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Abstract

Background: Ramadan, the Islamic month of daytime fasting, is observed by many pregnant
Muslims. Although pregnant women are exempt, many prefer to fast. Previous research has
shown long-term adverse effects on various health outcomes among the offspring, but evidence
on effects on perinatal outcomes is mixed. This study investigates effects of Ramadan during
pregnancy among Muslims in the Netherlands.

Methods: Data from the Perinatal Registry of the Netherlands (Perined) on all births between
2000 and 2010 to mothers recorded as Mediterranean (i.e. of Turkish/Moroccan descent, a
proxy for Muslim) (n = 139,322) or as ethnically Dutch (n = 1,481,435) were used. Ramadan
exposure was defined using an intention-to-treat approach as the occurrence of a Ramadan
during gestation. Muslims with versus without a Ramadan occurring during gestation
were compared using difference-in-differences analyses. In these multiple linear/logistic
regressions, non-Muslims were additionally included in order to take out potentially remain-
ing confounding through seasonal effects.

Results: The occurrence of a Ramadan during pregnancy among Muslims was not associated
with altered birth weight, gestational length, newborn’s sex, perinatal mortality, low Apgar, or
mild congenital anomalies. Odds for severe congenital anomalies were higher among the
exposed (odds ratio: 1.17; 95% confidence interval: 1.00, 1.37), but this association became
non-significant when adjusting for multiple testing.

Conclusions: Despite earlier research showing long-term adverse health effects of prenatal
exposure to Ramadan, there seems to be little or no relation between exposure to Ramadan
during pregnancy and birth outcomes.

Introduction

In utero environments play an important role in determining health outcomes of the off-
spring. Adverse environments due to maternal dietary restrictions or stress during pregnancy
are known to hamper fetal growth and development. Maternal under-nutrition not only
increases the risks of lower birth weight and poorer birth outcomes but also raises the risk
for developing chronic diseases later in life.!~

During Ramadan, pregnant Muslims undergo important nutritional and lifestyle changes.
Ramadan is an annual period of daytime fasting that lasts for a month. Eating, drinking,
smoking, and sexual activity are prohibited from dawn to sunset. Ramadan is both a religious
festival and a moment for spiritual activities and self-restraint.* Beside changing nutritional
intake, it also involves alterations in sleeping patterns and physical activity levels as people
tend to be more active at night.>"® Meal frequency is usually reduced to twice a day: a large
meal is taken when breaking the fast at sunset and a smaller meal at “sahoor” before the sun
rises. Traditional meals during this month are often high in sugar and fat. In the Northern
hemisphere, fasting is most difficult to perform during summer due to the longer days and
higher temperatures.

The great majority of pregnant Muslim women have pregnancies that overlap with
Ramadan, and although they are permitted to postpone their fasting,* many choose to fast.
The proportion of pregnant Muslim women who fast for at least a day during Ramadan ranges
from 50%-70% (in Iran, the Netherlands) to 70%-90% (in England, Singapore, US, Gambia, and
Yemen).”!* Even women who postpone their Ramadan fast until after pregnancy experience
lifestyle changes during Ramadan, although less pronounced so, as their dietary, physical activ-
ity, and sleeping patterns change and as they may experience altered stress levels. This might also
affect the women and their unborns. Most of the existing literature on effects of Ramadan on the
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offspring is not able to distinguish between effects due to fasting
and effects due to other lifestyle changes.

There have recently been a growing number of studies into the
possible health effects of Ramadan during pregnancy. The dietary
intake and weight gain of fasting pregnant women are reduced,'*"
and fasting has been associated with several metabolic alterations
including reduction in serum glucose, insulin, lactate, and
carnitine levels, as well as elevation in serum triglyceride, cortisol,
and leptin concentrations.!*!®

Most previous studies on Ramadan and birth outcomes
were small and included only births within a limited time period,
which allowed for only a limited correction for the confounding
effects of seasonality. In the present study, we use data from a
nationwide registry over an 11-year time period to evaluate birth
outcomes of all babies born to mothers of Turkish and Moroccan
descent (grouped together under the label “Mediterranean”) in
the Netherlands whose pregnancies overlapped with Ramadan,
irrespective of lifestyle changes.

