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Aim: In Bangladesh, there is a large population of Muslims with type 2 diabetes mellitus (T2DM) who fast during Ramadan. Changes 
in the pattern of meal and fluid intake during this long-fasting hours may increase the risk of hypoglycaemia, hyperglycaemia, and 
dehydration. Our key point of focus was to evaluate the efficacy and safety of Empagliflozin, a sodium-glucose co transporter 2 
inhibitor (SGLT2i), in patients with T2DM while fasting during Ramadan.
Methods: This was a 24-weeks, multi-centre, open-label, two-arm parallel-group study. In this prospective type of observational 
study, we enrolled patients taking Empagliflozin and Metformin with or without a DPP-4 inhibitor in one group (n = 274) and 
a parallel group (n = 219) who were treated with Metformin with or without a DPP-4 inhibitor. The primary endpoint of this study was 
HbA1c reduction, weight loss and the number of reported or symptomatic hypoglycemic events. In secondary endpoints, we evaluated 
the changes from baseline in blood pressure, estimated glomerular filtration rate (eGFR), serum creatinine, and serum electrolyte, the 
proportion of volume depletion (≥1 event) and incidence of other adverse events (AEs) of interest potentially related to SGLT2 
inhibitor.
Results: During Ramadan, HbA1c reduction was significant in Empagliflozin arm (−0.49% vs −0.12%); [p < 0.001]. From before to 
the end of the study, significant weight reduction was seen in the Empagliflozin arm (−1.4 kg vs −0.09 kg); [p < 0.001]. We observed 
no significant increase in the incidence of hypoglycemia (0.7% vs 0.4%, p = 0.267) and volume depletion (2.6% vs 1.8%; p = 0.55) in 
both arm. All these milder forms events did not require any hospital admission. There was no report of serious adverse events or any 
discontinuation, or reduction of prescribed doses of empagliflozin during Ramadan.
Conclusion: Empagliflozin is efficacious and safe for treating adults with T2DM during Ramadan.
Keywords: empagliflozin, Ramadan, efficacy, safety, T2DM, SGLT2i, SGLT2 inhibitors

Introduction
There are about 116 million Muslims with diabetes worldwide.1–5 Most Muslims fast during the holy month of 
Ramadan despite high risk and are exempted from fasting, according to Quran and Fiqh.6–8 During this fasting 
period, Muslims abstain from food and drink, including oral medications, from dawn to dusk. The population-based 
Epidemiology of Diabetes and Ramadan (EPIDIAR) and CREED studies showed that patients with type 2 diabetes 
mellitus (T2DM) who fasted during the month of Ramadan were at 7.5 times higher risk of developing hypoglycemia 
and 5 times higher risk of hyperglycemia.6,7 Since 2005, the American Diabetes Association (ADA) and other 
international bodies have recommended risk stratification during Ramadan, and focus education programs at least 3 
months before Ramadan. A physician must respect the patient’s desire to fast despite falling into the high-risk or very 
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high-risk groups and counsel to reduce the risks. In addition to changes in meal time and, patterns, and physical 
activities, most subjects with diabetes need to continue antidiabetic medications with modifications to avoid 
hypoglycemia.9–12 The risk varies according to the oral antidiabetic agent.6,7 Many clinical trials have assessed the 
safety of various pharmacological diabetes treatments during Ramadan. Certain anti-diabetic agents like sulphony-
lurea (SU) that promote insulin secretion may cause hypoglycemia with potentially serious or life-threatening 
consequences.13 The UK VECTOR study revealed that 41.7% of patients receiving sulphonylurea developed 
hypoglycemia.14 Rare hypoglycemia events were reported in patients receiving sitagliptin and vildagliptin compared 
with various SU in combination therapy with metformin.15–17 Short-acting insulin secretagogues, such as repaglinide 
and nateglinide, are effective with a low risk of hypoglycemia during fasting, particularly given their short duration 
of action.18 Thiazolidinediones (TZDs), such as pioglitazone, have long been regarded as a safe agent during 
Ramadan because of their low risk of hypoglycemia; however, long-term treatment has been associated with fluid 
retention, peripheral edema, and weight gain.19 Hypoglycemia occurs more commonly with insulin therapy and often 
has life-threatening consequences.20 Oral antidiabetic agents with insulin-independent mechanisms may be ideal for 
patients who intend to fast during Ramadan or at other times throughout the year to avoid weight gain and 
hypoglycemia.21

