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ORIGINAL ARTICLE

Multidimensional evaluation of the effects of Ramadan intermittent
fasting on the health of female students at the University of Bahrain

Layla Alsowaida, Simone Pernaa , Gabriella Peronib , Clara Gasparrib, Tariq A. Alalwana and
Mariangela Rondanellic,d

aDepartment of Biology, College of Science, University of Bahrain, Zallaq, Bahrain; bEndocrinology and Nutrition Unit, Azienda di
Servizi alla Persona “Istituto Santa Margherita,” University of Pavia, Pavia, Italy; cDepartment of Public Health, Experimental and
Forensic Medicine, University of Pavia, Pavia, Italy; dIRCCS Mondino Foundation, Pavia, Italy

ABSTRACT
This research aimed to assess the effects of Ramadan intermittent fasting (RIF) on different
dimensions, namely calorie intake, fullness and hunger sensations, mental health, body
weight, waist circumference (WC), quality of sleep, body composition, hydration and nutri-
tional status among female students at the University of Bahrain. A prospective single cohort
study was conducted on 20 female students. The measurements were taken before
Ramadan as well as the end of each week of Ramadan. From baseline to the end of
Ramadan, there was a significant decrease in body weight (�0.779 kg, CI95% �1.287,
�0.271), fat mass (FM) (�1.735 kg, CI95% �2.349, �1.122) and WC (�2.158 cm, CI95%
�3.902, �0.414). In addition, the HydragramVR showed an increase at week 4 (0.288% CI95%
0.72, 0.504) and nutritional status with NutrigramVR increased during the time (Ptrend <0.001).
No changes were detected for anxiety status, hunger and fullness sensations and quality of
sleep. The decrease in weight positively affected the loss of FM (r¼ 0.597), and the increase
in the Pittsburgh sleep quality index affected the reduction of FM (r¼�0.460). The
Ptrend<0.01 for visual analogue scales and WC showed a clear effect of time on these out-
comes. The findings of this study suggest potential benefits of RIF on cardiovascular and
metabolic health.
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Introduction

Annually, more than 1.5 billion Muslims worldwide
observe the holy month of Ramadan in which adults
refrain from food and fluid intake from dawn to sunset
(Norouzy et al., 2013; Salti et al., 2004). The duration of
fasting varies from around 12 to 18 hours per day
depending on the geographical location of the coun-
try and the season in which Ramadan occurs (Sadiya,
Ahmed, Siddieg, Joy, & Carlsson, 2011).

There are profound changes in lifestyle and diet-
ary habits during Ramadan. For instance, two meals
instead of three are consumed daily, one before sun-
rise (sahour) and one after sunset (iftar). In addition,
the consumption of various traditional festive foods
in the Arabian Gulf region, which are usually high in
fat and sugar energy such as harees and legaimaat
increases during Ramadan compared to regular
months (Alalwan, Mandeel, & Al-Sarhani, 2017).

Furthermore, sleep duration in Ramadan was
reported to be delayed by 2 to 4 hours due to the
increase in nocturnal body temperature, which were
attributed to late meal consumption and reduced

physical activity (Roky, Chapotot, Hakkou,

Benchekroun, & Buguet, 2001). Other studies, on the

other hand, assessing sleeping patterns during fast-

ing have reported conflicting results (BaHammam,

Alaseem, Alzakri, & Sharif, 2013; Qasrawi, Pandi-

Perumal, & BaHammam, 2017).
There has been an increase in interest in the effects

of Ramadan intermittent fasting (RIF) on various

physiological and cognitive functions (Cherif,

Roelands, Meeusen, & Chamari, 2016; Vasconcelos

et al., 2014). In addition to avoiding solid foods, the

absence of fluid intake during the day might have a

greater impact on different health outcomes. There

are various results about the effects of RIF on body

water status. Trabelsi et al. (2011) found that there

was no deference in total body water (TBW) before

and after Ramadan among physically active men while

other studies reported a slight reduction in TBW after

Ramadan among healthy men (Nachvak et al., 2019)

