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Abstract

Each year, many pregnant Muslim women fast during Ramadan. Us-
ing Indonesian cross-sectional data and building upon work of Almond
& Mazumder (2009), I show that people who were prenatally exposed to
Ramadan fasting have a poorer general health than others. As predicted
by medical theory, this e�ect is especially pronounced among older people,
who also more often report symptoms indicative of coronary heart prob-
lems and type 2 diabetes. Among exposed Muslims the share of males
is lower, which is most likely caused by death before birth. I show that
these e�ects are unlikely the result of common health shocks correlated to
the occurrence of Ramadan, or of fasting mainly occurring among women
who would have had unhealthier children anyway.
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1 Introduction

Mothers' behavior during pregnancy, such as smoking and alcohol and co�ee
consumption, is known to have long-term e�ects on their children's health. Med-
ical studies show that fasting during pregnancy in the form of skipping breakfast
and other meals is another aspect of mothers' consumption and behavior that
may have a negative e�ect on the health of their children, which may last into
adulthood. Each year, many pregnant women fast during daylight hours dur-
ing the Islamic holy month of Ramadan. They do this, even though they are
exempted from the religious obligation to fast if they are worrying about their
own health, or the health of their fetus. This paper shows that the health of
people is negatively a�ected if their mother fasted during a Ramadan while
they themselves were still in utero. This e�ect gets stronger as these people get
older. Although e�ects on pregnant women and newborn babies with respect
to Ramadan fasting have been measured in previous studies, very little research
exists on the long-term e�ects of having a mother who observed Ramadan dur-
ing pregnancy, and no research has yet examined e�ects on the serious health
problems that are speci�cally predicted by medical theory, such as coronary
heart disease and type 2 diabetes.

Almond & Mazumder (2009) are the �rst to systematically examine long-
term e�ects of pre-birth Ramadan exposure. Using Michigan data, they �rst
focus on short-term e�ects and demonstrate that exposure in utero is associated
with lower birth weights and a lower share of male births. Next, they show that
prenatally exposed Ugandan adults have higher probabilities of having sensory
or mental disabilities and less wealth. Iraqi and US data corroborate these
long-run e�ects. This paper di�ers from Almond & Mazumder's paper on four
notable aspects. First, compared to Almond & Mazumder's analyses on long-
term health e�ects which rely on rather crude measures of disabilities, the rich
dataset I use contains better and more detailed measures of people's general
health, and adds indicators for high-prevalence serious health problems, includ-
ing coronary heart disease, hypertension and type 2 diabetes. Second, I am able
to determine prenatal Ramadan exposure more precisely since I can use exact
date of birth instead of only month or quarter of birth. And my data contain
the respondents' religion, whereas in their American data, Almond & Mazumder
use immigrants from predominantly Muslim countries to proxy for Muslims. As
they report, however, a large share of these immigrants in the United States, are
non-Muslims. This induces considerable noise. Third, I show that selection on
observables and unobservables do not drive my results, by comparing parents of
exposed and not exposed children and by using a family �xed e�ects approach.
Almond and Mazumder only rely on testing for selection on observables for one
of their datasets (Michigan). Fourth, my analyses on di�erent symptoms and
age groups closely follow, and con�rm, speci�c predictions made by medical
theory.

The data I use consist of a cross-sectional sample of the population of In-
donesia, which is the country with the largest Muslim population in the world.
After showing that general health, especially that of older people, is negatively
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a�ected by exposure, I examine which aspects of health are a�ected. I �nd ev-
idence that exposure leads to a higher likelihood of developing symptoms that
are indicatory for coronary heart disease, type 2 diabetes and kidney problems
at older age. A point of overlap with Almond & Mazumder is that I also �nd a
lower share of males among the exposed. This �ts with medical theory, because
in utero, males are more vulnerable to adverse conditions. Importantly, I inves-
tigate whether there are alternative explanations for these e�ects. I show that
they are most probably not artifacts of selective timing of pregnancies: perhaps
Muslims who care a lot about their o�spring's health may avoid pregnancy dur-
ing Ramadan. Using family �xed e�ects and by comparing the characteristics
of parents whose child was, versus was not, in utero during a Ramadan, I re-
fute this alternative explanation. Also, throughout this paper, to rule out that
e�ects of Ramadan during pregnancy are caused by correlated common shocks
to birth cohorts, I show that no e�ects of timing of Ramadan are found on
non-Muslims.

The paper is structured as follows: section two gives background information
on Ramadan and explores Muslims' beliefs on observing the Ramadan fast dur-
ing pregnancy. Section three discusses medical theory on how maternal fasting
during pregnancy may exert a long-term e�ect on the health of her o�spring.
Section four describes the data used. Section �ve presents the results. It starts
with e�ects on general health and some checks on the robustness of the results
found. It next deals with e�ects on the sex ratio and then focuses on speci�c
diseases, including coronary heart disease, diabetes, hypertension and anemia.
Section six discusses the implications of this research. Throughout this paper, I
will complement the analyses with information obtained from interviews I held
in Indonesia during Ramadan 2008 with doctors, midwifes, health workers and
others. These interviews and the observations made in hospitals and health
clinics during my visits are not representative for a complete Indonesian pop-
ulation, nor do they serve to replace any quantitative analyses, but they do
often shed more light on the local situation and the believes and experiences of
Indonesians.

2 Background

Ramadan is the holiest month of Islam. It is one of the �ve �pillars� of Islam
that Muslims have to fast during this month. No food and drinks are to be
taken from dawn to sunset. Smoking, sexual intercourse and, according to some
interpretations, the taking of oral medicine are also forbidden during these hours.
In the evening, the fast is broken with sweet drinks and snacks. This is a very
social happening, in which family and friends come together. If a Muslim misses
a day of fasting, (s)he has to make up for it on a later day and often pay a penalty
that is used to feed the poor. The timing of the Ramadan follows the Islamic
calendar. This is a lunar calendar and since, depending on the exact moon
cycle, the year is about 11 days shorter than the commonly used Gregorian
calendar, each year Ramadan starts about 11 days earlier. After a bit more
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than 33 years, Ramadan will start around the same Gregorian date again. This
�shifting over the years� makes it possible to separate e�ects of Ramadan from
seasonal e�ects, a strategy similar to the one applied in Almond & Mazumder
(2009), which I exploit in this paper.

Ramadan lasts about 30 days, but both the exact start and end date depend
on moon sightings and cannot be predicted exactly in advance. Because In-
donesia lies on the equator, daylight times and thus length of fasting, are about
the same each year (about 13 ½ hours), irrespective of the Gregorian month in
which Ramadan falls. This makes Indonesia very well suited for the study of
these e�ects, because the e�ect of fasting (which can be assumed to depend on
the length of fasting) will be the same for each cohort. Hence, my results are
not biased by correlation between length of Ramadan in utero and age.

