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A growing body of evidence suggests that maternal diet during pregnancy can lead to permanent alterations to

the physiology of the fetus. It is unknown whether intermittent maternal fasting during Ramadan has long-term

associations with the offspring’s body composition. By using data from the third wave of the Indonesian Family

Life Survey (2000), we compared the body mass indices (weight (kg)/height (m)2) of Muslims who had been in

utero during Ramadan with those of Muslims who had not been in utero during Ramadan. Adult Muslims who had

been in utero during Ramadan were slightly thinner than Muslims who had not been in utero during Ramadan

(adjusted adult body mass index: −0.32, 95% confidence interval: −0.57, −0.06). Those who were conceived

during Ramadan also had smaller stature, being on average 0.80 cm shorter than those who were not exposed to

Ramadan prenatally. Among non-Muslims, no such associations were found. This study suggests that exposure

to Ramadan during pregnancy may have lasting consequences for adult body size of the offspring.

anthropometry; lifestyle; pregnancy; prenatal; nutrition; Ramadan fasting

Abbreviations: BMI, body mass index; CI, confidence interval.

Editor’s note: An invited commentary on this article
appears on page 737, and the authors’ response appears on
page 741.

A growing body of evidence suggests that maternal diet
during pregnancy can permanently program the fetus and
thereby affect its later health (1, 2). Previous studies of dras-
tically reduced nutritional intake during pregnancy have
reported both increases (mainly among women) and
decreases in adult offspring’s body mass index (BMI, mea-
sured as weight (kg)/height (m)2) (3–11). It is unknown
whether intermittent maternal fasting during Ramadan has
long-term effects on the offspring’s body composition.
Ramadan is the ninth month of the Islamic lunar calendar,
and fasting during Ramadan is a religious obligation for
healthy Muslim adults. When observing Ramadan, people
consume no food or drink (including water) from dawn to
sunset. They often reduce their levels of activity during the
day and are more active at night. Studies have shown that
body weight tends to decrease during Ramadan in both men

and women (12, 13). It has been suggested that this is
mainly an effect of decreased fluid intake (14–16), although
reduced caloric intake has also been reported, particularly
among pregnant women (17). Although pregnant women
are allowed to defer fasting until after pregnancy, many
pregnant women prefer to share the spiritual and social expe-
riences of Ramadan with their families, or they want to
avoid having to make up for the fast after pregnancy, as reli-
gious rules prescribe. Around 70%–90% of Muslim women
around the world, including those in Singapore, Iran, the
United Kingdom, and West Africa, report fasting during
pregnancy (18–21).

Pregnant women who fast during Ramadan have been
shown to have symptoms of accelerated starvation, which is
characterized by low serum levels of glucose and alanine
and especially high levels of free fatty acids (20, 21).
Depending on its timing during gestation, Ramadan fasting
has been shown to be associated with the size of the baby and
the placenta at birth (21–23). Almond and Mazumder (22)
and Van Ewijk (24) showed that prenatal exposure to
Ramadan is associated with health problems later in life.
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This study investigates the association of Ramadan expo-
sure during pregnancy with adult offspring anthropometry.
We used data from Indonesia, a country with 2 important
advantages to those studying this topic. First, it is the
country with the largest Muslim population in the world:
86% of its 246 million citizens are Muslims (25). Second,
Indonesia’s location on the equator means that daylight
times, and thus fasting times during Ramadan, are about the
same each year (about 13.5 hours), irrespective of the
Gregorian month in which Ramadan falls.