and healthy overweight women (Attarzadeh Hosseini,

Sardar, Hejazi, & Farahati, 2013).
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The effect of intermittent fasting (IF) on plasma
lipid profile including triglycerides, total cholesterol,
low-density lipoprotein (LDL) and high-density lipo-
protein (HDL) are demonstrated by several recent
studies (Ahmed, Farooq, & Siddiqi, 2021; Mirmiran,
Bahadoran, Gaeini, Moslehi, & Azizi, 2019). Likewise,
Akanji, Mojiminiyi, and Abdella (2000) reported that
IF improves lipid parameters and reduces the risks of
coronary heart disease in hyperlipidemic subjects,
while .Rahbar et al. (2019) reported significant
decreases in triglycerides, cholesterol, and LDL levels
in healthy adult males at the end of Ramadan.
Moreover, Ara, Jahan, Sultana, Choudhury, and
Yeasmin (2016) noticed a significant increase in HDL
levels in subjects after Ramadan compared to
before Ramadan.

Although the impact of IF on body weight has
been studied, previous studies have shown conflict-
ing outcomes and its effects on body composition
are still unclear. Several studies reported that IF
results in weight loss (A-Hh & Am, 2007; Freire, 2020;
Hajek, Myers, Dhanji, West, & McRobbie, 2012) while
others showed no significant change in body weight
(Lamri-Senhadji, El Kebir, Belleville, & Bouchenak,
2009; McNeil et al., 2014). Furthermore, Rohin et al.
(2013) reported a significant decrease in waist cir-
cumference (WC) in normal subjects after fasting in
Ramadan. Interestingly, there are a few studies that
have reported weight regain within a few weeks
after fasting Ramadan (Hajek et al., 2012; McNeil
et al., 2014). Studies concerning the effect of RIF on
body composition have attributed the change in
body weight to numerous causes including reduc-
tion in TBW, significant fat loss without triggering
gluconeogenesis or the decrease in visceral fat com-
partment (Nachvak et al., 2019; Syam, Sobur,
Abdullah, & Makmun, 2016; Yucel, Degirmenci, Acar,
Albayrak, & Haktanir, 2004).

Health outcomes related to RIF are controlled by
many factors, including differences in daily tempera-
ture, length of fasting, differences in dietary con-
sumption and fluid intake, physical activity levels,
working hours, sleep duration, social behaviours, and
age (Faris, Jahrami, Obaideen, & Madkour, 2019).
Therefore, the present study aimed to determine the
effects of RIF on calorie intakes, fullness or hunger
sensation, mental health related to anxiety status,
body weight, WC, quality of sleep, body compos-
ition, hydration and nutritional status among female
students at the University of Bahrain.

Materials and methods

Study design

This prospective single-cohort study was conducted
one week before and during Ramadan from 30th

April 2019 to 30th May 2019. Data was collected dur-
ing the five follow-up periods; one week before
Ramadan (baseline) and each week of Ramadan. The
study was approved by the Ethics Committee of the
Department of Biology, College of Science, University
of Bahrain (AURS/590/2019) and informed consent
was obtained from all study participants.

Inclusion and exclusion criteria

Subjects with the following criteria were included:
female students, aged between 18 to 25 years, and
had undergone fasting during Ramadan. Potential
subjects with the following criteria were excluded
from the study: subjects having acute or chronic dis-
eases, taking medication, being under a specific
therapeutic diet protocol, pregnant or lactating,
using contraceptive, having started fasting one week
or more before Ramadan and subjects fasting less
than 20 consecutive days during Ramadan.

Procedure

All the subjects underwent fasting in Ramadan, but
without any dietary regime before and during
Ramadan and without changing their daily activities
and lifestyle. In addition, subjects were monitored in
regards to their sleep and food intake during the
study period.

Outcomes

The primary outcome was the differences in the
means of the change in body weight from baseline
to the end of the Ramadan. The secondary outcomes
were the differences in the means of the change in
anxiety status, quality of sleep, hunger sensation,
WC, body composition including fat mass, fat free
mass, hydration and nutrition.

Experimental design

The study was preformed one week before Ramadan
and lasted until the end of Ramadan with a follow-
up of five weeks. During the study protocol, subjects
were asked to maintain their physical and dietary
habits. In addition, the study assessed their sleep
quality, food intake and portion size, as well as the
duration of their menstrual period.

Study follow-up

Subjects were invited for follow-up assessments five
times; one follow-up during each of the five weeks.
The measurements and data were collected either
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on Wednesday or Thursday each week between
11:00 am and 3:30 pm.

