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ABSTRACT

Objectives Ramadan fasting is an Islamic religious
practice involving abstinence from food and drink from
dawn to sunset. Its consequences on kidney-relevant
outcomes in patients with chronic kidney disease (CKD)
and kidney transplant recipients remain unclear.

Design Systematic review and meta-analysis.

Data sources MEDLINE, Embase, Global Health, CINAHL
(EBSCOhost), Scopus, Web of Science and Google Scholar
were searched up to 18 September 2023.

Eligibility criteria We included observational studies
among non-dialysis CKD and kidney transplant recipients
who fasted during Ramadan and examined changes in
kidney function.

Data extraction and synthesis Standardised methods
were used by two independent reviewers to screen,
select and extract data. Outcomes included changes in
serum creatinine (SCr), estimated glomerular filtration
rate (eGFR), proteinuria, blood pressure, electrolytes and
adverse events—all pre- and post-Ramadan. Results were
pooled using random effects modelling.

Results We included 32 observational studies with a total
of 2592 participants. 21 studies reported on participants
with CKD and 11 studies reported on kidney transplant
recipients (studies variably including non-fasting control
arms). Meta-analysis of 25 studies revealed that Ramadan
fasting was not associated with changes to SCr for the
following groups according to study design: CKD with

a non-fasting arm (mean difference (MD)=0.82 pmol/L;
95%Cl —-7.22, 8.86; I2=38%); transplant with a non-fasting
arm (MD=—0.17 pmol/L; 95% Cl —2.50, 2.15; 1>=0%) and
CKD without a non-fasting arm (post—pre MD=13.84 ymol/L;
95%Cl -3.78, 31.47; I2=88%). For transplant studies
without a non-fasting arm, lower SCr was associated with
the post-Ramadan period (post—pre MD=-5.40 pmol/L;
95% Cl —10.78, -0.02; I>=0%). In the 18 studies that
reported on eGFR, fasting during Ramadan was not
associated with an effect on eGFR for any of the groups.
Conclusion We report inconsistent effects of Ramadan
fasting on kidney function in CKD or kidney transplantation.
Results should be interpreted with caution due to the
significant limitations of the underlying studies.

1

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This systematic review was conducted with meth-
odological rigour including a comprehensive litera-
ture search, dual independent abstract screening,
study selection and risk of bias assessment.

= The review covered a broad spectrum of parameters
of interest including changes in CKD markers or risk
factors, most notably serum creatinine, eGFR and
proteinuria.

= Studying the effects of Ramadan fasting on kidney
function is not amenable to randomisation, so the
highest level of evidence underlying this system-
atic review is de facto derived from observational
studies.

= Selection bias is a critical limitation of the obser-
vational literature informing this systematic review
as most studies did not have a non-fasting control
group and those that did are likely to have excluded
high-risk participants in the fasting arm.

= There is significant geographic homogeneity of
study sites, therefore limiting the generalisability of
the results at the extremes of latitude.

INTRODUCTION

Ramadan is the holiest month of the year for
Muslims,'™ and fasting during Ramadan is a
significant religious practice and a key pillar
of Islam. Ramadan fasting involves abstinence
from food and drink, from dawn to sunset.
On average, the fasting period lasts between
12 hours and 14 hours but may extend up
to 22 hours depending on the season and
geographic latitude.*”

In 2023, of the total global population,
approximately 25% (2 billion people) iden-
tify as Muslim. In an increasingly globalised
and interconnected world, physicians prac-
tising in all regions may be confronted with
questions concerning the safety of Ramadan
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fasting. Travellers, children, women who are menstru-
ating/pregnant/breastfeeding and anyone with illness
are exempt from fasting. Despite this exemption, many
still participate in the fast, including patients with chronic
kidney disease (CKD) and kidney transplant recipients.”

Reports of physiological outcomes in kidney disease are
mixed. Some studies even suggest temporary improve-
ment in estimated glomerular filtration rate (eGFR) and
reduced proteinuria in patients with CKD or kidney trans-
plant recipients,* ? while others report negative kidney
and cardiovascular health outcomes.'’ !

We conducted a systematic review of the effect of
Ramadan fasting on kidney function in CKD and kidney
transplant recipients. We examined associations between
fasting and changes in CKD markers or risk factors (eg,
serum creatinine (SCr), eGFR, proteinuria, blood pres-
sure, electrolytes, blood glucose and weight/body mass
index), adverse health outcomes (eg, all-cause hospital-
isation, cardiovascular events and dialysis) and impact on
quality of life.

METHODS

Overview

This systematic review was conducted and reported
according to the Preferred Reporting Items for System-
atic Review and Meta-Analysis Protocols (PRISMA—P).12
Our protocol was registered (CRD42018088973) and
previously published.'

Data sources and search strategy

A literature search to identify all full-text peer-reviewed
studies involving adult non-dialysis CKD participants or
kidney transplant recipients was conducted; the expo-
sure of interest was fasting during Ramadan. Databases
including MEDLINE, Embase, Global Health, CINAHL
(EBSCOhost), Scopus, Web of Science and Google
Scholar were searched up to 18 September 2023 (online
supplemental table 1). English and non-English language
publications were reviewed (including German, Turkish,
Arabic and Persian). References of identified texts (eg,
systematic or narrative reviews) were also screened. Grey
literature was not searched. Two reviewers independently
performed title and abstract screenings. Full-text articles
of studies considered potentially relevant by one or both
reviewers were retrieved and assessed for eligibility.

