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Background: Placental growth responds to maternal influences. Ramadan is an annual period of day-time
fasting during which people in Saudi Arabia, including pregnant women, change their diets and physical
activity. Little is known about the effects of this altered lifestyle on placental development.
Methods: We studied the birth records of 7083 babies born over a four-year period to Saudi nationals in
Unizah, a small city 350 km to the north of Riyadh, the capital city of Saudi Arabia. The records included
birth weight, placental weight and gestational age.
Results: Mean birth weight was similar to European values but the mean placental weight and ratio of
placental weight to birth weight were lower. Among babies who were in the second or third trimester of
gestation during Ramadan the mean placental weight and ratio were below those of babies who were not
in utero during Ramadan. Among boys the mean placental ratios were 14.4 percent (second trimester)
and 14.5 percent (third trimester) compared with 14.9 percent (p =<0.001 and 0.002). The corre-
sponding figures for girls were 14.8 and 14.6 percent compared with 15.1 percent (p = 0.02 and <0.001).
Conclusions: In Saudi Arabia placentas respond to mothers’ limited ability to deliver nutrients to them.
Placental growth slows but efficiency is increased so that fetal growth is sustained, albeit with a reduced
reserve capacity. The lifestyle changes associated with Ramadan further slow placental growth. Ramadan
may influence placental growth through dietary changes other than day-time fasting. Changes in
placental growth during Ramadan could be associated with altered fetal programming, and may
therefore have long-term implications for the health of the next generation.
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1. Introduction by moving pregnant ewes to different pastures is standard practice,
because it leads to the production of larger lambs [4,5]. There is
evidence for similar effects in humans [6].

In Islam, Ramadan is an annual period of day-time fasting. It lasts

In humans, placental growth responds to maternal influences.
Maternal anemia and high maternal body mass index are associ-

ated with a high placental ratio at birth (placental weight/birth
weight) [1,2].Maternal smoking reduces both placental weight and
birth weight. The diets of mothers during pregnancy, and their
physical activity, are also known to be associated with altered
placental size [2,3]. In sheep farming manipulation of placental size
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for one month and occurs at different seasons in different years
because the Arabic calendar depends on the moon. Therefore the
hours of daily fasting will depend on the season. During Ramadan
people in Saudi Arabia change their lifestyle. They take no food or
water from dawn to sunset, when they break their fast by eating
sweet and fried meals. The next meal is “Sahoor” which is usually
eaten before dawn and comprises fat-rich foods. People reduce their
activities during the day, but are more active at night. Studies have
shown that body weight and body mass index (weight/height?) are
reduced during Ramadan in both men and women [7,8]. This may
reflect the changes in diet and pattern of eating rather than the
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effects of fasting. Although pregnant women are allowed to defer
fasting until after the pregnancy in Saudi Arabia they usually prefer
to share the spiritual and social experiences of Ramadan with their
families. Little is known about the effects of the altered lifestyle
during Ramadan on placental development.

Fetal and placental size at birth are associated with the later risk
of chronic diseases. People who were born at term but whose birth
weights were towards the lower end of the normal range are at
increased risk of a range of disorders including coronary heart
disease, stroke, hypertension and type 2 diabetes [9,10]. Placental
weight correlates with birth weight [11] and is also associated with
later cardiovascular disease. Associations between both low
placental weight and with high placental weight in relation to birth
weight have been reported [2,12—14]. These associations between
birth size and later chronic disease are thought to reflect “fetal
programming”, the process whereby nutrition and other influences
during gestation permanently change the structure and function of
the body in ways that affect long-term health [9]. If the altered
lifestyle during Ramadan changes fetal or placental growth it could
change fetal programming, and could therefore have long-term
implications for the health of the next generation. There are sex
differences in fetal and placental growth [15,16]. Boys grow more
rapidly than girls [17]. At any placental weight at birth boys tend to
be longer than girls [18]. This suggests that boy’s placentas are more
efficient, but they may have less reserve capacity. We present an
analysis of body and placental size at birth in 7000 newborn babies
who were in utero, at different stages of gestation, during Ramadan.
Boys and girls are analysed separately.

2. Methods

We studied the birth records of 7083 babies born in King Saud
Hospital, Unizah, Saudi Arabia. Unizah is a small city 350 km to the
north of the capital city, Riyadh. It is an agricultural and adminis-
trative centre with a population 140,000. The King Saud Hospital is
one of two maternity centres in the city. We restricted our data
collection to singletons born to Saudi nationals. These were the only
exclusion criteria. The data were abstracted from the maternity log
books. During the four-year period of our study Ramadan occurred
in three different calendar months, from October to December. We
calculated whether each baby was in utero during Ramadan and, if
so, during which trimester. The hospital records included date of
birth, maternal age, birth weight, placental weight and gestational
age, estimated from the date of the last menstrual period. Pregnant
women are first seen around 40 days after their expected menstrual
period did not occur. Women in Saudi Arabia are careful in knowing
their menstrual cycles as menstrual bleeding affects religious
practices. The majority of the mothers were born in Unizah.