Body composition and hydration measurement
with bioelectrical impedance analysis (BIA)

During each visit, the body composition of the sub-
jects was assessed using AKERN bioelectrical imped-
ance analysis (BIA) device, via the tetra-polar
electrode method using four-touch electrodes (Khalil,
Mohktar, & Ibrahim, 2014). Measurements taken
included the following: basal metabolic rate (BMR),
body cell mass index (BCMI), fat mass (FM), fat free
mass (FFM), TBW, extracellular water (ECW), and the
new parameters NutrigramVR and HydragramVR , which
interpret the subjects’ nutrition and hydration state,
respectively on the basis of creatinine excretion rate
and hydration factor in percent (water content of
FFM), respectively.

Other measurements

The height of the subjects was measured at baseline
with a stadiometer to the nearest 0.5 cm. Subjects
were asked to record the dates of the beginning and
the end of their menstrual cycles and the number of
days they went without fasting as Islamic law
exempt menstruating women from fasting.

Each week subjects were weighed to the nearest
0.1 kg using a precision scale in light clotting and
without shoes using standardized techniques. The
body mass index (BMI) was calculated using the fol-
lowing formula: BMI¼ body weight (kg)/height2 (m).
WC, which indicates health risks associated with cen-
tral adiposity, was measured using a measuring tape
to the nearest 0.1 cm. State Trait Anxiety Inventory

(STAI) was used to measure anxiety (Marteau &
Bekker, 1992). Sleep quality assessments were made
using Pittsburgh Sleep Quality Index (PSQI) for the
evaluation of sleep disorders (Buysse, Reynolds,
Monk, Berman, & Kupfer, 1989). Subjective sensations
of hunger and fulness were assessed using visual
analogue scales (VAS) (Solah et al., 2015). Prior to
each follow-up visit, data on food and beverage
intake were collected from the 24-hour dietary recall
(Castell, Serra-Majem, & Ribas-Barba, 2015) and all
the information was entered into the Diet Organizer
software to calculate the calorie intake.

Sample size was determined based on the previous
study done by Hallak et al. (Hallak & Nomani, 1988).
The Twenty subjects were considered adequate for
this purpose based on several considerations; from
the moment this was intended as a pilot study. With a
sample size of 20 subjects per arm, the study would
have 80 power to obtain a significant difference on a
two-sided, alpha equal to 0.05, using a two-sided two-
sample t-test at 0.05 level of significance.

Statistical analysis

All the statistical analyses were performed using
Statistical Package for Social Sciences (SPSS) Version
21 (IBM Corp, USA). The mean and standard devi-
ation (SD) for each variable was calculated.
According to the Shapiro-Wilks normality tests, all
variables had a normal distribution so parametric
tests including T-test, GLM: repeated measure were
run to compare these variables.

The mean of the change differences of the variables
from the baseline to each follow-up period were calcu-
lated repeated measure analysis (General Linear Models).

Table 1. General baseline characteristics of the subjects.

Variable Mean, SD
Test for normality
Shapiro W. P value

Age (years) 22.25 (1.21) .175
STAI (points) 13.84 (3.92) .767
VAS (points) 1.21 (2.20) .694
Weight (Kg) 66.91 (15.13) .943
BMI (kg/m2) 25.65 (5.55) .968
WC (cm) 85.32 (14.17) .915
PSQI (points) 13.32 (7.10) .419
BCMI (units) 8.12 (1.13) .61
BMR (kcal) 1364.77 (85.01) .575
FFM (kg) 41.48 (4.75) .789
FM (kg) 24.02 (10.68) .536
TBW (L) 30.48 (3.65) .704
ECW (L) 14.79 (1.81) .839
ICW (L) 15.68 (2.19) .534
NutrigramVR (mg 24 h/htm) 630.32 (84.63) .563
HydragramVR (%(TBW/FFM)) 72.79 (82) .264
Calories(kcal) 1153.69 (411.83) .384

STAI, State Trait Anxiety Inventory; VAS, Visual Analogus Scale; BMI; Basal Metabolic Rate; WC, Waist Circumference;
PSQI, Sleep Quality Assessment; BCMI, Body Cell Mass Index; BMR, Basal Metabolic Rate; FFM, Fat Free Mass, FM, Fat
Mass; TBW, Total Body Water; ECW, Extra Cellular Water; ICW, Intra Cellular Water.�In bolt p value <.05.
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In addition, a paired t-test was performed to compare
each outcome from baseline to Weeks 1, 2, 3 and4.