MATERIALS ANDMETHODS

Indonesian Family Life Survey

The Indonesian Family Life Survey is a longitudinal
survey carried out by the RAND Corporation (Santa
Monica, California) that collects information on a large set
of health, economic, and social indicators. The third wave of
the survey was carried out in 2000. Sampling took place at
the household level. The sample is representative of the pop-
ulation of 13 of the (then) 26 Indonesian provinces, which
represent 83% of the total Indonesian population. The
excluded provinces were mainly peripherally located and
less densely populated. The total sample size was 43,649
persons in 10,435 households. A more detailed description
of sampling procedures and response rates is given else-
where (26). In Indonesia, as in many developing countries,
some people do not know their exact dates of birth. This was
true for 31% of our sample who had to be excluded. Exclud-
ing persons who were under 18 years of age further reduced
the sample size to 16,873. Of these, anthropometric mea-
sures were taken for 15,483, of whom 88% were self-
reported Muslims. We excluded 470 non-Muslims from
Bali, where only 15% of the population is Muslim. All other
non-Muslims lived in provinces where the majority of the
population is Muslim. Non-Muslims form a good compari-
son group because they experience the same circumstances

during Ramadan as do Muslims (e.g., natural catastrophes
coinciding with Ramadan, general changes in lifestyle, holi-
days) except for the actual observance of Ramadan.

Outcomemeasures

Height and weight were measured by trained nurses. In
adults, height was measured in a standing position to the
nearest millimeter by using Shorr measuring boards (Weigh
and Measure, LLC, Olney, Maryland). Weight was mea-
sured by using portable digital floor-model scales (SECA
GmbH and Co., Hamburg, Germany), which were accurate
to the nearest 0.1 kg and which were recalibrated approxi-
mately once a week. Participants wore light clothing and no
shoes during measurement. Health teams revisited all
sampled areas affected by broken scales to remeasure partici-
pants (26).

Ramadan exposure

We assigned subjects to categories of prenatal exposure to
Ramadan on the basis of religion and date of birth
(Figure 1). Subjects were considered to have been exposed
to Ramadan in utero if they indicated they were Muslim and
a Ramadan overlapped with the period of 266 days before
their dates of birth (27). The reference group consisted of
Muslims who were not in utero during Ramadan (i.e., those
who were conceived within a relatively narrow time frame of
about 60 days per Islamic year beginning immediately after
a period of Ramadan and ending 266 days before the next
Ramadan).
We excluded data from 893 persons who we calculated as

having been conceived <21 days after the end of a Ramadan
(calculated as birth date minus 266 days) because, if they
were born postterm, their classification as “unexposed”
might be incorrect, which would create undue measurement
error.

Figure 1. Calculating the overlap of Ramadan and gestation by using birth dates, the Indonesian Family Life Survey, Wave 3, in 2000. The figure
shows how in utero exposure to Ramadan was determined for persons born in 1965 (year chosen for example purposes). Ramadans (indicated
by shaded areas) took place from January 3 to February 1, 1965, and from December 23, 1965, to January 21, 1966. Stars indicate birth dates as
reported by participants. Diamonds indicate the calculated date of conception. Horizontal lines indicate the calculated period of gestation (266
days). Apr, April; Jan, January; Jul, July; Oct, October.
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To examine differential associations according to the
timing of Ramadan during gestation, we divided those
exposed to Ramadan into 5 subgroups. The first 2 subgroups
consisted of those who were conceived during Ramadan and
those who were born during Ramadan. The other 3 sub-
groups consisted of those who experienced an entire
Ramadan in utero but who were not born during Ramadan.
These groups were defined as those for whom Ramadan
began during the first trimester of pregnancy (days 1–89 of
gestation), the second trimester of pregnancy (days 90–178
of gestation), and the third trimester of pregnancy (days
179–266 of gestation).

Statistical methods

We compared data on the BMI, weight, and height of
Muslims who were exposed to Ramadan in utero with those of
Muslims who were not exposed to Ramadan in utero. Subse-
quently, we investigated whether associations differed accord-
ing to the period of gestation during which Ramadan fell, and
whether associations differed between men and women. We
also investigated whether similar trends were present among
non-Muslims to determine whether the associations may be
caused by changes associated with the observance of Ramadan
itself or by other factors coinciding with Ramadan.

