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INTRODUCTION

Obesity is defined by the 
World Health Organization 
as excessive fat accumulation 
in the body to the extent that 
it impairs health. According 
to the World Obesity Atlas 
2023 data, 52% of the adult 
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ABSTRACT

Background & Aims: Intermittent fasting is a nutritional strategy that focuses on when to eat, rather 
than what to eat. Although the effectiveness of intermittent fasting practices in many metabolic diseases is 
known, its effect on microbiota and its underlying mechanism has not yet been clarified. This study aimed 
to investigate the effect of Ramadan fasting, one of the intermittent fasting practices, on gut microbiota and 
fatty acid binding protein 4 (FABP4).
Methods: The study involved 10 male volunteers, 6 of whom were overweight and 4 were obese. They fasted 
for an average of 14-15 hours daily from dawn to sunset during the 29-day Ramadan month between 23 
March - 20 April 2023 and met the inclusion criteria. The participants‘ nutritional and physical activity 
status before and during Ramadan, as well as their anthropometric measurements before and after Ramadan, 
intestinal microbiota, transaminases, gamma-glutamyl transferase, C reactive protein, total cholesterol (C), 
high-density lipoprotein (HDL) C, low-density lipoprotein C, triglycerides (TG), and FABP4 levels, were 
evaluated within the scope of the study.
Results: The study found a statistically significant increase in both alpha and beta diversity in the intestinal 
microbiota following Ramadan fasting (p<0.05). The F/B ratio, Firmicutes phylum, Clostridia class, Clostridiales 
order, and Ruminococcaceae family exhibited statistically significant decreases, while the Bacteroidetes 
and Proteobacteria phyla, Bacteroidia, Alphaproteobacteria, and Erysipelotrichi classes, Bacteroidales, 
Erysipelotrichales, and Actinomycetales orders, Erysipelotrichaceae family and Prevotella genus, demonstrated 
statistically significant increases (p<0.05). Participants who achieved an average weight loss of 2.3±0.99 kg at 
the end of Ramadan showed a significant increase in HDL-C and a significant decrease in TG levels (p<0.05). 
Although FABP4 levels decreased after fasting, this difference was not statistically significant (p>0.05).
Conclusion: Ramadan fasting induces weight loss, modifies gut microbiota, and improves blood lipid profile 
and FABP4 levels, suggesting the need for more extensive studies.

Key words: fatty acid binding protein 4 (FABP4) − human gut microbiota − intermittent fasting − obesity − 
overweight − ramadan fasting.

Abbreviations: BMI: body mass index; CRP: C-reactive protein; DM: diabetes mellitus; FABP4: fatty acid 
binding protein 4; F/B: Firmicutes/Bacteroidetes; GGT: gamma-glutamyl transferase; HDL-C: high-density 
lipoprotein cholesterol; LDL-colesterol: low density lipoprotein cholesterol; PAL: physical activity levels; TC: 
total cholesterol; TG: triglycerides.

population in the world suffers from overweight (38%) 
or obesity (14%) as of 2020 [1]. It is known that obesity 
causes insulin resistance, type 2 diabetes mellitus (DM), 
hypertension, dyslipidemia, cardiovascular diseases and 
some types of cancer and  increases the global disease burden 
[2]. Therefore, achieving and maintaining weight loss  in 
obese individuals is the primary goal. It has been reported 
that even a weight loss of only 1 kg can reduce the risk of 
diabetes by up to 16% [3].
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It has been reported that fatty acid binding protein 4 
(FABP4), which is highly secreted from adipose tissue, is 
effective in the development of many chronic diseases [4]. 
Prentice et al. [5] suggested that FABP4, adenosine kinase 
(ADK) and nucleoside diphosphate kinase (NDPK) molecules 
may be the key regulator of pancreatic β-islet functions by 
forming a complex hormone called Fabkin, which FABP4 
levels increased in the diabetic cohort group in sera obtained 
from patients with type 1 DM (<1 year) and that this hormone 
complex is a targetable molecule for metabolic diseases [5].

Obesity is also associated with gut microbiota composition. 
It is known that the gut microbiota of obese people differs 
in density and diversity compared to healthy controls [6].  
Various strategies such as fecal transplantation, prebiotic and 
probiotic supplementation have been tried to obtain healthy 
microbiota in obese individuals. Although successful results 
have been obtained in the short term, it has been observed that 
the effects disappear or may cause different complications in 
the long term [7].

Nutrition has been considered as a powerful strategy in 
the fight against obesity and several nutritional therapies have 
been applied to restrict the time of nutrient or energy intake 
[8].  Intermittent fasting diets, the effectiveness of which 
has been proven by many studies, are the most important 
of these treatments. Intermittent fasting is a broad term 
that encompasses a variety of programs in which eating 
time is manipulated by short-term fasting to improve body 
composition and overall health [9]. Various studies have 
reported that intermittent fasting protects against many 
diseases such as obesity, cancer, cardiovascular diseases, insulin 
resistance, type 2 DM, increases antioxidant function, protects 
against DNA damage and inflammation and even protects 
against brain damage by supporting new neuron formation 
[10-16]. In addition, the fact that intermittent fasting induces 
autophagy to maintain cellular homeostasis has increased 
intense interest in intermittent fasting practices [11]. Ramadan 
fasting, which is considered as a model of intermittent fasting, 
is the fasting period from the time of the beginning of the day 
until sunset in the month of Ramadan, which coincides with 
different periods of each year according to Muslim societies, 
without eating or drinking [17].

