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Research Paper: Effects of Ramadan Fasting on 
Apolipoproteins A and B and Atherogenic Index in 
Fasting and Non-Fasting Students

Purpose: Several studies have been done on the effects of fasting on human health indicating 
the beneficial effects of fasting on weight control, lipid metabolism, and lowering blood pressure 
in healthy people. The present study aimed at investigating the effects of Ramadan fasting on 
apolipoproteins A and B (Apo A and Apo B) and the atherogenic index of the fasting and non-
fasting students.

Methods: This quasi-experimental study was conducted on 29 men aged 20-25 years. The 
samples were divided into the fasting (n=15) and non-fasting (n=14) groups. Serum levels 
of apolipoproteins A and B, biochemical-hematological factors, and atherogenic index were 
measured three days before the fasting month and after Ramadan. The inter-group and intra-
group comparison was performed using student’s t-test, and one-way Analysis of Variance 
(ANOVA) was used to assess the differences between the groups. 

Results: In the fasting group, a significant reduction was observed in Apo B, triglyceride, total 
cholesterol, low-density lipoprotein, low-density lipoprotein to high-density, and triglycerides 
to high-density lipoprotein cholesterol ratio. However, the Apo A (P=0.001) and high-density 
lipoprotein (P=0.004) significantly increased after the intervention. The Atherogenic index, white 
blood cells, red blood cells, hemoglobin, hematocrit, and platelet count significantly decreased 
in the fasting group (P≤0.05).

Conclusion: According to the results, fasting during Ramadan could improve the biochemical and 
hematological factors. Therefore, it is recommended to use some biochemical and hematological 
indices to compare the effects of fasting to improve in of students these parameters.
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1. Introduction

asting during the holy month of Ramadan 
is the fourth pillar of Islam. More than 1.5 
billion Muslims fast during this month 
[1]. Eating habits and sleep/wake cycles 
are adjusted according to the circadian 
rhythm. Ramadan fasting, due to changes 

in eating habits and sleep-wakefulness pattern, disrupts 
the hormones involved in this process. In addition to the 
intrinsic factors that influence the circadian rhythm, en-
vironmental factors, such as exercise, diet, and ambient 
light also affect this rhythm [2-4]. Changes in the sleep-
wake cycle, eating habits, and subsequent changes in bio-
chemical and hematological factors are observed during 
Ramadan [5]. In this regard, many studies have indicated 
that fasting without causing any problems for people’s 
health is useful for people’s health. In this regard, fasting 
causes significant changes in body weight, hematological 
parameters, glucose levels, and lipids [6, 7].

Hormonal changes, decreased metabolic rate, and 
dehydration are other changes that have been reported 
following lifestyle changes in the fasting month [8, 9]. 
Fasting during Ramadan mobilizes triglycerides from 
adipose tissue and transports them into the blood circula-
tion to make this fuel available to metabolically active 

tissues [10]. During fasting, biochemical pathways in-
volved in mobilization and fat burning are activated to 
increase the consumption of free fatty acids. Short peri-
ods of fasting, such as fasting during Ramadan, regularly 
expose active tissue to increased fat consumption [11]. 

Lipoproteins are particles composed of lipids and pro-
teins. Four lipids, including free cholesterol, esterified 
cholesterol, triglycerides, and phospholipids are pres-
ent in the structure of lipoproteins. The proteins in the 
lipoprotein structure are called apoprotein and apoli-
poprotein [12]. It has been shown that the ratio of apo-
lipoprotein B (Apo B) to apolipoprotein A (Apo A) is 
an important predictor for cardiac muscle injury [13]. 
Moreover, apolipoprotein plays a major role in revers-
ing the cholesterol cycle to reduc atherosclerosis. Studies 
have shown an inverse correlation between Apo A and 
risk of cardiovascular disease [14]. 

Numerous studies have been conducted in this regard. 
The results of the studies have been different and some-
times contradictory. In this regard, Saada et al. showed 
that there is no significant change in Body Mass Index 
(BMI) between fasting and non-fasting individuals due to 
fasting during Ramadan. However, the levels of glucose 
and high-density lipoprotein cholesterol (HDL-C) were 
significantly increased, whereas the levels of hemoglobin, 

F

Highlights 

● A reduction in apolipoproteins A and B can be optimally achieved with a multimodality approach by adopting a 
healthy lifestyle through diet modification, physical activity, and possible pharmacological therapy.