Study selection

Using predetermined eligibility criteria, each poten-
tially relevant study was independently assessed by
two reviewers. Disagreements were resolved by a third
reviewer. Randomised clinical trials (RCTs) or observa-
tional studies involving adult participants (age =15 years)
with CKD or kidney transplant recipients meeting the
following criteria were eligible for inclusion: (a) at least
one arm of the study observing a single Ramadan fast and
(b) at least one change in kidney function as reported
by SCr or eGFR, change in proteinuria, blood pressure,

electrolytes, health-related quality of life, hospitalisations,
adverse events or mortality. Studies both with and without
a non-fasting control arm were included. The presence
of CKD was based on the generally accepted standard of
eGFR of <60mL,/min/1.73 m> (SCr alone is an accepted
alternative for the purposes of diagnosis or monitoring,
but concordance is imperfect*? ') or classified as CKD
by study authors that could have been based on other
definitional criteria based on standard frameworks (eg,
Kidney Disease Improving Global Outcomes [KDIGO]
or Kidney Disease Outcomes Quality Initiative [KDOQI]
depending on study era). Studies of dialysis patients were
excluded.

Data extraction and risk of bias assessment

One reviewer extracted the data using the data extraction
database, and a second reviewer independently checked
the extracted data for accuracy. Items recorded in the
database included study characteristics (country, year,
design and sample size); participant information (demo-
graphics, kidney function (SCr and/or eGFR), CKD
status, comorbidities and medications used); exposure
arm information (Ramadan dates and fasting duration
and non-fasting arm details if applicable) and outcomes
(timing and results). The primary outcome was a change
in kidney function, defined as a change in SCr or eGFR
between the pre- and post-Ramadan periods. Secondary
outcomes included: (a) changes in proteinuria, serum
albumin and protein, blood pressure, blood glucose
concentrations, electrolytes and weight/body mass index
(BMI) between the pre- and post-Ramadan periods, (b)
electrolyte disorders such as hyperkalaemia, (c) episodes
of acute kidney injury (AKI), (d) all-cause hospitalisa-
tions, (e) dialysis, (f) cardiovascular events (myocardial
infarction, stroke), (g) mortality and (h) quality of life.
Authors were contacted when data were missing.

Two reviewers independently assessed all studies for
methodological validity using the Downs and Black
criteria.'* Disagreements were resolved by a third reviewer.
Evaluating criteria included study design, approach to
recruitment, sample size calculation, description of the
study population by characteristics (including age, sex,
CKD stage or measure of kidney function and diabetes),
reporting of country and season (or Ramadan dates
specifically), statistical consideration of confounding vari-
ables (including age, sex and baseline kidney function
via model adjustment, stratification or matching) and
reporting of missing primary outcome measurements.
Source of funding was also extracted where possible."”

Statistical analysis and data synthesis

Analyses were performed using Stata/MP, V.18.0
(StataCorp, LLC). Missing SD were imputed as outlined
by Wiebe et al'® Results were pooled where possible
according to the following four population and study
design groups: CKD and transplant studies with and
without a non-fasting arm. We calculated the mean differ-
ence (MD) and corresponding SE for each study prior
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to pooling. For studies with both fasting and non-fasting
arms, we calculated the MD based on the difference-of-
differences (ie, the difference between the change in pre-
and post-Ramadan measurements in the fasting arm and
the change in pre- and post-Ramadan measurements in
the non-fasting arm). For studies that included a fasting
arm only, we calculated the MD based on the difference
between pre- and post-Ramadan measurements. To
further distinguish studies without a non-fasting arm,
we refer to the latter type of MD as a ‘post-pre MD’. For
studies that reported multiple pre-Ramadan measure-
ments, we selected the latest measurement in the pre-
Ramadan period. Similarly, when multiple post-Ramadan
measurements were reported, we selected the first avail-
able measurement after the conclusion of Ramadan. We
accounted for correlation'” when calculating these statis-
tics, setting r=0.5 if a correlation could not be calculated
or was not reported.

Results were pooled using random effects models'™
where clinical and methodological heterogeneity were
reasonable. Statistical heterogeneity was quantified using
the I* statistic.'” * A priori, we planned (where possible)
to examine the primary outcome for the following
subgroups: CKD stage, baseline comorbidities (cardio-
vascular disease and diabetes), latitude, season and risk
of bias items. Due to the small number of studies (and
lack of subgroup information) in each of the four popu-
lation/study design groups described above, we could not
examine subgroups nor assess publication bias or explore
meta-regression.”

Data informing this systematic review are available on
request from the corresponding author.

Patient and public involvement
Patients and members of the public were not involved at
any stage of the project.