In this study, we evaluated the effect of 29-day Ramadan 
fasting on gut microbiota, anthropometric measurements, 
blood lipid profile, liver function tests, C-reactive protein 
(CRP) and FABP4. This study, which included overweight and 
obese individuals, shows that Ramadan fasting modifies gut 
microbiota, improves blood lipid profile, provides weight loss 
and may reduce FABP4 levels.

METHODS

This is a quasi-experimental study conducted in the 
Gastroenterology Department of Gazi University Faculty of 
Medicine Hospital in Ankara, Turkey.

Study Sample and Design
The study was conducted with 10 male volunteers who 

fasted for an average of 14-15  hours continuously from 
dawn to sunset during the 29-day Ramadan month between 

23 March 2023 and 20 April 2023 and met the inclusion 
criteria.

Inclusion Criteria:
• Not having a chronic disease diagnosed by a doctor (DM, 

hypertension, dyslipidemia, cancer, chronic renal failure, 
gastrointestinal system problems etc.);

• Being a male between the ages of 20 and 50;
• Body mass index (BMI) ≥ 25 kg/m2 and < 34.9 kg/m2;
• Not having applied to any diet program in the last 6 

months;
• Not taking prebiotic or probiotic supplements in the last 

6 months;
• Not taking antibiotics, steroids or any medication that may 

affect gastrointestinal system functions in the last 6 months;
• Not using nutritional supplements;
• Not working in shifts.

Exclusion Criteria:
• According to Islamic belief, women do not fast during 

menstruation in Ramadan. Women were not included in the 
study because it was thought that they would not be able to keep 
the 29-day Ramadan fast completely due to the menstrual cycle.

Ethical Approval of the Study
Ethics committee permission dated 06.02.2023 and 

numbered 113 (Decision Amendment Date and Number: 
03.04.2023 and numbered 295) was obtained from Gazi 
University Clinical Research Ethics Committee for the 
realisation of the study.

Collection of Study Data
All individuals who met the inclusion and exclusion 

criteria and agreed to participate in the study were read and 
signed the informed voluntary consent form and a copy was 
delivered to them.

Anthropometric Measurements
Body weight (kg) measurements of the individuals 

participating in the study were made with a weighing device 
sensitive to 0.1 kg and height (m) measurements were made 
with a digital display stadiometer device with a precision of 0.1 
cm. Body mass index (kg/m2 ) values  [BMI = body weight (kg) 
/ height2 (m2)] were calculated from body weight and height 
measurements and classified as (25.0-29.9 kg/m2 “Overweight” 
and >30kg/m2 “Obese”) [18].

The waist circumference of the participants was measured 
at the midpoint between the lowest rib and the crista iliac, 
and hip circumference was measured with a non-flexible tape 
measure from the right side of the individuals, parallel to the 
ground at the highest point on the hip.

All anthropometric measurements were performed one day 
before the start of Ramadan and on the last day of Ramadan 
after at least 10 hours of fasting at full rest and without any 
metal jewellery, except for light clothing.

Food Consumption and Physical Activity
Participants were asked to record their food consumption 

for three consecutive days (2 days on weekdays + 1 day on 
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weekends) one week before the start of Ramadan fasting to 
assess their nutritional status before Ramadan fasting, and 
for three consecutive days (2 days on weekdays + 1 day on 
weekends) during the first, middle and last week of Ramadan 
to assess their nutritional status during Ramadan fasting. The 
data obtained from food consumption records were calculated 
with the Nutrition Information System (BeBiS) 9 program 
[19]. To evaluate the physical activity status of the participants, 
24-hour physical activity records were also taken on the same 
days when food consumption records were taken.

Collection and Analysis of Blood Samples
One day before the start of Ramadan and on the last 

day of Ramadan, 8 ml blood samples were taken from the 
participants after 10 hours of fasting. Blood samples were 
analyzed for FABP4 (ng/L), CRP (mg/L), high-density 
lipoprotein cholesterol (HDL-C) (mg/dl), low-density 
lipoprotein cholesterol (LDL-C) (mg/dl), total cholesterol (TC) 
(mg/dl), triglycerides (TG) (mg/dl), alanin aminotransferase 
(ALT) (U/L), aspartate aminotransferase (AST) (U/L) and 
gamma-glutamyl transferase (GGT) (U/L) in a private medical 
laboratory and the samples were stored at -32°C until the 
analyses were performed. Serum FABP4 levels were measured 
using the Enzyme-Linked Immunosorbent Assay (ELISA) 
method (Bioassay Technology Laboratory, Birmingham, UK; 
Catalogue No: E7430Hu, Lot No: 202305012).

Collection of Fecal Samples and Gut Microbiota Analysis
Fecal samples of the participants were collected for gut 

microbiota analysis by giving sterile disposable spoon stool 
collection tubes to the participants one day before the start 
of Ramadan and on the last day of Ramadan. Samples for gut 
microbiota analysis were stored at -80°C within 30 minutes 
after collection. Stool samples were analyzed using DiaRex® 
Stool Genomic DNA Extraction Kit (Cat No: SD-0323, Ankara).

