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Abstract 
People born with low birth weight are at a greater risk of developing later life 
diseases such as hypertension, diabetes and cancer. Recent studies have pin-
pointed the placenta as a critical factor involved in developmental program-
ming. Changes in maternal lifestyle or dietary habits can alter placental de-
velopment and increase the risk of developmental programming of adult dis-
eases. Saudi people, including pregnant women, change their lifestyle and 
eating habits during the holy month of Ramadan. Previous studies found that 
the exposure to Ramadan lifestyle reduces placental weight; however, effects 
on other placental aspects remained unknown. We aimed to further examine 
the effects of exposure to Ramadan lifestyle on full-term placental morphome-
trics, histology and gene expression of key glucose transporters. To examine 
this, fresh placentas were collected from 60 healthy Saudi women. Samples 
were equally classified into two groups; not exposed to Ramadan lifestyle (con-
trol) or exposed to Ramadan lifestyle in the first. Placental weight, length and 
breadth were recorded and placental surface area was calculated. Placental 
tissue was processed and stained with eosin and hematoxylin for histological 
examination. Apoptosis was assessed using TUNEL assay. The gene expression 
of the glucose transporters GLUT1 and GLUT3 was evaluated. The results show 
that women exposed to Ramadan lifestyle have more elongated placentas with 
less central cord insertion. Placental weight and surface area were significant-
ly lowered in women exposed to Ramadan lifestyle. Placental length was not 
affected but the breadth was significantly smaller in than control. Placentas ex-
posed to Ramadan lifestyle had fewer and less-developed syncytial knots and 
thicker syncytiotrophoblast cells. Apoptosis was detected in placentas exposed 
to Ramadan lifestyle. GLUT1 mRNA expression was unaltered, but GLUT3 
was increased compared to control group. These findings suggest that changes 
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in maternal lifestyle during Ramadan can alter placental structure at morpho-
metric, histological and molecular levels. These structural changes are indica-
tion of placental adaptations for a suboptimal maternal environment. Such 
adaptations have been linked to adult diseases in various populations world-
wide. Further studies are required to evaluate the possible link between expo-
sure to Ramadan lifestyle and the risk of developing adulthood chronic dis-
eases in the Saudi population. 
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1. Introduction 

The placenta is a temporary organ that connects the fetus to the mother in mam-
mals. One of the main functions of the placenta is to provide the growing fetus 
with adequate levels of nutrients [1]. Human placenta starts to develop immediately 
after implantation and continues to develop until birth. Placenta development is 
influenced by maternal environment. For example, the weight of a full-term pla-
centa can range from 400 to 800 grams depending on maternal dietary conditions. 
Similarly, the fetoplacental ratio (percentage of placental weight/fetal weight) can 
also have a very wide range. Typically, the placenta is described as a round- or 
oval-shaped organ; however, other shapes such as triangular, rectangular, irregular 
or multilobular are not infrequent [1] [2]. Thus, the human placenta is known 
for its high plasticity and ability to adapt to maternal metabolic challenges [3]. 

Villi are the functional units in the placenta. The chorionic villous tree is cov-
ered by a trophoblast layer that controls material exchanges between the mother 
and her fetus. The trophoblast layer consists of two distinct layers; the first is the 
cytotrophoblast layer which stands on the basement membrane. Cells of this layer 
are cuboidal to oval-shaped with relatively large and round nuclei. These cells are 
undifferentiated and the majority of them disappear at the third trimester [4]. 
The second is the syncytiotrophoblast cell which covers all villi and is in a direct 
contact with maternal blood. This surface area of this layer in a full-term placenta 
is about 12 m2 in total [5]. Cellular membranes between syncytiotrophoblast cells 
disappear at some stages which leads to syncytial nuclei aggregation and the for-
mation of syncytial knots. The number of syncytial knots continues to increase as 
gestation proceeds. It is routinely examined and used as a marker of placental ma-
turity and well-being [1]. Some of the syncytial knots can develop to form apop-
totic bodies [6]. Cellular apoptotic can be assessed by TUNEL assay, a method 
that can detect fragmented DNA. 

