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ABSTRACT

Introduction: To evaluate the safety and effec-
tiveness of insulin glargine 300 U/mL (Gla-300)
in people with type 2 diabetes mellitus (T2DM)
in the Gulf region who fast during Ramadan.
Methods: ORION was a real-world, prospective,
observational study in people with T2DM

treated with Gla-300 during pre-Ramadan,
Ramadan, and post-Ramadan periods. This
subgroup analysis included 222 participants
from the Gulf region (Kuwait, Saudi Arabia,
United Arab Emirates, and Qatar). The primary
endpoint was the percentage of participants
experiencing severe and/or symptomatic docu-
mented hypoglycemia (self-monitored plasma
glucose [SMPG] B 70 mg/dL) during Ramadan.
Changes in glycated hemoglobin (HbA1c), fast-
ing plasma glucose (FPG), SMPG, body weight,
insulin dose, and adverse events (AEs) were also
evaluated.
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Results: The primary endpoint was reported in
one (0.5%) participant during Ramadan. The
incidence rate of symptomatic documented
hypoglycemia (SMPG B 70 mg/dL) decreased
from the pre-Ramadan (3.2%) to Ramadan period
(0.5%), and no severe hypoglycemia events were
reported during the study. Reductions were
observed in HbA1c (mean ± standard deviation:
- 0.51 ± 0.95% [- 5.5 ± 10.4 mmol/mol]), FPG
(- 13.9 ± 47.5 mg/dL), and SMPG (- 6.1 ± 27.1
mg/dL). No significant changes were observed in
bodyweightorGla-300dose.AEswere reported in
11 (5.0%) participants.
Conclusion: In a real-world setting in the Gulf
region, Gla-300 treatment in people with T2DM
during Ramadan was associated with a low
incidence of hypoglycemia and improved gly-
cemic control.
Trial Registration: CTRI/2019/02/017636.

Keywords: Type 2 diabetes mellitus; Insulin
glargine 300 U/mL; Ramadan; Fasting;
Hypoglycemia; Gulf

Key Summary Points

Why carry out this study?

Despite the challenges associated with
diabetes and fasting during Ramadan,
most Muslim individuals with diabetes
observe the Ramadan fast due to their
religious and personal beliefs and
motivation.

The International Diabetes Federation and
the Diabetes and Ramadan International
Alliance Practical Guidelines recommend
the use of basal insulin analogs during
Ramadan due to the lower risk of
hypoglycemia compared to regular
human insulin; however, there is a
paucity of studies evaluating the efficacy
and safety of the second-generation basal
insulin analog use during Ramadan.

The ORION study (real-world, prospective,
observational study across 11 countries)
reported that the use of insulin glargine
300 U/mL (Gla-300) was associated with
favorable outcomes in people with type 2
diabetes mellitus (T2DM) who fasted
during the Ramadan period.

This subgroup analysis evaluated the
safety and effectiveness of Gla-300 in the
T2DM subpopulation from the Gulf
region.

What was learned from this study?

In the present analysis, participants with
T2DM in the Gulf region who were treated
with Gla-300 during Ramadan had a few
episodes of hypoglycemia during the
Ramadan period, with the rate
comparable with that of the overall
population, and there was no occurrence
of severe hypoglycemia during the study
period.

Further, participants had improved
glycemic control from the pre-Ramadan
to the post-Ramadan period, similar to
that observed in the overall population.

These results support the safety and
effectiveness of Gla-300 in people with
T2DM who fast during Ramadan and
demonstrate that Gla-300 offers an
effective treatment option with a low risk
of hypoglycemia for those requiring
insulin therapy.

INTRODUCTION

The age-adjusted prevalence of diabetes is esti-
mated to be the highest in the Middle East and
North Africa (MENA) region. According to the
latest International Diabetes Federation (IDF)
figures, 73 million people (aged 20–79 years)
were living with diabetes in the MENA region in
2021, and this number is estimated to increase
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to 136 million by 2045 [1]. Glycemic control
remains suboptimal in the MENA region [2].
Insulin is recommended for people with type 2
diabetes mellitus (T2DM) whose disease is
inadequately controlled despite treatment with
optimal oral antidiabetic drug (OAD) therapy
[3–5]. However, initiation of insulin therapy is
often delayed in people with T2DM [2] due to
the fear of hypoglycemia and its associated
morbidity [6].