The stool samples were frozen at -20°C the day before 
analysis and then thawed at room temperature. Once fully 
thawed, the samples achieved a homogeneous structure. For 
the analysis, 25 mg stool samples were taken and weighed on 
an Isolab 602.31.001 precision balance with a sensitivity of 
0.001 g. After adding 250 µl of Lysis Solution (LBD) to the 
samples, 15 mg of glass and 10 zircon beads were added. The 
mixture was homogenized using a Thermo Fisher Fastprep 
Fp120 homogenizer device at 4000 rpm for 2 x 20 seconds. 
Following homogenization, 25 µl of Proteinase K (PKD) 
solution was added and incubated at 56°C for 60 minutes 
in a Hotplate Benchmark Scientific BSH1002 device. After 
the incubation period, the entire mixture was centrifuged at 
5000 g for 5 minutes using a Hettich Mikro 220 R centrifuge. 
The resulting supernatant was then transferred to a new tube. 
Following this, 200 µl of Stool Lysis Solution (SLD) was added 
to the supernatant and incubated at 70 °C for 10 minutes. Once 
the incubation was complete, 250 µl of absolute (96%) ethanol 
was added to the lysate, pipetted, and the entire contents were 
transferred to the column. The column was then centrifuged 
at 8000 g x 1 min and the resulting mixture was transferred to 
a new tube. 500 µl of washing solution-2 (WBD-2) was added 
and centrifuged at 8000 g for 1 minute. The waste tube was then 
discarded and the contents were transferred to a new column. 

The mixture was then centrifuged at 8000 g for 1 minute. Next, 
500 µl of wash solution-2 (WBD-2) was added and centrifuged 
at 8000 g for 2 minutes. The waste tube was discarded and the 
filter was placed in a new tube. Genomic DNA was obtained 
by adding 100 µl of elution solution (EBD) to the filter and 
incubating at room temperature for 1-3 minutes. The DNA 
was amplified using 16S V3-V4 341F-806R primer sets. Library 
preparation was performed with the Nextera XT DNA library 
preparation kit and indexes from Illumina. Cleaned pooled 
libraries with specific size selections were applied following the 
manufacturer‘s protocol (AMPure XP, Beckman Coulter). After 
library preparation, Illumina MiSeq was used for sequencing.

Bidirectional (2x250) Illumina reads were loaded into the 
QIIME2 system. All samples were found to occur at a depth 
of over 100X in close proximity to each other, and none 
were excluded at this stage. Quality clean-up and chimera 
detection were performed using the DADA2 algorithm in 
qiime2. Amplicon Sequence Variants (ASVs) were generated 
by excluding parts with a quality score mostly below 30. The 
resulting ASVs were mapped to the Silva 138 database, and 
taxonomic tables were created.

Statistical Analysis Methods
The alpha diversity assessment used to evaluate the 

diversity of the relevant taxonomic units in the sample was 
interpreted using three different indices, namely Chao1, 
Simpson and Shannon. The p values between groups were 
calculated by the Kruskal-Wallis test. Beta diversity analysis 
used to assess taxonomic differences between individuals was 
calculated based on Jaccard, Bray-Curtis and Unweighted 
Unifrac. Specific differences between groups were determined 
by differential abundance analysis, Deseq2 R package. Linear 
discriminant analysis effect size (LEfSe) analysis was performed 
between groups to show statistically significant taxonomies.

IBM Statistical Package for the Social Sciences (SPSS) 25® 
package program was used for statistical analysis of data other 
than gut microbiota. The assumption of normal distribution 
of the data was checked by the Kolmogorov-Smirnov test. 
Descriptive statistics were given as mean ± standard deviation for 
normally distributed variables and median (25th-75th percentile) 
for non-normally distributed variables. In the comparisons of 
dependent measurements, a paired t-test was used for normally 
distributed variables and the Wilcoxon T-test was used for 
non-normally distributed variables. Since the parametric test 
assumptions were not met, the relationships between variables 
were analyzed by Spearman Correlation Analysis and a value of 
p<0.05 was considered statistically significant.

RESULTS

The comparison of energy and nutrient intakes and physical 
activity values of the participants before and during the fasting 
period is given in Table I. In general, the energy and nutrient 
intakes of the participants were similar before and during 
the fasting period. Although protein, vitamin A, thiamine, 
riboflavin, niacin, vitamin B6, folate, vitamin B12, phosphorus, 
magnesium, iron, zinc, copper, and potassium intake decreased 
during the fasting period (p<0.05), this may be due to a few 
specific foods (liver, roasting, milk etc.) eaten at the time when 
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food consumption records were taken. At the same time, no 
statistically significant difference was observed between the 
physical activity levels (PALs) measured before and during 
the fasting period (p>0.05).

The anthropometric measurement results of the participants 
before and after fasting are given in Table II. Body weight, BMI, 
waist circumference and hip circumference values measured 
after fasting were statistically significantly lower than the 

Table I. Comparison results of energy and nutrient intakes and physical activity values of 
individuals before and during the fasting period