● Ramadan fasting has beneficial effects on HDL and LDL levels and could lead to a reduction in abdominal obesity, 
waist circumference, and waist to hip ratio Ramadan.

Plain Language Summary 

Ramadan is a holy month in the Islamic calendar (lunar calendar varies between 29 and 30 days) once a year. About 
1.5 billion Muslims worldwide are religiously abstained from eating foods, oral intakes, such as medicine (unless in 
necessary cases) or smoking during the daylight starting from dawn to sunset. Muslims break their fasting just after 
sunset by having the main meal and then they may have two or three meals during the night until the dawn time. Body 
Mass Index (BMI) and Waist Circumference (WC) are decreased gradually, especially in the last week of Ramadan 
compared with before Ramadan. The role of Ramadan fasting positively affect the metabolic syndrome markers, in-
cluding central obesity, WC, fasting plasma glucose level, triglycerides level, High-Density Lipoprotein (HDL), and 
Blood Pressure (BP). In terms of metabolism and serum hormonal levels, Ramadan fasting may affect the metabolism 
of lipids, carbohydrates, and proteins, as well as related hormones levels. Also, Ramadan fasting has beneficial ef-
fects on HDL and LDL levels. Therefore, intermittent fasting, such as Ramadan fasting could be one of the treatment 
alternatives, especially in people with metastasis or cardiovascular or metabolic diseases considering their physician 
supervision. In general, Ramadan fasting is associated with positive improvements in different associated lipids, such 
as apolipoproteins, biochemical index, etc. that may directly or indirectly affect metabolic syndrome markers.
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Total Cholesterol (TC), triglycerides, Low-Density Li-
poprotein Cholesterol (LDL-C), and Very-Low-Density 
Lipoprotein Cholesterol (VLDL-C) decreased consider-
ably during the third week of Ramadan [15]. Salehi et 
al. observed a significant decrease in body weight, BMI, 
glucose, and TC after a fasting period during Ramadan by 
comparing the blood sample of 19 fasting men during the 
first days and 23 months of Ramadan [16]. Indral et al. 
found that serum urea, triglyceride, TC, and LDL-C levels 
significantly reduced following Ramadan fasting [17].

In summary, contradictory findings have been reported 
regarding the effect of fasting on the lipid profile. Some 
studies have reported elevated levels of TC and LDL-C 
due to weight loss during fasting [18], whereas others 
have reported a decrease in cholesterol in the early days 
during Ramadan [19], and some have also reported no 
changes [20, 21]. Given the importance of fasting in the 
holy month of Ramadan, comparing the effects of one 
month fasting on the biochemical and hematological 
factors of fasting and non-fasting inactive men can yield 
desirable results and is helpful for better understanding 
the physiological conditions during Ramadan. There-
fore, the present study aimed at investigating the effects 
of Ramadan fasting on Apo A and B and the atherogenic 
index of the fasting and non-fasting students.

2. Materials and Methods

Subjects

This quasi-experimental study was conducted on 29 
inactive male students divided into two experimental 
groups. The students had a BMI of 25-30 kg/m2 and were 
selected voluntarily and objectively. At the first stage of 
the research, the students were introduced to the concept 
and approaches of cooperation. Important notes were 
also provided to the subjects regarding nutrition, dis-
eases, drug consumption, supplements, drug abuse, no 
smoking habits, and lack of participation in other stud-
ies for a minimum of six months prior to the research 
schedule. Participation in the study was voluntary and the 
written informed consent was obtained from the cases. 
Afterward, the subjects were randomly assigned to the 
fasting (n=15) and non-fasting (n=14) groups. The fol-
lowing equation was used to determine the sample size:
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Body composition 

At the second stage of the research, the height of the 
students was measured in centimeters using the Seca 
height meter (Germany) with the sensitivity of five mil-
limeters, and their weight was calculated using a digital 
scale (-PS06, Beurer, Germany). Next, the Waist-to-Hip 
Ratio (WHR) was determined and BMI was calculat-
ed by dividing the body weight by the squared height 
in meters (kg/m2). In order to measure the waist of the 
participants, a tape measure was used (MABIS, Japan) 
at the midway between the lowest rib and top of hips 
(above the navel). The hips were measured at the widest 
point around the buttocks and the tape was held snugly 
without pulling and leveled around, and the value was 
divided for the WHR. All measurements were performed 
while the subjects had refrained from eating and drink-
ing four hours prior to the test, and their bladder, stom-
ach, and intestines had been emptied.