Fasting during Ramadan further increases
the risk of hypoglycemia [7, 8], with a particu-
larly high incidence reported in the Gulf region
[9]. Previous studies have reported a 4.5- to 7.5-
fold increased risk of hypoglycemia in people
with T2DM who fasted during Ramadan [9, 10].
Also, recent studies have shown that the risk of
hypoglycemia during Ramadan is higher in
insulin-treated people with T2DM than in those
receiving OADs [9, 10]. Additionally, the use of
insulin in people receiving multiple antidiabetic
agents is also associated with higher rates of
hypoglycemia than in those who are not on
insulin [11]. Basal insulin analogs reduce the
risk of hypoglycemia, especially of nocturnal
hypoglycemia, compared with regular human
insulin. Therefore, the IDF and Diabetes and
Ramadan (DAR) International Alliance (IDF-
DAR) Practical Guidelines recommend the use
of basal insulin analogs over regular human
insulin for people who fast during Ramadan
[12].

Insulin glargine 300 U/mL (Gla-300) is a
second-generation basal insulin analog that has
demonstrated comparable glycemic control but
with a lower incidence of hypoglycemia than
the first-generation analog, insulin glargine
100 U/mL, in adults with T2DM [13–15]. How-
ever, there is paucity of data evaluating the safety
and effectiveness of Gla-300 in people with T2DM
during Ramadan fasting in the Gulf region.

The real-world ORION study conducted in
11 countries in the MENA, South-East Asia, and
Canada showed that people with T2DM receiv-
ing Gla-300 who fasted during Ramadan had a
low risk of severe/symptomatic hypoglycemia
and experienced an improvement in glycemic
control [16]. We have undertaken a subgroup
analysis of the ORION study to evaluate the
safety and effectiveness of Gla-300 during the

pre-Ramadan, Ramadan, and post-Ramadan
periods in participants with T2DM specifically
from the Gulf region.

METHODS

Study Design

The design and methods of the ORION study
have been previously described [16]. Briefly, the
ORION study (World Health Organization
International Clinical Trials Registry Platform:
CTRI/2019/02/017636) was a prospective,
observational, international multicenter study.
A total of 493 adult participants with T2DM
were enrolled in the study, with the aim to
evaluate the safety and effectiveness of Gla-300
during the pre-Ramadan (1–3 months prior to
Ramadan), Ramadan (1 month), and post-
Ramadan (1 month) periods. Data were col-
lected at three study visits: one each during the
selection/recruitment (3 months prior to
Ramadan), pre-Ramadan, and post-Ramadan
periods, respectively. Data on diabetes compli-
cations and medical history were collected
during the pre-Ramadan visit and recorded in
the electronic case record form per the physi-
cian’s assessment. Participants kept diaries on
glucose values, basal insulin doses, episodes of
symptomatic hypoglycemia, and days with/
without fasting. Participants who discontinued
Gla-300 treatment during the study were
observed until the end of the study. Written
informed consent was obtained from each par-
ticipant. This study was conducted in accor-
dance with the Declaration of Helsinki of 1964
and all subsequent amendments. The study
protocol was approved by the local institutional
review board/independent ethics committee of
the country of each participating investigator,
and regulatory submissions were performed in
accordance with the local data protection
guidelines. The present analysis included par-
ticipants from four countries in the Gulf region:
Kuwait, Saudi Arabia, United Arab Emirates, and
Qatar.
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Inclusion and Exclusion Criteria

All adults (aged C 18 years or at a legal age of
adulthood) with T2DM who were receiving
basal insulin therapy with Gla-300, prescribed
per routine clinical practice, for C 8 weeks and
planned to continue Gla-300 treatment and fast
for C 15 days during Ramadan were eligible for
enrollment in the study. Insulin dose adjust-
ments were made based on the advice of the
treating physician. Participants who used basal-
bolus or premix insulin within 6 months or any
investigational drug within 1 month or 5 half-
lives prior to the selection visit and had a
known hypersensitivity/intolerance to Gla-300
(or its excipients) and women who were preg-
nant or breastfeeding were excluded.