Certain people are excluded from the religious obligation to fast, including
children under 12, the sick, the traveling, women who are breastfeeding young
babies and women in their period. Pregnant women are allowed to skip fasting
if they are afraid that fasting may harm their own health or the health of their
fetus. According to most people, they then have to do the fasting later and often
pay a compensation in food or money that will go to the poor. Some Muslims
explain this regulation as an obligation for all pregnant women to fast, unless
there are speci�c reasons for abandoning fasting. These reasons, according to
Indonesian doctors I interviewed who adhered to this interpretation, include
pregnancy complications and maternal health problems that existed already
before pregnancy. Other Muslims have the interpretation that pregnant women
in any case have a dispensation from fasting. Even women adhering to the latter
interpretation often do choose to fast. Reasons include having to make up for
the fast later on their own, instead of fasting together with the whole community
and family, a loss of the feeling of Ramadan and not actively deciding to fast:
it is just the normal thing to do (Robinson & Raisler, 2005; Mirghani et al.,
2003). For poor Indonesians, the obligation to pay a compensation may play
a role, and in orthodox areas negative reactions from other people may do the
same. Also, many women think that fasting during pregnancy is not harmful
(Joosoph, Abu & Yu, 2004) and some believe it even to be bene�cial. This
follows the general conviction among Muslims that Ramadan fasting is good for
health and bene�cial in general, as it is the wish of God that they fast. The
belief that fasting during pregnancy is not harmful plays an important role in
decisions to fast, since many Muslims believe that it is a sin to fast if this is
harmful (Robinson & Raisler, 2005). On the other hand, some women I talked to
who believed fasting to be obligatory during pregnancy, gave up fasting because
they found it too hard to continue. A great majority of 70 to 90% of pregnant
Muslim women do fast, as is evidenced by research from around the world, from
Iran (Arab & Nasrollahi, 2001), to Singapore (Joosoph, Abu & Yu, 2004), rural
West Africa (Prentice et al., 1983) and the UK (Malhotra et al., 1989). For
Indonesia, no survey data on this are available, but there is no reason to assume
that the picture will be di�erent.
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3 Medical theory and evidence of the e�ects of

Ramadan fasting during pregnancy on o�spring's

health

Medical theory on how Ramadan fasting during pregnancy a�ects the o�spring,
is highly related to medical theory on fasting, skipping meals, and hunger during
pregnancy in general. Long-term e�ects are mainly expected to arise because a
shortage in nutrition hampers fetal growth and causes damage to the fetal body,
while at the same time such a nutritional shortage arises relatively quickly in
a pregnant woman because the fetus growing inside of her increases her energy
demands.

The fasting person's body experiences a reduced supply of metabolic fuel.
Under normal circumstances, glucose is one of the body's main sources of en-
ergy. When fasting, a lack of glucose arises (hypoglycemia or �low blood sugar�).
The body may be able to at least partially compensate for this by stepping up
the, otherwise sparsely used, process of fat metabolism. Although a shortage in
nutrition probably causes the greatest problems to the fetus, an increased fat
metabolism is also potentially dangerous: high concentrations of its byproduct
ketones can lead the blood pH to drop. This destroys proteins in the body, lead-
ing to tissue damage, organ failure, and eventually death. Pregnant women in
many countries are regularly tested for elevated ketone levels, since ketoacidosis
is a major cause of intrauterine death. Pregnant women are at an increased risk
of reaching states of hypoglycemia and ketoacidosis because their own body's
demand for energy is augmented by that of both placenta and fetus. This in-
creased energy demand means that glucose-levels for pregnant women are lower
in general already, so that there is much less leeway for any restriction in food
intake before the body gets into problems (Hobel & Culhane, 2003). Metzger
et al. (1982) coined the term �accelerated starvation� for the increased speed
with which the pregnant body reaches states, as measured by blood levels of
metabolic fuels and hormones, otherwise only seen in starvation. Accelerated
starvation can occur when the woman skips breakfast after a night without food,
but happens even more rapidly when fasting takes place during daytime, as day-
time activities increase the pregnant woman's already high glucose demand even
further (Meis, Rose & Swain, 1984).

The most important medical theory explaining how adverse conditions in
utero like these can lead to negative long-term health e�ects, is fetal program-
ming theory. It states that fetuses adapt themselves to hostile environments,
which is bene�cial in that it helps them to survive, but has as a downside that
the adaptations may lead to serious problems in the long run, including an in-
creased risk later in life of coronary heart disease and its biological risk factors,
such as hypertension and type 2 diabetes (Godfrey & Barker, 2000; Roseboom
et al., 2000). One important adaptation by the fetus to nutritional shortage is
that it will use most of the scarce energy for the most vital organs (particularly
the brain) and their metabolism, so that they will be protected against the lack
of fuel (Godfrey & Barker, 2001). This �brain-sparing� goes at the expense of
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energy devoted to other organs, muscles and limbs. As a result, cell division in
these body parts may be slowed. Apart from a�ecting general fetal growth, this
especially a�ects organs undergoing their critical growth period: the period in
which they are formed or go through a phase of important growth. Even short
periods of undernutrition can cause damage to these organs (Barker, 1997). Of-
ten, such damage does not create problems immediately, but only much later in
life, as degeneration sustained during the lifetime has taken its own toll. A good
example for this are the kidneys: undernutrition leads to a reduced number of
nephrons (the functional units of the kidney). Initially, this does not cause great
problems, but when ageing further decreases the number of nephrons, it may
result in hypertension and consequent further damage to the kidneys (Barker,
2002).

Other fetal adaptations arise because nutritional shortage raises maternal
concentrations of the stress hormone CRH (corticotropin-releasing hormone).
This prepares the fetus for an expected preterm delivery: fetal growth is re-
duced while tissue maturation is speeded up (Hermann et al., 2001; Hobel &
Culhane, 2003). Prenatal exposure to stress hormones may also program the
hypothalamic-pituitary-adrenal axis (a system that controls much of the hor-
monal system, including reactions to stress) and lead to higher blood pressure
and type 2 diabetes (Seckl & Holmes, 2007). And pre-birth circumstances,
including famine, can evoke epigenetic changes, i.e. as a result of fetal program-
ming, the same set of genes may lead to di�erent outcomes (phenotypes) (Seckl
& Holmes, 2007; Heijmans et al., 2008).

