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Much research has been conducted regarding the impact of diet on the gut
microbiota. However, the effects of dietary habits such as intermittent fasting
are unclear. This study aimed to investigate the effect of intermittent fasting
during Ramadan on the gut microbiota. The study was conducted on 12 healthy
adult individuals who practiced fasting 17h per day for 29 consecutive days
during the month of Ramadan. To determine the dietary intake of individuals,
a 3-day dietary record was kept at the beginning and end of the study. Reads
that passed quality filtering were clustered, and custom-prepared 16S rRNA
gene regions of bacteria associated with the human microbiome were used as
a reference. Consensus sequences were created, and genus-level taxonomic
annotations were determined using a sequence identity threshold of 95%. The
correlations between the dietary intake measurements of the participants and the
respective relative abundance of bacterial genera were investigated. The results
showed that Firmicutes were higher in abundance in the gut microbiota before
fasting among participants, while they were significantly lower in abundance
at the end of Ramadan fasting (p < 0.05). Proteobacteria were significantly
higher in abundance at the end of the month of Ramadan (p < 0.05). Fasting
was associated with a significant decrease in levels of seven genera: Blautia,
Coprococcus, Dorea, Faecalicatena, Fusicatenibacter, Lachnoclostridium, and
Mediterraneibacter. Conversely, the abundances of two bacterial genera were
enhanced at the end of the fasting month: Escherichia and Shigella. The results
of the dietary intake analysis showed that a negative correlation was detected
for three comparisons: lhubacter and protein (rho = —0.54, p = 0.0068),
Fusicatenibacter and vegetables (rho = —0.54, p = 0.0042), and Intestinibacter
and nuts (rho = —0.54, p-value = 0.0065). The results suggest that even when
the fasting period during Ramadan is consistent, the types of food consumed by
individuals can affect the gut microbiota.
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Introduction

The human intestinal microbiota is composed of trillions of microorganisms. Over 90%
of the gut microbiota is comprised of Bacteroidetes and Firmicutes species. Proteobacteria,
Verrucomicrobia, Fusobacteria, and Actinobacteria are the other prominent genera in the
intestine. The rates of presence of these groups of bacteria in the intestine vary depending
on various factors, such as age, genetics, dietary habits, and physical activity (Eckburg
et al, 2005). The development of the gut microbiota during early life is influenced by
various factors, including the microbiome of the mother, the delivery method, and breast
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milk consumption. The gut microbiota remains relatively stable
throughout adulthood. The stability of a healthy gut microbiome
can be affected by various factors, such as body mass index (BMI)
level, lifestyle factors, and cultural and dietary habits. These changes
in the intestinal ecosystem can have both temporary and long-
lasting effects (Rinninella et al., 2019). The determination of the
optimal composition of intestinal microbiota remains uncertain.
However, it is crucial to maintain the stability, diversity, and
symbiotic interactions with the host to promote a robust immune
and metabolic response (Rinninella et al., 2019).

Diet is a factor that impacts the gut microbiota (Rinninella
et al, 2023). Studies evaluating different dietary models have
established the impact of diet on the gut microbiota. The Western-
style diet model leads to a decrease in the total number of
bacteria and Bifidobacterium species. However, there is strong
evidence that the Mediterranean diet beneficially modulates the
gut microbiota by increasing the abundance of Bacteroidetes,
Clostridium cluster XIVa, Faecalibacterium prausnitzii, Lactobacilli,
and Bifidobacteria and decreasing the abundance of Firmicutes
(Moszak et al., 2020). Dietary composition and behaviors also
contribute to gut microbiota variations (Rinninella et al., 2019).
Low microbiota-accessible carbohydrates are associated with
certain types of bacterial depletion due to their content, decreasing
microbial diversity (Moszak et al, 2020). Desai et al. found
that the consumption of low-fiber diets triggered the spread of
mucus-disrupting bacteria, including Akkermansia muciniphila
and Bacteroides caccae (Desai et al., 2016). It has been demonstrated
that a diet high in saturated fats significantly lowers Lactobacillus
and increases Oscillibacter. These changes have been associated
with significantly increased permeability in the proximal colon
(Lam et al.,, 2012). In a study comparing the gut microbiota of
Italian and African children, in which the effect of proteins on
the gut microbiota was shown, it was determined that the gut
microbiota of Italian children who consumed a lot of animal
protein was rich in Bacteroides and Alistipes species (De Filippo
etal., 2010). High intake of protein (more than 200 g/day) increases
pathogens such as Coliforms, Streptococcus, and Bacillus, while low
protein intake reduces the concentration of butyrate-containing
bacteria such as Lactobacilli, Bifidobacteria, and saccharolytic
bacteria (Zhao et al., 2019).

Fasting is another factor that has been investigated regarding
the intestinal microbiota. Fasting is the voluntary deprivation of
some or all foods and beverages for therapeutic, spiritual, or
political reasons (Attina et al., 2021). Ramadan intermittent fasting
(RIF) is the most common form of time-restricted feeding in which
food and liquid drinking are restricted from dawn to sunset during
Ramadan, the ninth lunar month (Azizi, 2010). The duration of
the daily fasting period depends on the geographical location and
season, ranging from 11 to 22 h. During Ramadan, some changes
in dietary habits may occur, such as reducing the frequency of
meals and increasing the variety of foods consumed (Osman et al.,
2020). In one study, Lebanese adults’ intake of vegetables, dried
fruit, Arabic sweets, cakes, pastries, and sugar-sweetened beverages
was reported to be higher during Ramadan compared to the rest of
the year (p < 0.05) (Shatila et al., 2021). According to Karaagaoglu
et al,, in Turkey, the sahur meal typically includes breakfast foods,
whereas the iftar meal exhibits greater variability in food choices
(Karaagaoglu and Yiicecan, 2000). Despite the change in dietary
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habits, the results regarding the changes in individuals’ energy and
macronutrient intake are contradictory (Karaagaoglu and Yiicecan,
2000; Nachvak et al., 2019; Osman et al., 2020; Shatila et al., 2021). It
has been stated that these differences are due to the different dietary
habits of individuals in various geographies (Osman et al., 2020).

Intermittent fasting has been found to have positive effects
on cardiometabolic risk factors in healthy subjects (Jahrami
et al., 2021). Furthermore, intermittent fasting may alter the gut
microbiota composition (Zeb et al., 2023). Intermittent fasting has
been reported to induce significant changes in the gut microbiota,
increase the production of short-chain fatty acids (SCFAs), decrease
the circulating lipopolysaccharides levels, and ameliorate obesity
and metabolic risks (Karakan, 2019; Guo et al., 2021).

Few studies have been conducted regarding the connection
between RIF and gut microbiota. In their study, Ozkul et al.
reported that while Bacteroidetes and A. muciniphila increased
during RIF, the abundance of the Firmicutes Butyricicoccus,
Faecalibacterium, and Roseburia also increased (Ozkul et al., 2020).
Ikram et al. found that Dorea, Klebsiella, and Faecalibacterium
were more common in the Muslim Chinese group after RIF,
and Sutterella, Parabacteroides, and Alistipes were significantly
enriched in the Pakistani group. In both groups, Coprococcus,
Clostridium_XIV, and Lachnospiraceae decreased significantly after
RIF. According to this study, the impact of RIF on the gut
microbiota can vary based on cultural and dietary differences (Ali
etal., 2021).

The cultural variations in dietary habits during RIF could be the
reason for the changes in the gut microbiota. This study aimed to
determine the effect of changing dietary habits during RIF on gut
microbiota in the Turkish Muslim population.

Methods

Participants

This study was carried out with adults who were physically
inactive, who did not receive medical drug therapy and diet therapy,
and who were not participating in any weight loss programs.
Individuals were reached through an announcement made by the
Nutrition and Dietetics Department of Acibadem University on
social media. At the beginning of the study, 16 participants were
included. However, four people were excluded from the study: one
because they could not give fecal samples, one due to antibiotic
use, and two could not continue fasting. The study was therefore
conducted with 12 healthy adults (7 women, aged 26.7 & 6.7 years,
and 5 men, aged 33.2 £ 9.2 years) who practiced fasting 15h per
day for 29 days. Participants were required to abstain from food
and drink from dawn (05:30) until sunset (20:30) daily during
the month of Ramadan (26.05.2017-23.06.2017). Participants who
(1) self-reported chronic disease or gastrointestinal disease, (2)
had undergone bariatric surgery, (3) were following an exercise or
weight-reduction plan, (4) followed a special diet for any reason
(such as gluten-free or vegetarian), (5) used medication such
as antibiotics, proton pump inhibitors, metformin, or probiotic
supplements in the last 3 months, (6) smoked and/or drank alcohol,
and (7) were pregnant or lactating were excluded from the study.
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At the beginning of the study, it was stated that individuals should
continue their routine diets and avoid exercise during RIF.

All of the study procedures were approved in terms of medical
ethics with the decision of the Ethics Committee of Acibadem
University (ATADEK) (number 2017-17/8). Written informed
consent was obtained from the participants.