Sodium-glucose cotransporter 2 (SGLT2) is the major transport protein in renal proximal convoluted tubules to 
regulate glucose reabsorption and SGLT2 inhibitor decreases renal glucose reabsorption, thereby increasing urinary 
glucose excretion and reduce hyperglycemia.22 Empagliflozin (Jardiance) is part of this oral hypoglycemic agents 
(SGLT2 inhibitors), which also include canagliflozin (Invokana) and dapagliflozin (Farxiga).23–25 Empagliflozin has 
been approved for type 2 diabetes as either mono therapy or as an add-on therapy.26 This drug is reported to reduce 
glycated hemoglobin levels in patients with type 2 diabetes without undue concerns regarding the development of 
hypoglycemia in treated patients, including those with stage 2 or 3a chronic kidney disease.21

Empagliflozin has exhibited a competent efficacy and safety profile in a wide range of patients with T2DM. 
Empagliflozin is highly selective for the SGLT2 over SGLT1 receptors, potentially minimizing off-target effects. 
While the insulin-independent mechanism of SGLT2 inhibitors leads to a low inherent risk of hypoglycemia, the mild 
osmotic diuresis may be associated with an increased risk of volume–depletion events, including dehydration.21,26 

Two studies using the same population of patients also showed a decrease of selected inflammatory mediators in 
subjects treated with SGLT-2i compared to those treated with sulphonylureas and reaching the glycemic equipoise.27

The published EMPA-REG and CANVAS trials have reported additional benefits of SGLT2 inhibitors on cardiovas-
cular and renal outcomes among patients with T2DM and increased cardiovascular risk.24,25 Physicians across the globe 
now are considering this agent as an essential component in treatment algorithms, considering the potential benefit 
beyond glycemic control.8,9

Rationale
The efficacy and safety of canagliflozin and dapagliflozin during Ramadan fasting in patients with T2DM have been 
studied previously.28,29 But data on empagliflozin in this regard are still not available. Most of the population in 
Bangladesh are Muslim, who religiously fast during Ramadan.30 There is an unmet need to evaluate the efficacy and 
safety of empagliflozin during Ramadan fasting.

This study aimed to evaluate the efficacy and safety of Empagliflozin in patients with T2DM during Ramadan fasting. 
The primary objective was to assess the efficacy and safety of Empagliflozin in terms of HbA1c (%), weight loss (kg) and 
hypoglycemia (number of events) when used to treat patients observing Ramadan fasting. Secondary objectives were to 
assess volume–depletion events (symptomatic or confirmed event of dehydration or hypovolemia), to evaluate changes in 
blood pressure (mm Hg), eGFR (mL/min) and to observe adverse events potentially related to SGLT2i (eg, urinary tract 
infection, or genital mycotic infections).

Methods
The study was performed in compliance with the principles of the Declaration of Helsinki, the International Conference 
of Harmonization Guideline for Good Clinical Practice, and applicable regulatory requirements. All participants provided 
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written informed consent. The study received ethical permission from the Diabetic Association of Bangladesh (reference 
number BADAS-ERC/EC/20/00301).

Study Design
This was a real-world, multi-centre, open-label, two-arm parallel-group study. It was conducted during Ramadan of 2021 
at the Diabetes out-patient department of respective authors and contributors. In this prospective observational study, we 
enrolled patients in two groups according to treated with Empagliflozin or not and followed-up for 24-weeks.

