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Background: Several observational studies were conducted with vildagliptin in patients with 

type 2 diabetes mellitus (T2DM) fasting during Ramadan, showing significantly lower incidences of 

hypoglycemia with vildagliptin versus sulfonylureas, including gliclazide. It was of interest to com-

plement the existing real-life evidence with data from a randomized, double-blind, clinical trial.

Clinical Trials Identifier: NCT01758380.

Methods: This multiregional, double-blind study randomized 557 patients with T2DM (mean 

glycated hemoglobin [HbA
1c

], 6.9%), previously treated with metformin and any sulfonylurea to 

receive either vildagliptin (50 mg twice daily) or gliclazide plus metformin. The study included 

four office visits (three pre-Ramadan) and multiple telephone contacts, as well as Ramadan-

focused advice. Hypoglycemic events were assessed during Ramadan; HbA
1c

 and weight were 

analyzed before and after Ramadan.

Results: The proportion of patients reporting confirmed (,3.9 mmol/L and/or severe) hypogly-

cemic events during Ramadan was 3.0% with vildagliptin and 7.0% with gliclazide (P=0.039; 

one-sided test), and this was 6.0% and 8.7%, respectively, for any hypoglycemic events (P=0.173). 

The adjusted mean change pre- to post-Ramadan in HbA
1c

 was 0.05%±0.04% with vildagliptin 

and −0.03%±0.04% with gliclazide, from baselines of 6.84% and 6.79%, respectively (P=0.165). 

In both groups, the adjusted mean decrease in weight was −1.1±0.2 kg (P=0.987). Overall safety 

was similar between the treatments.

Conclusion: In line with the results from previous observational studies, vildagliptin was shown 

in this interventional study to be an effective, safe, and well-tolerated treatment in patients with 

T2DM fasting during Ramadan, with a consistently low incidence of hypoglycemia across stud-

ies, accompanied by good glycemic and weight control. In contrast, gliclazide showed a lower 

incidence of hypoglycemia in the present interventional than the previous observational studies. 

This is suggested to be linked to the specific circumstances of this study, including frequent 

patient–physician contacts, Ramadan-focused advice, a recent switch in treatment, and very 

well-controlled patients, which is different from what is often seen in real life.

Keywords: dipeptidyl peptidase 4, fasting, incretin, type 2 diabetes mellitus, hypoglycemia, 

Ramadan

Introduction
The dipeptidyl peptidase 4 (DPP-4) inhibitor vildagliptin increases the sensitivity 

of the α and β cells to glucose, resulting in glucose-dependent secretion of insulin 
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and glucagon, which underlies its improvement of glucose 

control in patients with type 2 diabetes mellitus (T2DM), as 

well as its low risk of causing hypoglycemia.1 Preservation 

of glucagon counter-regulation to hypoglycemia has been 

specifically shown for vildagliptin in patients with T2DM2,3 

and type 1 diabetes4 and is likely a glucose-dependent insu-

linotropic polypeptide-mediated effect.5 The corresponding 

clinical benefit is particularly promising for patients exposed 

to a higher risk for hypoglycemia, including elderly patients 

with T2DM6 and patients with T2DM undergoing prolonged 

fasting, such as during the holy month of Ramadan.

