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HIGHLIGHTS

® Ramadan fasting has a small impact on the inflammatory and oxidative stress markers in healthy subjects.
® TNF-a and IL-6 appeared to be the most impacted markers.
e High heterogeneity of retrieved studies found as a result of the different dietary and lifestyle behaviors accompanying Ramadan fasting month.

ARTICLE INFO ABSTRACT

Keywords: Studies on the impact of diurnal intermittent fasting during Ramadan on inflammatory and oxidative stress
Diurnal intermittent fasting markers have been limited and yielded contradictory results. Therefore, we performed a systematic review and
I“ﬂamm*{tion meta-analysis to comprehensively examine changes in inflammatory and oxidative stress markers in healthy
Interleukin-1 people before and after Ramadan. Databases searched were: PubMed/MEDLINE, ProQuest Medical, Web of

Interleukin-6 Science, Scopus, EBSCOhost, Science Direct, CINAHL, Cochrane, and Google Scholar. The reference lists of

Malondialdehyd: . o soa
O;é);lti\lzz sfre};s ¢ identified papers were also screened. There was no date restriction for papers. The studied inflammatory markers
Ramadan were: interleukin (IL)-1, IL-6, tumor necrosis factor-a (TNF-a), and C-reactive protein (CRP)/high sensitivity

Tumor necrosis factor-o CRP (hs-CRP). The studied oxidative stress marker was malondialdehyde (MDA). We identified 12 studies (in-
volving 311 participants) conducted in eight countries: Iran (K = 3), Turkey (K = 2), the Kingdom of Saudi
Arabia (K = 2), Jordan (K = 1), the United Arab Emirates (K = 1), Denmark (K = 1), the Netherlands (K = 1),
and Indonesia (K = 1). Diurnal fasting during Ramadan resulted in very small reductions in IL-1 (Hedge's
g = 0.016), CRP/hs-CRP (Hedge's g = 0.119), and MDA (Hedge's g = 0.219), and small reductions in TNF-a
(Hedge's g = 0.371) and IL-6 (Hedge's g = 0.407). These results suggest diurnal intermittent fasting during
Ramadan provides some protection against elevated inflammatory and oxidative stress markers. Therefore, it
may offer an opportunity to reduce low-grade systemic inflammation and oxidative stress, and subsequent ad-
verse health effects in healthy people.

1. Introduction impacts on human health, including increased longevity [3]. Religious
fasting involves a fasting regimen undertaken for spiritual or religious

Fasting is defined as voluntary abstinence from eating for variable purposes, and is defined as a nutritional model characterized by vari-
time intervals [1,2] and has been associated with potential beneficial able degrees of caloric restriction and abstinence from specific foods
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[1]. Such fasting has become increasingly popular worldwide [2,4].

Intermittent fasting is a commonly practiced model of fasting used
for both health-improving (non-religious) and religious purposes that
has been widely studied. Cumulative research supports the health-im-
proving effects of caloric restriction and intermittent fasting [5] on
cerebrovascular and cardiovascular systems [6], including: healthy
aging [71]; lowering insulin resistance and triggering insulin sensitivity
and action [8]; enhancing mitochondrial health, DNA repair, and au-
tophagy [9]; lowering body weight; enhancing cardiovascular health
among people with diabetes who are obese; and reducing cardiovas-
cular risk [5]. These benefits mean intermittent fasting is a safe and
cost-effective method of lowering the risk for adverse health events
[10]. However, some research has reported adverse health effects of
caloric restriction and intermittent fasting [11]; particularly during
Ramadan fasting among those following unhealthy eating patterns
during the night hours when eating is permitted [12].

Ramadan is the ninth month in the Islamic calendar. During
Ramadan, healthy adult Muslims refrain from eating and drinking
(including water) each day from dawn to sunset, and abstain from
smoking and sexual activity during this period. The fasting period
varies depending on the season and the geographic location, and ran-
ging from around 12h/day to around 18 h/day. A growing body of
evidence from meta-analyses, systematic reviews, and original research
suggests that variable physiological changes are induced by Ramadan
intermittent fasting (RIF), including: anthropometric changes (body
weight) [13,14], biochemical changes (glucose homeostasis and lipid
profile) [14], and immunomodulatory effects [15]. However, con-
flicting results have been reported for various immunomodulatory
markers in healthy and patient volunteers who observe the month of
Ramadan [15].