Fetal growth depends on the availability of nutrients in maternal blood and the 
ability of the placenta to transfer nutrients according to fetal demands [7]. People 
born with low birth weight are at a greater risk of developing later life diseases 
such as hypertension [8], heart diseases [9], diabetes [10], chronic kidney disease 
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[11] and different types of cancer [12] [13]. This phenomenon is known as fetal 
programming of diseases or developmental origin of health and disease [14]. 
Recent studies focused on the placenta as a critical factor in fetal programming. 
The strong relationship between placental weight and birth weight has been well 
documented in early studies [15] [16]. Reports show that placental weight and 
the fetoplacental ratio could be altered by various maternal factors including di-
etary intake, anemia, high blood pressure or smoking [17]. Low placental weight 
can lower birth weight, leading to long-term health consequences [18] [19]. Not 
only is it the placental weight that matters but also the placental shape and sur-
face area, which reflects the exchange surface between maternal and fetal blood. 
Maternal undernutrition has been reported to reduce placental surface area [20] 
and has also been flagged as an early marker of fetal programming. Reduced 
placental surface area per se can lead to hypertension in later life [20]. Assuming 
an elliptical shape, the surface area is calculated as length × breadth × π/4. Since 
the placental disk tends to be oval-shaped rather than round, some studies fo-
cused not only on the crude surface area but also on the roles of the length and 
the breadth. Barker et al. [13] found that an oval placental surface at birth is as-
sociated with later colorectal cancer. Another study found that the breadth of the 
placental surface but not the length was associated with body size at birth [21]. It 
was speculated that the tissue along the breadth may play a more important role 
than the tissue along the length in transporting nutrients from the maternal to 
the fetal side [13]. 

We studied over 7000 birth records in the main hospital of Unizah City, cen-
tral Saudi Arabia, and found that the average birth weight is similar to European 
values but that the average placental weight and fetoplacental ratio were lower. 
This suggests that the efficiency of placenta in Saudi women is increased [22]. 
However, the mechanisms of material transportation across the placental barrier 
are still not clear and need further investigation. Glucose is the principal energy 
substrate for the fetus, and thus, it is essential for normal development and growth. 
Fetal consumption of glucose rapidly increases toward term due to the almost 
20-fold increase in fetal weight during the second half of gestation [23]. Different 
isoforms of glucose transporters (GLUTs) are present in the placenta. GLUT1 and 
GLUT3 have been reported to be responsible for the majority of fetal glucose up-
take [24]. GLUT1 is found in the apical microvillous membrane of syncytiotro-
phoblast cells, whereas GLUT3 is present in the arterial vascular endothelium 
(Illsley NP 2000). It is thought that the mRNA expression of GLUT1 and GLUT3 
is influenced by the maternal current diet [25]. 

Changes in maternal diet consumption were reported to affect both the pla-
cental ability to deliver elements and fetal growth [26]. Ramadan is the fasting 
and holy month in Islam. Adult Muslims abstain from eating, drinks or smoking 
from dawn to sunset. It is the ninth month of the year and can fall in different 
seasons because the year in the Islamic calendar, which depends on the moon, is 
10 days shorter than the Gregorian year. Accordingly, the daytime of Ramadan 
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in Saudi Arabia ranges from 10 to 15 hours per day depending on the season. 
The effects of intermittent fasting on pregnancy are controversial. While some 
studies suggest that fasting has positive impacts on the heart [27] and brain [28], 
other studies reported that fasting affects nutrient storage and reduce blood glu-
cose in normal adults [29]. Sakar et al. [30] examined pregnant Turkish women 
who were exposed to Ramadan fasting during their second or third trimester. Us-
ing Doppler ultrasound, they found significant retardation in fetal development 
parameters including biparietal diameter, head circumference, femur length and 
estimated fetal weight. Fasting is not the only change occurs in Ramadan. In fact, 
lifestyle is markedly changed during Ramadan month in Saudi Arabia. People 
change their daily activities, eating habits and meals, sleeping and working hours. 

Although pregnant Muslim women are exempt from fasting, the majority of 
them prefer to fast all or at least some days of Ramadan. Glazier et al. [31] esti-
mated that the 230 million Muslim women worldwide with a fertility rate of 
3.1% have the potential for up to 535 million babies in each generation to be ex-
posed in utero to the Ramadan lifestyle. In retrospective studies, it was found 
that the changes in lifestyle during Ramadan reduce the placental weight but did 
not affect the baby weight [22] [32]. In the current prospective study, we hy-
pothesized that Ramadan lifestyle may alter blood glucose level during daytime 
and night in pregnant Saudi women leading to placental compensations in terms 
of its morphometrics, histology or glucose transporter expression. 

2. Material and Methods 

The study was approved by the Ethical committee (Ref. No. 16/0215/IRB; 2016), 
King Saud Medical City, King Saud University, Riyadh, Saudi Arabia. A well-written 
informed consent letter was obtained from all participants in the study. 

