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Abstract 
The DISCOVER study is a three-year, non-interventional prospective study 
conducted in 37 countries, including Egypt, to assess the treatment patterns 
and outcomes in patients with type 2 diabetes mellitus initiating a second-line 
antidiabetic therapy (add-on or switch). In this report of the Egyptian cohort 
of DISCOVER, baseline data were collected according to routine clinical prac-
tice at 38 study sites, using a standardized electronic case report form, in the 
period from December-2014 to November-2019. We enrolled 583 patients 
(mean age: 52.9 ± 9.8 years and median duration since diagnosis: median 36.5, 
IQR 18.1, 70.4 months). The mean HbA1c value at baseline was 8.6 ± 1.4%, 
indicating poor glycemic control. The most commonly prescribed first-line 
medications were metformin or sulfonylurea monotherapy. For second line- 
therapy, the majority of patients switched to dual therapy with metformin 
plus sulfonylureas or DPP-4 inhibitors. Fewer patients switched to triple ther-
apy, treatment by four or more medications, or insulin treatment (15, 12, and 
35 patients, respectively). The most commonly cited reasons for switching to 
second-line therapy were lack of efficacy, weight gain, hypoglycemic events, 
and side effects (549, 54, 25, and 21 patients, respectively). The set treatment 
target of enrolled patients at the initiation of second-line therapy was an HbA1c 
level of 6.9%. Follow-up data will assess the outcomes of such changes in the 
Egyptian population. 
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1. Introduction 

Approximately 420 million individuals worldwide have type 2 diabetes mellitus 
(T2DM). This prevalence is expected to reach 642 million individuals by 2040 
[1] [2]. The International Diabetes Federation (IDF) classifies Egypt as the ninth 
leading country in terms of T2DM prevalence (around 15% of the adult Egyp-
tian population), with an estimated annual mortality of 86,478 [3] [4]. Addition-
ally, as many as 40% of T2DM patients in Egypt remain undiagnosed [3]. Due to 
its macrovascular and microvascular complications, T2DM remains the leading 
cause of retinopathy and vision loss, peripheral neuropathy, chronic nephropa-
thy, and leg amputation in Egypt [5] [6].  

Recent guidelines from the American Diabetes Association (ADA) and the Ame- 
rican College of Endocrinology recommend tight glucose control (HbA1c < 7%) 
for newly-diagnosed patients with T2DM and those with long life expectancy [7] 
[8]. These guidelines are based on the results of long-term studies that showed 
reduced mortality and reductions in cardiovascular and microvascular compli-
cations when glucose levels are tightly controlled [9] [10]. Both ADA and The 
European Association for the Study of Diabetes (EASD) recommend metformin 
(MET) added to lifestyle modifications as the first-line glucose-lowering therapy 
in patients with T2DM. If MET monotherapy fails to adequately control HbA1c 
levels, guidelines recommend adding a second glucose-lowering agent, but few 
clearly state optimal treatment pathways [7] [8]. 

Understanding the real-life patterns and outcomes of T2DM treatment is es-
sential to aid in developing new strategies aimed at optimal blood glucose con-
trol. For example, previous studies have shown sub-optimal adherence to glu-
cose-lowering treatment as a barrier to achieving glycemic target among Egyp-
tian diabetic patients. They also concluded that the number of prescribed medi-
cations, the therapeutic regimen’s complexity, and the treatment costs negatively 
affect the adherence rates [11] [12]. 

We have no recent studies about the treatment patterns and outcomes in pa-
tients with T2DM in Egypt to the best of our knowledge. The DISCOVER study 
is a three-year, non-interventional, prospective study, conducted in 37 countries, 
including Egypt (NCT02322762), to assess the pharmacological patterns (first- 
and second-line therapy) and outcomes (level of glycemic control) in patients 
with T2DM who are initiating second-line glucose-lowering therapy. Here we 
report the baseline characteristics (including HbA1c values) of the enrolled Egyp-
tian patients and the reasons for changing their first-line antidiabetic treat-
ments. 
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2. Methods 
2.1. Study Design and Population 

The DISCOVER study is a prospective, multi-national study performed in 37 
countries, including Egypt. We enrolled an average of 15 patients per center 
from 38 centers (including 36 primary health care centers). These centers had 
specialty care, electronic medical records, and an adequate flow of T2DM pa-
tients (>50 patients/month). The predominant mode of referral to these centers 
was from primary care clinics. In Egypt, the study was conducted in the period 
of December-2014 to November-2019. 