Study design

Anthropometric measurements, dietary records, and fecal
samples were collected the day before RIF (25.05.2017) and the last
day of RIF in the morning (23.06.2023).

Anthropometric measurements

The anthropometric measurements included body weight
and height, and the body composition analysis was performed
by bioelectrical impedance (BIA) and waist circumference
measurements. Body composition analysis using the BIA method
was used to determine body fat mass (kg). In addition, percentage,
lean body mass (kg), body water volume (L), basal metabolic rate
(kcal), and BMI (kg/m?) calculations were made. A Tanita MC 180
was used for BIA measurement. The BIA measurement conditions
were met for each participant. These included not doing heavy
physical activity 24 h before the test, not drinking alcohol for 24 h
before the test, not having eaten for at least 2 h, not drinking water
before the test, and not drinking tea, coffee, or cola 4h before
the test. Participants were asked to remove all metal objects (e.g.,
watches or jewelry) prior to measurement.

Standing height was measured with the help of a height meter,
with the feet side by side and the head in the Frankfurt plane (the
eye triangle and auricle are at the same level, parallel to the ground).
BMI (kg/m?) values were calculated using the equation body weight
(kg)/height (m?). Waist circumference was measured from the
midpoint of the lowest rib with the lateral iliac prominences while
standing (Ma et al., 2013).

Determining and monitoring the food intake

To determine the food intake before and during Ramadan,
researchers took a 3-day dietary record at the beginning and end
of the study. The dietary records of individuals were taken on 3
consecutive days (two on weekdays and one on weekends). The
dietitian provided a brief education on “standard portion sizes and
amounts of foods according to food groups for Turkey” so that
individuals could record the amount of food consumed.

The study participants were educated on portion sizes using the
“Food and Food Photo Catalog” (Rakicioglu Neslisah TNAAPG,
2015). The cookbook “Standard Food Recipes” was used to
determine the ingredients in recipes where the contents were
unknown (Kutluay Merdol Tirkan, 2011). The daily energy
and nutrients taken by the participants were evaluated using
the “Nutrition Information System (BEBIS) 7.2” program. The
obtained results were compared with the dietary reference intake.
Anthropometric measurements and dietary records were compared
at the end of the study to assess the changes in nutritional status.
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Microbiota analysis

Fresh fecal samples were taken from each participant at the
beginning and end of the study for the microbiota analyses. The
dietitian verbally explained the conditions for taking fecal samples
to the individuals and provided them with containers to collect
them. The conditions were as follows: (1) The samples should be
taken into sealed, sterile containers with red caps. (2) A small
amount the size of a walnut is sufficient. (3) The name, surname,
sex, and date of birth of the patient should be written on the sides
of the containers. (4) The sampling day (0 or 30) must be specified.
(5) The container must be closed and delivered to the laboratory
within 4 h of taking the sample. Fresh fecal samples were stored at
—80°C after collection.

Fecal DNA extraction, 16S amplicon sequencing,
and bioinformatics analyses

All the steps, from sample processing to the end of taxonomic
annotation and abundance table preparation, were carried out
by Epigenetiks Inc. (Istanbul/Turkey). For DNA extraction,
up to 200mg of each fecal sample was processed using a
ZymoBIOMICS DNA Miniprep Kit (Zymo Research, Cat. No.
D4300). DNA concentrations were measured using a Qubit
dsDNA HS Assay Kit (Invitrogen, Cat. No. Q32854). Library
preparation was carried out using the 16S barcoding kit containing
the complete 16S rRNA gene from V1 to V9 regions (Oxford
Nanopore Technologies, Cat. No. SQK-RAB204), following the
manufacturer’s guidelines (v.RAB_9053_V1_REVR_14AUG2019).
Prepared libraries were loaded onto R9.4.1 FLO-MIN106D flow
cells, and sequencing was performed on a MinION sequencer
(Oxford Nanopore Technologies).

Obtained raw FAST5 reads were converted to.fastq format
using Guppy (ver. 6.0.5). The primer sequences were removed
from the amplicon reads, and quality trimming was performed
using BBTools v.38.94 (Bushnell et al., 2014). Reads passing quality
filtering were clustered using Magicblast v.1.6.0 (Boratyn et al,
2019) by the Human Microbiome Project, using the custom-
prepared reference of 16S rRNA gene regions of bacteria associated
with human microbiome (16S NCBI reference sequences as of
12/08/2022). The consensus sequences were created, and.sam files
were produced in Samtools (Danecek et al., 2021). Taxonomic
annotations were determined through BLAST + v.2.12.0 (Boratyn
et al, 2012) in the NCBI nr database (12/08/2022), using a
sequence identity threshold of 95% for genus level. Finally, relative
abundance percentages were calculated at phylum and genus levels.

Data analysis

All downstream data analysis steps were performed using
R v.4.1.3). Alpha diversity analysis was performed with the
“phyloseq” package (v.1.38.0) to investigate the within-sample
community diversity (McMurdie and Holmes, 2013). For that
purpose, the observed features, Shannon index, and Simpson’s
index were calculated at the phylogenic and genomic levels
(10.1002/ece3.1155). The changes before and at the end of
Ramadan fasting were tested via the paired Wilcoxon signed
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rank test for each metric. A beta diversity analysis was carried
out by calculating Bray-Curtis dissimilarities using phylum- and
genus-level bacterial relative abundances to evaluate the differences
between sample diversity among the members of time groups.
PERMANOVA was carried out between two-time groups via the
“adonis” function in the “vegan” package (v.2.5.7, Oksanen et al.,
2022).

Before proceeding to bacterial taxa comparisons between
groups, filtering was applied to capture the bacteria present in most
samples. To this end, phyla with a relative abundance of 0.1% and
above and genera with a relative abundance of 0.05% and above
in at least 80% of overall samples were retained, while the rest
were discarded. As a result, 4 phyla and 41 genera abundances for
24 samples were obtained. The paired Wilcoxon signed rank test
was applied between two groups, and taxa with p-values of <0.05
were assigned as “significantly altered bacteria.” Due to the low
sample size, no p-value adjustment was applied, and raw p-values
were used.

In addition to differential

discriminant effect size (LEfSe) analysis was used for biomarker

abundance analysis, linear
discovery on phylum and genus abundance tables (Segata et al,
2011). The analysis was conducted using the web-based Galaxy
tool (https://huttenhower.sph.harvard.edu/galaxy/) with the
default settings.

For correlation analysis between bacteria and diet, either at
phylum or genus level, the alpha diversity measures, relative
abundance of bacteria, and amount of nutrients consumed by
participants were used. Before correlation, taxa correlating with age
were removed. Spearman’s correlation coefficients and correlation
test p-values were calculated. No p-value correction was carried
out, and correlations with an absolute value (rho) higher than 0.5
and with a p-value smaller than 0.05 were considered significant.
A correlation plot was drawn using the “corrplot” package (v.0.92,
Wei et al.,, 2021). Relative abundance percentiles were submitted as
medians of the groups.

All the scripts described above in the data analysis steps are
available at https://github.com/eray-sahin/Saglam_2023_Fasting

Study.

Results

At the phylum level, decreased bacterial richness was observed
in most samples, while the changes in genus level divided the
subjects into two almost equal portions: 5 of the 12 subjects had
a decreased number of genera after fasting, and the remaining
7 had an increased number of bacteria. However, none of
those observations were determined to be significant (p > 0.05,
Figures 1A, B). In contrast, the Shannon and Simpson indices,
which take both richness and evenness in the community into
account, revealed significantly enhanced diversity at the phylum
level for all the subjects tested (Figures 1A, B). At the genus
level, one-third of the subjects had decreased diversity at the
end of Ramadan fasting, and the significance was a little higher
than the threshold of 0.05 (Figures 1A, B). Similar to the alpha
diversity, the beta diversity analysis showed clear and significant
distinction of the communities at each time point at the phylum
level (Figure 1C), based on observation of failed significance in
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comparing the community structure of two clusters at the genus
level (Figure 1D). Overall, fasting was associated with a shift in gut
microbiota composition at the phylum level, but the responses at
the genus level were more heterogeneous among the subjects.

For the alpha diversity plots, the metrics calculated for each
sample before and at the end of Ramadan fasting are represented
by violin and boxplots (with a black middle line representing the
median and boxes between interquartile ranges of the 25th and 75th
percentiles). The changes between two-time points for each subject
are shown by red, gray, or blue lines for increased, stationary, or
decreased values, respectively. The Wilcoxon rank-sum test was
performed to compare two-time groups, and respective p-values
are presented on top of the figures. For beta diversity plots, ellipses
correspond to 95% confidence intervals for each time group. F-
and p-values obtained after PERMANOVA tests are shown at the
bottom of each figure.