Previous large studies on Ramadan and birth outcomes
provided mixed results: a study from the USA found a slightly
lower birth weight and a lower fraction of male births.!! A study
with over 1,000,000 babies born to Muslims in Germany found
no such effects.'® Several smaller studies showed no effects of
Ramadan during pregnancy with regard to birth weight and risk
of low birth weight (LBW),”*1718 nor with respect to amniotic
fluid volume," uterine arterial blood flow,*® and Apgar score.’!
But, other studies did find lower birth weights,'® reduced fetal
breathing movements,'**? lower placental growth,” and decreased
amniotic fluid volume.?! The discrepancies between these results
may be due to differences in length of daylight and fast during
Ramadan, background characteristics of the population, and local
nutritional and cultural habits associated with Ramadan. In order
to inform pregnant women who are considering fasting during
Ramadan as well as their obstetric health care providers, it is
important to collect information on this issue in settings that
resemble their own.

In a related literature, several large studies investigated long-
term implications for the offspring and found poorer cognitive
performances among children’?® and higher child mortality
rates.”” Among adults, prenatal Ramadan exposure was associated
with poorer health, including poorer lung functionalities and
increased occurrences of disabilities and of symptoms of type 2
diabetes and coronary heart problems.!'"!%2%29

Here, we set out to investigate whether Ramadan exposure in
pregnancy had effects on perinatal outcomes among women of
Moroccan and Turkish descent in the Netherlands.

Methods
Study population

We analyzed data from the Perinatal Registry of the Netherlands
(Perined), a nationwide registry that includes maternal, obstetric,
postpartum, and neonatal information of all deliveries in the
Netherlands from January 2000 through December 2010.
Midwives, general practitioners, and obstetricians who provided
antenatal care and assistance during childbirth completed a form,
based on data they had collected from history taking, clinical and
laboratory examination, as well as diagnosis and intervention.
Perined includes all births (live births and stillbirths) that occur
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after 16 weeks of gestational age, and it contains approximately
96% of all births in the Netherlands.*°

In the Perined database, mothers’ ethnicities are registered as
either Dutch or other European ethnicities, Mediterranean
(which refers to being of Turkish/Moroccan descent), Creole,
Indian, Asian, or other. We restricted the analyses to
Mediterranean and Dutch babies and excluded babies from all
other ethnicities. In the Netherlands, over 95% of people
of Moroccan and Turkish descent are Muslims.’! Although
“Mediterranean” is used to refer to a Turkish or Moroccan back-
ground, some people from other origins who are usually not
Muslim, such as Spanish or Italians, may still be classified into
this group. However, they form only a very small share of
Mediterraneans in the Netherlands (0.4% of the Dutch popula-
tion are of Spanish or Italian decent). According to Statistics
Netherlands, during our study period, 7.4% of all mothers of
newborns had a Turkish or Moroccan background,*? whereas
7.0% of all babies in our data were Mediterranean. This confirms
that in the Dutch context, Mediterranean is a good proxy for
being Muslim.

All babies (live births and stillbirths) with a gestational age
of 227° weeks onwards were included in the analyses, except
for those analyses in which only live births were analyzed
(Apgar score <7 and prematurity). To obtain information on
socioeconomic status (SES) (income) at the postal code level,
the Perined data were complemented with data from Statistics
Netherlands.

Ramadan exposure

As no information on fasting or other behavioral changes during
Ramadan was available, Ramadan exposure was based on real
overlap between Ramadan and gestation. Gestation begins at
the estimated date of conception, calculated as 14 days after the
start of women’s last menstrual period, and ends at the date of
birth. Pregnancies were classified as overlapping with Ramadan
if at least one day of pregnancy coincided with a Ramadan.
Babies who were conceived within 7 days after Ramadan were
controlled for in the analyses as the possibility cannot be excluded
that their health was still affected by Ramadan. Our approach
for measuring prenatal Ramadan exposure differs from most
previous research, where only date of birth could be used to
establish whether a Ramadan had occurred during a pregnancy.
An assumption then had to be made about the length of
gestation: usually that each pregnancy lasted for 266 days. In
our study, date of conception is known as well, which allows
us to more exactly determine whether a Ramadan has occurred
during a pregnancy.

A binary classification for Ramadan exposure is more
appropriate than measuring exposure using the total days of
overlap between Ramadan and gestation, since experiencing
fewer than the 29 or 30 days of an entire Ramadan is only possible
if a child was conceived or born during a Ramadan. Hence, the
number of days of overlap would be associated with the phase
of pregnancy during which Ramadan occurred. To study effect
heterogeneity by phase of pregnancy, a further Ramadan expo-
sure classification using trimesters was made according to the
trimester that most of the Ramadan period coincided with. In
order to end up with three equally long trimesters, days 1-88
of pregnancy were considered as trimester 1, days 89-177 as
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trimester 2, and day 178 and later as trimester 3. In cases where
the number of days of overlap between Ramadan and pregnancy
trimester was the same for two trimesters, the overlap was
classified to occur in the earlier trimester.!

