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Objective: To evaluate the treatment patterns and associated clinical outcomes 
in Type 2 diabetes (T2D) patients initiating a second-line glucose-lowering the-
rapy. Material and Methods: This paper presents a preliminary subgroup analy-
sis of the baseline data collected from 536 patients [mean (standard deviation) 
age: 55.1 (10.0) years, 50.2% were males] in the Turkey arm of global observa-
tional DISCOVER study among T2D patients initiating second-line glucose-lowe-
ring therapy. Patient demographics, disease (duration, complications) and 
treatment (type of regimens, modifications) characteristics, hemoglobin A1c 
(HbA1c), low-density lipoprotein-cholesterol (LDL-C), and systolic blood pressure 
(BP) target achievement rates and the patient-reported outcomes were recorded 
at the initiation of second-line therapy. Results: Overall, 11.7% of patients were 
HbA1c target of <7% at baseline, 62.5% were systolic BP target of <140 mmHg 
and 21.2% were LDL-C target of <100 mg/dL. Major and minor hypoglycemic 
events were noted in 5.5% and 10.7% of patients, while macro and microvascu-
lar complications in 17.2% and 20.1% of patients, respectively. Metformin monot-
herapy (47.9%) and metformin+sulfonylurea combination (22.6%) were the two 
most common first-line therapies. However, insulin (32.3%) was the most com-
monly prescribed second-line agent. Lifestyle assessment revealed a healthy li-
festyle in 50.7% of patients. Conclusion: Our finding revealed a failure to achieve 
HbA1c, LDL-C, and systolic BP targets and a high rate of diabetes-related compli-
cations before initiation of second-line therapy in a significant proportion of Turkish 
T2D patients. Thus, emphasizing a need for more aggressive risk factor screening 
and modification at early disease stages and earlier treatment intensification among 
T2D patients.  
  
Keywords: Type 2 diabetes; first-line therapy; second-line therapy;  

      metformin; insulin; complications; glycemic control; 
      dyslipidemia; patient-reported omes 

Amaç: İkinci-sıra glukoz düşürücü tedaviye başlanan Tip 2 diyabet (T2D) hastala-
rında, tedavi uygulamaları ve ilişkili klinik sonuçların değerlendirilmesidir. Gereç ve 
Yöntemler: Bu makalede, ikinci-sıra glukoz düşürücü tedaviye başlanan T2D has-
taları ile yürütülen küresel gözlemsel DISCOVER çalışması Türkiye kolunda yer alan 
536 hastanın [ortalama (standart sapma) yaş: 55,1 (10,0) yıl, %50,2 erkek hasta], 
başlangıç verilerine yönelik ara analiz sunulmaktadır. Hastaların demografik özel-
likleri, hastalık özellikleri (süre, komplikasyonlar) ve tedavilerin (uygulanan rejim-
ler, değişimler) yanı sıra hemoglobin A1c (HbA1c), düşük yoğunluklu lipoprotein- 
kolesterol [low-density lipoprotein-cholesterol (LDL-C)] ve sistolik kan basıncı (KB) 
hedeflerine ulaşan hasta yüzdesi ve hasta bildirimli sonuçlar, ikinci-sıra tedavi baş-
langıcında kaydedildi. Bulgular: Toplamda hastaların %11,7’sinde HbA1c (<%7), 
%62,5’inde KB (<140 mmHg) ve %21,2’sinde LDL-C (<100 mg/dL) hedef değer-
lerde bulundu. Majör ve minör hipoglisemik olaylar hastaların sırasıyla %5,5 ve 
%10,7’sinde gözlenirken; makrovasküler ve mikrovasküler komplikasyon oranları sı-
rasıyla %17,2 ve %20,1 olarak saptandı. Metformin monoterapisi (%47,9) ve met-
formin+sülfonilüre kombinasyonu (%22,6) en yaygın 2 ilk-sıra tedavi seçeneği olup, 
insülin (%32,3) en sık reçetelenen ikinci-sıra ajandı. Hastaların %50,7’sinde, sağ-
lıklı yaşam biçimi varlığı tespit edildi. Sonuç: Sonuç olarak bulgularımız, Türk T2D 
hastalarında ikinci-sıra tedaviye geçiş öncesi HbA1c, LDL-C ve sistolik KB hedefle-
rinin, hastaların önemli bir kısmında karşılanamadığına ve mikrovasküler ve mak-
rovasküler komplikasyon oranlarının yüksekliğine işaret etmektedir. Bu doğrultuda, 
erken evre hastalık döneminde risk faktörü tarama ve modifikasyonları açısından 
daha sıkı bir stratejiye ve daha erken dönemde tedavi yoğunlaştırmasına gereksi-
nim olduğunu vurgulamaktadır.  
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Introduction  
Global estimates indicate a rapidly increas-
ing prevalence of diabetes worldwide, with 
about 700 million people estimated to be af-
fected by the disease, primarily by Type 2 
diabetes (T2D), by 2045 (1). According to 
1997-1998 data from the Turkish Diabetes 
Prevalence Study (2) and Turkish Diabetes 
Hypertension Obesity and Endocrine Disease 
Prevalence Study (3) conducted 12 years 
later, an increase from 7.2% to 16.5% 
(7.5% new diagnosis, 13.7% in the age-ad-
justed population) in the prevalence of T2D 
(≥20 years of age) was noted in Turkey.  
Diabetes is responsible for 10.7% of global 
all-cause mortality in the age group of 20-79 
years, with diabetes-related complications 
the leading cause of disease-related prema-
ture deaths (1). Achievement in optimal 
glycemic control is of critical importance in 
T2D, given a causal link between dysg-
lycemia and the development of micro/ 
macrovascular complications (4-7). 
According to current guidelines, a standard 
treatment for T2D involves metformin ther-
apy plus lifestyle changes and treatment in-
tensification in case of failure to achieve 
glycemic control (8). Albeit atherosclerotic 
cardiovascular disease (CVD)-based treat-
ment recommendations per guidelines were 
not evident at the time of the study enroll-
ment. Currently, treatment intensification for 
patients with clinical CVD is recommended to 
be based on the addition of a sodium-glucose 
cotransporter-2 (SGLT2) inhibitor or a 
glucagon-like peptide-1 (GLP-1) receptor ag-
onist with proven cardiovascular benefit (8). 
Moreover, T2D is a risk factor for CVD due to 
the high prevalence of concomitant modifi-
able cardiovascular risk factors such as obe-
sity, hypertension, and dyslipidemia (9,10). 
Therefore, the management of T2D is con-
sidered a complex and multifactorial process 
that should address co-morbidities besides 
glycemic control (9,11-14).  
Despite the potential association of different 
prescribing patterns with differences in dis-
ease control, diabetes-related complication, 
quality of life, healthcare resource utiliza-
tion, limited data are available on the effi-
cacy and clinical outcomes of treatment 
options available for use following the fail-
ure of first-line treatment in T2D in the clin-
ical practice (7,14). DISCOVER is a global, 

