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Aim: Many Muslims with Type Il diabetes (T2DM) fast during Ramadan, which can put them at increased
risk of hypoglycemia. This sub-analysis of the global DIA-RAMADAN study assessed the effectiveness
and safety of gliclazide modified release (MR) 60 mg in the Bangladeshi cohort. Materials & methods:
DIA-RAMADAN was an international, prospective, observational study conducted in adult T2DM patients
intending to fast and receiving gliclazide MR 60 mg once daily for =90 days before Ramadan. Dosing was
switched from morning to evening at the start of Ramadan. The primary outcome was the proportion
of patients with >1 symptomatic hypoglycemic event. Secondary outcomes included changes between
inclusion (V0) and end of study visit (V1) in glycated hemoglobin (HbA1c), body weight and fasting
plasma glucose (FPG). Results: Among the 98 Bangladeshi patients, 80 (81.6%) were at moderate/low-
risk (category 3) for fasting and 18 (18.4%) were high-risk (category 2), as per International Diabetes
Federation and Diabetes and Ramadan International Alliance (IDF-DAR) guidelines. Gliclazide MR was
being prescribed as monotherapy to 59 (60.2%) patients and in combination with metformin to 39
(39.8%). There was no incidence of severe hypoglycemic events. Mean (£SD) HbA1c change from VO was -
0.1+ 0.8% (p = 0.159). Mean (£SD) changes in FPG and body weight were -0.8 &+ 39.7 mg/dl (p = 0.876) and
-0.0 £ 1.5 kg (p = 0.810), respectively. Conclusion: In a real-world setting, this sub-analysis in Bangladeshi
patients shows that patients with T2DM treated with gliclazide MR 60 mg can fast safely during Ramadan
with a very low risk of hypoglycemia, while maintaining glycemic control and body weight.

Plain language summary

What is this article about? Many Muslims with Type Il diabetes choose to observe the religious fast
during Ramadan. However, even among those with stable levels of blood glucose, the management of

Type Il diabetes can be challenging. With only two meals per day and no food during daylight, large
swings in blood glucose levels may occur because of the long gap between meals, larger amounts of food
consumed and no intake of oral antidiabetes drugs during daylight. This sub-analysis of the international
DIA-RAMADAN study examined the real-world safety and effectiveness of gliclazide modified release (MR)

60 mg among fasting patients with Type Il diabetes in Bangladesh.

What were the results? The results showed that Type Il diabetes in Bangladeshi patients can be safely
managed during Ramadan fasting when intake of the patient’s gliclazide MR dose is switched from
morning to evening dosing. No severe hypoglycemic events were reported and patients maintained &
glycemic control with no weight changes. % .Becamrmlmg
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What do the results of the study mean? The gliclazide MR formulation results in gradual drug release
with a low risk of hypoglycemia and is a safe option for patients who plan to fast during Ramadan.

Tweetable abstract: A recent subanalysis of an international study shows that the sulphonylurea,
gliclazide MR 60 mg, is a safe option for patients with Type Il diabetes in Bangladesh who plan to fast
during Ramadan.

First draft submitted: 8 August 2023; Accepted for publication: 23 November 2023; Published online:
31 January 2024

Keywords: diabetes e fasting e gliclazide modified release e hypoglycemia ¢ Ramadan

Ramadan is the month-long (29-30 day) fast that is obligatory for all healthy Muslims who have attained puberty.
The majority of Bangladeshis are Muslim and observe Ramadan fasting. In 2019, the International Diabetes
Federation (IDF) estimated that 8.4 million adults were living with diabetes in Bangladesh; this number is
projected to increase to 11.4 million by 2030 [1].

Ramadan is based on the lunar calendar, which is shorter than the Gregorian calendar, and occurs 10-11 days
earlier every year. As a result, the length of daylight fasting varies according to the season. For example, at the
height of summer, daylight can last up to 20 h in some parts of the world. In Bangladesh, climate conditions vary
depending on the date of Ramadan, with people fasting in hot weather in some years and cold temperatures in
others, which may influence the risk of hypoglycemia among people with Type II diabetes (T2DM).

The Ramadan fast necessitates a significant shift in everyday eating habits to an exclusively nocturnal pattern.
This can be associated with physiological changes, including shifts in sleep-wake cycles, circadian rhythm, fluid and
energy expenditure and glucose metabolism [21. These alterations can stimulate or modify pathophysiological states,
depending on pre-existing comorbidities and the individual’s adherence to lifestyle, diet and treatment regimens [3].
Due consideration should therefore be given to type of anti-diabetes medication during this period.