Following the definition of our exposure variables, we
measured the effect of pregnancy overlap with Ramadan on
perinatal outcomes. We were uninformed about the actual fasting
behavior. The most likely channel through which Ramadan
occurrence during pregnancy is hypothesized to have an effect
is through nutritional channels,® but there may be alternative
channels such as modifications in sleeping patterns,’ physical
activity level,’ and increased consumption of foods containing
high levels of sugar, fat, and salt.**** However, in this study,
we cannot distinguish between these channels. Our results
should be regarded as intention-to-treat estimates. That is, we
make the assumption that all Muslims for whom a Ramadan
occurred during pregnancy underwent the impact of Ramadan.
This approach has been widely used in large-scale studies on
long-run effects of Ramadan during pregnancy on the health
of the offspring.!!?-27353¢ Ag the measure of exposure
(Ramadan occurrence during pregnancy) utilized is uncorrelated
with maternal characteristics such as SES, religious observance,
and health, this approach helps avoid confounding due to these
variables.!"?>%

A difference with previous research is that we utilize actual
overlap between Ramadan and pregnancy. This was impossible
in earlier studies where date of conception was unknown and
overlap was calculated based on Ramadan occurrence during the
266 days before birth. In those studies, results were biased toward
zero as children conceived shortly after a Ramadan and born
prematurely are incorrectly categorized as exposed.!>?* We avoid
this bias. However, as we will detail in the Data analysis subsection,
our approach hinges on the assumption that there is no causal
effect of prenatal Ramadan exposure on gestational length. We
investigate this and show that there is indeed no such effect.

When investigating these effects on gestational age, we have to
define exposure in a different way because a shorter gestation
mechanically leads to a lower probability of having an overlap with
Ramadan. - It must be noted that a mechanical relation, as
opposed to a causal relation, does not bias the results from our
main approach. We will explain this further in the Data analysis
subsection. - When gestational length is the dependent variable,
we define exposure as the occurrence of a Ramadan during the
266 days after date of conception.

Outcome measurement

Outcome measures of fetal growth were birth weight, occurrence of
LBW (birth weight lower than 2500 g), and small for gestational
age (SGA; birth weight below the 10th percentile for gestational
age). Outcome measure of neonatal health was the occurrence
of an Apgar score lower than 7. Further outcome measures were:
a dummy variable indicating whether the child was male, any
congenital anomalies, mild congenital anomalies, severe congenital
anomalies, gestational duration, prematurity (born at less than

"We acknowledge that this may be regarded an ad hoc decision regarding the classifi-
cation. This concerns only those for whom 15 days of Ramadan fell in trimester ¢ and
15 days fell in trimester t + 1. These individuals could equally well have been classified
as being exposed in the later trimester. Given the small number of affected individuals,
the effects on the results are inconsequential.
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37+%weeks of gestation), and perinatal mortality (occurrence of
stillbirth or death during delivery or within 7 days after birth).
Mild congenital anomalies include disorders of the eyes, ears, skin
defect, cleft palate, or other organs, which are not life-threatening.
Severe congenital anomalies consist of serious or potentially lethal
disorders such as anencephaly, microcephaly, congenital cardiac
defects, and disorders of the respiratory tract. Gestational duration
was based on either ultrasound dating or the time since women’s
last menstrual period.

Data analysis

Maternal characteristics, pregnancy complications, and babies’
characteristics were tabulated by Ramadan exposure for descrip-
tive purposes, within Mediterranean and Dutch pregnancies
separately.

We used linear regressions to analyze continuous dependent
variables and logistic regressions to analyze binary dependent
variables. Included covariates are month of conception (using a
set of 11 indicator variables), maternal age, maternal age squared,
baby’s sex (except when sex was the outcome variable), average
income based on postal code (SES), parity, year of delivery,
maternal smoking, and conception within 7days after
Ramadan. As the likelihood of Ramadan exposure is mechani-
cally correlated with gestational age at delivery (the larger the
gestational age at delivery, the higher the probability of experi-
encing a Ramadan), controlling for gestational length is essential
to avoid bias. That is, duration of gestation influences the prob-
ability that a pregnancy overlaps with Ramadan, while it is also
correlated with most of the outcomes. Not adequately controlling
for gestational age therefore leads to a confounding of Ramadan
effects with gestational age effects. We therefore additionally
control for gestational length, gestational length squared, and ges-
tational length cubed.