Ramadan involves major changes in dietary habits, in 

particular, a complete abstinence from food and fluid intake 

from dawn to sunset. Decreased food intake or missed meals 

are well-established risk factors for hypoglycemia, which 

accordingly is a key concern in patients with T2DM fast-

ing during Ramadan.7 The population-based Epidemiology 

of Diabetes and Ramadan (EPIDIAR) study, for example, 

showed a 7.5 times increase in hypoglycemia (leading to 

hospitalization) during Ramadan versus during the preced-

ing months,8 and in an observational study, the incidence of 

symptomatic hypoglycemia was 20% during Ramadan in 

sulfonylurea (SU)-treated patients.9 Although the American 

Diabetes Association recommends that SUs be used with 

caution and be individualized during Ramadan,7 it also needs 

to be considered that the hypoglycemic potential of different 

SUs is not identical, with newer-generation secretagogues 

such as gliclazide often showing a lower incidence both 

in the general T2DM population10,11 and when used during 

Ramadan.7,9

Several observational studies have been conducted with 

vildagliptin over the last years in patients with T2DM fasting 

during Ramadan, consistently showing a low incidence of 

hypoglycemia with the DPP-4 inhibitor.12 The observational 

Ramadan study in the United Kingdom, VECTOR (Vilda-

gliptin Experience Compared To gliclazide Observed during 

Ramadan; N=59), for example, reported that no patients in the 

vildagliptin plus metformin group versus 41.7% of patients 

in the gliclazide plus metformin group experienced hypo-

glycemia.13 Vildagliptin also significantly lowered glycated 

hemoglobin (HbA
1c

) (from 7.7% to 7.2%) versus gliclazide 

(from 7.2% to 7.3%) pre- to post-Ramadan. Furthermore, in 

the large (N.1300) observational Ramadan study, VIRTUE 

(VildagliptIn expeRience compared wiTh sulphonylUreas 

obsErved during Ramadan), conducted across 10 countries in 

the Middle East and Asia, significantly fewer patients reported 

hypoglycemic events (HEs) with vildagliptin compared with 

SUs (5.4% versus 19.8%).14 The incidence of hypoglycemia 

was also lower with vildagliptin when compared with each 

individual SU, including gliclazide (19.2%). This was asso-

ciated with good glycemic (HbA
1c

 change, −0.24% with 

vildagliptin versus +0.02% with SUs) and weight (−0.76 and 

−0.13 kg, respectively) control.

In contrast to the diverse experience available with vilda-

gliptin in patients with T2DM fasting during Ramadan from 

observational, real-life studies, vildagliptin had not been stud-

ied during Ramadan in a randomized controlled, double-blind, 

clinical trial. Given that the two trial settings have different 

strengths and weaknesses, it was of interest to complement 

the existing evidence for vildagliptin with data from an 

interventional study. The present trial, STudy Evaluating 

vildAgliptin compareD to gliclazide in patients with type 

2 diabetes FASTing during Ramadan (STEADFAST), was 

therefore undertaken across countries in the Middle East, 

Europe, and Asia and, to our knowledge, represents the first 

randomized, double-blind study with a DPP-4 inhibitor in 

patients with T2DM fasting during Ramadan. Beyond its 

randomized controlled, double-blind nature, the study had 

additional important design features, in that the protocol 

included multiple patient–physician contacts before and 

during the Ramadan fasting period, stipulated to provide 

Ramadan-focused advice, which plays an important role in 

the safe management of T2DM during Ramadan fasting,15 and 

required patients to be switched from their previous dual SU 

and metformin therapy to the study treatments (vildagliptin 

or gliclazide plus metformin).

Methods
study design and patient population
STEADFAST was a multicenter, double-blind, double-

dummy, randomized, active-controlled, parallel-group inter-

ventional clinical trial conducted at 69 sites in 16 countries 

across the Middle East, Europe, and Asia.

The key inclusion criteria for this study included age 

18 years or older, body mass index 22–45 kg/m2, HbA
1c

 8.5% 

or lower, T2DM treated with metformin ($1,500 mg daily) 

plus any SU (for $12 weeks and, for SU, also #3 years) and 

the intention to fast during Ramadan 2013. Patients were 

excluded if they had an acute metabolic condition (such as 

ketoacidosis), a current diagnosis of congestive heart failure 

(New York Heart Association class III or IV), other significant 

cardiovascular history within 6 months, acute or chronic 

liver disease or abnormal liver tests (alanine transaminase or 

aspartate transaminase more than three times the upper limit 

of normal, or bilirubin [total] more than two times the upper 

limit of normal), or clinically significant renal dysfunction 
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(estimated glomerular filtration rate by Modification of Diet 

in Renal Disease, ,60 mL/minute/1.73 m2).

After an up-to-4-week screening period, eligible patients 

were randomized using interactive response technology in 

a 1:1 ratio to receive either vildagliptin or gliclazide in a 

double-blind, double-dummy fashion, in addition to continu-

ing their open-label metformin therapy (at 1,500–2,500 mg 

daily). After the treatment switch from their previous SU 

therapy, vildagliptin was administered at 50 mg twice daily 

(bid), and gliclazide was to be given at an equivalent dose 

to previous SU in multiples of 80 mg, with the final dose 

decision being at the investigator’s discretion.

