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A B S T R A C T

Aim: Excessive visceral adiposity is a major risk factor for developing insulin resistance

and systemic low-grade inflammation. Ramadan diurnal fasting (RDF) is a religious ritual

practiced by more than one billion Muslim throughout the world. It has been considered

as one of the most common types of complementary and integrative health practices.

The aim of this study is to examine the impact of RDF on visceral adiposity, circulating

adipokines and glucoregulatory markers in patients with overweight or obesity.

Methods: Overweight and obese subjects (n = 61; 23 men and 38 women) were included in

the study. Body weight, visceral fat tissue area (measured by 3D-MRI), glucoregulatory fac-

tors, serum adipokines concentrations, dietary intake, and physical activity were assessed

one week before and at the end of the lunar month of Ramadan.

Results: From baseline, body weight and visceral fat tissue area serum total cholesterol,

triglycerides, HDL-cholesterol, and systolic blood pressure significantly decreased

(P < 0.05 for each) at the end of Ramadan. The serum levels of adiponectin, IL-6, TNF-a,

and IGF-1 significantly decreased (P < 0.05 for each), but serum visfatin, leptin, apelin, IL-

10, and IL-10/IL-6 ratio significantly increased (P < 0.05 for each) at the end of Ramadan.
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Changes in visceral adiposity significantly correlated with changes in plasma glucose

(r = 0.4, P < 0.5) and resistin (r = 0.44, P < 0.001) at the end of Ramadan.

Conclusion: RDF lowers visceral adiposity, body weight and variably affects adipokines with-

out adversely affecting markers of glucose homeostasis in individuals with overweight or

obesity.
� 2019 Elsevier B.V. All rights reserved.
1. Introduction

Fasting has been used for a long time as a medical treatment

and is claimed to be a valuable therapeutic method for acute

and chronic diseases in most ethnomedical systems [1,2].

Dietary intervention such as fasting has been looked at as

one of the components of integrative medicine targeting

inflammatory diseases [3]. During the lunar month of Rama-

dan, Muslims throughout the worldwide abstain from food,

drink (including water), smoking and sexual activities from

dawn to sunset. During Ramadan, eating period is switched

to the night-time hours, where fasting individuals eat one

large meal after sunset (Iftar) and one smaller meal before

sunrise (Sahour). Thus, the eating period is restricted to 6–

12 h per day (depending on the season and geographical loca-

tion) [4].

Being considered as a model of time-restricted feeding or

intermittent fasting [5], accumulating evidence from original

research, systematic reviews and meta-analyses demonstrate

that Ramadan diurnal fasting (RDF) is associated with

reduced body weight [6], body fat mass [4], and serum lipids

[7]. It also induces immunomodulatory effects [8], and ame-

liorates markers of inflammation and oxidative stress [9–11].

It was also shown that RDF improves several cardiometabolic

risk factors, including insulin sensitivity, blood pressure,

serum LDL- and triglyceride concentrations [4,9,12].

Visceral adiposity is considered one major risk factor for

inflammatory and cardiometabolic diseases [13] and cancers

[14,15]. The mechanisms through which visceral adiposity

triggers cardiometabolic diseases and cancers include exces-

sive release of cytokines (adipokines) such as interleukin-6

(IL-6), interleukin-1 (IL-1), tumor necrosis factor-a (TNF-a),

resistin, visfatin, excessive production of leptin, and reduc-

tion in adiponectin, apelin and interleukin-10 (IL-10), which

are also repeatedly shown to be associated with increased

insulin resistance and elevated insulin-like growth factor-1

(IGF-1) [14,16,17].

Although a mounting body of evidence supports the posi-

tive impact of RDF on body weight [6], little is known about

the impact of RDF on visceral adiposity. Based on the impact

of RDF on body weight, it is hypothesized that RDF may ben-

eficially impact visceral adiposity, and thus lowers car-

diometabolic and inflammatory risk factors.

