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Abstract

Although they are permitted to skip fasting, many pregnant Muslim women continue to fast
during the holy month of Ramadan. Evidence on the effect of such practice for the health of
the conceived child is a topic of debate. Previous cross-sectional studies showed compromised
adult health. However, others were against the results. The basis of their argument is
insignificant differences in birth weight of relatively younger cohort. Unlike previous studies,
we contribute to the debate by presenting the first evidence from a longitudinal panel data
analysis. We exploit longitudinal panel structure of the Indonesian Family Life Survey to
analyse consequences of being exposed to Ramadan during pregnancy on health in early
childhood to late adolescence. By using fixed effect regression model, we find a retarded
height growth of those who experienced Ramadan while in utero. Compared to the
unexposed, the height growth of boys and girls who were exposed to Ramadan in early
pregnancy are 1.33 cm and 1.25 cm less respectively in late adolescence. However, we are
unable to find any evidence of negative effects on weight and BMI. Our findings conclude
that the effect of prenatal Ramadan exposure develops through age and is not cohort
dependent.
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Highlight
e Prenatal Ramadan exposure caused a retarded height growth
e No evidence of negative effects of the exposure on weight and BMI
e Negative effect of the exposure develops through age and is not cohort dependent



1. Introduction

The fetal origins hypothesis suggests prenatal period as an important life stage that has
long-term consequences for the well-being of conceived child (Almond & Currie, 2011;
Godfrey & Barker, 2001). From this point of view, mothers’ dietary during pregnancy
becomes a dominant factor that will determine life outcomes of the child later in life. Medical
studies showed that restrictive food intake may halt maternal weight gain and may reduce in-
body fatty acid reserve required for a healthy pregnancy (Almond & Mazumder, 2011). This
condition is harmful for the conceived child and may compromise their optimal health
development throughout life.

In Muslims community, food intake restriction in the form of fasting has strong
religious root. Every year, millions of Muslim observe the holy month of Ramadan by
consuming neither food nor drink during the daytime. Muslims consider Ramadan as a special
occasion where people share a full month of spiritual and social experiences with their family.
Therefore, although most interpretation in Islam allows pregnant women to skip fasting for
health reason, many of them continue to fast during Ramadan (R. J. van Ewijk, Painter, &
Roseboom, 2013). Furthermore, some Muslim women believe that it is safe to fast during
pregnancy (Joosoph, Abu, & Yu, 2004). A number of studies reported that around 70%-90%
of Muslim pregnant women around the globe remain fasting during Ramadan (R. van Ewijk,
2011). These facts suggest that Ramadan may imprint life of million individuals. Thus,
studies to examine consequences of being exposed to Ramadan during pregnancy become
important.

Previous studies have documented negative consequences of being exposed to
Ramadan during pregnancy on multiple health indicators at different life stages. At birth,
those who were prenatally exposed to Ramadan were lighter. This adverse effect is found
across nations comprising of that from the USA (Almond & Mazumder, 2011), the
Netherlands (Savitri et al., 2014), and Indonesia (Majid, 2013). Evidence from Indonesia
showed not only General Health Status (GHS) is compromised but also symptoms of coronary
heart problem and type 2 diabetes arise particularly in the older cohort (R. van Ewijk, 2011).
A smaller and thinner stature at adulthood also add the evidence (R. J. van Ewijk et al., 2013).

Those who found negative consequences of being exposed to Ramadan while in utero
suggest the lower birth weight may indicate the brain and other vital organ were not well-
developed. Thus, becomes the pathway through which ill-health develops at later life stages.
However, recent studies were against this hypothesis and suggested the birth weight and other
neonatal health indicators of those who were exposed to Ramadan are not affected. Except for
descriptive analysis of that Cross, Eminson, & Wharton (1990), the claim is mainly based on
analysis of relatively younger cohort in Iran (Makvandi, Nematy, & Karimi, 2013; Sarafraz,
Kafaei Atrian, Abbaszadeh, & Bagheri, 2014), the UK (Petherick, Tuftnell, & Wright, 2014),
and Germany (Jiirges, 2015). For these evidence, they argue prenatal Ramadan exposure
fasting has no negative effect.