After filtering rare taxa at the phylum level, 4 of the 36
phyla survived, constituting a median value of 99.95% for the
overall composition. Among the participants, Firmicutes (mean
relative abundance) and Proteobacteria were the two dominant
phyla. Together, they accounted for 98.36% and 97.73% of the
median relative abundances for pre- and post-fasting communities,
respectively (Figure 2A). There were consistent changes in the
relative abundances of these two phyla in response to fasting:
a decrease in Firmicutes (97.58% to 92.2%) and an increase
in Proteobacteria (0.67% to 6.08%) (Figure 2B). In agreement,
LEfSe analysis revealed higher Firmicutes enrichment in the
samples collected before fasting and higher enrichment of
Proteobacteria at the end of Ramadan fasting (Figure 2C). As
another important indicator of the changes at the phylum level,
the Bacteroidetes/Firmicutes ratio was also calculated and tested
between two-time points. Even though an increase was observed
at the end of Ramadan fasting, that change was not significant (p =
0.055, Supplementary material).

The differences in compositional changes were investigated at
the genus level for samples from 12 participants (Figure 3A). Rare
taxa filtration resulted in the survival of 41 genera representing
90.92% of the community composition at this taxonomic level.
A comparison of the % relative abundances before and at the
end of Ramadan fasting revealed significant alterations in nine
genera levels (Figure 3B). Between the two-time points, before
and at the end of the month of Ramadan, Ramadan fasting was
associated with decreased levels of seven genera: Blautia (from
15.58% to 11.06%), Coprococcus (4.67% to 3.43%), Dorea (4.17%
to 3.4%), Faecalicatena (0.5% to 0.41%), Fusicatenibacter (2.59% to
2%), Lachnoclostridium (0.16% to 0.1%), and Mediterraneibacter
(0.75% to 0.23%). Conversely, the abundances of two bacterial
genera were enhanced after fasting: Escherichia (0.24% to 2.94%)
and Shigella (0.08% to 0.69%). LEfSe analysis did not reveal any
significant species in the genus, possibly due to a stricter statistical
test strategy of LEfSe, which results in the loss of significant changes
in genus levels.

Several correlation patterns between alpha diversity and dietary
intakes and between taxa abundance and dietary intakes were
investigated, and all pairwise correlation results are submitted in
the Supplementary material. At the phylum level, no significant
correlation was detected between any of the three alpha diversity
metrics and dietary measurements. By the relative abundance
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FIGURE 1
Diversity analyses in phylum and genus levels. Alpha diversity measurements using observed taxa, Shannon, and Simpson indices in (A) phylum and
(B) genus levels. We constructed mixed violin and box plots to represent the sample groups before and at the end of Ramadan fasting. Changes
between two-time points for each subject are shown by red or blue lines for increased or decreased values, respectively. The Wilcoxon rank-sum
test was performed to compare two-time groups, and respective p-values are presented on top of the figures. The PCoA plots of beta diversity (C) in
phylum- and (D) genus-level compositions at each time point, based on Bray—Curtis dissimilarity. The plots were drawn using the first two axes, and
the percentage of variation explained by each axis is represented in parentheses. Each point represents one sample in each group, and ellipses
correspond to a 95% confidence interval. The significance was tested by PERMANOVA, and obtained F-scores and p-values are submitted at the
bottom of the plots.

of phyla, only one correlation calculated was determined to be
significant: Actinobacteria and nut consumption showed a positive
correlation (rho 0.56, p-value 0.005). Before proceeding
with individual genera and diet relationship analysis, we inspected
the effect of different nutrient groups on overall genus diversity.
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Accordingly, genus diversity was revealed to be inversely affected
by fat or carbohydrate consumption, while increased carbohydrate
consumption was associated with decreased genera diversity (rho =
—0.62, p-value = 0.0013) and more diverse genus composition was
observed in individuals who consumed a fat-rich diet (rho = 0.61,
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FIGURE 2

Phylum-level gut microbiota alterations at the end of fasting. (A) The composition of each paired sample from 12 participants is represented in the
phylum level. The top three phyla of each sample are individually represented, while the rest are summed in “Others.” (B) Phyla significantly changes
at the end of Ramadan fasting. The mixed violin and box plots (with a black middle line representing the median, and boxes between interquartile
ranges of the 25th and 75th percentiles) represent the sample groups before and at the end of Ramadan fasting. Changes between two-time points
for each subject are shown by red or blue lines for increased or decreased values, respectively. Wilcoxon rank-sum test was performed to compare
two-time groups, and respective p-values are presented on top of the figures. (C) Phyla obtained from LEfSe biomarker discovery analysis. A
histogram shows two phyla with their respective LDA scores concerning their differential abundance in participants before and at the end of
Ramadan fasting.

p-value = 0.0014). Similarly, the Shannon diversity measurements  in the gut. However, a negative correlation was detected for three

were higher for participants with a diet higher in polyunsaturated =~ comparisons: between Ihubacter and protein (rho = —0.54, p-value
fat (g) (tho = 0.51, p-value = 0.011) and higher fat percentage (tho = 0.0068), Fusicatenibacter and vegetables (rho = —0.54, p-value =
= 0.56, p-value = 0.0042). 0.0042), and Intestinibacter and nut consumption (rho = —0.54, p-

Lastly, significant correlations between the dietary intake  value = 0.0065). Among the 13 detected genera, the abundances
measurements of participants and the relative abundance of of 6 genera were shown to be affected by nut consumption.
bacteria at the genus level were investigated. Considering the = However, it is worth noting that among the 12 participants, only
small sample size, significant correlations (p-value of <0.05) with  half consumed nuts, while the amount was zero for the rest for both
absolute Spearman’s rho value of >0.5 were filtered out, and the  pre- and post-fasting.
surviving ones are represented in Figure 4. Among them, most of Table 1 describes the sociodemographic characteristics of study
the correlations were positive, indicating that higher consumption  participants The study was carried out with a total of 12 cases, 41.6
of the respective nutrients results in the enrichment of the genus % (n = 5) male and 58.3% (n = 7) female individuals. The ages of
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FIGURE 3

Genus-level gut microbiota alterations at the end of fasting. (A) The genus level represents the overall compositions of each paired sample from 12
participants. The top five genera of each sample are individually represented, while the rest are summed in “Others.” (B) Nine genera significantly
change at the end of Ramadan fasting. The mixed plots of violin and boxplots (with a black middle line representing the median and boxes between
interquartile ranges of the 25th and 75th percentiles) represent the sample groups before and at the end of Ramadan fasting. The changes between
two-time points for each subject are shown with red or blue lines for increased or decreased values, respectively. The Wilcoxon rank-sum test was
performed to compare two-time groups, and respective p-values are presented on top of the figures.

Frontiers in Microbiology

07

frontiersin.org


https://doi.org/10.3389/fmicb.2023.1203205
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

10.3389/fmicb.2023.1203205

Saglam et al.
(@]
2 2
()
© © o 0
o L o
S I _Ol L|_I cul
g | 9 9 o 35
© £ 8 © o S5
o & ¢ S 3 0 o
o o & = c ©® o
o (& @© [
| o bt n o 0w = 209
= I Dq_) g | o S
L2 28289 e
S ® ©® o &£ 8 8 o 5
o o woaoic == >z 1
lhubacter @
Mediterraneibacter o 0.8
Intestinimonas C X ) 0.6
Oscillibacter C N ) -
Kineothrix » O
Faecalimonas O O 0.2
Bariatricus ® @ o
Fusicatenibacter
® |
Acetivibrio O
R 0.4
Anaeromassilibacillus O
Faecalicatena @ Ros
Hespellia O 8o
Intestinibacter O
-1
FIGURE 4
Correlations between genera and dietary intake measurements filtered by abs (Spearman’s rho) > 0.5. Circles represent the correlations passing a
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the cases ranged between 22 and 47, with an average of 29.1 & 8.1
years. More than half (75%) were single, and the majority (91.6%)
had a university degree.

Differences in the anthropometric measurements of the study
participants before and at the end of RIF are shown in Table 2.
The body weight of the individuals decreased by 0.661 kg compared
to the baseline (p = 0.034; p < 0.05), which was evaluated to
be statistically significant. The BMIs were 22.9 4 kg/m? at the
beginning of the study and decreased by 0.23 4 0.36 kg/m?
at the end of 4 weeks (p = 0.034; p < 0.05). There was no
significant change in waist circumference measurements (82.1
+ 169cm vs. 81 £ 169cm; p > 0.05). Differences in the
average dietary intake of the study participants before and at
the end of RIF are shown in Table 3. Changes in the amount of
energy (kcal), energy percentage for protein (%), plant protein
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(g), saturated fat (g), polyunsaturated fat (g), monounsaturated
fat (g), energy percentage for carbohydrate (%), and fiber (g)
intake were not statistically significant (p > 0.05). In contrast,
a 543% £ 9.07% increase in the fat percentage of energy and
a 1.32 £ 1.87 g decrease in the amount of water-soluble fibers
were statistically significant (p = 0.046, p = 0.016, respectively)
(Table 3).

Differences in the average food/food group intakes of the study
participants before and at the end of RIF are shown in Table 4.
While the change in the consumption amounts of grain, egg,
fruit, vegetable, nuts, cheese, dietary fat, added sugar, and meat
group compared with the beginning was not statistically significant
(p > 0.05), an average increase of 8.21 £ 14.22¢ in fat intake
was found to be statistically significant (p = 0.018; p < 0.05)
(Table 4).
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TABLE 1 Sociodemographic characteristics of the study population.