RESULTS

Study selection

Our search yielded a total of 3735 citations (figure 1).
Full texts of 144 citations were screened, and 32 studies
met the inclusion criteria. Reviewers disagreed about the
inclusion of 8% of studies (kappa=0.81). Characteristics
of included studies are detailed in online supplemental
tables 2 and 3 (studies with and without a non-fasting arm,
respectively). All studies were observational (prospective:
n=29; retrospective: n=3) and conducted between 1994
and 2023. Two studies** * were in abstract form only. 21
studies reported on participants with non-dialysis CKD:
seven studies included both fasting and non-fasting arms
and 14 studies included a fasting arm only. 11 studies
reported on kidney transplant recipients: five included
both fasting and non-fasting arms and six studies included
a fasting arm only. In general, CKD was defined as stages
2 to 5. Some studies explicitly indicated that participants
on dialysis were excluded; for the remaining studies, we
assumed that dialysis participants were excluded based

on our examination of the text, reported SCr and eGFR
values at baseline, or contacting the study author (online
supplemental tables 4 and 5).

Geographic distribution and details of Ramadan
seasonality (affecting daily temperature and fasting dura-
tion) are outlined in detail in the online supplemental
materials.

Select baseline patient characteristics and pre-Ramadan
SCr values are outlined in online supplemental table 6
according to population and study design. Risk of bias
was considered high in all but four studies where this risk
was considered moderate (online supplemental figure 1
and material).

Serum creatinine and estimated glomerular filtration rate

We meta-analysed 25 studies reporting SCr and 18 studies
reporting eGFR separately by population (ie, CKD and
transplant) and presence/absence of a non-fasting arm
(figures 2 and 3). With the exception of transplant studies
withoutanon-fasting arm, there were no changes observed
in SCr pre- and post-Ramadan. Fasting was not associated
with any effect on SCr in CKD studies with a non-fasting
arm (n=5 studies;? ® 2% MD=0.82 pmol/L; 95% CI -7.22,
8.86; I’=38%). Pre-Ramadan SCr values were significantly
different between fasting and non-fasting arms (base-
line MD=-28.65pmol/L; 95% CI -54.98, —-2.32; p=0.03,
°=89%); heterogeneity was very large.

Fasting was not associated with an effect on SCr
in transplant studies with a non-fasting arm (n=4
studies;* ™  MD=-0.17pmol/L; 95%CI -2.50, 2.15;
’=0%). Pre-Ramadan SCr values were not significantly
different between fasting and non-fasting arms (baseline
MD=-1.54 pmol/L; 95% CI -7.05, 3.98; 1°=4.9%).

There was no significant difference in pre- and post-
Ramadan SCr in CKD studies without a non-fasting
arm (n=10 studies;’  *** post—pre MD=13.84pmol/L;
95% CI -3.78, 31.5; I°=88%).

For the six transplant studies without a non-fasting
arm, a modestly lower SCr was associated with the post-
Ramadan period (post-pre MD=-5.40 pmol/L; 95% CI
~10.78, -0.02; p=0.049, I’=0%).

Fasting during Ramadan was not associated with any
effect on eGFR in CKD studies with a non-fasting arm
(n=6 studies;**°2*2® MD=0.23 mL/min/1.73 m% 95% CI
-1.64, 2.10; 12=21%) nor transplant studies with a non-
fasting arm (n=3 studies; > ! 47 MD=0.03mL/min/1.73
m% 95%CI -1.14, 1.20; 1°=0%). There was a signifi-
cant difference between arms in pre-Ramadan eGFR in
the CKD studies (baseline MD=5.12mL/min/1.73 m%;
95% CI 0.25, 9.98 with very large between-study hetero-
geneity of I°=86%) but not in transplant studies (baseline
MD=1.04mL,/min/1.73 m? 95% CI -3.56, 5.64; 1’=16%).

There was no significant difference between pre- and
post-Ramadan eGFR in CKD studies without a non-fasting
arm (n=9 studies’ '* ** ** 0 postpre MD=1.04mL/
min/1.78 m* 95% CI -0.26, 2.35; °=6%). No transplant
studies without a non-fasting arm reported on eGFR.
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Open access

Citations identified from
electronic search (n=7751)

Citations identified elsewhere
Hand search (n=4]
Systematic review (n=1}

7756 citations identified
through searches

Duplicates removed

(n=4021}

3735 citations screened

Irrelevant citations based on the
review of the title/abstract (n=3591}

L J

144 full-texts assessed for eligibility

32 studies included .

112 excluded

* 33 non-original research

* 28 no non-dialysis CKD/kidney transplant patients
* 16 non Ramadan observing population
* 11 systematic review/meta-analyses

* 7 no outcomes of interest

* 5 multiple publication

* 5 duplicates removed

* 2 <18 years

* 2 excluded for consecutive Ramadans
* 1 no translator found

1 not retrievable

* 1 wrong study design

Figure 1

Secondary outcomes

Proteinuria

Among the 32 included studies, 13 reported on at least
one measure of proteinuria.2®? 1027 2830343639 42 48 46 vy,
observed heterogeneity in terms of the measure and unit
of proteinuria. There were too few studies to allow for
meaningful pooling per study type; most results revealed
non-significant changes in proteinuria with fasting. A
detailed description of all secondary outcomes (protein-
uria, serum albumin, total protein, measures of blood
pressure, blood glucose or HBAlc, weight or BMI, elec-
trolytes and adverse events) can be found in the online
supplemental material.