For all analyses, we performed ordinary least squares
regressions that adjust for sex, age (in days) when measure-
ments were taken, age squared, month of birth (as a categori-
cal variable), and family fixed effects. The Islamic calendar
is a lunar calendar, and years are somewhat shorter than in
the commonly used Gregorian calendar. Depending on
moon sightings, Ramadan starts about 11 days earlier each
year. We used this “shifting over the year” to separate the
effects of Ramadan from season-of-birth effects by includ-
ing month-of-birth dummy variables as covariates in our
regressions. Standard errors were adjusted for clustering of
the data at the family level. The inclusion of family fixed
effects means that statistical identification comes only from
within-family comparisons; that is, systematic between-
family differences (e.g., those arising because of shared
nutritional patterns) are filtered out (28). Subjects in our
sample came from families comprising an average of 2.5
people aged 18 years or older. Outliers on the dependent
variables (weight, height, and BMI) were truncated at 5 stan-
dard deviations from the mean. This affected <0.1% of the
cases, and the results were robust to taking other cutoffs for
the truncation, to removing these cases entirely, and to using
the untruncated values. Note that in our regressions we did
not adjust for covariates such as birth weight and health
because these may themselves be dependent on prenatal
Ramadan exposure; therefore, including such covariates
could potentially bias our results (22, 24).

We estimated 2 alternative models as a sensitivity check.
It is essential to thoroughly control for age because weight
and BMI may change in nonlinear ways over the life course.
Our main analyses controlled for age and age squared, and
we additionally estimated regressions in which we included
dummy variables for age (measured in years) to filter out as
much age-induced variation in BMI, weight, and height as
possible. We also estimated regressions in which the family

fixed effects were replaced by random effects. Fixed effects
models have an advantage over random effects models in
that they remove any between-family differences (both mea-
sured and unmeasured) from the data; however, they have
the disadvantage that only families consisting of multiple
people who are discordant on the exposure variable contrib-
ute to the identification.

Importantly, we classified Muslim subjects on the basis of
whether and when Ramadan occurred while they were in
utero, but we lacked information about whether their
mothers had actually fasted. Instead, we made the implicit
assumption that all Muslim women who were pregnant
during Ramadan did fast. This intention-to-treat approach
underestimates the true associations of Ramadan fasting
during pregnancy, and our results could hence be regarded
as a lower bound of the association.

RESULTS

Baseline characteristics

A total of 14,120 people (12,900 Muslims and 1,220 non-
Muslims) had measurements of height and weight and infor-
mation on date of birth and religion and were thus available
for the analyses. The mean age of all participants was 34.6
(range: 18.0–98.6) years. The mean height was 162.4 cm for
men and 150.9 cm for women. Non-Muslims were slightly
older, heavier, and taller, as well as more likely than
Muslims to be overweight and to have completed high
school. They also were more likely to live in urban areas
(Table 1).

Ramadan exposure

Adult Muslims who had been exposed to Ramadan in
utero were slightly thinner than Muslims who had not been
exposed. The average adult BMI of Muslims who were
exposed to Ramadan in utero was 0.32 units lower (BMI dif-
ference: –0.32, 95% confidence interval (CI): −0.57, −0.06)
after adjustment for the covariates. This was mainly due to a
reduction in weight of –0.85 (95% CI: −1.54, −0.17) kg
among exposed Muslims. Muslims who were exposed to
Ramadan during gestation were 0.20 cm shorter than those
who were not exposed, but this difference was not statisti-
cally significant (95% CI: −0.59, 0.19).

Timing of exposure to Ramadan

Both Muslims who were conceived during Ramadan and
Muslims who had been in utero during Ramadan in mid- or
late gestation had lower BMIs than otherwise comparable
unexposed Muslims. The average adult BMI of Muslims
who were conceived during Ramadan was 0.37 units lower
(BMI difference = –0.37, 95% CI: −0.71, −0.03) than that
of Muslims who were not exposed to Ramadan in utero. For
those who were exposed to Ramadan in midgestation, this
difference was 0.42 units (BMI difference = –0.42, 95% CI:
−0.72, −0.13), and for those who were exposed in late gesta-
tion, the difference was 0.43 units (BMI difference = –0.43,
95% CI: −0.74, −0.12). This was mainly due to associations
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with weight but not with height (Table 2). Muslims who
were conceived during Ramadan also had reduced height;
they were, on average, 0.80 cm shorter than those who were

not exposed to Ramadan in utero (height difference –0.80 cm,
95%CI:−1.33,−0.26). The associations were similar for men
and women.