10.3389/fmicb.2023.1203205

Min-Max (Median) Mean + SD ‘
Age (years) 22-47 (29.4) 29.1+8.1
n %
Gender Man 5 41.6
Woman 7 58.3
Marital status Married 3 25
Single 9 75
Education level Up to high school level 1 8.4
University 11 91.6
TABLE 2 Differences in the anthropometric measurements of the study participants before and at the end of RIF.
Baseline Week 4 P ‘
Body weight (kg) Mean £ SD 66.8 £16.4 66.1 £16.7 20.025*
Median (min-max) 60.1 (49.7-101) 58 (49.1-101)
BMI (kg/m?) Mean + SD 229+4 227+4 20.019*
Median (min-max) 21.7 (18.6-24.8) 21.4 (18.1-30.2)
Waist circumference (cm) Mean + SD 82.1£16.9 81+16.9 20.057
Median (min-max) 76 (63-120) 76 (62-120)
Body fat (%) Mean £ SD 21.5+£7.2 20.7+£7.6 20.053
Median (min-max) 22.9 (6.2-30) 23.5(5.1-30)
Lean body mass Mean £ SD 49.7 £12.1 50 £12.2 20.624
Median (min-max) 42.6 (37.4-69.8) 43.3 (37.4-69.8)

Paired Wilcoxon signed rank test.
*p < 0.05.

Discussion

This study was conducted on 12 healthy participants who
fasted during Ramadan to examine the effects of fasting on the
gut microbiota. Intermittent fasting is associated with a richness
and variety of gut microbiota (Khan et al, 2022). During RIF,
changes in diet could be associated with changes in the intestinal
microbiota (Ali et al., 2021). There are conflicting reports on the
relationship between BMI and the diversity of intestinal microbiota
bacteria (Lin, 2015), but it is widely reported that alterations in
body weight can lead to changes in the composition and diversity
of gut bacteria (Li et al., 2016). Furthermore, fibers and other non-
digestible carbohydrates are known to have the highest effect on
microbial diversity and metabolic profile (Garcia-Mantrana et al.,
2018).

In this study, along with the decrease in BMI during the 29-day
RIF period, a general decrease in the richness of the gut bacteria
was detected. Meanwhile, a statistically significant increase in the
evenness metric of bacterial diversity was observed according to the
alpha diversity calculations at the phylum level. When compared
with the changes in fundamental nutrients, phyla did not show a
statistically significant diversity change in terms of their richness
and evenness measures (Supplementary Table 1). Additionally, the
beta diversity plot for phyla depicted a more comprehensive result,
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as the shift of ellipses drawn with 95% confidence showed a
significant distinction between the prior and at the end of Ramadan
fasting during the Ramadan month.

In our study, Firmicutes were higher in abundance in the
prefasting stage than at the end of Ramadan fasting, while they
were significantly decreased at the end of Ramadan fasting (p
< 0.05). Ali et al. (2021) conducted a study on the impact
of fasting for 29 days in two different ethnic groups. The
results showed that at the phylum level, Firmicutes decreased
only in the Pakistani group. However, Ozkul et al. found no
significant changes in Firmicutes levels after Ramadan (Ozkul
et al., 2020). According to Mohammadzadeh et al., there was a
significant increase in Firmicutes (13%) after Ramadan (p < 0.05)
(Mohammadzadeh et al, 2021). Our study did not show any
change in the Bacteriodetes levels, contrary to the results of these
previous reports (Ozkul et al., 2020; Mohammadzadeh et al., 2021).
Bacteroidetes and Proteobacteria, known to utilize host-derived
energy substrates, simultaneously increased. Many previous studies
have shown that dietary composition and behaviors are potent
influences that can alter gut microbiota structure (David et al., 2014;
Mesnage et al., 2019). Changes in dietary composition and behavior,
such as prolonged fasting, can affect meal time and size, leading to
rapid metabolic changes and altering the ratio of Firmicutes and
Bacteroidetes (Jumpertz et al., 2011; Liet al., 2017, 2020). Our study
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TABLE 3 Differences in the average dietary intakes of the study participants before and at the end of RIF.

10.3389/fmicb.2023.1203205

Baseline Week 4 P

Energy (kcal) Mean=+ SD 1731 £ 443.8 1574 + 450.4 20.196
Median (min-max) 1641 (1097-2586) 1524.7 (932.3-2409.2)

Protein (%) Mean+ SD 17.4 + 4.46 14.8 +4.4 20.130
Median (min-max) 16 (10-25) 14.5 (8-23)

Plant protein (g) Mean + SD 25.7+£9.5 21.1+6.3 20.196
Median (min-max) 252 (11.5-41.6) 20.3(10.1-31.7)

Animal protein (g) Mean + SD 46.2 +22.9 36.1 +20.3 20.224
Median (min-max) 47.5 (5-92.6) 31(9-68.4)

Fat (%) Mean+ SD 35.7+ 10 423+9.7 20.014*
Median (min-max) 37 (11-49) 44 (19-59)

Saturated Fat (g) Mean + SD 23.1+13.4 258+ 129 20.845
Median (min-max) 20.1 (5.6-58.8) 21.4 (11.1-51.6)

Polyunsaturated fat (g) Mean £ SD 1724+9.7 16.6 + 5.2 20.666
Median (min-max) 15.4 (6.5-38.9) 16.8 (4.4-23.4)

Monounsaturated fat (g) Mean =+ SD 252413 26.9 +10.6 21.000
Median (min-max) 23.4(5.8-48.9) 25.3 (7.5-43.5)

Carbohydrate (%) Mean + SD 47 +£12.2 43.3+10.8 20.126
Median (min-max) 43.5 (35-79) 40.5 (31-72)

Fibers (g) Mean =+ SD 19.8 £ 6.4 16.7 £ 6.1 20.126
Median (min-max) 19.5(11.7-32.4) 17.4 (6-27.3)

Water-soluble fibers (g) Mean+ SD 59+ 1.8 47+ 1.5 20.045*
Median (min-max) 5.7 (3.9-9.9) 4.6 (1.7-7.6)

Water insoluble fibers (g) Mean + SD 129 +3.8 10.7 £ 3.9 20.078
Median (min-max) 13.3 (7.8-20.4) 11.17 (4-18.1)

?Paired Wilcoxon signed rank test.
*p < 0.05.

also observed a significant increase in Proteobacteria at the end of
Ramadan fasting (p < 0.05). Similarly, Ali et al. (2021) also found
an increase in Proteobacteria. This can be explained, in part, by
the enrichment of anaerobic fermenting taxa that can break down
stubborn substrates and convert complex polysaccharides into
simple sugars for ATP production (Dahiya et al., 2017). Research
suggests that increased Proteobacteria in the gut may indicate
dysbiosis and serve as a marker for developing diseases (Shin et al.,
2015).

The genus alpha analysis in our study showed a mixed
result, in which almost half of the samples showed an increase
while the other half revealed a decreasing trend in all diversity
measures. However, the correlation analysis showed a statistically
significant positive association between the fat percentage of
an individual’s diet and both the richness and evenness of
alpha diversity measures. In addition, the evenness measure
of the gut bacterial community was higher in individuals
with a higher amount of polyunsaturated fat in their diet.
Conversely, the genera amount was lower in individuals with high
carbohydrate levels.

Frontiers in Microbiology

At the genus level, RIF was associated with significant
drops in the levels of seven genera at the end of Ramadan:
Blautia, Coprococcus, Dorea, Faecalicatena, Fusicatenibacter,
Lachnoclostridium, and Mediterraneibacter. Blautia produces
acetic acid and significantly correlates with host physiological
dysfunctions, such as obesity, diabetes, and various inflammatory
diseases (Liu et al, 2021). An increase in Blautia abundance
may inhibit insulin signaling and prevent fat accumulation in
adipocytes (Kimura et al., 2013). In line with our findings, Ali et al.
(2021) showed that Blautia was more abundant before fasting.

Coprococcus produce butyrate and may play an important role
in host health by producing vitamins B and SCFA (Nogal et al.,
2021). Ali et al. (2021) also found that the genera Coprococcus
significantly decreased after RIF. Maifeld et al. found that the levels
of SCFA producers such as Coprococcus experienced a decrease
during starvation, but later on, they increased during the refeeding
(Maifeld, 2021). Unlike our study, Ali et al. (2021) showed that
Dorea was found in higher concentrations in the Chinese group at
the end of Ramadan fasting. Companys et al. showed that Dorea
formicigenerans? and Dorea longicatena had a positive association
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TABLE 4 Differences in the average food/food group intakes of the study participants before and at the end of RIF.