2.1. Statistical methods

We studied births that occurred after 37 completed weeks of
gestation. We defined four groups of exposure to Ramadan using
the month of birth in the Arabic calendar. For example, births in

months one to three (Muharram, Safar and Rabi’al-awwal) were
treated as exposed to Ramadan in the second trimester. We ana-
lysed birth weight, placental weight and the ratio of placental to
birth weight using multiple linear regression, adjusting for gender,
time through the study and gestational age by including them as
predictors. We included in the regression dummy variables for the
trimester of exposure to Ramadan to assess trimester-specific
effects, treating the group not exposed to Ramadan in pregnancy as
the baseline group for comparison.

3. Results

There were 7083 birth records. Placental weight was correlated
with birth weight (r = 0.34) and with gestational age (r = 0.20). The
mean age of the mothers was 29.5 years. Table 1 shows the mean
birth weight, placental weight and gestational age for boys and
girls. Boys had higher mean birth weights and placental weights
than girls but the ratio of placental to birth weight was lower. We
found that while babies’ mean birth weights remained constant
throughout the four years of the study, their mean placental
weights increased by 29 g per year, so that the ratio of placental
weight to birth weight rose. We therefore adjusted for year of birth
in our analyses.

In Table 2 the boys and girls are divided according to whether or
not they were in utero during Ramadan and if so, whether it was
during the first, second or third trimester of gestation. Among
babies who were in the first trimester of gestation during Ramadan
there was no difference in birth weight or placental size compared
with babies who were not in utero during Ramadan. Among babies
who were in the second or third trimester during Ramadan the
mean birth weight was the same as that of babies who were not in
utero during Ramadan, but mean placental weight and the ratio of
placental weight to birth weight were lower. These differences
were little changed by adjusting for the length of gestation.

Figure 1 shows that, while mean placental weights were higher
in boys than girls, in both boys and girls those in the second or third
trimester of gestation during Ramadan had reduced mean values.
Similarly Figure 2 shows that, while the ratios of placental weight
to birth weight were lower in boys than girls irrespective of
whether or not they were in utero during Ramadan, in both boys
and girls those in the second or third trimester of gestation during
Ramadan had reduced mean ratios.

4. Discussion

We have examined the body and placental size of 7000 babies
born over a four-year period in a small city in Saudi Arabia. When
compared to babies who were not in utero during Ramadan those
who were in the second or third trimester of gestation during
Ramadan had reduced mean placental weight and a reduced ratio
of placental weight to birth weight. The occurrence of Ramadan
was not associated with changes in birth weight.

Placental weight was correlated with both birth weight and
gestational age, as would be expected. In contrast to mean birth

Table 1

Mean birth size and gestational age in boys and girls.
Measurements Boys Girls p-Value for

Mean (SD) n Mean (SD) n G

Birth weight (kg) 3.29 (0.50) 3542 3.19 (0.49) 3541 <0.001
Placental weight (g) 473 (87) 3498 467 (86) 3509 0.002
Placental/birth weight (%) 14.6 (3.1) 3498 14.9 (3.0) 3509 <0.001
Gestational age (weeks) 39.8 (1.1) 3542 39.8 (1.0) 3541 0.7
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Table 2
Mean birth size (SD) according to timing of Ramadan during pregnancy.
Measurement Timing of Ramadan during pregnancy
Outside of First p Second p’ Third p’
pregnancy trimester trimester trimester
Boys number 904 771 976 891
Birth weight (kg) 3.28 (0.51) 3.31(0.50) 0.2 3.29 (047) 0.7 3.30 (0.50) 0.3
Placental weight (g) 479 (81) 481 (82) 0.8 466 (78) <0.001 468 (80) 0.003
Placental/birth weight (%) 14.9 (2.9) 14.8 (3.0) 0.4 14.4 (2.8) <0.001 14.5 (3.0) 0.002
Girls number 918 827 958 838
Birth weight (kg) 3.17 (0.48) 3.20 (0.49) 0.3 3.18 (0.48) 0.7 3.20 (0.48) 0.2
Placental weight (g) 471 (75) 472 (83) 0.9 463 (79) 0.02 460 (82) 0.003
Placental/birth weight (%) 15.1 (2.8) 15.0 (3.0) 0.6 14.8 (2.8) 0.02 146 (2.8) <0.001

p" =p Value for comparison with babies not in utero during Ramadan.

weight, which approached the mean for western populations, the
mean placental weights and placental to birth weight ratios
(Table 1) were well below those in a recent compilation of Euro-
pean reference values [19], and were also below those recorded in
Europe before the second world war [6]. One possible explanation
is that the techniques used for trimming and weighing the placenta
were different in our study and produced a systematic error. We
have inquired about the techniques used in the King Saud Hospital
and they are similar to those used in Europe and the United States.
Measurements of placental weight during routine clinical practice
are subject to random errors, which may be greater than those
associated with birth weight. In Saudi Arabia, however, the
placenta is handled carefully: it remains valued after birth and is
taken to a mortuary for burial. We therefore conclude that the low
placental weights recorded in our study reflect small placental size
in relation to western populations. Measurement error is unlikely
to explain the differences in placental size among babies who were
or were not in utero during Ramadan.