Eligibility Criteria
Inclusion Criteria
Adults who had a confirmed diagnosis of T2DM for at least 12 months before enrolment, aged >18 years, who intended 
to fast during the month of Ramadan without any contraindication to fast; and having inadequately controlled glycemic 
status (HbA1c%: >7.0% to ≤10%), eGFR >45 mL/min/1.73m2 and had been treated with Empagliflozin on a background 
therapy of Metformin with or without DPP-4 inhibitor for the last 3 months before enrolment or those who had been 
treated with Metformin with or without DPP-4 inhibitor for the last 3 months approximately before enrolment were 
included into this study.

Potentially interested adults were screened 12 weeks before enrolling in the pre-Ramadan period (4 weeks before the 
onset of Ramadan). During enrollment, patients were entered into one of two parallel treatment cohort groups (>200 
patients in each group) based on their ongoing T2DM therapy as follows [Figure 1].

Group 1(Empagliflozin Group): Patients treated with Empagliflozin (10 mg or 25 mg/day) and Metformin (>1000 mg/ 
day) with or without a DPP-4 inhibitor (sitagliptin 100mg or vildagliptin 100 mg or linagliptin 5mg/day).

Group 2(Non-Empagliflozin Group): Patients treated with Metformin (>1000 mg/day) with or without a DPP-4 
inhibitor (sitagliptin 100 mg or vildagliptin 100 mg or linagliptin 5mg/day).

Figure 1 Patient disposition.
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Exclusion Criteria
Patients with T1DM, pregnant or breastfeeding mothers, patients who were treated with insulin, sulphonylurea or any 
other antidiabetic therapy other than Empagliflozin, Metformin and DPP4i, with a history of severe hypoglycemic events 
or having a history of severe volume depletion events within the 6 months before enrolment, with history of diabetic 
ketoacidosis, having an estimated glomerular filtration rate (eGFR) <45 mL/min/1.73m2 or alanine transaminase levels 
>2.5 times the upper normal limit, having a history of recurrent urinary tract infections, malignancy, cardiovascular 
events within the last 90 days before enrolment, or having any contraindication for Ramadan fasting were excluded from 
the study.

Patients were enrolled with clinical and biochemical test records at the first visit during Pre-Ramadan (4 weeks before 
Ramadan month). Patients were counseled on a meal plan, physical activities, home blood glucose monitoring, when to 
break the fast, and drug modification during fasting. Every patient was guided adequately to maintain a log book for 30 
days to record blood glucose profile, hypoglycemia events (either symptomatic or recorded, or need any assistance) and 
other adverse effects like genitourinary infection, hypotension, or dizziness (either symptomatic or reported). The second 
visit was scheduled during post-Ramadan (up to 4 weeks after the end of the Ramadan month) with clinical and advised 
biochemical tests.

Initially, 746 patients were screened; later, 509 patients were enrolled (visit 1). Data were recorded in a pre-formed 
standard printed data collection form after explaining the study purpose and procedure and taking informed consent of 
study participants. All co-researchers were trained properly, and the data collection procedure was briefed before the 
commencement of this study in multiple small group discussions. After data editing and cleaning, a total of 493 patients 
who completed the first and second visits (274 in group 1:Empagliflozin Group and 219 in group 2:Non-Empagliflozin 
Group) were included in the final statistical analysis. Due to the COVID outbreak, some changes were made in the study 
protocol [mentioned in “Study Amendment, Section 12”], which states that due to the COVID-19 outbreak, many 
enrolled patients could not visit their investigators for post-Ramadan follow-up. Therefore, the follow-up data were 
collected digitally by phone or WhatsApp.

Operational Definition and Study Tools
During Pre-Ramadan and Post-Ramadan periods in both groups-

Participants were examined regarding
Height: Standing height was measured in centimetres (cm) using a stadiometer and height rod. Height was documented to 
the nearest 1 mm. The lower reading was recorded when the reading fell between two values.