There is a paucity in studies that have tried to accurately

measure changes in visceral adiposity in response to RDF

and how these changes correlate with other cardiometabolic,

inflammatory and glucoregulatory markers. This prospective

study was undertaken to examine the impact of RDF on body

weight, body composition, visceral fat tissue surface area
measured by three dimensional magnetic resonance imaging

(3D magnetic resonance imaging, MRI), and serum levels of

circulating pro-inflammatory (IL-6, TNF-a, leptin, resistin,

and visfatin) and serum levels of anti-inflammatory adipocy-

tokines (adiponectin, IL-10 and apelin). It also designed to

study the impact of RDF on cardiometabolic (lipid profile

and blood pressure), and glucoregulatory (insulin, IGF-1,

plasma glucose, insulin sensitivity) markers. Furthermore,

the study aimed at investigating the relationship between vis-

ceral fat tissue area and serum levels of circulating adipoki-

nes (particularly leptin and adiponectin) and glucoregulatory

markers and the relationship between the changes in circu-

lating adipokines and cardiometabolic risk factors during

RDF (Fig. 1).

2. Methods

2.1. Subjects

The study protocol was approved by the Research Ethics Com-

mittee of the University of Sharjah (Reference no: REC-16-05-

11-01) and was carried out in accordance with the Declaration

of Helsinki. All enrolled subjects signed a written informed

consent before starting the study. Subjects were recruited

using social media outlets. All the subjects were Arab resi-

dents living in Sharjah/UAE, with the vast majority from Jor-

dan, Palestine, and Syria. A total of 64 subjects visiting the

University Hospital of Sharjah (UHS) in the United Arab Emi-

rates (UAE) were screened and 61 completed the study. The

inclusion criteria include overweight or obese (BMI > 25 kg/

m2) adult male or female Muslim who are willing to fast the

month Ramadan. We excluded subjects with a history of

endocrine or cardiovascular disease or diabetes. We also

excluded subjects who took any medication one week before

Ramadan and eliminated thosewho took anymedication dur-

ing the study period. We also excluded pregnant women and

any subject enrolled in weight-management plan one month

before Ramadan or had a history of bariatric surgery.

2.2. Design

This prospective study was conducted one week before and

during Ramadan of the lunar year during 2016. Data were col-

lected one week before Ramadan (baseline, or T1), and at the

end of the fourth week of Ramadan (after completing 28 con-

secutive days of fasting, or T2). During Ramadan, study sub-

jects abstained from all food and drinks (including water)

from sunrise to sunset. The daily fasting duration during this

study was approximately 15 h. Each subject served as his/her



Fig. 1 – Semi-automated T2-abdominal MRIs taken at two different time points named pre-fasting and post-fasting for an

enrolled individual. Obvious visceral adipose tissue (VAT) area reduction over the 30 days period over the three scan levels for

this individual.
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own control by comparing his/her values before Ramadan (T1)

and at the end of Ramadan (T2). No special dietary recommen-

dations were given to the study subjects and all participants

were instructed to continue their regular diet during non-

fasting hours. Notably, females are exempted from fasting dur-

ing menstruation, thus the fasting period for pre-menopausal

female subjects ranged from 23 to 25 days, whereas the fasting

period for the men ranged from 28 to 30 days. Since metabolic

changes induced by RDF are transitory and revert to the pre-

fasting levels after one month of fasting cessation [9,10,18–

22], we decided not to repeat our measurements for a third

time after one month from the end of Ramadan. Since physical

exercise may interfere with the subjects’ body composition

and biochemical measurement by the end of RDF, study sub-

jects were instructed to keep on their habitual physical exer-

cise levels before and during Ramadan.

2.3. Body weight, composition, and visceral fat
assessment

Oneweek before Ramadanmonth (T1), subjects were asked to

come in the morning (11 am-1 pm afternoon) after being

fasted for 8–10 h. At the end of Ramadan month (T2), subjects
were instructed to come for evaluation after completing 8–

10 h from the last night meal (Sahour); approximately between

11 am-1 pm afternoon. Body weight, body composition

(including visceral fat assessment) were evaluated and blood

samples were drawn at the two time-points (T1 and T2).

Body weight was measured in light clothing to the nearest

0.1 kg (±0.1 kg) using a balance beam scale (Detecto, MO/USA).