Energy and Nutrients Before Fasting Fasting Period p

Energy (kcal) 1936±461 1783±506 0.245t

Carbohydrate (g) 220.3±64.1 204.1±59.9 0.367t

Carbohydrate (%) 46.5±7.6 46.9±6.1 0.886t

Protein (g) 83.9±19.0 69.8±17.5 0.008t

Protein (%) 18.0±2.9 16.0±2.2 0.058t

Oil (g) 78.0±25.3 74.3±26.4 0.681t

Oil (%) 35.6±7.6 36.6±6.4 0.747t

Saturated fatty acids (g) 29.1±8.8 27.9±10.6 0.755t

Monounsaturated fatty acids (g) 26.6±9.8 25.5±9.8 0.728t

Polyunsaturated fatty acids (g) 15.4±7.1 14.2±4.5 0.502t

Cholesterol (mg) 441.8±148.8 418.9±207.8 0.814t

Soluble fibre (g) 6.18±2.19 5.61±2.06 0.395t

Insoluble fibre (g) 12.11±3.75 11.08±4.01 0.197t

Vitamin A (µg) 7397 (801-13325) 785 (577-1330) 0.013w

Vitamin E (mg) 15.6±7.7 14.3±4.6 0.573t

Vitamin K (µg) 141.4±60.9 109.5±40.5 0.130t

Vitamin C (mg) 75.1±42.7 81.0±45.6 0.560t

Thiamine (mg) 0.91±0.30 0.74±0.23 0.044t

Riboflavin (mg) 2.38±1.14 1.25±0.47 0.018t

Niacin (mg) 21.1±6.9 13.2±4.1 0.001t

Vitamin B6 (mg) 1.59±0.57 1.05±0.33 0.002t

Total folate (µg) 490 (222-632) 214 (187-345) 0.022w

Vitamin B12 (µg) 25.5 (4.8-41.2) 4.0 (3.0-6.1) 0.009w

Calcium (mg) 480 (460-700) 456 (379-617) 0.508w

Phosphorus (mg) 1196±301 967±282 0.010t

Magnesium (mg) 274.7±83.7 235.9±74.1 0.018t

Iron (mg) 12.57±3.74 9.44±3.11 <0.001t

Zinc (mg) 12.21±1.93 10.29±3.07 0.021t

Copper (mg) 2.66±1.16 1.49±0.54 0.001t

Potassium (mg) 2383±794 2104±686 0.036t

Sodium (mg) 3313±757 3506±2308 0.824t

PAL 1.63±0.18 1.62±0.18 0.835t

PAL: physical activity level.Descriptive statistics are given as mean±standard deviation or 
median (25th-75th percentile). t: Paired t-test, w: Wilcoxon T-test.

Table II. Comparison results of anthropometric measurements of individuals before and 
after fasting

Anthropometric Measurements Before Fasting After Fasting p

Body Weight (kg) 90.2±7.2 87.9±6.9 <0.001t

BMI (kg/m2) 28.9±2.1 28.2±2.2 <0.001t

Waist Circumference (cm) 102.9±7.7 100.6±7.6 0.001t

Hip Circumference (cm) 110.8±4.0 109.5±4.4 0.006t

Waist/Hip Ratio 0.9 (0.9-1.0) 0.9 (0.9-1.0) 0.317w

BMI: body mass index. Descriptive statistics are given as mean±standard deviation or 
median (25th-75th percentile).  t: Paired t-test, w: Wilcoxon T-test.
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pre-fasting values (p<0.05). The comparison results of the 
biochemical and FABP4 findings of the participants before 
and after fasting are given in Table III. A significant increase 
in HDL-C and a significant decrease in TG were observed after 
fasting (p<0.05). Although FABP4 levels decreased after fasting, 
this difference was not statistically significant (p=0.169). 
Similarly, the changes in ALT, AST, GGT, CRP, LDL-C and TC 
after fasting were not statistically significant (p>0.05).

Evaluation of Intestinal Microbiota Analyses of 
Individuals
Fig. 1 shows the phylum and genus level changes in the 

relative abundances of the gut microbiota of the participants 
before and after fasting. Ramadan fasting caused a significant 
difference in gut microbiota.

Fig. 2 shows the alpha (Chao1, Simpson and Shannon) 
and beta (Jaccard, Bray-Curtis, Unweighted Unifrac) diversity 
graphs of intestinal microbiota samples of individuals before 
and after fasting. A statistically significant increase in alpha 
and beta diversity was observed after fasting (Chao1 p<0.001; 
Simpson p=0.028; Shannon p=0.01; Jaccard p=0.049; Bray-
Curtis p=0.032; Unweighted Unifrac p=0.001).

As a result of the evaluation of these data by LEfSe 
analysis, the units showing a statistically significant increase 
or decrease after fasting are given in Fig. 3. Accordingly, 
there was a statistically significant decrease in Firmicutes 
phylum (p=0.002), Clostridia class (p=0.001), Clostridiales 
order (p=0.001), and Ruminococcaceae family (p=0.041). 
Additionally, there was a statistically significant increase in 
the Bacteroidetes (p=0.012) and Proteobacteria (p=0.001) 
phyla, Bacteroidia (p=0.028), Alphaproteobacteria (p=0.001), 
and Erysipelotrichi (p=0.019) classes, Bacteroidales (p=0.028), 
Erysipelotrichales (p=0.019), and Actinomycetales (p=0.005) 
orders, Erysipelotrichaceae (p=0.019) family and Prevotella 
(p=0.049) genus.

In addition, the Firmicutes/Bacteroidetes (F/B) ratio 
decreased from 12.01 before fasting to 3.93 after fasting and 
this decrease was statistically significant (p=0.004). 

Table III. Comparison results of biochemical findings of individuals 
before and after fasting

Biochemical 
Findings

Before Fasting After Fasting p

ALT (U/L) 25.1±11.0 23.8±10.8 0.613t

AST (U/L) 19.6±5.9 18.2±5.7 0.274t

GGT (U/L) 30.0±12.3 24.4±8.5 0.096t

CRP (mg/L) 0.35±0.18 0.42±0.37 0.429t

HDL-C (mg/dl) 53.9±9.5 56.4±9.2 0.027t

LDL-C (mg/dl) 90.5±22.5 89.7±20.9 0.719t

TG (mg/dl) 81.2±59.2 50.8±28.3 0.038t

TC (mg/dl) 170.8±29.4 167.5±27.9 0.215t

FABP4 (ng/L) 1637.5 
(788.9-3068.0)

1532.0 
(836.2-2678.0)

0.169w

CRP: C-reactive protein; FABP4: fatty acid binding protein 4; GGT: gamma-
glutamyl transferase; HDL-C: high-density lipoprotein cholesterol; LDL-
colesterol: low density lipoprotein cholesterol; TC: total cholesterol; TG: 
triglycerides. Descriptive statistics are given as mean±standard deviation 
or median (25th-75th percentile).  t: Paired t-test, w: Wilcoxon T-test.