2.2. Inclusion and Exclusion Criteria 

In this study, patients were enrolled if they were aged > 18 years, diagnosed with 
T2DM, and were initiating a second-line antidiabetic treatment (add-on or switch). 
We excluded patients with T1DM, pregnant women, patients with a renal trans-
plant or undergoing dialysis, and patients whose first-line treatment was either 
insulin (or another injectable agent) or herbal remedies and natural medicines 
alone. 

2.3. Study Variables 

Baseline data were collected according to routine clinical practice at each site, 
using a standardized electronic case report form. Baseline variables recorded in-
cluded: demographic and physiological parameters, treatment options and rea-
sons for treatment change, individualized HbA1c targets set by physicians, and 
laboratory test results, including HbA1c level, when available. We assessed the 
health status of enrolled patients using the Short-Form 36 (SF-36) version 2 
questionnaire. The main endpoints in this report are the level of glycemic con-
trol (HbA1c) at baseline, the proportions of patients using different antidiabetic 
regimens and medications, and the reasons for changing to second-line treat-
ments. 

2.4. Sample Size Calculation and Statistical Analysis 

The multinational DISCOVER study in 37 countries, including Egypt, has an es-
timated overall sample size of 11,100 patients based on the four criteria men-
tioned in Ji L et al. (2017). These criteria are a minimum of 200 patients in any 
subgroup of patients, at least 200 patients meeting each of the composite end-
points of macrovascular and microvascular complications, at least 200 patients 
meeting each macrovascular and microvascular endpoint at year 3, and an esti-
mated attrition rate of 15% per year of follow-up [13].  

Categorical data were presented as frequencies and percentages, while conti-
nuous data were presented as means ± standard deviations, as well as medians 
and interquartile ranges (IQR). All presented statistical analyses were carried out 
using SAS (version 9.2; SAS Institute Inc., Cary, NC, USA). For some outcomes, 
data were not available from all patients; therefore, patients with missing data 
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were excluded from the analysis. 

3. Results 
3.1. Baseline Patient Characteristics 

The mean age of the enrolled 583 patients was 52.9 ± 9.8 years. The majority of 
patients in our sample were male (56.6%). The mean BMI was 31.8 ± 5.1 kg/m2, 
and 115 patients were current smokers or ex-smokers (91 and 24 patients, re-
spectively). At baseline, the mean values of blood glucose measures indicated 
poor glycemic control: HbA1c (8.6% ± 1.4%), fasting plasma glucose (182.8 ± 
53.7 mg/dL), and post-prandial blood glucose (257.3 ± 70.4 mg/dL). About 36% 
of patients had hypertension, and 25.9% had hyperlipidemia. However, the mean 
values of lipid profile components (total cholesterol, triglycerides, LDL, and 
HDL) were within or near the normal ranges (Table 1).  
 
Table 1. (a) Baseline demographic characteristics, vital signs and lab values in enrolled 
patients; (b) Vital signs and lab values in enrolled patients. 

(a) 

 Total (N = 583) 

Age (years)  

Mean ± SD 52.9 ± 9.8 

Median (IQR) 53.0 (46.1, 59.1) 

Gender  

Male 330 (56.6) 

Female 253 (43.4) 

BMI (kg/m2)  

Mean ± SD 31.8 ± 5.1 (527) 

Median (IQR) 31.1 (28.1, 34.6) 

Waist circumference (cm)  

Mean ± SD 104.5 ± 24.3 (337) 

Median (IQR) 105 (96, 120) 

Self-reported ethnicity  

Caucasian 35 (6) 

Arabic 548 (94) 

Living arrangement status  

Lives alone 14/564 (2.5) 

Does not live alone 548/564 (97.2) 

Declined to answer 2/564 (0.4) 

Education level  

No formal education 19/558 (3.4) 

Primary (1 - 6 years of education) 63/558 (11.3) 
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Continued 