Weight: Weight was measured in kilograms from a standard measuring device after placing it on a hard flat surface, 
and zero balance was checked before measurement. Weight was measured at the nearest 0.5 kg.

BMI: The BMI of participants was calculated by dividing weight by kg with the square of height in meters using the 
formula kg/m2. BMI: As defined for the Asia-Pacific population by the Western Pacific Regional Office of the WHO, 
BMI was classified as follows: BMI <18.50 kg/m2: underweight; BMI 18.50–22.99 kg/m2: Normal; BMI 23.0–27.49 kg/ 
m2: Overweight, and BMI 27.5.0 kg/m2: Obesity.31

Systolic Blood Pressure (SBP) and Diastolic blood pressure (DBP): Two readings of systolic blood pressure and 
diastolic blood pressure were taken, using a standard zero mercury sphygmomanometer after at least 10–15 min of rest. 
After that, the average of the two readings was obtained.32

The following events were noted 
Hypoglycemia: It has been defined as a plasma glucose value ‚<70 mg/dL (<3.9 mmol/L), and severe hypoglycemia is 
defined as an event of hypoglycemia characterized by altered mental and/or physical status requiring assistance for 
recovery.33,34 Hypoglycaemia episodes include symptomatic episodes (ie, symptoms of dizziness, visual blurring, 
palpitations, nausea, sweating, confusion, tremor, or intense hunger with or without biochemical confirmation); bio-
chemically confirmed episodes (ie, self-monitored blood glucose measurement of <3.9 mmol/L with or without 
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symptoms); and severe episodes (ie, episodes for which the patient required assistance from another person or that 
resulted in seizure or loss of consciousness).29

Volume depletion: Volume depletion is characterized by a reduction in extracellular fluid volume that occurs when 
salt and fluid losses exceed intake on a sustained basis,34 symptoms of hypotension, orthostatic hypotension, postural 
dizziness, dehydration, syncope, or presyncope.29

UTI: A urinary tract infection (UTI) is an infection in any part of the urinary system (kidneys, ureters, bladder and 
urethra). Most infections usually involve the lower urinary tract.35

Other adverse events: An unexpected medical problem was recorded during treatment with a drug or other therapy. 
Adverse events may be mild, moderate, or severe and may be caused by something other than the drug or therapy.36

Laboratory Investigations
Following Laboratory Investigations Were Done
A blood sample of 10 mL was collected through venipuncture from each participant after fasting for 10 h into vacutainer 
tubes containing EDTA. The samples were kept at room temperature and transported within 2 h to a certified laboratory. 
Glycosylated haemoglobin (HbA1c) was analyzed using a high-performance liquid chromatography method. Other 
biochemical values such as sodium, potassium, creatinine, electrolytes, and eGFR were also measured. Serum creatinine 
levels were measured with the calorimetric Jaffe method.32,37 Estimated GFR was calculated using the MDRD equation 
and the CKD-EPI formula.

Endpoints
The Primary endpoints of This Study were

1. Reduction of HbA1c
2. Weight loss and
3. Hypoglycemia.

The Secondary Endpoints of This Study were
Changes from baseline in blood pressure (SBP, DBP), eGFR, serum creatinine, serum electrolyte, the proportion of 
patients with volume depletion (≥1 event) and incidence of other AEs of interest potentially related to SGLT2 inhibition 
(including urinary tract infections, genital mycotic infection, and osmotic diuresis–related AEs).

Statistical Analysis
Data were analyzed with SPSS Inc, Chicago, Illinois, USA software version 25. The means and standard deviations were 
used to describe continuous data. For categorical data, frequencies and percentages were estimated. Categorical variables 
were compared with each other using the chi-square test. Among the basic characteristics of the studied participants, the 
continuous variables were compared with each other using the ANOVA test. For parametric parameters paired t-test was 
used to analyze the changes in clinical and biochemical parameters before and after Ramadan. Statistical significance was 
set at P < 0.05. The model had a change in parameters as the dependent variable, treatment as a fixed effect and 
parameters as a covariate.