According to fetal programming theory, the adaptations of the fetal body to
nutritional shortage may serve not only to minimize damage, but also to prepare
for a life in an environment characterized by this same shortage. For example,
it acquires a heightened tendency to store fat, which is bene�cial if there is
indeed often a shortage of nutrition. If not, however, this is only maladaptive.
The initially small child will then gain weight fast, and fast weight gain is, even
more than the �nal body weight reached, predictive of coronary heart disease
(Barker, 2002). The chances of developing serious health problems later in life
seem higher if there is a �mismatch� between the environment experienced in
utero and the environment experienced during post-natal life (Seckl & Holmes,
2007). Ramadan may create such a mismatch, as the fetus gets �programmed�
for a hostile environment that it will in reality not encounter.

From an evolutionary viewpoint, if negative health e�ects from a shortage
of nutrition are unavoidable, the best way to minimize damage, is if the body
manages to postpone these negative e�ects till after the person has procreated.
The body's adaptational strategy is hence theorized to be such that it tries
to stay vital until the reproductive age. After that, it pays the price for the
adaptations made. The evolutionary goal of procreation will be achieved in
this way, but the early onset of adult diseases is the side-e�ect (Godfrey &
Barker, 2000; Metcalfe & Monaghan, 2001). Thus, although prenatal Ramadan
exposure may negatively a�ect the health of people of all ages, the strongest
e�ects are expected on people who are after their reproductive age.

Beside the long-term health consequences emanating from fetal adaptations
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during Ramadan, other potential negative e�ects may come from higher inci-
dences of hyperemesis gravidarum (excessive vomiting during pregnancy) (Ra-
binerson et al., 2000) and from a refusal to take prescribed drugs during daytime
(Leiper, Molla & Molla, 2003). Potentially, peaks in the blood glucose level
caused by the consumption of large amounts of sweet products in the evening,
may lead to congenital anomalies in the o�spring (cf. Schaefer et al., 1997).
Furthermore, dehydration caused by restricted �uid intake may cause a low
amniotic �uid level. This, in turn, has been linked to perinatal death, fetal mal-
formations, preterm birth, low birth weight and poor health at birth (Brace,
1997; Casey et al., 2000).

Several studies show that pregnant women in Ramadan do indeed exhibit
symptoms indicating accelerated starvation. Arab (2004) found that 61% of
the Iranian pregnant women in their sample had hypoglycemia and 31% had
ketonuria before breaking their fast. Prentice et al. (1983) and Malhotra et
al. (1989) demonstrated accelerated starvation in Ramadan fasting women in
respectively West Africa and the UK. It is thinkable that Ramadan fasting does
not lead to a decreased total energy consumption as women do eat during the
evening and in the early morning, and hence only causes a series of temporary
shortages of nutrition, each day during daylight hours. But Arab (2004) found
that also the total amount of energy consumed over a 24-hour time span is often
too low: in his sample, 92% of Ramadan fasting pregnant women had a calorie
de�cit of at least 500 Kcal.

A lack of metabolic fuel in fetuses has been demonstrated by Mirghani and
colleagues, who found that breathing movements and heart rate accelerations
and decelerations were altered in fetuses of Ramadan fasting women (Mirghani
et al. 2004; 2005). Almond & Mazumder (2009) show that prenatally exposed
children have lower average birth weights. Birth weight is a rough measure for
fetal development and may proxy for more precise measures such as changes to
organs, that are hard to obtain for newborns (Harding, 2001).

The Indonesian doctors I interviewed did not separately register problems
during pregnancy related to Ramadan. A few obstetricians nevertheless noticed
an increased incidence of pregnancy problems during Ramadan: more cesarean
sections, cases in which there was a decrease in amniotic �uid or fetal heart
rate accelerations and, in the �rst trimester, a higher incidence of hypereme-
sis. Insu�cient weight gain of mother or fetus was the reason that most often
prompted the doctors to advise a woman to stop fasting. They also had to
regularly advise women to keep drinking enough and to eat variedly, healthily
and a su�cient quantity.

4 The data

The Indonesian Family Life Survey (IFLS) is a broadly set up longitudinal sur-
vey carried out by the RAND corporation (Strauss et al., 2004). It consists
of 3 waves: IFLS 1 (1993/4); IFLS 2 (1997/8) and IFLS 3 (2000). For most
analyses, I will use data from the last wave, as this wave has the largest sample
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size, contains the most complete birthdate information and contains more in-
formation of interest for the purposes of this research than the other two waves.
IFLS collects a great amount of information at individual, household and com-
munity level on a large array of economic, health and social indicators for a
cross-section of the population in 13 of the (then) 26 provinces of Indonesia,
which in total represent 83% of the Indonesian population. The provinces that
are not included, are mainly the decentrally located, less densely populated
ones. Sampling took place at the household level. In IFLS 3, the sample size
was 43,649 persons in 10,435 households, about 85% of whom were measured
and/or interviewed in person. Some people did not know their exact birthdate:
of about 20% of the remaining sample, the month and/or year of birth was not
known; of another 11%, only birth month and not exact birthday was known,
which also rendered them not useable for the analyses. This reduced the total
sample to 29,695. About 88% of these were Muslims. Household interviews
were conducted by teams of 12 to 14 interviewers with di�erent specialisms, two
of whom were health workers (typically nurses), trained by sta� of the School of
Public Health of the University of Gadjah Mada, Yogyakarta, one of Indonesia's
most renowned universities. In many analyses, I will speci�cally make use of
information collected by these health professionals.

I calculated whether a person was in utero during a Ramadan using the
person's exact birthdate, the average length of human pregnancies (266 days as
calculated from the day of conception), and the dates of each Ramadan in the
years 1900-2000.1 Figure 1 clari�es the procedure used. The reference group in
all analyses consists of those who were certainly not in utero during Ramadan,
i.e. those who were calculated to be conceived within a relatively narrow time
window of about 59-60 days per Islamic year, starting right after a Ramadan
and ending 266 days before the next fasting period. I drop from the data all
those calculated to be conceived less than 21 days after the end of Ramadan. If
their mothers' pregnancies lasted longer than average, their classi�cation as not
being exposed would be erroneous, which would create a relatively large amount
of noise. Pregnancies lasting three weeks beyond term or more are rare (see e.g.
Kieler et al., 1995), so 21 days is a safe margin. Actually, this bandwidth is
longer than necessary for just this purpose: taking it this long also ensures that
almost all children are dropped who were conceived in the festive days following
Ramadan, who may di�er from children conceived at other time points.

