
O m a n  m e d  J,  v O l  3 3 ,  n O  2 ,  m a r c h  2 0 1 8

105a l a a eld i n  B a s h i er ,  et  a l .

*Corresponding author: alaaeldin11@gmail.com

There are an estimated 148 million 
muslim with diabetes worldwide.1 most 
of them fast during the holy month of 
ramadan. during this fasting period, 

muslims abstain from food and drink (including 
oral medications) from dawn to dusk. The duration 
of fasting can reach up to 19 hours in some parts of 
the world, especially during summertime. Fasting 
during ramadan is a cardinal religious obligation 
for those who can withstand fasting. The effects of 
fasting during ramadan for those with diabetes have 
been studied over the last two decades. The aims of 
clinical studies in this field are to determine who can 

fast safely and which diabetes medicines can be used 
safely during ramadan.

The epidemiology of diabetes and ramadan 
(ePIdIar) and creed studies, as well as others, 
have highlighted the most-encountered risks of 
fasting in patients with diabetes: diabetic ketoacidosis 
(dKa), hyperglycemia, dehydration, hypoglycemia, 
and thrombosis.2–4 dehydration is a greater concern 
in hot climates especially the middle east, which has 
the vast majority of muslims.

many clinical trials have assessed the safety of 
various pharmacological diabetes treatments during 
ramadan,5–7 including insulin, sulphonylureas (SUs), 
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A B S T R AC T
Objectives: Sodium-glucose cotransporter 2 inhibitors (SGlT2-I) are a new class 
of antidiabetic drugs that might increase the risk of dehydration and hypoglycemia, 
particularly during the month of ramadan in which muslims abstain from eating 
and drinking for 14–16 hours daily. We aimed to provide real-life evidence about the 
safety of SGlT2-I during ramadan. Methods: all patients over the age of 18 years on 
SGlT2-I before ramadan 2016 who would be fasting during ramadan were included. 
demographic data, detailed medical history including comorbidities and medication 
profile, and laboratory results were collected before and after ramadan. We also 
conducted a phone interview to evaluate the frequency and severity of hypoglycemia 
and dehydration. Results: Of the total of 417 patients, 113 (27.0%) experienced 
hypoglycemic events, and 93 of these (82.3%) checked their blood glucose using a 
glucometer. confirmed hypoglycemia (< 70 mg/dl) was observed in 78 (83.8%). The 
hypoglycemic events were significantly more frequent in the SGlT2-I plus insulin-
treated group than in those treated with SGlT2-I plus oral hypoglycemic agents 
group (p < 0.001). confirmed hypoglycemic events were more frequent in those using 
SGlT2-I plus intensive insulin compared to those using SGlT2-I plus basal insulin  
(p = 0.020). Symptoms of dehydration were seen in 9.3% (n = 39) of the total population. 
We observed statistically significant reductions in glycated hemoglobin and weight by 
the end of ramadan (p < 0.001). There were no significant changes in lipid profile and 
creatinine levels by the end of the study. Conclusions: The use of insulin in combination 
with SGlT2-I increases the risk of hypoglycemia during ramadan. hypoglycemic events 
were mild and did not require hospital admission. however, careful monitoring during 
prolonged fasting is warranted. no significant harmful effects on renal function result 
from treatment with SGlT2-I during ramadan.
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glucagon-like peptide-1 (GlP-1) agonists, and 
dipeptidyl peptidase inhibitors (dPP-Iv).5–14 Based 
on the evidence from these trials, many guidelines 
and recommendations did not show much concern 
to the use of most of these agents during ramadan 
except SUs and intensive insulin regimens.15–17

Over the last few years, the use of the relatively 
new sodium-glucose cotransporter 2 inhibitors 
(SGlT2-I) has grown, particularly after the favorable 
cardiovascular and renal effects of empagliflozin.18 
These SGlT2-I inhibit glucose reabsorption in 
the proximal renal tubules, where 90% of glucose 
reabsorption occurs.19 The resulting osmotic diuresis 
carries a higher risk of hypovolemia as well as higher 
rates of urinary tract infections. Furthermore, the 
Food and drug administration published a warning 
after some reports of dKa and acute kidney injury 
following the use of SGlT2-I.20

hazards of SGlT2-I are expected to be 
higher with prolonged fasting, but to date, only 
two studies have assessed use of SGlT2-I during 
ramadan.21,22 In both studies, SGlT-2-I showed 
lower rates of hypovolemia and hypoglycemia during 
fasting compared to SUs. Though dKa and renal 
compromise are reported outside ramadan, they 
have not been reported during ramadan.

