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ABSTRACT

Introduction:  The aim of this work was to 
assess the safety and effectiveness of con‑
comitant iGlarLixi and sodium-glucose co-
transporter-2 inhibitors (SGLT-2i) use in adults 
with type 2 diabetes (T2D) who fasted during 
Ramadan.
Methods:  Of the 420 eligible participants 
from the SoliRam study, 174 were using SGLT-
2i in addition to iGlarLixi and 246 were not 
using SGLT-2i, referred to as SGLT-2i user and 

non-user, respectively. The primary endpoint 
was the proportion of participants experienc‑
ing ≥ 1 severe and/or symptomatic documented 
(< 70 mg/dl [< 3.9 mmol/l]) hypoglycemia.
Results:  More than 50% of participants in 
both groups were male. The mean weight, gly‑
cated hemoglobin (HbA1c), and fasting plasma 
glucose (FPG) were similar in both groups. 
Approximately half of participants in the SGLT-
2i-user group and ~ 25% participants in the 
SGLT-2i-non-user group were on two oral anti-
hyperglycemic drugs (OADs), whereas ~ 20% 
in the SGLT-2i-user group and ~ 1% of partici‑
pants in the SGLT-2i-non-user group were on 
three OADs in addition to iGlarLixi. Around 
35% and 55% of participants in the SGLT-2i-
user and SGLT-2i-non-user groups, respectively, 
were taking concurrent sulphonylureas. About 
97% of participants in both groups were able 
to fast for ≥ 25 days. The incidence of primary 
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endpoint was low in both groups; SGLT-2i user: 
0.6%, 4.2%, and 0.6% and SGLT-2i-non-user: 
1.3%, 0.9% and 0% during pre-Ramadan, Rama‑
dan, and post-Ramadan period, respectively. The 
incidence of severe and/or symptomatic docu‑
mented (< 54 mg/dl [< 3.0 mmol/l]) hypoglyce‑
mia events was also low throughout the study, 
including during Ramadan. No severe hypogly‑
cemia occurred during Ramadan in either group. 
Improvements in HbA1c and FPG, with a small 
reduction in weight, were observed from pre- 
to post-Ramadan in both groups. No serious 
adverse event was reported in either group.
Conclusions:  Concomitant iGlarLixi and SGLT-
2i therapy with or without other OADs was dem‑
onstrated to be safe in adults with T2D during 
Ramadan fast, with a low risk of hypoglycemia 
and improvements in glycemic outcomes.

Keywords:  Fasting; iGlarLixi; Ramadan; 
SGLT-2i; Hypoglycemia; Type 2 diabetes

Key Summary Points 

Why carry out this study?

SoliRam, a prospective, real-world, obser‑
vational study demonstrated that iGlarLixi, 
a fixed-ratio combination of basal insulin 
(BI) glargine 100 U/m and glucagon-like 
peptide-1 receptor agonist (GLP-1RA) lixi‑
senatide, was safe and effective in people 
with type 2 diabetes (T2D) during Ramadan 
fasting.

An increasing number of people with T2D 
who are taking a combination of BI and GLP-
1RA for glycemic control will require sodium-
glucose co-transporter-2 inhibitors (SGLT-2i) 
for cardiovascular or renal protection.

In the SoliRam study, over 40% of partici‑
pants were taking concomitant iGlarLixi 
and SGLT-2i, with or without other oral 
anti-hyperglycemic drugs. This highlights 
the importance of assessing the safety and 
effectiveness of this combination during 
Ramadan fast.

Therefore, this current sub-analysis study was 
conducted to assess safety and effectiveness 
of concomitant use of iGlarLixi and SGLT-2i 
in people with T2D during Ramadan fasting.

What was learned from the study?

The incidence of ≥1 severe and/or symp‑
tomatic documented hypoglycemia (<70 
mg/dl [<3.9 mmol/l] and <54 mg/dl [< 3.0 
mmol/l]) was low in both groups throughout 
the study. No incidence of severe hypoglyce‑
mia was reported during Ramadan in either 
group.

Improvements in glycated hemoglobin and 
fasting plasma glucose, along with a small 
reduction in weight, were observed from pre- 
to post-Ramadan in both groups.

Few incidences of adverse event were 
observed in both groups, with no serious 
adverse event reported in either group. 