Baseline Week 4 fo)

Grains intake (g) Mean 4+ SD 250.7 + 140.4 200.8 +94.4 20.367
Median (min-max) 186(85-512) 169.5 (79-375)

Egg intake (g) Mean= SD 38.1 +£46.4 345+314 21.000
Median (min-max) 12 (0-134) 34.5 (0-73)

Fruit Intake (g) Mean + SD 265.8 £ 265.1 188.4 4 199.8 20.0504
Median (min-max) 212.5 (0-845) 134.5 (0-645)

Vegetable Intake (g) Mean= SD 150.7 £+ 129.9 168.8 + 126.8 20.624
Median (min-max) 151.5 (0-469) 149.5 (0-398)

Nuts intake (g) Mean =+ SD 21.3+389 14.5 £+ 18.6 21.000
Median (min-max) 0 (0-130) 7.5 (0-60)

Cheese intake (g) Mean + SD 29.1 +31.9 48.1 +40.9 20.310
Median (min-max) 30 (0-90) 30 (0-143)

Dietary Fat Intake (g) Mean =+ SD 10.8 £7.4 18.8 £13.6 20.036*
Median (min-max) 10.5 (0-21) 17 (1-51)

Added Sugar Intake (g) Mean + SD 35.8+42.9 40.2 +49.6 20.964
Median (min-max) 20 (0-100) 24 (0-133)

Meat intake (g) Mean + SD 93.8 £ 87.6 66.3 + 68.5 20.178
Median (min-max) 81.5 (0-261) 46.5 (0-225)

?Paired Wilcoxon signed rank test.
*p < 0.05.

with BMI and body weight. Our study also showed that both
the Dorea levels and BMI significantly decreased after Ramadan,
showing a positive association.

The results of this study indicated that these species could be
considered gut microbiota biomarkers of obesity (Companys et al.,
2021). These findings are important because it has been observed
that individuals with an overweight phenotype have increased levels
of specific bacterial genera in the Firmicutes phylum, including
Blautia, Coprococcus, and Dorea (Castaner et al., 2018; Companys
et al, 2021). Our study showed that the relative abundance
values of Lachnoclostridium decreased. Lachnoclostridium could
affect cardiometabolic health by lowering acetate levels and
producing harmful lipid compounds, including trimethylamine
and CDP-diacylglycerol (Nogal et al., 2021). Additionally, increased
Lachnoclostridium is linked to visceral adipose tissue (Wu et al.,
2022). The changes at the genus level suggest that RIF can protect
against obesity and cardiometabolic risk factors, even without
restricting energy intake. Although the Enterobacteriaceae family
comprises mostly beneficial bacteria in the digestive tract, there
are a few potentially pathogenic bacteria within the same family,
such as Salmonella, Escherichia, Shigella, and Yersinia (Gu et al.,
2019). In our study, two bacteria were positively associated with
fasting: Escherichia and Shigella. Mesnage et al. (2019) found that
Escherichia coli were more abundant at the end of Ramadan
fasting. Fasting-induced alterations in the gut microbiota may
affect human energy metabolism since variations in taxonomic
abundance were linked to changes in blood glucose and branched-
chain amino acids in the feces (Mesnage et al., 2019). Maifeld et al.
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reported that following the refeeding period, a consistent decline in
Enterobacteriaceae, one of its members, specifically Escherichia coli,
was observed (Maifeld, 2021).

Based on our findings, there was no significant difference at
the genus levels of Akkermansia, belonging to the Verrucomicrobia
phylum, before and after RIF (unpublished data). Ozkul et al.
reported that A. muciniphila becomes more abundant after RIF
(Ozkul et al.,, 2019). A. muciniphila is a type of bacteria that
breaks down mucin in the mucus layer. Interestingly, its presence
in the body is linked to lower body weight (Santacruz et al,
2010; Everard et al, 2013). A previous clinical study showed
that the abundance of F. prausnitzii and A. muciniphila increased
in subjects subjected to a 1-week fasting program followed by
probiotic administration (Remely et al., 2015). In another study
(Dao et al, 2016), calorie restriction among obese individuals
increased the quantity of A. muciniphila, significantly improving
their metabolic wellbeing. Based on our analysis of individual
Akkermansia levels of the participants of our study, it was observed
that the relative abundance of Akkermansia increased in 2 out of 12
participants, decreased in 1, and remained relatively stable in the
others. In another clinical study, no association was found between
Akkermansia and the duration of overnight fasting (Kaczmarek
et al, 2017). The controversial outcome could be because of
variations in dietary routines during RIF.

It is well-known that weight loss is associated with
reduced butyrate production by
bacteria, such as the Lactobacillus and Bifidobacterium genera

specific gut microbiota

belonging to the Firmicutes phylum (Seganfredo et al., 2017).
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Vazquez-Moreno et al. (2021) found that obesity was positively
associated with Fusicatenibacter and Romboutsia, which are the
genus members of the Firmicutes phylum, as well, in a study
conducted in Mexico City. In two other studies, Fusicatenibacter
and Romboutsia were positively correlated with an increase in BMI
z-score in New Zealander children and BMI in Chinese adults
(Zeng et al., 2019; Leong et al., 2020). Our study also found that
there was a significant decrease in Fusicatenibacter levels following
RIF. This can also explain the decrease in weight and body fat mass
in the participants after Ramadan since no significant changes were
observed in the diet’s energy amount.

Nutrients can influence the prevalence of certain types
of bacteria (Ozdemir and Biiyiiktuncer Demirel, 2017). The
Lachnospiraceae family (Coprococcus, Blautia, etc.) is known as
a type of anaerobic, fermentative, and carbohydrate-metabolizing
bacteria (Vacca et al., 2020). A study of two cohort data showed that
microbiome diversity increased following RIF and was particularly
associated with the upregulation of Lachnospiraceae. Similarly, Su
et al. found that fasting promotes the growth of Lachnospiraceae
(Su et al., 2021). Contrary to these studies, Lachnoclostridium,
Dorea, Blautia, and Coprococcus, which are among the members of
the Lachnospiraceae family, were found to be significantly reduced
in our study after RIF. Coinciding with our findings, Mesnage et al.
(2019) reported a decrease in Lachnospiraceae abundance after
Buchinger fasting. Due to many conflicting claims in the literature,
the exact relationship between Lachnospiraceae abundance and
fasting cannot be made clear. The differences found in the results
could be attributed to the diversity of the populations studied
and the presence of limited research examining the relationship
between food and nutrients and Lachnospiraceae levels.

Members of the Lachnospiraceae family can utilize various
polysaccharides from their diet. However, there is significant
variability in this capacity among different species and strains
(Vacca etal,, 2020). Thus, this could explain the difference observed
in various studies.

Demirel (2019) found a negative relationship between daily
dietary soluble fiber intake and Lachnoclostridium (r = —0.656, p
= 0.029). However, in our study, although there was no statistically
significant correlation between the Lachnoclostridium levels and
the total fiber intake, it was observed that both the total fiber
intake and the abundance of Lachnoclostridium were decreased.
According to Wu et al, there is a positive correlation between
the presence of Lachnoclostridium pathobiont species and animal
protein consumption. At the same time, there is a negative
correlation with the consumption of plant protein sources (Wu
et al,, 2022). Our study found no statistically significant difference
between the consumption of plant and animal protein sources
before and after Ramadan; however, a significant decrease in
this Lachnoclostridium genus was determined. Huda et al. found
that another member of the Lachnospiraceae family, Faecalicatena
genus, increases with high fiber intake (Huda et al., 2022). This may
be associated with decreased fiber intake during RIF.

A significant decrease in Coprococcus abundance was
determined after Ramadan in this study. Ali et al. found that
Coprococcus is positively associated with fat-derived energy (Ali
et al., 2021). However, in our study, there was an increase in the
energy obtained from the dietary fat at the end of Ramadan (p =
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0.014), while the abundance of Coprococcus decreased. In another
study, Coprococcus abundance was decreased in subjects who were
fed a ketogenic diet (<20g carbohydrates and >70% of daily energy
from fat) for 6 weeks (Akansel, 2021). Similarly, Kohnert et al.
found that a strict vegan diet led to an increase in Coprococcus
levels, while a meat-rich diet (>150 g of meat per day) resulted in
a decrease (Kohnert et al., 2021). The variations in the findings
could be attributed to variations in the type of fat and dietary
composition being researched. It has also been reported that a
higher intake of polysaccharides and plant protein leads to a higher
abundance of Coprococcus and other butyrate-producing bacteria
(Garcia-Mantrana et al., 2018). Although the plant protein intake
decreased in this study, it was not statistically significant.

Another finding of this study was the inverse relationship
between Fusicatenibacter and vegetable consumption. According
to one study, Fusicatenibacter has a strong correlation with higher
levels of propionate in fecal samples. This correlation was linked
to unhealthy dietary habits and obesity (Takada et al, 2013).
There is currently no research in the literature that demonstrates
a relationship between Fusicatenibacter and nutrient consumption.