DISCUSSION

The aim of this review was to summarise the effects
of Ramadan fasting on kidney function and related
outcomes in CKD and/or kidney transplant recipients.

Flow diagram of study selection. CKD, chronic kidney disease.

Literature on this topic is lacking with no evidence-based
guidelines to help clinicians advise patients of the poten-
tial risks. On the basis of this systematic review, we found
that Ramadan fasting was associated with no change in
kidney function or even a counterintuitive reduction in
SCr, depending on the study design. However, the litera-
ture underlying this review must be viewed with caution
owing to significant limitations in the included studies.
Our review has identified a major knowledge gap in this
field with the absence of high-quality published data to
guide patients with kidney disease who want to fast during
Ramadan, both in terms of immediate outcomes (ie,
changes in kidney function or proteinuria) and/or long-
term outcomes (ie, progression of CKD, risk of future AKI,
cardiovascular disease and mortality), as well as quality of
life (which has not been assessed in any of the included
studies).2 69354849 1y fact, patients who might be consid-
ered at highestrisk of fasting and for whom understanding
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Einollahi 2005 -1.77 (-15.45, 11.92) - No data |

Einollahi 2009 No data | 0.60 (-9.85, 11.05) ‘m

Qurashi 2012 -4.80 (-24.88, 15.28) - -2.30 (-8.91, 4.31) —_

Ibrahim 2018 0.03 (-2.44, 2.50) n 0.10 (-1.09, 1.29) —-—
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Favours fasting

Panel A

Favours non-fasting

Favours non-fasting Favours fasting

Panel B

Figure 2 Forest plot of serum creatinine and estimated glomerular filtration rate in studies with a non-fasting arm. CKD,
chronic kidney disease; eGFR, estimated glomerular filtration rate; MD, mean difference; SCr, serum creatinine. MD (ie, the
difference between the change in pre- and post-Ramadan measurements in the fasting arm and the change in pre- and post-

Ramadan measurements in the non-fasting arm).

this risk is most clinically relevant (presumably those with
most advanced kidney failure who are also expected to
be on the most number of risk modifying medications—
ACE inhibitors, ARBs, SGLT?2 inhibitors, diuretics, immu-
nosuppressive drugs, etc, which themselves increase the
risk of kidney injury during volume contraction as may
occur with fasting), especially those residing at extremes
of geographic latitude where fasting in certain years may

be upwards of 22 hours, will not be helped by the findings
of this literature nor this systematic review.

This is important as Muslims now constitute about
a quarter of the world’s population, and fasting during
Ramadan is a central pillar of Islam. Current estimates
suggest there are approximately 2billion Muslims mostly
concentrated in Africa, the Middle East and South Asia,
but also increasingly living in very northern or southern
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El-Wakil 2007 No data E -2.18 (-19.78, 15.4 1y L
Bernieh 2010 -8.00 (-52.88, 36.88) —I{* 3.00 (-2.94, 8.94) —_—
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Yousef 2021 -7.96 (-23.22, 7.31) —IE— 2.60 (0.16, 5.04) ——
Ansari 2022 -1.77 (-32.09, 28.55) _.._ -1.60 (-13.50, 10.30) L
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Subtotal 13.84 (-3.78, 31.47) b 1.04 (-0.26, 2.35) —o—
Transplant without non-fasting arm i
Bernieh 1994 -8.40 (-22.73, 5.93) J:f No data
Abdalla 1998 7.18 (-14.38, 28.73) —— No data
Ouiziala 1999 -2.00 (-11.99, 7.99) #‘ No data
Argani 2003 -4.42(-16.11,7.27) - No data
Boobes 2009 -1.00 (-19.35, 17.35) + No data
Salem 2010 -14.67 (-26.46, -2.89) - No data
Subtotal -5.40 (-10.78, -0.02) &
I T T T T i T T T T 1 [ T T T T 1
-250 -200 -150 -100 -50 0 50 100 150 200 250 -15 -10 -5 0 5 10 15
Fasting not detrimental Fasting detrimental Fasting detrimental Fasting not detrimental
Panel A Panel B
Figure 3 Forest plot of serum creatinine and estimated glomerular filtration rate in studies without a non-fasting arm. CKD,
chronic kidney disease; eGFR, estimated glomerular filtration rate; MD, mean difference; SCr, serum creatinine. MD (ie, the
difference between pre- and post-Ramadan measurements).
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regions where the duration of the fast may vary consid-
erably. While it is generally accepted that anyone with a
chronic disease may be exempt from fasting depending
on their individual circumstances, many choose to fast
regardless, prioritising the fast over health concerns.”
Pre-Ramadan consultation, especially for patients with
chronic diseases or multimorbidity is advocated by the
International Diabetes Federation and the Diabetes
and Ramadan International Alliance (IDF-DAR) and
widely adopted by medical associations and societies.”"
This seems prudent but the value of such consultation
is entirely predicated on specialty-specific literature
to guide a discussion of potential risks. Mahmood et al
provide thoughtful suggestions as to how such consul-
tation be conducted in primary care and by specialists
and how to integrate patients’ values and perspectives
with evidence-based guidance where possible and expert
opinion where evidence is lacking.” The authors indicate
that most literature pertains to diabetes management
during Ramadan with less robust guidance for cardiac
disease, epilepsy, adrenal disease or occupational health.
Presumably, there is even less or no guidance with regard
to other medical conditions. With respect to kidney
disease, Malik et al propose a three-tier risk stratification
system for approaching CKD in alignment with a similar
paradigm proposed by the IDF-DAR for the management
of diabetes.”® Low-moderate risk patients with stable
CKD stages 1-3 are advised to consult their medical
practitioners for individualised risk discussion; high-risk
patients with CKD stage 1-3 and unstable kidney function
are advised they should not fast and very high-risk patients
with stages 4-5 (non-dialysis) CKD are advised they must
not fast. These authors concede, and our current system-
atic review substantiates, that these recommendations
are based on the authors’ consensus opinion and clinical
experience rather than on objective evidence from well-
conducted clinical studies. This is entirely related to the
limitations of the available literature.