2.1. Placental Collection 

A total of 60 fresh placentas were collected from Saudi pregnant women who at-
tended the Obstetrics and Gynecology Department, King Saud Medical City, be-
tween July 2016 and July 2017. Complicated pregnancy, multiple pregnancy, pre- 
or post-term and cesarean delivery were excluded from the study. Pregnant wom-
en were classified into two groups according to Ramadan exposure: not exposed 
to Ramadan (Control, n = 30) or exposed to Ramadan lifestyle (ERL, n = 30). 

2.2. Placental Morphometric Measurements 

Placentas were immediately flush-washed with buffered saline to remove any 
blood clots. The placenta was photographed for shape and insertion point assess-
ment. A paper measuring tape was used to measure the length and breadth of 
the placenta. The maximal diameter of the surface was considered as the length. 
The short diameter that bisected to the length at right angle was considered as 
the breadth. Placental weight was measured to the nearest gram using a digital 
scale. 
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2.3. Tissue Processing for Histological Examination 

Four full-depth placental tissue samples were collected from each quarter of the 
placental disk. All samples were fixed in 10% neutral buffered formalin and 
processed to generate paraffin blocks following standard protocols. Thin sections 
(5 µm) were deparaffinized, rehydrated and stained with hematoxylin and eosin. 

2.4. TUNEL Assay 

Tissue sections were permeabilized using 0.1% Triton X-100 with sodium citrate. 
This was followed by addition of 0.3% pepsin in HCl (pH = 2) for 5 minutes at 
37˚C. Sections were submerged in citrate buffer and placed in microwave at 750 
Watt for 45 second followed by two washing steps with phosphate buffered sa-
line. Following the manufacturer’s instructions, in Situ Cell Death Detection kit 
(Roche Diagnostics, Germany) was used for TUNEL staining. Positive control 
sample was treated recombinant DNase-I for 10 min at room temperature in order 
to induce DNA fragmentation. Some slides treated without TdT as negative con-
trols. All sections were stained with Hoechst, washed in TE buffer and mounted 
in 50% glycerol/TE. Sections were photographed using Nikon TE 2000 fluores-
cence microscope connected to Nikon DS-cooled camera. 

PBS, stained with Hoechst, washed in TE buffer for 10 min and mounted in 
50% glycerol/TE. The anterior parts of adult specimens containing the ovaries 
were fixed in neutral buffered formalin for 18 - 24 h and were preserved in 70% 
alcohol. Paraffin sections were prepared at intervals of 3 μm and mounted on 
slides that were dried overnight at room temperature to remove any water that 
might be trapped under the sections. Before proceeding with the staining proto-
col, the slides were deparaffinized, rehydrated and washed in PBS. Paraffin sec-
tions were permeabilized in 0.1% Triton X-100, with 0.1% sodium citrate, then 
treated with pepsin (0.3% in HCl, pH 2) for 5 min at 37˚C. Slides were placed in 
plastic jars containing 0.1 citrate buffer, pH 6, for microwave irradiation at 750 
W for 45 s, and were then rinsed twice with 1× PBS. TUNEL staining was per-
formed with an in Situ Cell Death Detection Kit, TMR red 12156792910 (Roche 
Diagnostics, Mannheim, Germany) following the manufacturer’s instructions. The 
positive control was incubated in the same conditions as the rest of the samples 
but after pretreatment with recombinant DNase I (Roche Diagnostics) for 10 min 
at room temperature before the reaction mixture. Negative controls were prepared 
by the omission of TdT in the reaction mixture. Samples were then rinsed. 