Our primary objective was to assess the safety of 
SGlT2-I during ramadan, in a real-life scenario, by 
finding the frequency and severity of hypoglycemic 
events as well as the frequency of dehydration. The 
secondary objective was to determine the effect of 
SGlT2-I on weight, glycated hemoglobin (hba1c), 
lipid profile, and creatinine during ramadan.

M ET H O D S
This prospective trial was performed at two dubai 
health authority sites. The trial protocol was 
reviewed and approved by the institutional review 
board and ethics committee of the dha.  Informed 
consent was obtained from participants in the study.

all muslim patients more than 18 years old with 
type 2 diabetes treated with SGlT2-I (canagliflozin 
100 mg or dapagliflozin 10 mg) on 30 march 2016 
were screened for eligibility for the trial. all patients 
had an estimated glomerular filtration rate (eGFr) 
≥ 60 ml/min/m2 (as per hospital protocols for 
prescription of an SGlT2-I). We excluded data of 
patients who discontinued the SGlT2-I before or 
during ramadan and those who fasted for less than 

20 days. as part of the study protocol, we conducted 
a phone interview, those who could not be reached 
by phone were excluded.

most patients attended ramadan-focused 
education sessions either formally or during 
physician consultations as part of routine practice 
in our hospital. We reviewed the electronic database 
as well as patients’ medical records for demographic 
and biological data, detailed history of diabetes, 
antidiabetic medications, comorbidities, and 
laboratory results performed within a month before 
ramadan. These included hba1c, lipid profile, and 
serum creatinine. laboratory tests performed within 
six weeks after ramadan were also collected. all 
information was transcribed onto a data collection 
sheet. accuracy was ensured by another investigator.

Within six weeks after ramadan, patients 
were interviewed by telephone using a structured 
questionnaire that included nine questions [Box 1].

a patient was considered to have type 2 diabetes 
if the american diabetes association criteria for the 
diagnosis of diabetes mellitus was fulfilled (fasting 
blood glucose (FBG) ≥ 126 mg/dl, random blood 
glucose (rBG) ≥ 200 mg/dl, or hba1c ≥ 6.5%) or 
if an antidiabetic agent was taken as a treatment. 
Patients on metformin alone were not considered 
diabetic unless the blood levels were met.

We defined hypoglycemia as blood glucose < 70 
mg/dl. Severe hypoglycemia was considered if the 
patient required third-party assistance or admission 
to the emergency room.

The overall rate of hypoglycemia and differences 
in occurrence rates was assessed based on the 
concomitant treatment used along with SGlT2-I. 
hence, we looked at the rate of hypoglycemia in 

Box 1: Standardized telephone questionnaire 
questions conducted within six weeks of Ramadan.

 ■ Did you have symptoms of hypoglycemia?
 ■ If yes, did you check your blood sugar?
 ■ If yes, did this confirm the hypoglycemia?
 ■ What time did you develop hypoglycemia?
 ■ If it was during fasting, did you break your fast?
 ■ Did you change your insulin or oral hypoglycemic agent dose 
during Ramadan?

 ■ Did you have symptoms of severe dehydration (extreme and 
unusual thirst)?

 ■ Have you ever been admitted due to high or low blood sugar 
level or extreme dehydration?

 ■ How many days did you fast during Ramadan?
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patients using SGlT2-I with insulin and those 
using SGlT2-I with other oral hypoglycemic 
agents (Oha). We further compared those on 
SGlT2-I plus intensive insulin therapy versus those 
on SGlT2-I plus basal insulin only and those on 
SGlT2-I plus SUs versus those on SGlT2-I plus 
other oral agents (not including SUs).

data analysis was performed using SPSS Statistics 
(SPSS Inc. released 2007. SPSS for Windows, 
version 16.0. chicago, SPSS Inc.), and significance 
was recognized when p < 0.050. Quantitative 
variables were described using the mean, standard 
deviation (Sd), and range, whereas qualitative 
variables were defined using values and percentages.

