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Abstract
Background: Lebanon is part of the global DISCOVER study, a global, noninterventional, multicentre, prospective study 
with 3-years of follow-up. 
Aims: The aim of this study is to describe real-world clinical practice in terms of type 2 diabetes mellitus (T2DM) disease 
management and treatment patterns within Lebanon. 
Methods: Baseline demographic and clinical parameters were captured on a standardized case report form, according to 
routine clinical practice at each clinical site. 
Results: We recruited 348 patients. At the initiation of second-line therapy, mean duration of diabetes was 6.7 [standard 
deviation (SD) 6.5] years; mean HbA1c and fasting plasma glucose levels were 8.5% (SD 1.6%) and 178.7 (SD 56.5) mg/dL re-
spectively. Almost half the patients were hypertensive (45.1%) or had dyslipidaemia (48.6%). Metformin monotherapy was 
used as first-line therapy in 56.9% of the patients and upfront dual therapy in 25%. The primary reason for changing first-
line therapy was poor glycaemic control. The main factors in choosing the second-line therapy were efficacy, tolerability 
and hypoglycaemia. 
Conclusion: Clinical inertia was evident in this cohort of patients as they had suboptimal glycaemic control at the time 
of enrolment and the initiation of second-line therapy. Treatment intensification is required to reduce diabetes-related 
adverse outcomes. 
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Introduction
The worldwide prevalence of type 2 diabetes mellitus 
(T2DM) is increasing, currently affecting around 425 
million patients and is estimated to increase to 629 mil-
lion patients by 2045 (1). It is well known that patients 
with T2DM are at high risk of developing micro- and 
macrovascular complications. The combination of life-
style modifications and pharmacological treatment is 
necessary to achieve good glycaemic control, which sig-
nificantly reduces the risk of both diabetes-related micro- 
and macrovascular complications (2–6). 

According to the most recent International Diabetes 
Federation update, the prevalence of diabetes in the 
Middle East and North Africa region is 12.8%, and 45% of 
people living with diabetes in this region are undiagnosed 
(7). In Lebanon, the prevalence of T2DM is increasing, 
predominantly due to increases in obesity, an aging 
population and an increasingly sedentary lifestyle (8,9). In 
a recent national survey, the prevalence of T2DM was 8.5% 
(10). However, this was reported to be higher according 

to International Diabetes Federation report: in Lebanon, 
the prevalence of age-adjusted T2DM was reported to 
be at 12.6% (11). Therefore, further epidemiologic data are 
required to provide more accurate information about the 
incidence and prevalence of the disease, comorbidities, 
and management patterns of diabetes.

According to international guidelines, T2DM requires 
comprehensive management to reduce the risk of 
complications and improve quality of life. However, 
in many Middle Eastern countries, data on diabetes 
treatment and outcomes are limited. Additionally, few data 
have been captured on newer classes of glucose-lowering 
drugs. The ongoing DISCOVERing Treatment Reality 
of Type 2 Diabetes in Real World Settings (DISCOVER) 
study aims to address these knowledge gaps by providing 
real-world observational data on the use of second- and 
later-line glucose-lowering therapies in people with 
T2DM worldwide. DISCOVER (NCT02322762) is a 3-year 
long, noninterventional, multicentre, observational, 
longitudinal cohort study with 14 391 participants 
recruited from sites in 37 countries; J-DISCOVER 
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(NCT02226822) is being conducted in Japan with almost 
2000 patients recruited (12). The study is designed to 
provide a worldwide evaluation of the current state of 
type 2 diabetes treatment. Moreover, DISCOVER will 
provide information about diabetes and its management 
and treatment in areas with a high prevalence of diabetes 
such as China, India and the Middle East and in regions 
which have not been adequately studied such as the 
Middle East and Africa (12).