In experimental studies in which uterine blood flow is reduced
[20], and in clinical studies [21], a relative decrease in placental size
is evident before changes in fetal growth. The placenta seems to act
as a nutrient sensor regulating the transfer of nutrients to the fetus
according to the mother’s ability to deliver them [3]. The growth of
every human fetus may be constrained by the limited capacity of
the mother to deliver nutrients to it, and this capacity may originate
in the mother’s own fetal life [22]. The placenta’s ability to transfer
nutrients is reflected in its size: small babies generally have small
placentas [11]. An interpretation of our findings is that in Saudi
Arabia placentas respond to mothers’ limited ability to deliver
nutrients to them. Placental growth slows but efficiency is increased

Mean 490 BOYS GIRLS

Placental
Weight (g)
(95% CI) 480

470
460
p=0.8 p<0.001 p=0.003 p=09 p=0.02 p=0.003
450 T T T T T T T T 1
Outside First Second Third Outside First Second Third
pregnancy  Trimester pregnancy  Trimester
Timing of Ramadan

Fig. 1. Mean placental weight according to time in pregnancy when Ramadan
occurred. p = p value for comparison with babies not in utero during Ramadan.

so that fetal growth is sustained, albeit with a reduced reserve
capacity. We do not have any evidence that this reduced reserve
affects pregnancy outcome. The lifestyle changes associated with
Ramadan further slow placental growth with a further increase in
efficiency. The increase in placental size and in the ratio of placental
weight to birth weight over the four years of our study could indi-
cate that maternal nutrient delivery in Saudi Arabia has improved.

In our study boys had higher mean birth and placental weights
than girls, but a lower ratio of placental weight to birth weight. This
is consistent with other findings [17,19]. It has led to the conclusion
that boy’s placentas are more efficient than girl’s placentas but may
have a lesser reserve capacity [17]. Ramadan was associated with
similar changes in placental size in boys and girls (Figures 1 and 2).
In the war-time famine in Holland fewer boys than girls were born
alive [23], suggesting that boys are more dependent on the
mother’s food intake, as opposed to her food stores and metabolism
[17]. The lack of a selective effect of Ramadan on boys may be
evidence that it influences placental growth through dietary
changes other than day-time fasting.

The delivery of nutrients from the mother can alter feto/
placental growth and programme the fetus from the earliest stages
of development, even before implantation [24]. The placentas of
babies who were in the first trimester of gestation during Ramadan,
however, were similar to those who were not in utero during
Ramadan. This implies that dietary changes during Ramadan
influence placental growth once the maternal blood supply is
established and maternal blood enters the placenta.

Mean 15.5 7 BOYS GIRLS
Placental
Weight
to Birth
Weight 15.0 1
Ratio (%)
(95% CI)
14.5
1 p=0.4 p<0.001 p=0.002 p=0.6 p=0.02 p<0.001
14.0 T T T T T T T T 1
Outside First Second Third Outside First Second Third
pregnancy  Trimester pregnancy  Trimester

Timing of Ramadan

Fig. 2. Mean ratio of placental weight to birth weight according to time in pregnancy
when Ramadan occurred. p = p value for comparison with babies not in utero during
Ramadan.
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4.1. Limitations of the study

Our study was based on measurements of placental and birth
weights made during routine clinical practice. We have discussed
the possible measurement errors. Our study sample came from one
city in Saudi Arabia and may not represent the country as a whole.
We collected data over a period of four years during which
Ramadan occurred in only three different months. Therefore we
cannot distinguish the effects of Ramadan from seasonal effects on
food intake or the pattern of eating. Our data came from log books
kept in the labour ward. We did not have access to the patients’ case
records and were therefore unable to explore whether the changes
in placental weight at birth according to the timing of Ramadan
during gestation were associated with changes in maternal weight,
weight gain or haemoglobin. Neither were we able to examine the
effects of parity on placental weight. Our measurements of the
length of gestation were based on the date of the mother’s last
menstrual period and would therefore be subject to error.

5. Conclusion

We have found that babies who were in the second or third
trimester of gestation during the Ramadan fasts had reduced
placental weight at birth. Birth weight was not affected, which
suggests that the placentas were able to maintain levels of activity
despite their reduced size. The placental weights recorded in our
study were small in relation to those in western populations
whereas the birth weights were similar. An interpretation of our
findings is that in Saudi Arabia placentas respond to mothers’
limited ability to deliver nutrients to them. Their growth is slowed
but their efficiency is increased so that fetal growth is sustained,
albeit with a reduced reserve capacity. The lifestyle changes asso-
ciated with Ramadan further slow placental growth, with a further
increase in efficiency. Changes in placental growth during Ramadan
could be associated with altered fetal programming, and may
therefore have long-term implications for the health of the next
generation.
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