are caloric restriction (CR) and intermittent
fasting (IF). CR typically involves limiting daily caloric intake for
up to 10–30% of energy needs [3]. IF is a regimen that has gained
considerable popularity in the past decade and involves significant

dx.doi.org/10.1016/j.maturitas.2014.08.007
http://www.sciencedirect.com/science/journal/03785122
http://www.elsevier.com/locate/maturitas
http://crossmark.crossref.org/dialog/?doi=10.1016/j.maturitas.2014.08.007&domain=pdf
mailto:malgorzata.skaznik-wikiel@ucdenver.edu
mailto:mskaznik22@yahoo.com
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estriction of calories (75–90% of energy needs) on only one or two
ays per week [4]. The combination of the two methods is also
requently used and sometimes results in a greater reduction in
eight. Significant CR is known to ameliorate age-related decline

f many organs, including those of the female reproductive axis in
nimal models [5]. On the other hand, involuntary CR during the
nfamous Dutch famine has been associated with younger age at
atural menopause [6].

It is well known that female reproductive ability is impaired
n undernourished women which is demonstrated by menstrual
rregularity or amenorrhea and decreased fertility [7–9]. Such
daptations protect women against the hazards of pregnancy and
otherhood during situations where food availability is limited.
uring undernutrition the pattern of hypothalamic GnRH secretion
sually returns to prepubertal state.

IF and CR diets are popular in the general population since they
sually result in prompt weight loss. Currently, the fast diet, also
nown as 5:2 diet appears to be the most popular [4]. The diet con-
ists of five days of normal eating, followed by eating a quarter of
he recommended daily calorie quota. That works out at 500 kcal
or women and 600 for men. However, it is usually impossible to
eep such lifestyle modifications forever because of their unbal-
nced content. Nonetheless, it is imperative to evaluate if there
re any detrimental consequences of such drastic CR, even if only
emporary.

. Evidence for intermittent fasting in animal studies

Several physiological effects of CR and IF that may  contribute
o their ability to improve health and increase lifespan have been
emonstrated [2]. The most striking findings are increased insulin
ensitivity [10,11], reduced levels of oxidative stress [12], enhanced
mmune function [13], and increased resistance to oxidative stress
14]. Rodents maintained on CR diet are generally smaller and
eaner and have less body fat [15]. The amount by which lifespan
s extended has been shown to increase progressively as caloric
ntake is reduced.

It has recently been reported that moderate CR in adult mice
an significantly extend function of the female reproductive axis
nto advanced age. Significant benefits include the higher survival
ates of the offspring conceived by aged CR females once returned
o an ad libitum (AL) diet [16]. There is an increasing body of evi-
ence indicating that CR produces many of the same physiological,
etabolic and hormonal adaptations in aging nonhuman primates

17,18], and humans [19] that are observed in rodents. Recent data
rom mice demonstrate the beneficial effects of prolonged ovarian
unction on the female body with age [20]. Therefore, sustaining
he ovarian function by adult-onset CR may  have an important role
n improving the overall quality of life of aging females.

In other studies litter size as well as regularity of estrous cycle
f CR then AL fed aging females was similar to those of young
dult females. This implies that CR can postpone age-related repro-
uctive failure in mice [21]. While the mechanisms by which CR
ustains fertility with age remain to be fully characterized, stud-
es in rodents have shown that the oocyte complement appears
o be higher in CR females when compared to the age-matched
L-fed controls [21]. These findings suggest that the beneficial
ffects of CR on female reproductive function are at least partly
ediated via maintenance of the ovarian follicle reserve in aging

nimals. Other work has shown that CR also alters the release
atterns of many hormones produced by the hypothalamus and

ituitary gland, including those involved in the control of ovarian
unction [22]. Consequently, the ability of CR to affect reproductive
erformance probably reflects a very complex process involving
odulation of the entire hypothalamic–pituitary–gonadal axis.
aturitas 79 (2014) 275–278

4. Evidence for intermittent fasting in human studies

To date, there have been no randomized clinical trials to deter-
mine the effects of long-term CR and IF on humans. The largest
studies assessing this topic thus far were conducted retrospectively
based on the Dutch famine data. During the winter of 1944–1945,
residents of the western part of the Netherlands experienced severe
food shortage. The famine was  a result of an embargo on the food
transports imposed by the Germans as a revenge for a strike of the
Dutch railways. The daily rations dropped precipitously to as lit-
tle as 400 to 800 kcal per day during the 5 to 6 months of famine.
The famine was associated with an acute increase in mortality and
morbidity [23]. This gruesome experience has afforded an oppor-
tunity to study the effects of severe CR on human health in later
life, including the effects of undernutrition in utero or during early
childhood. Women  exposed to famine in early gestation had a
higher overall adult, cardiovascular, cancer, and breast cancer mor-
tality risk than did women  not exposed to famine [24]. In addition,
famine exposure in childhood for several months was found to
be associated with an increased CHD risk in adult life, in a dose-
dependent manner [25].