Note that preterm births can never lead to erroneously classifying someone as
not exposed, but that it can lead to an erroneous classi�cation as exposed. This
happens if Ramadan ended less than 266 days before birth, but before the date of
conception. Dropping people from the data would not solve this misclassi�cation
problem, since some pregnancies are preterm by a great number of days. It
would necessitate removing most of those calculated to be conceived during

1These, I retrieved from www.phys.uu.nl/~vgent/islam/ummalqura.htm and (before 14
March, 1937) www.al-islam.com/eng. Note that since the occurrence of Ramadan depends
on moon sightings which may vary by geographical place, there may be deviations of one or
two days in the start and end dates in some years for groups of people. This causes a small
amount of noise in my measures.
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Ramadan. This would complicate analyses where e�ects of exposure during
di�erent stages of pregnancy are compared. For these latter analyses, I divide
those calculated to have experienced Ramadan in utero into �ve subgroups:
those conceived during Ramadan, those born during Ramadan and those who
experienced an entire Ramadan in utero and who are further subdivided into
those for whom Ramadan started during the �rst, second, or third trimester of
pregnancy. People born during Ramadan are excluded from the latter group.
Depending on variations in the exact length of pregnancies, there is some noise
in these measures due to misclassi�cations.2

My basic speci�cation now becomes:
(1)

yi = α+βexposurei+γ1agei+γ2age
2
i +γ3age

3
i +γ4age

4
i +

11∑
m=1

λmbirthmonthmi+θsexi+εi

Standard errors are clustered by family, as there may be within-family cor-
relation on the health variable, y. The age variables refer to the number of days
after Jan. 1st, 1900 that a person was born. I choose to control for age in this
�exible way instead of using year of birth-dummies, since some Gregorian years
contain two Ramadans, which might lead to unwanted correlations. Note that
all estimates are probably underestimates of the real e�ect. First, (except for
children living at home with their parents) I only know a person's own religion
and not the religion of his/her mother. Deviations may lead to misclassi�cation
and attenuation. Second, I calculate whether persons had been exposed using
the average length of human pregnancy. Persons conceived shortly after Ra-
madan and born prematurely, may be wrongly classi�ed as �exposed�. Third,
I do not know which mothers actually did observe Ramadan during pregnancy.
My results should therefore be seen as intention to treat estimates. If choice of
fasting is uncorrelated to expected o�spring's health outcomes, the magnitude of
all estimates would have to be multiplied by one over the share of fasting women
in order to get to an average treatment e�ect (ATE). If especially those moth-
ers chose not to fast for whom fasting would have had a relatively large impact,
my estimates would even be a larger underestimation of the ATE. If mainly
mothers for whom the e�ect would have been relatively small (e.g. healthier
mothers) would have refrained from fasting, the correction factor would have to
be smaller than one over the share of fasters. As fasting rates are likely to di�er
per trimester of pregnancy, the di�erence between my estimates and the ATE
probably di�ers between the phases of pregnancy that I distinguish. Fourth, all
estimates are conditional upon survival. If exposure leads to higher mortality
rates, then attrition before the moment of measurement may bias my results
towards zero. Fifth, those who do not know their exact date of birth, were ex-
cluded from all analyses. Their average health is worse than that of those who

2I classify people based on their date of birth. Each group therefore contains people who
were born pre- or postterm. Exposure, as argued, may cause premature birth. This leads
to misclassi�cation in that I classify some people for whom Ramadan started in trimester 1,
respectively 2, of pregnancy, as having been exposed in trimester 2, respectively 3; some people
who were conceived during Ramadan, as having been exposed to a Ramadan that started in
trimester 1; and some who were not exposed as having been conceived during Ramadan.
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do know their birthdate. Perhaps prenatal exposure induces health e�ects that
make people less likely to remember their date of birth. The resulting attrition
of some of those a�ected most strongly, would bias my results towards zero.3

5 Results

5.1 General health measures

5.1.1 E�ects on general health

The following analyses go into general health. After showing that Indonesian
Muslims who were exposed to Ramadan in utero have a worse general health, I
look at a few alternative explanations: common shocks in health that happened
to be correlated to the occurrence of Ramadan and systematic di�erences be-
tween mothers whose children were vs. were not exposed that can be lead back
to selective timing by certain parents of pregnancies to avoid Ramadan. I will
show that the �nding that fasting during pregnancy negatively a�ects o�spring's
general health, is a very robust one.

In IFLS 3, nurses took measurements of a diverse set of physical and health
variables such as weight, height and other anthropometric measures, blood pres-
sure, pulse, lung capacity and hemoglobin level. For respondents aged 15 years
and older,4 they also took measurements of physical condition by letting the
person rise from a sitting to a standing position �ve times and timing them
doing this. In taking all these measurements, the nurses gained good insight
into the health of the respondents. Afterwards, they rated how the health of the
person compared, in general, to the health status of other people of the same
age and sex. A nine-point scale was used, in which 1 referred to much worse and
9 to much better, etcetera. Because of the experience of the health workers, the
speci�c training they had received for IFLS and because of the insight they had
gotten into the respondents health after taking a broad set of measurements,
this variable is arguably the best, and most objective, indicator of respondents'
general health available in IFLS.

Table 1 shows the results from OLS-regressions following equation (1), for
the e�ects of having been in utero during Ramadan for Indonesian Muslims.
The upper panel shows the overall e�ects, in which people who were in utero
during Ramadan are compared with those who were not. The second panel
compares those who experienced Ramadan during di�erent phases of pregnancy,
with those who were not exposed. For the entire sample of Muslims aged one

3On the other hand, the timing of birth relative to the �rst Ramadan after birth is di�erent
for the not exposed than for the exposed, which leads to slight di�erences between both groups
next to those induced by prenatal exposure. If experiencing a Ramadan at di�erent points in
time as a baby has di�erential e�ects on later life outcomes (e.g. because parents have more
time during Ramadan to care for their babies, and parental attention has di�erential e�ects
at di�erent ages), then this might somewhat limit my analyses.