prospective, observational study designed to 
address this gap by providing a comprehen-
sive overview of the real-world data on cur-
rent practice patterns after initiation of 
second-line therapy in treating patients with 
T2D (14). The primary objective of the DIS-
COVER study program was to describe the 
disease management patterns in patients 
with T2D initiating a second-line glucose-
lowering therapy after failure of the first-line 
oral treatment concerning potential deter-
minants (patient, physician, and healthcare 
system-related) and outcomes (glycemic 
parameters, complications, healthcare re-
source utilization, patient-reported out-
comes) of treatment patterns (14). 
The present study, representing the Turkey 
arm of a multi-national, non-interventional 
prospective DISCOVER study, described the 
preliminary baseline data on patient profile, 
diabetes-related complications, glycemic 
control, treatment patterns, and patients' 
reported clinical outcomes in T2D patients 
initiating a second-line glucose-lowering 
therapy.  

Material and Methods 

Study population 
DISCOVER is a global, prospective, observa-
tional study (ClinicalTrials.gov Identifier: 
NCT02322762) involving 14,668 patients 
with T2D from 37 countries across 6 regions 
initiated with second-line glucose-lowering 
therapy (add-on or switching) following 
first-line oral treatment (mono, dual or 
triple) (14,15). As per the study protocol, 
the study was estimated to last from 2014 
to 2019, including the patient enrollment 
(December 2014-June 2016) phase and the 
subsequent 3-year follow-up period. The 
study was based on the data collected at 
baseline (onset of second-line therapy) and 
3-year follow-up (6, 12, 24, and 36 months 
after onset of second-line therapy) periods 
(14) (Figure 1). This paper presents a pre-
liminary sub-group analysis of baseline data 
collected from 536 patients in Turkey.  
Diagnosis of T2D, age ≥18 years, and initi-
ated with second-line therapy (add-on or 
switching) were the study's inclusion crite-
ria. Diagnosis of T1D, pregnancy, injectable 
agent (i.e., insulin or a GLP-1-receptor ago-
nist) as first-line therapy, first-line treatment 
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with herbal remedies/natural medicine 
alone, and ongoing dialysis or previous renal 
transplantation were the exclusion criteria. 
Written informed consent was obtained from 
each subject following a detailed explanation 
of the objectives and protocol of the study 
which was conducted in accordance with the 
ethical principles stated in the “Declaration of 
Helsinki” and approved by The Erciyes Uni-
versity Faculty of Medicine Ethics Committee 
approved the study (Date of approval: 
19/06/2015; reference number/protocol no: 
2015/295).  

Data collection  
Baseline data included socio-demographic 
characteristics of patients, diabetes history, 
rate of hemoglobin A1c (HbA1c), low-density 
lipoprotein-cholesterol (LDL-C) and systolic 
blood pressure (BP) target achievement, hy-
poglycemic events and macro/microvascular 
complications at baseline, co-morbid disor-
ders and concomitant treatments, anthro-
pometrics and vital signs, laboratory 
findings, diabetes treatment (first-line and 
second-line therapies, reasons for treat-
ment modifications), target goals set for 
HbA1c, fasting, casual and post-prandial 
plasma glucose at the initiation of second-
line therapy, and the patient-reported out-
comes. 
All patients underwent routine clinical as-
sessments and received standard medical 

care, as determined by the treating physi-
cian. Complications were according to the 
judgment of the investigators. Hypoglycemia 
was based on patient recall within the past 
month for minor events and since the last 
follow-up for major events. 