The relationships between mean change differen-
ces among the variables were investigated using
Pearson correlation coefficient (r). The correlation
coefficient through the linear regression analysis [R2]
was assessed to describe the strengthens of the
associations. The Ptrend was calculated to assess the
effect of time on the interest outcomes.

Results

Twenty female students were eligible and enrolled
following the protocol criteria and all of them com-
pleted the study successfully. The baseline parame-
ters of the subjects are shown in Table 1. All of the
variables were normally distributed on the baseline.
The mean age of the subjects was 22.25 years with a
standard deviation of 1.21 years. The mean BMI of

Figure 1. The mean change of the main outcomes at Week 1, 2, 3 and 4 (from baseline). STAI, State Trait Anxiety Inventory;
VAS, Visual Analogus Scale; WC, Waist Circumference; PSQI, Sleep Quality Assessment; BMR, Basal Metabolic Rate; ECW, Extra
Cellular Water; ICW, Intra Cellular Water; (�), statistically significant compared to the baseline at the level p < .05.
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the subjects at the baseline was 25.65 ± 5.55 kg/m2

(Table 1).
Overall, the subjects’ weight ranged between nor-

mal weight and overweight, with only two subjects
being underweight and five being obese at
the baseline.

The differences in the means of the change in the
variables in each weekly follow-up are presented in
Figure 1. During Ramadan (time X effect), there were
a statistically decrease during the time on WC
(Ptrend<0.001), and an increase (during the time) in
NutrigramVR (Ptrend <0.001) and hydragramVR (Ptrend
<0.001) as well as intracellular water (ICW)
(Ptrend<0.001. Also, there was a decrease in body
weight with time (Ptrend<0.001).

Table 2 compares the changes of all variables from
the baseline though Weeks 1, 2, 3 and 4. Statistically
significant decreases of weight were observed at Week
2 (�0.447 kg, CI95% �0.817, �0.078), Week 3
(�0.547 kg, CI95% �1.014, �0.08) and at Week 4
(�0.779 kg, CI95% �1.287, �0.271).

Regarding the WC, a statistically significant decrease
was detected only at Week 4 of (�2.158cm, CI 95%
�3.902, �0.414). Moreover, there were statistically signifi-
cant decreases in FM at Week 2 (�0.941kg, CI95%
�1.610, �1.273), Week 3 (�1.435, CI95% �2.228,
�0.642) and Week 4 (�1.735kg, CI95% �2.349, �1.122).
In addition, there was a statistically significant increase in
ECW at Week 4 (0.541L, CI95%0.13, 0.953), and significant

increase in hydration at Week 4 (þ0.288%CI95%0.072,
0.504). Furthermore, the sleep disorders decreased signifi-
cantly only at Week 2 (�3.105, CI95% �5.647,�0.563).

Table 2. The mean change differences from the baseline within the four weeks for each variable.
Variable Week Mean difference Upper limit Lower limit Variable Week Mean difference Upper limit Lower limit

STAI 1 0.474 2.315 �1.368 FFM (kg) 1 0.441 �0.233 1.115
2 0.368 1.882 �2.618 2 0.5 �0.003 1.003
3 0.474 2.862 �1.915 3 0.894 0.013 1.775
4 0.263 2.515 �1.989 4 0.988 0.4 �1.578

VAS 1 0.053 �1.177 1.283 FM (kg) 1 �0.7 �1.435 0.035
2 0.316 �0.584 1.216 2 �0.941 �1.61 �0.273
3 0.158 �1.273 1.588 3 �1.435 �2.228 �0.642
4 0.316 �0.945 1.577 4 �1.735 �2.349 �1.122

Weight (Kg) 1 �0.321 �0.672 0.03 TBW (L) 1 0.218 �0.359 0.794
2 �0.447 �0.817 �0.078 2 0.406 0.024 0.788
3 �0.547 �1.014 �0.08 3 0.582 0.067 1.098
4 �0.779 �1.287 �0.271 4 0.835 0.385 1.286

