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Introduction

Most healthy adults will tolerate the religious intermittent
fasting during Ramadan. However, it may increase the risk of

dehydration, hypovolemia, hypoglycemia, diabetic ketoaci-
dosis (DKA), and hospitalization in people with diabetes
mellitus (PwD).1–3 Some of these consequences may overlap
with the expected adverse events of some antidiabetic drugs.
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Abstract Background Religious intermittent fasting for 30 days during Ramadan may increase
the risk of dehydration, hypovolemia, and hypoglycemia. These events may also be
encountered when using sodium-glucose cotransporter 2 inhibitors (SGLT2is).
Objectives This article evaluates the safety of the SGLT2 inhibitors in people with
type 2 diabetes during Ramadan.
Search Methods We searched PubMed CENTRAL, MEDLINE, and Google Scholar on
July 25, 2023 without language restrictions.
Selection Criteria All trials assessing the safety of SGLT2 inhibitors during Ramadan
were assessed and summarized into preset points.
Data Extraction Two authors independently extracted and reviewed the retrieved
studies. A third author reviewed the merged summary of the two authors andmodified
the article when necessary.
Results Diabetic ketoacidosis, hospitalization due to diabetes-related problems, and
thrombosis were either not significantly related to SGLT2i use or not studied. Estimated
glomerular filtration rate (eGFR) dropped significantly in one study; otherwise, it was
either not statistically significant or not studied. Hypovolemia and dehydration were
significantly increased in one study only.
Conclusion From the available evidence, the use of SGLT2 inhibitors in people with
diabetes during Ramadan seems to be safe and well tolerated. Hypovolemia and a drop
in eGFR were reported in a few studies, with no reported clinical significance.
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For instance, hypoglycemia typically increases with sulfony-
lureas (SU) and insulin, while dehydration and hypovolemia
may increase with sodium-glucose cotransporter 2 inhibi-
tors (SGLT2i).4

The management paradigm of type 2 diabetes mellitus
(T2DM) has been steadily evolving over the last one or two
decades and more rapidly in the last few years.5–7 Various
options were approved for practitioners’ use andmore in the
industrial pipelines.8 The cardiometabolic renal benefits
beyond glycemic control drove the change in recommenda-
tions demonstrated for certain drug classes.9

The safety of the hypoglycemic agents in special pop-
ulations and special situations, like Ramadan fasting, was
demonstrated in several studies.4 More recently, several
studies have been devoted to assessing the safety of rela-
tively new hypoglycemic agents, specifically SGLT2i and
glucagon-like peptide-1 receptor agonists (GLP-1 RA). How-
ever, these studies used different members of these classes
and involved varying numbers of subjects under different
geographical and socioeconomic circumstances, leading to
potentially different conclusions when presented separate-
ly. Therefore, we wish in this systematic review to critically
evaluate the data on the safety of the SGLT2i during Rama-
dan fasting and inform clinical practice of their use during
Ramadan fasting.

Methods

The Preferred Reporting Items for Systematic Review and
Meta-Analysis was used to conduct a systematic review.10

The study was registered in the International Prospective
Register of Systematic Reviews (PROSPERO) with a reference
code CRD42023472977.

Objectives
We aimed to assess the safety of the SGLT2i in PwD during
Ramadan fasting for people with T2DM fasting during Ram-
adan, regardless of the risk category of the studied
populations.

Search Methods
Wesearched PubMed CENTRAL,MEDLINE, andGoogle Schol-
ar on July 25, 2023 without language restrictions.

Selection Criteria
All trials assessing the safety of SGLT2i during Ramadanwere
assessed. We included randomized controlled trials (RCTs),
observational, and retrospective studies. Review articles,
systematic reviews, meta-analyses, and clinical guidelines
were excluded.

Data Extraction
Two authors independently extracted and reviewed the
available studies in the above search engines. No language,
year of publication, country or conduct, funding, or study
duration restrictions were applied. A third author reviewed

the merged summary of the two authors and modified the
article when necessary; the fourth and fifth authors
reviewed the final version and concurred on the final article
and the conclusions.