Patient-reported outcomes  
Patient-reported outcomes at baseline were 
collected via four self-administered question-
naires, including the 36-item Short-form 
Health Survey version 2 (SF-36v2) (16), the 
33-item revised Hypoglycemia Fear Survey 
(HFS-II) (17), a seven-item lifestyles ques-
tionnaire to assess (18), and a two-item 
questionnaire on avoidance of healthcare 
and/or medication due to the cost. 
SF-36 measured the health-related quality of 
life across eight domains, including physical 
functioning, physical and emotional role lim-
itations, body pain, general health percep-
tion, vitality, social functioning, and mental 
health (16,19). Total scores ranged from 0 to 
100, with higher scores indicating better 
health status (16,19). The two summary 
scales include the physical component sum-
mary and mental component summary 
(16,19). 
HFS-II is a survey with two subscales to as-
sess behaviors (HFS-B, 15 items) and wor-
ries (HFS-W, 18 items) relating to fear of 
hypoglycemia using a five-point Likert scale 
from 0 (never) to 4 (always). 

Figure 1. Study timelines. A) Patients enrolled on the day of initiation of second-line glucose-lowering therapy. B) Pa-
tients enrolled retrospectively (after initiation of second-line glucose-lowering therapy).



The total score ranged from 0 to 132, and 
higher scores indicate increased fear of hy-
poglycemia (17, 20).  

Statistical Analysis 
All statistical analyses were performed using 
the SAS statistical software system (SAS In-
stitute, Inc., Cary, NC). Descriptive statistics 
were used to summarize the study parame-
ters. Data were expressed as “mean (stan-
dard deviation)”, median [interquartile 
range (IQR)], and percent (%) where ap-
propriate.  

Results 

Socio-demographic and clinical characteris-
tics of patients 
Overall, 50.2% of the cohort was male, with 
a mean±standard deviation age of 
55.1±10.0 years. Higher education was 
noted in 16.8% of patients, while 45.2% 
were unemployed and 22.8% retired. Ma-
jority of patients were either non-smoker 
(60.0%) or ex-smoker (22.4%) and lifetime 
abstainer (78.6%) (Table 1). 
Co-morbidity was noted in 27.6% of patients, 
while anti-hypertensive drugs (38.8%), lipid-
lowering drugs (28.0%), and anti-platelet 
drugs (18.8%) were the most commonly pre-
scribed concomitant medications (Table 1). 

Anthropometrics and vital signs, laboratory 
findings 
Mean body mass index (BMI) was 31.7±6.4 
kg/m2, while systolic and diastolic BP values 
were 131.6±15.9 mmHg and 81.0±9.9 
mmHg, respectively. Median (IQR) levels of 
LDL-C, total cholesterol and triglyceride 
were 126.0 (104.0-153.0) mg/dL, 204.0 
(175.0-231.0) mg/dL and 172.0 (130.0-
254.0) mg/dL, respectively (Table 2). 

Diabetes history, glycemic control, hypo-
glycemic events, and diabetes-related com-
plications at baseline  
The median diabetes duration was 70.8 
months (range, 35.8 to 110.5 months). 
Overall, 63.4% of patients were using glu-
cose monitoring, and 70.8% had diabetes 
education in the past year (Table 3).  
Mean (standard deviation) values for HbA1c 
was 8.8±1.8%, while HbA1c level was 
<7.0% in 11.7% of patients and ≥9% in 

40.6% of patients. The prevalence of major 
and minor hypoglycemic events were 5.5% 
and 10.7%, respectively. Overall, 17.2% of 
patients had any macrovascular disease 
(coronary artery disease in 12.9%), and 
20.1% had microvascular disease (peripheral 
neuropathy in 11.2%) at baseline (Table 3). 

First-line and second-line therapies  
Metformin monotherapy (47.9%) and met-
formin+sulfonylurea combination (22.6%) 
were the most common first-line therapies. 
Insulin was initiated in 32.3% of patients 
(7.7% in global and 10.1% in European co-
hort) as the most commonly prescribed sec-
ond-line agent, followed by metformin+ 
dipeptidyl peptidase-4 (DPP-4) inhibitor 
(20.1%) (Table 4, Figure 2).  
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Age (year), mean (SD, IQR) 55.1 (10.0, 48.2-61.2) 

(n=536) Gender, n (%) (n=536)  

Male 269 (50.2) 

Female 267 (49.8) 

Education level, n (%) (n=452)  

No formal education 37 (8.2) 

Primary (1-6 years of education) 181 (40.0) 

Secondary (7-13 years of education) 158 (35.0) 

University/higher education (13+ years) 76 (16.8) 

Main working status, n (%) (n=469)  

Employed 149 (31.8) 

Unemployed 212 (45.2) 

Retired 107 (22.8) 

Tobacco smoking, n (%) (n=495)  

Non-smoker 297 (60.0) 

Ex-smoker 111 (22.4) 

Current smoker 87 (17.6) 

Alcohol drinking, n (%) (n=490)  

Lifetime abstainer 385 (78.6) 

Former drinker 71 (14.5) 

Drinker 34 (6.9) 

Co-morbidity, n (%) 148 (27.6) 

Concomitant medications, n (%)  

Anti-hypertensive drugs 208 (38.8) 

Lipid-lowering drugs 150 (28.0) 

Anti-platelet drugs 101 (18.8) 

Anticoagulant drugs 8 (1.5) 

Antidepressants 27 (5.0) 

Non-steroidal anti-inflammatory drugs 24 (4.5) 

Proton-pump inhibitor 69 (12.9) 

Thyroid replacement drugs 35 (6.5)

Table 1. Socio-demographic characteristics 
of patients.

SD: Standard deviation; IQR: Interquartile range.