2.5. Gene Expression 

Fresh placental biopsies (50 mg) were obtained from each placental quarter to 
extract total RNA using 5 ml of TRIzol reagent (Invitrogen Life Technologies, 
Carlsbad, CA, USA). The extract was resuspended in 200 µl of RNAse-free wa-
ter. RNA concentrations were quantified by optical density measurements at 260 
and 280 nm. The purity and integrity of RNA were checked by 2% agarose gel 
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electrophoresis. cDNA was synthesized from 2 µg/µl total RNA using the Quan-
tiTect Reverse Transcription kit (Qiagen, Limburg, Netherlands). After genomic 
DNA elimination, the RNA sample was used for reverse transcription using a 
master mix (Quantiscript Reverse Transcriptase), Quantiscript RT Buffer, and RT 
Primer Mix (Qiagen). An aliquot of each tube was added to the real-time poly-
merase chain reaction (PCR) mix. A two-step process was employed for cytokine 
mRNA quantification (SYBR Green PCR Master Mix kit, Qiagen). Following the 
synthesis reaction, 2X QuantiTect SYBR Green PCR Master Mix was thawed 
with the synthesized cDNA. The procedure was repeated using specific forward 
and reverse primers for humans (synthesized by Invitrogen, San Diego, CA), 
where GAPDH was used as a PCR internal control gene for the target genes as 
described by Janzen and co-authors [33] (Table 1). The amplifications were per-
formed using a real-time PCR instrument (7500, Applied Biosystems, Grand Isl-
and, USA) with an initial activation at 95˚C, denaturation at 94˚C, annealing at 
60˚C, and extension at 72˚C for 35 cycles. The amplification was repeated three 
times for each sample. Gene expression was normalized to β-actin in each sample. 

2.6. Statistical Analysis 

Data were statistically analyzed using SPSS software. T-test was performed to 
examine the differences between groups. Differences were considered statistically 
significant when p < 0.05. All data are presented as the mean ± standard deviation. 

3. Results 
3.1. Morphological and Morphometric Changes 

Overall, the shape of the placenta tended to be more elongated in women who 
were exposed to Ramadan lifestyle compared to control group. The insertion 
point of the umbilical cord tended to be less central in placentas from women 
who were exposed to Ramadan lifestyle in comparison to control placentas. 

Placental weight in women exposed to Ramadan lifestyle was significantly lower 
than control (Figure 1). Placental length was comparable between the two groups 
(Figure 2); however, placental breadth was significantly reduced in women ex-
posed to Ramadan lifestyle during gestation (Figure 3). The placental surface area 
was significantly smaller in women exposed to Ramadan lifestyle in comparison 
to control group (Figure 4). 

 
Table 1. Prob and primer sequences (5' to 3') used for PCR. Annealing temperature (An. 
Tm.) was shown for each gene. 

Gene  
name 

Forward Reverse 
An. Tm.  

(˚C) 

β-Actin CTGGCACCCAGCACAATG GCCGATCCACACGGAGTACT 60 

GLUT1 ATGGCGGGTTGTGCCATA ATAGGACATCCAGGGTAGCTGCTCC 60 

GLUT3 CAGGCACACGGTGCAGATAG GCAGGCTCGATGCTGTTCAT 60 
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3.2. Histological Changes in the Placenta 

Figure 5(A) shows the normal histology of placentas that were not exposed to 
Ramadan lifestyle. The syncytiotrophoblast layer is well-developed and cell-cell 
fusion can be easily detected. Because of cellular fusion, nuclei are pushed to the 
corner leaving a very thin syncytial cytoplasmic layer. The syncytiotrophoblast nuclei  

 

 
Figure 1. Placental weight was significantly reduced in women who exposed to Ramadan 
lifestyle (ERL) compared to control placentas. *indicates that the difference between 
groups was statistically significant (p < 0.05). 

 

 

Figure 2. Placental length was comparable between women who exposed to Ramadan 
lifestyle (ERL) and control. 
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Figure 3. Placental breadth was reduced in women who were exposed to Ramadan life-
style (ERL) in comparison to control placentas. *indicates that the difference between 
groups was statistically significant (p < 0.05). 
 

 

Figure 4. Placental surface area in women exposure to Ramadan lifestyle (ERL) was sig-
nificantly smaller than control placentas. * indicates that the difference between groups 
was statistically significant (p < 0.05). 
 

became smaller with a very condensed chromatin. In addition, they aggregated 
densely in some spots forming dark-blue syncytial knots. Placentas from women 
who were exposed to Ramadan lifestyle, Figure 5(B), seemed to have fewer and 
less-differentiated syncytial knots. The syncytiotrophoblast cells were markedly 
thicker and their nuclei tended to be more pleomorphic in some placentas exposed 
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Figure 5. Light microscopic micrographs taken at 20× magnification. (A) represents 
not-exposed to Ramadan lifestyle group (control), and (B) represents placentas exposed 
to Ramadan lifestyle. The syncytial knots (SK) were fewer in placentas exposed to Rama-
dan lifestyle compared to control placentas. Squares show a terminal villi (TV) with less 
nuclei aggregation and less-developed syncytial knots in contrast to controls. Cell fusion 
was absent or uncompleted in the syncytiotrophoblast cells (arrow heads) of placenta ex-
posed to Ramadan lifestyle resulting in a thicker barrier compared to control placentas. 
 

to Ramadan lifestyle in comparison to control placentas. Also, nuclei of syncytio-
trophoblast cells in placentas exposed to Ramadan lifestyle were less aggregated 
and their chromatin was less condensed. 