Fig. 1. Phylum and genus level changes in relative abundances of gut microbiota of individuals 
before and after fasting.
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However, no significant relationship was found between 
changes in microbiota and anthropometric measurements, 
nutrient intake and blood parameters (p>0.05).

DISCUSSION

In our study, since the effect of fasting on the variables 
was aimed to be evaluated, it was desired to maintain the 
existing energy and nutrient intake and physical activity of the 
participants, and in this context, the general nutritional status 
of the participants before and during Ramadan was similar. 
In a study in which healthy individuals were evaluated, it was 
reported that the food intake of the participants decreased 
during Ramadan, but information on physical activity was 
not analyzed [20]. In a study conducted on 33 healthy men in 
our country, the nutrition and physical activity values of the 
participants were recorded before, during the first and last week 
of Ramadan fasting. In the last week of Ramadan fasting, total 
energy, carbohydrate and protein intake decreased significantly 
compared to the pre-Ramadan period, whereas there was no 
change in fluid intake and fat intake of the participants. Physical 
activity levels remained consistent before and during the final 
week of fasting, but decreased during the first week [21].

We observed that the participants lost a mean weight of 
2.3±0.99 kg despite similar nutrition and PALs with the pre-
fasting period. Yeoh et al. [22] observed that participants lost 
weight and improved their lipid profile with intermittent fasting 
despite their routine diet and physical activity habits [22]. In 
a study involving 115 adults, it was observed that weight loss 
occurred despite the participants taking more energy and 

Fig. 2. Box plots of alpha and beta diversity of intestinal microbiota samples of individuals before and after fasting.

Fig. 3. Taxonomic units showing a statistically significant increase or 
decrease after fasting according to LEFse analysis.
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carbohydrates during Ramadan than before Ramadan [23]. 
Khan et al. [24] reported that intermittent fasting reduced BMI 
in overweight and obese individuals and provided weight gain 
in thin women without any change in normal individuals. It 
has been shown in previous studies that intermittent fasting 
practices reduce body weight, but it was reported for the first 
time in this study that it normalized body weight [24]. 

In this study, which is important as it is the first human 
study in the literature in which intermittent fasting and 
FABP4 were associated, it was observed that the participants 
lost an average of 2.3±0.99 kg weight during the month of 
Ramadan compared to the pre-Ramadan period without any 
change in energy and nutrient intake and physical activity 
status. Considering that FABP4 is correlated with body fat, 
the decrease in serum FABP4 levels after fasting, although not 
statistically significant, is consistent with the literature.

We noticed a significant increase in HDL-C and a 
significant decrease in TG, but no significant change was 
observed in ALT, AST, GGT, CRP, LDL-C and TC. Ramadan 
fasting was observed to produce a statistically significant 
decrease in BMI, LDL-C, HDL-C, LDL/HDL ratio and TC, 
and a non-statistically significant decrease in fasting blood 
glucose and TG levels [20]. In another study, it was reported 
that intermittent fasting increased HDL-C and decreased TC, 
TG, LDL and VLDL levels [24].

We depicted a statistically significant increase in both 
alpha and beta diversity in the intestinal microbiota following 
Ramadan fasting. There was a statistically significant 
decrease in the F/B ratio, Firmicutes phylum, Clostridia class, 
Clostridiales order, and Ruminococcaceae family. Additionally, 
there was a increase in the Bacteroidetes and Proteobacteria 
phyla, Bacteroidia, Alphaproteobacteria, and Erysipelotrichi 
classes, Bacteroidales, Erysipelotrichales, and Actinomycetales 
orders, Erysipelotrichaceae family and Prevotella genus. 

In studies conducted in our country to investigate the 
effects of 29-day Ramadan fasting on intestinal microbiota 
composition, it was observed that Butyricicoccus, Bacteroides, 
Faecalibacterium, Roseburia, Allobaculum, Eubacterium, 
Dialister and Erysipelotrichi genus bacteria significantly 
increased after Ramadan fasting, and in another study, a 
significant increase was observed in Akkermansia muciniphila 
and Bacteroides fragilis species [25, 26]. In a study conducted 
on healthy volunteers outside our country, an increase in 
the butyric acid-producing Lachnospiraceae family was 
detected after Ramadan fasting, but the intestinal microbiota 
composition returned to its previous state after the cessation 
of fasting [27]. A 30-day time-restricted diet increased alpha 
diversity in intestinal microbiota, but no statistically significant 
difference was observed  in alpha and beta diversity [28]. 
Ferrocino et al. [29] pointed out that time-restricted feeding 
increased short-chain fatty acid (SCFA) producing bacteria 
such as Lachnospiraceae, Parasutterella and Romboutsia, and 
bacteria such as Christensenellaceae and Escherichia. In a 
study in which the effect of Ramadan fasting on two different 
ethnic groups, Chinese and Pakistani individuals, Firmicutes 
and Actinobacteria were predominant in the Pakistani group 
before fasting, while a decrease in Firmicutes and an increase 
in Bacteroidetes and Proteobacteria were observed after fasting. 
In the Chinese group, while Bacteroidetes was dominant before 

fasting, Bacteroidetes and Proteobacteria increased after fasting 
[30]. In a 12-week randomised controlled study in which 
intermittent fasting or energy restricted diet intervention was 
applied to 55 participants with BMI between 27-45 kg/m2, 
Subdoligranulum, Collinsella decreased in relative abundance 
while Parabacteroides, Alistipes and Bacteroides increased in 
both groups. While no significant change was observed in 
alpha and beta diversity in both groups in general, Akkermansia 
increased in the intermittent fasting group and did not change 
in the energy restriction group [31].