The DISCOVER study’s primary objective was to 
describe disease management patterns and disease 
evolution over 3 years in patients with T2DM initiating 
a second-line glucose-lowering therapy. The secondary 
objectives were to describe patient and treatment 
characteristics, capture treatment changes, capture 
outcomes such as achievement of treatment targets (e.g. 
HbA1c, body mass index, blood pressure), incidence of 
micro- and macrovascular complications, incidence of 
hypoglycaemic events, patient-reported quality of life, 
and health care resource use to assess factors associated 
with treatment choices and those associated with 
complications (12). In this report, we discuss the results 
of the baseline characteristics and treatment patterns of 
the DISCOVER study cohort from Lebanon. 

Methods
In brief, the DISCOVER study is an ongoing, prospective, 
observational (non-interventional) study of patients with 
T2DM who are initiating a second-line glucose-lowering 
therapy. Full details of the rationale, methods and inclu-
sion and exclusion criteria of the study are available else-
where (12). 

Patients ≥ 18 years of age with T2DM who were 
starting second-line glucose-lowering therapy (add-on 
or switching) after failure of first-line oral treatment 
were eligible and invited to participate in the study. The 
study was carried out from October 2015 to November 
2019. All participants signed an informed consent form. 
Patients were excluded if they had type 1 diabetes or 
were receiving injectable agents as a first-line therapy. 
The study was carried out according to the International 
Conference on Harmonization of Good Clinical Practice 
after receiving the appropriate approvals from the 
ethics committee/institutional review board of each 
participating site (13). The investigators and the sites 
were selected based on data provided from peer-reviewed 
articles, World Health Organization reports, and a 
national country coordinator, taking into consideration 
the geographical distribution of the practices within the 
country and the different types of clinics and hospitals. 
All potential sites were invited to participate, and the 
number of sites was in line with the targeted sample size 
required from Lebanon and the potential recruitment of 
each site. Data collection was carried out using electronic 
standardized case report forms at baseline and at future 
routine visits at approximately 6, 12, 24 and 36 months 
within a window of 4 (±2) months of the routine follow-
up visits. It is also worth noting that the protocol did not 

require any mandatory follow-up visits to ensure that the 
study reflected routine clinical practice. The investigator 
was able to contact a patient via telephone to obtain 
the necessary information. The baseline data included 
socioeconomic and demographic information, vital signs, 
laboratory values and previous medical history, including 
diabetes history and complications, comorbidities, first- 
and second-line glucose-lowering therapy and reasons for 
change or choice of new therapy (12). Disease diagnosis, 
patient treatment intensification and the diagnosis of 
hypertension and hyperlipidaemia were made according 
to the judgement of the investigators; no guidelines were 
provided in the trial protocol. 

The sample size was calculated based on the criteria 
that any qualitative variable at a frequency of 5–95% and 
with 200 patients should ensure a precision range of 
3.0–6.9% at 95% confidence in any given group of patients 
to be analysed, including patients from one country or 
patients receiving a class of drugs or composite endpoints 
of microvascular or macrovascular complications (12).

All statistical analyses were performed using the 
SAS statistical software system. Primary and secondary 
variables were summarized using descriptive statistics. 
The descriptive statistics used for the study include mean, 
median, standard deviation, minimum and maximum 
for continuous variables and frequency for categorical 
variables. To assess the association of treatment class at 
baseline with clinical outcome variables, multivariate 
Cox models were used. Interim analysis was performed 
at the baseline and 1–2 years after the last patient was 
recruited (12).

Results
Altogether, 348 patients were recruited by 15 different 
endocrinologists/diabetologists in urban locations with-
in Lebanon; 56.9% of the patients were male. Patient’s 
mean age was 59.2 [standard deviation (SD) 10.3] years 
with a mean body mass index of 29.8 (SD 4.6) kg/m2. The 
mean duration of diabetes was 6.7 (SD 6.5) years and 
the mean HbA1c and fasting plasma glucose levels were 
8.5% (SD 1.6%) and 178.7 (SD 56.5) mg/dL respectively  
(Table 1). Around 63% of patients reported being educated 
to secondary level or to university/higher level. However, 
40% of the patients were unemployed. The vast majority 
(72.4%) had health insurance coverage. Almost half the 
patients were hypertensive (45.1%) or had dyslipidaemia 
(48.6%) and were receiving treatment. Just over 25% re-
ported being current smokers and 20.1% reported alcohol 
use. Diabetes-related micro- and macrovascular compli-
cations were documented in 14.1% and 12.1% of the pa-
tients, respectively (Table 1). 