It has been reported that consuming refined sugar can influence
both the function and composition of the intestines. Ali et al.
(2021) observed that sweet consumption was positively associated
with the prevalence of A. muciniphila. They stated that further
studies are necessary to confirm this effect. Our research did not
detect any relationship between dietary patterns and Akkermansia.
Consuming whole grains plays a role in gut microbiome
modulation (Martinez, 2013) although no evidence of gut
microbiota shift from grain consumption was found in our study.
Intestinibacter of Firmicutes phylum was positively correlated with
protein-derived energy. Our study found no significant correlation
between protein intake and Intestinibacter. However, we did
observe a negative correlation between Intestinibacter and the
consumption of nuts.

In this study, in which we evaluated the effects of RIF during
the standard fasting period, it was very difficult to evaluate the
differences in interindividual diet patterns since they did not follow
a standard dietary pattern. Using a standard dietary pattern in
future studies will aid in effectively evaluating the results.

This research has several limitations. First, the sample size is
limited because it was challenging to find individuals that met
the inclusion criteria. The small sample size makes it essential to
do more research on the impacts of dietary practices like fasting
on a greater study cohort. Further comprehensive and prolonged
research is necessary to evaluate the complete influence of RIF on
gut microbiota modulation. Another limitation of this study is sleep
and changes in dietary intake during RIF. Sleep restriction could
alter gut microbiota composition because RIF is associated with
sleep duration and nighttime sleepiness. Therefore, sleep may be
a confounding factor in the alteration of gut microbiota. In this
study, although there was no change in the amount of energy,
carbohydrate, and protein taken in the diet, the dietary fat and
water-soluble fibers were different. Therefore, differences in dietary
intakes may also be a confounding factor in gut microbiota change.

In conclusion, diet and fasting have important effects on the
gut microbiota. These effects differ between individuals. During
Ramadan, although the duration of fasting is similar, there are
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significant differences between the foods consumed by individuals.
The effects of these consumed foods are the basis of the different
changes in the gut microbiota. Therefore, future studies must
evaluate the effects of people following similar dietary patterns
during Ramadan.

Data availability statement

The datasets presented in this study can be found in
online repositories. The names of the repository/repositories and
accession number(s) can be found below: NCBI-PRJNA957131.

Ethics statement

The studies involving humans were approved by Ethical
Committee of the Acibadem Mehmet Ali Aydinlar University
(ATADEK) (decision number 2017-17/8). The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

DS contributed to the design and implementation of the
research, to the analysis of the results and to the writing of the
manuscript. GAC contributed to the design and implementation
of the research. ES designed and performed data analysis, prepared
figures, and contributed to writing and reviewed the manuscript.
BE and US have contributed to writing and reviewing of the
manuscript. MB has contributed to design of the research, write,
and review of the manuscript.

References

Akansel, M. G. (2021). Saglikli bireylerde ketojenik diyetin bagirsak mikrobiyotasi
iizerindeki etkisinin degerlendirilmesi. Doctoral Thesis. Istanbul: Acibadem University.

Ali, I, Liu, K., Long, D., Faisal, S., Hilal, M. G, Al, I, et al. (2021). Ramadan fasting
leads to shifts in human gut microbiota structured by dietary composition. Front.
Microbiol. 12, 314. doi: 10.3389/fmicb.2021.642999

Attina, A., Leggeri, C., Paroni, R, Pivari, F., Cas, M. D., Mingione, A,
et al. (2021). Fasting: how to guide. Nutrients 13, 1570. doi: 10.3390/nul30
51570

Azizi, F. (2010). Islamic fasting and health. Ann. Nutr. Metab. 56, 273-282.
doi: 10.1159/000295848

Boratyn, G. M., Schiffer, A. A., Agarwala, R., Altschul, S. F., Lipman, D. J., Madden,
T. L., et al. (2012). Domain enhanced lookup time accelerated BLAST. Biol. Direct. 7,
1-14. doi: 10.1186/1745-6150-7-12

Boratyn, G. M., Thierry-Mieg, J., Thierry-Mieg, D., Busby, B., and Madden, T. L.
(2019). Magic-BLAST, an accurate RNA-seq aligner for long and short reads. BMC
Bioinform. 20, 1-19. doi: 10.1186/s12859-019-2996-x

Bushnell, A., Bushnell, B, and Egan, R. (2014). Lawrence Berkeley National
Laboratory Recent Work Title BBMap: A Fast, Accurate, Splice-Aware Aligner
Permalink. Available online at: https://escholarship.org/uc/item/1h3515gn BBMap: A
Fast, Accurate, Splice-Aware Aligner.

Castaner, O., Goday, A., Park, Y. M, Lee, S. H., Magkos, F., Shiow,

S. A T. E, et al (2018). The gut microbiome profile in obesity: a
systematic review. Int. J. Endocrinol. 3, 5789. doi: 10.1155/2018/40
95789

Frontiers in Microbiology

13

10.3389/fmicb.2023.1203205

Funding

This work was supported by Acibadem University Scientific
Research Projects Commission (ABAPKO no: 2020/01/06).

Acknowledgments

ES had scholarship of TUBITAK 2247 Project No: 118C039
between 04/2019 and 01/2023.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmicb.2023.
1203205/full#supplementary-material

Companys, J., Gosalbes, M. J., Pla-Paga, L., Calderon-Pérez, L., Llauradd, E., Pedret,
A, et al. (2021). Gut microbiota profile and its association with clinical variables and
dietary intake in overweight/obese and lean subjects: a cross-sectional study. Nutrients
4, 32. doi: 10.3390/nu13062032

Dahiya, D. K. Renuka, Puniya M., Shandilya, U. K., Dhewa, T., Kumar, N,
Kumar, S., et al. (2017). Gut microbiota modulation and its relationship with
obesity using prebiotic fibers and probiotics: a review. Front. Microbiol. 8, 563.
doi: 10.3389/fmicb.2017.00563

Danecek, P., Bonfield, J. K., Liddle, J., Marshall, J.,, Ohan, V., Pollard, M.
O., et al. (2021). Twelve years of SAMtools and BCFtools. Gigascience 10.1-4.
doi: 10.1093/gigascience/giab008

Dao, M. C,, Everard, A., Aron-Wisnewsky, J., Sokolovska, N., Prifti, E., Verger, E. O.,
etal. (2016). Akkermansia muciniphila and improved metabolic health during a dietary
intervention in obesity: relationship with gut microbiome richness and ecology. Gut 65,
426-436. doi: 10.1136/gutjnl-2014-308778

David, L. A, Maurice, C. F., Carmody, R. N., Gootenberg, D. B., Button, J. E., Wolfe,
B. E, et al. (2014). Diet rapidly and reproducibly alters the human gut microbiome.
Nature 505, 559-563. doi: 10.1038/nature12820

De Filippo, C., Cavalieri, D., Di Paola, M., Ramazzotti, M., Poullet, J. B., Massart, S.,
et al. (2010). Impact of diet in shaping gut microbiota revealed by a comparative study
in children from Europe and rural Africa. Proc. Natl. Acad. Sci. USA. 107, 14691-14696.
doi: 10.1073/pnas.1005963107

Demirel, D. (2019). Obez ve Kilolu Yetiskin Kadin Bireylerde Saglikli Bir
Diyet Programinin Bagirsak Mikrobiyotasi Uzerine Etkisi. Master Thesis. Ankara:
Hacettepe University.

frontiersin.org


https://doi.org/10.3389/fmicb.2023.1203205
https://www.frontiersin.org/articles/10.3389/fmicb.2023.1203205/full#supplementary-material
https://doi.org/10.3389/fmicb.2021.642999
https://doi.org/10.3390/nu13051570
https://doi.org/10.1159/000295848
https://doi.org/10.1186/1745-6150-7-12
https://doi.org/10.1186/s12859-019-2996-x
https://escholarship.org/uc/item/1h3515gn
https://doi.org/10.1155/2018/4095789
https://doi.org/10.3390/nu13062032
https://doi.org/10.3389/fmicb.2017.00563
https://doi.org/10.1093/gigascience/giab008
https://doi.org/10.1136/gutjnl-2014-308778
https://doi.org/10.1038/nature12820
https://doi.org/10.1073/pnas.1005963107
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Saglam et al.