High Firmicutes and F/B ratios and low Bacteroidetes ratios 
have been associated with obesity [32]. Bacteria belonging 
to the phylum Firmicutes are effective in the fermentation of 
indigestible polysaccharides ingested with food. It has been 
reported that a 20% increase in Firmicutes and a decrease 
in Bacteroidetes at the same rate provides 150 kcal/day more 
energy [33]. Although it is not fully understood whether the 
changes in microbiota composition are a consequence or cause 
of obesity, the increase in Firmicutes and Bacteroidetes with 
a decrease in F/B ratio with body weight loss in our study is 
consistent with the literature.

In our study, the Clostridia class belonging to the phylum 
Firmicutes and Clostridiales, a clade of this class, decreased 
after fasting. While some bacterial species belonging to the 
Clostridia class produce SCFAs from the fermentation of 
indigestible carbohydrates, some species may be pathogenic 
[34]. However, in our study, no significant change was 
observed in bacteria belonging to this class at the genus or 
species level. In contrast to the study of Mohr et al. [35], a 
decrease in the Ruminococcaceae family was observed in our 
study after Ramadan fasting. The Ruminococcaceae family 
generally promotes intestinal health by producing butyrate 
and SCFAs [35]. The class Bacteroidia belonging to the phylum 
Bacteroidetes, the order Bacteroidales belonging to this class 
and the genus Prevotella, a sub-member of this order, have 
increased. Bacteria belonging to the phylum Bacteroidetes are 
bacteria responsible for the digestion of carbohydrates and 
some subspecies are known to be pathogenic [36]. However, 
our findings did not show a significant change in the genera 
belonging to the phylum Bacteroidetes except Prevotella. An 
increase was observed in Erysipelotrichaceae family belonging 
to Firmicutes phylum, Alphaproteobacteria class belonging to 
Proteobacteria phylum and Actinomycetales order belonging 
to Actinobacteria phylum after fasting. Although there are 
not enough human studies on the clinical importance of these 
bacteria, we have shown that there is an increase in starvation 
such as fasting.

Similar to the study by Ferrocino et al. [29], the fact that 
there was no significant relationship between changes in 
microbiota and anthropometric measurements, nutrient intake 
and blood parameters in our study suggesting that changes in 
microbiota are related to meal timing.

CONCLUSIONS

This study is significant as the first human study 
investigating the effect of intermittent fasting on FABP4, 
highlighting the need for further research in this area.  
However, the limited number of studies investigating the 
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effects of intermittent fasting on the microbiota have produced 
variable results due to the limited number of samples, the 
lifestyle and dietary habits of participants, and methodological 
differences between studies. There is a need for large-scale 
randomized controlled studies that investigate the benefit/loss 
effects of intermittent fasting practices on intestinal microbiota 
composition according to health and disease conditions and 
evaluate the long-term efficacy of these practices.

Conflicts of interest: None to declare.

Authors’ contribution: H.S., A.S.K., T.K. and K.M. designed the 
study. H.S. collected the data. H.S., A.S.K., T.K and K.M. provided 
the statistical analysis, drafted the manuscript and revised it. T.K. 
revised it critically for the scientific content. All the authors read and 
proved the final version.

Acknowledgements: This study is the doctoral thesis of Halime Selen.

REFERENCES

 1. World obesity. World obesity atlas 2023. Available from: https://
www.worldobesity.org/resources/resource-library/world-obesity-
atlas-2023

 2. Kyrou I, Randeva HS, Tsigos C, et al. Clinical problems caused by obesity. 
In: Endotext, South Dartmouth (MA): MDText.com, 2015;2000-2020.

 3. Donnelly JE, Blair SN, Jakicic JM, Manore MM, Rankin JW, Smith 
BK. American College of Sports Medicine Position Stand. Appropriate 
physical activity intervention strategies for weight loss and prevention of 
weight regain for adults. Sci Sports Exerc 2009;41:459-471. doi:10.1249/
MSS.0b013e3181949333

 4. Nakamura R, Okura T, Fujioka Y, Sumi K, Matsuzawa K, Izawa S, et al. 
Serum fatty acid-binding protein 4 (FABP4) concentration is associated 
with insulin resistance in peripheral tissues, a clinical study.  PloS 
One 2017;12:e0179737. doi:10.1371/journal.pone.0179737

 5. Prentice KJ, Saksi J, Robertson LT, Lee GY, Inouye KE, Eguchi K, et al. 
A hormone complex of FABP4 and nucleoside kinases regulates islet 
function. Nature 2021;600:720-726. doi:10.1038/s41586-021-04137-3

 6. Stojanov S, Berlec A, Štrukelj B. The influence of probiotics on 
the firmicutes/bacteroidetes ratio in the treatment of obesity and 
inflammatory bowel disease. Microorganisms 2020;8:1715. doi:10.3390/
microorganisms8111715

 7. Aron-Wisnewsky J, Clement K, Nieuwdorp M. Fecal microbiota 
transplantation: a future therapeutic option for obesity/diabetes?. 
Current Diabetes Reports 2019;19:51. doi:10.1007/s11892-019-1180-z