Metformin monotherapy was used as a first-line 
therapy in 56.9% of the patients and upfront dual therapy 
was used in 25.0% of the patient population (Table 2). 
As second-line antidiabetic therapy, dual therapy 
[metformin and dipeptidyl peptidase-4 inhibitors (DPP-
4i)] was used in 47.4% of the patients and triple therapy 
(metformin, sulfonylureas and DPP-4i) in 10.9%. A 
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target goal at the time of initiation of the new treatment 
was set in 63.2% of the patients. Nine patients reported that 
they experienced a major hypoglycaemia episode prior to 
initiating the second-line therapy in the year prior to the 
study. The main reason for changing the first-line therapy 

was lack of efficacy (Table 3). The main factors for 
choosing the second-line therapy were efficacy, tolerability, 
and hypoglycaemia (Table 4).

Antihypertensive and lipid lowering drug therapy 
were prescribed as concomitant medications in 49.1% and 
51.7% of the patients respectively (Table 5). Angiotensin 
converting enzyme (ACE) inhibitors or angiotensin 
receptor blockers (ARBs) and statins were the most 
frequently used antihypertensive and lipid lowering agents 
in 31.9% and 45.4%, respectively. Aspirin had low use, 
16.4%, in this diabetes patient population. 

Discussion
The DISCOVER study is an ongoing global comprehen-
sive programme which aims to report treatment patterns 
after the initiation of second-line glucose-lowering thera-

Table 1 Baseline characteristics of the study sample: patients 
aged ≥ 18 years with T2DM who were starting second-line 
glucose-lowering therapy, Lebanon, 2015–2019

Parameter Patients (n = 348)

No. %
Sex, male 198 56.9

Main working status

Employed/self-employed 182 52.3

Not working 139 40.0

Retired 12 3.4

Missing data 15 4.3

Health insurance coverage

Private 129 37.1

Public/governmental 84 24.1

Mixed 39 11.2

No insurance 73 21.0

Missing data 23 6.6

Education level (years)

No formal education 30 8.6

Primary (1–6) 67 19.3

Secondary (7–13) 146 42.0

University/higher education (13+) 74 21.3

Missing data 31 8.9

Tobacco smoking

Non-smoker 210 60.3

Ex-smoker 43 6.8

Current smoker 91 26.2

Missing data 23 6.6

Alcohol drinking

Lifetime abstainer 273 79.4

Former drinker 2 0.6

Drinker 69 20.1

Missing data 4 1.2

Hypertension 157 45.1

Hyperlipidaemia 169 48.6

Any microvascular complication 49 14.1

Any macrovascular complication 42 12.1

Mean SD

Age (years) 59.2 10.3

HbA1c (%) 8.5 1.6

Fasting glucose (mg/dL) 178.7 56.5

Duration of diabetes (years) 6.7 6.5

Body mass index (Kg/m2) 29.8 4.6

Systolic blood pressure (mmHg) 133.0 14.4

Diastolic blood pressure (mmHg) 77.5 8.1

Low density lipoprotein cholesterol (mg/dL) 109.2 38.6

Table 2 First and second line treatment distribution among 
the study sample: patients aged ≥ 18 years with T2DM  
(n = 348), Lebanon, 2015–2019