INTRODUCTION

People with diabetes are at high risk of cardio‑
vascular (CV) and kidney diseases, contributing 
to most of the diabetes-related morbidity and 
mortality [1, 2]. Owing to the established safety 
and efficacy of sodium-glucose co-transporter-2 
inhibitors (SGLT-2i) and glucagon-like peptide-1 
receptor agonists (GLP-1RA) in type 2 diabetes 
(T2D) along with additional cardio- and reno-
protective benefits, the guidelines (American 
Diabetes Association [ADA]/European Associa‑
tion Society for the study of Diabetes [EASD] 
and American Association of Clinical Endocri‑
nology [AACE]) recommend treatment intensifi‑
cation with SGLT-2i and GLP-1RA in people with 
T2D who are sub-optimally controlled by oral 
anti-hyperglycemic drugs (OADs) and have an 
established CV or kidney disease or risk factors 
[3, 4]. People who are already taking SGLT-2i or 
GLP-1RA and require further glycemic control, 
intensification with basal insulin (BI) is recom‑
mended, either by adding BI separately to the 
existing therapy or switching, for those receiv‑
ing a GLP-1RA, from their previous therapy to 
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a fixed-ratio combination (FRC) of BI and GLP-
1RA [3]. FRCs simplify the complexity of insulin 
therapy and reduce injection burden/frequency, 
with no increase in the risk of hypoglycemia 
and weight gain compared with BI, which indi‑
cates that FRCs are a more effective treatment 
approach [5, 6].

iGlarLixi is an FRC of BI glargine 100 U/ml 
and GLP-1RA lixisenatide. Randomized con‑
trolled trials have shown that iGlarLixi is an 
effective and well-tolerated treatment advance‑
ment approach in people with T2D previously 
sub-optimally controlled by either OADs alone 
or combined with BI or GLP-1RA [7–10]. In a 
post hoc exploratory analysis of the LixiLan-
G study and real-world evidence from the US 
Optum-Humedica database, concomitant iGlar‑
Lixi and SGLT-2i therapy was shown as safe and 
effective, showing similar robust glycemic out‑
comes and low hypoglycemia rates as reported 
by people receiving iGlarLixi alone [11].

SoliRam, a multicenter, real-world observa‑
tional study, demonstrated safety and effective‑
ness of iGlarLixi in people with T2D before, 
during and after Ramadan [12]. About 85% of 
the SoliRam study participants were using con‑
comitant OADs, of which 41.2% were on SGLT-
2i [12]. To date, no studies investigating the 
concomitant use of iGlarLixi and SGLT-2i during 
Ramadan or fasting conditions have been pub‑
lished. Therefore, a sub-analysis of the SoliRam 
study was conducted, the first ever analysis 
to explore this combination during Ramadan 
fast. The objective of this sub-analysis was to 
assess the safety and effectiveness of concomi‑
tant iGlarLixi and SGLT-2i use, with or without 
other OADs, in adults with T2D who fasted dur‑
ing Ramadan in the SoliRam study. The results 
of this analysis would contribute to establish‑
ing an evidence base for the concurrent use of 
iGlarLixi and SGLT-2i in individuals with T2D 
planning to fast.

METHODS

Study Design and Participants

Detailed SoliRam study design and methods 
have been previously published [12]. Briefly, 
SoliRam was a prospective, real-world, obser‑
vational study conducted across nine countries 
in adults (≥ 18 years of age) with T2D treated 
with iGlarLixi for ≥ 3 months at study entry. 
The study spanned for 3–5 months; pre-Rama‑
dan (1–3 months prior to Ramadan), Ramadan 
(1 month) and post-Ramadan (1 month). Par‑
ticipants who were willing to fast for ≥ 15 days 
during Ramadan, measure self-monitored 
plasma glucose (SMPG) and maintain records 
were included in the study. Data were collected 
from the self-maintained diary provided at study 
entry, where participants recorded their blood 
glucose values, iGlarLixi doses, any episodes of 
symptomatic hypoglycemia, and details on fast‑
ing (including reasons for not fasting). Detailed 
inclusion and exclusion criteria were described 
earlier [12]. All participants provided their writ‑
ten informed consent. This study was conducted 
in accordance with the Declaration of Helsinki 
of 1964 and all subsequent amendments. The 
study protocol was approved by the local institu‑
tional review board/independent ethics commit‑
tee of the country of each participating investi‑
gator (Supplementary Table S1), and regulatory 
submissions were performed in accordance with 
the local data protection guidelines.

Study Endpoints

The primary endpoint was the proportion of par‑
ticipants experiencing ≥ 1 severe and/or sympto‑
matic documented (< 70 mg/dl [< 3.9 mmol/l]) 
hypoglycemia during pre-Ramadan (last month), 
Ramadan, and post-Ramadan periods and the 
overall study duration. The secondary hypogly‑
cemia endpoints included the incidence of severe 
and/or symptomatic documented (< 54 mg/dl 
[< 3.0 mmol/l]) hypoglycemia and the incidence 
and event rate of hypoglycemia according to the 
time of day during Ramadan (any time between 
Suhur and Iftar and between Iftar and Suhur). 
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Other secondary endpoints included the mean 
change in glycated hemoglobin (HbA1c), fasting 
plasma glucose (FPG), fasting SMPG and weight 
from pre- to post-Ramadan, and the mean change 
in iGlarLixi doses from pre-Ramadan to Ramadan 
and to post-Ramadan. Safety endpoints included 
adverse events (AEs), including serious AEs and 
AEs of special interest.