3.3. DNA Fragmentation 

The TUNEL assay was performed to detect DNA fragmentation as a marker of 
cellular apoptosis. Figure 6 shows a remarkable DNA fragmentation in the syn-
cytiotrophoblast cells of some placenta from women who were exposed to Ra-
madan lifestyle in comparison to placentas from women who were not exposed 
to Ramadan. The placental villous stroma and fetal capillary epithelial cells were 
negatively stained indicating no DNA fragmentation in all groups. 
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Figure 6. Placental chorionic villi stained with Hoechst and TMR red in the first and second column respectively. 
The third column represents merged images from the first and second columns. Micrographs (A)-(C) and (D)-(F) 
show positive (+con, (A)-(C)) and negative (−con, (D)-(F)) controls respectively. Placentas that were not exposed 
to Ramadan lifestyle (Control, (G)-(I)) did not show TMR red staining indicating no DNA fragmentation. In con-
trast, the syncytiotrophoblast cells in placentas that were exposed to Ramadan lifestyle (ERL, (J)-(L)) were well 
stained with TMR red staining indicating that DNA fragmentation and apoptosis were progressing. 
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3.4. Gene Expression of the Placental Glucose Transporter Genes 
GLUT1 and GLUT3 

Figure 7 and Figure 8 show gene expression of the placental glucose transporters 
GLUT1 and GLUT3, respectively. The results confirmed that the level of β-actin 
gene expression was comparable between the two groups. Gene expression of  

 

 

Figure 7. Gene expression of placental GLUT1. There were no significant differences 
between women who exposed to Ramadan lifestyle (ERL) and control. 

 

 

Figure 8. The gene expression of placental GLUT3 was significantly increased in women 
who were exposed to Ramadan lifestyle (ERL) compared to controls. *indicates that the 
difference between groups was statistically significant (p < 0.05). 
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GLUT1 was not affected by exposure to Ramadan lifestyle. In contrast, GLUT3 
gene expression was significantly upregulated (p < 0.001) in placentas from wom-
en who were exposed to Ramadan lifestyle compared to control placenta. 

4. Discussion 

In this study, we have examined the effects of lifestyle during Ramadan on pla-
cental morphometrics, histology and glucose transporters expression among Saudi 
pregnant women. As the placental and fetal growth depend on the mother’s nu-
trient stores and metabolism as well as on her daily food intake [34], changes in 
maternal lifestyle and physical activity can alter placental development [35]. 

During Ramadan, pregnant women in Saudi Arabia change their lifestyle dra-
matically. They consume no food or water during the daytime, which lasted up 
to 14 hours in the current study. Typically, family members gather before sunset 
waiting for “Iftar” to break their fasting. Iftar contains a variety of dishes rich in 
carbohydrates and fats. The next major meal is “Sahoor,” which is usually eaten 
between midnight and dawn. Sahoor meals are rich in proteins and fats but with 
less sweets compared to the Iftar meal. The school day and business working hours 
are shortened. Students and employees leave home at 10:00 am until 3:00 pm. 
Most people stay awake at night and shift their daily activities to night time. 

The remarkable change in lifestyle has affected the placenta in the current study 
in terms of its morphometrics, histology and gene expression. The placental weight 
in the current study was reduced in women exposed to Ramadan lifestyle. This is 
consistent with our previous findings in Unizah, a different city in Saudi Arabia 
[22]. Interestingly, the mean placental weight in the current study was 10% - 20% 
higher than that in Unizah City. In a larger number of placental records col-
lected over a decade in Unizah hospital, it was found that the mean placental 
weight of Saudi women was markedly rising over time. The authors suggested 
that the increase in placental weight over the years reflects changes in maternal 
body composition due to changes in lifestyle as a result of globalization. Small 
babies generally have small placentas [36]. This reflects that a small placenta has 
a reduced ability to transfer nutrients, leading to a smaller baby. Experimental 
studies showed that a suboptimal diet during pregnancy decreases placental 
weight before changing fetal growth [15]. It seems that the placenta compensates 
for environmental challenges by changing its structure and/or function. Such 
changes in placental weight, shape or molecular structure can program the fetus 
from the earliest stages of development [37] [38]. 