Treatment No. %
First-line therapy

Met (Mono) 198 56.9

SU (Mono) 22 6.3

DPP-4i (Mono) 5 1.4

Other (Mono) 3 0.9

Met+SU (Dual) 49 14.1

Met+DPP-4i (Dual) 32 9.2

Met+other (Dual) 2 0.6

Other dual therapy 3 0.9

Met+SU+DPP-4i (Triple) 21 6.0

Met+SU+TZD (Triple) 1 0.3

Other triple therapy 8 2.3

4 or 4+ therapy 4 1.1

Second-line therapy

Met (Mono) 3 0.9

SU (Mono) 5 1.4

DPP-4i (Mono) 14 4.0

SGLT-2i (Mono) 7 2.0

Other monotherapy 5 1.4

Met+SU (Dual) 16 4.6

Met+DPP-4i (Dual) 165 47.4

Met+SGLT-2i (Dual) 6 1.7

Met+other (Dual) 5 1.4

SU+TZD (Dual) 4 1.1

Other dual therapy 9 2.6

Met+SU+DPP-4i (Triple) 38 10.9

Met+SU+TZD (Triple) 11 3.2

Other triple therapy 21 6.0

4 or 4+ therapy 33 9.5

Insulin (may also receive oral therapy) 6 1.7

MET = metformin, SU = sulfonylurea, DPP-4i = dipeptidyl peptidase-4 inhibitors,  
TZD = thiazolidinedione, SGLT-2i = sodium-glucose cotransporter 2 inhibitors.
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py in patients with T2DM. This baseline report represents 
the subgroup of T2DM patients from Lebanon, and pro-
vides an overview of the real-world clinical practice and 
treatment trends of patients with T2DM in urban locations 
within Lebanon. 

Our participants were highly educated, but the reported 
rate of unemployment was high. A high unemployment rate 
has been shown to predispose patients to T2DM and poor 
glycaemic control (14). In a 2013 study, Azar et al. showed 
that a large number of Lebanese patients with T2DM had 
inadequate glycaemic control or were poorly followed-
up (15). The current DISCOVER study demonstrated 
that baseline glycaemic level was suboptimal with a long 
duration of diabetes from the initial diagnosis. Some 
patients were reported to be hypertensive or dyslipidaemic 
and yet were not receiving treatment, which increases 
their cardiovascular risk, despite the fact that 34.5% of 
the Lebanese subgroup in this study were on dual, triple 
or even quadruple antidiabetic drug therapy as an initial 
treatment. This is explained by the progressive nature of 
T2DM over time and yet there was a delay in treatment 
intensification to achieve optimal glycaemic control. 

However, the second-line glucose-lowering treatment 
showed that the diabetologists were keen on adding 
further drug therapy to achieve better glycaemic 
control. Dual, triple, and quadruple or more antidiabetic 
drug therapies were utilized in 76.3%, 20.1%, and 9.5%, 
respectively. HbA1c levels will be monitored in future 
visits over the 3-year period of the study as part of the 
routine clinical practice and the study protocol. This 
will provide valuable clinical information on the new 
combination of drug therapy and whether it has a 
favourable effect on HbA1c levels, adverse events, and 
micro- and macro-complications in these patients. 

The drug therapy that was utilized the most as a first- 
and second-line therapy was metformin monotherapy 
and metformin and DPP-4 inhibitors combination, 
respectively. Sulfonylurea use was relatively low as a 
first-line treatment as monotherapy. However, the use 
of sulfonylureas was greater in combination with other 
antidiabetic agents despite the fear of hypoglycaemia and/
or weight gain. It is worth noting that the vast majority 
of the patients in Lebanon had health care coverage with 
few formulary restrictions, which enables physicians to 
freely prescribe antidiabetic medications. 

Metformin, in conjunction with lifestyle changes, 
is recommended as a first-line therapy for patients 
with T2DM by most clinical guidelines (16–21). There 
is preferential recommendation for the use of novel 
antidiabetic agents over the traditional classes in 
multiple clinical settings (20,21). The DISCOVER study is 
considered essential because it generates real-world data 
that reviews trends in prescribing practices in different 
clinical settings and provides relevant data on diabetes 
management and clinical outcomes. 