Fat mass, fat-free mass, and total body water were measured

using direct segmental multi-frequency bioelectrical impe-

dance analysis (DSM-BIA) (Tanita, MC-980, Tokyo/Japan). As

per the manufacturer’s manual; all accessories, metals, or

jewels were removed before conducting BIA, and each subject

was ensured to get rid of excess body fluids through urination

before conducting BIA measurement. Providing that all sub-

jects were fasting for 8–10 h before the visit at each of the

two-time points, the effect of hydration and physical exercise

on BIA measurement was minimized, which reduced intra-

individual variability. Height was measured without shoes

or head cover using wall-mounted stadiometer (±0.1 cm).

BMI was calculated. Waist and hip circumferences were mea-

sured to the nearest 0.01 m using a non-stretchable measur-

ing tape (Seca, Hamburg/Germany), and waist: hip ratio

(WHR) was calculated accordingly.
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Visceral fat was measured in a supine position using a 60-

cm bore, 1.5-T-MRI scanner (Avanto, Siemens, and Erlangen/

Germany). A morphological sequence was used with the fol-

lowing parameters: pixel size, 1.5 � 1.5 mm2; matrix size,

260 � 320; time to echo, 90 ms; time to repetition, 3830 ms;

slice thickness, 6 mm. Three MRI cuts (upper slice, middle

slice, and lower slice) were taken through the abdominal area

of each subject, and the average was calculated [23]. The

native images were transferred offline to a research worksta-

tion running OsiriX MD software (version 8.5; Pixmeo, Gen-

eva/Switzerland) for the visceral fat area and subcutaneous

fat tissue segmentation and surface area quantification. Sev-

eral threshold intervals were applied together with a flexibly

structured brush radius to accurately exclude non-visceral

adipose tissue and subcutaneous adipose tissue components.

Surface areas for visceral fat and subcutaneous fat were mea-

sured to the nearest 0.1 cm2 [23].

2.4. Blood sampling

Blood samples (10 ml) were collected after measuring blood

pressure. Venepuncture was done after 8–10 h of fasting at

both time points (the baseline, T1, and at the end of the fourth

week of Ramadan, T2) (between 11 am and 1 pm afternoon for

the two-time points). This is to avoid the effect of time on the

measured variables, including adipokines and hydration sta-

tus. It also ensured that there were no differences in the dura-

tion of fasting at both time points. Coded samples were

centrifuged within an hour of collection, and the serum was

aliquoted and stored at �80 �C until analysis.

2.5. Adipokines, glucoregulatory factors, and plasma
lipids

Adiponectin, apelin, leptin, resistin, visfatin, IGF-1, IL-10, IL-6,

and TNF-a were measured by ELISA kits (Elabscience, USA).

All measurements were performed in triplicate. Fasting insu-

lin was measured by enzyme-linked immunosorbent assay

(ELISA) kits (Elabscience, USA). Homeostatic Model Assess-

ment of Insulin Resistance (HOMA-IR) was calculated as fast-

ing glucose � fasting insulin/405 [24]. Insulin sensitivity was

also assessed using the quantitative insulin sensitivity check

index (QUICKI) [25]. A fully automated clinical chemistry ana-

lyzer (Adaltis, Pchem1, Rome/Italy) quantified fasting plasma

glucose and serum lipid profile (total cholesterol, LDL-

cholesterol, HDL-cholesterol, and triglycerides). Blood pres-

sure was measured using a digital blood pressure monitor

(GE, USA) with subjects in a seated position after a 5-min of

resting and before blood drawing.

2.6. Dietary intake assessment

Dietary intake was assessed by the 24-h recall on three days

(one weekend day and two weekdays) at the two-time points

(T1 and T2) by trained nutritionists. Two-dimensional food

models were used to help study subjects to approximate por-

tion sizes. Dietary intakes of energy and macronutrients were

estimated using the Food Processor software (version 10.6

ESHA Research, Salem, OR/USA).
2.7. Physical activity level

General physical activity level was assessed using the Dietary

Reference Intakes classification [26]. In this classification, the

activity level is considered sedentary if subject spends most

of the day time in living activities without additional physical

exercise. Low active level is considered when the subject

spends the day time on living activities plus 30–60 min per

day of moderate intensity exercises. The active level is con-

sidered when day time is spent on living activities plus at

least 60 min per day of moderate intensity exercise. Very

active level is considered when the subject spends day time

on living activities plus at least 120 min per day of moderate

intensity exercises or 60 min of vigorous exercise [26].