Inclusion Criteria
The data evaluation was designed following PICO criteria:
Study designs: RCT, observational cross-sectional, retrospec-
tive studies; study population: patients on SGLT2i during the
month of Ramadan; intervention: SGLT2i; control: individu-
als receiving other hypoglycemic agents or placebo; out-
come: efficacy and safety of the SGLT2i during Ramadan.

Results

We identified 380 records, of which only 44 met the criteria
for further in-depth screening. Based on the preset inclusion
and exclusion criteria, we identified 12 articles meeting the
criteria of the current review (►Fig. 1). These studies were
retrieved, reviewed, and summarized in ►Tables 1–3.10–21

The studies included one RCT and nine prospective observa-
tional studies. In addition, two documents were retrospec-
tive studies. Out of the commonly used SGLT2is,
dapagliflozin alone was assessed in one study (►Table 1),
canagliflozin alone in one study (►Table 1), and empagli-
flozin in 8 (►Table 3). While some studies have assessed the
SGLT2is in groups (►Table 2). The studied age group extend-
ed from 18 to 79. DKA, hospitalization due to DM-related
problems, and thrombosis were either not significantly
related to SGLT2i use or not studied in some papers. Estimat-
ed glomerular filtration rate (eGFR) dropped significantly
in one study; otherwise, it was either not statistically signif-
icant or not reported in some papers. Also, hypovolemia and

Fig. 1 The data identification and extraction flow chart.
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dehydration were significant in one study only
(►Table 1).10–21

Discussion

This is the most comprehensive systematic review of the
use of SGLT2i during Ramadan fasting. There were more
studies on empagliflozin than dapagliflozin and canagliflo-
zin. DKA, hospitalization due to diabetes-related problems,
and thrombosis were either not significantly related to
SGLT2i use or not studied. eGFR dropped significantly in a
single study; otherwise, it was either not statistically
significant or not studied. Hypovolemia and dehydration
were significantly increased in one study only. These
findings are reassuring about using this class of antidiabetic
medications in general.

Several guidelines and consensus statements have been
published during the last two decades. However, a few of
them included the SGLT2i in the recommendations (since
they are relatively new antidiabetic agents and the stance on
their safety in Ramadan has yet to be firmly developed).
SGLT2i use during Ramadan has first come into the recom-
mendations in International Diabetes Federation/Diabetes
and Ramadan Alliance (IDF/DAR) guidelines and two other
independent international groups of professionals.22–24

Then, there was a single study assessing the safety of the
SGLT2i during Ramadan,11 a physician survey,25 and an
expert statement working from first principles.26

The IDF/DAR committee advised taking the same dose of
pre-Ramadan SGLT2i at Iftar time and drinking plenty of
water during the fed state hours. They also advised cautious
use in elderly individuals and those with renal impairment,
hypotension, and those taking diuretics therapy.24 Recently,
a Canadian consensus statement advised generally continu-
ing the same SGLT2i dose. However, the dose must be
adjusted or withheld in people at high risk for volume
depletion (age>75 years, eGFR<60mL/min/1.73m2, and
loop diuretics). However, given the robust cardiovascular
(CV) protection data, they recommended the continuation of
these agents in patientswith established CV disease (CVD).27

Additionally, the Canadian recommendations advised with-
holding the SGLT2i in cases of acute vomiting, diarrhea, or
orthostatic hypotension and to seek immediate medical
attention.27 Until the latest IDF/DAR guidelines in 2021,28

five more studies on the safety of SGLT2i during Ramadan
were published. The IDF/DAR guideline 2021 recommended
no dose adjustment; the benefit outweighs the risk, so
initiation at a low dose is warranted up to 2 weeks before
fasting starts. In addition, the guidelines recommended
increasingfluid intake and raising awareness among patients
of all potential side effects.28 Since the time of the latest
IDF/DAR guidelines, more studies on the safety of SGLT2i
emerged, which may top up the confidence in this relatively
new class of medication during Ramadan. Although profes-
sional opinion has evolved more favorably toward more
liberal use of the SGLT2i class in people with diabetes during
Ramadan fasting,29,30 a formal evaluation of these studies in
a systematic manner is warranted.Ta
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Several studies on the safety of SGLT2i have been pub-
lished since 2016 (►Table 1).10–21 Most of the studies had a
similar theme of assessing the risk of fasting in people with
diabetes (hypoglycemia, dehydration, deterioration in kid-
ney function, DKA, thrombotic events, and hospitalization
during the study period).