Secondary (7 - 13 years of education) 172/558 (30.8) 

University/Higher Education (13+ years) 304/558 (54.5) 

Main working status  

Employed 319/572 (55.8) 

Self-Employed 46/572 (8) 

Disabled 1/572 (0.2) 

Not working 162/572 (28.3) 

Retired 44/572 (7.7) 

Tobacco Smoking  

Non-smoker 458/573 (79.9) 

Ex-smoker 24/573 (4.2) 

Current smoker 91/573 (15.9) 

Data are number (%) for categorical outcomes or mean ± standard deviation and median (IQR) for conti-
nuous outcomes. BMI: Body mass index. 

(b) 

 Total (N = 583) 

Systolic BP (mm. Hg)  

Mean ± SD 133.0 ± 14.9 (555) 

Median (IQR) 130 (120, 140) 

Diastolic BP (mm. Hg)  

Mean ± SD 82.8 ± 8.6 (555) 

Median (IQR) 80 (80, 90) 

Pulse rate at rest (bpm)  

Mean ± SD 78.4 ± 6.8 (583) 

Median (IQR) 80 (74, 82) 

HbA1C (%)  

Mean ± SD 8.6 ± 1.4 (543) 

Median (IQR) 8.4 (7.9, 9.1) 

Fasting Glucose (mg/dL)  

Mean ± SD 182.8 ± 53.7 (543) 

Median (IQR) 177 (149, 208) 

Random Glucose (mg/dL)  

Mean ± SD 250.6 ± 59.9 (113) 

Median (IQR) 250 (206, 297) 

Post Prandial Glucose (mg/dL)  

Mean ± SD 257.3 ± 70.4 (501) 

Median (IQR) 249 (213, 295) 

HDL (mg/dL)  

Mean ± SD 43.6 ± 9.6 (218) 
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Continued 

Median (IQR) 42 (38, 49) 

LDL (mg/dL)  

Mean ± SD 124.3 ± 37.9 (227) 

Median (IQR) 125 (95, 154) 

Total Cholesterol (mg/dL)  

Mean ± SD 201.6 ± 45.1 (264) 

Median (IQR) 200 (170, 230.5) 

Triglycerides (mg/dL)  

Mean ± SD 164.5 ± 81.6 (258) 

Median (IQR) 150 (112, 189) 

Data are mean ± standard deviation and median (IQR) for continuous outcomes for continuous outcomes. 
BP: blood pressure, HDL: High-density lipoprotein, LDL: Low-density lipoprotein. 

 
At the start of this study, the duration of T2DM since diagnosis was 49.2 ± 

44.3 (median 36.5, IQR: 18.1, 70.4) months. The majority (n = 508, 87.1%) have 
the diagnose of T2DM following the appearance of diabetes-related symptoms, 
while only 61 (10.5%) and 14 (2.4%) have that diagnosis upon routine monitor-
ing or referral, respectively. The most common macrovascular complication was 
coronary artery disease (7.5%), while the most common microvascular compli-
cations were peripheral neuropathy (14.8%) and erectile dysfunction (5%). The 
most commonly used medications for other conditions were antihypertensive 
(38.8%), lipid-lowering medications (33.8%), and antiplatelet medications 
(17.5%). Our results showed impairments in all measured health status domains 
(average below 50), according to SF-36v2.  

3.2. First-Line Antidiabetic Treatments 

At the baseline, the majority of patients 435 (74.6%) were on monotherapy, pre-
dominantly receiving metformin (234 patients) or sulfonylurea (193 patients). 
Only 137 patients (23.5%) were receiving dual therapy, mainly in the form of 
metformin plus sulfonylureas or DPP-4 inhibitors. Overall, ten patients received 
triple therapy. Nine of them received triple therapy containing metformin and 
sulfonylureas plus DPP-4 inhibitors or thiazolidinediones in our sample, as shown 
in Table 2.  