Statistical Analyses

The number and percentage of participants 
reporting the primary endpoint during each 
period were presented with 95% confidence 
interval (CI), computed based on the Clop‑
per–Pearson method. The primary endpoint was 
analyzed on eligible population defined as all 
participants included in the study who met the 
inclusion and exclusion criteria.

The categorical secondary endpoints were 
analyzed the same way as the primary endpoint 
in eligible population. For continuous effective‑
ness endpoints, descriptive statistics were pro‑
vided for the mean change in evaluable popula‑
tion. The evaluable population consisted of all 
participants with glycemic endpoint data avail‑
able for both pre-Ramadan and post-Ramadan 
periods. An analysis of AEs was performed in 
included population (all participants who pro‑
vided signed informed consent forms).

RESULTS

This SoliRam sub-analysis included all 420 eli‑
gible participants involved in the overall study. 
Of the 420 eligible participants, 174 participants 
were using SGLT-2i in addition to iGlarLixi and 
246 participants were not using SGLT-2i, hence‑
forth, referred to as SGLT-2i user and non-user, 
respectively.

Baseline Demographics and Participant 
Characteristics

More than 50% of participants were males in 
both groups (Table 1). The mean age of partici‑
pants in SGLT-2i-user group (55 years) was lower 
than that in SGLT-2i-non-user group (58 years) 
and more participants in SGLT-2i-non-user 

group were aged ≥ 65 years (Table 1). The mean 
weight, duration of diabetes, HbA1c, and FPG 
were similar in both groups. Any complications 
and/or comorbidities were higher in SGLT-2i-
non-user group, whereas the use of OADs was 
higher in SGLT-2i-user group (Table 1).

Fasting During Ramadan

Around 97% of the participants in both groups 
were able to fast for ≥ 25 days. Most participants 
in SGLT-2i-user (93.6%) and SGLT-2i-non-user 
(66.7%) groups considered their personal deci‑
sion as motivation for fasting. Other reasons 
for fasting included improving health (SGLT-2i 
user, 2.3% and SGLT-2i-non-user, 1.3%), coping 
with family and community (SGLT-2i user, 0.6% 
and SGLT-2i-non-user, 2.5%), enhancing self-
discipline (SGLT-2i user, 1.7% and SGLT-2i-non-
user, 3.4%) and other (SGLT-2i user, 1.7% and 
SGLT-2i-non-user, 26.2%). Meanwhile, 16 (9.3%) 
and 15 (6.3%) participants in SGLT-2i-user and 
SGLT-2i-non-user groups, respectively, broke 
their fast. The main reasons for breaking the fast 
were traveling (SGLT-2i user, n = 4 and SGLT-2i-
non-user, n = 6), pre-existing conditions (SGLT-
2i user, n = 1 and SGLT-2i-non-user, n = 6), AEs 
(SGLT-2i user, n = 4 and SGLT-2i-non-user, n = 0), 
hypoglycemia (SGLT-2i user, n = 3 and SGLT-2i-
non-user, n = 1) or menses (SGLT-2i user, n = 4 
and SGLT-2i-non-user, n = 2). More than 60% of 
the participants received diabetes education spe‑
cific to Ramadan either by educational programs 
or face-to-face sessions or website/self-education 
(Supplementary Table S2).

Changes in Anti‑hyperglycemic Therapy

iGlarLixi Treatment

At the study initiation visit, 67.2% and 73.6% 
participants in SGLT-2i-user and SGLT-2i-non-
user groups, respectively, used an iGlarLixi 
10–40 pen (insulin glargine 100 units/ml + lixi‑
senatide 50 μg/ml) and 32.8% and 26.4% par‑
ticipants in SGLT-2i-user and SGLT-2i-non-user 
groups, respectively, used an iGlarLixi 30–60 
pen (insulin glargine 100 units/ml + lixisenatide 
33 μg/ml).
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Table 1   Baseline demographics and clinical characteristics