Endpoints

The primary objective was to assess the per-
centage of participants experiencing C 1 severe
and/or symptomatic documented hypo-
glycemia event with self-monitored plasma
glucose (SMPG) B 70 mg/dL in all the three
study periods, with the primary endpoint ana-
lyzed during the Ramadan period. Secondary
endpoints included incidence of C 1 severe
and/or symptomatic hypoglycemia event with
SMPG\ 54 mg/dL and event rates of severe
and/or symptomatic hypoglycemia with
SMPG B 70 mg/dL and\ 54 mg/dL, assessed at
three predefined time periods and by time of
day (daytime [06:00 am to 11:59 pm] and noc-
turnal [12:00 am to 05:59 am] in the pre- and
post-Ramadan periods, and fasting [between
Suhur and Iftar] and non-fasting [between Iftar
and Suhur] periods during Ramadan). Hypo-
glycemia events were assessed per the American
Diabetes Association classification, defined as
level 1 if blood glucose\70mg/dL (3.9 mmol/L),
level 2 if blood glucose\54 mg/dL (3.0 mmol/L)
and needs immediate action, and level 3 as a
severe event characterized by altered mental
and/or physical status requiring assistance [17].
Other secondary endpoints included mean
changes in glycated hemoglobin (HbA1c), fast-
ing plasma glucose (FPG), and SMPG (assessed
during pre- and post-Ramadan periods); mean

fasting SMPG before Iftar (evening meal) during
Ramadan; change in Gla-300 dose from the pre-
Ramadan to the Ramadan and to the post-
Ramadan periods; and mean change in body
weight from the pre-Ramadan to the post-
Ramadan period. Adverse events (AEs), includ-
ing episodes of hyperglycemia, and serious AEs
were also assessed.

Analyses

Both primary and secondary endpoints were
evaluated in eligible participants from the Gulf
region. The primary endpoint was analyzed
during the Ramadan period and reported as
proportion of participants experiencing C 1
episode of severe and/or symptomatic docu-
mented hypoglycemia with SMPG B 70 mg/dL,
with two-sided 95% confidence interval (CI),
adjusted for study duration and participants lost
to follow-up. The secondary endpoint (number
of participants experiencing C 1 event of severe
and/or symptomatic documented hypo-
glycemia with SMPG\54 mg/dL across the
three periods) was analyzed per the primary
endpoint analysis. The event rates of severe
and/or symptomatic hypoglycemia
(SMPG B 70 mg/dL and\54 mg/dL, respec-
tively) during the pre-Ramadan, Ramadan, and
post-Ramadan periods were assessed across 1 to
3 months for the pre-Ramadan period, across
1 month for the Ramadan period, and across 1
to 2 months for the post-Ramadan period. The
secondary endpoints of effectiveness, safety,
change in Gla-300 dose, and body weight were
summarized using descriptive statistics.

RESULTS

This ORION subgroup analysis included 222
participants with T2DM recruited at 27 centers
in the Gulf region (Kuwait, n = 86; Saudi Arabia,
n = 51; United Arab Emirates, n = 50; and Qatar,
n = 35). Most participants completed the study
(205 [92.3%]) and continued to be treated with
Gla-300 until the end of the study (220 [99.1%]
participants at final evaluation). Only two par-
ticipants permanently discontinued Gla-300;
the reason for discontinuation was an AE in one
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participant and cost of the treatment in the
second participant.