As Wilcox et al. (2011) show, adjusting for gestational length
may bias effects of prenatal exposures on birth outcomes if the
prenatal exposure affects gestational length, while there are
unobserved factors that both affect gestational length and directly
affect birth outcomes.’” Gestational age in that case acts as a
collider variable. For our analysis strategy to yield unbiased results,
we therefore need to exclude the possibility that prenatal Ramadan
exposure affects gestational length. We run analyses with gesta-
tional age at delivery itself and prematurity as the outcomes. In
these regressions, it is impossible to control for gestational length.
For analyses on these outcomes, exposure to Ramadan is defined
based on whether a Ramadan occurred during the 266 days after
the calculated date of conception, with 266 days being the average
length of human gestation. This intention-to-treat approach
is necessary to avoid the reverse causality that would otherwise
arise (shorter pregnancies are less likely to include a Ramadan).
It is important to note that the intention-to-treat approach does
not lead to an artificial over representation of preterm births
among the exposed group. Hence, it does not lead to an upward
bias. But, it may lead to a bias toward finding no effects. That is,
some children for whom Ramadan would have occurred very late
in an at-term pregnancy will be born prematurely before the start
of Ramadan. We incorrectly classify them as exposed. If actual
Ramadan exposure would have further shortened their gestations,
we miss this effect and hence under estimate the effect of Ramadan
on gestational length.

As we classified exposure using whether Ramadan occurred
during pregnancy, it is essential to separate seasonal effects
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from true Ramadan effects. Seasonality is known to be
associated with various pregnancy outcomes, particularly birth
weight and preterm birth.*** Since Ramadan is based on the
Islamic Lunar calendar, it shifts forward by approximately
11days each year and occurs during each period of the
Gregorian calendar over a 33-year cycle. Hence, if about 33
cohorts are available, controlling for month of conception
suffices to separate Ramadan from seasonal effects. Our data,
however, contain only 11 birth cohorts (2000-2010), so that
Ramadan always fell between 11 August and 7 January in the rel-
evant years. Controlling for month of conception might
therefore not be sufficient. Therefore, similar to previous
literature in this domain,'%*>?283% we use a “difference-in-
differences” strategy to overcome this problem. We include
non-Muslims (proxied using ethnic Dutch) in all regressions.
The regressions control for an indicator for “a Ramadan occurred
during pregnancy” and an indicator for religion. All other
covariates are interacted with the religion indicator. The
religion*exposure interaction term compares the strength
of the association between Ramadan during pregnancy and
birth outcomes between Muslims and non-Muslims. As non-
Muslims do not observe Ramadan, potential associations between
Ramadan during pregnancy and birth outcomes in this group are
due to residual confounding with seasonality. A similar
pattern of artificial associations will exist among the Muslims
as seasonality patterns are likely similar in both groups in the
Netherlands. A difference-in-differences analysis takes the
association between Ramadan and birth outcomes among
Muslims and subtracts the part of these associations that is due
to seasonality, as it is measured among the non-Muslims.
Thus, it “cleans” the associations between Ramadan and health
outcomes among Muslims from all remaining seasonality.!2°

As a robustness check, we also conducted all regressions on the
Muslims-only sample without doing difference-in-differences.
These regressions may not adequately adjust for seasonality.
Results are expressed as linear regression coefficients or odds ratio
with 95% confidence intervals and P values. All analyses were done
using Stata/SE 11.1.

Results

The Perined data contained 1,987,124 babies. Non-
Mediterranean and non-Dutch babies (n =224,505), twins and
triplets (n = 68,810), babies with uncertain length of gestation,
and babies with miscoded gestational lengths (n =73,052) were
excluded leaving 1,620,757 babies for analysis of whom
139,322 were Mediterranean babies. Baseline characteristics are
shown in Table 1. Ramadan overlapped with 83.3% of all
gestations of Mediterranean mothers and slightly less among
Dutch mothers.

Table 2 shows the adjusted associations between pregnancy
during Ramadan and birth outcomes among Muslims from the
difference-in-differences regressions. Muslim newborns with,
compared to those without, a Ramadan during pregnancy did
not differ in terms of gestational duration. This implies that gesta-
tional age cannot have confounded results for the other outcomes
by acting as a collider variable.?” Exposed and not-exposed did also
not differ in their birth weights, probabilities of having a LBW,
being SGA, having an Apgar score <7, having any congenital
anomaly, or a mild congenital anomaly, being male, being
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Characteristics

Mediterranean
(n=139,322)

Dutch
(n=1,481,435)

Ramadan during pregnancy (%)

116,010 (83.3)

1,219,606 (82.3)

Maternal age (years) 28.8 (5.4) 30.8 (4.6)
Maternal smoking (%) 266 (0.2) 5407 (0.4)
Average income in euro based on 1799 (280) 2001 (315)

postcode?