Blood Sample Collection 

Sampling was performed between 15:00 and 16:00 PM. 
After 10-12 hours of fasting in the laboratory, blood sam-
ples were collected from the left vein of each subject in 
the sitting position and at rest. Serum biochemical con-
centrations were determined using an autoanalyzer spec-
trophotometer and various kits at different wavelengths. 
Moreover, serum triglyceride concentration (mg/dl) was 
determined using the Man kits and GPO-PAP enzymatic 
method at the wavelength of 546 nm. HDL and LDL were 
also measured using the enzymatic method (Pishtaz Teb 
kit, Tehran, Iran). Apo A and B were measured by carbom-
eter and ROCSH kits (Germany). The Atherogenic index 
was calculated by differences in the TC/HDL-C ratio [22].

Statistical analysis 

The obtained results were analyzed using the Statisti-
cal Package for the Social Sciences 16.0 (SPSS, Chicago, 
IL). Data were presented as Mean±SD. The distribution 
of data was found normal confirmed by the Shapiro-
Wilk test and homogeneity of variance was checked by 
Leven’s test. The inter-group and intra-group comparison 
was performed using student’s t-test, and one-way Anal-
ysis of Variance (ANOVA) was used to assess the differ-
ences between the groups. In all the statistical analyses, 
the significance level was considered to be less than 0.05.

3. Results

Table 1 shows the characteristics of the subjects. The 
results of Shapiro-Wilk and Levene’s tests are shown 
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in Table 2. According to Table 3, a significant reduction 
was observed in triglyceride, TC, low-density lipopro-
tein, low-density lipoprotein to high-density lipoprotein 
ratio, triglyceride to HDL ratio, and TC to HDL ratio 
in the fasting group. On the other hand, a significant 
increase was denoted in HDL after intervention in the 
fasting group. According to the findings, the atherogenic 
index and Apo B significantly reduced only in the fast-
ing group, whereas a significant increase was denoted 
in the Apo A levels. According to the results of Tables 
4, there was a significant decrease in White Blood Cells 
(WBCs), Red Blood Cells (RBCs), hemoglobin, hema-
tocrit, and platelet count after the intervention. 

According to the results of Tables 3 and 4, signifi-
cant differences were observed in between the fasting 
and non-fasting groups in terms of the TG, TC, HDL-
C, LDL-C/HDL-C, TG/HDL-C, TC/HDL-C, Apo A, 
Atherogenic index, WBCs and RBCs levels (P<0.05), 
whereas no significant changes were observed in LDL-
C, Apo B, hematological indices (such as hemoglobin), 
hematocrit, and platelets levels. 

4. Discussion

According to the results of the present study, triglycer-
ide, TC, LDL, LDL-C/HDL-C, HDL-C, and atherogenic 
index significantly decreased in the fasting group. Fur-
thermore, fasting led to an increase in HDL. The results 
of the present study are consistent with those of Al Ho-
urani et al. and Mohammadzade et al. [23, 24], whereas 
they are inconsistent with the findings reported by Roy 
et al. and Khan et al. [25, 26].

The limited release of free fatty acid from adipose tissue 
triglyceride mass into the bloodstream is considered as a fuel, 
triggering the activation of the lipase-stimulating enzyme via 
cellular signaling. An enzyme stimulating phosphorylation 
moves from the cytoplasm of adipose cells to lipid particles 
within the cell [27]. Before the Hormone-Sensitive Lipase 

(HSL) can catalyze the hydrolysis of triglycerides within 
lipid particles, the protein-based lipid nanoparticles must be 
phosphorylated. The action of the HSL on triglycerides re-
sults in the formation of two molars of non-esterified fatty 
acids and one mole of monoglycerides. The hydrolysis of this 
monoglyceride residue to glycerol and fatty acid is accom-
plished by the activity of monoglyceride lipase [28]. 