The placental surface area was reduced in women who were exposed to Ra-
madan lifestyle. The reduction in placental surface area was mainly driven by a 
reduction in the breadth but not the length of the placenta. To our knowledge, 
this the first study to report detailed placental diameters and surface areas for 
women exposed to Ramadan lifestyle. The surface area measured by calculating 
the length and breadth does not necessarily reflect the total exchange surface 
area, but it is reasonable to use it as an indicator because the two are well corre-
lated [34]. The surface area of the placenta reflects the placental growth ability 
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and enrichment of the uterine wall. In a study of the Helsinki Birth Cohort, van 
Abeelen et al. [20] found a significant correlation between small placental sur-
face area and hypertension in later life. Another study found that, in short moth-
ers, babies who were short in relation to their body weight and had either a large 
or small placental surface area were at greater risk of developing lung cancer 
[12]. Among the two placental measurements, the breadth was a strong predic-
tor of lung cancer and hypertension [20]. The placental breadth was reduced in 
women who were exposed to Ramadan lifestyle. This may increase the risk of de-
veloping of hypertension, cancer or other adulthood disease as suggested by oth-
er studies [12] [13]. The prevalence of hypertension in the Saudi population is 
over 20% [39]. The incidence of lung cancer in Saudi Arabia has increased around 
4-fold since 1990 [40]. The correlation between incidences during fetal life and 
later chronic diseases in the Saudi population remain poorly investigated. 

The syncytiotrophoblast cells that is in direct contact with maternal blood are 
thought to be responsible for nutrients exchange. In normal placentas, the syn-
cytiotrophoblast cells fuse and their nuclei become very condensed to form syn-
cytial knots. This leaves a plenty of very thin syncytial cytoplasmic layer that is 
very efficient for material exchange. In our study, we noticed that the syncytio-
trophoblast cells was thicker and the syncytial knots were less-developed in some 
placentas exposed to Ramadan lifestyle compared to control placentas. In addi-
tion, the chromatin of syncytiotrophoblast nuclei was less condensed suggesting 
active DNA. On the other hand, we noticed some apoptotic indications in the 
syncytiotrophoblast cells of placentas exposed to Ramadan lifestyle. We specu-
lated that exposure to Ramadan lifestyle may re-programed the syncytiotro-
phoblast cells delaying cell-cell fusion and thereby delaying the syncytial knots 
formation and ultimately delaying placental maturation. 

The mRNA expression of placental GLUT1 was unaltered by exposure to Ra-
madan lifestyle. Some cells of the syncytiotrophoblast layer, where GLUT1 is ex-
pressed, were positive for TUNEL assay indicating DNA fragmentation and on-
going apoptosis in women exposed to Ramadan lifestyle, however, placentas were 
still able to maintain normal level of GLUT1 mRNA. Ramadan lifestyle has sig-
nificantly increased the gene expression of GLUT3. Previous studies reported that 
GLUT3 is mostly expressed in the second half of gestation to match the dramatic 
need of the fetus for glucose. Normally, the expression of GLUT3 reflects the cur-
rent maternal status. In Ramadan, maternal blood glucose gradually decreases 
during the fasting hours reaching the lowest level before Iftar. Shortly after Iftar, 
maternal blood glucose is sharply increased due to eating carbohydrate-rich meals 
[41]. It is reasonable to suggest that placental GLUT3 expression was significantly 
increased in order to overcome this remarkable fluctuation of glucose availabili-
ty and to match the increasing demand of the fetus. 

5. Conclusion 

Changes in maternal lifestyle during Ramadan affect the placental structure. The 
weight of the placenta from women who were exposed to Ramadan lifestyle was 
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significantly reduced compared to control placentas. The placental surface area 
followed the same pattern. The placental length was not affected but the placen-
tal breadth was significantly reduced in placentas exposed to Ramadan. It seems 
that the reduction in placental breadth has driven the reduction in placental sur-
face area and thus placental weight. Exposure to Ramadan lifestyle has delayed 
the development and maturation of the syncytiotrophoblast layer but in the 
meantime induced apoptosis. The expected decrease in maternal blood glucose 
level due to fasting for over 14 hours may have caused an increase in GLUT3 
expression in order to match the increasing glucose demand of the fetus. Such 
findings have been reported to increase the risk of developing adulthood diseases 
in various human populations worldwide. These compensatory changes in the 
placenta may have long-term health consequences in Saudis, however, this has 
not been investigated. Further studies are required to evaluate the possible link 
between exposure to Ramadan lifestyle in utero and the risk of developing adult-
hood chronic diseases in the Saudi population. 
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