Our own review (to our knowledge, the first conducted
with methodological rigour) is subject to the same
limitations as the underlying literature. First, the topic
of interest (effect of Ramadan fasting on kidney func-
tion) is not amenable to experimental studies of any
kind or design. The Ramadan fast is a fundamental reli-
gious observance (counted among the five pillars of the
Islamic faith) and is compulsory for all adults with the
capacity to participate. It is therefore untenable that an
RCT will be feasible (or even acceptable) to be conducted
in the context of a person’s expression of their faith. It
is therefore unsurprising that there has been no single
RCT ever conducted to investigate the effect of Ramadan
fasting on the markers of kidney function; thus, all studies
were observational/quasi-experimental and subject to
well-recognised biases.”* Selection bias is almost certain
among the more-than-half of all included studies which
did not include a non-fasting control group. In those
studies, participants’ clinicians’ judgement would have
suggested fasting was safe for everyone—anyone with a

high pretest probability of experiencing an adverse effect
of fasting on their kidney function would presumably have
been excluded from participating in the first place. Thus,
patients at highest risk for whom recommendations are
most relevant are almost certainly under-represented in
these studies, if at all. For studies that did include a non-
fasting control arm, the bias is even more relevant: the
non-fasting control group is very likely disproportionately
enriched by participants whose clinicians advised against
fasting, presumably due to the perceived fragility of their
kidney function. In fact, our analysis would substantiate
this assumption since non-fasting control CKD subjects
were shown to have higher pre-Ramadan creatinine
values—182 pmol/Lversus 150 pmol/L. Any comparisons
between the fasting group and the non-fasting control
are much more likely due to the participants’ underlying
medical condition rather than their fasting status (ie, a
function of selection bias and confounding). Second, the
number of included studies was small and the sample size
per study was also small with inconsistent reporting of
markers of kidney function, proteinuria, blood pressures,
demographic variables, underlying kidney disease, medi-
cations, adverse events, etc. As such, we were not able to
stratify the analyses into type and severity of kidney disease
or other determinants of deteriorating kidney func-
tion in order to identify higherrisk groups and inform
meaningful trade-offs. Third, the underlying literature is
significantly limited by homogeneity in the geographic
distribution of study sites. In fact, all but five studies
were performed in the Middle East or North Africa. This
impacts the generalisability of these results to regions in
the extremes of the Northern and Southern Hemispheres
where daylight hours and thus the duration of fasting can
vary considerably with the seasonality of Ramadan. Finally,
unlike RCTs, observational studies typically are not regis-
tered and can be subject to publication bias and selective
outcome reporting.” Overall, this review is limited by the
quality of the included studies and there remains a crit-
ical need for high-quality observational studies or even
randomised trials to answer outstanding clinical ques-
tions that address important patient-relevant outcomes.
In conclusion, this review did not find a convincing
impact of Ramadan fasting on the predefined study
outcomes in CKD and among transplant recipients.
However, the underlying literature is of such low quality
that the potential for missing an important link between
Ramadan fasting and kidney function is considerable.
Kidney function in relation to Ramadan fasting is conceiv-
ably modified not only by patient-specific factors (ie, age,
comorbidities, medications, etc) but also by the duration
of fasting per day, itself a function of where (ie, latitude)
and when (ie, seasonality) a person fasts; few, if any, of
these factors are considered in the literature underlying
this review, and we are unable to make evidence-based
recommendations or stratify into specific risk groups.
Until high-quality studies that rigorously evaluate the
effect of fasting on kidney function in high-risk individ-
uals are conducted, we recommend patients engage with
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their care team for a conversation about the theoretical
risks, personal risk tolerance, trade-offs, a monitoring
strategy of laboratory and biophysical parameters, and
a predefined threshold to break the fast and/or seek
medical attention.

Acknowledgements The authors would like to thank Janice Kung for her expertise
in the development of the search strategy; Feng Ye, Ghenette Houston and Nasreen
Ahmad for administrative support.

Contributors RPP, AKB and SH conceived the original idea for this study. MAO, JK
and AL reviewed the articles for inclusion/exclusion, risk of bias and methodological
validity. AL, AKB and RPP wrote the first draft of the manuscript. AL, AKB, JK, MAQO,
TC, SH, ZH, MEOQ, UQ, SS and RPP reviewed the manuscript for intellectual content
and approved the final submitted version of the manuscript. RPP is the guarantor of
this manuscript.