Interleukin (IL)-1, IL-6, and tumor necrosis factor-a (TNF-a) are
among the important and frequently examined proinflammatory cyto-
kines in clinical settings, and are major components of low-grade sys-
temic inflammation that predisposes the development of cardio-meta-
bolic diseases in people with obesity [16]. Their integral role in
regulating inflammatory responses in the human body makes these
cytokines potential targets for many clinical therapeutic strategies [17].
A growing body of evidence indicates that IL-6, IL-1/IL-1 (3, and C-re-
active protein (CRP)/high-sensitivity CRP (hs-CRP) are directly in-
volved in the pathogenesis of cardiovascular disease; suppressing their
activity may help ameliorate acute inflammation and improve the
atheroprotective effect [18]. Further, a cumulative meta-analysis con-
firmed the role of elevated IL-13, IL-6, CRP, and TNF-a in patients with
major depression compared with non-depressed controls [19]. TNF-a
and IL-6 may also play crucial roles in the severity and activity of
rheumatoid arthritis [20]. Malondialdehyde (MDA) is a biological
marker commonly used to assess oxidative stress, and the principal
product studied in the peroxidation of polyunsaturated fatty acids.
MDA is a highly toxic molecule that is considered as more than just a
marker of lipid peroxidation, and its interaction with DNA and proteins
has been suggested to be potentially mutagenic and atherogenic [21].

The present systematic review and meta-analysis aimed to system-
atically revise and analyze available scientific evidence pertaining to
the impact of RIF on selected proinflammatory/inflammatory and oxi-
dative stress markers in healthy people. The results will contribute to a
more stable estimate of the effect of RIF, and clarify the variability
between different observational studies conducted in this area. We also
aimed to assess the generalizability of the results of identified studies,
perform subgroup analyses (if needed), and direct future researchers
toward gaps that need further examination using other models (e.g.,
animal models and experimental interventional trials). Finally, this
meta-analysis will help to contextualize existing knowledge by ex-
amining all similar studies [22].
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2. Materials and methods

This meta-analysis used the Meta-analysis Of Observational Studies
in Epidemiology statement as a guideline for reporting the protocol
findings [23].

2.1. Database searches

In March 2018, two authors (MF and AO) conducted an electronic
search of PubMed/MEDLINE, ProQuest Medical, Web of Science,
Scopus, EBSCOhost, Science Direct, CINAHL, Cochrane, and Google
Scholar from database inception to March 2018. The search strategy
included relevant keywords: “diurnal fasting” OR “Ramadan inter-
mittent fasting” OR “Ramadan model of intermittent fasting” OR
“Ramadan fasting” OR “Ramadan fast” OR “intermittent prolonged
fasting during Ramadan” AND “oxidative stress” OR “inflammation” OR
“inflammatory” OR “interleukin” OR “cytokine” OR “im-
munomodulatory”. OR “CRP” OR “C-reactive protein” OR “mal-
ondialdehyde” OR “MDA”. Furthermore, the review team manually
screened the references of identified papers for potential inclusion in
this review.

2.2. Inclusion criteria

We included observational studies that aimed to study the impact of
RIF on oxidative stress and inflammatory markers in healthy people. It
may be argued that the chances of obtaining a measurable difference
were low because we only selected studies involving healthy people.
Also, when starting with a healthy population (i.e. “normal” in-
flammatory and oxidative stress markers), why should it be expected
that these markers would become significantly “better” after fasting?
There are two counter arguments. First, by using data from studies
including healthy people, we were controlling for major factors that
may induce confounding or statistical heterogeneity, such as the type of
disease (inflammatory or non-inflammatory disease), effect of disease
stage, comorbidities, and treatments on the outcomes of interest.
Second, from a logistics point of view, published studies on the impact
of RIF on patients are scarce. This is because Ramadan fasting is only
required for healthy people; those with chronic and acute illnesses are
exempt from observing RIF.