Sulphonylureas are a class of oral T2DM medications that act on pancreatic beta cells to increase insulin
secretion [4]. They are widely-available, safe and efficacious, and are used by many patients to control their blood
sugar levels. They are associated with an increased risk of hypoglycemia compared with other oral anti-diabetes
agents, which is heightened further by fasting during Ramadan, but this risk varies within the class. More recent
sulphonylureas are associated with a lower risk of hypoglycemia and deemed safe for use during fasting [5-7.

Gliclazide is a newer-generation sulphonylurea available in immediate-release (IR) and modified-release (MR)
formulations. Compared with other drugs in this class, the gliclazide MR formulation results in progressive drug
release based on a once-daily dosing regimen, with evidence of a lower risk of hypoglycemia (s,9].

Given the altered eating habits, varying climatic conditions and modulation of human physiology during Ra-
madan, treatments should be selected from those with the lowest risk of hypoglycemia. Guidelines for safe fasting
during Ramadan state that many patients with T2DM may continue to use newer generation sulphonylureas to
manage their diabetes. The DIA-RAMADAN study was conducted to explore the real-world safety and effec-
tiveness of gliclazide MR among fasting patients with T2DM of different ethnicity, culture, geo-environmental
conditions and different lengths of daylight fasting (10]. Taking into account the important Muslim population in
Bangladesh, the aim of the current subanalysis was to assess the safety and efficacy of gliclazide MR use during
Ramadan in the Bangladeshi cohort of DIA-RAMADAN.

Materials & methods

Study design

The current study is a sub-analysis of DIA-RAMADAN, an international, real-world, prospective, observational
study of 1244 patients with T2DM conducted at clinical centers in nine Asian, Middle-Eastern and Gulf countries
(Bangladesh, India, Pakistan, Malaysia, Indonesia, Kuwait, Saudi Arabia, Egypt and the United Arab Emirates)
between March 2019 and August 2019 [10]. The study was carried out following the principles of the Declara-
tion of Helsinki and the International Conference on Harmonization Good Clinical Practice guidelines. Before
commencement of the study, ethical approval was obtained from the Bangladesh Medical and Research Council
([BMRC/NREC/2016-2019/933] [1-3]) and informed written consent was obtained from all the study partici-
pants. The trial was registered on ClinicalTrials.gov (NCT04132934).
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Figure 1. Study design and duration.
MR: Modified release.
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Table 1. Definition of hypoglycemic events.

Type of HE Definition Typical hypoglycemia symptoms
Asymptomatic HE Absence of typical hypoglycemia symptoms with measured glucose concentration Sweating, pallor, tremor, intense hunger,
<70 mg/dl (<3.9 mmol/I) pounding heart, visual disturbance, drowsiness,

Suggestive HE Presence of typical hypoglycemic symptoms without a measured glucose
concentration or with measured glucose concentration >72 mg/dl (>4 mmol/I)

weakness, dizziness, difficulty in concentrating,
difficulty in speaking or writing, incoordination,

unexplained behavior or mood change, confusion,

Confirmed Presence of typical symptoms of hypoglycemia with glucose concentration nausea, or headache
symptomatic HE <72 mg/dl (<4 mmol/l)

Severe Symptoms of severe cognitive impairment and requiring third-party assistance for

hypoglycemia recovery with a measured glucose concentration <70 mg/dl (<3.9 mmol/l)

HE: Hypoglycemic event.
Data taken from [10].

In this descriptive sub-analysis data are presented for the Bangladeshi cohort who were recruited from nine
different sites. As per the global DIA-RAMADAN inclusion criteria, participants were required to be adults (aged
>18 years) with T2DM willing to fast during Ramadan, receiving a gliclazide-based regimen once daily for at
least 90 days before Ramadan, with a glycated hemoglobin (HbA1c) level >6.5% and a BMI >25-<45 kg/m?.
Exclusion criteria included: requirement for insulin therapy; severe liver or renal failure; HbAlc >9%; previous
experience of severe or repeated hypoglycemic events without a trigger factor in the year before the start of the
study; and pregnancy or breastfeeding.