The chi-square test was used to compare groups 
using qualitative variables. The unpaired t-test was 
used to compare groups using quantitative variables 
and in parametric data (Sd < 50% of the mean). The 
mann-Whitney test was used instead of the t-test 
when the data were non-parametric. The paired t-test 
was used to compare the same group before and after 
treatment using parametric data, and the Wilcoxon 
test if the data were non-parametric.

R E SU LTS
a total of 535 patients being treated with one of the 
two SGlT2-I by march 30, 2016, were screened for 
inclusion in the study. Of these, 71 were excluded 
because the telephone interview was not completed. 
another 30 were excluded for not fasting during 
ramadan. a further six were excluded because 
treatment was stopped before ramadan, either 
because it was unavailable or because of the fear 
of experiencing hypoglycemia during ramadan. 
an additional 10 were excluded because of a lack 
of baseline data in the electronic database. Finally,  
one patient who died as a result of a traffic accident 
was excluded. The total number of patients included 
was 417.

The included patients were primarily female 
(58.5%), aged 54.0±11.6 years, and weighed 
83.8±16.6 kg. Their mean hba1c level was 8.3±1.7% 
and the mean duration of diabetes was 13.4±6.6 years 
(range three months to 37 years). The medications 
used at baseline are given in Table 1. 

hypoglycemia symptoms were seen in 113 
patients (27.0%). Of these, 93 (82.3%) checked their 
blood glucose levels and 78 (83.8%) confirmed their 
hypoglycemia (blood glucose of < 70 mg/dl). despite 

the advice to break fasting in case of hypoglycemia, 
only 38 patients broke their fast. The total number 
of patients who adjusted their insulin or Oha 
during ramadan was 57 (13.6%). One (0.2%) 
patient was admitted to the hospital with symptoms 
of hypoglycemia. hypoglycemic events occurred 
mostly in the evening (67 episodes, 64.4%), but also 
in the afternoon (25 episodes, 24.0%), morning, and 
after breaking fast (16 episodes, 15.4% each).

Table 1: Baseline characteristics of participants.

Variables Percentage

Females 58.5 (n = 244)
Age, years, mean ± SD 54.0 ± 11.6
Duration of diabetes, years, mean ± SD  13.4 ± 6.6
Weight, kg, mean ± SD 83.8 ± 16.6

Medicine
Insulin 45.8 (n = 191)
Metformin 89.9 (n = 375)
DPP-4 inhibitors 52.7 (n = 220)
GLP-1 analogues 39.0 (n = 163)
Sulphonylureas 46.0 (n = 192)
TZDs 8.6 (n = 36)

Laboratories
HbA1c, mean ± SD 8.3 ± 1.7
Creatinine, mg/dL 0.71

DPP-4: dipeptidyl peptidase-4; GLP-1: glucagon-like peptide-1; 
TZDs: thiazolidinediones; SD: standard deviation; . HbA1c: glycated 
hemoglobin

Number of hypoglycemic episodes was statistically significant when compared 
hypoglycemia in insulin group vs OHA p = 0.0005
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Figure 1: Total and confirmed hypoglycemic 
episodes in insulin and OHA groups.
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Total number of patients on SGlT2-I and Oha 
(SGlT2-I+Oha) was 227, while those on SGlT2-I 
and insulin (SGlT2-I+insulin) was 190. There was 
a statistically significant difference in the number of 
hypoglycemic episodes when we compared patients 
using SGlT2-I+insulin versus those using SGlT2-I 
and Oha (72 episodes (37.8%) vs. 41 episodes 
(18.0%), p < 0.005). This difference was observed 
despite the fact that more patients taking SGlT2-
I+insulin adjusted their doses during ramadan 
compared to those using SGlT2-I+Oha (44 

patients (23.15%) vs. 13 patients (5.7%), respectively,  
p < 0.001). no difference between the timing of 
hypoglycemia was found in either group [Figure 1].