The inclusion criteria for study selection were: 1) original articles
published in the English language; 2) publication date between the
inception of the database and March 2018; 3) studies that assessed the
impact of RIF on healthy people as the target population (prospective
observational studies) or as healthy controls (case-control studies); 4)
studies that reported numerical values (e.g., arithmetic mean with/
without standard deviation) for at least one of the selected in-
flammatory (IL-6, IL-1f, TNF-a and CRP/hs-CRP) and oxidative stress
(MDA) markers. Because we were interested in data from before and
after RIF, we included studies that examined the levels of inflammatory
and oxidative stress markers in at least two stages: pre-fasting as the
baseline (a few days or weeks before Ramadan month or the first day of
the fasting month), and post fasting (after completion of 29-30 days of
the fasting month or at least 2 weeks into the fasting month).

2.3. Exclusion criteria

Exclusion criteria were: 1) studies that included patients with dif-
ferent ailments who were observing Ramadan fasting; 2) studies on the
impact of RIF on Muslim athletes who were observing Ramadan fasting;
3) lack of availability of the study or inability to obtain the full text
after contacting the authors; 4) studies that expressed changes in in-
flammatory and oxidative stress markers using bar graphs and curves
without showing exact numerical values; 5) studies that used different
specimens for the same marker (e.g., serum vs. salivary MDA); 6) stu-
dies on pregnant and lactating women who were observing Ramadan
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Potentially relevant articles identified
and screened for retrieval (n=502)

Full texts of studies retrieved for
detailed evaluation (n=40)

Studies included in this meta-analysis (n=12)
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Exclusion of duplicates or non-
relevant articles/abstracts

(n=466)

Excluded by full text article review (n=28):

Studies on athletes (n=8)

Studies on patients with diseases (n=12)

Studies on breastfeeding women (n=1)

Studies excluded because of lack of numerical values
(n=2)

Studies excluded because of lack of another relevant
study (only one study available on the marker) (n=2)
Studies excluded because of lack of pre-fasting
measurement (n=1)

Studies excluded because of the use of different
specimens (e.g. serum vs. saliva) for the same marker
(n=2)

Fig. 1. Flow chart of studies included in the present systematic review and meta-analysis.

fasting; 7) being a sole study for one marker without other relevant
study; and 8) lack of pre-fasting measurement. Abstracts, case reports,
editorials, review articles, and non-English-language articles were ex-
cluded. Unpublished, non-peer-reviewed data were also excluded from
the analysis because of potential methodology and quality issues (see
Fig. 1).

2.4. Main outcomes and measures

The principal outcome of this review was to report the impact of RIF
on changes in levels of inflammatory (IL-1, IL-6 and TNF-a, hs-CRP) and
oxidative stress (MDA) markers. Two authors (MF and AO) in-
dependently screened the titles and abstracts of identified studies, and
assessed the studies for eligibility. Two authors (MF and AO) performed
the initial data extraction, which was validated by another author
(MM). Any conflicts in opinion regarding study eligibility were resolved
through dialogue with a fourth author (HJ) to reach consensus. To
standardize data extraction, the review team collected data for: study
characteristics (e.g., title, year, sample size, country; participants’
characteristics (e.g., age, sex); and the main findings for inflammatory
and oxidative stress markers before and at the end of RIF.

2.5. Data synthesis and statistical analyses

We performed a series of one group (pre-post) meta-analyses using
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pre- and post-means, sample size, and P-values (paired groups). Hedge's
g value was used for effect size measurement. An effect size of <0.2
was described as a small effect, an effect size around 0.5 as medium
effect, and an effect size around 0.8 was as a large effect. In addition to
Hedge's g values, we also presented results graphically using forest plots
to illustrate point estimates of the effect size and 95% confidence in-
tervals (CI). Random-effects modeling was used for all analyses. An
assessment of heterogeneity of the selected studies using I and tau®
statistics was performed. Comprehensive Meta-Analysis version 2 [24]
was used for all analyses. Leave-one-out sensitivity analyses were
conducted by iteratively eliminating one study at a time to confirm our
meta-analysis findings were not driven by any one study. Other de-
scriptive statistical analyses were performed using Microsoft Excel
(2016).