Triglycerides in the bloodstream are hydrolyzed by lipopro-
teins and lipases in the capillary endothelium of the muscles, 
and they release fatty acids. These released fatty acids are not 
directly absorbed in the lipolysis [29]. It has suggested that 
the mechanism, by which these fatty acids can be transmit-
ted from the skeletal muscle is facilitated by the increased 
capacity of the muscle to absorb and burn fat through in-
creased capillary density in the muscle. An increase in the 
surface area to remove more free fatty acids from the blood 
allows for the increased activity of the enzymes that move 
the fats and metabolize them. Catabolism of fats can also be 
influenced by factors, such as increased lipid oxidation to car-
bohydrates, increased use of intramuscular triglycerides, and 
decreased muscle glycogen content [30].

According to the results of the present study, WBCs, 
RBCs, hemoglobin, hematocrit, and platelet count de-
creased significantly in the fasting group. The results of 
the present study are consistent with those of Sedaghat 
et al. [5], but inconsistent with the findings of Ahmad et 
al. [31]. It was shown that prolonged starvation could 
dramatically decrease WBC count, and following a re-
feeding process by a coordinated operation, the immune 
system is rebuilt through a significant increase in hema-
topoietic cells to balance the cell population. It occurs 
even after severe suppression of WBCs and a balance in 
the cell population [32]. Even after severe suppression of 
WBCs and following damages, such as chemotherapy, 
or aging, prolonged starvation cycles can restore nor-
mal WBC count and the balance in WBCs. Therefore, 
regardless of the cause of the deficiency, the organism 

Table 1. The characteristic of subjects in this study

Parameters 

Groups Mean±SD

BMI (kg/m2)Weight (kg)Height (cm)Age (y)

25.3±2.3379.96±5.32179.00±6.3020.40±0.63Fasting

25.03±1.9479.45±5.05178.28±4.3322.07±2.05Non-fasting

P=0.99P=0.79P=0.72-Inter-group P-value 
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Table 2. The result of the Shapiro-Wilk and Levene’s tests to check the normality of data and variance homogeneity, respectively

Levene’s TestShapiro-Wilk
GroupsVariables

Post-testPre-test Post-testPre-test 

0.770.71
0.560.40Fasting

TG (mg/dL)
0.370.95Non-fasting

0.970.63
0.670.77Fasting

TC (mg/dL)
0.860.16Non-fasting

0.570.85
0.980.66Fasting

LDL (mg/dl)
0.86061Non-fasting

0.220.07
0.380.12Fasting

HDL (mg/dL)
0.510.11Non-fasting

0.660.31
0.370.31Fasting

LDL/HDL (mg/dL)
0.210.45Non-fasting

0.580.72
0.850.63Fasting

TG/HDL (mg/dL)
0.110.76Non-fasting

0.880.09
0.170.57Fasting

TC/HDL (mg/dL)
0.860.74Non-fasting

0.130.16
0.510.27Fasting

Apo A (mg/dL)
0.180.65Non-fasting

0.160.78
0.140.23Fasting

Apo B (mg/dL)
0.090.13Non-fasting

0.970.63
0.670.77Fasting

Atherogenic index
0.860.16Non-fasting

0.110.81
0.830.74Fasting

White blood cell count
(x106/mm3)

0.510.06Non-fasting

0.190.21
0.990.51Fasting

Red blood cell count
(x106/mm3)

0.120.30Non-fasting

0.320.99
0.130.11Fasting

Hemoglobin (gm/dl)
0.780.40Non-fasting

0.570.59
0.060.33Fasting

Hematocrit (%)
0.110.12Non-fasting

0.640.27
0.060.14Fasting

Platelets (1000)
0.420.73Non-fasting
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can regain its ability to rebuild the bloodstream through 
a period of starvation [33]. 

One of the reasons for the decrease in hematocrit is the 
decrease in the number of RBCs, which is due to the lack 
of RBC precursors [34]. In the current study, the RBC 
count decreased. Older blood cells damaged by foot kick-
ing mechanically, muscle contraction, vessel wall colli-
sion, and gastrointestinal bleeding reduce the number of 

RBCs. Another cause for a decrease in hematocrit is due 
to the increased plasma volume, which also can be owing 
to a decline in blood concentration [35, 36]. In addition to 
the limitations, such as varied diet, different adaptation re-
sponses to physical activity, small sample size (due to with-
drawal from the study), individual differences, and fasting 
time during Ramadan, the subjects’ eating habits, gender, 
fat status, and race may also influence the interpretation of 
these results; therefore, caution should be exercised.