no difference in the occurrence of confirmed 
hypoglycemic events was found between patients 
on SGlT2-I plus SUs compared to patients using 
SGlT2-I without SUs (n = 24 out of 132 patients on 
SUs (18.1%) vs. n = 18 out of 94 patients on other 
Oha (18.5%), p = 0.770). Similarly, no difference in 
the percentage of overall hypoglycemic episodes was 
found between the two insulin subgroups (basal vs. 
multiple daily injections (mdI)). however, confirmed 
hypoglycemic episodes were more significant in the 
intensive insulin therapy group (p = 0.020; Figure 2).  
moreover, significantly more patients broke their 
fast in the intensive insulin therapy group, n = 23 out 
of 116 patients on mdI (19.8%) vs. n = 5 out of 74 
of patients on basal insulin (6.7%) in the SGlT2-I 
plus basal insulin (p = 0.004).

Only 39 (9.3%) patients cohort complained 
of extreme and unusual thirst. These symptoms 
were seen more frequently among patients treated 
with SGlT2-I plus insulin than those treated with 
SGlT2-I plus Ohas (n = 25 (13.15%)  in the 
insulin-treated group vs. n = 14 (6.16%) in the Oha 
treated group, respectively, p = 0.030).

We recorded no cases of dKa, thrombotic 
events, or changes in serum creatinine.

The mean hba1c level was 8.3±1.7% before 
ramadan and significantly reduced to 7.8±1.3% 
(p < 0.001) after ramadan. at baseline, hba1c was 
significantly higher in the SGlT2-I plus insulin-
treated group than in those treated with SGlT2-I plus  
Ohas (8.9±1.7% vs. 7.8±1.5% respectively,  
p < 0.001). By the end of ramadan, a significant 
reduction was noted in both groups (8.2±1.5% vs. 
7.4±1.4% respectively, p < 0.001) [Figure 3].

changes in mean hba1c remained significant 
after correction for age, sex, duration of diabetes, 
and comorbidities.

mean weight at baseline was 83.9±17.0 kg, which 
reduced to 83.8±16.6 kg after ramadan (p < 0.001). 
changes in mean weight remained significant 
after correction for age, sex, duration of diabetes,  
and comorbidities.

D I S C U S S I O N
The safety and efficacy of SGlT2-I as add-on 
therapies to metformin and other Ohas, as well as 
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other intensive insulin therapy, has been established 
in several randomized controlled trials.23–26 among 
the notable beneficial effects of this class of Ohas is 
its promising cardiovascular and renal outcomes.18,27 
concerns center around its osmotic diuretic 
effect, which can lead to dehydration, an increased 
frequency of genital infections, and, less commonly, 
euglycemic ketoacidosis.28,29

These concerns come to the forefront when the 
use of SGlT2-I during ramadan is considered, 
particularly in hot climates where the combination 
of long hours of fasting and warm weather could 
potentially increase the risks of dehydration, 
thrombosis, and hypoglycemia. ramadan fasting in 
diabetic patients also poses risks of hyperglycemia 
and dKa due to several factors, among which 
are eating habits that are altered to include more 
carbohydrates, late-night eating, and elimination 
or adjustment of diabetes medications.2,3 The latest 
recommendation for the management of diabetes 
during ramadan suggested that the use of SGlT2-I 
during ramadan might be an attractive option 
given the low risk of hypoglycemia. however, the 
risk of volume contraction in elderly patients raises 
some concern. The authors suggested that more 
randomized controlled trials are required before 
being certain about their safety.30

a recent survey of physicians’ views on the use 
of SGlT2-I in ramadan reported that the majority 
(70.6%) of 197 physicians surveyed believed that 
SGlT2-I were generally appropriate and safe to use 
during ramadan but should be discontinued in a 
select group of patients, while 16.2% believed they 
were safe to use in all patients despite the lack of safety 
evidence. The authors advised that SGlT2-I should 
not be prescribed immediately before ramadan.31