Study procedure

There were two visits in this real-world study. The first visit (V0) was planned 6-8 weeks before Ramadan, at
which time patient eligibility criteria were assessed and baseline information collected. Patients were stratified into
low/moderate, high, or very high risk of fasting during Ramadan according to International Diabetes Federation
and Diabetes and Ramadan International Alliance (IDF-DAR) guidelines current at the time of the study (11]. The
second visit (V1) was scheduled 4—6 weeks after Ramadan completed (Figure 1). Ramadan-focused education was
provided to patients per IDF-DAR guidelines at VO [11]. Patients were advised about changing the timing of their
gliclazide MR dose during Ramadan from breakfast administration to iftar (i.e., the post-sunset meal). They were
also provided with a diary to record any changes in the treatment regimen and details of any symptoms indicating
hypoglycemia or other adverse events throughout the study. Treatment adherence was calculated as follows: (sum
of number of intakes during Ramadan/sum of number of intakes to be taken during Ramadan) x 100 [10].

Data collection & end points

Data concerning patients’ anthropometric measurements, biochemical parameters, IDF-DAR risk classification [11],
T2DM-related diseases and relevant medical/surgical history were recorded. The primary end point was the
proportion of patients with at least one symptomatic hypoglycemic event (either suggestive or confirmed by a
measured glucose concentration of <4 mmol/l or <72 mg/dl). Changes in glycated hemoglobin (HbA1c), fasting
plasma glucose (FPG) levels and body weight were secondary end points. For all adverse events reported during the
study, the treating physician assessed the potential relationship with the study drug, the seriousness of the reported
adverse event and the clinical outcome. The definition and symptoms of hypoglycemia are summarized in Table 1.

10.57264/cer-2023-0132
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Table 2. Baseline patient characteristics.

Parameters

n=98

Age (years) mean (+SD) 50.7 (11.9)

Age category, n (%)

<50 years 49 (50.0%)

>50 to <65 years 37 (37.8%)

>65 years 12 (12.2%)
Sex, n (%)

Male 48 (49.0%)

Female 50 (51.0%)
Duration of T2DM (years), mean (£SD) 5.3 (4.9%)
Bodyweight (kg), mean (+SD) 68.8 (10.2)
BMI (kg/m?), mean (+SD) 27.5(2.6)
HbA1c (%), mean (+SD) 7.4 (0.8)
FPG (mg/dl), mean (+SD) 145.6 (29.6)
Arterial hypertension, n (%) 55 (56.1%)
Dyslipidemia, n (%) 38 (38.8%)
Type of anti-diabetic treatment

Gliclazide MR alone, n (%) 59 (60.2%)

Gliclazide MR+ Metformin, n (%) 39 (39.8%)

Dose of gliclazide MR (mg), mean (+SD) 60.0 (0.0)

Dose of metformin (mg), mean (£SD) 952.1 (437.3)

IDF-DAR risk category, n (%)

Category 1 (very high risk) 0 (0.0%)
Category 2 (high risk) 18 (18.4%)
Category 3 (low risk/moderate risk) 80 (81.6%)

FPG: Fasting plasma glucose; HbA1c: Glycosylated hemoglobin; MR: Modified release; SD: Standard deviation.

Statistical analysis

Most of the statistical analysis was based on descriptive statistics. Continuous variables were expressed as
mean = standard deviation (SD). Categorical variables were expressed as frequencies and percentages. The paired
Student’s #-test was used to analyze differences in mean HbAlc and FPG between VO and V1. A sign-ranked test
was used to analyze the change in weight between V0 and V1. SAS software, version 9.4 or higher, was used for all
analyses (SAS Institute, NC, USA). A p-value <0.05 was considered significant.

Results
The Bangladeshi cohort of DIA-RAMADAN comprised 98 patients. Patient demographic characteristics and med-
ical history pre-Ramadan are summarized in Table 2. Gender distribution was approximately equal with 50 (51%)
women to 48 (49%) men. Mean age of the patients was 50.7 £ 11.9 years and mean BMI 27.5 + 2.6 kg/m?. Dura-
tion of T2DM was 5.3 £ 4.9 years, and baseline HbAlc and FPG levels were 7.4 & 0.8% and 145.6 & 29.6 mg/dl,
respectively. Risk categorization of patients as per 2017 IDF-DAR guidelines showed that most (81.6%) patients
had moderate/low risk (category 3) for hypoglycemia during Ramadan and 18.4% were at high risk (category 2).
No patients belonged to the very high-risk group (category 1). The guidelines have subsequently been updated, but
the majority of patients would still fall into the low or moderate risk categories with a risk score <6. The proportion
of patients on gliclazide MR 60 mg monotherapy at VO was 60.2%; the remainder were receiving gliclazide MR in
combination with metformin. No dose modification was performed during the study. All patients who attended the
inclusion visit (V0) also attended the end of the study visit (V1). Adherence to study medication during Ramadan
was high: 99.8 &= 1.7%. Mean number of days fasted during Ramadan was 28.5 % 1.3 days and mean number of
h of daily fasting was 15.0 & 0.1.