Debate on the compromised health of the conceived child due to maternal fasting
during Ramadan is still inconclusive. While the pro camp has rather solid evidence at
adulthood, the contra camp showed the birth weight of those who were exposed is not
necessarily lower. Both the pro and the contra studies used cross-sectional design and
therefore, the two opposing camps potentially overlooked longitudinal dimensions that may
explain their results further.

Our study contributes to the debate by presenting the first evidence from a longitudinal
panel data analysis. We exploit longitudinal panel structure of the Indonesian Family Life
Survey (IFLS): a national representative survey from the largest country of Muslims majority.
The aim is to analyse consequences of being exposed to Ramadan during pregnancy on
consistent health indicators in early childhood to late adolescence. In this study, we show the



seemed contradictive evidence of previous studies does not mean that prenatal Ramadan
exposure has no effect for the conceived child. Moreover, although we do not find negative
effects on weight and BMI, we find a slightly retarded height growth of those who were
exposed to Ramadan while in utero. We show that our finding is relatively robust to any age
specification and is not cohort dependent. Therefore, we firmly conclude that the negative
effect of prenatal Ramadan exposure develops through age and not necessarily manifest on
health problems of early childhood.

We structure our article as follow. In section 2, we discuss what Ramadan is and how
the Muslims observe fasting during this holy month. We present additional details on the
contextual setting of Ramadan in Indonesia. Section 3 reviews medical literature related to
maternal fasting and its long-term consequences for the conceived children. The brief review
introduces necessary knowledge of possible mechanisms linking the prenatal condition and
later health outcomes of the children. We describe our data and analytical strategy in section
4. Section 5 presents the results. We show effects of being exposed to Ramadan fasting while
in utero on three anthropometric measurements consist of height-for-age (HAZ), weight-for-
age (WAZ), and BMlI-for-age (BMIZ). In this section, we further present several age
specifications to demonstrate the robustness of our results. A graph of linear age specification
is also plotted to give an illustration of retarded height growth in early childhood to late
adolescence. Section 6 concludes this article with a discussion on the implication of our study.

2. Background

Ramadan, the ninth month of Hijri calendar, is the Muslims’ holiest month. During
this holy month, every adult Muslims are obligated to fast from dawn to sunset. Consuming
food and drink is not allowed during the daylight. Smoking, sexual intercourse, and according
to some interpretation, taking oral medicine during fasting are also forbidden. After sunset,
family and friends come together to break the fast with sweet drinks and snacks before dinner.
If a Muslim unable to make the fasting, the person should fast on a later day and should give a
donation to feed the poor. Certain people are exempted from this religious fasting. These are
women in their monthly cycle, women in their nifas month, those who are in long traveling,
those who are too old, and the sick. Pregnant women and the breastfeed are allowed to skip
fasting if they have concerns about their health or the health of their children. However, they
have to fast the moment health concerns are relaxed. Many feel it is uneasy to fast on a later
day by their own and therefore choose to continue fasting during Ramadan (Mirghani,
Weerasinghe, Ezimokhai, & Smith, 2003; Robinson & Raisler, 2005).

Since Hijri is a lunar calendar, Ramadan shifts around 11 days ahead of Gregorian
calendar every year. Consequently, those who live in far southern and northern hemisphere
experienced variable daylight duration respective to the month of which Ramadan falls in
Gregorian calendar. Any statistical estimation becomes complicated because each cohort was
exposed to a different fasting duration. For this reason, Indonesia is an appropriate site to
study the effect of Ramadan. Indonesia situated near the equator. It means that daylight
duration and thus, the length of fasting is constantly last for about 13 hours each day.
Furthermore, Indonesia is the biggest country of Muslims majority. The latest census
registered 87% of 237 million Indonesian are Muslims (Statistik, 2011). Therefore, results of
this study have a great social relevance.

The rhythm of life in Indonesia changes considerably during Ramadan. Many
restaurant and food stalls open only near sunset until just before sunrise (Abe, 2010). Office
hours usually shift to early morning and close early to allow Muslims prepare the break in the
evening. At the time of Ramadan, inflation and temporal food price hike are not unusual
(ANTARA, 2016). However, the annual bonus locally known as Tunjangan Hari Raya eases
the Muslims and enables them to have proper Eid celebration held the day after Ramadan.



