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Abstract
Background: Obesity is the main obstacle for metabolic control in patients with type 2 diabetes. 
Turkey has the highest prevalence of obesity and type 2 diabetes in Europe. The effect of obe-
sity on the metabolic control, and the macro- and microvascular complications of patients are 
not apparent. Objectives: This nationwide survey aimed to investigate the prevalence of over-
weight and obesity among patients with type 2 diabetes and to search for the impact of obe-
sity on the metabolic control of these patients. We also investigated the independent associates 
of obesity in patients with type 2 diabetes. Methods: We consecutively enrolled patients who 
were under follow-up for at least 1 year in 69 tertiary healthcare units in 37 cities. The demo-
graphic, anthropometric, and clinical data including medications were recorded. Patients were 
excluded if they were pregnant, younger than 18 years, had decompensated liver disease, psy-
chiatric disorders interfering with cognition or compliance, had bariatric surgery, or were under-
going renal replacement therapy. Results: Only 10% of patients with type 2 diabetes (n = 4,648) 
had normal body mass indexes (BMI), while the others were affected by overweight (31%) or 
obesity (59%). Women had a significantly higher prevalence of obesity (53.4 vs. 40%) and severe 
obesity (16.6 vs. 3.3%). Significant associations were present between high BMI levels and lower 
education levels, intake of insulin, antihypertensives and statins, poor metabolic control, or the 
presence of microvascular complications. Age, gender, level of education, smoking, and physical 
inactivity were the independent associates of obesity in patients with type 2 diabetes. Conclu-
sion: The TEMD Obesity Study shows that obesity is a major determinant of the poor metabol-
ic control in patients with type 2 diabetes. These results underline the importance of prevention 
and management of obesity to improve health care in patients with type 2 diabetes. Also, the 
results point out the independent sociodemographic and clinical associates of obesity, which 
should be the prior targets to overcome, in the national fight with obesity.

© 2019 The Author(s)
Published by S. Karger AG, Basel

Introduction

Overweight and obesity is a pandemic that plays a major role in the pathogenesis of 
type 2 diabetes and a multitude of its complications [1–3]. The upsurge in obesity rates 
appears to be the primary factor for the recent increase in the prevalence of type 2 diabetes 
[4, 5]. Several medications commonly used for the treatment of diabetes or its complica-
tions also increase adiposity and augment this vicious cycle [6–8]. Obesity is also a signif-
icant hurdle in diabetes management and an independent risk factor for cardiovascular 
diseases [4, 9]. The prevalence of obesity varies in different regions of the world and there 
is hardly enough data about the effects of obesity on the achievement of metabolic targets 
in patients with type 2 diabetes [10].

The TEMD Obesity Study (Turkish Nationwide Survey of Glycemic and Other Metabolic 
Parameters of Patients with Diabetes Mellitus) was designed to investigate the sociodemo-
graphic characteristics and the cardiometabolic risk status of Turkish adults with diabetes 
mellitus [11]. The present TEMD Obesity Study specifically investigates these patients to find 
out the prevalence of overweight and obesity among patients with type 2 diabetes. The study 
also assesses the relationship between obesity and the major cardiometabolic risk factors, 
macro- and microvascular complications, and sociodemographic, clinical, and self-manage-
ment factors. Finally, the TEMD Obesity Study looks for the independent associates of obesity 
in a population with type 2 diabetes.
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Methods

The TEMD Obesity Study is a cross-sectional, nationwide, multicenter survey, which was 
carried out between April 1 and June 30, 2017 in 68 tertiary endocrine units from 37 cities 
throughout Turkey. The study centers were selected according to the 12 Nomenclature of 
Territorial Units for Statistics (NUTS) regions of the country. Both local and central ethics 
committees approved the study. The ClinicalTrials.gov registration number is NCT03455101. 
All patients signed informed consent forms prior to data collection. The study protocol is 
given in detail elsewhere [11].

Patients with either type 1 or 2 diabetes who were under follow-up in the same center 
for at least 1 year were consecutively enrolled in the original study [11]. The present report 
is prepared only for the patients with type 2 diabetes. Patients were excluded if they were 
pregnant, younger than 18 years, had decompensated liver disease, psychiatric disorders 
interfering with cognition or compliance, had bariatric surgery, or were undergoing renal 
replacement therapy. A total of 4,756 patients with type 2 diabetes were registered. Cases 
without body mass index (BMI) records (n = 108) were excluded, and data from 4,648 patients 
were evaluated in this report.

Patients were asked to fill specifically designed questionnaires about sociodemographic 
characteristics (age, marital status, education, occupation, and income), concomitant diseases, 
medications, macro- and microvascular complications, family history, lifestyle and personal 
diabetes management (diet, exercise, smoking, self-monitoring of blood glucose, and fre-
quency of hypoglycemia), data of outpatient care standards (dietitian visits, diabetes nurse 
interviews, foot and dental examinations, and vaccinations), treatment regimens, and current 
and previous laboratory data.