Table 3 Reasons for changing first-line therapy in the study 
sample: 348 patients aged ≥ 18 years with T2DM who were 
starting second-line glucose-lowering therapy, Lebanon, 
2015-2019

Reason for changing first-line therapy No. (%) of 
patients

Lack of efficacy 315 (90.5)

Weight gain 27 (7.8)

Hypoglycaemic event 18 (5.2)

Side effect 9 (2.6)

Physician preference 7 (2.0)

Patient convenience/comfort 5 (1.4)

Developed acute disease 4 (1.1)

Affordability 2 (0.6)

Developed chronic disease 1 (0.3)

Table 5 Concomitant medications prescribed in the study 
sample: 348 patients aged ≥ 18 years with T2DM who were 
starting second-line glucose-lowering therapy, Lebanon, 
2015-2019

Concomitant medications No. (%) of 
patients

Concomitant antihypertensive drugs 171 (49.1)

ACEIs & ARBs 111 (31.9)

Beta-blockers 63 (18.1)

Calcium channel antagonists 23 (6.6)

Diuretics 36 (10.3)

Other antihypertensive drugs 11 (3.2)

Concomitant lipid-lowering drugs 180 (51.7)

High intensity statins 76 (21.8)

Low intensity statins 82 (23.6)

Fibrate 37 (10.6)

Niacin 0 (0.0)

Other lipid-lowering drugs 0 (0.0)

Concomitant antiplatelet drugs 66 (19.0)

Aspirin 57 (16.4)

Clopidogrel 12 (3.4)
ACEI = angiotensin converting enzyme inhibitors. 
ARBs = angiotensin receptor blockers.

Table 4 Reasons for choosing a second-line therapy in the 
study sample: 348 patients aged ≥ 18 years with T2DM 
who were starting second-line glucose-lowering therapy, 
Lebanon, 2015-2019

Reason No. (%) of patients
Efficacy 273 (78.4)

Tolerability 85 (24.4)

Hypoglycaemia 84 (24.1)

Weight gain 66 (19.0)

Patient convenience/comfort 30 (8.6)

Cost 24 (6.9)

Patient request 12 (3.4)

Access reason 11 (3.2)

Other 22 (6.9)
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Our study may have some limitations, for instance 
patient and investigator selection bias. The investigators 
were carefully selected to be representative of the 
management of T2DM in Lebanon but the study did 
not include primary care physicians, perhaps due to 
challenges in infrastructure and/or the lack of experience 
in running clinical research. Patient selection bias 
could not be excluded because most of the patients 
were reported to have secondary or higher education, 
demonstrating that they were more educated and willing 
to participate in this observational study. In addition, we 
feel that cardiovascular risk factors such as smoking were 
under-reported by the participants and caution should be 
exercised when interpreting the results. 