Data presented as mean ± SD unless otherwise noted
The analysis included eligible population, defined as all participants included in the study who met the inclusion criteria and 
did not meet exclusion criteria
BMI body mass index, DDP-4i dipeptidyl peptidase-4 inhibitor, FPG fasting plasma glucose, HbA1c glycated hemoglobin, 
SD standard deviation, SGLT-2i sodium-glucose co-transporter-2 inhibitor
a Data at pre-Ramadan; SGLT-2i user, n = 135; SGLT-2i-non-user, n = 208; and total, N = 343
b Data at pre-Ramadan; SGLT-2i user, n = 133; SGLT-2i-non-user, n = 201; and total, N = 334
c Up to signing of informed consent form
d SGLT-2i user, n = 173; SGLT-2i-non-user, n = 243; and total, N = 416
e SGLT-2i user, n = 171; SGLT-2i-non-user, n = 244; and total, N = 415

Characteristics SGLT-2i user (n = 174) SGLT-2i-non-user (n = 246) Total (N = 420)

Age (years) 55.2 ± 9.6 58.4 ± 9.8 57.1 ± 9.8

 ≥ 65 years, n (%) 33 (19.0) 68 (27.7) 101 (24.0)

Male, n (%) 98 (56.3) 134 (54.5) 232 (55.2)

Weight (kg) 87.9 ± 16.2 85.5 ± 14.0 86.5 ± 14.9

BMI (kg/m2) 31.3 ± 5.4 30.7 ± 5.3 30.9 ± 5.3

Duration of diabetes (years) 11.4 ± 6.3 12.6 ± 6.4 12.1 ± 6.4

  ≥ 10 years, n (%) 96 (55.2) 150 (61.0) 246 (58.6)

HbA1c (%)a 8.2 ± 1.3 8.2 ± 1.0 8.2 ± 1.2

FPG (mg/dl)b 141.1 ± 49.9 138.9 ± 26.3 139.8 ± 37.5

Duration of iGlarLixi treatment (months)c,d 7.2 ± 4.6 5.5 ± 3.7 6.2 ± 4.2

 iGlarLixi started in insulin-naïve participants, n (%)e 55 (32.2) 119 (48.8) 174 (41.9)

 iGlarLixi started after prior insulin therapy, n (%)e 116 (67.8) 125 (51.2) 241 (58.1)

Any complication and/or comorbidities, n (%) 100 (57.5) 163 (66.3) 263 (62.6)

 Diabetic neuropathy 69 (39.7) 144 (58.5) 213 (50.7)

 Diabetic retinopathy 22 (12.6) 71 (28.9) 93 (22.1)

 Renal function impairment 34 (19.5) 81 (32.9) 115 (27.4)

 Coronary heart disease 13 (7.5) 20 (8.1) 33 (7.9)

 Myocardial infarction 3 (1.7) 7 (2.8) 10 (2.4)

 Heart failure 6 (3.4) 4 (1.6) 10 (2.4)

Any anti-diabetic non-insulin medication, n (%) 174 (100) 186 (75.6) 360 (85.7)

 Biguanides 150 (86.2) 85 (34.6) 235 (56.0)

 Sulphonylureas 55 (31.6) 134 (54.5) 189 (45.0)

 SGLT-2i 174 (100) 0 174 (41.4)

 Thiazolidinedione 9 (5.2) 9 (3.7) 18 (4.3)

 Glinides 3 (1.7) 4 (1.6) 7 (1.7)

 DPP-4i 1 (0.6) 0 1 (0.2)
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During pre-Ramadan period, 45.1%, 32.9%, 
and 22.0% of participants in SGLT-2i-user group 
and 39.2%, 38.8%, and 22.0% of participants 
in SGLT-2i-non-user group administered iGlar‑
Lixi at breakfast, lunch, and dinner, respectively. 
During Ramadan, as aligned with the recom‑
mendations, most participants in SGLT-2i-user 
(93.0%) and SGLT-2i-non-user (85.7%) groups 
injected iGlarLixi in the evening at Iftar, remain‑
ing 7% participants in SGLT-2i-user group and 
13.9% in SGLT-2i-non-user group injected iGlar‑
Lixi in the morning (prior to Suhur).

In SGLT-2i-user group, the mean ± stand‑
ard deviation (SD) iGlarLixi daily dose was 
27.8 ± 11.6, 26.7 ± 10.8 and 27.8 ± 11.9 dose steps 
during pre-Ramadan, Ramadan, and post-Ram‑
adan periods, respectively; iGlarLixi daily dose 
increased by 0.1 ± 3.4 dose steps from pre- to 
post-Ramadan. In SGLT-2i-non-user group, the 
mean ± SD iGlarLixi daily dose was 24.3 ± 10.3, 
23.5 ± 9.0, and 24.4 ± 9.9 dose steps during pre-
Ramadan, Ramadan and post-Ramadan periods, 
respectively; iGlarLixi daily dose increased by 
0.4 ± 3.3 dose steps from pre- to post-Ramadan.