Results
Among 509 participants; 493 (96.85%) participants completed the study. 274 patients from Empagliflozin Group and 219 
patients from Non-Empagliflozin Group were found to have completed two visits with all data (Figure 1).

Demographics
The mean age of the study participants was 49.0±11.8 (SD) and 49.7±10.5 (SD) years in Group 1 and 2, respectively. 
Among the studied population, sex ratio was 0.95 and 0.76 in Empagliflozin and non-Empagliflozin Group, respectively. 
Demographic and baseline characteristics in between this group are mentioned in Table 1.
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Usage Pattern
274 (55.57%) participants received Empagliflozin and Metformin with or without DPP4i, whereas 219 (44.42%) 
participants received Metformin and DPP4i.

Efficacy Evaluation
1. Efficacy Endpoints:

(a) Effect of HbA1c: The mean change in HbA1c (%) from before to the end of the study was 0.49% and 0.1% in 
Empagliflozin Group and non-Empagliflozin Group, respectively; (p < 0.001). The difference in HbA1c (%) 
between both groups was 0.3%. (95% CI −0.56 to −0.28) [Table 2].

In Empagliflozin Group, 25.91% of subjects could achieve good glycemic control (HbA1c <7%), whereas before 
Ramadan, that was 10.58%; (p < 0.05 value); [Table 3].

Table 1 Demographic and Baseline Characteristics

Characteristic of 
Patients

Group 1  
[Empagliflozin Group]  

(n = 274)

Group 2  
[Non-Empagliflozin Group]  

(n= 219)

P value

Age (Yrs) [Mean ± SD] 49.0±11.8 49.7±10.5 0.492

Male/Female (n) 134/140 95/124 0.224

Weight (kg) [Mean ± SD] 70.7±11.3 66.4±9.5 0.001

BMI (kg/m2) [Mean ± SD] 27.3±4.2 26.1±3.62 0.009

BP (mm Hg)  

[Mean ± SD]

Systolic 132.7±12.9 128.4±15.9 0.001

Diastolic 81.4±7.1 79.7±6.9 0.027

HbA1c (%) [Mean ±SD] 8.4±1.45 8.1±1.46 0.019

Duration of DM (Yrs) 

[Mean ±SD]

7.8±5.9 6.3±4.8 0.003

Notes: ANOVA and Chi-square analysis were done; p-values <0.05 was considered as statistically significant. 
Abbreviations: BP, blood pressure; BMI, body mass index; DM, diabetes mellitus; SD, standard deviation.

Table 2 Mean Change in Efficacy Parameters in Studied Population

Efficacy Parameters Group 1 [Empagliflozin Group] 
(n=274)

Change Group 2 [Non-Empagliflozin Group] 
(n=219)

Change p value

Before  
Mean ± SD

After  
Mean ± SD

Before  
Mean ±SD

After  
Mean ±SD

HbA1c (%) 8.4±1.45 7.91±1.2 0.49 8.1±1.46 8.0±1.54 0.1 <0.001

Weight (Kg) 70.7±11.3 69.3±10.9 −1.4 66.4±9.5 66.31± 9.15 −0.09 <0.001

BMI (kg/m2) 27.3±4.2 26.8±4.1 0.5 26.1±3.62 25.9 ± 3.95 0.2 0.197

BP (mmHg) Systolic 132.7±12.9 122.6±16.1 10/3 128.4±15.9 125.6 ± 9.2 3/0 <0.001

Diastolic 81.4±7.1 78.6±8.4 79.7±6.9 79.5 ±6.1 <0.001

Notes: Paired Samples t-test was done to analyze the changes in clinical and biochemical parameters before and after Ramadan. ANOVA was used to calculate the 
significance change among groups; p-values <0.05 was considered as statistically significant. 
Abbreviations: BP, blood pressure; BMI, body mass index; SD, standard deviation.
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(b) Effect on weight: From before to the end of the study, a significant weight reduction was observed in 
Empagliflozin Group than non-Empagliflozin Group (1.4 kg vs 0.09 kg; p < 0.001) [Table 2].