Metformin was the most commonly used 
first-line agent either as a monotherapy 
(47.9%) or combination therapy (47.0%). 
However, metfor min was discontinued at the 
initiation of second-line treatment in 3.9% of 
patients (Table 4). 

Setting and reasons for changing first-line 
therapy at baseline  
The decision to change first-line therapy was 
made in an outpatient setting in most pa-
tients (92.4%). Lack of efficacy (90.9%) was 
the most common reason for changing first-
line therapy, followed by weight gain 
(11.6%). Selection of the second-line ther-
apy was based on expected efficacy in most 
cases (75.9%), followed by tolerability 
(27.1%) and advantages regarding weight 
control (20.9%) and hypoglycemia (13.1%) 
(Table 5). 

HbA1c, LDL-C and systolic BP target achi-  
evement at baseline  
Overall, 11.7% of patients were at HbA1c 
target of <7% (17.6% in global, 18.7% in 
European cohort), 62.5% at systolic BP tar-
get of <140 mmHg (67.7% in global, 56.5% 

in European cohort) and 21.2% at LDL-C 
target of <100 mg/dL (43.5% in global, 
43.2% in European cohort) (Table 6, Figure 
3). 
Considering ≤65 vs. >65 year age groups, 
rates for HbA1c (<7%), systolic BP (<140 
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Anthropometrics n Mean±SD 

Weight (kg) 471 86.5±17.4 

Height (cm) 472 165.4±9.8 

BMI (kg/m2) 471 31.7±6.4  

Vital signs Mean (SD)  

Systolic blood pressure (mmHg) 419 131.6±15.9 

Diastolic (mmHg) 419 81.0±9.9 

Pulse rate at rest (bpm) (n=371) 371 81.9±8.4  

Laboratory findings Median (IQR) 

WBC (x109/L) 412 8.2 (6.9-9.7) 

Hemoglobin (g/dL) 413 14.0 (12.8-15.1) 

Hematocrit (%) 410 42.6 (39.4-45.5) 

Platelets (x109/L) 412 266.5 (225.0-313.0) 

HDL (mg/dL) 391 42.0 (36.0-50.0) 

LDL (mg/dL) 425 126.0 (104.0-153.0) 

Total cholesterol (mg/dL) 393 204.0 (175.0-231.0) 

Triglycerides (mg/dL) 415 172.0 (130.0-254.0) 

Serum creatinine 436 0.8 (0.7-0.9) 

ALT (IU/L) 449 25.0 (18.0-40.0) 

AST (IU/L) 422 21.0 (16.1-29.5)

Table 2. Anthropometrics and vital signs, laboratory 
findings.

SD: Standard deviation; BMI: Body mass index; IQR: Inter-
quartile range; WBC: White blood cell count; HDL: High-den-
sity lipoprotein, LDL: Low-density lipoprotein; ALT: Alanine 
aminotransferase; AST: Aspartate aminotransferase.

Diabetes history  
Duration of diabetes (month), 70.8 (35.8-110.5) 

median (IQR)  

Use of glucose monitoring, n (%) 263 (63.4) 

(n=415)  

Education on diabetes in the past 1 year, 329 (70.8) 

n (%) (n=465)  

Glycemic control  

HbA1c (%), mean±SD (IQR) 8.8±1.8 (7.5-9.7) 

(n=497) HbA1c category, n (%)  

<7.0% 58 (11.7) 

7.0%-<8.0% 118 (23.7) 

8.0%-<9.0% 119 (23.9) 

≥9% 202 (40.6) 

Fasting glucose (mg/dL) mean±SD 187.0±63.0 

(n=487)  

Post-prandial glucose (mg/dL), 281.5±81.1 

mean±SD (n=124)  

Hypoglycemic events, n (%) (n=506)  

Major hypoglycemic events 28 (5.5) 

Minor hypoglycemic events 54 (10.7) 

Macrovascular complications, n (%)  

Any macrovascular disease 92 (17.2) 

Coronary artery disease 69 (12.9) 

Angina 22 (4.1) 

Myocardial infarction 17 (3.2) 

Heart failure 11 (2.1) 

Diabetic foot 10 (1.9) 

Atrial fibrillation 7 (1.3) 

Stroke 6 (1.1) 

Severe valve disease 5 (0.9) 

Peripheral artery disease 4 (0.7) 

Transient ischemic attack 2 (0.4) 

Microvascular complications, n (%)  

Any microvascular disease 108 (20.1) 

Peripheral neuropathy 60 (11.2) 

Retinopathy 33 (6.2) 

Erectile dysfunction 21 (3.9) 

Chronic kidney disease 11 (2.1) 

Albuminuria 8 (1.5) 

Autonomic neuropathy 6 (1.1)

Table 3. Diabetes history, glycemic control, 
hypoglycemic events, and macro/micro-vascular 
complications at baseline.

IQR: Interquartile range; HbA1c: Hemoglobin A1c; SD: Stan-
dard deviation.



mmHg) and LDL-C (<100 mg/dL) target 
achievement were 10.8 vs. 20.9%, 64.7 vs. 
40.5% and 20.7 vs. 25.6%, respectively 
(Table 6). Considering males vs. females, 
rates for HbA1c (<7%), systolic BP (<140 
mmHg) and LDL-C (<100 mg/dL) target 
achievement were 11.2 vs. 12.1%, 65.5 vs. 
59.6% and 20.5 vs. 21.9%, respectively 
(Table 6). 