Primiparous (%)

50,427 (36.2)

702,894 (47.5)

Gestational length in days® 264 (14) 263 (14)
Pregnancy complications (%)
Hyperemesis gravidarum 190 (0.1) 1138 (0.1)
Hypertension 2346 (1.7) 53,884 (3.6)

Highest diastolic pressure

90 mmHg 128,352 (93.3) 1,272,159 (87)
90-110 mmHg 7929 (5.8) 167,970 (11.5)
> 110 mmHg 1340 (1) 23,008 (1.6)

Type of delivery (%)

Spontaneous 112,056 (80.6) 1,095,513 (74.1)

Vacuum, forceps and 10,498 (7.6) 165,833 (11.2)
instrumental vaginal delivery

Primary cesarean section 6903 (5) 98,174 (6.6)

Secondary cesarean section 9580 (6.9) 118,410 (8)

Birth weight (g)

3420.3 (582.7)

3464.3 (599.7)

Low birth weight

6491 (4.7)

72,829 (4.9)

Small for gestational age

15,125 (10.9)

129,689 (8.8)

Apgar score < 72 2909 (2.1) 24,921 (1.7)
Any congenital anomaly 2769 (2.0) 28,098 (1.9)
Severe congenital anomaly 1838 (1.3) 18,509 (1.2)
Male 139,276 (51.3) 760,324 (51.3)
Gestational duration in days 263.7 (14.3) 263.4 (14.1)
Prematurity? 8240 (5.9) 99,416 (6.7)
Perinatal mortality 1537 (0.8) 12,408 (0.8)

Table shows means (standard deviations) for continuous variables and frequencies
(percentages) for binary variables. In case of skewed data (?), medians and interquartile
ranges are presented. All differences between Mediterranean and Dutch are significant at the
1%-level (t-tests for continuous variables and y*-tests for categorical variables), except for
severe congenital anomaly (P=0.03) and male (not significant).

20nly live births were included.

premature, or suffering perinatal death. Severe congenital anoma-
lies occurred more frequently after Ramadan exposure, especially
for the third trimester exposure. But, this association lost statistical
significance after a Bonferroni-Holm correction for multiple
testing.

Appendix Table A1 shows the results from regressions in which
only Muslims are included without difference-in-differencing.
Muslims who had been in utero during gestation had slightly
higher birth weights and shorter gestational lengths and were less
frequently SGA than unexposed Muslims. They also more often
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Table 2. Associations between Ramadan occurrence during pregnancy and birth outcomes among Muslim newborns, based on difference-in-

differences analyses

Timing of overlap with Ramadan

Outcomes In any trimester First trimester Second trimester Third trimester
Birth weight (g) 8.0 (—0.003, 16.1) 7.0 (-1.4, 15.5) 2.0 (-7.0, 11.0) 5.7 (-1.0, 12.4)
Low birth weight 0.99 (0.88, 1.11) 0.98 (0.86, 1.11) 0.99 (0.87, 1.14) 0.98 (0.89, 1.09)
Small for gestational age 0.96 (0.90, 1.01) 0.94 (0.88, 1.00) 0.99 (0.93, 1.06) 1.00 (0.96, 1.06)
Apgar score < 72 1.07 (0.91, 1.27) 1.04 (0.87, 1.24) 0.95 (0.79, 1.15) 1.00 (0.87, 1.16)
Any congenital anomaly 1.10 (0.96, 1.25) 1.05 (0.91, 1.21) 1.11 (0.96, 1.28) 1.10 (0.98, 1.22)
Severe congenital anomaly 1.17 (1.00, 1.37)* 1.03 (0.87, 1.22) 1.08 (0.90, 1.29) 1.15 (1.00, 1.31)*
Mild congenital anomaly 0.97 (0.79, 1.20) 1.08 (0.86, 1.35) 1.17 (0.92, 1.49) 0.99 (0.83, 1.19)
Male 1.00 (0.97, 1.04) 1.03 (0.99, 1.07) 1.02 (0.98, 1.07) 1.01 (0.98, 1.04)
Male? 1.00 (0.97, 1.04) 1.03 (0.99, 1.07) 1.02 (0.98, 1.07) 1.01 (0.98, 1.04)
Gestational duration in days 0.01 (0.3, 0.3) 0.04 (0.3, 0.4) 0.07 (—0.3, 0.4) —0.01 (-0.3, 0.3)
Prematurity® 1.04 (0.95, 1.14) 1.03 (0.93, 1.14) 1.04 (0.93, 1.17) 1.04 (0.94, 1.16)
Perinatal mortality 0.81 (0.66, 0.99) 0.82 (0.65, 1.04) 0.89 (0.70, 1.14) 0.94 (0.79, 1.13)

Table shows linear regression coefficients for continuous outcomes (birth weight and gestational duration) and odds ratios from logistic regressions for binary outcomes
(all other variables). Between brackets, 95% confidence intervals are shown. The columns “First/second/third trimester” for each outcome come from the same

regression.