2. Safety endpoints:

No subjects in either treatment arm reported any serious adverse events during the study, and no meaningful differences 
were observed between the treatment arm [Table 4].

(a) Effect on hypoglycaemia: Two patients (0.7%) in Empagliflozin Group and one (0.4%) in non-Empagliflozin 
Group reported confirmed hypoglycemia during Ramadan. However, this difference was not statistically sig-
nificant; (p = 0.26).

(b) Urinary Tract infection: Six subjects (2.1%) reported UTI in Empagliflozin Group, and four (1.8%) reported the 
same in non-Empagliflozin Group; (p = 0.81).

(c) Volume depletion: Symptomatic volume depletion was reported in seven (2.6%) subjects in Empagliflozin Group 
and four (1.8%) in non-Empagliflozin Group; (p = 0.55). Three reported a reduction in blood pressure; others 
reported symptoms like vertigo, increased thirst, nausea, and headache.

(d) Effect on Blood Pressure: Blood pressure was also seen to be significantly reduced by 10/3 mm Hg in 
Empagliflozin Group than non-Empagliflozin Group (p < 0.001); [Table 2].

Laboratory Parameters
No deterioration of renal function was found during fasting in both groups. Both the treatment groups showed no 
significant changes in biochemical parameters like Na, K, Cl, HCO3, eGFR or creatinine levels [Table 5].

Table 3 Participants Having Good Glycemic Control (HbA1c <7%)

Participants Group 1 [Empagliflozin Group]  
(n=274)

Group 2 [Non-Empagliflozin Group] 
(n=219)

Before 
Ramadan

After 
Ramadan

P value Before 
Ramadan

After 
Ramadan

P value

Number of patients having good Glycemic 

Control

29 71 0.031 56 60 0.729

Percentage of patients having good 

Glycemic Control

10.58% 25.91% 25.33% 27.39%

Notes: Chi-square test was done; p-values <0.05 was considered as statistically significant.

Table 4 Changes in Safety Parameters in Studied Population

Safety Parameter Group 1  
[Empagliflozin Group]  

(n=274)

Change Group 2  
[Non-Empagliflozin Group]  

(n=219)

Change P value

Pre-Ramadan During Ramadan Pre-Ramadan During Ramadan

Hypoglycemia;N(%) 1(0.3) 2(0.7) 1 0 1(0.4) 1 0.267

UTI;N(%) 0 6 (2.1%) 6 0 4(1.8%) 4 0.818

Volume depletion; N(%) 0 7 (2.6%) 7 0 4(1.8%) 4 0.551

Notes: Chi-square test was used to calculate the significance change among groups; p-values <0.05 was considered as statistically significant.
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Compliance and Adherence
All the subjects continued the drug regime as prescribed. Some of the confirmed hypoglycemic events were due to 
missed Suhoor meal, and other was due to acute enteritis. Hypoglycemic events and volume depletion symptoms were 
mild and did not require any hospital admission. Patients with confirmed hypoglycemia (two patients in Empagliflozin 
Group and one in non-Empagliflozin Group) and volume depletion symptoms, ie, hypotension, dizziness (two patients in 
the Empagliflozin group and four in the non-Empagliflozin group) broke the fast on a single occasion; (p = 0.52). There 
were no reports of discontinuation, dose change, or reduction of prescribed doses of antidiabetic drugs during Ramadan. 
All these patients continued their fast following counselling for a proper meal plan and sufficient water intake during the 
non-fasting hours. The other subjects completed the Ramadan fast.