 8. Di Daniele N. The role of preventive nutrition in chronic non-
communicable diseases.  Nutrients 2019;11:1074. doi:10.3390/
nu11051074

 9. Tinsley GM, La Bounty PM. Effects of intermittent fasting on body 
composition and clinical health markers in humans. Nutrition Reviews 
2015;73:661-674. doi:10.1093/nutrit/nuv041

 10. Fernando HA, Zibellini J, Harris RA, Seimon RV, Sainsbury A. 
Effect of Ramadan fasting on weight and body composition in 
healthy non-athlete adults: a systematic review and meta-analysis. 
Nutrients 2019;11:478. doi:10.3390/nu11020478

 11. Antunes F, Erustes AG, Costa AJ, et al. Autophagy and intermittent 
fasting: the connection for cancer therapy?  Clinics (Sao Paulo) 
2018;73(suppl 1):e814s. doi:10.6061/clinics/2018/e814s

 12. Gocer H, Gunday M, Abusharekh M, Unal M. To show the effect of 
intermittent fasting during ramadan on endothelial dysfunction via 
TIMI frame count. Niger J Clin Pract 2021;24:943-943. doi:10.4103/
njcp.njcp_626_19

 13. Gnanou JV, Caszo BA, Khalil KM, Abdullah SL, Knight VF, Bidin MZ. 
Effects of Ramadan fasting on glucose homeostasis and adiponectin 
levels in healthy adult males.  J Diabetes Metab Disord 2015;14:1-6. 
doi:10.1186/s40200-015-0183-9

 14. Ooi TC, Meramat A, Rajab NF, Shahar S, Sharif R. Antioxidant potential, 
DNA damage, inflammation, glycemic control and lipid metabolism 
alteration: a mediation analysis of Islamic sunnah intermittent 
fasting on cognitive function among older adults with mild cognitive 
impairment. J Nutr Health Aging 2022;26:272-281. doi:10.1007/s12603-
022-1757-0

 15. Fann DYW, Ng GYQ, Poh L, Arumugam TV. Positive effects of 
intermittent fasting in ischemic stroke. Exp Gerontol 2017;89:93-102. 
doi:10.1016/j.exger.2017.01.014

 16. Sibille KT, Bartsch F, Reddy D, Fillingim RB, Keil A. Increasing 
neuroplasticity to bolster chronic pain treatment: a role for intermittent 
fasting and glucose administration? J Pain 2016;17:275-281. 
doi:10.1016/j.jpain.2015.11.002

 17. Patterson RE, Sears DD. Metabolic effects of intermittent 
fasting Annu Rev Nutr 2017;37:371-393. doi:10.1146/annurev-
nutr-071816-064634

 18. World Health Organization. A healthy l i festyle – WHO 
recommendations. Available from: https://www.who.int/europe/news-
room/fact-sheets/item/a-healthy-lifestyle---who-recommendations

 19. Beslenme Bilgi Sistemi - BeBiS, Version 9; 2023, Istanbul.
 20. Mohammadzadeh A, Roshanravan N, Mesri Alamdari N, Safaiyan 

A, Mosharkesh E, Hadi A, et al. The interplay between fasting, 
gut microbiota, and lipid profile.  Int J Clin Pract 2021;75:e14591. 
doi:10.1111/ijcp.14591

 21. Kocaaga T, Tamer K, Karli U, Yarar H. Effects of Ramadan fasting on 
physical activity level and body composition in young males. Int J Appl 
Exerc Physiol 2019;8:2322-3537. doi:10.26655/IJAEP.2019.9.4

 22. Yeoh EC, Zainudin SB, Loh WN, Chua CL, Fun S, Subramaniam T, et al. 
Fasting during Ramadan and associated changes in glycaemia, caloric intake 
and body composition with gender differences in Singapore. Ann Acad Med 
Singap 2015;44:202-206. doi:10.47102/annals-acadmedsg.V44N6p202

 23. Alzhrani A, Alhussain MH, BaHammam AS. Changes in dietary intake, 
chronotype and sleep pattern upon Ramadan among healthy adults in 
Jeddah, Saudi Arabia: a prospective study. Front Nutr 2022;9:966861. 
doi:10.3389/fnut.2022.966861

 24. Khan MN, Khan SI, Rana MI, Ayyaz A, Khan MY, Imran M. Intermittent 
fasting positively modulates human gut microbial diversity and 
ameliorates blood lipid profile.  Front Microbiol 2022;13:922727. 
doi:10.3389/fmicb.2022.922727

 25. Ozkul C, Yalinay M, Karakan T. Structural changes in gut microbiome 
after Ramadan fasting: a pilot study. Benef Microbes 2020;11:227-233. 
doi:10.3920/BM2019.0039

 26. Özkul C, Yalınay M, Karakan T. Islamic fasting leads to an increased 
abundance of akkermansia muciniphila and bacteroides fragilis group: 
a preliminary study on intermittent fasting.  Turk J Gastroenterol 
2019;30:1030-1035. doi:10.5152/tjg.2019.19185

 27. Su J, Wang Y, Zhang X, Ma M, Xie Z, Pan Q, et al. Remodeling of the 
gut microbiome during Ramadan-associated intermittent fasting. Am 
J Clin Nutr 2020;113(5):1332-1342. doi:10.1093/ajcn/nqaa388