The mean (£SD) HbAlc change from VO to V1 was -0.1 = 0.8% (p = 0.159). When analyzed by age group, a
decrease of -0.3 £ 0.8% (p = 0.043) was observed in the >50 to <65 year age group (n = 37), but changes did not
achieve statistical significance in the other age groups (Table 3). Mean (£SD) FPG change was -0.8 & 39.7 mg/dl
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Table 3. HbA1c changes, mean (+SD) by age at baseline and post Ramadan.

Age group (years) Pre-Ramadan HbA1c Post-Ramadan HbA1c Change p-value
<50 (n = 49) 7.4(0.7) 7.3(0.9) -0.1(0.8) 0.641
>50 to <65 (n = 37) 7.5(0.9) 7.2(0.8) -0.3 (0.8) 0.043
>65 (n=12) 7.2(0.3) 7.3(1.5) 0.0 (1.3) 0.990

The p-value in bold is statistically significant.
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Figure 2. Changes in fasting plasma glucose and body weight between baseline and visit 1 in patients having a pre-
and a post-Ramadan value available (fasting plasma glucose change n = 66; weight change n = 98).

(p = 0.876) and no impact on mean weight change was reported (0.1 £ 1.5 kg (p = 0.810) (Figure 2).

There were no incidences of severe hypoglycemia. Only two patients developed symptomatic hypoglycemia,
which developed near the end of the day. The patients continued fasting undil iftar as usual. Both patients were
less than 50 years of age, at low/moderate risk for fasting during Ramadan, and were receiving gliclazide MR in
combination with metformin. HbAlc at baseline was less than 7.5% in one patient, and between 7.5-<8% in the
other. Both were also suffering from acute gastroenteritis.

Discussion

This sub-analysis of Bangladeshi patients with T2DM participating in the DIA-RAMADAN study indicates that
gliclazide MR, either as monotherapy or in combination with metformin, is a suitable sulphonylurea for use during
Ramadan in routine clinical practice. Despite a prolonged period of fasting (mean of 28.5 days and 15.0 h/day)
there were no cases of severe hypoglycemia and only two (2%) patients reported symptomatic hypoglycemia. As
the latter also developed acute gastroenteritis, the hypoglycemic events may not have been attributable to gliclazide
MR alone. These results are in line with those of the global DIA-RAMADAN study which also reported that 2.2%
of patients experienced symptomatic hypoglycemia during Ramadan (27 out of 1214 patients with at least one
confirmed or suggestive hypoglycemic event) [10].

The sulphonylureas have undergone several stages of development since the first agent became available more
than 60 years ago. While they all share the same general mechanism of action, their pharmacokinetic properties
are influenced by factors such as tissue specificity and binding affinity for the pancreatic B-cell receptor, rate of
absorption, duration of action and route of elimination [12]. The resulting differences in pharmacokinetic profiles
instil the sulphonylureas with varying levels of hypoglycemic risk [13]. The risk of hypoglycemia is lower with agents
such as gliclazide MR because of its reversible and specific binding affinity to sulphonylurea receptors (SUR1) on
pancreatic beta cells and neutral effect on exchange protein directly activated by cAMP 2 (Epac2), activation of
which contributes to the potentiation of glucose-stimulated insulin secretion [13,14]. Gliclazide is also broken down
to inactive metabolites and the modified release formulation allows a gradual increase in drug plasma concentrations.

&xBecaﬂ_rulé 10.57264/cer-2023-0132
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Several studies in T2DM patients have reported that among the sulphonylureas, gliclazide has one of the lowest
risks of hypoglycemia [15-17]. Gliclazide MR is also associated with low rates of hypoglycemia in Muslim T2DM
patients fasting during Ramadan [5,7,18-22).