*P <0.05.

**P<0.01.

20nly live births were included.

had severe congenital anomalies. However, these regressions may
not have sufficiently been adjusted for confounding with
season of birth/season of conception. More light is shed on this
in Appendix Table A2, which shows the coefficients for the ethnic
Dutch from the difference-in-differences regressions presented in
Table 2. Coefficients should be interpreted as a comparison
between non-Muslims who were in utero during a Ramadan
and non-Muslims who were not. No causal effect of Ramadan
can be expected in this group: they were included in the difference-
in-differences regressions to take out potential confounding due
to seasonal effects that are the same among Muslims and non-
Muslims. With the exception of the result for severe congenital
anomalies, the same pattern of associations appeared among the
non-Muslims as among the Muslims in Appendix Table Al.
This confirms that the non-difference-in-differences regressions
do not sufficiently adjust for seasonality and should be interpreted
with caution.

Discussion

Among Mediterranean women in the Netherlands (who are in
great majority Muslims with a Turkish or Moroccan background),
we found that pregnancy overlap with Ramadan was not associated
with adverse pregnancy outcome, including LBW, perinatal
asphyxia, and preterm birth.

Ramadan during pregnancy initially seemed associated with an
18% increase in risk for severe congenital anomalies. However, this
association lost statistical significance after adjusting for multiple
testing. Moreover, this pattern was particularly present for expo-
sure in the third trimester. Consequently, this increase in severe
congenital anomalies cannot be explained by the exposure, since
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virtually all congenital anomalies originate during embryogenesis
in early pregnancy. Therefore, the association found between
Ramadan exposure and severe congenital anomalies is more likely
an artifact due to multiple testing. Our finding of no association
between Ramadan exposure and risk of mild congenital anomalies
also supports this conclusion.

During Ramadan, Muslims observe lifestyle changes, which
include nutritional disturbances, modifications in sleeping pat-
terns, and decreased levels of physical activity. The main channel
through which Ramadan exposure is hypothesized to have an
effect is through nutritional restrictions. Other potential channels
may include modifications in sleeping patterns and increased
consumption of foods containing high levels of sugar, fat, and
salt. Furthermore, since smoking is prohibited during fasting,
Ramadan exposure may lead to a reduction in direct and second-
hand smoke exposure. Finally, Ramadan may also affect the fetus
via effects on maternal stress levels. We cannot distinguish
between these channels, but can only conclude that together,
these exposures do not seem to have an effect on newborns’
health.

This study is among the first to investigate the association
between Ramadan exposure during pregnancy with birth out-
comes using data on a substantial number of cohorts from
a national registry. Our large sample size gave our analyses a
substantial statistical power. Previous large-scale studies deter-
mined exposure based on whether a Ramadan occurred during
the 266 days before birth, which equals the average length of
human gestation. Our data included both date of birth and date
of conception information so that we were able to determine
actual occurrence of a Ramadan during pregnancy. Availability
of a set of important covariates in the dataset and adjustment
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for seasonality utilizing a difference-in-differences approach
allowed for adequate adjustments.

Three limitations of our study are first, that no data about
religion were available, so that Mediterranean ethnicity was used
as a proxy for being Muslim. This approach leads to some misclas-
sification. Although Mediterranean should refer to a Turkish or
Moroccan descent, some people with a different background
may have been included, too. 7.0% of all babies in our data were
Mediterranean. As this is slightly less than the 7.4% of newborns
who, according to official nationwide statistics, were of Turkish
and Moroccan descent,”’ this suggests that our category
Mediterranean is unlikely to have included many women from
other ethnic groups. Moreover, a few percent (probably less
than 5%) of people of Turkish or Moroccan descent in the
Netherlands are non-Muslims.?! The associated misclassification
causes a slight bias toward finding no effects.

Second, Ramadan shifts through the entire Gregorian calendar
over a 33-year cycle. An availability of about 33 birth cohorts would
therefore have allowed us to completely separate seasonality from
Ramadan effects by controlling for month of conception. There
are, however, only 11 cohorts in our data. The difference-in-
differences analysis strategy in which non-Muslims are used to
partial out seasonality patterns should have solved this issue: it
may be noticed that using a similar number of cohorts and a similar
methodology, previous studies did demonstrate long-run effects of
prenatal Ramadan exposure.?® Nevertheless, it must be noted that
the relatively limited number of available cohorts in this study is a
limitation.