 28. Mindikoglu AL, Abdulsada MM, Jain A, Choi JM, Jalal PK, Devaraj 
S, et al. Intermittent fasting from dawn to sunset for 30 consecutive 

https://www.worldobesity.org/resources/resource-library/world-obesity-atlas-2023
https://www.worldobesity.org/resources/resource-library/world-obesity-atlas-2023
https://www.worldobesity.org/resources/resource-library/world-obesity-atlas-2023
https://dx.doi.org/10.1249/MSS.0b013e3181949333
https://dx.doi.org/10.1249/MSS.0b013e3181949333
https://doi.org/10.1371/journal.pone.0179737
https://doi.org/10.1038/s41586-021-04137-3
https://doi.org/10.3390/microorganisms8111715
https://doi.org/10.3390/microorganisms8111715
https://doi.org/10.1007/s11892-019-1180-z
https://doi.org/10.3390/nu11051074
https://doi.org/10.3390/nu11051074
https://doi.org/10.1093/nutrit/nuv041
https://doi.org/10.3390/nu11020478
https://dx.doi.org/10.6061/clinics/2018/e814s
https://doi.org/10.4103/njcp.njcp_626_19
https://doi.org/10.4103/njcp.njcp_626_19
https://doi.org/10.1186/s40200-015-0183-9
https://doi.org/10.1007/s12603-022-1757-0
https://doi.org/10.1007/s12603-022-1757-0
https://doi.org/10.1016/j.exger.2017.01.014
https://doi.org/10.1016/j.jpain.2015.11.002
https://doi.org/10.1146/annurev-nutr-071816-064634
https://doi.org/10.1146/annurev-nutr-071816-064634
https://www.who.int/europe/news-room/fact-sheets/item/a-healthy-lifestyle---who-recommendations
https://www.who.int/europe/news-room/fact-sheets/item/a-healthy-lifestyle---who-recommendations
https://dx.doi.org/10.1111/ijcp.14591
https://dx.doi.org/10.26655/IJAEP.2019.9.4
https://dx.doi.org/10.47102/annals-acadmedsg.V44N6p202
https://doi.org/10.3389/fnut.2022.966861
https://doi.org/10.3389/fmicb.2022.922727
https://dx.doi.org/10.3920/BM2019.0039
https://doi.org/10.5152/tjg.2019.19185
https://doi.org/10.1093/ajcn/nqaa388


338 Selen et al.

J Gastrointestin Liver Dis, September 2024 Vol. 33 No 3: 330-338

days is associated with anticancer proteomic signature and upregulates 
key regulatory proteins of glucose and lipid metabolism, circadian 
clock, DNA repair, cytoskeleton remodeling, immune system and 
cognitive function in healthy subjects. J Proteomics 2020;217:103645. 
doi:10.1016/j.jprot.2020.103645

 29. Ferrocino I, Pellegrini M, D’Eusebio C, Goitre I, Ponzo V, Fadda M, et al. 
The effects of time-restricted eating on metabolism and gut microbiota: 
a real-life study. Nutrients 2022;14:2569. doi:10.3390/nu14132569

 30. Ali I, Liu K, Long D, Faisal S, Hilal MG, Ali I, et al. Ramadan 
fasting leads to shifts in human gut microbiota structured by 
dietary composition. Front Microbiol 2021;12:642999. doi:10.3389/
fmicb.2021.642999

 31. Stanislawski MA, Frank DN, Borengasser SJ, Ostendorf DM, Ir D, 
Jambal P, et al. The gut microbiota during a behavioral weight loss 
intervention. Nutrients 2021;13:3248. doi:10.3390/nu13093248

 32. Koliada A, Syzenko G, Moseiko V, Budovska L, Puchkov K, Perederiy V, 
et al. Association between body mass index and firmicutes/bacteroidetes 

ratio in an adult Ukrainian population. BMC Microbiol 2017;17:120. 
doi:10.1186/s12866-017-1027-1

 33. Jumpertz R, Le DS, Turnbaugh PJ, Trinidad C, Bogardus C, Gordon JI, 
et al. Energy-balance studies reveal associations between gut microbes, 
caloric load, and nutrient absorption in humans. Am J Clin Nutr 
2011;94(1):58-65. doi:10.3945/ajcn.110.010132

 34. Allaart JG, van Asten AJ, Gröne A. Predisposing factors and 
prevention of clostridium perfringens-associated enteritis. Comp 
Immunol Microbiol Infect Dis 2013;36(5):449-464. doi:10.1016/j.
cimid.2013.05.001

 35. Mohr AE, Jasbi P, Bowes DA, Dirks B, Whisner CM, Arciero KM, et al. 
Exploratory analysis of one versus two-day intermittent fasting protocols 
on the gut microbiome and plasma metabolome in adults with overweight/
obesity. Front Nutr 2022;9:2546. doi:10.3389/fnut.2022.1036080

 36. Sears CL, Geis AL, Housseau F. Bacteroides fragilis subverts mucosal 
biology: from symbiont to colon carcinogenesis.  J Clin Invest 
2014;124(10):4166-4172. doi:10.1172/JCI72334

https://doi.org/10.1016/j.jprot.2020.103645
https://doi.org/10.3390/nu14132569
https://doi.org/10.3389/fmicb.2021.642999
https://doi.org/10.3389/fmicb.2021.642999
https://doi.org/10.3390/nu13093248
https://doi.org/10.1186/s12866-017-1027-1
https://doi.org/10.3945/ajcn.110.010132
https://doi.org/10.1016/j.cimid.2013.05.001
https://doi.org/10.1016/j.cimid.2013.05.001
https://doi.org/10.3389/fnut.2022.1036080
https://doi.org/10.1172/JCI72334