2.8. Statistical analyses

Analyses were reported based on the guidelines advocated by

Strengthening the Reporting of Observational Studies in Epi-

demiology (STROBE) [27]. The primary outcome measure

was the change in visceral fat tissue area measured by 3D-

MRI between the pre-fasting baseline and post-fasting. We

calculated that 51 subjects would provide 80% power to detect

a significant difference of 5% in visceral fat tissue area

between baseline and post-fasting, using a one-tailed

paired-samples t-test with a = 0.05. We estimated a dropout

rate of 10%. Thus, we planned to enroll a total of 57 subjects.

The statistical analyses were performed using Stata software

for statistical analysis (v.13.1 Stata Corp. USA). Tests for nor-

mality were included in the model. Variables were expressed

as mean ± standard deviation (SD). Two-tailed paired sample

t-tests were used to compare within-subject changes from

baseline. Pearson’s correlation coefficient was used to assess

the relationships between visceral fat tissue area, adipokines,

and cardiometabolic risk factors. Differences were considered

significant at P < 0.05.

3. Results

3.1. Subject baseline characteristics and dropouts

A total of n = 64 subjects were screened. One participant was

excluded due to peri-menopausal status, and two subjects

were excluded for following weight-reducing diets. The

remaining 61 subjects were included in the study. Over the

4 weeks of intervention, 4 subjects were excluded due to

scheduling conflicts (n = 1) or failure to contact (n = 3). A total

of 57 subjects (22 females and 35 males) with an average age

of 36.2 ± 12.5 year completed the study.

3.2. Visceral fat area, anthropometric measurements,
body composition, and blood pressure

Changes in visceral fat, anthropometric measurements, body

composition, and blood pressure are shown in Table 1. By the

end of Ramadan, visceral fat area, body weight, BMI, waist cir-

cumference, total body water, fat mass, and blood pressure

decreased significantly (P < 0.05) from pre-fasting baseline.

Abdominal subcutaneous fat area, hip circumference, and



Table 1 – Visceral fat surface area, anthropometric measurements, body composition and blood pressure prior to (T1) and at
the end of Ramadan diurnal fasting (T2) in overweight or obese individuals.

Parameter T1 T2 P value

Mean SD Mean SD

Visceral fat surface area (cm2) 106 73 99 71 *

Height (cm) 170.4 7.9 – – –
Weight (kg) 89.4 14.9 88.2 14.5 **

BMI (kg/m2) 30.8 5.1 30.4 5.1 **

Fat mass (kg) 27.0 9.1 26.1 9.2 **

Fat-free mass (kg) 61.1 10.8 60.6 10.7 –
Muscle mass (kg) 55.0 9.7 54.5 0.63 –
Total body water (kg) 43.7 8 43.3 8 *

Subcutaneous fat surface area (cm2) 257 103 256 107 NS
Waist circumference (cm) 93 13 92 12 *

Hip circumference (cm) 106 11 105 11 NS
Waist: hip ratio 0.89 0.1 0.88 0.1 NS
Systolic blood pressure (mmHg) 122 12 119 10 *

Diastolic blood pressure (mmHg) 70 11 69 9 NS
* P < 0.05.
** P < 0.001, Paired samples t-test comparing end of RDF (T2) versus pre-fasting baseline.
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the WHR did not change. Before Ramadan, 96% of the study

subjects were sedentary and only 4% being in the low-active

level group. None were in the active or very active levels

3.3. Adipokines, glucoregulatory factors, and serum lipids

Serum levels of leptin, apelin, and visfatin significantly

increased after fasting Ramadan (P < 0.001). On the contrary,

serum levels of adiponectin and IGF-1 (0.031) significantly

decreased after fasting (P < 0.001). Serum levels of pro-

inflammatory cytokines IL-6 and TNF-a significantly

decreased after RDF (P < 0.05), while serum levels of anti-

inflammatory cytokine IL-10 and its ratio to proinflammatory

cytokine IL-6 (IL-10/IL-6 ratio) increased after RDF (Table 2).