The first study that assessed the safety of SGLT2i during
Ramadan was from Malaysia.11 Wan Seman et al evaluated
the safety of switching SU to SGLT2i in patients with low-risk
T2DM. They recruited 110 patients and randomized into SU
and dapagliflozin. The study showed a nonsignificant drop in
hemoglobin A1c (HbA1c) of 0.05 and 0.32% from baseline in
dapagliflozin and SU, respectively. The percentage of patients
who developed hypoglycemia was lower in the dapagliflozin
group (9.6%) compared to the SU group (28.8%), p¼0.002.
Dehydration was reported numerically higher in the dapa-
gliflozin group (13.8%) compared to the SU group (3.8%), p
0.21. The kidney function was not a predefined outcome of
this study, nor was the DKA, thrombotic events, and hospi-
talization during the study period. Another international
multicenter study evaluated the tolerability of canagliflozin
use during Ramadan and recruited 379 patients with low to
moderate risk of fasting.10 In this study, there was a drop in
HbA1c in the canagliflozin group compared to SU (0.4 and
0.2%, respectively) and a drop of eGFR in the canagliflozin
group compared to SU (–1.2 and þ3.1, respectively), neither
of those outcomeswere tested for statistical significance. The
percentage of hypoglycemia was lower in the canagliflozin
group compared to the SU group (3.7 and 13.2%, respective-
ly), p¼0.009. Hypovolemia was also reported numerically
higher in the canagliflozin group, 16.1% versus 5% in the SU
group, but it did not reach a statistical significance with a p-
value of 0.11.10 The study did not report any serious adverse
events for either group.

A real-world evidence study by Bashier et al12 evaluated
417 patients on SGLT2i at a background of SU (46%, n¼192)
and insulin (48.8%, n¼191). The HbA1c improved from a
mean of 8.3�1.7% before Ramadan to 7.8�1.3% after
Ramadan; p¼0.001. Twenty-seven percent of patients
had symptomatic hypoglycemia (n¼113), while only
18.7% had a confirmed blood glucose<70mg/dL (n¼78).
Patients on SGLT2i and insulin had higher hypoglycemic
episodes than those on SGLT2i plus SU (52 and 26 patients,
respectively), p 0.0005. Moreover, patients on multiple daily
insulin regimens had higher hypoglycemic episodes than
patients on basal insulin alone (36 and 16 patients, respec-
tively), p 0.02. This study reported no significant change in
the eGFR, no reported DKA admissions, and no thrombotic
events.

Another study from Singapore recruited 68 patients and
grouped them into SGLT2i versus SU; all patients had a low
to moderate risk of fasting.13 The unique addition to this
study is that Shao et al measured the serum ketones after 8
to 10 hours of fasting after 2 weeks of Ramadan had
passed. Serum ketone of>6mmol/L is considered signifi-
cant. During Ramadan, only one patient from the SGLT2i
group had serum ketone>6mmol/L. However, he was
asymptomatic and continued his fasting without clinical