Baseline Demographics and Participant
Characteristics

At baseline, the mean ± standard deviation
(SD) age was 55.6 ± 11.3 years, and 116 (52.3%)
of the participants were male (Table 1). The

mean (± SD) body mass index (BMI) was
30.1 ± 5.2 kg/m2, and 81.0% of the participants
had a BMI of 25–40 kg/m2. The mean (± SD)
duration of diabetes was 12.8 ± 7.9 years, and
128 (57.7%) participants had a diabetes dura-
tion of C 10 years. The median time since the
first insulin treatment was 1.3 (quartile 1:
quartile 3 [Q1:Q3], 0.4:3.9) years, and the

Table 1 Baseline demographics and clinical characteristics

Characteristics All participants
in ORION study
(N = 493)

Participants in ORION
study recruited from Gulf
region (N = 222)

Age, years, mean (SD) 54.4 (11.0) 55.6 (11.3)

Male, n (%) 255 (51.7) 116 (52.3)

BMI, kg/m2, mean (SD) 29.7 (5.3) 30.1 (5.2)

Duration of diabetes, years, mean (SD) 10.7 (7.0) 12.8 (7.9)

HbA1c, mean (SD)

Percentage 8.1 (1.3) 8.27 (1.35)

mmol/mol 65 (14.0) 66.9 (14.7)

Target HbA1c, mean (SD)

Percentage 6.9 (0.4) 6.91 (0.40)

mmol/mol 52.0 (4.0) 52.0 (4.3)

Participants at HbA1c target
a, n (%) 66 (15.3) 21 (11.2)

FPG, mg/dL, mean (SD) 144.3 (45.8) 147.9 (43.4)

Presence of any comorbidity, n (%) 192 (38.9) 106 (47.7)

Risk associated with fasting, n (%)

Moderate/low 404 (82.8) 172 (78.5)

High 70 (14.3) 34 (15.5)

Very high 14 (2.9) 13 (5.9)

Duration of Gla-300 treatment, months, median (Q1:Q3) 4.1 (3:9) 5.6 (3:12)

Gla-300 dose, mean (SD)

Units 24.9 (12.2) 28.8 (13.5)

Units/kg 0.30 (0.14) 0.34 (0.15)

BMI body mass index, FPG fasting plasma glucose, Gla-300 insulin glargine 300 U/mL, HbA1c glycated hemoglobin,
n number of participants, N total number of participants, Q quartile, SD standard deviation
aTarget HbA1c was individualized
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median duration of Gla-300 treatment was 5.6
(Q1:Q3, 3.0:12.0) months.

Before study initiation, the recommended
frequency of Gla-300 dose adjustments was at
least weekly for the majority (159, 78.7%) of
participants. An increment of two units per dose
adjustment step was recommended for 167
(82.7%) of the participants. The mean (± SD)
HbA1c target was 6.9 ± 0.4%
(52.0 ± 4.3 mmol/mol), and 21 (11.2%) partic-
ipants were at their HbA1c target during the pre-
Ramadan period. When fasting, a major pro-
portion (172, 78.5%) of participants were at a
moderate/low risk of complications, as deter-
mined by their physician, while 34 (15.5%) and
13 (5.9%) of participants were at high and very

high risk, respectively. Three quarters (167,
75.2%) of the participants were treated with C 2
non-insulin anti-hyperglycemic treatments, the
most common being biguanides (77.0%), fol-
lowed by dipeptidyl peptidase-4 (DPP-4) inhi-
bitors (42.8%), sulfonylureas (SU; 40.5%), and
sodium glucose cotransporter-2 inhibitors
(29.3%). The proportion of participants taking
various classes of non-insulin anti-hyper-
glycemic treatments and the proportion of
participants treated with C 2 non-insulin anti-
hyperglycemic treatments were similar at study
initiation and the pre-Ramadan period
(Table 2). Further, very few changes were
observed in background therapy during the
Ramadan period.