Third, actual measurements on mothers’ fasting behaviors
were not available. If Ramadan mainly has an effect through
the nutritional restrictions channel, our results underestimate
potential effects of Ramadan fasting because not all pregnant
Muslims in the Netherlands fast during Ramadan, while some
of those who do fast, only fast for a few days of this month.!°
The majority of Muslims in the Netherlands are of Moroccan
and Turkish origin (31% and 38%, respectively).*"* Of these,
around 79% and 22% are estimated to fast during their pregnan-
cies, respectively.'® The implicit assumption in our analyses is
that all Muslim mothers who were pregnant during a Ramadan
were affected by it. Our estimates should therefore be regarded
as conservative (lower-bound) estimates.!? An important
advantage of this approach is that it avoids confounding effects
of fasting with systematic differences between Muslims who do
versus do not choose to fast during pregnancy.'! But, the
downside is that our intention-to-treat approach may have led
to a bias toward finding no effects.

The fact that some studies found effects of prenatal Ramadan
exposure on perinatal outcomes, where others, including our
own study, found no effects, could be explained by a number
of factors. Comparing our results to those from previous
studies with large sample sizes and statistical power that were
adequately able to separate effects of Ramadan exposure from
those of seasonal variation, we note that our findings of no
decrease in birth weight after prenatal Ramadan exposure and

2Other countries of origin include Surinam and Afghanistan (each 4% of Muslims in the
Netherlands), Egypt, Iran, Pakistan, Somalia, and Iraq (each between 1% and 3%) and
ethnic Dutch Muslims (1.4%). For an overview of the population distribution of all
foreign nationalities in the Netherlands, see https://statline.cbs.nl/Statweb/publication/?
DM=SLEN&PA=37325ENG&D1=0&D2=0&D3=0&D4=0&D5=a&D6=14&LA=EN&
HDR=G2,G3,G4,T&STB=G1,G5&VW=T.
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no effects on the sex ratio are confirmed by a recent study on
Muslims in Germany.!® However, a study from Michigan
reported slightly lower birth weights (about 18 g) after prenatal
exposure and a lower fraction of male births among Muslims
conceived during Ramadan.!! Muslims in the Michigan study
were mainly of Arab/Middle Eastern ancestry and may have
had different fasting behaviors and lifestyle changes than the
Muslims in our sample, which were mainly of Turkish and
Moroccan ancestry. Muslims in the German study mostly had
Turkish backgrounds. The effects of Ramadan during pregnancy
on perinatal outcomes may therefore depend not only on specific
behavioral patterns during Ramadan such as the percentage of
Muslim women fasting during Ramadan, types of nutrition
consumed during the breaking of the fast (e.g. glycemic index),
but also altered smoking, sleeping, and physical activity patterns,
as well as stress experiences.

Effects may also be heterogeneous by sex of the child or by
parental SES, or effects may only occur in the lower parts of
the outcome distribution.*> We found no evidence for the latter
when taking LBW or SGA as dependent variables. The absence of
effects on the sex ratio suggests that gender-specific effects are
unlikely. We also explored effect heterogeneity by average income
in the postal code area where mothers lived as a proxy for SES and
found no evidence for effect heterogeneity.

Previous studies found that Ramadan during pregnancy is
associated with a wide range of long-term adverse health effects
on the offspring, including increased rates of disabilities,'! a
poorer cognitive performance,>?%*> higher child mortality
rates,?” and increased prevalence of the symptoms of coronary
heart problems and type 2 diabetes.”” The present study found
no associations with health outcomes at birth. Previous studies
also found no or small effects on newborns’ outcomes. This raises
the possibility that prenatal exposure to Ramadan could cause
long-term health effects without having effects on perinatal
outcomes. A similar pattern of no effects on birth weight but
long-term health effects has previously also been demonstrated
in other instances of maternal nutritional change during
pregnancy.*>**

In conclusion, our study, in line with other large population-
based cohorts, found no effect of maternal exposure to Ramadan
on perinatal outcomes. The fact that the absence of perinatal
effects does not rule out effects on offspring health in later life,
in combination with the fact that large numbers of pregnancies
each year are exposed to Ramadan, warrants specific attention
for follow-up of pregnancies exposed to Ramadan in future
studies.
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Appendix

Table Al. Associations between Ramadan occurrence during pregnancy and birth outcomes among Muslim newborns, based on analyses that
only included Muslims

Birth weight (g)

12.0 (4.5, 19.6)**

5.7 (-2.2, 13.7)

52 (=3.3, 13.7)

9.3 (3.0, 15.7)**

Low birth weight

0.97 (0.86, 1.08)

0.99 (0.87, 1.12)

0.96 (0.84, 1.09)

0.96 (0.87, 1.06)