Desai, M. S., Seekatz, A. M., Koropatkin, N. M., Kamada, N., Hickey, C. A.,
Wolter, M., et al. (2016). A dietary fiber-deprived gut microbiota degrades the
colonic mucus barrier and enhances pathogen susceptibility. Cell 167, 1339-1353.e21.
doi: 10.1016/j.cell.2016.10.043

Eckburg, P. B, Bik, E. M., Bernstein, C. N., Purdom, E., Dethlefsen, L., Sargent, M.,
et al. (2005). Diversity of the human intestinal microbial flora. Science 308, 1635-8.
doi: 10.1126/science.1110591

Everard, A., Belzer, C., Geurts, L., Ouwerkerk, J. P., Druart, C., Bindels,
L. B, et al. (2013). Cross-talk between Akkermansia muciniphila and intestinal
epithelium controls diet-induced obesity. Proc. Natl. Acad. Sci. USA. 110.9066-9071.
doi: 10.1073/pnas.1219451110

Garcia-Mantrana, I, Selma-Royo, M., Alcantara, C., and Collado, M. C.
(2018). Shifts on gut microbiota associated to mediterranean diet adherence and
specific dietary intakes on general adult population. Front. Microbiol. 4, 890.
doi: 10.3389/fmicb.2018.00890

Gu, W., Tong, P., Liu, C.,, Wang, W., Lu, C., Han, Y., et al. (2019). The characteristics
of gut microbiota and commensal Enterobacteriaceae isolates in tree shrew. (Tupaia
belangeri). BMC Microbiol. 28, 42-59. doi: 10.1186/512866-019-1581-9

Guo, Y., Luo, S., Ye, Y., Yin, S, Fan, J., Xia, M,, et al. (2021). Intermittent fasting
improves cardiometabolic risk factors and alters gut microbiota in metabolic syndrome
patients. J. Clin. Endocrinol. Metabol. 106, 64-79. doi: 10.1210/clinem/dgaa644

Huda, M. N,, Salvador, A. C., Barrington, W. T., Gacasan, C. A., D’Souza, E.
M., Deus Ramirez, L., et al. (2022). Gut microbiota and host genetics modulate
the effect of diverse diet patterns on metabolic health. Front. Nutr. 9, 1719.
doi: 10.3389/fnut.2022.896348

Jahrami, H. A., Faris, M. A. L. E, Janahi, I. A, 1. Janahi M, Abdelrahim DN,
Madkour MI, et al. (2021). Does four-week consecutive, dawn-to-sunset intermittent
fasting during Ramadan affect cardiometabolic risk factors in healthy adults? A
systematic review, meta-analysis, and meta-regression. Nutri. Metabol. Cardiovas. Dis.
31, 2273-2301. doi: 10.1016/j.numecd.2021.05.002

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

Kaczmarek, J. L., Musaad, S. M. A., and Holscher, H. D. (2017). Time
of day and eating behaviors are associated with the composition and function
of the human gastrointestinal microbiota. Am. J. Clin. Nutr. 106, 1220-1231.
doi: 10.3945/ajcn.117.156380

Karaagaoglu, N., and Yiicecan, S. (2000). Some behavioural changes observed
among fasting subjects, their nutritional habits and energy expenditure in Ramadan.
Int. ]. Food Sci. Nutr. 51, 125-134. doi: 10.1080/096374800100822

Karakan, T. (2019). Intermittent fasting and gut microbiota. Turk. J. Gastroenterol.
30, 1008. doi: 10.5152/tjg.2019.101219

Khan, M. N,, Khan, S. I, Rana, M. I, Ayyaz, A,, Khan, M. Y., Imran, M.,
et al. (2022). Intermittent fasting positively modulates human gut microbial
diversity and ameliorates blood lipid profile. Front. Microbiol. 4, 2727.
doi: 10.3389/fmicb.2022.922727

Kimura, L., Ozawa, K., Inoue, D., Imamura, T., Kimura, K., Maeda, T., et al. (2013).
The gut microbiota suppresses insulin-mediated fat accumulation via the short-chain
fatty acid receptor GPR43. Nat. Commun. 5, 2852. doi: 10.1038/ncomms2852

Kohnert, E., Kreutz, C., Binder, N., Hannibal, L., Gorkiewicz, G., Miiller, A., et al.
(2021). Changes in gut microbiota after a 4-week intervention with vegan vs. Meat-
rich diets in healthy participants: a randomized controlled trial. Microorganisms 32,
727. doi: 10.3390/microorganisms9040727

Kutluay Merdol Tirkan (2011). Toplu beslenme yapilan kurumlar icin standart
yemek tarifleri. Hatiboglu.

Lam, Y. Y., Ha, C. W. Y., Campbell, C. R,, Mitchell, A. J., Dinudom, A., Oscarsson,
J., et al. (2012). Increased gut permeability and microbiota change associate with
mesenteric fat inflammation and metabolic dysfunction in diet-induced obese mice.
PLoS ONE. 9, 4233. doi: 10.1371/journal.pone.0034233

Leong, C., Haszard, J. J., Heath, A-L. M., Tannock, G. W., Lawley, B., Cameron, S. L.,
et al. (2020). Using compositional principal component analysis to describe children’s
gut microbiota in relation to diet and body composition. Am. J. Clin. Nutr. 111, 70-78.
doi: 10.1093/ajcn/nqz270

Li, G, Xie, C., and Lu, S. (2017). Intermittent fasting promotes white adipose
browning and decreases obesity by shaping the gut microbiota. Cell Metab. 26,
672-685.¢4. doi: 10.1016/j.cmet.2017.08.019

Li, H, Li, T, Beasley, D. A. E, Hedénec, P., Xiao, Z., Zhang, S, et al
(2016). Diet diversity is associated with beta but not alpha diversity of
pika gut microbiota. Front. Microbiol. 5, 1169. doi: 10.3389/fmicb.2016.
01169

Li, Q, Chen, S, Liu, K, Long, D., Liu, D,, Jing, Z., et al. (2020). Differences
in gut microbial diversity are driven by drug use and drug cessation by either
compulsory detention or methadone maintenance treatment. Microorganisms 5, 411.
doi: 10.3390/microorganisms8030411

Frontiersin Microbiology

10.3389/fmicb.2023.1203205

Lin, S-W, Freedman, N. D, Shi, ], Gail, M. H, Vogtmann, E, Yu, G, et al. (2015). Beta-
diversity metrics of the upper digestive tract microbiome are associated with body mass
index. Obesity 23, 862-869. doi: 10.1002/0by.21020

Liu, X., Mao, B, Gu, J., Wu, J,, Cui, S, Wang, G., et al. (2021). Blautia—a
new functional genus with potential probiotic properties? Gut Microbes 13, 1-21.
doi: 10.1080/19490976.2021.1875796

Ma, W. Y, Yang, C. Y, Shih, S. R, et al. (2013). Measurement of
waist circumference: midabdominal or iliac crest? Diabetes Care 36, 1660-1666.
doi: 10.2337/dc12-1452

Maifeld, A, Bartolomaeus, H, Lober, U, Avery, E. G, Steckhan, N, Markd, L, et al.
(2021). Fasting alters the gut microbiome reducing blood pressure and body weight in
metabolic syndrome patients. Nat. Commun. 4, 7. doi: 10.1038/s41467-021-22097-0

Martinez, I, Lattimer, J. M, Hubach, K. L, Case, J. A, Yang, ], Weber, C. G, et al.
(2013). Gut microbiome composition is linked to whole grain-induced immunological
improvements. ISME J. 7, 269. doi: 10.1038/ismej.2012.104

McMurdie, P. J., and Holmes, S. (2013). phyloseq: an r package for reproducible
interactive analysis and graphics of microbiome census data. PLoS ONE 8, e61217.
doi: 10.1371/journal.pone.0061217

Mesnage, R., Grundler, F., Schwiertz, A., Le Maho, Y., Wilhelmi, d. e, and
Toledo F. (2019). Changes in human gut microbiota composition are linked to
the energy metabolic switch during 10 d of Buchinger fasting. J. Nutr. Sci. 8, e36.
doi: 10.1017/jns.2019.33

Mohammadzadeh, A., Roshanravan, N., Mesri Alamdari, N., Safaiyan, A.,
Mosharkesh, E., Hadi, A., et al. (2021). The interplay between fasting, gut microbiota,
and lipid profile. Int. J. Clin. Pract. 9, 14591. doi: 10.1111/ijcp.14591

Moszak, M., Szulinska, M., and Bogdanski, P. (2020). You are what you eat-the
relationship between diet, microbiota, and metabolic disorders-a review. Nutrients. 8,
96. doi: 10.3390/nu12041096

Nachvak, S. M., Pasdar, Y., Pirsaheb, S., Darbandi, M., Niazi, P., Mostafai,
R, et al. (2019). Effects of Ramadan on food intake, glucose homeostasis, lipid
profiles and body composition composition. Eur. J. Clin. Nutr. 73, 594-600.
doi: 10.1038/s41430-018-0189-8

Nogal, A., Louca, P., Zhang, X., Wells, P. M, Steves, C. J., Spector, T. D., et al. (2021).
Circulating levels of the short-chain fatty acid acetate mediate the effect of the gut
microbiome on visceral fat. Front. Microbiol. 8, 359.doi: 10.3389/fmicb.2021.711359

Oksanen, J., Simpson, G. L., Blanchet, F. G, Kindt, R., Legendre, P., Minchin, P. R.,
et al. (2022). Vegan: Community Ecology Package. Available online at: https://CRAN.

R-project.org/package=vegan

Osman, F., Haldar, S., and Henry, C. J. (2020). Effects of time-restricted feeding
during ramadan on dietary intake, body composition and metabolic outcomes.
Nutrients 12, 1-25. doi: 10.3390/nul12082478

Ozdemir, A., and Biiyiiktuncer Demirel, Z. (2017). "Beslenme ve mikrobiyota
iliskisi." J. Biotechnol. Strat. Health Res. 1, 25-33.