The iGlarLixi interruption was reported for 
3 days in SGLT-2i-user and 5 days in SGLT-2i-
non-user groups; reasons for iGlarLixi interrup‑
tion were hypoglycemia (SGLT-2i user, n = 1 and 
SGLT-2i-non-user, n = 0), pre-existing conditions 
(SGLT-2i user, n = 0 and SGLT-2i-non-user, n = 2), 
AEs (SGLT-2i user, n = 1 and SGLT-2i-non-user, 
n = 0) and other (SGLT-2i user, n = 1 and SGLT-2i-
non-user, n = 3).

Non‑insulin Anti‑hyperglycemic Treatments

All participants in SGLT-2i-user (n = 174) and 
75.6% (n = 186) of participants in SGLT-2i-non-
user groups were taking OADs in addition to 
iGlarLixi. In SGLT-2i-user group, 80 (46.0%) and 
34 (19.5%) participants were on 2 and ≥ 3 OADs, 
respectively, whereas in the SGLT-2i-non-user 
group, 63 (25.6%) and 2 (0.8%) participants were 
taking 2 and ≥ 3 OADs, respectively (Table 2). 
The most commonly used OADs in the SGLT-
2i-user group were sulphonylureas (31.6%), 
biguanides (86.2%) and SGLT-2i (100%). In the 
SGLT-2i-non-user group, the most frequently 
used OADs were biguanides (34.6%) and sul‑
phonylureas (54.5%). There was no substantial 

Table 2   Number of concomitant OADs taken during the 
overall study period, pre-Ramadan, Ramadan, and post-
Ramadan period

Data presented as number of participants (%)
The analysis included eligible population, defined as all 
participants included in the study who met the inclusion 
criteria and did not meet exclusion criteria
OAD oral anti-hyperglycemic drug, SGLT-2i sodium-glu-
cose co-transporter-2 inhibitor

Number 
of OADs

SGLT-
2i user 
(n = 174)

SGLT-2i-non-
user (n = 246)

Total (N = 420)

Overall study period

 0 0 60 (24.4) 60 (14.3)

 1 59 (33.9) 121 (49.2) 180 (42.9)

 2 80 (46.0) 63 (25.6) 143 (34.0)

 3 33 (19.0) 2 (0.8) 35 (8.3)

 4 2 (1.1) 0 2 (0.5)

Pre-Ramadan period

 0 1 (0.6) 60 (24.4) 61 (14.5)

 1 59 (33.9) 121 (49.2) 180 (42.9)

 2 80 (46.0) 63 (25.6) 143 (34.0)

 3 32 (18.4) 2 (0.8) 34 (8.1)

 4 2 (1.1) 0 2 (0.5)

Ramadan period

 0 4 (2.3) 64 (26.0) 68 (16.2)

 1 60 (34.5) 119 (48.4) 179 (42.6)

 2 76 (43.7) 61 (24.8) 137 (32.6)

 3 33 (19.0) 2 (0.8) 35 (8.3)

 4 1 (0.6) 0 1 (0.2)

Post-Ramadan period

 0 10 (5.7) 65 (26.4) 75 (17.9)

 1 56 (32.2) 122 (49.6) 178 (42.4)

 2 74 (42.5) 57 (23.2) 131 (31.2)

 3 33 (19.0) 2 (0.8) 35 (8.3)
 4 1 (0.6) 0 1 (0.2)
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change in the proportion of participants taking 
OADs from pre-Ramadan to Ramadan in both 
groups (Supplementary Table S3).

Hypoglycemia

Primary Endpoint

The incidence of severe and/or symptomatic 
documented (< 70 mg/dl [< 3.9 mmol/l]) hypo‑
glycemia events was low throughout the study 
for both groups. During the last month pre-
Ramadan, Ramadan and first month post-Ram‑
adan, 0.6%, 4.2%, and 0.6% participants in 
SGLT-2i-user and 1.3%, 0.9%, and 0% partici‑
pants in SGLT-2i-non-user groups, respectively, 
experienced severe and/or symptomatic docu‑
mented (< 70 mg/dl [< 3.9 mmol/l]) hypoglyce‑
mia (Fig. 1A).

Secondary Hypoglycemia Endpoints

The incidence of severe and/or symptomatic 
documented (< 54  mg/dl [< 3.0  mmol/l]) 
hypoglycemia events was also extremely low 
throughout the study for both groups, includ‑
ing Ramadan (Fig. 1B). Events of severe and/
or symptomatic documented hypoglyce‑
mia (< 70 mg/dl [< 3.9 mmol/l] or < 54 mg/dl 
[< 3.0 mmol/l]) during Ramadan were reported 
more frequently during fasting hours (between 
Suhur and Iftar) than during non-fasting hours 
(Supplementary Fig. 1A and 1B). Only one severe 
hypoglycemia event was reported during the 
whole study period, which occurred in SGLT-2i-
user group during pre-Ramadan period.