Another socio-cultural phenomenon that approximates IF is
Ramadan. One of the five pillars of Islam is that healthy adult
Muslims are obligated to fast from dawn to sunset during the
holy month of Ramadan. Over the past few decades emerging evi-
dence from epidemiologic studies has supported health-related
benefits of IF during Ramadan. In patients who  observed fast dur-
ing Ramadan, studies have shown improved insulin sensitivity
[26], improved glycemic control, and improvement in lipid profiles
[27,28].

The effect of IF combined with CR on weight loss and coronary
heart disease (CHD) risk was evaluated in a prospective study of
60 obese women. The combination of both methods was shown to
be effective for reducing body weight, visceral fat mass, and CHD
risk in these women [29]. In a trial conducted by Williams et al.
of IF, obese patients consumed less than 500 kcal a day one day
per week and ate ad libitum every other day of the week. After 20
weeks of this regimen, body weight decreased by 9% from baseline
[30].

Yet another relevant study was  the biosphere 2 trial. This
uniquely designed experiment assessed the influence of con-
suming low-calorie nutrient-dense diet by persons sealed inside
a closed ecological space. Over the two  year period the par-
ticipants exhibited significant weight loss, decrease in blood
cholesterol level, blood pressure, fasting blood sugar, and low white
blood cell counts, mirroring the effects demonstrated in rodents
[31].

5. What is known about overall health effect of
intermittent diets?

Recently, an increasing number of physiological effects of inter-
mittent fasting (IF) have been documented in studies on rodents,
monkeys, and humans [2]. The most important among these are
increased lifespan [32], decreased mortality from cancers and car-
diovascular diseases[33], improved insulin sensitivity [34], and
reduced oxidative stress and inflammation [35]. The amount by
which lifespan is extended increases progressively as calorie intake
is reduced as well as the duration of the diet (the later the diet
begun, the less lifespan is increased). Interestingly, IF can also

increase lifespan, even when there is little or no overall decrease
in calorie intake [36]. Most studies have shown that CR and IF have
been shown to diminish severity of risk factors for diseases such as
diabetes and cardiovascular disease [37].
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. Intermittent diets and reproductive health

The data from the Dutch famine study suggested that in utero
xposure to famine was not associated with subsequent subfer-
ility, including age at first pregnancy, completed family size, and
nter-pregnancy interval [38]. Another study showed that women

ho were exposed to Dutch famine in utero had more children,
ore twins, and were less likely to remain childless. The famine had

 direct influence on menstruation patterns. Severe famine expo-
ure was associated with increased risk of irregular menses. CR in
hildhood was associated with a higher risk of prolonged time for
enses to become regular after menarche [39].
CR has also been shown to reduce age at menopause. Women

ho were severely exposed to the famine during World War  II
xperienced natural menopause on average 0.36 years earlier [6].
his finding may  have significant health implications since ear-
ier age at menopause has been associated with increased risk of

orbidity due to osteoporosis [40], cardiovascular disease [41],
nd cognitive decline [42]. It is particularly and perhaps alarm-
ngly problematic that higher burden of osteoporosis has been
ocumented in some of the published studies. Bone is particularly
ensitive to prolonged oligoovulation and resultant hypoestro-
enism. The impact of such diet as IF on bone function may  escape
asy and reliable detection since the after effect of acute energy
vailability may  not be observed for decades. This is especially rel-
vant for adolescents as adequate build-up of bone mass in women
akes place during the early reproductive years.

The energy availability hypothesis has been proposed recently.
t postulates that reproductive function in women is regulated not
y the actual amount of body mass and body fat, but rather by
vailable energy [43]. Experiments that imposed a high volume of
erobic exercise in an abrupt fashion caused a large prevalence of
novulation in the first and second month after starting the exercise
44]. The period after bariatric surgery represents another exam-
le of potential low energy availability due to CR. A recent study
f 29 women undergoing bariatric surgery found that more than
0% of studied cycles were ovulatory [45]. In contrast, an earlier
tudy reported that women in the rapid phase of weight loss after
ariatric surgery exhibit transient anovulation [46], presumably
ue to low energy availability.

. Summary of evidence

Current data suggest that IF may  be beneficial for overall health
nd wellbeing. However, the lack of properly designed clinical
tudies makes it challenging to formulate evidence-based practice
ecommendations. Potential detrimental impact of IF diet on repro-
uction and particularly bone health ought to be studied. The fast
iet is currently popular, however individuals desiring to adapt IF
s a consistent nutritional strategy should be forewarned that there
s scant research on its efficacy and long-term influence on general
ealth.
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