Our study differed from the two other available 
studies that assessed the safety and tolerability of 
SGlT2-I during ramadan in that it evaluated, in 
a real-life scenario, this class of antidiabetic drugs 
on top on ongoing treatment that included insulin. 
The other two studies evaluated SGlT2-I on top 
of metformin with or without dPP-4 inhibitor 
compared to SUs.21,22 The first was a randomized, 
12-week, open-label, two-arm parallel group study 
using 110 patients. It assessed the hypoglycemia 
risk and safety of dapagliflozin compared with 
SU as an addition to metformin during ramadan. 
The incidence of hypoglycemia was lower with 
dapagliflozin (6.9% vs. 28.8%, p = 0.002). no 

difference in the incidence of urinary tract infections 
or postural hypotension was found between the 
groups.21 The second study was a non-randomized 
prospective parallel cohort that assessed use of 
canagliflozin compared with SUs. Fewer patients in 
the canagliflozin group experienced hypoglycemia 
(adjusted odd ratio (Or) 0.273; 95% confidence 
interval (cI): 0.0104–0.719).22

In our cohort, the higher risk hypoglycemia 
was noted in patients using insulin, which 
has been shown to increase the likelihood of 
developing hypoglycemia during fasting and  
non-fasting periods.6,32–35

The frequency of hypoglycemia was not 
statistically significant when we compared patients 
on SGlT2-I on SUs to those on SGlT2-I using 
other Ohas. This indicates that the use of gliclazide, 
which is the SU used in more than 95% of our 
patients, is not associated with increased risk of 
hypoglycemia. Similar conclusions were derived 
in another study that included 1021 patients 
randomized to receive sitagliptin or to remain on a 
preexisting SU, demonstrated a significantly greater 
incidence of hypoglycemia among those treated with 
SUs (6.7% vs. 13.2%, p < 0.001).36 however, when 
they assessed the SUs associated with hypoglycemia 
they found that gliclazide was not associated with 
increased hypoglycemia risk.

It is unfortunate that only a minority of our 
patients with symptomatic hypoglycemia broke 
fasting (33.6%) despite the fact that most confirmed 
hypoglycemia using a glucometer. more education and 
awareness is needed about fasting with diabetes so that 
potentially serious hypoglycemia can be avoided.37

Of all patients in the cohort, 9.3% complained 
of extreme thirst. This is comparable to the 10% 
incidence of postural hypotension seen in another 
study.21 The canagliflozin in ramadan Tolerance 
Observational Study (craTOS) assessed the 
volume depletion events prospectively in a similar 
questionnaire.22 The number of volume depletion 
events was higher in the canagliflozin group 
compared to the SU group (16.1% reported ≥ 
1 volume depletion event in canagliflozin group 
compared with eight patients 5.0% treated  
with a SU).22

It is difficult to assess whether thirst was related 
to SGlT2-I use or other confounding factors such 
as the nature of their work, level of hydration during 
non-fasting hours, and intake of high-salt foods.
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consistent with results seen with other SGlT2-I, 
injectable, and other Ohas studied during ramadan, 
all patients on SGlT2-I had a marked reduction in 
hba1c levels post-ramadan; 8.3±1.7% before fasting 
to 7.8±1.3% (p < 0.001) after ramadan.

additionally, significant weight reductions were 
seen in all groups on SGlT2-I post-ramadan. In 
the craTOS trial, there were a numerically more 
patients in the canagliflozin group who lost weight 
(weight change from baseline was -2.4 kg compared 
to -0.5 kg in the SU group), but this was not 
statistically significant.22

This was not a randomized trial and certain 
confounding factors, such as dietary habits, fluid 
intake, and exercise were not accounted for, possibly 
affecting the rates of hypoglycemia or dehydration. 
The use of fructosamine would have been a better 
measure of short-term glycemic control specifically 
during ramadan. however, this study gives a realistic 
snapshot of the daily practice of adding SGlT2-I to 
preexisting diabetes treatment regimens, including 
insulin and SUs. It also provides reliable data on 
glycemic control and weight changes.

C O N C LU S I O N
Use of SGlT2-I is safe during fasting by diabetic 
patients, and they provide a significant reduction 
in hba1c and weight post-ramadan regardless of 
the underlying diabetes medication. hypoglycemic 
episodes are more frequent in patients on insulin, 
specifically basal bolus or premixed insulins, and 
adjustment of insulin doses is recommended. a more 
structured education is needed to improve patient 
management of hypoglycemic episodes while fasting.
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