BMI (kg/m2) 1 �0.123 �0.254 0.009 ECW (L) 1 �0.094 �0.537 0.349
2 �0.17 �0.311 �0.029 2 0.07 �0.364 0.505
3 �0.212 �0.39 �0.033 3 0.076 �0.417 0.57
4 �0.303 �0.495 �0.11 4 0.541 0.13 0.953

WC (cm) 1 �0.421 �1.682 0.84 ICW (L) 1 0.312 �0.151 0.775
2 �1.263 �3.564 1.038 2 0.335 �0.054 0.725
3 �2.158 �4.647 0.331 3 0.511 �0.248 1.272
4 �2.158 �3.902 �0.414 4 0.294 �0.075 0.663

PSQI 1 �1.526 �3.882 0.83 NutrigramVR

(mg 24h/htm)
1 16.171 �3.205 35.546

2 �3.105 �5.647 �0.563 2 12.841 �3.842 29.524
3 �2.632 �5.483 0.219 3 23.876 �12.602 60.355
4 �2.053 �4.707 0.602 4 9.947 �6.172 26.066

BMR (kcal) 1 15.882 �3.196 �34.961 HydragramVR

(%(TBW/FFM))
1 �0.218 �0.681 0.246

2 12.647 �3.906 �29.2 2 0.094 �0.055 0.243
3 23.412 �12.514 �59.337 3 �0.124 �0.518 0.271
4 9.706 �5.98 �25.391 4 0.288 0.072 0.504

BCMI 1 0.206 �0.033 0.445 Calories (kcal) 1 150.805 �99.553 401.163
2 0.159 �0.062 0.38 2 134.511 �137.990 407.011
3 0.1 �0.579 0.779 3 261.437 �13.360 536.234
4 0.124 �0.087 0.334 4 241.821 �37.443 521.086

STAI, State Trait Anxiety Inventory; VAS, Visual Analogus Scale; WC, Waist Circumference; PSQI, Sleep Quality Assessment; BCMI, Body Cell Mass
Index; BMR, Basal Metabolic Rate; FFM, Fat Free Mass, FM, Fat Mass; TBW, Total Body Water; ECW, Extra Cellular Water; ICW, Intra Cellular Water.�In bolt p value <.001.

Figure 2. Graphical representation of the statistically signifi-
cant correlations among the variables. STAI, State Trait
Anxiety Inventory; VAS, Visual Analogus Scale; WC, Waist
Circumference; PSQI, Sleep Quality Assessment; BCMI, Body
Cell Mass Index; BMR, Basal Metabolic Rate; FFM, Fat Free
Mass, FM, Fat Mass; TBW, Total Body Water; ECW, Extra
Cellular Water; ICW, Intra Cellular Water.
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The Pearson’s correlations among the variables
are shown in Figure 2. Table 3 illustrates the correl-
ation coefficient (r) and the p-value of each variable
in association with the other variables, the changes
in BMR, BCMI, FM, TBW, ECW, ICW, hydration and
nutrition effect FFM. All the following factors
effected the hydration, as well as quality of sleep,
FFM, TBW and ECW.

Figure 3 shows the linear regression models
among the variables with the values of the correl-
ation of determination. The greatest correlation
among the data was between hunger and fullness
sensation and anxiety with a confidence of determin-
ation (R2) of 0.239. There were positive relationships
between sensation of hunger and fullness with nutri-
tion and with weight; R2 ¼ 101 and R2 ¼ 0.029,
respectively.

The decrease in weight and sleep disorders was
associated with a decrease of hydration. In addition,
there were negative effects of anxiety on hydration
and weight with R2 ¼ 0.054 and R2 ¼ 0.032, respect-
ively. However, there were no significant effects of
hydration on nutrition or hunger and fullness sensa-
tion. Sleep disorders were not affected by anxiety.

Discussion

This study is the first study in literature that evalu-
ates in a multidimensional level different areas of

health, such as anxiety, hunger and fullness sensa-
tion, body weight, WC, quality of sleep, body com-
position, nutrition and hydration before and within
the weeks of Ramadan. Moreover, it is the first of its
kind to use NutrigramVR and HydragramVR to deter-
mine the effects of RIF on nutritional status
and hydration.