3. Results

Twelve studies including a total of 311 participants were included in
our analyses (Table 1). All included studies used a pre-post design to
report changes in inflammatory and/or oxidative stress markers. Ap-
proximately 86% of participants were male, and the median age was 38
years (range 12-70 years).
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Table 1

Journal of Nutrition & Intermediary Metabolism 15 (2019) 18-26

Characteristics of studies on the impact of Ramadan intermittent fasting on inflammatory and oxidative stress markers.

Study No. Author Year Country Sample size n (% male) Age, years mean (range) Examined markers
1 Asgary et al. [62] 2000 Iran 50 (100) (30-60) MDA

2 Ibrahim et al. [63] 2008 UAE 14 (64) (25-58) MDA

3 Siilii et al. [27] 2010 Turkey 45 (51) 28.7 (21-51) MDA

4 Unalacak et al. [25] 2011 Turkey 20 (100) 27.4 + 5.2° IL-1, IL-6, TNF-a, hs-CRP
5 Faris et al. [64] 2012 Jordan 50 (42) 32.70 = 9.5% IL-1, IL-6, TNF-a
6 Lahdimawan et al. [65] 2013 Indonesia 22 (100) 20.26 + 1.13" (18-22) TNF-a

7 Ajabnoor et al. [51] 2014 Saudi Arabia 23 (78) (18-42) hs-CRP

8 Radhakishun et al. [31] 2014 Netherlands 25 (100) (12-18) hs-CRP

9 Askari et al. [66] 2016 Iran 14 (100) 37.5 + 7.86" hs-CRP

10 BaHammam et al. [67] 2016 Saudi Arabia 8 (100) 26.6 + 4.9" MDA

11 Harder-Lauridsen et al. [68] 2017 Denmark 10 (100) (18-35) IL-6, TNF-a

12 Mohammadzade et al. [26] 2017 Iran 30 (100) (20-35) IL-6, hs-CRP

hs-CRP, high sensitivity-C reactive protein; IL, interleukin; MDA, malondialdehyde; TNF-a, tumor necrosis factor-a; UAE, United Arab Emirates.

& Mean = standard deviation.
3.1. Meta-analysis of inflammatory markers

Meta-analytic pooling for four inflammatory biomarkers (IL-1/f, IL-
6, TNF-a, and CRP/hs-CRP) was performed. Hedges g values were:
0.016 (I = 0.0%) for IL-1 (N = 70, K = 2) (Fig. 2); 0.407 (I = 0.0%)
for IL-6 (N =110, K = 4) (Fig. 3); 0.371 ( = 19.7%) for TNF-a
(N = 102, K = 4) (Fig. 4); and 0.119 (2 = 26.9%) for CRP/hs-CRP
(N = 111, K = 5) (Fig. 5). Sensitivity analyses were performed for in-
flammatory markers with three or more studies by removing one study
at a time to determine if the pooled effect size was arbitrary or influ-
enced by a single study. The sensitivity analysis for IL-6 indicated there
was no major issue. However, the sensitivity analyses for TNF-a and hs-
CRP indicated that some studies slightly skewed the effect size. The
results for TNF-a were influenced by Unalacak et al. [25], and those for
hs-CRP were influenced by Mohammadzade et al. [26] and Unalacak
et al. [25]. No formal publication bias or meta-regression or subgroup
analyses were performed because of the small number of studies
(Table 2).

3.2. Meta-analysis of oxidative stress markers

Meta-analytic pooling for MDA was performed. Hedge's g for MDA
(N =117, K = 4) was 0.219 (P = 0.0%) (Fig. 6). The sensitivity ana-
lysis for MDA indicated the results were influenced by Siilii et al. [27].
Hedge's g increased to 0.4 if that study was removed. No formal pub-
lication bias or meta-regression or subgroup analyses were performed
because of the small number of studies (Table 2).