Fasting plasma glucose, serum insulin, measures of insulin

resistance and insulin sensitivity remained unchanged over

the course of RDF. By the end of Ramadan, serum total choles-

terol, triglycerides, and HDL-cholesterol significantly

decreased (P < 0.05 (Table 2).

3.4. Dietary intake

The changes in dietary intake are shown in Table 3. Signifi-

cant (P < 0.05) increases were reported in the dietary intake

of total sugars and total water and fluid during Ramadan in

comparison with the pre-fasting intakes.

3.5. Correlations between changes in visceral fat tissue
area and serum adipokines and other cardiometabolic risk
factors

A significant positive correlation was seen between visceral

fat tissue area and fasting plasma glucose (r = 0.3, P < 0.05),

TNF-a (r = 0.31, P < 0.05) and resistin (r = 0.36, P < 0.05) at the

pre-fasting stage (T1). However, at the end of RDF (T2), vari-

able significant correlations were seen between visceral fat

tissue area and plasma glucose (r = 0.4, P < 0.5), resistin

(r = 0.44, P < 0.001) and IL-6 (r = -0.34, P < 0.05) (Table 4).
4. Discussion

The study suggests that RDF lowers visceral adiposity, body

weight, body fat mass and improves several cardiometabolic

risk factors. These improvements were associated with a sig-

nificant reduction in serum levels of IL-6, TNF-a and adipo-

nectin and a significant increase in serum levels leptin,

visfatin, apelin, and IL-10. A previous study reported signifi-

cant reductions in body weight, fat mass, BMI and fat-free

mass in healthy adults after fasting Ramadan [28]. However,

and to our knowledge, this is the first study to show a reduc-

tion in visceral fat area after Ramadan diurnal fasting. Con-

sidering that physical activity is one of the most influential

factors on gene expression of adipocytokines [29], this factor

was minimized since the overwhelming majority of the study

subjects (96%) were classified as sedentary.

The reduction in body weight and visceral adiposity after

RDF could be attributed to the metabolic shift to ketogenesis

and fatty acid oxidation in response to fasting [30]. This is

reinforced by the cumulative increased levels of leptin at

the end of RDF in the current study. Although serum leptin

traditionally decreases with weight reduction, increased fat

oxidation in patients with obesity is associated with

increased serum leptin levels [31]. Recently, RDF was shown

to significantly induce substrate oxidation (a shift towards

lipid oxidation) in nine healthy subjects who fasted in com-

parison to non-fasting control subjects [32].

The changes in serum leptin and adiponectin are not con-

sistent among studies that evaluated them after Ramadan

fasting. The observed increase in serum leptin levels and

the decrease in serum adiponectin levels after RDF in our

study are in line with the results of another study from Saudi

Arabia that showed an increase in serum leptin by 133.4% and

reduction of serum adiponectin by �24.3% after fasting Rama-

dan [33]. However, our results contradict with the observa-

tions of Mesci et al. from Turkey [34], who didn’t find any

differences in serum leptin and adiponectin in response to

RDF. Furthermore, the observed reduction in serum



Table 2 – Glucoregulatory factors and serum adipokine concentrations prior (T1) versus end of Ramadan Diurnal Fasting (T2)
in overweight or obese individuals.

Parameter T1 T2 P value

Mean SD Mean SD

Glucoregulatory factors
Fasting glucose (mg/dl) 96 22 97 13 NS
Fasting insulin (ng/ml) 21 4.3 26 5.8 NS
Insulin resistance (HOMA-IR) 1.7 0.3 1.9 0.5 NS
QUICKI Insulin sensitivity 0.35 0.1 0.33 0.04 NS
IGF-1 (ng/ml) 1.1 0.9 0.8 0.78 *