4Babies under one year of age were removed, because, due to rapid changes and �jumps� in
growth, size and development at this age, it is very di�cult for health workers to give reliable
comparisons with people of the same age and sex.
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year and older , I �nd a highly signi�cant negative e�ect of having been exposed
during pregnancy of 6.1% of a standard deviation of the general health variable.
I next split up the sample in those under the age of 45 and those 45 and older,
following the idea from fetal programming that fetal adaptations to adverse
conditions in utero that are bene�cial in the short run, mainly lead to problems
after the reproductive age (Godfrey & Barker, 2000).5 I �nd that, although
there is a signi�cant e�ect for the young, the e�ect is much stronger for the
older people, where the e�ect is as much as 18.5% of a standard deviation. Note
that I cannot distinguish between the e�ects on my estimates of ageing and those
of changes over time in the share of mothers who chose to fast, or of changes over
time in health care provisions. The general trend in Indonesia, however, during
the last century has been toward an increased observance of traditional Islamic
rites (e.g. Saleh, 2001), so that there is no reason to assume that fasting among
the pregnant has decreased to such a degree that it can explain the threefold
di�erence in e�ect sizes between the young and the old. The lower panel shows
that the signs are negative for each phase of pregnancy during which Ramadan
may be experienced (note that these phases di�er in length, so that the power
to �nd signi�cant e�ects varies accordingly between the phases). The largest
e�ects are found when an entire Ramadan was experienced during pregnancy,
especially when Ramadan fell about halfway the pregnancy.

To check whether the reported e�ects are not a result of common shocks
to cohorts, correlated by coincidence to Ramadan, columns (6) to (8), report
the same analysis for non-Muslims. Non-Muslims are not a�ected by Ramadan
fasting itself, but otherwise, largely experience the same common shocks as Mus-
lims. Exception are religion-speci�c health shocks correlated to the occurrence
of Ramadan, induced by e.g. price changes for products consumed predomi-
nantly by Muslims, and behavioral changes other than fasting itself. Indirectly,
non-Muslims may be a�ected by Ramadan somewhat through changes in daily
life patterns occurring during Ramadan. Consumption patterns may be a�ected
to some extent in that it is often considered impolite or rude to eat and drink
when fasting Muslims are around and through changes in availability of food
(more sweets). Increased food prices are partially o�set by the receipt of a 13th
month wage and for the poor, by the receipt of food during Ramadan. Also,
around the end of Ramadan, there is an important national holiday in which
people en masse visit family. If it is not fasting during pregnancy, but the gen-
eral change in life pattern during Ramadan that causes the previously described
e�ects, or if it is common, non religion-speci�c, shocks that are coincidentally
correlated with Ramadan, I should also �nd e�ects of having been in utero
during a Ramadan on non-Muslims.

All common shocks in�uence non-Muslims more if they are living in predom-
inantly Muslim provinces than if they are living in a non-Muslim province. I

5The exact age at which reproductivity ends is hard to pinpoint and di�ers between persons.
One candidate would be the age at which women enter menopause. I chose 45, since 99.8%
(96.1%) of children in IFLS were born before the mother (father) had reached the age of 45,
so that few people are reproductive beyond this age. Online appendix table 1 shows results
using alternative break points.
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therefore report estimates only for non-Muslims living in provinces where more
than half of the population is Muslim. These non-Muslims are mainly Protestant
or Roman Catholic (84.7%), Hindu (5.9%) and Buddhist (8.8%). On average,
their general health is better than that of Muslims: 6.47 vs. 6.13 on the nine-
point general health scale (p < .001). I �nd no e�ects for the non-Muslims.6,7

Similar robustness checks, with similar results, relating to all subsequent anal-
yses are reported in Online appendix table 2. General health e�ects related
to Ramadan during pregnancy are hence not caused by common shocks ex-
perienced by the whole population, that happened to be correlated with the
occurrence of the Ramadan fasting period.

5.1.2 Selective timing of pregnancies

If some parents, whose o�spring would have had a better health anyway, delib-
erately plan their pregnancy so as to avoid Ramadan, my results may confound
e�ects of Ramadan during pregnancy with self-selection of healthy people into
the control group. The fact that sampling in IFLS takes place at the household-
level, gives me two instruments to check whether self-selection may have driven
the results. First, I compare parents whose child was exposed to Ramadan with
those whose child was not. The second strategy comprises family �xed e�ects.

Note here that a few things speak against the occurrence of selective timing.
First, it is quite di�cult to plan a pregnancy in such a way that Ramadan
is completely avoided: the time window to get pregnant is then small; only
less than three months per year can someone �safely� get pregnant. Second,
according to the obstetricians and midwifes I interviewed, selective timing is
not an issue at all: they had never heard of anybody planning in such a way or
even thinking about doing this. Especially those Muslims who interpret fasting
during pregnancy to be obligatory, believe that fasting is generally bene�cial and
would not avoid pregnancy during Ramadan.8 Nevertheless, because selective
timing is a clear potential source of bias, it is important to investigate this issue
further.

If some parents deliberately time pregnancies so as to avoid Ramadan, then,
arguably, di�erences in characteristics should exist between parents whose preg-

6It would be tempting to attribute the di�erence in average general health between Muslims
and non-Muslims to prenatal Ramadan exposure. Although, based on the evidence presented
here, this certainly seems to play a role, the general health di�erence between both groups is
larger than the reduced form e�ect of exposure I �nd here; other socio-cultural aspects may
also be factors in this di�erence in general health.

7Analyses for non-Muslims living in non-Muslim provinces yield similar results. In IFLS,
all provinces have a great majority of Muslims, except for the island of Bali, where 86% of
the Hindus in the sample are concentrated and where only 14% of the population is Muslim,
many of whom have migrated there at some point in their life.

8Occasionally, a couple tried to plan the pregnancy in such a way that the child was
delivered during Ramadan, which is considered a positive occurrence. It is questionable
whether this phenomenon leads to any noticeable e�ect on my estimates, because of the small
time window and because even those few couples mainly wanted to get pregnant and hence
also tried this around the time window. Moreover, in case this does lead to selectivity, this
cannot explain why, in table 1, there are e�ects of exposure e.g. halfway during pregnancy.
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nancy overlapped with Ramadan and those for whom this was not the case.
Particularly, higher educated and more health concerned parents might be more
likely to avoid Ramadan. If so, not-exposed children would probably have a bet-
ter health, even in the absence of any e�ects of Ramadan, just because of their
parents' better health and more health-favoring circumstances.

Table 2 shows the results of a comparison of families where the oldest home-
living child between the ages of one and eighteen had versus had not been
exposed.9 Note that all variables, except for age at giving birth, refer to the
present state of the parent10, not to the state at the moment of giving birth: such
data are unavailable. Some variables may have endogenously changed since then,
if, for example, a pregnancy with complications a�ected the mother's health.
On the other hand, if unhealthy and older mothers are more likely to miscarry
as a result of fasting, then the remaining mothers whose child was exposed, will
have a health that is a bit above average and be a bit younger. The measuring
of certain variables years after childbirth, limits the value of the present analysis
somewhat.