Table 2 Non-insulin anti-hyperglycemic treatments received prior to and during the pre-Ramadan period

Non-insulin anti-hyperglycemic
treatments

All participants in ORION study
(N = 493)

Participants in ORION study
recruited from Gulf region
(N = 222)

Prior to study
initiation

Pre-
Ramadan

Prior to study
initiation

Pre-
Ramadan

Number of non-insulin anti-hyperglycemic treatments, n (%)

0 56 (11.4) 38 (7.7) 17 (7.7) 12 (5.4)

1 66 (13.4) 64 (13.0) 38 (17.1) 34 (15.3)

2 202 (41.0) 200 (40.6) 101 (45.5) 101 (45.5)

[ 2 169 (34.3) 191 (38.7) 66 (29.7) 75 (33.8)

Type of non-insulin anti-hyperglycemic treatments, n (%)

Biguanides 366 (74.2) 382 (77.5) 171 (77.0) 176 (79.3)

DPP-4 inhibitors 232 (47.1) 245 (49.7) 95 (42.8) 102 (45.9)

Sulfonylureas 222 (45.0) 234 (47.5) 90 (40.5) 91 (41.0)

SGLT-2 inhibitors 118 (23.9) 131 (26.6) 65 (29.3) 74 (33.3)

GLP-1 RA 28 (5.7) 30 (6.1) 19 (8.6) 21 (9.5)

Thiazolidinediones 27 (5.5) 30 (6.1) 12 (5.4) 15 (6.8)

Alpha-glucosidase inhibitors 16 (3.2) 28 (5.7) 0 0

Glinides 5 (1.0) 6 (1.2) 3 (1.4) 4 (1.8)

DPP-4 dipeptidyl peptidase-4, GLP-1 RA glucagon-like peptide-1 receptor agonist, n number of participants, N total
number of participants, SGLT-2 sodium glucose cotransporter-2

574 Diabetes Ther (2022) 13:569–581



Nearly half of the participants (106, 47.7%)
reported having a history of any diabetes-re-
lated complication or comorbidity (Electronic
Supplementary Material [ESM] Table S1). Dia-
betic neuropathy was the most commonly
reported comorbidity (36.5%), followed by
impaired renal function (23.0%) and diabetic
retinopathy (20.3%). Twenty-three (10.4%)
participants were reported to have at least one
macrovascular complication. Complications
and comorbidities, including myocardial
infarction, heart failure, atrial fibrillation,
stroke, transient ischemic attack, peripheral
vascular disease, and history of hypoglycemia
unawareness, were reported in a small fraction
(2–4%) of participants.

A total of 188 (89.1%) participants observed
the fast for the entire Ramadan period (mean [±
SD] duration of fasting: 30.5 ± 2.5 days).
Twenty-three (10.9%) participants broke their
fast at least once; the reasons reported for
breaking the fast were hypoglycemia (n = 1),
travel (n = 2), menses (n = 5), illness (n = 11),
and others (n = 2); data were missing for two
participants. For 187 (88.6%) participants,
Gla-300 injection during Ramadan was recom-
mended in the evening (at Iftar), and all of these
participants complied with this recommenda-
tion. The majority (198, 93.4%) of participants
reported complete adherence to Gla-300 daily
treatment.

Severe and/or Symptomatic Documented
Hypoglycemia

Overall, the number (%) of participants experi-
encing C 1 event of severe and/or symptomatic
documented hypoglycemia with
SMPG B 70 mg/dL during the study was low in
the pre-Ramadan period (7 [3.2%], 95% CI
1.3–6.4) and further decreased during the
Ramadan (1 [0.5%], 95% CI 0.0–2.5) and post-
Ramadan periods (1 [0.5%], 95% CI 0.0–2.5)
(Fig. 1). Only one participant experienced C 1
event of symptomatic documented hypo-
glycemia with SMPG\54 mg/dL, which
occurred in the pre-Ramadan period. No symp-
tomatic documented hypoglycemia with
SMPG\ 54 mg/dL was reported during the
Ramadan or post-Ramadan periods (ESM
Table S2). No severe hypoglycemia events were
reported during the study. The event rate for
severe and/or symptomatic documented hypo-
glycemia with SMPG B 70 mg/dL was 0.018 per
participant-month of follow-up (PPM) in the
pre-Ramadan, 0.005 PPM during the Ramadan,
and 0.006 PPM in the post-Ramadan period.