During the long national holiday of Eid celebration, the Muslims mark the joy and happiness
following a full month of spiritual and social experiences of Ramadan. They gather with
family and friends to pray and celebrate with many food and drink. The non-Muslims receive
Tunjangan Hari Raya as well but not during Ramadan. They receive this annual bonus before
their own religious day celebration (Menteri Tenaga Kerja, 1994).

3. Medical theory on maternal fasting and the health of the conceived child

Almond & Mazumder (2011) and R. van Ewijk (2011) have discussed medical
theories linking maternal fasting and possible consequences to the health of the conceived
child extensively. At least three notable interrelated mechanisms can be summarised from
their papers. These are accelerated starvation, fetal programming theory, and epigenetic
adaptations.

Perhaps the most prevalent mechanism among the three is the accelerated starvation.
The term is used to describe abnormal metabolic and hormonal condition when pregnant
women skip breakfast after a night without food (Metzger, Vileisis, Ravnikar, & Freinkel,
1982). The abnormality occurs more rapidly when fasting takes place during the daytime
because the body requires more energy to remain active (Meis, Rose, & Swain, 1984). Under
normal conditions, human body produce energy from nutrition intake of food and drink. In
lack of metabolic fuel, the body have to compensate low blood sugar with fat metabolism
process. This process is very demanding for pregnant women as they have to sustain energy
not only for them but also for the conceived child. The ketone body which is a side product of
fat metabolism can lead to low blood pH that potentially destroy the much-required protein
for the child procreation. Several studies indicate accelerated starvation occurs among
pregnant women during Ramadan including those who live in West Africa (Prentice, Prentice,
Lamb, Lunn, & Austin, 1983), the UK (Malhotra, Scott, Scott, Gee, & Wharton, 1989), and
Iran (Arab, 2004). Arab (2004) found that before breaking their fast, 61% of the Iranian
pregnant women in the sample had low blood sugar and 31% had ketone body. The study
documented 92% of those who fast during Ramadan experienced calorie deficit of at least 500
kcal.

The fetal programming theory explains long-term consequences of metabolic fuel lack
on health problem of the conceived child in later life stage. Fetal adaptation to harsh
environment is the foremost of this theory. Nutritional shortage during pregnancy causes fetal
adaptation to use scarce energy more to sustain the development of vital organs, in particular,
the brain. The process is at expenses of other organs, muscles, and limbs. Thus, affecting
general fetal growth and slowed down development of non-vital organs undergoing their
critical period. Birth length and weight may be compromised as the immediate results (James,
1997). However, the most important matter is how the fetal adaptation may lead to adult
chronic diseases such as coronary heart disease and its biological risk factor including
hypertension and type 2 diabetes (Godfrey & Barker, 2000; Roseboom et al., 2000). The adult
chronic disease is due to organs degeneration process occurring much later in life.
Hypertension, for example, is because in many cases, the kidneys unable to function properly
due to decreases number of already low quantity nephrons sustained from fetal adaptation to
undernutrition (Barker, 2002).

Fetal experiences of undernutrition may contribute to epigenetic adaptations. The
process sets genes to express the phenotypes that best fits the expected environment. This
predictive adaptive response prepares the body optimally for its later life (Gluckman &
Hanson, 2004). For example, poor prenatal nutrition may suggest the fetal body that it will
encounter malnutrition in later life. As the result, the conceived child may express a tendency
to store fat more in preparation to be born into a malnourish environment. The adaptation is
beneficial if malnutrition after birth follow, but will be maladaptive once the conceived child



exposed to better postnatal nutrition. This situation may lead to excessive weight gain that
may create problems such as overweight in adulthood. Ramadan may create such maladaptive
condition because the conceived child was prepared to encounter a harsh environment that it
will not exactly follow after birth (R. van Ewijk, 2011).

4. Data and Analytical Strategy

The Indonesian Family Life Survey (IFLS) is a broad setup survey carried out by the
RAND corporation (Strauss, Witoelar, & Sikoki, 2016). The survey collects wide array of
information on economic, health, and social life conditions of the Indonesian population. This
longitudinal panel design survey collects multiple waves of data by following the same
individual within the household. Currently, five waves of IFLS have been completed. The
first IFLS was fielded in 1993/1994 and the following IFLS 2, 3, 4, and 5 were fielded in
1997/1998, 2000, 2007/2008, and 2014/2015 successively. The sampling scheme consists of
13 most densely populated provinces in Indonesia representing 83% of the 1993 Indonesian
population. Thus, the survey has a high level of representativeness of the Indonesian
population.