Change in Glycemic Endpoints (HbA1c, FPG, 
and SMPG)

A mean ± SD reduction in HbA1c was observed 
from pre- to post-Ramadan in both SGLT-2i-user 
(0.69 ± 1.20%) and SGLT-2i-non-user groups 
(0.78 ± 0.92%) (Fig. 2A). The proportion of par‑
ticipants with HbA1c < 7% increased from pre- 
to post-Ramadan in both groups (SGLT-2i user, 
16.3% to 39.3% and SGLT-2i-non-user, 6.7% to 
35.1%). A mean ± SD reduction of 16.0 ± 40.4 mg/
dl and 19.8 ± 26.6 mg/dl was observed in FPG 

from pre- to post-Ramadan in SGLT-2i-user and 
SGLT-2i-non-user groups, respectively (Fig. 2B). 
Fasting SMPG also reduced from pre- to post-
Ramadan in both groups; 5.4 ± 26.9 mg/dl in 
SGLT-2i-user and 13.5 ± 25.0 mg/dl in SGLT-2i-
non-user groups (Fig. 2C).

Change in Weight

A mean ± SD reduction of 0.52 ± 2.50 kg and 
1.31 ± 2.04 kg was observed in weight from pre- 
to post-Ramadan period in SGLT-2i user and 
SGLT-2i-non-user groups, respectively (Fig. 2D).

Adverse Events

A total of 14 (7.9%) participants in SGLT-2i-user 
and six (2.4%) participants in SGLT-2i-non-user 
groups experienced at least one AE throughout 
the study period. Of these, five (2.9%) partici‑
pants in SGLT-2i-user and one (0.4%) participant 
in SGLT-2i-non-user groups experienced at least 
one AE during Ramadan (Table 3). There were no 
AEs leading to permanent treatment discontinu‑
ation in SGLT-2i-user group, whereas one (0.4%) 
participant in the SGLT-2i-non-user group had 
such an event during the whole study period. 
No serious AEs, treatment-related AEs, and AEs 
leading to death were reported in either of the 
treatment groups throughout the study period.

DISCUSSION

In this sub-analysis of the real-world SoliRam 
study [12], concomitant iGlarLixi and SGLT-2i 
therapy with or without other OADs, was well 
tolerated in people with T2D who observed fast 
during Ramadan, alongside improvement in 
glycemic parameters and a small reduction in 
weight. Most participants (97%) were able to fast 
for ≥ 25 days during Ramadan without increasing 
the risk of hypoglycemia, which was consistent 
with the findings in the overall SoliRam popu‑
lation as well as in other previously published 
Ramadan studies [DAR-MENA study and DAR 
global survey 2020] [13, 14].

The overall incidence of hypoglycemia was 
low in both groups, consistent with a previously 
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published post hoc analysis, which reported a 
similar and low incidence of hypoglycemia in 
people with T2D receiving either iGlarLixi alone 
or iGlarLixi + SGLT-2i in addition to one or more 
OADs [11]. A recent post hoc analysis of three 
non-Ramadan trials (LixiLan-G, SoliMix, and 
LixiLan ONE CAN), conducted among a diverse 

population with varying treatment backgrounds, 
also showed no increase in hypoglycemia with 
concomitant use of iGlarLixi and SGLT-2i and 
demonstrated comparable efficacy and tolerabil‑
ity to iGlarLixi use without SGLT-2i [15]. The 
pharmacodynamic effects of SGLT-2i are inde‑
pendent of insulin, which could be attributable 

Fig. 1   Proportion of participants with severe and/or 
symptomatic documented hypoglycemia: A < 70  mg/dl 
(< 3.9  mmol/l) and B < 54  mg/dl (< 3.0  mmol/l). *Last 
month of pre-Ramadan. †First month of post-Ramadan. 
The analysis included eligible population, defined as all 

participants included in the study who met the inclusion 
criteria and did not meet exclusion criteria. CI confidence 
interval, n number of participants reporting hypoglycemia 
event, N total number of participants, NA not applicable, 
SGLT-2i sodium-glucose co-transporter-2 inhibitor
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to the low risk of hypoglycemia observed in 
this analysis [16]. In the current sub-analysis, 
no severe hypoglycemia occurred during Rama‑
dan in any of the treatment groups, reassuring 
the safety of concomitant iGlarLixi and SGLT-2i 
therapy during Ramadan fasting. Importantly, 
most incidences of hypoglycemia during Ram‑
adan, occurred during fasting hours, which is 
understandable considering the fasting status in 
people treated with multiple anti-hyperglycemic 
agents. Daytime hypoglycemia is easier to man‑
age, contrary to nocturnal hypoglycemia that 
occurs during non-fasting hours (night) and 
can have a greater impact on overall health and 
work productivity and may also increase the risk 
of CV events, particularly, during the night [17, 
18].