In an observational study among patients with T2DM (age >18 years) from five countries (n = 1378) which
assessed the incidence of symptomatic hypoglycemia during Ramadan, gliclazide MR was associated with the lowest
incidence, reported in 14% of patients, compared with 17% for glimepiride, 26% for glibenclamide and 28% for
glipizide [23).

An observational study assessing the effect of switching from a morning to evening administration of gliclazide
MR 60 mg during Ramadan, conducted among male T2DM patients (n = 136) recruited from Bangladesh, India
and Pakistan, showed that there was no increase in hypoglycemia risk, and that the patients could safely maintain
their glycemic control with administration of gliclazide MR 60 mg at iftar during the Ramadan fast [24].

A 2015 meta-analysis by Mbanya ez a/l. found no difference in hypoglycemic risk potential between gliclazide-
and DPP-4-inhibitor-treated patients who were observing Ramadan fasting (7.2% vs 5.6%, risk ratio 1.12, 95%
CI10.73-1.73, p = 0.61) 25].

During the pre-Ramadan visit, 18% of Bangladeshi patients were categorized as high risk (risk score >6) by
the IDF-DAR risk assessment [11]. Despite this, none of these high-risk patients developed hypoglycemia, which
may reflect the level of pre-Ramadan education and counselling provided. A previous study evaluating the efficacy
of a pre-Ramadan structured educational program for patients with diabetes noted a significant reduction in the
risk of hypoglycemia (by up to 50%), leading the authors to conclude that adequate education and counselling
are critical factors for reducing hypoglycemic episodes [26]. A systematic review and meta-analysis to assess the
effect of Ramadan-focused diabetes education on hypoglycemia risk also found a substantial reduction in risk of
hypoglycemia (81% reduction) among fasting patients receiving education compared with those on conventional
care alone [27].

In the current study, changes in HbAlc and FPG levels and body weight were non-significant, consistent with
findings from other studies with sulphonylureas during Ramadan. A multicenter observational study in Indian
Muslims with T2DM found that patients treated with sulphonylureas had a non-significant increase in HbAlc
(0.01%, p = 0.958) and a decrease in mean FPG (20 mg/dl) after Ramadan 28]. The STEADFAST study (n = 557),
which was conducted during Ramadan in 16 countries, including Asia, Europe and the Middle East, observed
similar changes in HbA1c with vildagliptin and gliclazide (0.05 & 0.04% vs 0.03 &= 0.04%, p = 0.165), as well as
a mean weight reduction of -1.1 £ 0.2 kg (p = 0.987) in both treatment groups [18].

The adherence of the Bangladeshi patients to treatment was high with all reporting that they took their medication
regularly throughout Ramadan as prescribed by their physician with no self-modifications to dose. All were taking
gliclazide MR at the 60 mg dose and did not require any dose adjustments during or after Ramadan, suggesting
that they were adhering to their treatment regimen. Together, these findings indicate that patients on gliclazide MR
can control blood sugar levels and maintain body weight with a low risk of hypoglycemia without modifying their
gliclazide dose during Ramadan fasting.

Limitations of this sub-analysis were those associated with its observational and uncontrolled design and small
sample size. This study provides real-world evidence from physicians treating fasting T2DM patients according to
standard clinical practice in Bangladesh, for which data are lacking in the published literature. One of the strengths
of the study was that hypoglycemia was recorded using self-reported patient diaries, allowing all hypoglycemic or
other adverse events to be captured and reported to treating physicians during the study.

Conclusion

This sub-analysis of Bangladeshi patients with T2DM from the DIA-RAMADAN study provides real-world data
for the effectiveness and safety of gliclazide MR 60 mg to control blood glucose during fasting. The majority of
patients had low-to-moderate risk for hypoglycemia during Ramadan. Consistent with the global DIA-RAMADAN
findings, switching the morning gliclazide MR dose to iftar during Ramadan fasting was associated with a very low
risk of hypoglycemia, while maintaining glycemic control and with a neutral effect on body weight. Gliclazide MR
60 mg is a safe option for patients who plan to fast during Ramadan.
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Summary points

e Management of Type Il diabetes among people observing the Ramadan fast is challenging due to disrupted
eating patterns, particularly in hot climates.

e This sub-analysis of the international DIA-RAMADAN study confirms that Type Il diabetes in Bangladeshi patients
can be safely managed during Ramadan fasting when gliclazide 26% for modified release glibenclamide
administration is switched from morning to evening dosing. No severe hypoglycemic events were reported and
patients maintained glycemic control with no weight changes.
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