4. Discussion

RIF represents a unique model to explore the impact of consistent
food restriction (29-30 days) for a fixed time duration (12-18h) on
different anthropometric, biochemical, and immunological aspects of
the human body [3]. Although fasting during the holy month of Ra-
madan is an obligatory form of worship for every healthy adult Muslim,
certain groups of people are exempt. These groups include: pre-pubertal

Study name Statistics for each study
Hedges's Standard Lower Upper
g error Variance  limit limit
Faris et al. 2012 -0.487 0.148 0.022 -0.777 -0.198
Unalacak et al 2011 0.487 0.228 0.052 0.040 0.934
-0.016 0.487 0.237 -0.970 0.939

children; individuals with acute illnesses that may be adversely affected
by fasting; women who are pregnant, breastfeeding, or menstruating;
healthy individuals who are travelling; individuals with a chronic dis-
ease; and individuals with mental health problems [28,29]. However,
some studies showed that children and adolescents, even those with
diabetes, fast for a significant number of days during the month of
Ramadan [30]. Therefore, we included a study in our meta-analysis that
involved adolescents as part of the healthy population who were ob-
serving RIF [31].

RIF is a safe lifestyle modification that is observed annually for 1
month. RIF involves specific dietary and lifestyle modifications, such as
changes in food quantity and quality, nocturnal food consumption,
meal frequency, and sleep cycle [13]. Different studies have reported
varying impacts of RIF on overall health [29,32]. The present review
summarizes the best available evidence on the effects of RIF on
proinflammatory cytokines (IL-1, IL-6, and TNF-a), a general in-
flammatory marker (hs-CRP), and an oxidative stress marker (MDA) in
healthy people (both obese and non-obese). The studies included in our
analysis showed various findings regarding the effects of RIF on these
inflammatory and oxidative stress markers at the end of the Ramadan
month compared with pre-fasting (baseline) levels. We found the I?
statistics were low and suggested low heterogeneity, which confirmed
that conducting a meta-analysis was appropriate.

Overall, the impact of RIF in terms of a decrease in inflammatory
and oxidative stress markers was small, suggesting that fasting Muslims
may develop some short-term protection against low-grade systemic
inflammation and oxidative stress. This reduction in inflammatory and
oxidative stress markers could be attributed to weight loss during the
fasting month, as noted in a meta-analysis of body weight changes
during RIF [13]. Further, increased body weight is associated with in-
creased levels of inflammation and oxidative stress in the human body,
with IL-6, IL-1, and TNF-a among the common proinflammatory adi-
pokines that predispose the metabolic derangements associated with
obesity [33].

Another possible mechanism for the role of RIF in lowering in-
flammatory and oxidative stress markers is through lowering the

Hedges's g and 95% ClI

Z-Value p-Value
-3.304  0.001 B
2137 0.033
-0.032  0.975

-4.00 -2.00 0.00 2.00 4.00

Fig. 2. Forest plot of studies that examined the impact of Ramadan intermittent fasting on interleukin-1 (a and p).
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Study name Statistics for each study

Hedges's Standard Lower Upper
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Hedges's g and 95% CI

g error Variance limit limit Z-Value p-Value
Faris et al. 2012 -0.487 0.148 0.022 -0.777 -0.198 -3.304 0.001 .'
Harder-Lauridsen et al 2017 -0.019 0.289 0.084 -0.585 0.548 -0.064 0.949
Mohammadzade et al 2017 -0.364 0.184 0.034 -0.724 -0.003 -1.977 0.048
Unalacak et al 2011 -0.522 0.230 0.053 -0.973 -0.072 -2.271 0.023 —i—
-0.407 0.097 0.009 -0.597 -0.216 -4.193 0.000 ’
-4.00 -2.00 0.00 2.00 4.00
Fig. 3. Forest plot of studies that examined the impact of Ramadan intermittent fasting on interleukin-6.
Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
g error Variance limit limit Z-Value p-Value
Faris et al. 2012 -0.487 0.148 0.022 -0.777 -0.198 -3.304 0.001 .'
Harder-Lauridsen et al 2017 -0.304 0.297 0.088 -0.886 0.278 -1.025 0.306
Lahdimawan et al. 2013 0.429 0.196 0.038 0.045 0.813 2191 0.028
Unalacak et al 2011 -1.382 0.423 0.179 -2212 -0.553 -3.266 0.001
-0.371 0.320 0.103 -0.999 0.258 -1.156 0.248
-4.00 -2.00 0.00 2.00 4.00
Fig. 4. Forest plot of studies that examined the impact of Ramadan intermittent fasting on tumor necrosis factor-a.
Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
g error Variance limit limit Z-Value p-Value
Ajabnoor et al 20014 -0.358 0.208  0.043 -0.766 0.050 -1.721 0.085
Askari et al. 2016 -1.062 0.322  0.104 -1.692 -0.431 -3.300 0.001 ——
Mohammadzade et al 2017 0.373 0.184 0.034 0.012 0.734 2023 0.043
Radhakishun et al 2014 -0.433 0.203 0.041 -0.831 -0.035 -2.131 0.033
Unalacak et al 2011 0.940 0.357  0.128 0.239 1640 2629 0.009 ——
-0.119 0.284 0.081 -0.676 0.439 -0.417 0.677
-4.00 -2.00 0.00 2.00 4.00