Funding This work is funded by a grant from the Kidney Health Research Fund,
Division of Nephrology, University of Alberta (grant number: N/A).

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, conduct, reporting or dissemination plans of this research.

Patient consent for publication Not applicable.
Ethics approval Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. Data
informing this systematic review are available upon request from the corresponding
author.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Soroush Shojai http://orcid.org/0000-0002-2969-9121
Robert Peter Pauly http://orcid.org/0000-0002-9642-5315

REFERENCES

1 Bello AK, Kurzawa J, Osman MA, et al. Impact of Ramadan
fasting on kidney function and related outcomes in patients with
chronic kidney disease: a systematic review protocol. BMJ Open
2019;9:e022710.

2 Chowdhury A, Khan H, Lasker SS, et al. Fasting outcomes in people
with diabetes and chronic kidney disease in East London during
Ramadan 2018: The East London diabetes in Ramadan survey.
Diabetes Res Clin Pract 2019;152:166-70.

3 Hassan S, Hassan F, Abbas N, et al. Does Ramadan Fasting Affect
Hydration Status and Kidney Function in CKD Patients? Ann Nutr
Metab 2018;72:241-7.

4 Bragazzi NL. Ramadan fasting and chronic kidney disease: does
estimated glomerular filtration rate change after and before
Ramadan? Insights from a mini meta-analysis. Int J Nephrol
Renovasc Dis 2015;8:53-7.

5 Islamic Finder. Prayer times today. 2020. Available: https://www.
islamicfinder.org/ [Accessed 19 May 2020].

6 Kara E, Sahin OZ, Kizilkaya B, et al. Fasting in Ramadan is
not associated with deterioration of chronic kidney disease: A

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

prospective observational study. Saudi J Kidney Dis Transpl
2017;28:68-75.

Kottek M, Grieser J, Beck C, et al. World Map of the Képpen-Geiger
climate classification updated. Meteorol Z 2006;15:259-63.

Al Wakeel J, Mitwalli AH, Alsuwaida A, et al. Recommendations for
fasting in Ramadan for patients on peritoneal dialysis. Perit Dial Int
2013;33:86-91.

Bernieh B, Al Hakim MR, Boobes Y, et al. Fasting Ramadan in
chronic kidney disease patients: clinical and biochemical effects.
Saudi J Kidney Dis Transpl 2010;21:898-902.

El-Wakil HS, Desoky I, Lotfy N, et al. Fasting the month of Ramadan
by Muslims: could it be injurious to their kidneys? Saudi J Kidney Dis
Transpl 2007;18:349-54.

Hendawy A. Effect of Ramadan Fasting on Renal Physiology. UNOAJ
2014;1.

Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015
statement. Syst Rev 2015;4:1.

Bello AK, Levin A, Tonelli M, et al. Global kidney health atlas: a
report by the international society of nephrology on the current
state of organization and structure for kidney care across the
globe. Brussels, Belgium International Society of Nephrology;
2017.

Downs SH, Black N. The feasibility of creating a checklist for the
assessment of the methodological quality both of randomised and
non-randomised studies of health care interventions. J Epidemiol
Community Health 1998;52:377-84.

Cho MK, Bero LA. The Quality of Drug Studies Published in
Symposium Proceedings. Ann Intern Med 1996;124:485.

Wiebe N, Vandermeer B, Platt RW, et al. A systematic review
identifies a lack of standardization in methods for handling missing
variance data. J Clin Epidemiol 2006;59:342-53.

Cooper H, Hedges LV, Valentine JC. Handbook of Research
Synthesis and Meta-Analysis. Russell Sage Foundation, 2009.
Cornell JE, Mulrow CD, Localio R, et al. Random-effects meta-
analysis of inconsistent effects: a time for change. Ann Intern Med
2014;160:267-70.

Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med 2002;21:1539-58.

Higgins JPT, Thompson SG, Deeks JJ, et al. Measuring
inconsistency in meta-analyses. BMJ 20083;327:557-60.

Higgins JP, Thomas J, Chandler J. Cochrane Handbook for
Systematic Reviews of Interventions Version 6.0 (Updated July 2019).
Cochrane, 2019.

Song F, Eastwood AJ, Gilbody S, et al. Publication and related
biases. Health Technol Assess 2000;4:1-115.

Thompson SG, Higgins JPT. How should meta-regression analyses
be undertaken and interpreted? Stat Med 2002;21:1559-73.

Nadia R, Nurain M. A pilot study on glycemic excursion and glycemic
variability in type 2 diabetes mellitus (T2DM) patients with chronic
kidney disease (CKD) during Ramadan fasting. J Diabetes Investig
2018;9 (Suppl.1):27.

Kashem TS, Begum NAS, Nobi F, et al. POS-251 Chronic Kidney
Disease progression during Ramadan in hot and humid country like
Bangladesh. Kidney Int Rep 2022;7:S110.

NasrAllah MM, Osman NA. Fasting during the month of

Ramadan among patients with chronic kidney disease: renal and
cardiovascular outcomes. Clin Kidney J 2014;7:348-53.