Table 1. Characteristics of Muslims and Non-Muslims Aged 18 Years or Older in the Indonesian Family Life Survey, Wave 3, in 2000

Muslims Non-Muslims

Mean (SD) No.a No.b Mean (SD) No.a No.b

Age, years 34.31 (13.05) 12,900 37.99 (14.95) 1,220

Male sex, % 50 (50) 6,494 12,900 49 (50) 595 1,220

BMIc 21.87 (3.66) 12,856 22.67 (3.9) 1,212

Weight, kg 53.63 (9.88) 12,861 56.28 (10.9) 1,213

Height, cm 156.56 (8.14) 12,895 157.53 (8.5) 1,219

BMI categoryd

Overweight, % 18 (38) 2,281 12,856 25 (43) 300 1,212

Obese, % 3 (18) 413 12,856 4 (20) 50 1,212

Underweight, % 15 (36) 1,986 12,856 12 (32) 145 1,212

Completed senior high school, % 37 (48) 4,747 12,848 51 (50) 618 1,215

Lives in urban area, % 58 (49) 7,435 12,900 71 (46) 863 1,220

Exposure to Ramadan

Not in utero during Ramadan, % 12 (32) 1,520 12,900 12 (32) 143 1,220

In utero during Ramadan, % 88 (32) 11,380 12,900 88 (32) 1,077 1,220

Conceived during Ramadan, % 10 (29) 1,237 12,900 9 (29) 110 1,220

Ramadan in early gestation, % 28 (45) 3,598 12,900 25 (44) 311 1,220

Ramadan in midgestation, % 25 (44) 3,273 12,900 28 (45) 336 1,220

Ramadan in late gestation, % 17 (38) 2,196 12,900 18 (38) 220 1,220

Born during Ramadan, % 8 (28) 1,076 12,900 8 (27) 100 1,220

Abbreviations: BMI, body mass index; SD, standard deviation.
a Number of participants with the characteristic (for binary variables).
b Number of participants for whom data were available.
c BMI is calculated as weight (kg)/height (m)2.
d BMI categories were defined as follows: overweight, BMI ≥25–<30; obese, BMI ≥30; underweight, BMI ≤18.5.

Table 2. Associations Between Having Been in Utero During RamadanWith Weight, Height, and BMI in Muslims Aged ≥18 Years, Indonesian

Family Life Survey, Wave 3, in 2000a

Exposure to Ramadan
BMIb (n = 12,856) Weight, kg (n = 12,861) Height, cm (n = 12,895)

βc 95% CI βc 95% CI βc 95% CI

Not in utero during Ramadan 0.00 Referent 0.00 Referent 0.00 Referent

In utero during Ramadan −0.32* −0.57, −0.06 −0.85* −1.54, −0.17 −0.20 −0.59, 0.19

Conceived during Ramadan −0.37* −0.71, −0.03 −1.42** −2.32, −0.53 −0.80** −1.33, −0.26

Ramadan in early gestation −0.24 −0.53, 0.04 −0.64 −1.41, 0.13 −0.12 −0.56, 0.32

Ramadan in midgestation −0.42** −0.72, −0.13 −0.93* −1.72, −0.14 −0.01 −0.46, 0.44

Ramadan in late gestation −0.43** −0.74, −0.12 −1.06* −1.88, −0.25 −0.12 −0.58, 0.35

Born during Ramadan −0.04 −0.40, 0.32 −0.32 −1.28, 0.64 −0.37 −0.93, 0.20

Abbreviations: BMI, body mass index; CI, confidence interval.