Anthropometrics
The height, weight, and waist circumference recordings were performed according to 

the standard protocol with the patients in their underwear. The ratio of weight to the 
square of height (kg/m2) was given as BMI. Arterial blood pressure (ABP) was recorded 
using automatic blood pressure (BP) monitors (Omron M2, HEM-7121-E) in a sitting 
position after at least 5 min of rest. Three consecutive measurements were conducted on 
the same arm, and the mean was recorded. We asked patients to measure ABP at home 
twice a day for a week. The mean of these recordings was also recorded during their 
control visit.

Laboratory Analysis
Laboratory evaluations were performed in the local hospitals where the interviews were 

conducted. For biochemical analyses, all blood samples were collected from the antecubital 
vein between 08: 00 and 10: 00 after an overnight fast. All laboratory parameters were 
measured using standard procedures. The levels of glucose, total and high-density lipoprotein 
cholesterol (HDL-C), and triglycerides (TG) were measured enzymatically. LDL-C was calcu-
lated using Friedewald’s equation (LDL-C = total cholesterol – [HDL-C + TG/5]) if TG was less 
than 400 mg/dL [12]. Glycated hemoglobin (HbA1c) was measured through high-perfor-
mance liquid chromatography, turbidimetric inhibition immunoassay, or enzymatic methods. 
Estimated glomerular filtration rate (eGFR) was calculated by the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) formula. 

Definitions
Hypertension was the presence of home BP recordings > 135/85 mm Hg or currently 

undergoing antihypertensive treatment. For patients who were not able to record their BP at 
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home, an average office BP > 140/90 mm Hg in two different visits was defined as hyper-
tension. Dyslipidemia was TG > 150 or LDL-C > 100, or low HDL-C (men < 40, women < 50 mg/
dL), or receiving medications for dyslipidemia. The definitions for BMI values were: normal, 
18.5–24.9 mg/dL; overweight, 25–29.9 mg/dL; moderate obesity, 30–39.9 mg/dL; severe 
obesity, ≥40 mg/dL [13]. Treatment targets were defined as HbA1c < 7%, home ABP < 135/85 
mm Hg, and LDL-C < 100 mg/dL [14, 15]. Regular exercise was defined as performing physical 
activity on more than 2 days a week, with each episode lasting for more than 30 min. Hypo-
glycemia was defined according to the patients’ disclosure of having classic adrenergic 
symptoms associated with a measured capillary glucose level of 70 mg/dL or less. Low income 
was self-reported monthly earnings below the minimum wage level declared in 2017. A low 
education level was defined as receiving less than 8 years of formal education. Macrovascular 
complications were either self-reported, having a history of coronary artery disease, angina, 
heart attack, cerebrovascular event, or peripheral artery disease, or recorded by the physi-
cians according to findings such as non-palpable extremity pulses, low ankle-brachial index 
values (≤0.9), positive findings on coronary or peripheral arteriography, and carotid or 
peripheral arterial duplex ultrasound examination. Retinopathy was self-reported by the 
patients when asked whether they have been told in eye examinations that they have any 
problem related to diabetes mellitus. Nephropathy was defined as the presence of albu-
minuria or decreased eGFR. Neuropathy was defined as the presence of symptoms related to 
bilateral distal symmetrical neuropathy or other autonomous neuropathies attributed to 
diabetes mellitus.

Statistical Analysis
Statistical analysis was performed in SPSS 18.0 (SPSS Inc., Chicago, IL, USA). Data are 

presented as the mean (standard deviation) for continuous variables or as number 
(percentage) for categorical variables. To search for the categorical relationship between BMI 
and the clinical, sociodemographic, and biochemical variables, patients were allocated into 
categories based on their BMI. 
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Fig. 1. Distribution of patients with type 2 diabetes according to gender and BMI categories.
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Independent-sample t tests were used for comparisons among continuous variables, and 
χ2 test was employed for categorical variables. Binominal logistic regression was performed 
to ascertain the association between different variables and the presence of obesity. Having 
statistical significance (p < 0.05) in univariate analysis as well as the clinical rationale for a 
potential association with glycemic control were the criteria for inclusion in the model for 
these variables, which were sex, age (< 65 years vs. older), BMI (< 25 vs. 25–29.9 vs. ≥30), BP 
(< 135/85 mm Hg vs. higher), having microvascular and macrovascular complications, hypo-
glycemia, smoking, exercise (≤2/week vs. higher), statin treatment, insulin use, education 
level, being followed up by a private center (vs. government hospital), and monthly income 
(in 3 categories). Odds ratios (ORs) with 95% confidence intervals (CI) are given in Figure 3. 
The p value was two-tailed with a significance level of 0.05.