Dogan I, Eser B, Kayadibi H. The effect of Ramadan fasting on renal
functions in patients with chronic kidney disease. Turk J Biochem
2019;44:189-96.

Karatas A, Canakci E, Arici YK, et al. The effect of Fasting during
Ramadan on the Kidney functions of Stage IlI-IV Chronic Kidney
Disease Patients. Pak J Med Sci 2021;37:972-8.

Einollahi B, Lessan-Pezeshki M, Simforoosh N, et al. Impact of
Ramadan Fasting on Renal Allograft Function. Transplant Proc
2005;37:3004-5.

Ibrahim IA, Hassan EA, Alkhan AM, et al. Ramadan Fasting in Kidney
Transplant Recipients: A Single-Centre Retrospective Study.

J Transplant 2018;2018:4890978.

Qurashi S, Tamimi A, Jaradat M, et al. Effect of Fasting for Ramadan
on Kidney Graft Function During the Hottest Month of the Year
(August) in Riyadh, Saudi Arabia. Exp Clin Transplant 2012;10:551-3.
Said T, Nampoory MRN, Haleem MA, et al. Ramadan fast in kidney
transplant recipients: a prospective comparative study. Transplant
Proc 2003;35:2614-6.

Al Muhanna FA. Ramadan fasting and renal failure. Saudi Med J
1998;19:319-21.

Al Wakeel JS. Kidney function and metabolic profile of chronic kidney
disease and hemodialysis patients during Ramadan fasting. Iran J
Kidney Dis 2014;8:321-8.

Bello AK, et al. BMJ Open 2024;14:€085329. doi:10.1136/bmjopen-2024-085329


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-2969-9121
http://orcid.org/0000-0002-9642-5315
http://dx.doi.org/10.1136/bmjopen-2018-022710
http://dx.doi.org/10.1016/j.diabres.2019.05.022
http://dx.doi.org/10.1159/000486799
http://dx.doi.org/10.1159/000486799
http://dx.doi.org/10.2147/IJNRD.S61718
http://dx.doi.org/10.2147/IJNRD.S61718
https://www.islamicfinder.org/
https://www.islamicfinder.org/
http://dx.doi.org/10.4103/1319-2442.198140
http://dx.doi.org/10.1127/0941-2948/2006/0130
http://dx.doi.org/10.3747/pdi.2010.00095
https://pubmed.ncbi.nlm.nih.gov/20814128
https://pubmed.ncbi.nlm.nih.gov/17679744
https://pubmed.ncbi.nlm.nih.gov/17679744
http://dx.doi.org/10.15406/unoaj.2014.01.00017
http://dx.doi.org/10.1186/2046-4053-4-1
http://dx.doi.org/10.1136/jech.52.6.377
http://dx.doi.org/10.1136/jech.52.6.377
http://dx.doi.org/10.7326/0003-4819-124-5-199603010-00004
http://dx.doi.org/10.1016/j.jclinepi.2005.08.017
http://dx.doi.org/10.7326/M13-2886
http://dx.doi.org/10.1002/sim.1186
http://dx.doi.org/10.1136/bmj.327.7414.557
https://pubmed.ncbi.nlm.nih.gov/10932019
http://dx.doi.org/10.1002/sim.1187
http://dx.doi.org/10.1016/j.ekir.2022.01.270
http://dx.doi.org/10.1093/ckj/sfu046
http://dx.doi.org/10.1515/tjb-2018-0373
http://dx.doi.org/10.12669/pjms.37.4.3661
http://dx.doi.org/10.1016/j.transproceed.2005.08.032
http://dx.doi.org/10.1155/2018/4890978
http://dx.doi.org/10.1155/2018/4890978
http://dx.doi.org/10.6002/ect.2012.0139
http://dx.doi.org/10.1016/j.transproceed.2003.08.072
http://dx.doi.org/10.1016/j.transproceed.2003.08.072
https://pubmed.ncbi.nlm.nih.gov/27701550
https://pubmed.ncbi.nlm.nih.gov/25001139
https://pubmed.ncbi.nlm.nih.gov/25001139

35

36

37

38

39

40

Bakhit AA, Kurdi AM, Wadera JJ, et al. Effects of Ramadan fasting
on moderate to severe chronic kidney disease. A prospective
observational study. Saudi Med J 2017;38:48-52.

Alawadi F, Rashid F, Bashier A, et al. The use of Free Style Libre
Continues Glucose Monitoring (FSL-CGM) to monitor the impact
of Ramadan fasting on glycemic changes and kidney function

in high-risk patients with diabetes and chronic kidney disease
stage 3 under optimal diabetes care. Diabetes Res Clin Pract
2019;151:305-12.

Eldeeb AA, Mahmoud MA, Ibrahim AB, et al. Effect of Ramadan
fasting on arterial stiffness parameters among Egyptian hypertensive
patients with and without chronic kidney disease. Saudi J Kidney Dis
Transpl 2020;31:582-8.

Abdullah JK, Lindarto D, et al. Declining in estimated glomerular
filtration rate of chronic kidney disease patients after Ramadan
fasting is independent of interleukin-6 serum level. Bali Med J
2023;12:94-8.

Ansari FA, Latief M, Manuel S, et al. Impact of Fasting during
Ramadan on Renal Functions in Patients with Chronic Kidney
Disease. Indian J Nephrol 2022;32:262-5.