Fig. 5. Forest plot of studies that examined the impact of Ramadan intermittent fasting on C-reactive protein/high-sensitivity C-reactive protein.

insulin/insulin-like growth factor 1 (IGF-1) axis that predisposes in-
flammation and oxidative stress among people with obesity [34].
Obesity may promote chronic diseases through the induction of pro-
inflammatory cytokines and onset of insulin and insulin/IGF-1 re-
sistance, which is associated with increased production of reactive
oxygen species and increased oxidative stress and inflammatory states
[34]. Several reports have indicated RIF is associated with reduced
serum glucose, insulin, and insulin resistance (measured by homeostasis
model assessment as an insulin resistance index) levels in people with
metabolic syndrome who are obese [25,35,36]. In a recent study, we
showed that RIF was associated with a significant (about 30%) reduc-
tion in IGF-1 factor at the end of the Ramadan fasting month (Faris
et al., 2018. Unpublished data). At the genetic level, Wegman and
colleagues [37] reported a marginal increase in the expression of the
SIRT3 gene associated with aging, which also helps in alleviating oxi-
dative stress and inflammation. This finding was further confirmed in
our institution, where RIF in healthy people with obesity was associated
with a significant (P < 0.05) upregulation in the expression of the
three anti-oxidant genes TFAM, SOD2 and Nrf2, with percent incre-
ments of 90.45%, 54.1% and 411.5%, respectively (Faris et al., 2018.
Unpublished data).

The significant reduction of total body and visceral fat reported at
the end of the Ramadan fasting month [38-41] may also help to explain
the reductions in oxidative stress and inflammatory markers reported in
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the present meta-analysis. It has been established that adipocytes are a
source of IL-6, IL-1, TNF-a, and most people with obesity secrete su-
perfluous amounts of this pro-inflammatory “cocktail” [42]. These
three adipokines in turn generate reactive oxygen species; therefore,
adipose tissue is considered an independent factor for the generation of
systemic oxygen species responsible for the increased level of oxidative
stress in people with obesity [33].

Overall, the slight improvement in inflammatory and oxidative
stress markers reported in the present analysis may reflect short-term
protection against cancer initiation and atherogenesis in healthy fasting
people, as these markers are known to be involved in cancer initiation
and cardiovascular events, especially among people who are obese
[33].

During RIF, changes in the timing of fluid and food intake, along
with the reduction in meal frequency, may result in various behavioral
and chronobiological changes, such as the circadian distribution of
body temperature, melatonin, cortisol, and glycemic control, as well as
changes in daytime alertness and nocturnal sleep [43]. These physio-
logical changes have been reported to modulate the inflammatory and
oxidative stress levels in the human body [44].

Caloric restriction is a significant change that ameliorates the in-
flammatory and oxidative stress markers that are predisposing factors
for chronic diseases, such as cancer and cardiovascular events [45].
Caloric restriction and decreased food intake during RIF were not
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Table 2 (continued)

Before Ramadan, mean = SD End of Ramadan, mean + SD Description

Mean age/age
range, years

Sample size and

sex

Study design

Country

Author and year

No significant reduction at the end of the third week of

Ramadan month compared with baseline

IL-6:

1L-6:

20-35

M: 30

Prospective

Iran

Mohammadzade et al.