The findings of this study confirm that RIF had a
significant reductive effect on body weight. This
reduction correlated significantly with a decrement
of FM, which is in agreement with a recent meta-
analysis reporting that weight lost during Ramadan
fasting results in loss of FM due to changes in over-
all metabolism, including lipid metabolism
(Fernando, Zibellini, Harris, Seimon, &
Sainsbury, 2019).

Moreover, our data showed that RIF had signifi-
cantly decreased WC. Similar findings were reported
by Fakhrzadeh, Larijani, Sanjari, Baradar-Jalili, and
Amini (2003) in Iran, Saleh, Elsharouni, Cherian, &
Mourou (2005) in Kuwait, and Sayedda, Kamal, and
Ahmed (2013) in India. On the contrary, Ongsara,
Boonpol, Prompalad, and Jeenduang (2017) reported
that no significant difference was found in WC in
healthy Thai subjects following RIF. Nonetheless, WC
is a better predictor of central obesity with a RIF-
induced decrease in WC being associated with a
reduction in the risks of coronary artery diseases and
cardiovascular diseases, hypertension, and insulin-

Table 3. The significance of Pearson’s correlations of each variable with the other variables.
Variables Correlation coefficient sig. (2tailed) Variables Correlation coefficient Sig. (2tailed)

D Weight (kg) D BMI 0.964 <.001 D TBW (L) D BMR 0.541 <.05
D FM 0.597 <.01 D BCMI �0.535 <.05

BMI (kg/m2) D Weight 0.964 <.001 D FFM 0.981 <.001
D FM 0.607 <.01 D FM �0.51 <.05

D PSQI D FM �0.46 <.05 D ECW 0.581 <.01
D ECW 0.508 <.05 D ICW 0.579 <.01
D HydragramVR 0.483 <.05 D HydragramVR 0.624 <0.01

D BMR (kcal) D BCMI 0.993 <.001 D NutrigramVR 0.536 <.05
D FFM 0.629 <.01 D ECW (L) D PSQI 0.508 <.05
D TBW 0.541 <.05 D FFM 0.474 <.05
D ICW 0.991 <.001 D TBW 0.581 <.01
D NutrigramVR 0.999 <.001 D HydragramVR 0.875 <.001

D BCMI D BMR 0.993 <.001 D ICW (L) D BMR 0.991 <.001
D FFM 0.623 <.01 D BCMI 0.981 <.001
D TBW 0.535 <.05 D FFM 0.651 <.01
D ICW 0.981 <.001 D TBW 0.579 <.01
D NutrigramVR 0.992 <.001 D NutrigramVR 0.991 <.001

D FFM (kg) D BMR 0.629 <.01 D HydragramVR

(%(TBW/FFM))
D PSQI 0.483 <.05

D BCMI 0.607 <.01 D FFM 0.478 <.05
D FM �0.466 <.01 D TBW �0.624 <.01
D TBW 0.981 <.001 D ECW 0.875 <.001
D ECW 0.474 <.05 D NutrigramVR

(mg 24h/htm)
D BMR 0.999 <.001

D ICW 0.651 <.01 D BCMI 0.992 <.001
D HydragramVR 0.478 <.01 D FFM 0.625 <.01
D NutrigramVR 0.625 <.01 D TBW 0.536 <.05

D FM (kg) D weight 0.597 <.01 D ICW 0.991 <.001
D BMI 0.607 <.01
D PSQI �0.46 <.05
D FFM �0.466 <.05
D TBW �0.51 <.05

With the correlation coefficient and p-values.
BMI, Body Mass Index; PSQI, Sleep Quality Assessment; BMR, Basal Metabolic Rate; BCMI, Body Cell Mass Index; FFM, Fat Free Mass; FM, Fat Mass;
TBW, Total Body Water; ECW, Extra Cellular Water; ICW, Intra Cellular Water
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resistant type 2 diabetes (Celik et al., 2014; Shehab,
Abdulle, El Issa, Al Suwaidi, & Nagelkerke, 2012).

In this study weight reduction was not correlated
with the reduction of FFM. On the contrary, the data
revealed an increment of FFM during the last weeks
of Ramadan compared to pre-Ramadan, and thus RIF
did not trigger glucogenesis. This finding is in line
with those of past research (Syam et al., 2016).