Conclusions
The baseline data of this cohort of the DISCOVER study 
from Lebanon demonstrated that there was a delay in the 
intensification of treatment and patients had subopti-
mal glycaemic control. The reasons could be attributed 
to several factors, which need to be further explored. An 
integrated approach to the management of T2DM con-
sidering metabolic, cardiovascular and renal risks is war-
ranted to reduce the risk of micro- and macrovascular 
complications and is emphasized in recent internation-
al guidelines for the management of the disease (16–21). 
More efforts are needed to educate health care providers 
on strategies aimed at early intervention to ensure time-
lier and better control of glycaemic parameters and cardi-
ovascular risk factors to delay or prevent T2DM-related 
complications. 
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Caractéristiques et modes de traitement des patients atteints de diabète de type 2 
au Liban : l'étude DISCOVER 
Résumé
Contexte : Le Liban fait partie de l'étude mondiale DISCOVER, une étude prospective internationale, non 
interventionnelle et multicentrique assortie d’un suivi de trois ans. 
Objectifs : La présente étude a pour objectif de décrire la pratique clinique réelle en termes de prise en charge du 
diabète de type 2 et de modes de traitement au Liban.  
Méthodes : Les paramètres démographiques et cliniques de référence ont été consignés dans un cahier d’observation 
standardisé, conformément à la pratique clinique habituelle de chaque site clinique. 
Résultats : Nous avons recruté 348 patients. Au début du traitement de seconde interntion, la durée moyenne du 
diabète était de 6,7 ans [écart type (ET) 6,5] ; les taux moyens d'hémoglobine glyquée et de glucose plasmatique 
à jeun étaient respectivement de 8,5 % (ET 1,6 %) et 178,7 (ET 56,5) mg/dl. Près de la moitié des patients étaient 
hypertendus  (45,1 %) ou présentaient une dyslipidémie (48,6 %). La metformine en monothérapie a été utilisée 
comme traitement de première intention chez 56,9 % des patients et une bithérapie initiale chez 25 % des patients. 
La principale raison du changement de traitement de première intention était un mauvais contrôle glycémique. Les 
principaux facteurs de choix du traitement de deuxième intention étaient l'efficacité, la tolérance et l'hypoglycémie. 
Conclusions : L’inertie clinique était évidente dans cette cohorte de patients car leur contrôle glycémique était sous-
optimal au moment de l'inscription et de la mise en route du traitement de seconde intention. Une intensification du 
traitement est nécessaire pour réduire les effets indésirables liés au diabète. 
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"DISCOVER" خصائص وأنماط علاج مرضى السُكّريّ من النمط 2 في لبنان: دراسة
سامي عازر، أكرم إشتي، ميريل عام، هاجر بلوط، اسكندر شعيب، هشام الناظر، إيهاب فردون، أحمد غزاوي، رفيق كنعان، ماري مرعب، 

يوسف عُبيد، منذر صالح، سارية واكيم، كاميل زين

الخلاصة
الخلفية: يُعتبر لبنان جزءًا من دراسة "DISCOVER"، وهي دراسة عالمية استباقية غير تدخلية متعددة المراكز تضم 3 سنوات من المتابعة. 

الأهداف: هدفت هذه الدراسة إلى وصف الممارسات السريرية في الواقع فيما يتعلق بعلاج داء السكّري من النمط 2 وأنماط علاجه في لبنان. 
موقع  كل  في  الروتينية  السريرية  للممارسات  وفقًا  موحد،  حالة  تقرير  نموذج  في  الأساسية  والسريرية  السكانية  المتثابتات  سُجلت  البحث:  طرق 

سريري. 
النتائج: اختير 348 مريضًا. وعند بدء معالجة الخط الثاني، كان متوسط مدة الإصابة بالسكري 6.7 ]بانحراف معياري 6.5[ سنة؛ ومتوسط مستوى 
8.5% )بانحراف  الصيام  البلازما مع  السكري )HbA1c( ومتوسط تركيز مستويات الجلوكوز في  الدم  الشحميات وخضاب  الجلوكوز ومرتسم 
معياري 1.6%( و178.7 )بانحراف معياري 56.5( مليجرام/ديسيلتر على التوالي. وكان ما يقرب من نصف المرضى مصاباً بارتفاع ضغط الدم 
)45.1%( أو بعسر شحميات الدم )48.6%(. وقد استُخدمت المعالجة الأحادية بالميتفورمين بوصفها معالجة الخط الأول ومعالجة مزدوجة أمامية 
العوامل  الدم. وتتمثل  الأول هو ضعف ضبط سكر  تغيير معالجة الخط  الرئيسي في  السبب  التوالي. وكان  المرضى على  25% من  56.9% وفي  في 

الرئيسية لاختيار معالجة الخط الثاني في نجاعتها وإمكانية تحملها ونقص سكر الدم. 
الاستنتاجات: كان القصور السريري واضحًا في هذه الفئة من المرضى، إذ كان التحكم في سكر الدم لديهم دون المستوى الأمثل وقت التسجيل وبدء 

معالجة الخط الثاني. ومن الضروري تكثيف العلاج لتقليل المخرجات السلبية المتعلقة بالسكري. 
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