The number of participants experiencing
daytime versus nocturnal symptomatic hypo-
glycemia (SMPG B 70 mg/dL) was 4 (1.8%)
versus 3 (1.4%) in pre-Ramadan period and one
(0.5%) versus none in the post-Ramadan period,
respectively, and all hypoglycemia events
occurred between Suhur and Iftar in the par-
ticipant who experienced hypoglycemia during
Ramadan.

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

A reduction in HbA1c was observed from the
pre-Ramadan (8.27 ± 1.35%
[66.9 ± 14.7 mmol/mol]) to the post-Ramadan
(7.73 ± 1.11% [61.0 ± 12.2 mmol/mol]) period
(Fig. 2a). A mean (± SD) reduction of
13.9 ± 47.5 mg/dL and 6.1 ± 27.1 mg/dL was
observed in FPG and SMPG, respectively, from
the pre-Ramadan to the post-Ramadan period
(Fig. 2b, c).

Fig. 1 Proportion of participants with severe and/or
symptomatic documented hypoglycemic events with
SMPG B 70 mg/dL. SMPG self-monitored plasma
glucose
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Change in Insulin Dose

The mean Gla-300 daily dose was 0.350 ± 0.147
U/kg during the pre-Ramadan period, which
decreased to 0.343 ± 0.141 U/kg during the
Ramadan period (mean difference: - 0.007 ±

0.083 U/kg) and increased to 0.359 ± 0.147 U/kg
in the post-Ramadan period. Themean change in
the Gla-300 dose from the pre-Ramadan to the
post-Ramadan period was 0.004 ± 0.081 U/kg
(Fig. 2d).

Change in Body Weight

There was no significant change in body weight
from the pre-Ramadan (83.3 ± 15.4 kg) to the
post-Ramadan period (83.0 ± 15.4 kg), with a
mean (± SD) difference of - 0.5 ± 2.5 kg.

Adverse Events

Incidences of AEs were low throughout the
study period (Table 3). A total of 11 (5.0%)
participants experienced at least one AE
throughout the study period, including nine
(4.1%) participants who experienced the AE
during Ramadan. Three (1.4%) participants had
a serious AE, with one (0.5%) participant expe-
riencing a serious AE during Ramadan. One
participant discontinued the Gla-300 treatment
during Ramadan due to ovarian adenoma. None
of the AEs reported were considered to be rela-
ted to Gla-300, and there were no deaths due to
an AE during the study period.

Overall, one participant experienced at least
one AE of hyperglycemia, which occurred dur-
ing Ramadan and was neither considered

Fig. 2 Changes in (a) HbA1c, (b) FPG, (c) SMPG, and
(d) Gla-300 dose from the pre-Ramadan to the post-
Ramadan period. FPG Fasting plasma glucose, Gla-300

insulin glargine 300 U/mL, HbA1c glycated hemoglobin,
SD standard deviation, SMPG self-monitored plasma
glucose
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serious nor related to Gla-300 and did not result
in discontinuation of Gla-300.

DISCUSSION

Only a limited number of studies have assessed
the effect of basal insulin during Ramadan. The
real-world, prospective, observational ORION
study was undertaken to address this gap and
provide more insight into the role of Gla-300 as
a treatment option in people with T2DM who
fast during Ramadan [16]. The ORION study
showed that the incidence of severe and/or
symptomatic hypoglycemia was low among the
study population and that there was an
improvement in glycemic parameters from the
pre-Ramadan to the post-Ramadan periods,
supporting the use of Gla-300 in people with
T2DM who fast during Ramadan [16].

The present analysis of the ORION study
included participants with T2DM from the Gulf
region who were treated with Gla-300. The

majority were able to fast for the entire Rama-
dan period. When compared with the overall
population recruited into the ORION study, the
subpopulation of participants in the Gulf region
had a longer duration of diabetes (12.8 vs
10.7 years) and a greater proportion had
comorbidities (47.7% vs. 38.9%), with a very
high risk of hypoglycemia (5.9% vs. 2.9%), and
the HbA1c target achievement was lower (11.2%
vs. 15.3%).