In addition to the screening (V1) and randomization (V2) 

visits, the study required a pre-Ramadan visit (V3; within 

4 weeks before the start of Ramadan, often occurring close to 

the start of Ramadan) and an end-of-study visit (V4; within 

4 weeks after the end of Ramadan). In addition to the four 

office visits (3 before Ramadan and 1 after Ramadan), the 

study protocol required multiple telephone contacts (at least 

one between V2 and V3 and weekly starting from 1 week 

before Ramadan to the end of Ramadan). The protocol further 

stipulated that individualized Ramadan-focused advice was 

to be given to each patient at the pre-Ramadan visit (V3). 

This was to follow international and/or local guidelines in a 

personalized manner, rather than in a formal, standardized 

educational program; in this regard, the protocol specifically 

recommended inclusion of the importance of individualizing 

treatment/treatment adjustments, regularly monitoring blood 

glucose levels, and tailoring nutritional advice.

The overall treatment duration consisted of an 8-week 

or longer pre-Ramadan stabilization period, the 4-week 

Ramadan period, and a post-Ramadan period of 4 or 

fewer weeks.

study assessments
The primary study objective was to assess the proportion of 

patients with at least one HE during the Ramadan fasting 

period in patients treated with vildagliptin or gliclazide plus 

metformin dual therapy. Each patient was provided with a 

diary, for recording hypoglycemia-related symptoms and 

blood glucose levels, as well as a home glucose monitor. 

Patients were educated regarding hypoglycemia symptoms 

and treatment and the use of the home glucose monitor.

Hypoglycemia was defined as reported symptoms of low 

blood glucose, with or without confirmatory self-monitored 

blood glucose (SMBG) measurement lower than 3.9 mmol/L 

plasma glucose equivalent, or any asymptomatic SMBG mea-

surements lower than 3.9 mmol/L plasma glucose equivalent. 

In addition, confirmed hypoglycemia was assessed and 

included symptomatic and asymptomatic events with a 

SMBG measurement lower than 3.9 mmol/L plasma glucose 

equivalent and all severe episodes (ie, requiring assistance of 

another party, whether or not an SMBG measurement was 

available), which were also evaluated separately.

HbA
1c

 and weight were measured at all visits and assessed 

from pre-Ramadan (V3) to post-Ramadan/end of study and 

from randomization (V2) to post-Ramadan/end of study. In 

addition, the number of fasting days, treatment adherence, 

and study medication changes were recorded.

All adverse events (AEs) were recorded and assessed by 

the investigator for severity and possible relationship to study 

medication. Glomerular filtration rate was estimated by the 

Modification of Diet in Renal Disease method.

HbA
1c

 and routine biochemistry laboratory assessments 

were performed by a central laboratory (Eurofins, Breda, 

the Netherlands).

statistical analyses
The Randomized set included all randomized patients. The 

Per Protocol set (PPS) included all randomized patients who 

received at least a single dose of study medication, who 

fasted and took study medication for at least 10 days during 

Ramadan, and who had no major other protocol deviations. 

The Safety set consisted of all randomized patients who 

received at least a single dose of study medication.

The proportion of patients reporting HEs (any, confirmed, 

severe) were analyzed using a one-sided Fisher’s exact test 

performed on data from the PPS. Data were censored at the 

start of rescue medication. In addition, the relative risk ratio 

between the two treatment groups in the proportion of patients 

experiencing HEs (any, confirmed) during the Ramadan 

fasting period was analyzed in the PPS, using a Cochran–

Mantel–Haenszel test stratified by pooled center.

The change in HbA
1c

 from pre- to post-Ramadan 

(ie, HbA
1c

 value at post-Ramadan/end point minus HbA
1c

 

value at V3), as well as during the entire study duration (ie, 

HbA
1c

 value at post-Ramadan/end point minus HbA
1c

 value 

at V2 or the closest prior measurement if the V2 measurement 

was missing) was calculated in the PPS, using an analysis of 

covariance model with treatment and pooled center as the 

classification variables and baseline HbA
1c

 as the covariate. 