There are no di�erences between the two groups of families in general health,
nor in several speci�c health measures, BMI, maternal education, paternal age
at giving birth, income, expenditure and household assets, nor in the number
of siblings the oldest child has. Mothers whose child had been exposed report
being sick less often and fathers whose child had been exposed completed junior
high school more often. These di�erence are hard to explain, as they indicate
a better health and more favorable background. Mothers in the not exposed-
group were perhaps somewhat older at the time of giving birth than the others.
This marginally signi�cant di�erence is possibly caused by the general pattern
that miscarriages happen more often among older women, in combination with
a higher incidence of miscarriages among women who are pregnant during Ra-
madan � see also paragraph 5.2 below.11 It can be concluded that families where
the child was exposed to Ramadan in utero and families where this was not the
case, are quite similar in a number of relevant characteristics. Online appendix
table 3 shows that this pattern holds for each of the phases of pregnancy during
which people could have been exposed.

Table 3 shows the results of the family �xed e�ects regression on children's
general health. This analysis compares children within families and is hence
insensitive to any systematic di�erences between families in general health. So if

9I exclude very young children, since their mothers' health may still have been a�ected
by recently having given birth. This may lead to spurious correlations between pregnancy
during (the recent) Ramadan and mothers' health. I also exclude children above the age of
eighteen, the age at which many children start leaving home. Home-leaving may be correlated
with health, so that this sub-sample may over represent children who had been a�ected by
exposure during pregnancy more strongly than average.

10To be exact: because IFLS collects data on the household and does not link parents
to children, I do not work with mothers (fathers) and children, but with the female (male)
partner of the household head, or female (male) household head, and the biological children
of the household head. The di�erence between the two de�nitions will be small.

11Controlling for age of mother at the moment of giving birth, does not alter the pattern of
di�erences between mothers of exposed vs. not exposed children shown in table 2.
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only parents chose to fast whose children would have had a worse health anyway,
I should �nd no e�ect. The �rst column of the table shows the OLS-results for
the sub sample used in this analysis, which is Muslim children between the ages
of one and eighteen, living with their biological parents. In the second column
family �xed e�ects are added, and the third column adds birth order dummies,
to control for potential correlations between birth order and exposure on the
one hand and birth order and health on the other hand. The OLS-coe�cient
is comparable to that of the entire sample (see table 1), but not signi�cant,
probably due to a lack of power. In the �xed e�ects analysis, the coe�cient is
almost the same, and, combined with the increased precision, is now signi�cant.
This gives strong evidence that the general health e�ects do not arise because
of systematic between-family di�erences. Moreover, controlling for birth order
e�ects does not change the size or signi�cance of the e�ect.

5.1.3 Subjective feelings of general health and sickness

Having shown that general health as measured by health professionals is nega-
tively a�ected by exposure to the Ramadan fast in utero, I now examine whether
this pattern �ts with the subjective health experiences of Indonesians. Respon-
dents were asked whether they had been sick in the last four weeks and whether
their own health was better or worse than that of another person of the same
age and sex. The �rst question was also asked in the second wave of IFLS. This
makes it possible to increase the precision of the estimates for this variable by
pooling the data from IFLS 3 and IFLS 2. To allow for maximum �exibility, in
equation (1), I now interact each regressor and the constant with a dummy for
the IFLS-wave.

The results shown in table 4 con�rm the picture from the health workers'
reports. People who had been exposed report sickness in the last four weeks
more often � an e�ect of about one percentage point on an average rate of
seven per cent. Especially older people judge their own health more negatively
relative to comparable others. Larger e�ects among older people concur with
fetal programming theories which say that health adjustments of the fetus to
adverse conditions in utero are detrimental mainly in the long run. Online
appendix table 3 shows results for the non-Muslims living in a predominantly
Muslim province. No signi�cant e�ects for them are found, nor is there a clear,
but non-signi�cant, pattern in the results.

5.2 Sex ratio

In utero e�ects of exposure to fasting may a�ect the survival of the fetus. This
should especially a�ect male fetuses, who are more vulnerable to a shortage of
nutrition (Godfrey & Barker, 2001). In the absence of data on miscarriages and
perinatal death, an altered sex ratio in my sample is hence a sign that some
fetuses indeed did not survive pregnancy as a result of Ramadan exposure.
One side-consequence of such an e�ect would be that the previously described
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general health e�ects are underestimates of the total-population e�ect, as those
for whom the general health e�ect was strongest did not survive till after birth.

Since I do not observe the sex ratio at birth, but only the sex ratio of people
in a cross-section of all ages, an alternative explanation for any e�ects found is
that attrition of males does not take place at the fetal stage, but later in life.
I.e. that the health of males is a�ected more strongly, so that they die younger,
which then causes the changes in the sex ratio. I can check this by looking at
the e�ect on the sex ratio at di�erent ages. If a general e�ect on the sex ratio is
caused by di�erential mortality later in life, then the sex ratio e�ect should be
larger among older people. Also, arguably, health e�ects would then be stronger
for males. Columns 4 and 5 of table 1 showed that men may indeed experience
stronger e�ects during their lifetime than women, but the coe�cients lie within
each others' con�cence intervals. And in the analyses on subjective feelings of
general health and sickness, and in the following section on speci�c diseases, I
�nd no systematic larger health e�ects on males.

My results, presented in table 5, corroborate those of Almond & Mazumder
(2009), who �nd altered sex ratios both among newly-borns and adults. After
correction for time trends and month of birth dummies, among the exposed, the
share of males is about 2.6% lower (uncorrected average for the exposed: 50.55%
males; not-exposed: 52.92%). The alternative explanation seems unlikely, as the
estimated e�ect among the young (under 45 years of age) is larger than the e�ect
among the old. Among the old, the e�ect in most phases of pregnancy has even
disappeared: perhaps the least healthy girls are born but are short-lived, while
the least healthy boys are not born at all.12

A second alternative explanation lies in the Trivers-Willard (1973) hypothe-
sis which states that when conditions are favorable, it is more advantageous for
a mother to produce males. This suggests that sex ratio e�ects do not arise be-
cause of miscarriages and perinatal death, but because of a purposeful biological
process of sex determination at conception. Since sex is determined at concep-
tion, unfavorable conditions during Ramadan would then lead to a lower share
of males among those conceived during Ramadan, while no e�ect is expected
among those exposed later in gestation. The same holds for the hypothesis that
sex ratio e�ects may result from altered patterns of sexual intercourse during
Ramadan: it has been suggested that a lower frequency of sexual intercourse
increases the chances that the child will be female (e.g. James, 1971). Both
alternative hypotheses can be rejected, since e�ects are found in all trimesters
and are even strongest among people born during Ramadan.