3.3. Second-Line Antidiabetic Treatments 

The mean time from diagnosis to the initiation of second-line therapy was 5.6 
years. The majority of patients (n = 361, 62%) were shifting to dual therapy, 
mainly in the form of metformin plus DPP-4 inhibitors (27.5%) or sulfonylureas 
(25.6%). One hundred twenty-one patients (20.7%) initiated triple therapy, mainly 
in the form of metformin and Sulfonylureas plus DPP-4 inhibitors or thiazolidi-
nediones. Only 12 and 35 patients switched to ≥four drugs or insulin (with or 
without oral medications), respectively (Table 2).  
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Table 2. First and second line treatment medications in the enrolled sample. 

 Total (N = 582) 

 First Line Class Second Line Drugs 

Monotherapy   

Met 234 (40.2%) 12 (2.1%) 

SU 193 (33.2%) 11 (1.9%) 

DPP4 4 (0.7%) 25 (4.3%) 

Other 4 (0.7%) 5 (0.9%) 

Dual Therapy   

Met + SU 103 (17.7%) 149 (25.6%) 

Met + DPP4 24 (4.1%) 160 (27.5%) 

Met + other 3 (0.5%) 10 (1.7%) 

SU + Thiaz  10 (1.7%) 

Other Dual therapy 7 (1.2%) 32 (5.5%) 

Triple Therapy   

Met + SU + DPP4 6 (1.0%) 85 (14.6%) 

Met + SU + Thiaz 3 (0.5%) 21 (3.6%) 

Other Triple therapy 1 (0.2%) 15 (2.6%) 

4 or 4+ Therapy  12 (2.1%) 

Insulin (May also receive oral therapy)  35 (6.0%) 

3.4. Reasons Underlying Treatment Changes 

The most common reason for changing first-line medications was lack of effica-
cy (n = 549 patients; 94.2%). Less common reasons included weight gain, the 
occurrence of hypoglycemic events, and side effects (9.3%, 4.3%, and 3.6%, re-
spectively). Second-line therapy was started to achieve higher efficacy, tolerabil-
ity, and to avoid both weight gain and hypoglycemic events (87.1%, 32.6%, 26.1%, 
and 22.3%, respectively). Seeking more affordable cost was mentioned as a rea-
son for selecting second-line treatments in 48 patients (8.2%) (Table 3). At the 
initiation of second-line treatment, a target HbA1c goal was set for 447 (76.7%) 
patients. The mean target HbA1c was 6.9% ± 0.4%. Physicians reported few 
restrictions on prescribing the majority of available drugs to the study patients. 
However, physicians reported restrictions in prescribing alpha-glucosidase, acar- 
bose, and rosiglitazone for 70 (12%), 62 (10.6%), and 43 (7.4%) patients, respec-
tively. 

4. Discussion 

The DISCOVER study program was established to improve understanding of the 
treatment patterns and outcomes of patients with T2DM at the global level. In 
this report of the DISCOVER baseline data from Egypt, we present the treatment 
patterns of patients with T2DM, for which data have been scarce on this so far.  
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Table 3. Changing first-line therapy and switching to second-line therapy 

 Total (N = 583) 

Consult Setting 
Inpatient 
Outpatient 

 
10/558 (1.8%) 

548/558 (98.2%) 

Hospitalization for facilitating diabetes treatment change 3/547 (0.5%) 

Reason for changing First Line Therapy 

Lack of Efficacy 549 (94.2%) 

Hypoglycemic Event 25 (4.3%) 

Weight Gain 54 (9.3%) 

Side Effect 21 (3.6%) 

Developed Acute Disease 2 (0.3%) 

Developed Chronic Disease 2 (0.3%) 

Affordability 0 (0.0%) 

Inability to Self-administer 5 (0.9%) 

Patient Request 13 (2.2%) 

Poor adherence 17 (2.9%) 

Patient convenience 7 (1.2%) 

Prescriber access reasons 1 (0.2%) 

Drug interaction 0 (0.0%) 

Physician preference 9 (1.5%) 

Reason for Choosing a Second-Line Therapy 

Efficacy 508 (87.1%) 

Tolerability 190 (32.6%) 

Weight 152 (26.1%) 

Hypoglycemic 130 (22.3%) 

Patient request 28 (4.8%) 

Convenience 37 (6.3%) 

Access Reason 4 (0.7%) 

Cost 48 (8.2%) 

Other 9 (1.5%) 