Plasma lipids
Total cholesterol (mg/dl) 186 38 173 34 **

TAG (mg/dl) 108 69 77 31 **

LDL cholesterol (mg/dl) 117 37 118 31 NS
HDL cholesterol (mg/dl) 45 9 41 8 *

Anti-inflammatory cytokines
IL-10 (pg/ml) 15.3 4.0 17.3 3.6 *

Adiponectin (mmol/ml) 25 9 20 9.7 **

Apelin (pg/ml) 1.5 0.1 1.7 0.1 **

Pro-inflammatory cytokines
IL-6 (pg/ml) 70 69 32 24 *

TNF-a (pg/ml) 23 21 13 11 *

Leptin (ng/ml) 2.2 2 4.2 3 **

Visfatin (ng/ml) 15 5 17 7 **

Resistin (pg/ml) 21.7 12.65 19.1 12.2 NS

Ratios
IL10/IL-6 1.33 1.1 3.1 3.0 *

IL-10/TNF-a 2.4 2.3 2.7 2.6 NS

HOMA-IR, homeostasis model assessment of insulin resistance; HDL; High-density lipoprotein; IGF-1, Insulin-like growth factor; IL, Interleukin;

LDL, Low-density lipoprotein; QUICKI, quantitative insulin sensitivity check index; TAG, Triacylglycerol; TNF-a, Tumor necrosis factor-a.
* P < 0.05.
** P < 0.001, Paired t-test comparing end of RDF (T2) with pre-fasting baseline (T1).

Table 3 – Dietary intake prior (T1) versus end of Ramadan
Diurnal Fasting (T2) in overweight or obese individuals.

Parameter T1 T2 P value

Mean SD Mean SD

Energy (kcal/d) 1733 606 1920 757 NS
Fat calories (kcal/day) 595 263 621 294 NS
Protein (g/d) 68 21 75 40 NS
Carbohydrates (g/d) 222 92 255 113 NS
Total sugars (g/d) 77 52 97 67 *

Total fats (g/d) 66 29 69 33 NS
Saturated fat (g/d) 20 11 23 13 NS
MUFA (g/d) 13.6 7.6 16.2 13 NS
PUFA (g/d) 7 3.8 9 8.7 NS
Water intake (ml/d) 1131 967 1691 796 *

MUFA, Monounsaturated fat; PUFA, Polyunsaturated fat.
* P < 0.05, Paired t-test comparing end of RIF (T2) with pre-fasting

baseline (T1).
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adiponectin in our study is in line with another RDF study

conducted among Malaysian adults [35] but contradicts again

with another study from Iran [36] that reported a significant

increase in adiponectin serum levels at the end of Ramadan

fasting. These remarkably different results may be explained

by the difference in dietary and lifestyle factors in the
population studied from different Islamic countries, along

with the differences in the time of adipokines measurements

in different studies. It has been reported that leptin secretion

follows a specific circadian pattern that significantly varies

between daytime and night [33].

The significant reductions in IL-6 and TNF-a at the end of

RDF were consistent with the significant reductions reported

in our previous work on RDF [9]. Given that IL-6 and TNF-a are

known inhibitors of lipoprotein lipase (LPL) activity [37] and

downregulate lipogenesis, decreased serum levels of TNF-a

and IL-6 may lead to increased LPL activity and gene expres-

sion during RDF. This presumed increase in LPL is consistent

with the reduction in body weight by the end of RDF [38].

Although plasma adiponectin levels dropped significantly,

no significant change was found in insulin sensitivity or glu-

cose homeostasis markers at the end of RDF. Few studies

measured adiponectin levels during Ramadan fasting and

found either similar decrease [33] or no change [34]. It is pos-

sible that with the progression of fasting, the amount of adi-

ponectin required for the maintenance of its various

functions also decreases [35], and hence the decrease in its

serum levels.

In the present study, one possible contributing factor to

the high leptin levels in this study is the significant increase

in total carbohydrates intake during Ramadan in our



Table 4 – Correlations between visceral fat tissue area, adipokines and cardiometabolic risk factors prior (T1) and at the end of
Ramadan Diurnal Fasting (T2) in overweight or obese individuals.