Glycemic targets set at second-line therapy 
initiation 
Glycemic targets were set in 76.7% of pa-
tients at initiation of second-line therapy, 
including HbA1c target set to mean (stan-
dard deviation) 7.0 (0.5) % in 76.7% of 
patients, fasting plasma glucose target set 
to 194.2 (384.4) mg/dL in 54.9% of pa-
tients, casual plasma glucose target of 
184.5 (341.6) mg/dL in 15.5% of patients 
and post-prandial plasma glucose target of 
270.5 (529.0) mg/dL in 44.6% of patients 
(Table 6). 
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First-line therapy  

Metformin monotherapy 257 (47.9) 

Sulfonylurea monotherapy 11 (2.1) 

DPP4 monotherapy 2 (0.4) 

Other monotherapy 6 (1.1) 

Metformin+sulfonylurea 121 (22.6) 

Metformin+DPP4 inhibitor 32 (6.0) 

Metformin+other 44 (8.2) 

Other dual combinations 5 (0.9) 

Metformin+sulfonylurea+DPP4 inhibitor 20 (3.7) 

Metformin+sulfonylurea+thiazolidinedione 15 (2.8) 

Other triple combinations 21 (3.9) 

4 or 4+therapy 2 (0.4) 

Second-line therapy  

Metformin monotherapy 1 (0.2) 

Sulfonylurea monotherapy 1 (0.2) 

DPP4 monotherapy 2 (0.4) 

Other monotherapy 3 (0.6) 

Metformin+sulfonylurea 45 (8.4) 

Metformin+DPP4 inhibitor 108 (20.1) 

Metformin+other 61 (11.4) 

Sulfonylurea+thiazolidinedione 3 (0.6) 

Other dual combinations 11 (2.1) 

Metformin+sulfonylurea+DPP4 inhibitor 65 (12.1) 

Metformin+sulfonylurea+thiazolidinedione 12 (2.2) 

Metformin+sulfonylurea+alpha glucosidase 1 (0.2) 

Other triple combinations 40 (7.5) 

4 or 4+therapy 10 (1.9) 

Insulin (May also receive oral therapy) 173 (32.3) 

Metformin data  

First-line metformin, n (%)      None 25 (4.7) 

                                             Monotherapy 257 (47.9) 

                                             Combination 252 (47.0) 

Metformin discontinuation at 20 (3.9) 

second-line therapy, n (%)

Table 4. First-line and second-line glucose-lowering 
therapies.

DPP4: Dipeptidyl peptidase-4.

Figure 2. Insulin-based second-line therapy rates in the 
global DISCOVER population, European cohort, and 
Turkey arm.

Reasons for changing first-line therapy n (%) 

Lack of efficacy 487 (90.9) 

Hypoglycemic event 17 (3.2) 

Weight gain 62 (11.6) 

Side effect 34 (6.3) 

Developed acute disease 16 (3.0) 

Developed chronic disease 14 (2.6) 

Affordability 0 (0.0) 

Inability to self-administer 0 (0.0) 

Patient request 16 (3.0) 

Poor adherence 5 (0.9) 

Patient convenience 7 (1.3) 

Prescriber access reasons 1 (0.2) 

Drug interaction 0 (0.0) 

Physician preference 46 (8.6) 

Reasons for choosing a second-line therapyn (%) 

Efficacy 407 (75.9) 

Tolerability 145 (27.1) 

Weight 112 (20.9) 

Hypoglycemia 70 (13.1) 

Patient request 49 (9.1) 

Convenience 36 (6.7) 

Access reason 10 (1.9) 

Cost 9 (1.7) 

Other 23 (4.3) 

Table 5. Reasons for changing first-line therapy and 
choosing a second-line treatment at baseline.
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HbA1c: Hemoglobin A1c; BP: Blood pressure; LDL: Low-density lipoprotein; IQR: Interquartile range; SD: Standard deviation.

Target achievement at baseline n (%) 

HbA1c <7% Total (n=536) 58 (11.7) 

≤65 year (n=490) 49 (10.8) 

>65 year (n=46) 9 (20.9) 

Male (n=269) 28 (11.2) 

Female (n=267) 30 (12.1) 

Systolic BP <140 mmHg Total (n=536) 262 (62.5) 

≤65 year (n=490) 247 (64.7) 

>65 year (n=46) 15 (40.5) 

Male (n=269) 135 (65.5) 

Female (n=267) 127 (59.6) 

LDL <100 mg/dL Total (n=536) 90 (21.2) 

≤65 year (n=490) 80 (20.7) 

>65 year (n=46) 10 (25.6) 

Male (n=269) 44 (20.5) 

Female (n=267) 46 (21.9) 

Glycemic targets set at second line therapy initiation  

Overall, n (%) Yes 411 (76.7) 

No 79 (14.7) 

Not known 46 ( 8.6) 

For HbA1c (n=411) Yes, n (%) 411 (76.7) 

Mean (SD) 7.0 (0.5) 

For fasting plasma glucose (n=294) Yes, n (%) 294 (54.9) 

Median (IQR) 120.0 (110.0-130.0) 

For post-prandial plasma glucose (n=239) Yes, n (%) 239 (44.6) 

Median (IQR) 160.0 (150.0-180.0)

Table 6. HbA1c, LDL-cholesterol, and systolic BP target achievement at baseline and glycemic targets set at the 
time of second-line therapy initiation.