Discussion
During Ramadan fasting, patients with diabetes and high or very high-risk status are well known to have the risk of 
hypoglycemia, particularly during the day, unnoticed hyperglycemia, especially at night, dehydration and diabetic 
ketoacidosis. It is therefore important to choose an evidence-based recommended antidiabetic agent, which usually 
does not cause hypoglycemia, thus compelling the patient to break the fasting. In this context, SGLT2 inhibitors have 
demonstrated effective glycemic control, weight reduction, and cardiac and renal benefits without the risk of 
hypoglycemia.28,29 SGLT2i are well tolerated and safe in the elderly and appear as an effective therapeutic option, 
though some caution is also suggested, especially in more fragile subjects.38 In our study, empagliflozin treated 
patient had a mean age of 49.0±11.8 years with a sex ratio of 0.95 and mean duration of diabetes of 7.8±5.9 years.

In our study, Empagliflozin during Ramadan fasting was associated with a significant reduction in HbA1c from 
baseline to the end of the study (Empagliflozin Group vs non-Empagliflozin Group: 0.49% vs 0.1%; p < 0.001). 
A greater number of patients achieved HbA1c <7%, from 10.58% at baseline to 25.91% in Empagliflozin Group), 
whereas there was no significant change in Group 2 (25.33% to 27.39%). A similar statistically significant reduction 
of HbA1c was also found in the CRATOS comparing the canagliflozin and SU group (0.4% vs 0.2%).29 However, 
Wan et al did not notice any difference in HbA1c reduction.28 Bashier et al reported a significant reduction in HbA1c 
from baseline in the SGLT2-I plus insulin and SGLT2-I plus oral antidiabetic drugs (8.2–1.5% vs 7.4–1.4%, 
respectively, p < 0.001).39 Abdelgadir et al also showed a significant improvement in HbA1c from 7.95 ± 1.1% to 
7.6 ± 1.1%, p = 0.028) in SGLT2 inhibitor group without improvement non-SGLTi group (7.7 ±1.0% to 7.6 ± 1.0%, 
p = 0.56).39

Table 5 Changes in Laboratory Parameters

Bio-Chemical Parameters Group 1  
[Empagliflozin Group]  

(n-274)

Change Group 2  
[Non-Empagliflozin Group]  

(n=219)

Change P value

Pre-Ramadan Post-Ramadan Pre-Ramadan Post-Ramadan

Na (mmol/L) 139.5±3.07 138.9±8.4 −0.6 139.6±3.54 140.1±2.75 0.5 0.678

K (mmol/L) 4.0±0.52 4.1±2.44 0.1 4.2±2.8 4.0±0.45 0.2 0.891

Cl (mmol/L) 105.6±56.4 100.9±4.9 5.7 101.5±3.27 101.3±6.26 0.12 0.082

HCO3 (mmol/L) 26.2±10.2 26.3±10.1 −0.1 24.7±2.00 24.4±1.63 0.3 0.134

Creatinine (mg/dl/) 1.0±0.27 1.1±0.9 0.1 1.0±0.26 1.0±0.23 0 0.342

eGFR (mL/min) 79.3±21.2 79.5±19.1 0.2 84.4±22.9 82.7±20.4 1.7 0.550

Notes: Paired Samples t-test was done to analyze the changes in clinical and biochemical parameters before and after Ramadan. ANOVA was used to calculate the 
significance change among groups; p-values <0.05 was considered as statistically significant. 
Abbreviations: Na, sodium; K, potassium; Cl, chloride; HCO3, bicarbonate.
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In our study, weight reduction from baseline was numerically higher in Empagliflozin Group (70.7± 11.3kg vs 69.3 ± 
10.9kg, a difference of 1.4%) compared to non-Empagliflozin Group (66.4±9.5kg vs 66.31 ±9.15 kg, difference 0.09%). 
Body weight reduction was also observed in the CRATOS study.29 Basheir et al also reported a mean reduction in 
weight (83.9 ±17 kg vs83.8 ±10.6 kg.34 On the other hand, Abdulgadir et al did not find weight reduction in their 
study.40