Post-Ramadan/end point was defined as the HbA
1c

 measure-

ment obtained at V4 or the final available postbaseline HbA
1c

 

measurement obtained at any visit during or after Ramadan 

if the V4 measurement was missing. Data were censored at 

the start of rescue medication. The changes in body weight 
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Table 1 Patient demographic and clinical characteristics 
(randomized set)

Mean ± standard 
deviation or n (%)

Vildagliptin  
(50 mg twice a day)

Gliclazide 
(80–320 mg/day)

n 279 278
age, years 54.6±9.3 54.3±9.1
sex
 Men 132 (47.3) 128 (46.0)
 Women 147 (52.7) 150 (54.0)
Race
 caucasian 187 (67.0) 173 (62.2)
 asian 68 (24.4) 72 (25.9)
 all other 24 (8.6) 33 (11.9)
Hba1c, % 7.0±0.8 6.9±0.8
 #7.5% 205 (73.5) 218 (78.4)

 .7.5% 74 (26.5) 60 (21.6)
Fasting plasma glucose, 
mmol/l

7.9±1.9 7.8±1.9

Body weight, kg 82.5±14.4 83.4±15.4
Body mass index, kg/m2 30.7±5.0 31.1±5.2
Duration of type 2  
diabetes mellitus, years

4.8±4.1 4.7±3.8

egFR (MDRD)
  normal, .80 ml/ 

minute/1.73 m2

189 (67.7) 180 (64.7)

  Mild, $50 to #80 ml/ 
minute/1.73 m2

90 (32.3) 97 (34.9)

cardiovascular history
 Hypertension 142 (50.9) 148 (53.2)
 Dyslipidemia 115 (41.2) 127 (45.7)

Abbreviations: eGFR, estimated glomerular filtration rate; HbA1c, glycated 
hemoglobin; MDRD, Modification of Diet in Renal Disease.
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from pre- to post-Ramadan, as well as during the entire study 

duration, were analyzed using a similar model as for HbA
1c

.

Other parameters such as number of fasting days in 

the Ramadan fasting period, treatment adherence during 

Ramadan, and study medication changes were summarized 

descriptively. Safety data were also summarized descriptively 

by treatment in the Safety set.

The values presented are means ± standard error unless 

specified otherwise.

ethics and good clinical practice
The study was conducted in accordance with the Helsinki 

Declaration of 1975, as revised in 2000 and 2008, and 

the International Conference on Harmonization/Good 

 Clinical Practice guidelines. The study protocol was 

approved by an independent ethics committee/institutional 

review board at each site, and all patients provided written 

informed consent.

Results
Patient disposition and patient 
demographic/clinical characteristics
A total of 557 patients were randomized: 279 patients to 

receiving vildagliptin (50 mg bid) plus metformin and 

278 patients to receiving gliclazide (80–320 mg/day) plus 

metformin. In each treatment group, 239 patients (86%) 

completed the study, with the most common reasons for 

discontinuation being withdrawal of consent  (vildagliptin, 

5.0%; gliclazide, 4.7%) and AEs (vildagliptin, 2.9%; 

 gliclazide, 3.6%).

Patients included in the study were recruited in the Middle 

East (.50%), Europe, and Asia. Contributing countries 

were Egypt (15.4% of patients), Lebanon (15.3%), Tunisia 

(10.2%), Russia (9.0%), Indonesia (6.8%), Germany (6.6%), 

Jordan (6.3%), Singapore (5.6%), United Kingdom (5.6%), 

Turkey (4.5%), Spain (4.3%), Malaysia (3.8%), Kuwait 

(2.3%), Saudi Arabia (2.3%), United Arabic Emirates (1.8%), 

and Denmark (0.2%).

Table 1 summarizes the demographic and clinical char-

acteristics in the randomized population. Patients (47% 

men/53% women) had a mean age of 54.4 years, a mean 

body mass index of 30.9 kg/m2, and a mean T2DM duration 

of 4.7 years. Patients’ T2DM was well-controlled, with a mean 

HbA
1c

 of 6.9% (76% of patients with HbA
1c

 #7.5%) and mean 

fasting plasma glucose of 7.9 mmol/L. Before entering the 

study, patients were treated with metformin at a mean dose of 

1,828 mg/day (mean duration, 44.7 months) combined with 

the following SUs (mean duration, 18.0 months): gliclazide 

(33% of patients; mean daily dose, 134.8 mg), glibenclamide 

(19% of patients; mean daily dose, 7.6 mg), glimepiride (42% 

of patients; mean daily dose, 2.4 mg), and glipizide (5% of 

patients; mean daily dose, 9.4 mg). More than 50% of patients 

had hypertension, more than 40% had dyslipidemia, approxi-

mately two-thirds of patients had normal renal function, and 

the remaining third had mild renal impairment (Table 1). 