* P < 0.05; **P < 0.01.
a Results from 2 separate linear regressions per outcome that adjust for age (measured in days), age squared, sex, month of birth, and family

fixed effects. Data represent 6,697 Muslim families.
b BMI is calculated as weight (kg)/height (m)2.
c β, unstandardized regression coefficient.
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Non-Muslims

There were no associations between having been in utero
during Ramadan and adult BMI, weight, or height among
non-Muslims (Table 3). Non-Muslimswhose gestations over-
lapped with Ramadan had BMIs that were, on average, 0.08
units higher (95% CI: −0.77, 0.93) than those of other non-
Muslims. Considering the periods of gestation, no similar
pattern of associations as for Muslims was observed. All
coefficients were nonsignificant, and point estimates went in
both directions.

Alternative specifications

The regressions in which age groups (in years) were
included yielded estimates that were very similar to those
from our main analyses, demonstrating that the results are
robust to thoroughly filtering out age-related variation on the
dependent variables. In alternative regressions, we replaced
the family fixed effects with random effects. The pattern of
results was the same as in the fixed effects regressions,
although parameter estimates tended to be slightly smaller,
which was probably due to strong within-family correlations
of variables such as nutrition, anthropometric measures,
genetic factors, and lifestyle habits. The confidence intervals
for all parameter estimates overlap.

DISCUSSION

This is the first study investigating the association of pre-
natal exposure to Ramadan with body size in later life. Our
findings show that adult Muslims who experienced
Ramadan in late- and midgestation were slightly thinner,
and those who were conceived during Ramadan were both
thinner and shorter.

A recent study in Saudi Arabia showed that Ramadan
exposure in mid- or late pregnancy was associated with a
reduction in placental size. This implies that Ramadan

exposure influences placental growth once the maternal
blood supply is established and maternal blood enters the
placenta (23). The authors suggested that such changes in
placental size can lead to fetal programming and can there-
fore have long-term implications for the health of the next
generation. Correspondingly, one study showed that prenatal
exposure to Ramadan reduced birth weights (22), although
the Saudi Arabian study itself failed to replicate this result.
Furthermore, previous studies on long-term associations of
maternal Ramadan fasting during gestation demonstrated
poorer general health, higher pulse pressures, and increased
incidence of symptoms indicative of coronary heart prob-
lems and type 2 diabetes among adult offspring in Indonesia
(24), as well as increased incidence of vision and hearing
problems and cognitive disability among adults in Uganda
and Iraq (22).

We cannot be sure whether the long-term associations we
found are caused by fasting or by other lifestyle factors asso-
ciated with Ramadan. During Ramadan, fasting pregnant
women may have slightly decreased caloric intake and ges-
tational weight gain (17, 29). Studies of babies born around
the time of the Dutch famine of 1944–1945 showed that
drastically reduced maternal nutritional intake at any stage
of gestation was associated with more obesity among female
offspring. For male offspring, similar associations were
found only among subjects aged 19 years who had been
exposed during midgestation, whereas no such associations
were found at later ages. No significant associations with
height were found (3–6). Recent studies on the 1959–1961
famine following the Chinese Great Leap Forward found
that those who were exposed to famine prenatally had lower
BMIs in later life (8, 9). These associations were found only
in subjects residing in rural areas where the famine was most
severe, and some studies have failed to replicate this finding
(7–11). Because the Chinese famine lasted several years,
studies on this famine were generally not able to pinpoint
effect estimates to specific periods of gestation. In contrast to
caloric intake during famine, caloric intake during Ramadan

Table 3. Associationsa Between Having Been in Utero During RamadanWith Weight, Height, and BMI in Non-Muslims Aged ≥18 Years,

Indonesian Family Life Survey, Wave 3, in 2000b

Exposure to Ramadan
BMIc (n = 1,212) Weight, kg (n = 1,213) Height, cm (n = 1,219)