Figure 3. HbA1c, systolic BP, and LDL-cholesterol target achievement rates at baseline in the global DISCOVER popula-
tion, European cohort, and Turkey arm. 
HbA1c: Hemoglobin A1c; BP: Blood pressure; LDL: Low-density lipoprotein.



Patient-reported outcomes 
Lifestyle assessment revealed a healthy 
lifestyle in 50.7% of patients, while the 
lifestyle was categorized as unhealthy or in-
termediate unhealthy in 35.9% of patients 
(Table 7). 
Mean (standard deviation) HFS-II subscale 
scores were 9.8 (10.2, range 1.0 to 16.0) 
for behaviors and 14.1 (15.5, range 0.0 to 
24.0) for worries (Table 7). Mean (standard 
deviation) physical and mental component 
scores in SF-36 were 47.9 (8.4) and 41.1 
(10.7), respectively (Table 7). 

Discussion 
This preliminary analysis of baseline data 
from the Turkey arm of the global DIS-
COVER study revealed metformin therapy 
either as a monotherapy or in combination 
to be the most common first-line agent. It 
also revealed the failure to achieve HbA1c, 
LDL-C, and systolic BP targets in a consider-
able portion of patients and high rates of 
micro and macrovascular complications be-
fore initiating second-line therapy. Lack of 
efficacy was the main reason for switching 
to second-line therapy, while second-line 
treatment choice was also primarily based 

on its expected efficacy. Accordingly, insulin 
was the most commonly prescribed second-
line agent, followed by metformin+DPP4 in-
hibitor therapy, with discontinuation of 
metformin only in 3.6% of patients.  
When compared to the global cohort, the 
Turkish cohort seemed to be composed of 
patients with a longer diabetes duration 
[mean (standard deviation) 7.1 (5.9) vs. 5.7 
(5.3) years], higher BMI values [mean 
(standard deviation) 31.7 (6.4) vs. 29.4 
(6.0) kg/m2] and a lower rate of high edu-
cational attainment (16.8% vs. 32.0%) 
(15). The nationwide TEMD Obesity Study 
also reported that among T2D patients 
(n=4,648) in the cohort, only 10% of pa-
tients had normal BMI and overweight 
(31%) or obesity (59%) in the majority of 
patients (21). 
Before second-line therapy initiation, the 
percentage of patients at target HbA1c 
(<7%), as well as those at target LDL-C 
(<100 mg/dL), were lower in Turkey (11.7% 
and 21.2%, respectively) as compared to 
global (17.4% and 43.5%, respectively) and 
European (18.7% and 43.2%, respectively) 
cohorts (22,23). In addition, mean (stan-
dard deviation) HbA1c levels [8.8(1.8)%], 
as well as the rate of HbA1c levels >9% 
(40.6%), were higher among Turkish pa-
tients, as compared to data from global [8.3 
(1.7)% and 26.7%, respectively] and Euro-
pean [8.1 (1.6)% and 21.8%, respectively] 
cohorts (22,23). The rate of target systolic 
BP (<140 mmHg) achievement in Turkey 
(62.5%) was consistent with rates reported 
in global (67.7%) and European (56.5%) 
cohorts (22,23).  
Notably, baseline BP control data analysis 
from patients with high cardiovascular risk 
in the LEADER Study (n=9,349) across 32 
countries reported that rates of BP control 
(50-54%) could not be considered satisfac-
tory at baseline along with higher rates of 
poor BP control in the European cohort, in-
cluding Turkey (only 20.3%, 42.4%, and 
46.2% were at target BP <130/80 mmHg, 
<140/85 mmHg and <140/90 mmHg, re-
spectively) (24). Lower rate of LDL-C target 
achievement in our cohort compared with 
global and European cohorts is important 
given the lower rates of statin prescription 
in Turkey (24.8%) than in Europe (45.8%) 
and the global population (42.9%) (25). 
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Lifestyle at baseline (n=412)                   n (%) 

Unhealthy (0-2)                  56 (13.6) 

Intermediate unhealthy (3)                  92 (22.3) 

Healthy (4-5)                   209 (50.7)  

Very healthy (6-7)                   55 (13.3) 

Hypoglycemic Fear Survey-II scores n Median (IQR) 

HFS-II-behaviors 341 7.0 (1.0, 16.0) 

HFS-II-worries 377 10.0 (0.0, 24.0) 

Total score 320 17.0 (4.0, 39.0) 

SF-36 HRQoL scores n Mean (SD)  

Physical functioning score 435 46.8 (10.1)  

Role-physical score 427 45.0 (9.5)  

Bodily pain score 414 44.8 (10.6)  

General health score 436 45.2 (9.2)  

Vitality score 410 47.6 (10.0)  

Social functioning score 429 45.0 (9.8)  

Role-emotional score 427 40.1 (12.8)  

Mental health score 411 40.4 (10.8)  

Physical component score 402 47.9 (8.4)  

Mental component score 403 41.1 (10.7) 

Table 7. Patient-reported outcomes.

HFS: Hypoglycemic Fear Survey; IQR: Interquartile range; SD: 
Standard deviation; HRQoL: Health-related quality of life.