As recommended by the guidelines, partici‑
pants in the present study administered iGlar‑
Lixi with their major meal of the day, either 
at Iftar or prior to Suhur. Further, the overall 
incidence of hypoglycemia was low in both the 
groups irrespective of injection timing. A previ‑
ously published pooled analysis from the REALI 
study concluded that iGlarLixi was safe for peo‑
ple with inadequately controlled T2D who were 
using OADs with or without BI, regardless of the 
timing of injection [19]. However, additional 
analyses are warranted to establish impact of 
injection timing and incidence of hypoglycemia 
during the Ramadan period.

In this study, a higher proportion of partici‑
pants in the SGLT-2i-user group were treated 
with ≥ 3 concomitant OADs than those in the 

Fig. 2   Change in A HbA1c (%), B FPG (mg/dl), C 
SMPG (mg/dl), and D weight (kg) from the pre-Ramadan 
to the post-Ramadan period. *SGLT-2i user, n = 171 and 
SGLT-2i-non-user, n = 245. †SGLT-2i user, n = 141 and 
SGLT-2i-non-user, n = 215. The analysis included the eval-
uable population, defined as all participants who had gly-

cemic endpoint for both pre-Ramadan and post-Ramadan 
periods (HbA1c, FPG, and fasting SMPG). CI confidence 
interval, FPG fasting plasma glucose, HbA1c glycated 
hemoglobin, SMPG self-monitoring of plasma glucose, 
SD standard deviation, SGLT-2i sodium-glucose co-trans-
porter-2 inhibitor
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SGLT-2i-non-user group. Studies report an 
increased risk of hypoglycemia as the number 
of concurrent medications increases [10, 20]. 
The PROFAST study, conducted in people with 
T2D taking multiple (≥ 3) anti-hyperglycemic 
medications during Ramadan, reported a higher 
incidence of hypoglycemia (16.3%), particularly 
in those who received both insulin and sulpho‑
nylureas [21]. Further analysis showed that the 
risk of hypoglycemia was higher in participants 
who were on ≥ 4 OADs than those receiving ≥ 3 
OADs (odds ratio [OR]: 3.43, 95% CI: 1.42–8.42; 

p < 0.007). However, no severe hypoglycemia was 
reported [21]. On the contrary, in current sub-
analysis, the risk of hypoglycemia remained low 
despite participants being treated with multiple 
OADs. These results align with the real-world 
DIA-RAMADAN study, conducted in people with 
T2D fasting during Ramadan and treated con‑
comitantly with gliclazide modified-release and 
other OADs [22]. Although about 30% of partici‑
pants in the DIA-RAMADAN study were receiv‑
ing ≥ 3 OADs, the incidences of hypoglycemia 
reported throughout the study duration were 

Table 3   Incidence of AEs

The analysis was conducted on the included population, defined as all participants who had signed the informed consent
A participant can be counted in several categories
AE adverse event, COVID-19 coronavirus disease 2019, SGLT-2i, sodium-glucose co-transporter-2 inhibitor

Adverse events, n (%) SGLT-2i user SGLT-2i-non-user

Overall study 
period (n = 177)

During Ramadan 
(n = 172)

Overall study 
period (n = 251)

During 
Ramadan 
(n = 237)

Any AE 14 (7.9) 5 (2.9) 6 (2.4) 1 (0.4)

 Infections and infestations 5 (2.8) 2 (1.2) 0 0

 COVID-19 2 (1.1) 1 (0.6) 0 0

 Gingivitis 1 (0.6) – 0 –

 Nasopharyngitis 1 (0.6) – 0 –

 Pharyngitis 1 (0.6) 1 (0.6) 0 0

 Rhinitis 1 (0.6) – 0 –

 Metabolism and nutrition disorders 3 (1.7) 1 (0.6) 3 (1.2) 0

 Worsening of diabetes 1 (0.6) 1 (0.6) 2 (0.8) 0

 Hyperglycemia 1 (0.6) – 1 (0.4) –

 Vitamin D deficiency 1 (0.6) – 0 –

 Nervous system disorders 1 (0.6) 1 (0.6) 2 (0.8) 1 (0.4)

 Headache 1 (0.6) 1 (0.6) 2 (0.8) 1 (0.4)

 Gastrointestinal disorders 3 (1.7) 1 (0.6) 1 (0.4) 0

 Gastritis 1 (0.6) 1 (0.6) 0 0

 Toothache 1 (0.6) – 0 –

 Vomiting 1 (0.6) – 0 –
 Nausea 0 – 1 (0.4) –
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low (pre-Ramadan: 0.2%; Ramadan: 2.2% and 
post-Ramadan: 0.3%). Notably, participants in 
the DIA-RAMADAN study were not taking insu‑
lin therapy, which could be a probable reason 
for the low hypoglycemia in this study [22].