Yousef EA, Atwa MA, Mahmoud MA. Effect of Ramadan Fasting

44

45

46

47

48

49

50

Boobes Y, Bernieh B, Al Hakim MR. Fasting Ramadan in

kidney transplant patients is safe. Saudi J Kidney Dis Transpl
2009;20:198-200.

Salem E, Akhili I, Akikli A. The Effect of Ramadan Fasting on the
Kidney Function of Renal Transplant Recipients. Arab J Nephr Trans
2010;3:31-4.

Ouziala M, Ouziala S, Bellaoui A, et al. Fasting During the First
Year of Transplantation: Is it Safe? Saudi J Kidney Dis Transpl
1998;9:440-3.

Einollahi B, Lessan-Pezeshki M, Pourfarziani V, et al. Ramadan
fasting in kidney transplant recipients with normal renal function
and with mild-to-moderate renal dysfunction. Int Urol Nephrol
2009;41:417-22.

Ahmad S, Chowdhury TA. Fasting during Ramadan in people
with chronic kidney disease: a review of the literature. Ther Adv
Endocrinol Metab 2019;10:2042018819889019.

Bragazzi NL. Ramadan fasting and chronic kidney disease: A
systematic review. J Res Med Sci 2014;19:665-76.

Muslim Students Association. Ramadan: rules & regulations Idaho,
USA. 2021. Available: https://www.webpages.uidaho.edu/~msa/
ramadan/ramadan.htm

on Chronic Inflammation and Body Composition in Patients 51 Diabetes and ramadan: practical guidelines. Brussels, Belgium
with Chronic Kidney Disease. Saudi J Kidney Dis Transp! International Diabetes Federation and DAR International Alliance;
2021;32:1013-8. 2021.

41 Abdalla AH, Shaheen FA, Rassoul Z, et al. Effect of Ramadan 52 Mahmood A, Dar S, Dabhad A, et al. Advising patients with existing
fasting on Moslem kidney transplant recipients. Am J Nephrol conditions about fasting during Ramadan. BMJ 2022;376:e063613.
1998;18:101-4. 53 Malik S, Bhanji A, Abuleiss H, et al. Effects of fasting on patients with

42 Argani H, Mozaffari S, Rahnama B, et al. Evaluation of biochemical chronic kidney disease during Ramadan and practical guidance for
and immunologic changes in renal transplant recipients during healthcare professionals. Clin Kidney J 2021;14:1524-34.

Ramadan fasting. Transplant Proc 2003;35:2725-6. 54 Pauly RP, Boivin JF, Chan CT. Methodological considerations for

43 Bernieh BO, Mohamed AO, Wafa AM. Ramadan fasting and renal research in nocturnal home hemodialysis. J Nephrol 2007;20:381-7.
transplant recipients: Clinical and biochemical effects. Saudi J 55 Metelli S, Chaimani A. Challenges in meta-analyses with
Kidney Dis Transpl 1994;5:470-3. observational studies. Evid Based Ment Health 2020;23:83-7.

8 Bello AK, et al. BMJ Open 2024;14:€085329. doi:10.1136/bmjopen-2024-085329


http://dx.doi.org/10.15537/smj.2017.1.17566
http://dx.doi.org/10.1016/j.diabres.2019.03.015
http://dx.doi.org/10.4103/1319-2442.289444
http://dx.doi.org/10.4103/1319-2442.289444
http://dx.doi.org/10.4103/ijn.IJN_521_20
http://dx.doi.org/10.4103/1319-2442.338274
http://dx.doi.org/10.1159/000013316
http://dx.doi.org/10.1016/j.transproceed.2003.09.035
https://pubmed.ncbi.nlm.nih.gov/18583773
https://pubmed.ncbi.nlm.nih.gov/18583773
https://pubmed.ncbi.nlm.nih.gov/19237803
http://dx.doi.org/10.4314/ajnt.v3i1.57597
https://pubmed.ncbi.nlm.nih.gov/18408315
http://dx.doi.org/10.1007/s11255-008-9476-y
http://dx.doi.org/10.1177/2042018819889019
http://dx.doi.org/10.1177/2042018819889019
https://pubmed.ncbi.nlm.nih.gov/25364369
https://www.webpages.uidaho.edu/~msa/ramadan/ramadan.htm
https://www.webpages.uidaho.edu/~msa/ramadan/ramadan.htm
http://dx.doi.org/10.1136/bmj-2020-063613
http://dx.doi.org/10.1093/ckj/sfab032
https://pubmed.ncbi.nlm.nih.gov/17879202
http://dx.doi.org/10.1136/ebmental-2019-300129

	Impact of Ramadan fasting on kidney function and related outcomes in chronic kidney disease and kidney transplant recipients: a systematic review and meta-­analysis
	Abstract
	Introduction﻿﻿
	Methods
	Overview
	Data sources and search strategy
	Study selection
	Data extraction and risk of bias assessment
	Statistical analysis and data synthesis
	Patient and public involvement

	Results
	Study selection
	Serum creatinine and estimated glomerular filtration rate
	Secondary outcomes
	Proteinuria


	Discussion
	References