Similarly, in a previous study among 707 pa-
tients with T2D in Turkey, only 33% of the 
patients were reported to receive statin ther-
apy. In contrast, most of the patients had 
LDL-C levels of >100 mg/dL (77%), with only 
5% with LDL-C levels of <70 mg/dL (26).  
The rate of glycemic control (HbA1c <7%) 
achievement in Turkish T2D patients was 
15.6% in a nationwide multi-center ADMIRE 
Study (n=1,790, mean age 58.7 years, av-
erage 7.7 years of diabetes duration) a 
decade ago (27), whereas much higher 
rates of glycemic control were reported in 
recent studies, including the Turkey arm of 
international IDMPS Study (n=842, mean 
age: 56.9 years, average 8.7 years of dia-
betes duration) (28) and TEMD Study 
(n=4,756, mean age 58.5 years, average 
13.7 years of diabetes duration) (29), which 
reported 28% and 40.2% glycemic control 
rate in 2016 and 2018, respectively.  
In addition, TEMD Study also revealed that 
LDL-C <100 mg/dL and home BP <135/85 
mmHg targets were achieved by 37.3% and 
69.1% of patients, respectively, whereas 
only 10.1% of patients achieved the triple 
metabolic targets, including HbA1c <7.0%, 
LDL-C <100 mg/dL, home BP <135/85 
mmHg (29). The LDL-C (<100 mg/dL) and 
BP (<130/80 mmHg) goal achievement 
rates were 25% and 23% in the ADMIRE 
study (27), while 35% and 20% in the 
IDMPS study, respectively (28). In the TEMD 
Dyslipidemia Study among 4,504 T2D pa-
tients, only 8.4% of patients attained target 
LDL-C levels, and 44.8% of patients were on 
statin treatment despite the need for statin 
therapy in 89.5% along with achieving tar-
get LDL-C levels by only a quarter of pa-
tients on statin therapy (30). Data from 
TEMD Hypertension Study in 4,756 T2D pa-
tients revealed hypertension in 67.5% of pa-
tients and 87.4% of hypertensive patients 
received treatment; BP was on target only 
in 52.7% of patients (31). Due to the higher 
rates for glycemic, LDL-C, and BP goal 
achievement as compared with previous 
studies in Turkey, authors of the TEMD study 
emphasized the potential role of an im-
proved healthcare system in Turkey over the 
years, as well as adherence to regular, fol-
low up in better diabetes care and improved 
rates for triple target achievement by pa-
tients (29). 

Overall, at baseline, 17.2% of Turkish pa-
tients had macrovascular, and 20.1% had 
the microvascular disease. In the global co-
hort, micro and macrovascular complica-
tions were evident in 19.4% and 14.7% of 
patients, respectively (15), indicating 
slightly higher rates for microvascular com-
plications in the Turkey arm of the DIS-
COVER study. Minor (10.7% vs. 3.5%) or 
major (5.5% vs. 1.0%) hypoglycemia his-
tory was also evident in a higher percentage 
of patients in our cohort as compared with 
the global cohort (15). Similarly, data from 
ADMIRE study in 1,790 T2D patients from 
Turkey revealed 58.6% of patients to have 
at least one chronic complication, including 
neuropathy (40.0%), while hypoglycemia 
(19%) was reported to be the most common 
acute complication (26). Data from the 
Turkey arm of the international IDMPS study 
revealed that 88% of T2D patients had at 
least one microvascular complication, and 
99% had at least one cardiovascular risk 
factor (28). 
Multivariate regression analysis of global 
data revealed a positive association of mi-
crovascular complication rates with higher 
HbA1c levels, older age, male gender, low 
educational status, active smoking, longer 
diabetes duration, and hypoglycemia history 
(25). Accordingly, the high prevalence of mi-
crovascular complications in our cohort was 
consistent with higher HbA1c levels, higher 
hypoglycemia prevalence, longer diabetes 
duration, lower educational levels, and 
higher smoking rates than in the overall 
global cohort. These findings emphasize a 
need for more aggressive risk factor screen-
ing and modification at early stages of T2D 
in Turkish patients (25). 
Metformin monotherapy (47.9%) and met-
formin+sulfonylurea (22.6%) were the most 
common first-line therapies, whereas insulin 
(32.3%) was the most commonly prescribed 
second-line agent, followed by met-
formin+DPP4 inhibitor (20.1%) in our co-
hort. It was consistent with the global data 
that indicated that the most commonly pre-
scribed first-line glucose-lowering therapies 
were metformin monotherapy (57.9%) and 
combinations of metformin and sulfonylurea 
(14.6%) (15). However, despite being among 
the most commonly selected first-line treat-
ment options, in real-life clinical practice,  
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the rate of metformin+DPP4 inhibitor therapy 
was meager in both the Turkey arm (6.0%) 
and global cohort (3.3%) (15). 
In addition, metformin+sulfonylurea (21.3%) 
and metformin+DPP4 inhibitor (25.1%) were 
the most commonly initiated second-line 
therapies in the global cohort, with insulin 
prescribed only in 6.2% cases (15). Notably, 
anti-diabetic treatment findings from the na-
tionwide ADMIRE Study and Turkey arm of 
IDMPS Study was consistent with our results 
in terms of rates for oral antidiabetic drug 
(OAD) alone (61% and 52%, respectively), 
insulin alone (15% and 18%, respectively), 
and OAD+insulin (20% and 29%, respec-
tively) regimens (27,28). Data from the 
TEMD Treatment study on 4,678 T2D pa-
tients revealed that 50.7% of patients (45% 
on insulin) were on injectable regimens with 
or without OADs, and 49.3% were on OADs 
alone (32). The authors also noted that met-
formin (93.5%) was the most common 
OADs, followed by secretagogues (40.1%) 
and DPP-4 inhibitors (37.2%), while basal, 
basal-bolus, and premix insulin was used by 
26.5%, 39.5%, and 22.4% of patients, re-
spectively (32). 
Nonetheless, a higher rate of insulin as a 
second-line agent in Turkey vs. the global 
cohort was consistent with a lower rate of 
HbA1 target achievement and higher preva-
lence of HbA1c levels >9% at the time of ini-
tiating second-line therapy and longer 
diabetes duration in the Turkey cohort. A 
higher likelihood of treatment intensification 
with insulin was also reported in T2D pa-
tients with HbA1c levels ≥9.0% vs. ≥8.0% 
under OAD therapy (33). In addition, data 
from Germany and UK cohorts of the DIS-
COVER study also revealed very high HbA1c 
levels while initiating second-line therapy 
with baseline HbA1c ≥9.0% in one-third of 
patients (7). Authors suggested a delay in 
treatment intensification, indicating a need 
for earlier treatment intensification (7), sup-
porting the data from several real-world 
studies, including Turkey (34-38).  
Hence, based on an average of 7.1 years of 
diabetes duration and high rates of HbA1c 
values >9% and macro and microvascular 
complications in our cohort at the time of 
second-line therapy initiation, our findings 
support data from observational studies. 
Previous studies suggested that patients are 