compromise. There was no significant change in the sys-
tolic or diastolic blood pressure or the eGFR between the
groups. This study reported no DKA admissions; two
patients were admitted with nondiabetes illnesses (gouty
arthritis and stroke). From a different perspective, a study
was conducted using the flash glucose monitoring system
in patients at high risk of fasting.14 The study population
was categorized as high risk for fasting as they were having
T2DM treated with insulin or were with T2DM and a stable
CVD or with chronic kidney disease stage 3. This study
tests the concept of optimum care, including flash glucose
monitoring, Ramadan-focused patient education, and
treatment dose adjustment after fasting. Abdelgadir et al
recruited 95 patients treated with insulin. Patients were
further divided into the SGT2i group and another group on
any hypoglycemic agent other than SGLT2i.14 The hypo-
glycemic episodes during Ramadan were numerically less
in the SGLT2i group compared to the control group,
3.9�5.1 versus 3.3�3.8, p 0.97. There was no difference
in the severity or timing of hypoglycemia between groups.
There was no significant change in the serum creatinine
(0.8þ0.2–0.7þ0.2, respectively), p 0.85. Similarly, there
was no significant change in the eGFR between groups. In
this study, no DKA admissions or no thrombotic events
were reported. All previously mentioned studies are sum-
marized in ►Table 1. Furthermore, two recent studies from
Pakistan have again investigated the efficacy of SGLT 2i in
type 2 diabetic patients while fasting during Rama-
dan.15,16 Das and colleagues recruited 82 patients, 63%
were on empagliflozin and 37% were on dapagliflozin. The
study showed a nonsignificant drop in HbA1c from 7.9� to
7.7�1.2% before and after Ramadan, with no significant
increase in hypoglycemia (7.3%) and dehydration (4.8%).
However, there was a significant decrease between the
pre-Ramadan eGFR and post-Ramadan eGFR with a p-
value of<0.001. The study did not report any hospitaliza-
tion due to hypoglycemia, DKA, dehydration, or thrombo-
embolism.15 In another multicentric observational study,
Ahmed et al studied the efficacy and safety of empagli-
flozin against DPPv4 in 132 patients during fasting during
Ramadan. The study reported a nonsignificant decline in
HbA1c in the SGLT2i group compared to the control group
before and after Ramadan, with a p-value of 0.038 versus
0.019, respectively. There was no difference in hypoglyce-
mic episodes in both groups, at 15.9%, p 1.0. Additionally,
no statistically significant difference was seen in the rate
of dehydration in the DPPv4 group and the SGLT2i group.16

Interestingly, in this study, the SGLT2i group did not have
any incidences of urinary tract infections compared to the
DPP IV group (6.8%), p¼0.07.

A real-world open-label two-arm-parallel study by Pa-
than et al17 evaluated 493 patientswhowere divided into the
SGLT2i group (empagliflozin arm) and non-SGLT2i group
(other oral hypoglycemics). The study revealed a statistically
significant decrease in HbA1c in the SGLT2i group, a decrease
of 0.49 compared to 0.1 only in the control group, p-value
<0.001. There was no significant increase in hypoglycemic
episodes and dehydration in either group, with values of 0.26
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and 0.55, respectively. In this study, no significant event of
DKA, severe dehydration, severe hypoglycemia, and throm-
boembolism happened, which would warrant hospitaliza-
tion. Three more studies have assessed the safety of
empagliflozin during fasting withmore or less similar results
to the preceding data.18–20

A recent study from Pakistan by Yousuf and Ahmedani
showed a significant HbA1c, body mass index, and eGFR
reduction after Ramadan in people on empagliflozinþmet-
formin compared to SUþmetformin.21 Interestingly, people
on empagliflozinwithout metformin did not drop their eGFR
after fasting Ramada; the authors theoretically attributed
that to the gastrointestinal jeopardyofmetformin use, which
might have added to the hypovolemia and reduction of the
eGFR.21 Once again, hypovolemia was more evident in the
empagliflozin group.

Some gaps in knowledge identified from this study in-
clude (1) the need for more research on the safety of SGLT2i
in older people with diabetes during Ramadan and (2) the
lack of long-term follow-up of the decline in eGFR and the
time to revert it to the pre-Ramadan baseline.

Conclusion

The available evidence shows that SGLT2i in people with
diabetes during Ramadan fasting seem safe and well tolerat-
ed. Hypovolemia and a drop in eGFR were reported in a few
studies, with no reported clinical significance. Given the
remarkable indispensable cardiorenal protective privileges
of the SGLT2is and the Ramadan safety evidence so far,
authors suggest that SGLT2i should be initiated at any time
when indicated, including peri-Ramadan and even within
Ramadan following an optimum education.

Authors’ Contributions
All named authors contributed to the study’s conception
and conduct and to the manuscript’s drafting and finali-
zation. They have all reviewed and approved its final
version.

Funding
None.

Compliance with Ethical Principles
Ethical approval is not required for a systematic review
type of study.

Note
E.A., A.B., S.B., M.H. reported:
Presenting in medical platforms which may be compen-
sated by an agreed upon honoraria.
A.B., F.Y., M.H., S.B. reported:
Payment or honoraria for lectures and support for major
academic conferences.

Conflict of Interest
None declared.