5.3 Speci�c diseases

The preceding sections have shown that exposure to Ramadan in utero causes
negative health e�ects and most probably even fetal attrition. I will now turn
back to people who survived the fetal stage and focus on investigating speci�c

12Note that with the present data, I cannot distinguish between pre-birth death and mortal-
ity in the �rst few years of life, since if analyzing only the sub-sample of very young children,
I may confound e�ects of exposure with seasonal e�ects.
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aspects of their health that may be a�ected. E�ects on certain serious symp-
toms, particularly coronary heart disease, type 2 diabetes, hypertension and
symptoms related to kidney problems, are speci�cally predicted by medical the-
ory and should mainly be found in people who are after their reproductive age.
A few questions in IFLS asked speci�cally to people aged 50 and older, provide
a good, although indirect, insight into the former two symptoms. Respondents
indicated whether they sometimes felt chest pains on the left side or during
exertions, which can be a sign of coronary heart problems; and whether cuts or
wounds take a long time to heal. This can be a sign of type 2 diabetes. Note
that 34% of the elderly respondents answered �yes� to at least one of the chest
pain sub-questions. This seems to be quite much and an overestimate of real,
severe problems. I again pool data from the last two waves of IFLS in order to
increase the precision of the estimates. (Data not available for IFLS 1.)

I �nd that chest pain occurs more often among people who were exposed
to Ramadan in utero (see table 6). The e�ect appears for people exposed in
each phase of the pregnancy. People exposed to Ramadan in utero also more
often report that wounds take a long time to heal. This e�ect may be larger for
people exposed late in gestation or born during Ramadan. This concurs with
Ravelli et al. (1998), who report that the largest e�ect of the Dutch famine on
decreased glucose tolerance is on people exposed late in pregnancy. The e�ects
on both symptoms are quite strong. They potentially indicate very serious
health problems and occur about eight and four percentage points more often
among the exposed, for symptoms that on average occur in 34 and ten per cent
of the population, respectively. Similar e�ects are not found for non-Muslims,
see Online appendix table 2: coe�cients partially even point into the opposite
direction.

Online appendix table 4 shows results for a number of relatively mild health
problems: a cold (runny nose/dry cough), headache, skin infection, nausea /
vomiting, eye infection, diarrhea and toothache. E�ects on these are not specif-
ically predicted by medical theory. Exposure to Ramadan in utero does not
a�ect the chances of having su�ered from one of these symptoms in the past
four weeks. This has two implications: the absence of e�ects on these subjective
reports means that the exposed do not have an increased general propensity to
complain, meaning that the e�ects on the serious health problems discussed
above are not an artifact of this. Second, the e�ects on general health that were
described extensively earlier are not caused by these generally mild, non-severe
health problems, nor did these general health problems cause the increased in-
cidences of self-reported sickness presented before. Exposure rather leads to
e�ects on some more serious health problems that are speci�cally predicted by
medical theory.

IFLS-health workers measured participants' blood pressure and the hemoglobin
level in their blood. Increased occurrence of hypertension is speci�cally pre-
dicted by fetal programming theory, especially among older people. It may be
caused by damage to the kidneys. Anemia (a low hemoglobin blood level) has
several potential causes. It can be caused by a lower intake of iron than what is
lost, which most often occurs among women in the fertile ages (related to men-
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struation), and by diseases including cancer, rheumatoid arthritis and sickle
cell disease. But, like hypertension, it may also be caused by kidney problems.
Recall that fetal adaptations to maternal undernutrition may lead to reduced
numbers of nephrons in the kidneys, which may cause problems after ageing has
caused a further decrease in their numbers. As shown in table 6, older people
who experienced Ramadan in mid gestation more often have anemia, while the
overall e�ect for the older group, relating to all phases of pregnancy, is only
marginally signi�cant. This concurs with the �nding of Painter et al. (2005),
who �nd that people aged around 50 who were exposed to famine in utero, have
a higher chance of developing certain kidney problems, but only if exposure
took place during the critical period for kidney development, which is in mid
gestation. I do not �nd evidence for e�ects on hypertension. I do, however, �nd
an e�ect on pulse pressure (systolic minus diastolic pressure): this turns out
to be higher among the exposed. This e�ect is only signi�cant for the younger
part of the population. This makes the e�ect on pulse pressure a bit hard to
interpret: a high pulse pressure is predictive of coronary heart disease among
older people, but not among younger people (Franklin et al., 2001).

6 Discussion

Observing the Ramadan fast Ramadan during pregnancy may cause consider-
able negative health e�ects on the o�spring, irrespective of the stage of preg-
nancy in which Ramadan took place. Such e�ects are not limited to health
outcomes around the moment of birth, that were shown in earlier research. In-
deed, some e�ects get stronger, or only show up when the o�spring gets older.
Exposure to fasting before birth is associated with poorer general health and
a higher incidence of sickness. It also increases a person's chances of develop-
ing symptoms that are indicatory for serious health problems such as coronary
heart disease and type 2 diabetes and, among older people who had been ex-
posed during certain stages of gestation, may lead to anemia. People who had
been exposed on average have a higher pulse pressure. A lower percentage of
males among those born during, and in the months after Ramadan, suggests
a higher incidence of miscarriages and perinatal death. I �nd such e�ects for
exposure during each phase of pregnancy. These results are robust to a number
of alternative explanations. Although often considerable in size, the presented
e�ects are probably usually underestimates of the true e�ect (ATE).

Perhaps the main practical question these results call up is whether such
e�ects will show up irrespective of how the fasting process is managed. Most
of the Indonesian doctors I interviewed, for example, believed that fasting is
not a problem, as long as the pregnant woman follows up advice on food and
�uid intake and ceases fasting in case of complications. Among these doctors,
as well as in the medical �eld in general, however, there is very little consen-
sus on nutritional advice for Ramadan fasting women and on which pregnancy
complications will necessitate women to stop fasting. But even with a scientif-
ically based consensus on the latter point, it seems doubtful whether advising
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women to stop fasting at the right moment will work su�ciently well in prac-
tice to manage the apparent great risks. A continuous monitoring of all fasting
pregnant women seems necessary. And even for well-equipped hospitals, this
would probably pose a challenge. In the case of a country like Indonesia, an
added practical problem is that many clinics in poorer areas lack the means to
perform all the tests that would be required. Concerning the nutritional intake,
avoiding hypoglycemia and a calorie de�ciency might arguably mitigate e�ects
on the fetus. General nutritional recommendations for avoiding hypoglycemia
include having a healthy and varied diet, not containing much sugar. Abandon-
ing the traditional consumption of many sweet products at breaking the fast
may be bene�cial, as it leads to a quick release of glucose into the blood, the
opposite of the slow and even release that helps prevent hypoglycemia. Another
part of such guidelines, however, is to eat small amounts, regularly. This is not
possible during fasting. And it is questionable whether a healthy and varied
diet in evening and morning is su�cient to prevent hypoglycemia and ketonuria
altogether during so many hours without food; especially for pregnant women,
for whom these symptoms arise much faster than for others (Metzger et al.,
1982). The second part of the diet, consuming a su�cient amount, in practice
proves to be a great problem for many women (Arab, 2004).