βd 95% CI βd 95% CI βd 95% CI

Not in utero during Ramadan 0.00 Referent 0.00 Referent 0.00 Referent

In utero during Ramadan 0.08 −0.77, 0.93 0.07 −2.25, 2.40 −0.07 −1.27, 1.13

Conceived during Ramadan −0.21 −1.43, 1.01 −1.12 −4.34, 2.10 −0.44 −2.08, 1.21

Ramadan in early gestation 0.38 −0.52, 1.27 0.78 −1.69, 3.26 −0.19 −1.55, 1.17

Ramadan in midgestation 0.73 −0.22, 1.68 2.13 −0.40, 4.67 0.50 −0.85, 1.86

Ramadan in late gestation −0.67 −1.70, 0.35 −1.93 −4.77, 0.90 −0.18 −1.62, 1.25

Born during Ramadan −0.81 −2.20, 0.58 −2.99 −6.77, 0.79 −1.20 −3.09, 0.69

Abbreviations: BMI, body mass index; CI, confidence interval.
a No significant associations were found, with significance defined as P < 0.05.
b Results from 2 separate linear regressions per outcome that adjust for age (measured in days), age squared, sex, month of birth, and family

fixed effects. Data represent 640 non-Muslim families.
c BMI is calculated as weight (kg)/height (m)2.
d β, unstandardized regression coefficient.
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fasting is generally not considered to be drastically reduced;
however, Ramadan fasting during pregnancy has been
reported to produce metabolic effects similar to those of star-
vation (20, 21). The difference between our findings and the
findings from the Dutch famine might be caused by differ-
ences between Indonesia and postfamine Netherlands in
food availability throughout the life course. Conditions in
Indonesia, where obesity is less of an issue than under-
weight, are more comparable in that sense to conditions in
China in the decades after the famine, exposure to which
also led to lower BMIs in later life. Alternatively, the associ-
ation of prenatal exposure to Ramadan with anthropometric
measures in later life may not be the result of starvation-like
metabolic effects. Rather, Ramadan may interfere with noc-
turnal sleep, particularly for those preparing food for the
family, because breakfast must be finished before fasting
starts, at around 4:30 AM in Indonesia. Not drinking during
the daytime may lead to dehydration, and the common prac-
tice of consuming sweet food and drinks in the evening
might lead to blood glucose surges. All of these might
potentially have effects on anthropometric measures in later
life. Also, the Ramadan fast may function as a stressor on
the fetus. Previous research showed that not eating or drink-
ing for periods exceeding 13 hours induced stress responses
in pregnant mothers (30).
We speculate that our finding of thinness and small stature

among men and women who had been exposed to Ramadan
in utero may be consistent with persistent stunting and
wasting. Stunting is a process of decreased growth in
infancy and childhood, resulting in smaller stature in later
life. Per the United Nations Children’s Fund definition,
which we use here, “wasting” refers to a weight-for-height
that is considerably below standard. Both are highly preva-
lent in Indonesia and have been so historically, especially
among the cohorts studied here (31). Stunting and wasting
are both associated with morbidity and mortality and corre-
late strongly with prenatal conditions (32). In developing
countries, stunting is very hard to reverse by improved nutri-
tion and subsequent catch-up growth after the first few years
of life (33, 34). The current study does not have access to
data on birth weight and early childhood growth, so future
longitudinal research will need to assess this hypothesis.
Alternatively, lower attained height and weight may be sec-
ondary to an increased susceptibility to illness.
There are a few limitations to our study. First, our esti-

mates are likely to be biased by misclassifications of expo-
sure to Ramadan. Under some general assumptions we can
assume that the estimates were biased toward zero, and thus
that the true associations were likely to have been stronger.
Ramadan exposure was based on whether a period of
Ramadan occurred in the 266 days before participants’
births. We implicitly assumed that all Muslim women who
were pregnant during Ramadan fasted, which means that we
underestimated the true association with Ramadan exposure
to the extent that not all pregnant Muslims fasted.
Misclassification of people who were conceived shortly

after Ramadan and born prematurely could lead to further
underestimation of the true association, which may predomi-
nantly affect the estimates for those who were conceived
during Ramadan and for those who experienced Ramadan in