We found a non-significant reduction in BMI from baseline in Empagliflozin Group, whereas no change was found in 
non-Empagliflozin Group (27.3 ± 4.2 to 26.8 ± 4.13; vs 26.1 ± 3.62 to 25.9 ± 3.95). But, Wan et al and Shao et al did find 
any reduction in BMI in their study.28,41

We also observed a reduction in both systolic and diastolic blood pressure in the Empagliflozin group (132.7/81.4 and 
122.6/78.6 mm Hg before and after Ramadan); (p < 0.001) and in the non-Empagliflozin group (128.4/79.7 and 125.6/ 
79.5 mm Hg before and after Ramadan); (p < 0.001) which is also consistent with CRATOS study.29 No reduction in 
blood pressure was documented in some other studies.40,41

In our study, only two patients in the Empagliflozin group (Group 1) and one in the non-Empagliflozin group 
(Group 2) reported hypoglycemia during the fasting period. They broke the fast on that single occasion. In two patients, 
the hypoglycemic events were mild and were confirmed by SMBG <3.9 mmol/L, and another reported non-confirmed 
symptoms of hypoglycemia. But none of them required any hospital admission. A similar lower incidence of hypogly-
cemia was reported (6 vs 45 episodes in the canagliflozin group vs SU group, respectively) in CRATOS study.29 Flash 
glucose monitoring by Abdelgadir et al revealed a few events of less severe hypoglycemia in the afternoon in the SGLT2 
inhibitor group.40 Bashier et al also showed that confirmed and severe hypoglycemia was higher in the SGLT2 inhibitor 
plus insulin group than in the SGLT2 inhibitor plus oral antidiabetic drug.39

Eleven patients reported having volume depletion (a symptom of postural giddiness). Of them, seven (2.6%) were in 
the Empagliflozin group and four (1.8%) in the non-Empagliflozin group. Three reported a reduction in blood pressure; 
others showed symptoms like vertigo, increased thirst, nausea, and headache. Volume depletion symptoms were mild, 
and among them, only six people broke fast (two patients in the Empagliflozin group and four in the non-Empagliflozin 
group) on a single occasion. In the study by Basheir et al, 9.3% of patients also reported volume depletion.39 A higher 
incidence of volume depletion was observed (8.6% vs 3.0%) by Shao et al.41 Of the total events of volume depletion 
reported by Hassanein et al, 86.3% (44/51) were in the canagliflozin group and 76% (10/13) in the SU group based on 
symptoms of dehydration.29 In the Shao et al study, 8.6% complained of postural giddiness.41

We observed six (2.1%) cases of genitourinary infection in the Empagliflozin group and four (1.8%) cases reported 
UTI in the non-Empagliflozin group. Practicing personal hygiene using the wet method might have caused a lower 
incidence of UTIs in our study. Only one case of UTI was reported in the CRATOS study.29

No significant change or deterioration of renal function (eGFR and serum creatinine) was found in our study in both 
groups during the fasting period. A similar finding was also observed in CRATOS as well by Abdelgadir et al29,40 Shao 
et al also did not find a significant change in eGFR in their participants during the fasting period.41

Limitations
There is a large number of patients who use insulin and secretagogues along with SGLT2 inhibitors during fasting 
Ramadan. So a further study is warranted on subjects receiving insulin and secretagogues. Though current guidelines 
recommend for three blood pressure measurements. But in our study, blood pressure has been measured twice rather 
thrice according to older guideline. Due to the Covid-19 pandemic situation, follow-up was done over the telephone, 
which could alter the reporting.

Conclusion
Our prospective study findings suggest that the use of Empagliflozin for the treatment of adults with T2DM is efficacious 
and safe during Ramadan with no significant increase in hypoglycemia and hypovolemia compared with non- 
Empagliflozin group. Moreover, continuing Empagliflozin can reduce HbA1c and weight and maintain blood pressure 
during Ramadan fasting.
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