0.79 = 0.26
hs-CRP:

1.09 = 1.63
hs-CRP:

observational

(2017) [26]

No significant change at the end of Ramadan compared

with baseline

1.99 + 1.45

1.72 = 1.67

NR: IL-1, TNF-a, MDA

F, Female; hs-CRP, high-sensitivity C-reactive protein; IL, interleukin; M, male; MDA, malondialdehyde; NR, not reported; SD, standard deviation; TNF-a, tumor necrosis factor-a.

2 Only serum MDA was included; salivary MDA was excluded.

b Study included both IL-1a and IL-1p.

¢ Control healthy group for comparison with asthmatic patients.
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reported in all studies included in this analysis (one-third of the studies
showed decreased energy intake during RIF), despite most studies
systematically reviewed elsewhere reporting decreased meal frequency
[13]. Variations in the caloric intake during RIF may also be helpful in
interpreting the heterogeneity of the present findings with regard to the
varying changes in inflammatory and oxidative stress markers reported
at the end of the fasting month. Further, there was geographical het-
erogeneity in the populations examined in the studies included in our
analysis (Iran, Turkey, the Netherlands, Denmark, Jordan, Saudi
Arabia, United Arab Emirates, and Indonesia). This suggests that health
outcomes associated with the Ramadan fasting month are affected by
various factors, including: variations in the length of fasting (e.g.,
16-20h in the same year) and daytime temperature [43,46]; differ-
ences in traditional foods and dietary habits/customs during Ramadan
[3,43,47]; differences in amounts and types of fluid intake (e.g.,
sweetened drinks or water/juices) [48,49]; variations in sleep duration
and sleeping patterns [50,51]; differences in working hours, job con-
ditions, and physical activity levels [47,52]; different Ramadan re-
ligious rituals and social behaviors [53] that affect levels of activity/
setting durations during Ramadan; and the age of participants [3].

It is worth noting that the studies included in the present analysis
may be criticized in that they included more than one confounding
factor that might have affected the impact of RIF on inflammatory and
oxidative stress markers. For example, factors that were not controlled
in the studies we analyzed included changes in sleep duration and
circadian rhythm hormones [43,50,51,54-58] and changes in physical
exercise levels [59-61] during the fasting month of Ramadan. These
factors have been reported to be changeable and have a significant
influence on the metabolic outcomes of RIF. Factors such as these
should be considered in future studies and reviews.

By combining RIF studies, our meta-analysis increased the total
sample size, thereby increasing the power of the studies in showing the
effects of diurnal intermittent fasting during Ramadan. However, the
present meta-analysis had some limitations. First, the analysis of IL-1
only included two studies, which is the minimum number of studies
that can be meta-analyzed; therefore, the impact of RIF on this proin-
flammatory cytokine cannot be generalized. More studies are needed to
examine the impact of RIF on IL-1. Second, the results of the sensitivity
analyses revealed that some studies had more power, but overall they
did not significantly influence the conclusion; this needs to be explored
in a future meta-analysis with a larger number of studies to allow for
subgroup analyses and meta-regression techniques. In addition, we re-
commend that research methodology (design), country of the study,
and season or timing of the study (as per the Gregorian calendar)
should be examined in future studies.

5. Conclusions

Findings of the present meta-analysis demonstrate that RIF ame-
liorates inflammatory and oxidative stress markers to a small extent.
This may provide a slight short-term protective effect against the ad-
verse health consequences of systemic low-grade inflammation and
high levels of oxidative stress that are predisposing factors for different
chronic diseases associated with affluent societies.
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Study name Statistics for each study

Hedges's Standard Lower Upper

g error Variance limit limit
Ibrahim et al 2008 -0.592 0.275 0.076 -1.132 -0.052
BaHammam et al 2016 -0.169 0.317 0.101 -0.791 0.452
Asgary et al 2000 -0.379 0.144 0.021 -0.662 -0.096
Sulu etal 2010 0.233 0.204 0.042 -0.168 0.633
-0.219 0.182 0.033 -0.576 0.139

and
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Hedges's g and 95% CI

Z-Value p-Value

2150  0.032 -

-0.534  0.594

2,625  0.009 B
1.140  0.254

-1.199  0.230

-4.00 -2.00 0.00 2.00 4.00

Fig. 6. Forest plot for studies that examined the impact of Ramadan intermittent fasting on malondialdehyde.
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