often exposed to a prolonged glycemic load 
before the onset of insulin treatment follow-
ing a long disease history and average 
HbA1c levels above 9% worldwide, in a pop-
ulation in which diabetes-related complica-
tions are already highly prevalent (38,39).  
Lack of efficacy (90.9%) was the most com-
mon reason for changing first-line therapy 
in the Turkey arm, and the second-line ther-
apy selection was also based on its expected 
efficacy in most cases (75.9%), followed by 
tolerability (27.1%), concordant with the 
global data (40). However, global and Euro-
pean reports revealed that metformin was 
discontinued in over one-third of patients ini-
tiating a second-line therapy, considered 
more than expected if guideline recommen-
dations were applied (7,9,40). Accordingly, 
discontinuation of metformin only in 3.6% of 
patients initiating second-line therapy in our 
cohort was per guideline recommendations 
and consistent with the benefits of continu-
ing metformin therapy, including reduced 
mortality risk and reduced micro/macrovas-
cular complications (7,9,40). 
For patients with a known CVD who failed to 
reach the HbA1c target under first-line ther-
apy, the addition of an agent with proved 
cardiovascular benefit (i.e., SGLT2-inhibitors 
or GLP-1A) due to their association with re-
duced risk of cardiovascular event and mor-
tality is recommended in TEMD 2018 
Guideline for Diagnosis, Treatment, and Mon-
itoring of Diabetes Mellitus and Its Complica-
tions (41). SGLT2-inhibitors (dapagliflozin) 
were not covered by insurance and not reim-
bursed in Turkey within the study period.  
Lifestyle assessment revealed a healthy 
lifestyle in 50.7% of patients, while moder-
ate scores in terms of quality of life and hy-
poglycemia fear at baseline before initiating 
second-line therapy. In a study with 5,813 
patients with T2D, the treatment intensifi-
cation was associated with quality of life 
change and the predictive role of insulin 
alone on quality of life and hypoglycemia 
worry. Thus, our findings support the im-
portance of measuring patient-reported out-
comes after second-line therapy to increase 
treatment adherence and the likelihood of 
long-term glycemic control (42). Besides, it 
is also notable given the role of clinical inac-
tivity, poor treatment compliance, and side 
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effects in the delay of necessary treatment 
intensification in patients receiving OAD 
treatment (39), as well as the association of 
prolonged delays in initiation of insulin with 
fear of injection pain, hypoglycemia and 
weight gain, and the reduced quality of life 
(43-47).  
The major strength of the global DISCOVER 
study was the inclusion of patients from di-
verse clinical settings in 37 countries with 
careful selection of physicians and geographic 
regions, enabling findings to be representa-
tive of real-life practice in each country. How-
ever, there are two limitations to this study. 
First, the observational design indicated the 
likelihood of bias and confounding. Second, 
underestimating negative outcomes is an-
other limitation given the higher possibility of 
loss on follow-up among patients with poorly 
controlled diabetes.  

Conclusion 
In conclusion, this preliminary analysis of 
baseline data from the Turkey arm of the 
global DISCOVER study revealed metformin 
monotherapy or combination therapy was 
the most common first-line therapy, and 
lack of efficacy was the main reason for 
switching to second-line therapy. However, 
the choice of second-line treatment was also 
primarily based on its expected efficacy. Ac-
cordingly, insulin was the most commonly 
prescribed second-line agent, followed by 
metformin+DPP4 inhibitor therapy, with dis-
continuation of metformin only in 3.6% of 
patients. Compared to global and European 
cohorts, longer diabetes duration, higher BMI 
values, higher rate of HbA1c levels of >9%, 
and failure to achieve HbA1c and LDL-C tar-
gets were noted in the Turkish cohort when 
initiating second-line therapy. Our findings 
emphasized a need for more aggressive risk 
factor screening and modification at early 
stages of T2D in Turkish patients and earlier 
treatment intensification to reduce prolonged 
glycemic load and better management of 
dyslipidemia and hypertension to prevent fur-
ther complication risks. 
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