These demographic and clinical characteristics were, overall, 

well-balanced between the two treatment groups.

Patients fasted during Ramadan for a mean (standard 

deviation) of 28.3 (3.0) days in the vildagliptin group and 

28.1 (3.8) days in the gliclazide group.

Treatment adherence  
and study medication changes
Treatment adherence during the Ramadan fasting period was 

high in both treatment groups, with only a small difference 

in the number of missed doses between vildagliptin plus 

metformin (7.3±1.4 doses) and gliclazide plus metformin 

(9.6±1.6 doses).
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The metformin dose in both treatment groups 

(∼1,800 mg/day), as well as the vildagliptin dose, remained 

nearly unchanged during the study (in accordance with the 

product information, dose adjustment of vildagliptin was not 

a given option in the study). The mean daily gliclazide doses 

were 122 mg at randomization (V2), 130 mg pre-Ramadan 

(as recommended by the investigator at V3), and 129 mg post-

Ramadan. Data about timing/timing changes (including the  

morning versus evening split) for metformin and gliclazide 

were not collected in the study.

Hypoglycemia
The proportion of patients who reported any HE during the 

Ramadan fasting period was numerically lower in the vilda-

gliptin 50 mg bid plus metformin group (6.0%) compared 

with the gliclazide plus metformin group (8.7%); however, 

the difference between treatments did not reach statistical 

significance (P=0.173; one-sided test). The numerical trend 

was more pronounced for the prespecified subcategory of 

confirmed HEs, with 3.0% of patients in the vildagliptin 

group versus 7.0% of patients in the gliclazide group report-

ing such an event (P=0.039; one-sided test). The correspond-

ing relative risk (vildagliptin versus gliclazide) of patients 

with HEs during the Ramadan fasting period was 0.72 (95% 

confidence interval, 0.38–1.36; P=0.307) for any HEs and 

0.46 (95% confidence interval, 0.20–1.06; P=0.059) for 

confirmed HEs. There were no severe HEs reported in either 

treatment group.

Hba1c and body weight changes
Glycemic control from pre-Ramadan (V3) to post-Ramadan 

was stable in both treatment groups. The adjusted mean 

change in HbA
1c

 was 0.05%±0.04% (baseline =6.84%) 

in the vildagliptin 50 mg bid plus metformin group 

and −0.03%±0.04% (baseline, 6.79%) in the gliclazide plus 

metformin group (P=0.165 for between-group difference). 

Similar results were also seen during the entire study period. 

After the switch from their prior treatment with metformin 

and SU to the study treatments at randomization (V2), the 

adjusted mean changes in HbA
1c

 from identical baselines of 

6.94% to post-Ramadan/end point were −0.01%±0.05% with 

vildagliptin and −0.13%±0.05% with gliclazide, respectively 

(P=0.100).

In both treatment groups, the adjusted mean decrease 

in body weight from pre-Ramadan to post-Ramadan 

was −1.1±0.2 kg (baseline, 82.2 kg [vildagliptin 50 mg 

bid] and 82.6 kg [gliclazide], respectively; P=0.987). 

Over the entire study duration, the adjusted mean decrease 

in body weight was −1.9±0.2 kg in the vildagliptin group 

and −1.7±0.2 kg in the gliclazide group (baseline, 83.0 kg 

and 83.2 kg, respectively; P=0.423).

safety and tolerability
There were no important differences in the overall AE 

profiles between vildagliptin and gliclazide in combination 

with metformin. AEs were reported with a slightly lower 

frequency in patients receiving vildagliptin than in patients 

receiving gliclazide (34.4% versus 42.3%), driven partly by 

AEs in the system organ class of “infections and infesta-

tions” (4.0% with vildagliptin versus 7.7% with gliclazide). 

The incidence of serious AEs (2.2% versus 1.5%) and dis-

continuations because of AEs (2.9% versus 4.0%) was low 

and comparable in the two treatment groups. No patients 

died during the study. Other than hypoglycemia, the most 

commonly reported specific AEs in the study were dizzi-

ness (4.8% versus 5.1%) and diarrhea (4.0% versus 4.4%). 