Small for gestational age

0.92 (0.87, 0.97)**

0.94 (0.89, 1.00)

0.96 (0.90, 1.03)

0.97 (0.93, 1.02)

Apgar score < 72

1.04 (0.89, 1.22)

1.04 (0.88, 1.23)

0.91 (0.76, 1.09)

0.99 (0.86, 1.13)

Any congenital anomaly

1.10 (0.97, 1.24)

1.07 (0.94, 1.22)

1.16 (1.01, 1.33)*

1.09 (0.98, 1.21)

Severe congenital anomaly

1.18 (1.01, 1.37)*

1.05 (0.89, 1.23)

1.12 (0.94, 1.33)

1.15 (1.01, 1.30)*

Mild congenital anomaly

0.97 (0.79, 1.18)

1.11 (0.90, 1.38)

1.22 (0.97, 1.52)

0.97 (0.82, 1.16)

Male

1.00 (0.96, 1.03)

1.03 (0.99, 1.07)

1.02 (0.98, 1.07)

1.00 (0.97, 1.03)

Male?

0.99 (0.96, 1.03)

1.03 (0.99, 1.07)

1.02 (0.98, 1.07)

1.00 (0.97, 1.03)

Gestational duration in days

—0.1 (~0.4, 0.2)

—0.3 (=0.6, —0.01)*

—0.3 (=0.7, 0.06)

0.2 (=0.1, 0.5)

Prematurity?

1.05 (0.96, 1.15)

1.09 (0.99, 1.20)

1.13 (1.01, 1.26)*

1.00 (0.90, 1.11)

Perinatal mortality

0.85 (0.71, 1.03)

0.85 (0.68, 1.06)

0.90 (0.72, 1.14)

0.97 (0.82, 1.15)

Table shows linear regression coefficients for continuous outcomes (birth weight and gestational duration) and odds ratios from logistic regressions for binary outcomes
(all other variables). Between brackets, 95% confidence intervals are shown. The columns “First/second/third trimester” for each outcome come from the same
regression.

*P<0.05.

**P<0.01.

20nly live births were included.

Table A2. Associations between Ramadan occurrence during pregnancy and birth outcomes among ethnic Dutch newborns, based on difference-
in-difference analyses

Birth weight (g)

4.0 (1.7, 6.3)*

-13(-3.4,1.1)

3.1 (0.5, 5.8)*

3.6 (1.7, 5.5)*

Low birth weight

0.98 (0.95, 1.01)

1.01 (0.98, 1.05)

0.97 (0.93, 1.01)

0.98 (0.96, 1.01)

Small for gestational age

0.96 (0.94, 0.98)*

1.00 (0.98, 1.02)

0.97 (0.95, 0.99)*

0.97 (0.95, 0.99)*

Apgar score < 72

0.97 (0.92, 1.02)

1.00 (0.95, 1.06)

0.96 (0.90, 1.02)

0.98 (0.94, 1.02)

Any congenital anomaly

1.00 (0.96, 1.04)

1.02 (0.98, 1.06)

1.04 (1.00, 1.09)

0.99 (0.96, 1.03)

Severe congenital anomaly

1.01 (0.96, 1.05)

1.02 (0.97, 1.07)

1.04 (0.99, 1.10)

1.00 (0.96, 1.04)

Mild congenital anomaly

1.00 (0.94, 1.06)

1.03 (0.96, 1.10)

1.04 (0.97, 1.11)

0.98 (0.93, 1.03)

Male

0.99 (0.98, 1.00)

1.00 (0.99, 1.01)

1.00 (0.99, 1.01)

0.99 (0.99, 1.00)

Male?

0.99 (0.98, 1.00)

1.00 (0.99, 1.01)

1.00 (0.99, 1.01)

0.99 (0.99, 1.00)

Gestational duration in days —0.10 (~1.18, —0.02)* —0.37 (~0.46, —0.27)* —0.37 (—0.48, —0.27)* 0.20 (0.10, 0.30)*

Prematurity? 1.01 (0.99, 1.04)

1.05 (0.98, 1.13)

1.06 (1.03, 1.09)*
1.03 (0.95, 1.12)

1.08 (1.05, 1.11)*
1.01 (0.93, 1.10)

0.96 (0.93, 0.99)*
1.03 (0.97, 1.09)

Perinatal mortality

Results presented in this table come from the same regressions as those in Table 2. The table shows linear regression coefficients for continuous outcomes (birth weight
and gestational duration) and odds ratios from logistic regressions for binary outcomes (all other variables). Between brackets, 95% confidence intervals are shown. The
columns “First/second/third trimester” for each outcome come from the same regression.

*P <0.05.

**P<0.01.

20nly live births were included.
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