Table 3. The levels of some biochemical variables measured before and after Ramadan

Variations

GroupsVariables

*** P** PStages

PFP
* Mean±SD

Post-testPre-test

0.03‡0.01
0.03‡67.93±16.2675.00±15.15Fasting

TG (mg/dl)
0.4471.35±15.0168.85±17.27Non-fasting

0.03‡7.53
0.001‡126.40±24.00135.26±25.83Fasting

TC (mg/dl)
0.11142.78±20.68135.35±20.49Non-fasting

0.530.23
0.02‡63.33±15.0869.40±15.55Fasting

LDL (mg/dL)
0.1669.78±12.3573.64±13.66Non-fasting

0.01‡0.58
0.004‡42.46±5.1938.66±4.09Fasting

HDL (mg/dL)
0.5746.35±7.0947.21±8.03Non-fasting

0.04‡0.33
0.001‡1.51±0.411.81±0.46Fasting

LDL/HDL (mg/
dL)

0.561.55±0.411.60±0.40Non-fasting

0.003‡2.63
0.005‡1.62±0.431.95±0.38Fasting

TG/HDL (mg/
dL)

0.281.57±0.451.49±0.41Non-fasting

0.001‡0.33
0.001‡3.02±0.773.52±0.77Fasting

TC/HDL (mg/
dL)

0.043.14±0.662.91±0.51Non-fasting

0.001‡1.45
0.001‡132.33±3.26128.80±4.10Fasting

Apo A
(mg/dl)

0.27131.21±2.08131.71±1.97Non-fasting

0.1941.21
0.03‡131.53±1.59132.53±1.45Fasting

Apo B
(mg/dl)

0.90132.28±2.39132.35±1.64Non-fasting

0.02‡7.53
0.001‡125.40±24.00134.26±25.83Fasting

Atherogenic 
index

0.11141.78±20.68134.35±20.49Non-fasting

* Data presented as Mean±SD
** Paired sample t-test 
*** Inter-group P-value
‡ The mean difference is significant at the 0.05 level
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According to the findings of the current research, the 
Apo A and B levels increased and decreased, respectively 
in the fasting group It has been reported that the elevated 
Apo A level can be due to increased HDL, activation of 
the Lipoprotein Lipase (LPL), lysistine, and cholesterol 
acyltransferase enzymes, and decreased hepatic lipase ac-
tivity [37, 38]. Fasting increases catecholamines and sym-
pathetic nerve activity and decreases insulin secretion. It 
also increases the level of stress hormones (growth hor-
mone, cortisol, epinephrine, and glucagon) secreted. This 
provides a suitable basis for mobilizing fats and releasing 
free fatty acids from the adipose tissue [39]. 

LPL activity increases in response to fasting, which can 
justify the rise in triglycerides and other serum lipids of 
the subjects following fasting [40]. The findings of this 
study showed that regardless of the highly valuable spiri-
tual effects of the holy month of Ramadan, Islamic fasting 
through diet modification by changing the number and 
timing of meals and observing the precondition for proper 
calorie intake causes favorable changes in biochemical 
and hematological parameters in fasting individuals.
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Table 4. The levels of some hematological indices measured before and after Ramadan

Variations
Stages

GroupsVariables
*** P** P

PFP
* Mean±SD

Post-testPre-test

0.02‡1.13
0.04‡6.46±1.287.16±1.87Fasting

White blood cell 
count (x106/mm3)

0.187.25±2.526.64±1.84Non-fasting

0.002‡3.09
0.002‡4.77±0.354.89±0.32Fasting

Red blood cell count
(x106/mm3)

0.1374.89±0.474.81±0.39Non-fasting

0.080.29
0.02‡13.39±1.6013.90±1.07Fasting

Hemoglobin (gm/dL)
0.6113.88±0.9013.95±1.01Non-fasting

0.820.11
0.02‡41.44±2.7342.66±3.34Fasting

Hematocrit (%)
0.7941.72±4.0841.51±4.56Non-fasting

0.250.48
0.04‡217.73±45.01235.13±63.91Fasting

Platelets (1000)
0.62210.18±32.01213.78±48.48Non-fasting

* Data presented as Mean±SD
** Paired sample t-test 
*** Inter-group P-value
‡ The mean difference is significant at the 0.05 level
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