Differences between treatment groups were small for specific 

AEs; a somewhat larger difference was reported for headache 

(1.8% with vildagliptin versus 5.8% with gliclazide).

Discussion
To our knowledge, STEADFAST is the first randomized 

controlled, double-blind study to date assessing the benefit 

of DPP-4 inhibitor treatment in Muslim patients with T2DM 

fasting during Ramadan.

The data from this interventional study showed that 

vildagliptin in combination with metformin is an effective 

and well-tolerated treatment option in patients with T2DM 

fasting during Ramadan, with a low incidence of hypogly-

cemia (6.0% for any HEs and 3.0% for confirmed HEs) and 

similar efficacy to the SU gliclazide in combination with 

metformin (HbA
1c

 +0.05% versus −0.03%). Vildagliptin 

was also associated with good treatment adherence, as 

well as a small decrease in body weight (−1.1 kg), and the 

study did not identify any safety signals or unforeseen risks 

in vildagliptin-treated patients with T2DM fasting during 

Ramadan. Importantly, the results from this randomized, 

double-blind study for vildagliptin are consistent with the 

findings from the previous observational studies and, thus, 

can predict the effectiveness observed under normal 

therapeutic conditions. For example, the large VIRTUE 

observational study reported that 5.4% of patients treated 

with vildagliptin experienced any HEs (with or without 

confirmation) and 2.7% reported confirmed (,3.9 mmol/L) 

hypoglycemia during the Ramadan fasting period,14 which 

is very similar to the results of the present study.
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Under the conditions of the present study, including 

multiple patient–physician contacts and protocol-stipulated 

Ramadan-focused advice, as further discussed here, gli-

clazide in combination with metformin also showed a low 

incidence of hypoglycemia. Although numerically still 

higher than with vildagliptin, in particular when assessing 

confirmed events, the difference between the two treatments 

did not reach statistical significance. Notably, in contrast to 

the findings with vildagliptin, gliclazide showed a markedly 

lower incidence of HEs in the present randomized, double-

blind trial setting (8.7% for any HEs and 7.0% for confirmed 

HEs) than previously observed in several nonrandomized, 

observational studies comparing the two treatments.13,14,16 For 

example, in the above-mentioned VIRTUE study, 19.8% of 

patients treated with any SU and 19.2% of patients treated 

with gliclazide reported HEs.14 Of the events with SUs, 12.9% 

were confirmed.

Although it needs to be recognized that gliclazide is among 

the SUs with low rates of hypoglycemia and was used at an 

intermediate, rather than maximum, dose in the present study, 

the low hypoglycemia rate nevertheless merits comment, in 

particular, in view of the very low HbA
1c

 of the recruited 

patients (mean HbA
1c

 ,7%, lower than in any of the previous 

studies). T2DM, as such, is associated with impaired glucagon 

counter-regulation,17 and SUs have previously been shown to 

significantly impair this glucagon response in patients with 

T2DM.18,19 At the same time, insulin secretion is stimulated 

in a glucose-independent way. Thus, hypoglycemia remains a 

considerable risk, especially at low levels of glycemia.

It is therefore of interest to further consider the effect 

of the interventional nature of the present study versus the 

naturalistic setting of the previous observational trials. First, 

special caution may have been applied in selecting patients 

enrolled in the present study, potentially favoring individuals 

who were very well-controlled and who have demonstrated 

that they can avoid HEs with an SU at their low level of 

 glycemia. This may have played a more important role for 

physicians, given the randomized, double-blind nature of the 

study, which included treatment switches in both treatment 

group at randomization, compared with an observational 

study setting, in which the regular treatment of the patients is 

continued. Of note, the mean HbA
1c

 of the patients entering 

the present study (6.9%; 76% of patients with HbA
1c

 #7.5%) 

was considerably lower than that often seen in clinical prac-

tice in patients treated with an SU plus metformin, both 

when used in a population fasting during Ramadan13,14 or in 

the general T2DM population.20 Second, the switch in SU 

treatment to gliclazide a few weeks pre-Ramadan and the 

frequent contacts with the patients provided the  physicians 

with the opportunity to prescribe and tailor the SU dose 

according to the patients’ needs. It is important, in this 

regard, to keep in mind that in addition to the randomized, 

double-blind nature of the study, the STEADFAST trial had 

several important additional design features that may have 

contributed to the observed outcome.