The reported incidence and event rates of
severe and/or symptomatic hypoglycemia were
lower in the participants in the Gulf region than
in the overall population. Notably, prior and
concomitant DPP-4 inhibitor and SU use was
lower in the participants in the Gulf region than
in the overall population in the ORION study
[16], which might have contributed to fewer
hypoglycemia events in the former. Another
important observation was the reduction in
hypoglycemia events from the pre-Ramadan
(3.2%) to the post-Ramadan period (0.5%),
despite minimal reductions in the Gla-300 dose.

Table 3 Incidence of adverse events throughout the study period

Adverse events All participants in ORION study
(N = 493)

Participants in ORION study
recruited from Gulf region (N = 222)

Throughout study During Ramadan Throughout study During Ramadan

Any AE 27 (5.5) 15 (3.0) 11 (5.0) 9 (4.1)

Any SAE 5 (1.0) 2 (0.4) 3 (1.4) 1 (0.5)

Any AE considered related to Gla-300 1 (0.2) 0 0 0

Any AE leading to discontinuation of

Gla-300

1 (0.2) 1(0.2) 1 (0.5) 1 (0.5)

Death 0 0 0 0

AEs

Headache 4 (0.8) 2 (0.4) 2 (0.9) 1 (0.5)

Hyperglycemia 3 (0.6) 2 (0.4) 1 (0.5) 1 (0.5)

Influenza 3 (0.6) 2 (0.4) 1 (0.5) 1 (0.5)

Diarrhea 2 (0.4) 1 (0.2) 1 (0.5) 1 (0.5)

Values in table are presented as n (%)
AE adverse event, n number of participants, N total number of participants, SAE serious adverse event
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Ba-Essa et al. conducted a prospective, non-
randomized study in Saudi Arabia over two
consecutive years, with the aim to evaluate
safety among 360 people with T2DM who used
various antidiabetic treatments and fasted dur-
ing Ramadan [10]. These authors reported that
the incidence of hypoglycemia during the
Ramadan period was highest in people receiving
insulin, either as monotherapy (46.9%) or in
combination with OADs (35.2%). However, the
risk of hypoglycemia was reported to be lower
when basal insulin was used in combination
with non-SU OADs [10]. Additionally, two real-
world observational studies, DAR-MENA [7] and
CREED [18], have evaluated diabetes manage-
ment and outcomes in people with T2DM dur-
ing Ramadan across multiple countries,
including from the Middle East region. Results
from the CREED study show that the incidence
(4.1% vs. 13% and 6.7%) and risk of hypo-
glycemia were lower in the Middle East region
than in North Africa and Europe, despite a
higher use of insulin either alone or in combi-
nation with OADs (26.9% vs. 20.1% and 22%)
and SU (74.3% vs. 64.2% and 36.8%) [18]. This
may explain the lower hypoglycemia incidence
observed in the participants in the ORION Gulf
region than in overall population. Furthermore,
similar to the present analysis, a decrease in
hypoglycemia incidence from the pre-Ramadan
to the Ramadan period was observed in the
Middle East region in the CREED study,
including in those receiving insulin [18]. In
contrast to this result, a significant increase in
confirmed hypoglycemia events was reported
from the pre-Ramadan to the Ramadan period
(incidence: 4.9–10.4%; rate: 0.11–0.22
events/month/participant) in the DAR-MENA
study [7]. It is possible that this difference may
be due to the higher risk of hypoglycemia in the
North Africa region than in the Middle East, as
observed in the CREED study [18]. Further
studies are required to assess the impact of
changes in OAD class and dosing on hypo-
glycemia events during Ramadan in people
treated with Gla-300. Nevertheless, the present
results are promising, considering that 75.2% of
participants were treated with C 2 concomitant
non-insulin medications and 40.5% of partici-
pants were treated with an SU.

While the study population in the present
analysis had more comorbidities than the
overall population in the ORION study, no
severe or symptomatic hypoglycemia with an
SMPG\ 54 mg/dL was reported during the
Ramadan or the post-Ramadan period, which is
consistent with the results of the overall popu-
lation. Similarly, Ba-Essa et al. reported severe
hypoglycemia during Ramadan fasting in 1% of
the study participants [10], in line with the
present findings.