All in all, careful management of fasting during pregnancy may reduce prob-
lems, but it is unlikely that it reduces them to negligible levels. Several medical
researchers advised not to skip meals during pregnancy, especially not during
daytime, see e.g. Azizi, (2002), Malhotra et al. (1989), Meis, Rose & Swain
(1984), and Metzger et al. (1982). But Ramadan is a religious event and the
choice of whether or not to fast is also motivated by religious beliefs. It is hence
not up to the researcher to prescribe whether pregnant women should fast during
Ramadan. For women who adhere to the interpretation that they are obliged
by religion to observe the Ramadan fast during pregnancy, it is imperative that
knowledge is assembled and a consensus is reached on the conditions under
which a woman can keep on fasting. It should become clear which consumption
patterns are desirable and which ones are not. Also, the women need to be mon-
itored well on a number of variables on which physicians should get consensus.
Beside development of maternal and fetal weight, this may include measures
such as blood sugar levels, ketone levels, fetal heart rate, amniotic �uid, and
others. Pregnant women who adhere to the interpretation that fasting is not
obligatory in general, or not obligatory if there are risks to the health of them-
selves or the child, should carefully consider the pros and cons when deciding
whether or not to fast during this month.
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Table 2: Comparison of Muslims whose oldest home-living child between the
ages of 1 and 18, was vs. was not exposed to Ramadan during pregnancy

Child exposed Child not exposed p (dif-
Mean SD N Mean SD N ference)

Education (junior high school), mother 0.46 0.50 2486 0.44 0.50 307 0.482
General health, mother 6.09 0.97 2412 6.09 0.94 289 0.991
Mother sick in last 4 weeks 0.06 0.24 2420 0.10 0.29 293 0.042*
High blood pressure, mother 0.21 0.40 2407 0.17 0.38 289 0.181
Anemia, mother 0.35 0.48 2213 0.37 0.48 275 0.392
Age mother at giving birth 24.5 5.41 2491 25.1 5.76 307 0.064
Body Mass Index (BMI) mother 23.3 4.03 2406 23.6 3.96 288 0.208
Mother was not exposed to Ramadan
in utero herself

0.90 0.30 2491 0.90 0.30 307 0.973

Mother's own health compared to
others w. same age & sex

2.16 0.48 2420 2.20 0.48 293 0.239

Lives in urban area 0.56 0.50 2491 0.54 0.50 307 0.478
Education (junior high school), father 0.55 0.50 2436 0.50 0.50 321 0.048*
General health, father 6.34 0.99 2248 6.32 0.96 302 0.814
Father sick in last 4 weeks 0.05 0.22 2298 0.07 0.26 308 0.121
High blood pressure, father 0.25 0.43 2250 0.29 0.46 302 0.151
Anemia, father 0.26 0.44 2227 0.24 0.43 301 0.520
Age father at giving birth 29.42 6.79 2443 29.70 6.79 324 0.491
BMI, father 21.95 4.30 2238 22.05 3.11 301 0.683
Father was not exposed to Ramadan
in utero himself

0.89 0.31 2443 0.89 0.31 324 0.998

Father's own health compared to
others w. same age & sex

2.25 0.53 2297 2.22 0.52 309 0.247

Number of siblings 0.82 0.96 2491 0.82 1.01 307 0.986
Log food & drinks expenditure for own
families' consumption

11.56 0.64 2479 11.60 0.75 304 0.301

Log yearly wage 15.07 1.06 2165 14.99 1.06 293 0.213
Log total value of household assets 16.37 1.67 2255 16.44 1.69 299 0.460

* = di�erence signi�cant at p<0.05, ** = p<0.01, *** = p<0.001
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Table 3: Family �xed e�ects regressions on children's general health
OLS Fam. �xed e�ects Fam. �xed e�ects with

birth order dummies1

(1) (2) (3)
Exposed -0.065 -0.066* -0.065*

(0.039) (0.033) (0.033)

Born during Ramadan -0.024 -0.071 -0.070
(0.054) (0.046) (0.046)

Ram. started in tr. 3 -0.048 -0.041 -0.040
(0.047) (0.038) (0.038)

Ram. started in tr. 2 -0.110* -0.088* -0.088*
(0.047) (0.039) (0.039)

Ram. started in tr. 1 -0.067 -0.073 -0.072
(0.046) (0.038) (0.038)

Conceived during Ramadan -0.093 -0.078 -0.078
(0.056) (0.047) (0.047)

N 7661 7661 7661

* p<0.05, ** p<0.01, *** p<0.001
Table shows coe�cients and (standard errors) (clustered by family) from regres-
sions that control for age, age2, age3, age4, month-of-birth and sex. Upper and
lower panel show results from separate regressions. Sample: children between
the ages of 1 and 18, living with their biological parents. The middle and right
column include �xed e�ects for 4302 families.
1Dummies divide into 1st-born, 2nd, 3rd and 4th and up, among the children
in the age group.
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Table 5: E�ects of exposure to Ramadan in utero on the sex ratio (proportion
males)

All Muslims < 45 years ≥45 years
(1) (2) (3)

Exposed -0.026** -0.027* -0.008
(0.010) (0.011) (0.031)

Born during Ramadan -0.044** -0.036* -0.089*
(0.014) (0.015) (0.042)

Ram. started in tr. 3 -0.021 -0.021 -0.016
(0.012) (0.013) (0.037)

Ram. started in tr. 2 -0.022 -0.025* 0.017
(0.011) (0.012) (0.036)

Ram. started in tr. 1 -0.026* -0.029* 0.018
(0.011) (0.012) (0.035)

Conceived during Ramadan -0.031* -0.032* -0.014
(0.014) (0.015) (0.043)

N 24690 21929 2761
Mean 0.508 0.501 0.561

* p<0.05, ** p<0.01, *** p<0.001
Table shows coe�cients and (standard errors) from OLS-regressions that control
for age, age2, age3, age4, and month-of-birth. Upper and lower panel show
results from separate regressions. Sample: Indonesian Muslims 0 years and
older.
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