The protocol required multiple patient–physician contacts, 

including three pre-Ramadan visits, with the third visit mostly 

being very close to Ramadan, as well as weekly telephone 

contacts starting 1 week before the start of Ramadan until 

the end of Ramadan. In addition, the patients in the study 

were distributed over a large number of sites/ physicians. 

Finally, the protocol stipulated that individualized Ramadan-

focused advice was to be given to each patient, in line with 

international and/or local guidelines. Thus, the interventional 

clinical trial setting, together with the specific protocol fea-

tures, have created circumstances quite different from what is 

often seen in clinical practice or what has been reported in the 

previous observational Ramadan studies.13,14,16 In particular, 

the study protocol requirements likely resulted in considerably 

more time spent between the physician/site personnel and 

the patient in the pre-Ramadan and Ramadan periods than 

would routinely occur under real-life conditions. This ensured 

an unusually well-controlled and educated population in 

which patients were properly advised regarding the risks and 

behaviors during Ramadan, as well as optimal management 

of gliclazide use. Of note, Ramadan-focused education has 

previously been shown to markedly reduce the risk of hypogly-

cemia in patients with T2DM treated mainly with gliclazide, 

either as monotherapy or combination therapy.15 Bravis et al 

reported a nearly 50% reduction in the hypoglycemic event 

rate from pre-Ramadan to Ramadan, despite fasting, in a 

group participating in a Ramadan-focused diabetes education 

program, whereas the control group experienced a fourfold 

increase.15 Of interest, lower incidences of hypoglycemia with 

gliclazide than seen in the observational Ramadan studies 

have also been observed in two randomized, open-label stud-

ies comparing sitagliptin and SUs, including gliclazide.21,22 

Thus, the particular attention and education provided within 

the interventional trial setting of the STEADFAST study, 

a situation rather different from what can often be achieved 

in clinical practice, may have significantly contributed to the 

observed low risk of hypoglycemia with gliclazide in the 

study. On the basis of its mechanism of action,1 a similar dif-

ference between the trial situation and real life, as observed 

for gliclazide, would not be expected for vildagliptin and has 

not been seen.
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Glycemic control, assessed as changes in HbA
1c

, 

remained stable pre- to post-Ramadan with both treatments 

(0.05% with vildagliptin plus metformin versus −0.03% with 

gliclazide plus metformin), indicating that similar efficacy 

can be achieved during the Ramadan fasting period with 

vildagliptin and gliclazide. There was also no change in 

HbA
1c

 with vildagliptin, from randomization to the end of 

the study (−0.01%). Thus, patients in the vildagliptin group, 

who were all to be switched from an SU to vildagliptin at 

study entry, did not lose the glycemic control achieved with 

their previous SU treatment.

In both treatment groups, a small decrease in body weight 

from pre-Ramadan to post-Ramadan of 1.1 kg was observed. 

A similar decrease in body weight in patients with low (,7%) 

baseline HbA
1c

 has previously been reported for vildagliptin 

in a non-Ramadan setting.23 Although gliclazide use is often 

associated with an increase in body weight,24,25 it is of interest 

that in the previously discussed study by Bravis et al, patients 

mainly treated with gliclazide who were participating in a 

Ramadan-focused diabetes education program showed a 

small weight loss during Ramadan (−0.7 kg), similar to what 

has been seen in the present study; in contrast, the control 

group not participating in the program reported a weight 

increase of the same magnitude.15

Taken together, this randomized controlled, double-

blind study with a DPP-4 inhibitor in Ramadan showed 

that patients with T2DM can safely and effectively fast 

during Ramadan. For vildagliptin, the low risk for hypo-

glycemia predicted from its mechanism of action was 

consistently seen between the present interventional and 

previous observational studies, with comparable efficacy to 

gliclazide. In contrast to previous observational studies, the 

reported difference in hypoglycemia between vildagliptin 

and  gliclazide was smaller and did not reach statistical sig-

nificance. The results suggest that the lower hypoglycemia 

rate for  gliclazide seen in the present study may be linked to 

the special conditions of the STEADFAST study, in which 

the particular attention to each patient, Ramadan-focused 

advice, the recent switch in treatment, as well as the patients’ 

very good glycemic control have created a setting that is 

often not reflected in real life, as seen, for example, from 

the results of the VIRTUE study.14
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