Moreover, a large proportion of participants 
in this analysis were taking sulphonylureas, with 
31.6% in SGLT-2i-user and 54.5% in SGLT-2i-
non-user groups. The concomitant use of sul‑
phonylureas with BI and SGLT-2i has been dem‑
onstrated to increase the risk of hypoglycemia 
and emergency room visits [23–25]. Guidelines 
recommend adjusting sulphonylureas dosage 
when initiating BI, particularly during Ramadan 
fasting [24]. Data from current sub-analysis are 
promising, considering study participants were 
able to fast safely, with low rates of hypoglyce‑
mia, despite taking sulphonylureas in addition 
to iGlarLixi with or without SGLT-2i. All sulpho‑
nylureas used in this study were second genera‑
tion, explaining the low risk of hypoglycemia 
with concurrent sulphonylureas administration. 
There is a lack of studies comparing the concom‑
itant use of FRCs of BI and GLP-1RA and SGLT-2i 
with other insulin-based intensified treatment, 
particularly during Ramadan. More studies are 
warranted to assess the safety and efficacy of 
concurrent use of FRCs of BI and GLP-1RA and 
SGLT-2i and to compare them with other regi‑
mens, generating evidence to guide physicians 
and people with T2D and helping them make an 
informed choice.

There were improvements in all glycemic 
parameters (HbA1c, FPG, and fasting SMPG) 
from the pre- to post-Ramadan period, with no 
major insulin-dose adjustment in both groups. 
There was no significant difference in the glyce‑
mic improvement across the groups, however, 
the decrease in weight was slightly higher in 
SGLT-2i-non-user group (1.3 kg) than that in 
SGLT-2i user group (0.5 kg).

Overall, the concomitant use of iGlarLixi and 
SGLT-2i was well tolerated throughout the study; 
only few AEs were reported. Instances of iGlar‑
Lixi use interruption were infrequent; interrup‑
tions due to hypoglycemia (n = 1) and AE (n = 1) 
were reported in SGLT-2i users. Given the recom‑
mended use of SGLT-2i therapy for people with 
T2D, particularly those at high-risk CV or kidney 
disease, the present analysis further supports the 

safety and efficacy of advancing therapy with 
concomitant iGlarLixi and SGLT-2i therapy.

Furthermore, both iGlarLixi and SGLT-2i 
(except canagliflozin) share common features 
such as once-daily administration that can be 
decided based on individual’s need, thereby 
offering treatment simplicity [26]. In summary, 
the ease of use, coupled with notable effec‑
tiveness and minimal risk of hypoglycemia, 
enhances the likelihood of adherence to this 
combined therapy.

A key strength of this study is its evidence-
based prospective outcomes observed in a real-
world setting, demonstrating the efficacy and 
safety of the concomitant use of iGlarLixi and 
SGLT-2i during the holy month of Ramadan in 
participants across multiple countries. Given 
that this is a sub-analysis of the SoliRam real-
world study, inherent limitations associated 
with real-world data, such as missing informa‑
tion and potential unknown confounders and 
bias, may be present. Additionally, this sub-
analysis was not planned in the protocol, which 
may have resulted in bias in terms of popula‑
tion selection and power in statistical analysis. 
Furthermore, the self-reporting of hypoglycemia 
events by participants, based on symptoms and 
SMPG, raises the possibility that the incidence 
of hypoglycemia may have been underreported.

CONCLUSIONS

In this sub-analysis of the SoliRam study, the 
concomitant iGlarLixi and SGLT-2i therapy, 
with or without other OADs, was demonstrated 
to be safe in adults with T2D during Ramadan 
fast, with a low risk of hypoglycemia along with 
improvements in glycemic outcomes. Notably, 
most participants in the iGlarLixi + SGLT-2i-user 
group, despite undergoing multiple therapeutic 
interventions, successfully observed the Rama‑
dan fast without breaking. This underscores 
the robustness and adaptability of the iGlarLixi 
treatment regimen, highlighting its effectiveness 
in real-world scenarios.
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