Some studies have attributed the loss of body
weight during RIF to the reduction in energy intake
(Rahbar et al., 2019). In contrast, data from our study
showed a slight non-significant increment. This is
possibly due to the Ramadan diet pattern observed
in the Arabian Gulf states, which includes consuming
more sweetened traditional foods (Alalwan et al.,
2017). In fact, dietary habit is well-established as the
main factor affecting gut microbiota structure and
function (David et al., 2014). In terms of the effects
of fasting behavior on gut microbiota, Ozkul, Yalinay,
and Karakan (2020) reported that fasting can lead to
shifts in gut microbial community composition. More
recently, Ali et al. (2021) concluded that RIF and eth-
nicity, which are strongly mediated by dietary
changes, can alter the gut microbiota of humans.

In addition, data from the present study extended
the previous findings and indicated that low energy
intake was not correlated with body weight loss
(Nachvak et al., 2019). In agreement with other stud-
ies (Maughan & Shirreffs, 2012; Singh et al., 2011),
data revealed an increase in TBW from the second
week of fasting. This is likely due to the fact that the
body tends to balance the amount of water through
water retention mechanism by adaptation of the

kidneys. Similarly, Karli et al. 47 reported a balance
of body water in Ramadan among athletes through
this mechanism. More importantly, these findings
support that the weight loss during Ramadan was
not due to dehydration.

Interestingly, there was no significant effect of RIF
on hunger and fullness sensation over time. This
result coincides with that of McNeil et al. (2014) and
Alharbi et al. (2017). Previous studies suggested that
consuming low glycemic index foods during the pre-
dawn suhour meal maintained blood glucose during
fasting by decreasing the release of glucose from
muscle to the blood, which in turn encourages the
body to use fat as its primary form of energy (Png,
Bhaskaran, Sinclair, & Aziz, 2014). Furthermore, the
breakdown of fat results in the production of
ketones, which suppress appetite, and thus sparing
glucose and prolonging the feeling of satiety (Maher
& Clegg, 2019).

In this study, the current data showed no effects
of RIF on quality of sleep. Similar outcomes were
documented by Herrera (2012) on a cohort of ath-
letes. Nevertheless, the changing of sleep patterns
during Ramadan fasting was attributed to changes
in the circadian rhythm of body temperature, which
are related to changes in the circadian rhythm of
melatonin secretion (Al-Rawi et al., 2020). When it
comes to anxiety, our study showed no effect of RIF
on levels of anxiety and depression, which is similar
to the findings of the study by Mohammadi, Larijani,
Sanjari, and Jalili (2001). It is suggested that fasting
during Ramadan decreases anxiety levels in people
due to the religious and spiritual component such as

Figure 3. The linear regression models among the variables with the values of correlation of determination. �STAI, State Trait
Anxiety Inventory; VAS, Visual Analogus Scale; PSQI, Sleep Quality Assessment.
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reciting the Quran, and participating in repetitive rit-
uals like prayers that increase the peace of mind
(Koushali, Hajiamini, Ebadi, Bayat, & Khamseh, 2013).

Nevertheless, it was difficult to assess the effect
on anxiety in our study because the student subjects
had submission deadlines and examinations on sev-
eral occasions during the follow-up visits, which may
have affected their level of anxiety.

The main limitations of this study included the
small number of subjects, the variety of diet and dif-
ferences in individual adaptation responses to fast-
ing. Another major limitation included the days of
menstrual period, during which some subjects were
exempted from fasting, were analyzed and consid-
ered as possible confounding factors. Further
research is needed to assess the effect of RIF on
macro- and micro-nutrients and on biochemical
markers. In addition, it would be useful to conduct
future research that will assess microbiota compos-
ition changes and the impact on different metabolic
and hormones markers.

Conclusions

This study has examined the effect of IF on health.
Ramadan fasting practitioners will benefit from a
decrease in body weight. This is not because of lower
calorie intakes or reduction in FM that could be a fac-
tor in the reduction of the risks of several chronic dis-
eases. RIF has been proven to be safe because it does
not affect hydration and nutritional status since the
body adapts to the loss in water and nutrients and
does not impact negatively on anxiety status, sleep
disorders, and hunger and fullness sensation.
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