Acknowledgment
The authors would like to thankDr. Shakeel Tegginmani of
Mohamed Bin Rashid University for his valuable guidance
through the systematic data extraction and summary
process review.

References
1 Salti I, Bénard E, Detournay B, et al; EPIDIAR study group. A

population-based study of diabetes and its characteristics during
the fasting month of Ramadan in 13 countries: results of the
epidemiology of diabetes and Ramadan 1422/2001 (EPIDIAR)
study. Diabetes Care 2004;27(10):2306–2311

2 Abdelgadir EI, Hassanein MM, Bashier AM, et al. A prospective
multi-country observational trial to compare the incidences of
diabetic ketoacidosis in the month of Ramadan, the preceding
month, and the following month (DKAR international). J Diabetes
Metab Disord 2016;15:50

3 Beshyah SA, Hassanein M, Ahmedani MY, et al. Diabetic hypo-
glycaemia during Ramadan fasting: a trans-national observation-
al real-world study. Diabetes Res Clin Pract 2019;150:315–321

4 Lee SWH, Chen WS, Sellappans R, Md Sharif SB, Metzendorf MI,
Lai NM. Interventions for people with type 2 diabetes mellitus
fasting during Ramadan. Cochrane Database Syst Rev 2023;7(07):
CD013178

5 Davies MJ, D’Alessio DA, Fradkin J, et al. Management of hyper-
glycemia in type 2 diabetes, 2018. A consensus report by the
American Diabetes Association (ADA) and the European Associa-
tion for the Study of Diabetes (EASD). Diabetes Care 2018;41(12):
2669–2701

6 Buse JB,Wexler DJ, Tsapas A, et al. 2019 update to:management of
hyperglycemia in type 2 diabetes, 2018. A consensus report by the
American Diabetes Association (ADA) and the European Associa-
tion for the Study of Diabetes (EASD). Diabetes Care 2020;43(02):
487–493

7 Davies MJ, Aroda VR, Collins BS, et al. Management of hyper-
glycaemia in type 2 diabetes, 2022. A consensus report by the
American Diabetes Association (ADA) and the European Associa-
tion for the Study of Diabetes (EASD). Diabetologia 2022;65(12):
1925–1966

8 Ni X, Zhang L, Feng X, Tang L. New hypoglycemic drugs: combi-
nation drugs and targets discovery. Front Pharmacol 2022;
13:877797

9 Handelsman Y. Rationale for the early use of sodium-glucose
cotransporter-2 inhibitors in patients with type 2 diabetes. Adv
Ther 2019;36(10):2567–2586

10 Hassanein M, Echtay A, Hassoun A, et al. Tolerability of canagli-
flozin in patients with type 2 diabetes mellitus fasting during
Ramadan: results of the Canagliflozin in Ramadan Tolerance
Observational Study (CRATOS). Int J Clin Pract 2017;71(10):
e12991

11 Wan Seman WJ, Kori N, Rajoo S, et al. Switching from sulphony-
lurea to a sodium-glucose cotransporter2 inhibitor in the fasting
month of Ramadan is associated with a reduction in hypoglycae-
mia. Diabetes Obes Metab 2016;18(06):628–632

12 Bashier A, Khalifa AA, Abdelgadir EI, et al. Safety of sodium-
glucose co-transporter 2 inhibitors (SGLT2-I) during themonth of
Ramadan in Muslim patients with type 2 diabetes. Oman Med J
2018;33(02):104–110

13 Shao Y, Lim GJ, Chua CL, et al. The effect of Ramadan fasting and
continuing sodium-glucose co-transporter-2 (SGLT2) inhibitor
use on ketonemia, blood pressure and renal function in Muslim
patients with type 2 diabetes. Diabetes Res Clin Pract 2018;
142:85–91

14 Abdelgadir E, Rashid F, Bashier A, et al. Use of flash glucose
monitoring system in assessing safety of the SGLT2 inhibitors

Journal of Diabetes and Endocrine Practice Vol. 7 No. 4/2024 © 2024. Gulf Association of Endocrinology and Diabetes (GAED). All rights reserved.