Multiple health indicators are available in the [FLS. However, for the health indicators
in our study, we decide to use anthropometric measurement because these measurements are
available in all IFLS waves. Thus, allowing us to analyse consistent health indicators from
early childhood to late adolescence. Trained nurses were assigned to measure height (cm) and
weight (kg) up to a single digit decimal. We standardise these two measurements to the World
Health Organization (WHO) growth reference (De Onis, 2006; Onis et al., 2007). Three
anthropometric z-scores were constructed. These are height-for-age (HAZ), weight-for-age
(WAZ), and BMI-for-age (BMIZ). The standardisation has two advantages. First, it produces
a more linear specification of human biological growth. Second, the standardisation enables
us to simplify identification of outliers which is difficult to detect due to curvilinear biological
growth during childhood and adolescence.

This study exploits the IFLS longitudinal panel structure design to examine the effect
of maternal fasting during Ramadan for the health of the conceived child. We construct our
sample from those who participate at least once in the IFLS. With a thorough sample
selection, our final sample consists of 44,861 anthropometric data of that 19,186 age 0 to 19
years old individuals from 9,260 families. About 88.56% individuals in our final sample were
born to a Muslim mother. Details on the construction of the final sample are described in
section 5.

We use R. van Ewijk’s (2011) approach to identify those who were prenatally exposed
to Ramadan. On average, a full-term pregnancy lasts 266 days after the conception. An
individual is considered prenatally exposed to Ramadan if born to a Muslim mother and
Ramadan overlapped with a period of 266 days before birth. We retrieve Ramadan dates from
The Umm al-Qura Calendar of Saudi Arabia. This calendar is accessible from
http://www.phys.uu.nl/~vgent/islam/ummalqura.htm. To examine the effect further, we
classify the exposed children into: a) those who were conceived during Ramadan, b) those for
whom Ramadan began during early pregnancy (days 1-89 of pregnancy), c¢) those for whom
Ramadan began during mid-pregnancy (days 90-178), d) those for whom Ramadan began
during late pregnancy (days 176-266), and e) those who were born during Ramadan. Group b,
c, and d experienced an entire Ramadan while in utero. Those who were not exposed to
Ramadan become the reference group. We exclude children who were conceived less than 21
days after the end of Ramadan because their classification as the unexposed may introduce
estimation bias due to a possibility of post-term birth. The above procedure is applied to
children of a non-Muslim mother as well to create control groups.

Our basic model is:



yim = Piexposurei, + Brageim + Pscohortiy, + Paexposurei, + &im (1)

We use mother fixed-effects regression to estimate our model specifications. The use of
mother fixed-effect regression restricts any statistical estimation to within-siblings
comparisons only and therefore, cancels out any systematic differences between families m
including differences in nutritional intake and genetic variability that may bias our results.
Since a child may have several anthropometric data y measured at a different age, we cluster
the standard errors by children i. The exposure is a set of dummies correspond to when during
pregnancy a child was exposed to Ramadan. Further, we create several age specifications to
be tested in our analysis. The main specification is a set of dummies correspond to early
childhood (0-4 years old), late childhood (5-9 years old), early adolescence (10-14 years old),
and late adolescence (15-19 years old). For other specifications, we divide age in days with
365.25 to form age in years. We then create continuous variables of age, age’, and age’ as
alternatives to the previous age specification. We also create cohort dummies to classify those
who were born before 1986, between 1986-1990, 1991-1995, 1996-2000, and after 2000.
Previous studies showed that sex (Macintyre, Hunt, & Sweeting, 1996), birth month
(Doblhammer & Vaupel, 2001), and birth order (Black, Devereux, & Salvanes, 2015) may
have significant effects on health. Therefore, it is important to control these possible
confounders with X, comprises of dummy variables for sex, birth month, and birth order.
Since we do not know which mothers actually did fast during Ramadan, our results should be
seen as intention to treat estimates. There is no statistics on how many Indonesian pregnant
women actually fast during Ramadan and for how many days. Thus, if the number of pregnant
mothers who did fast is small or they observed fasting only for a short period, then our results
would heavily bias towards zero.
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