 
We noted several significant findings. At baseline, the mean HbA1c value was 
8.6%, which indicates poor glycemic control. High HbA1c levels are correlated 
with a higher incidence of vascular complications [14] [15]. The low percentage 
(9.8%) of macrovascular complications in this study may not reflect the real 
picture; such underestimation may be due to the lack of resources for perform-
ing investigations like electrocardiogram (ECG) and echocardiography in Egypt. 
The mean target aim for HbA1c in enrolled patients at the initiation of second-line 
treatment was 6.9%. That is in accordance with the recent guidelines that rec-
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ommended setting treatment goals for HbA1c below 7% [7] [8]. These guide-
lines are based on the results of several studies that showed that keeping HbA1c 
below 7% significantly reduces the incidence of macrovascular and microvascu-
lar complications [9] [10].  

The most common medication used as a first-line antidiabetic treatment in 
our study was metformin. This is in accordance with the current NICE and ADA 
guidelines [7] [16]. Moreover, the most common second-line therapy was dual 
therapy, mainly metformin plus SU or DPP-4 inhibitors. That reflects good ad-
herence to international guidelines by Egyptian physicians treating patients with 
T2DM. In our exclusion criteria, we excluded patients whose first-line treatment 
included insulin or any other injectable agent. During treatment intensification, 
35 patients (6%) switched to insulin (with or without oral medications). A for-
mer observational study of 51,771 patients showed that physicians were reluc-
tant to prescribe injectable agents [17].  

The most common reason for changing first-line antidiabetic therapy was lack 
of efficacy, and the most common reason for transitioning to second-line thera-
py was seeking better glucose control. That agrees with previous studies that showed 
that high HbA1c levels were the main driver behind switching to second-line an-
tidiabetic therapy [18] [19]. The occurrence of side effects or hypoglycemic at-
tacks was a less common reason for treatment changes. A former study by Asche 
et al. (2008) showed that adverse events did not significantly affect glycemic con-
trol but increased the rates of switching drugs, especially for patients on met-
formin or sulfonylureas [20]. Our results showed that weight gain was a rela-
tively common adverse event that led to shifting to second-line treatments in 54 
(9.3%) patients. Although previous studies have shown sub-optimal adherence 
among Egyptian DM patients [11] [12], in this study, it was not a common rea-
son for shifting treatments (only cited in 17 cases).  

Another interesting finding in our study was the small proportion of patients 
diagnosed with T2DM through regular blood glucose screening. That highlights 
the need for increasing the exerted efforts towards public education and aware-
ness about the value of continuous blood glucose screening, especially in high- 
risk patients. Moreover, the prevalence of comorbidities like hypertension and 
hyperlipidemia (as indicated by the frequency of receiving concomitant medica-
tions for these conditions) was relatively high in the enrolled Egyptian patients. 
Therefore, multidisciplinary medical management and considering the presence 
of these comorbidities while prescribing antidiabetic medications is necessary. 

Our study analyzed data from a relatively sizeable Egyptian population. Fur-
ther, we attempted to evaluate the patient-reported outcomes, as well as the 
quality of life in Egyptian patients with T2DM. The study went further to deter-
mine the restrictions faced by physicians in prescribing various hypoglycemic 
medications. Our prospective analysis after collecting of follow-up data will fo-
cus on the outcomes of second-line treatments and provide further guidance for 
physicians on the optimal treatment options for Egyptian diabetic patients. More- 
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over, it will present data on the factors associated with prescribing specific treat-
ments and the variations in diabetology practice across different countries. 

One advantage of this current study was that it had a relatively enough sample 
from different centers all over Egypt; hence, it represented the overall population 
of people with T2DM well. However, the study’s main limitation was its obser-
vational nature with some variables that could be exposed to recall bias. 

5. Conclusion 

In conclusion, this study showed poor glycemic control among Egyptian patients 
with T2DM initiating second-line treatment. Therefore, the lack of efficacy was 
the most common reason for changing first-line treatments. Dual therapy in the 
form of metformin plus Sulfonylureas or DPP-4 inhibitors was the most com-
monly prescribed second-line treatment. Follow-up data will assess the outcomes 
of such changes in the Egyptian population.  
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