SGLT2-Inhibitors in Ramadan Abdelgadir et al. 183



during Ramadan fasting in high risk insulin treated patients with
type 2 diabetes. Diabetes Metab Syndr 2019;13(05):2927–2932

15 Sheikh A, Das B, Sattar S, Islam N. Safety of sodium-glucose
cotransporter 2 inhibitors (SGLT2i) during themonth of Ramadan
in patients with type 2 diabetes mellitus in Pakistani population-
an observational study from a tertiary care center in Karachi.
Endocrine 2023;80(01):64–70

16 Ahmed I, Raja UY, Wahab MU, et al. Efficacy and safety of
combination of empagliflozin and metformin with combination
of sitagliptin and metformin during Ramadan: an observational
study. BMC Endocr Disord 2022;22(01):247

17 Pathan MDF, Akter N, Selim S, et al. Efficacy and safety of
empagliflozin in patients with type 2 diabetes mellitus fasting
during Ramadan: a real-world study from Bangladesh. Diabetes
Metab Syndr Obes 2022;15:4011–4021

18 Goh KG, Zakaria MH, Raja Azwan RN, Bhajan Singh KK, Badrul
Hisham MH, Hussein Z. Effect of empagliflozin in patients with
type 2 diabetes during Ramadan on volume status, ketonaemia,
and hypoglycaemia. Diabetes Metab Syndr 2023;17(01):102680

19 SamkariMM, Bokhari NS, Alhajaji R, et al. Safety and tolerability of
empagliflozin use during the holy month of Ramadan by fasting
patients with type 2 diabetes: a prospective cohort study. Saudi
Pharm J 2023;31(06):972–978

20 Ruqaib AMA, Ghamdi AAA, Jamaan AA, et al. Association between
sglt2 inhibitors and diabetic ketoacidosis among patients fasting in
Ramadan.ResearchSquare2023.Doi: 10.21203/rs.3.rs-2466697/v1

21 Yousuf S, Ahmedani MY. Efficacy and safety of empagliflozin in
people with type 2 diabetes during Ramadan fasting. Diabetes
Metab Syndr 2022;16(11):102633

22 IbrahimM, AbuAlMagdM, Annabi FA, et al. Recommendations for
management of diabetes during Ramadan: update 2015. BMJ
Open Diabetes Res Care 2015;3(01):e000108

23 Ali S, DaviesMJ, Brady EM, et al. Guidelines for managing diabetes
in Ramadan. Diabet Med 2016;33(10):1315–1329

24 Hassanein M, Al-Arouj M, Hamdy O, et al; International Diabetes
Federation (IDF), in collaborationwith the Diabetes and Ramadan
(DAR) International Alliance. Diabetes and Ramadan: practical
guidelines. Diabetes Res Clin Pract 2017;126:303–316

25 Beshyah SA, Chatterjee S, Davies MJ. Use of SGLT2 inhibitors
during Ramadan: a survey of physicians’ views and practical
guidance. Br J Diabetes 2016;16:20–24

26 Beshyah SA, Farooqi MH, Suliman SG, et al. Use of sodium-glucose
co-transporter 2 inhibitors during the fasting of Ramadan: is
there cause for concern? Ibnosina J Med Biomed Sci 2016;8(03):
81–88

27 Bajaj HS, Abouhassan T, AhsanMR, et al. Diabetes Canada position
statement for people with types 1 and 2 diabetes who fast during
Ramadan. Can J Diabetes 2019;43(01):3–12

28 Hassanein M, Afandi B, Yakoob Ahmedani M, et al. Diabetes and
Ramadan: practical guidelines 2021. Diabetes Res Clin Pract 2022;
185:109185. Doi: 10.1016/j.diabres.2021.109185

29 Beshyah SA, Hafidh K, Shaikh TG. Evolving physicians’ perceptions
and practices regarding use of SGLT2 inhibitors for type 2 diabetes
during Ramadan fasting. Diabetes Res Clin Pract 2020;
168:108389

30 Hassanein M, Bashier A, Randeree H, et al. Use of SGLT2 inhibitors
during Ramadan: an expert panel statement. Diabetes Res Clin
Pract 2020;169:108465

Journal of Diabetes and Endocrine Practice Vol. 7 No. 4/2024 © 2024. Gulf Association of Endocrinology and Diabetes (GAED). All rights reserved.

SGLT2-Inhibitors in Ramadan Abdelgadir et al.184