In the Gulf population, symptomatic docu-
mented hypoglycemia at B 70 mg/dL SMPG
threshold was recorded in only one (0.5%)
participant during the Ramadan period (oc-
curred during the fasting hours) versus 13
(2.6%) participants in the overall ORION pop-
ulation. Of note, approximately one half of the
participants reporting these events in the over-
all population were from Canada, where the
fasting hours are longer (C 18 h) [16, 19]. In
addition, a higher proportion of participants in
Canada achieved their HbA1c target at baseline
compared with the overall population, which
might have increased the risk of hypoglycemia
[16].

All parameters of glycemic control, including
HbA1c, FPG, and fasting SMPG levels, improved
from the pre-Ramadan to the post-Ramadan
period in both the overall population and the
Gulf population. These observations are in line
with the observations reported in previously
published Ramadan studies. The DAR-MENA
study reported a significant improvement in
HbA1c (- 0.5%) and FPG (- 16.4 mg/dL) levels
following Ramadan (P\0.0001) [7]. Ba-Essa
et al. also reported a significant reduction in
mean HbA1c (- 0.2%; P\ 0.022) during Rama-
dan fasting [10]. There was a marginal increase
in Gla-300 dose (mean ± SD: 0.004 ±

0.081 U/kg) from the pre-Ramadan to the
post-Ramadan period in the Gulf population,
which was similar to that seen in the overall
population (0.005 ± 0.07 U/kg) [16]. Further,
similar to the ORION overall population [16],
only 19.0% of participants in the Gulf region
reduced their Gla-300 dose by C 15% (recom-
mended by the IDF-DAR guidelines [12]), which
could be attributed to: (1) the Gla-300 dose
being already low in the pre-Ramadan period
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and (2) the majority of participants (88.8%)
being not at their HbA1c target. Additionally,
the trend observed for weight was similar for
both the overall ORION and Gulf populations,
with a mean difference of - 0.5 ± 2.3 kg
and - 0.5 ± 2.5 kg, respectively [16]. A similar
pattern of weight change was observed in the
DAR-MENA study (- 0.6 ± 4.1 kg; P\ 0.0001)
from the pre-Ramadan to the post-Ramadan
period; however, the change was not considered
to be clinically significant [7]. On the other
hand, Ba-Essa et al. reported no change in
weight in most participants (70.9%) [10].

Overall, the present findings from the Gulf
region subgroup analysis of the ORION study
have shown that despite including participants
with a longer duration of diabetes, more
comorbidities, and higher risk of hypoglycemia,
there was no excess occurrence of either mild or
severe episodes of hypoglycemia during Rama-
dan. This finding further supports the safety
and effectiveness of Gla-300 in people with
T2DM who fast during Ramadan. Given that
most people with T2DM in the Gulf region
choose to fast during Ramadan, including those
in high-risk categories [7, 10], Gla-300 offers an
effective treatment option with a low risk of
hypoglycemia for those requiring insulin ther-
apy. The present study enriches the body of
evidence supporting the safety of basal insulin
in people with T2DM who choose to fast during
Ramadan.

While this is not a limitation of the present
subanalysis, it is worth noting that the study
was an observation real-world study and, hence,
had inherent disadvantages, including the risk
of confounding and bias, and lack of random-
ization. Furthermore, participants in the ORION
study could fast for C 15 days and were at
moderate/low risk of complications and there-
fore may not fully reflect the safety of Gla-300
in a high-/very high-risk population according
to the IDF-DAR guidelines [12].

CONCLUSION

In the present subgroup analysis of the ORION
study, people in the Gulf region with T2DM
treated with Gla-300 during Ramadan had no

severe hypoglycemia, a low risk of symptomatic
hypoglycemia, and improved glycemic control.
This was achieved even though the participants
from the Gulf region had more comorbidities
and a longer duration of diabetes, which are the
two factors known to augment the risk of
hypoglycemia. The results suggest that Gla-300
may be a suitable treatment option for people
with T2DM who intend to fast during Ramadan.
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