Parameter T1 Significance T2 Significance

r-value P-value r-value P-value

Fasting blood glucose 0.3 0.02 * 0.4 0.01 *

Fasting insulin 0.06 0.66 NS �0.2 0.4 NS
HOMA-IR 0.08 0.6 NS �0.13 0.47 NS
QUICKI Insulin sensitivity �0.16 0.3 NS 0.06 0.75 NS
IL-6 0.17 0.23 NS �0.34 0.016 *

IL-10 0.07 0.62 NS 0.05 0.7 NS
TNF-a 0.31 0.038 * �0.04 0.8 NS
Adiponectin 0.002 0.9 NS 0.065 0.65 NS
Leptin �0.3 0.03 * �0.03 0.8 NS
Apelin 0.18 0.34 NS 0.02 0.9 NS
Visfatin �0.23 0.11 NS �0.2 0.16 NS
Resistin 0.36 0.009 * 0.44 0.001 *

Insulin-like growth factor (IGF-1) 0.1 0.4 NS 0.13 0.46 NS
* Pearson’s correlation test between visceral fat area with cardiometabolic risk factors at pre- fasting baseline (T1) and at the end of RIF (T2).

Significant at P < 0.05. HOMA-IR, homeostasis model assessment of insulin resistance; IGF-1, Insulin-like growth, Factor; QUICKI, quantitative

insulin sensitivity check index.
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population, with special emphasis on increased consumption

of sugar and high glycaemic index foods. High carbohydrates

intake was reported to increase serum leptin concentration

and/or prevent the fasting-induced reduction in serum leptin

levels [39,40]. In addition to the impact of macronutrient com-

position, Ramadan is characterized by altered circadian

rhythm especially in relation to sleep-wake pattern and time

of meals [41]. These changes might have an impact on serum

leptin level, which has its circadian pattern of secretion and

may explain the lack of correlation between visceral adiposity

and other adipokines (adiponectin, visfatin, apelin, IL-10 and

TNF-a, and IGF-1). The impact of transitions in circadian

rhythms and meal timing and their associated hormonal

changes have been reported in another study [42].

Nutritional status and dietary habits have been shown to

impact adipose tissue metabolism and visfatin concentra-

tions [43]. In this study, visfatin levels significantly increased

by the end of RDF. Visfatin has been shown to upregulate IL-6

in an autocrine manner [44], the significant decrease in IL-6 in

the present study might enhance visfatin production through

a proinflammatory positive feedback loop. The well-

established insulin-mimicking effect of visfatin [45] could

explain the lack of significant changes in insulin resistance

at the end of RDF. This strengthens our speculation that other

factors during Ramadan rather than changes in visceral adi-

posity, such as changes in circadian rhythm and sleep pat-

tern, might influence the production of IL-6. This is

supported by published research in non-fasting situations

[46]. It is well established that increased ratios of anti-

inflammatory (IL-10) to pro-inflammatory (IL-6 and TNF-a)

cytokines represent a protective factor against atherogenesis

[47]. In our study, the ratios of IL-10/IL-6 and IL-10/TNF-a were

increased after RDF, may imply a favorable protective effect of

RDF against systemic inflammation [48].

Apelin levels are increased in patients with obesity and

appear to have multiple functions, including cardiovascular

regulation by acting directly on the brain and by having

anti-inflammatory properties, i.e., the suppression of NF-jB
activation. Additionally, studies have shown that apelin may

restore glucose tolerance and increase glucose utilization

[49]. Our study showed an increase in serum apelin level by

approximately 15% after RDF. Thus, the elevated apelin level

could be responsible, at least partly, for the non-significant

change in insulin resistance in this study population, despite

the apparent significant increase in total sugar intake during

Ramadan. The lack of significant change in resistin in our

study is also in line with the lack of significant changes in glu-

coregulatory markers at the end of RDF. This confirms the sig-

nificant positive association previously found between

circulating resistin and HOMA-IR [50]. Our finding differs from

that of Celik and colleagues who found a non-significant

change in apelin-13 (one isoform of apelin) at the end of

Ramadan in healthy overweight subjects [51].

The significant correlation between visceral fat tissue area

and fasting blood glucose and resistin at the end of RDF is

expected and in line with the known relationship between

central adiposity, insulin resistance, and increased plasma

glucose levels [52]. However, the negative correlation with

IL-6 is unexpected and contradicts with the fact that visceral

adipose tissue is a leading source of IL-6 production. This may

lead to speculation that other factors during Ramadan influ-

enced IL-6 production, such as the observed increase in

anti-inflammatory cytokine levels. In addition to visceral fat,

IL-6 is produced in a larger amount by the skeletal muscle

upon stimulation by routine activities such as physical exer-

cise [53]. Therefore, the lower level of IL-6 by the end RDF

could be due to the sedentary lifestyle of our study population

during Ramadan [54]. RDF was found to be associated with

reduced activity and sleeping time without changing resting

metabolic rate or total energy expenditure [55]. This is consis-

tent with the 0.5% reduction in muscle mass by the end of

Ramadan in the current study.