early gestation (24). If maternal fasting during Ramadan
induced prematurity, part of our reported associations may
be assigned to the wrong period of gestation. That is, part of
the association we attributed to early exposure to Ramadan
might actually be attributable to exposure during conception,
and part of the association we attributed to late- and mid-
gestation might actually be attributable to exposure in
mid- and early gestation, respectively. If Ramadan induces
prematurity and prematurity affects anthropometric mea-
sures in later life, then Ramadan-induced prematurity might
be part of an explanation for our weight and BMI associa-
tions. Another limitation is that the exact birth date was
unknown for 31% of the sample, and these persons were
excluded. This may lead to 2 sources of bias. First, the asso-
ciation may differ between people who knew their birth
dates and those who did not; for example, if the latter group
tended to come from less educated families and effects were
also stronger for such families, then associations
will be underestimated and vice versa. This bias may go in
both directions. Second, prenatal Ramadan exposure might
affect the probability of knowing one’s birth date (e.g.,
through effects of exposure on cognitive capacities). Conse-
quently, people for whom the exposure had a particularly
large effect may have been more likely to drop out of the
sample, leading to an underestimation of the association.
Finally, information on participants’ own religions but not
their mothers’ religions was available, so we had to assume
that they concurred, which may have induced minor classifi-
cation error. Despite these limitations, determining prenatal
exposure by using only date of birth has some advantages. It
largely avoids the risk of confounding the effects of prenatal
exposure to Ramadan with the effects of unmeasured charac-
teristics of the mother (22, 24). For example, mothers who
are more concerned with health may be less inclined to fast
and (because of factors not related to Ramadan) may be
more likely to bear healthier children. The risk of confound-
ing prenatal exposure to Ramadan with other effects is very
limited in the current approach if the assumption is met that
there are no systematic differences between Muslims whose
pregnancies did, versus did not, overlap with Ramadan. For
example, such differences might arise when patterns of
sexual intercourse are changed during Ramadan, so that
parents conceiving during Ramadan have different charac-
teristics from other parents. Previous research studying chil-
dren and parents from the same wave of the Indonesian
Family Life Survey that we used here demonstrated the
absence of such systematic differences among parents with
respect to their health, education, BMI, and other variables
(24). Also, Van Ewijk (24) showed that the health of chil-
dren who had been in utero during Ramadan was worse than
that of their siblings. Hence, it appears that the only way in
which the effects of prenatal exposure to Ramadan might be
confounded with the effects of unmeasured characteristics of
the mother is if mothers have better (e.g., healthier) charac-
teristics and behaviors for some of their pregnancies than for
others, and if the latter are the pregnancies that tend to
overlap with a Ramadan. Therefore, the assumption seems
to have been met.
Additionally, if associations between prenatal exposure to

Ramadan and anthropometric measures in later life are not
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caused by the observance of Ramadan itself but rather by
factors coinciding with it (e.g., natural disasters, general life-
style changes during public holidays), then correlations
should be similar for Muslims and non-Muslims. Limita-
tions of the analyses of non-Muslims are that non-Muslims
differ from Muslims culturally and in some of their back-
ground characteristics, and that the sample size of non-
Muslims in the current study was relatively low. However,
the fact that we found no associations among non-Muslims
between having been in utero during Ramadan and anthro-
pometric measures in later life implies that our reported
results are probably not due to coinciding influences that
were also experienced by non-Muslims.

In conclusion, we found slightly reduced adult weight and
height after prenatal exposure to Ramadan. Our findings
may be explained by persistent stunted growth and wasting
beginning in early life or by greater susceptibility to illness,
leading to decreased growth and weight. Our findings have
particular relevance to recommendations for pregnant
Muslim women during Ramadan. As yet, there is very little
research on the potential consequences of prenatal exposure
to maternal fasting during Ramadan. Such studies are
urgently needed to advise the large worldwide population of
Muslims on potential risks of Ramadan observance during
pregnancy for the later health of offspring.
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