Ozkul, C., Yalinay M., and Karakan, T. (2019). Islamic fasting leads to an
increased abundance of Akkermansia muciniphila and Bacteroides fragilis group:
a preliminary study on intermittent fasting. Turkish J. Gastroenterol. 30, 1030.
doi: 10.5152/tjg.2019.19185

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

Rakicioglu Neslisah TNAAPG (2015). Yemek ve Besin Fotograf katalogu. Ata
Ofset Matbaacilik.

Remely, M., Hippe, B., Geretschlaeger, 1., Stegmayer, S., Hoefinger, 1., Haslberger,
A, etal. (2015). Increased gut microbiota diversity and abundance of Faecalibacterium
prausnitzii and Akkermansia after fasting: a pilot study. Wien. Klin. Wochenschr. 127,
394-398. doi: 10.1007/s00508-015-0755-1

Rinninella, E., Raoul, P., Cintoni, M., Franceschi, F., Miggiano, G. A. D.,
Gasbarrini, A., et al. (2019). What is the healthy gut microbiota composition? A
changing ecosystem across age, environment, diet, and diseases. Microorganisms 7, 14.
doi: 10.3390/microorganisms7010014

Rinninella, E., Tohumcu, E., Raoul, P., Fiorani, M., Cintoni, M., Mele, M. C.,
et al. (2023). The role of diet in shaping human gut microbiota. Best Pract. Res. Clin.
Gastroenterol. 8, 828. doi: 10.1016/j.bpg.2023.101828

Santacruz, A., Collado, M. C., Garcia-Valdés, L., Segura, M. T., Martin-Lagos, J. A.,
Anjos, T., et al. (2010). Gut microbiota composition is associated with body weight,
weight gain and biochemical parameters in pregnant women. Br. J. Nutr. 104, 83-92.
doi: 10.1017/S0007114510000176

Seganfredo, F. B., Blume, C. A., Moehlecke, M., Giongo, A., Casagrande, D. S.,
Spolidoro, J. V. N, et al. (2017). Weight-loss interventions and gut microbiota changes

in overweight and obese patients: a systematic review. Obesity Reviews 18, 832-851.
doi: 10.1111/0br.12541

Segata, N, Izard, J., Waldron, L., Gevers, D., Miropolsky, L., Garrett, W. S., et al.
(2011). Metagenomic biomarker discovery and explanation. Genome Biol. 28, 478-495.
doi: 10.1186/gb-2011-12-6-r60

frontiersin.org


https://doi.org/10.3389/fmicb.2023.1203205
https://doi.org/10.1016/j.cell.2016.10.043
https://doi.org/10.1126/science.1110591
https://doi.org/10.1073/pnas.1219451110
https://doi.org/10.3389/fmicb.2018.00890
https://doi.org/10.1186/s12866-019-1581-9
https://doi.org/10.1210/clinem/dgaa644
https://doi.org/10.3389/fnut.2022.896348
https://doi.org/10.1016/j.numecd.2021.05.002
https://doi.org/10.3945/ajcn.110.010132
https://doi.org/10.3945/ajcn.117.156380
https://doi.org/10.1080/096374800100822
https://doi.org/10.5152/tjg.2019.101219
https://doi.org/10.3389/fmicb.2022.922727
https://doi.org/10.1038/ncomms2852
https://doi.org/10.3390/microorganisms9040727
https://doi.org/10.1371/journal.pone.0034233
https://doi.org/10.1093/ajcn/nqz270
https://doi.org/10.1016/j.cmet.2017.08.019
https://doi.org/10.3389/fmicb.2016.01169
https://doi.org/10.3390/microorganisms8030411
https://doi.org/10.1002/oby.21020
https://doi.org/10.1080/19490976.2021.1875796
https://doi.org/10.2337/dc12-1452
https://doi.org/10.1038/s41467-021-22097-0
https://doi.org/10.1038/ismej.2012.104
https://doi.org/10.1371/journal.pone.0061217
https://doi.org/10.1017/jns.2019.33
https://doi.org/10.1111/ijcp.14591
https://doi.org/10.3390/nu12041096
https://doi.org/10.1038/s41430-018-0189-8
https://doi.org/10.3389/fmicb.2021.711359
https://CRAN.R-project.org/package=vegan
https://CRAN.R-project.org/package=vegan
https://doi.org/10.3390/nu12082478
https://doi.org/10.5152/tjg.2019.19185
https://doi.org/10.3920/BM2019.0039
https://doi.org/10.1007/s00508-015-0755-1
https://doi.org/10.3390/microorganisms7010014
https://doi.org/10.1016/j.bpg.2023.101828
https://doi.org/10.1017/S0007114510000176
https://doi.org/10.1111/obr.12541
https://doi.org/10.1186/gb-2011-12-6-r60
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Saglam et al.

Shatila, H., Baroudi, M., El Sayed Ahmad, R., Chehab, R., Forman, M. R., Abbas,
N., et al. (2021). Impact of Ramadan fasting on dietary intakes among healthy adults: a
year-round comparative study. Front. Nutr. 7, 788. doi: 10.3389/fnut.2021.689788

Shin, N. R., Whon, T. W., and Bae, J. W. (2015). Proteobacteria: microbial
signature of dysbiosis in gut microbiota. Trends Biotechnol. 33, 496-503.
doi: 10.1016/j.tibtech.2015.06.011

Su, J., Wang, Y., Zhang, X., Ma, M., Xie, Z., Pan, Q,, et al. (2021). Remodeling of the
gut microbiome during Ramadan-associated intermittent fasting. Am. J. Clin. Nutr.
113, 1332-1342. doi: 10.1093/ajcn/nqaa388

Takada, T., Kurakawa, T., Tsuji, H., and Nomoto, K. (2013). Fusicatenibacter
saccharivorans gen. nov., sp. nov., isolated from human faeces. Int. J. Syst. Evol.
Microbiol. 63, 3691-3696. doi: 10.1099/ijs.0.045823-0

Vacca, M., Celano, G., Calabrese, F. M., Portincasa, P., Gobbetti, M., Angelis, D. e.,
et al. M. (2020). The controversial role of human gut lachnospiraceae. Microorganisms
9, 573. doi: 10.3390/microorganisms8040573

Vazquez-Moreno, M., Perez-Herrera, A., Locia-Morales, D., Dizzel, S., Meyre, D.,
Stearns, J. C,, et al. (2021). Association of gut microbiome with fasting triglycerides,

Frontiersin Microbiology

15

10.3389/fmicb.2023.1203205

fasting insulin and obesity status in Mexican children. Pediatr. Obes. 4, 748.
doi: 10.1111/ijpo.12748

Wei, T., Simko, V., Levy, M., Xie, Y., Jin, Y., Zemla, J., et al. (2021). Corrplot:
Visualization of a Correlation Matrix 2021. Version 0, 92. Available online at: https://
CRAN.R-project.org/package=corrplot

Wu, Y. T, Shen, S. J., Liao, K. F., and Huang, C. Y. (2022). Dietary plant and

animal protein sources oppositely modulate fecal bilophila and lachnoclostridium in
vegetarians and omnivores. Microbiol. Spectr. 4, 21 doi: 10.1128/spectrum.02047-21

Zeb, F., Osaili, T., Obaid, R. S., Naja, F., Radwan, H., Ismail, L. C,, et al. (2023). Gut

microbiota and time-restricted feeding/eating: a targeted biomarker and approach in
precision nutrition. Nutrients 7, 259. doi: 10.3390/nu15020259

Zeng, Q., Li, D., He, Y., et al. (2019). Discrepant gut microbiota markers for the
classification of obesity-related metabolic abnormalities. Scient. Reports 9, 1. 9:1-10
doi: 10.1038/541598-019-49462-w

Zhao, J., Zhang, X., Liu, H., Brown, M. A,, and Qiao, S. (2019). Dietary protein
and gut microbiota composition and function. Curr. Protein Pept. Sci. 20, 145-154.
doi: 10.2174/1389203719666180514145437

frontiersin.org


https://doi.org/10.3389/fmicb.2023.1203205
https://doi.org/10.3389/fnut.2021.689788
https://doi.org/10.1016/j.tibtech.2015.06.011
https://doi.org/10.1093/ajcn/nqaa388
https://doi.org/10.1099/ijs.0.045823-0
https://doi.org/10.3390/microorganisms8040573
https://doi.org/10.1111/ijpo.12748
https://CRAN.R-project.org/package=corrplot
https://CRAN.R-project.org/package=corrplot
https://doi.org/10.1128/spectrum.02047-21
https://doi.org/10.3390/nu15020259
https://doi.org/10.1038/s41598-019-49462-w
https://doi.org/10.2174/1389203719666180514145437
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

	Effects of Ramadan intermittent fasting on gut microbiome: is the diet key?
	Introduction
	Methods
	Participants
	Study design
	Anthropometric measurements
	Determining and monitoring the food intake
	Microbiota analysis
	Fecal DNA extraction, 16S amplicon sequencing, and bioinformatics analyses

	Data analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