In this study, the level of IGF-1 significantly decreased by

the end of the RDF. This is probably another reason for the

non-significant changes in markers of glucose homeostasis

at the end of RDF. This finding contradicts with what was



d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 5 3 ( 2 0 1 9 ) 1 6 6 –1 7 5 173
found by Bouhlel and colleagues who reported a non-

significant change in IGF-1 at the end of RDF among trained

men during submaximal exercise [56]. This might be attribu-

ted to the fact that subjects in our study were obese, while

those of the aforementioned study were lean and athletic

for whom IGF-1 is expected to be low and might not be

affected by RDF.

HDL-cholesterol was significantly reduced at the end of

RDF. This observation is different from the vast majority of

previous studies on RDF, where HDL-cholesterol mostly

increased or remained unchanged during Ramadan [7]. How-

ever, our finding is in agreement with one previous study that

showed a significant decrease in HDL-by the end of RDF [57].

This discrepancy in the effect of RDF on the lipid profile and

particularly on HDL-cholesterol might be specific to this

cohort which consumed more carbohydrates and was seden-

tary since both are known to associate with low HDL-

cholesterol [58,59]. Although the TC: HDL cholesterol ratio at

the end of RDF increased from 4.13 to 4.22, both ratios were

less than 4.5, which is the cut-off of increased risk for coro-

nary artery disease [60].

This study has several limitations. First, the study lacked a

non-fasting control group from the same ethnic and genetic

backgrounds. It should be noted that in the majority of strict

Muslim countries it is difficult to find non-fasting individuals,

especially among healthy people. Second, physical activity

was not objectively measured during the study but was sub-

jective and could be potentially biased. Third, dietary intake

was assessed by 24-hour recall method. Since this technique

is totally dependent on subjects’ ability to remember and may

not reflect the whole pattern of food intake during Ramadan.

Furthermore, the study did not examine the changes in sev-

eral essential hormones that are known to be changed in

response to fasting, such melatonin that controls circadian

rhythm and cortisol [41]. These hormones may have a rela-

tionship to adipokine changes during RDF. A detailed investi-

gation of these hormonal changes in response to RDF may

require further investigation.

5. Conclusion

In conclusion, the present study has demonstrated that RDF

has several positive outcomes that include lowering visceral

fat tissue area, body weight, systolic blood pressure, serum

total cholesterol, triglyceride, pro-inflammatory cytokines

(IL-6 and TNF-a) and Increases anti-inflammatory cytokines

(apelin and IL-10). However, RDF lowers anti-inflammatory

cytokine adiponectin and IGF-1 and increases pro-

inflammatory cytokines (visfatin and leptin). Improvements

in body composition and visceral adiposity were not associ-

ated with changes in modulators of glucose homeostasis or

the concentrations of leptin and adiponectin.

Author Declaration

Authors: All research done by the authors.

Financial support: Yes.

Declaration of Competing Interest: None.
Acknowledgments

This work was supported by a Vice-Chancellor Research and

Graduate Studies Office/University of Sharjah grant no.

(VCRG/R1061/2016). Thanks are expressed to Prof. Mawieh

Hamad for his critical reading and valuable feedback. The

authors would like to thank the subjects for their enthusiasm

and commitment. We are grateful to Hilda Allam for technical

support, and for May Abdul-Aziz, Arwa Fawzan, Heba Al-

Saafin, Sumer Al-Ani and Hiba Yousif for assistance in data

collection.
R E F E R E N C E S
[1] Persynaki A, Karras S, Pichard C. Unraveling the metabolic
health benefits of fasting related to religious beliefs: A
narrative review. Nutrition. 2017;35:14–20.

[2] Michalsen A, Hoffmann B, Moebus S, Bäcker M, Langhorst J,
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