Results

The baseline characteristics of patients (n = 4,648) stratified by their BMI categories are 
given in Table 1. Only 10.1% (n = 468) of these patients had a normal weight. The prevalence 
of overweight patients is 31.0% (n = 1,439), of obesity is 47.9% (n = 2,225), and of severe 
obesity is 11.1% (n = 516; Table 1). Both obesity (53.4 vs. 40.0%) and severe obesity (16.6 
vs. 3.3%) are much more prevalent in female patients with type 2 diabetes (p < 0.001 for both; 
Fig. 1). Patients in the higher BMI categories are significantly younger, with a female prepon-
derance and lower education levels (p < 0.001 for all). Fewer patients achieved ABP and 
HbA1c goals in the higher BMI categories (p < 0.001 for both; Table 1; Fig. 2). Patients have 
higher TG and lower HDL-C levels (p < 0.001 for both) and much more frequently use insulin 
and antihypertensive drugs (p < 0.001 for both) in higher BMI categories. There was no signif-
icant difference between the number of patients taking statins and oral antidiabetic drugs. 
Microvascular complications significantly increase in patients with the higher BMI categories 
(p = 0.001), while there were no significant differences in the macrovascular complications 

0,0
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50,0

60,0

70,0

80,0

90,0
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Fig. 2. Achievement of metabolic targets according to the BMI categories.
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(Table 1). Considering that the percentage of female patients tends to increase with increasing 
BMI levels, we also compared the metabolic parameters between men and women in the 
different BMI categories. This comparison showed that the significant alterations of age, 
HbA1c, ABP, and the intake of insulin and antihypertensive drugs presented in Table 1 are 
not confounded by the gender differences of the patients (Table 2).

Multivariate analyses were conducted to identify the variables associated with obesity 
(Fig. 3). According to the results, being female (OR 2.43, 95% CI 2.12–2.78, p < 0.001), or older 
(OR 0.60, 95% CI 0.42–0.86, p = 0.005 for ages 60–69 years; OR 0.36, 95% CI 0.25–0.53, p < 
0.001 for age > 70 years), having higher education levels (OR 0.62, 95% CI 0.54–0.71, p < 
0.001), performing exercise (OR 0.68, 95% CI 0.59–0.78, p < 0.001), smoking (OR 0.69, 95% 
CI 0.57–0.84, p < 0.001), having microvascular complications (OR 1.18, 95% CI 1.03–1.35,  
p = 0.020), hypertension (OR 1.74, 95% CI 1.35–2.23, p < 0.001), and low HDL-C levels (OR 
1.31, 95% CI 1.15–1.50, p < 0.001) are the independent associates of obesity in patients with 
type 2 diabetes (Fig. 3).

Discussion

The TEMD Obesity Study showed that 90% of Turkish adult patients with type 2 diabetes 
are overweight or obese. The prevalence of obesity in patients with type 2 diabetes in this 
study (59%) is considerably higher than the prevalence reported for the Turkish adult popu-
lation (32%) [16]. The situation is even worse in women. Only 6.7% of Turkish women with 
type 2 diabetes have a normal weight, while 17% of them have severe obesity. TEMD patients 
with obesity take more medications yet have poorer ABP, lipid and glucose control, and a 
higher prevalence of microvascular complications. Obese patients are younger and less 
educated. Fewer of them perform exercise and smoke than non-obese patients with type 2 

Fig. 3. The independent associates of being a patient with type 2 diabetes and obesity.
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diabetes. The independent associates of being a patient with obesity and type 2 diabetes are 
female gender, older age, lower education levels, a sedentary lifestyle, not smoking, taking 
insulin, and having hypertension, microvascular complications, and low HDL-C levels. 

The worldwide frequency of overweight and obesity is rising. The prevalence varies in 
different geographical regions, ranging from 22% in South Asia to nearly 70% in North America 
[17, 18]. Several regional and demographical factors affect the interaction between obesity and 
type 2 diabetes [5, 19]. Unfortunately, Turkey has the highest prevalence of obesity and type 2 
diabetes in Europe [20, 21]. Characterizing the sociodemographic features of patients with type 
2 diabetes and obesity will help to better understand the issue in Turkey. Large multinational 
studies report the prevalence of obesity as 53–62% in patients with type 2 diabetes [10, 22, 23]. 
The TEMD Obesity Study shows that Turkey is among the countries with the highest prevalence 
of obesity in patients with type 2 diabetes. The previous nationwide TURDEP study reported a 
75% prevalence of overweight and obesity in the Turkish adult population [16]. According to 
the present TEMD Obesity Study, the prevalence is about 90% in Turkish patients with type 2 
diabetes. Women with type 2 diabetes have a 2.5 times greater risk of obesity than men and 
have a 16.5% prevalence of severe obesity. With these numbers, Turkish women with type 2 
diabetes appear to have the highest risk of obesity when compared to other studies from 
different regions of the world [10, 22, 24–26]. Obesity is already a significant problem in non-
diabetic Turkish women as well [16]. It appears that women should be the focus of nationwide 
measures to prevent obesity, type 2 diabetes, and associates. 

The TEMD Obesity Study also shows that obese patients are significantly younger than 
non-obese patients. This is most likely due to the survivor bias. Obese patients have a greater 
likelihood of dying than those with a lower BMI [10, 25]. Another significant aspect of TEMD 
patients with obesity is the low smoking prevalence. Smoking and body weight is inversely 
related [27, 28], probably due to the reduction in food intake and increased metabolic rate in 
smokers [29]. Weight gain after smoking cessation is well reported [10, 30]. Still, the effect of 
smoking on mortality and morbidity is much higher than the effect of obesity [31, 32], notwith-
standing being an independent risk factor for type 2 diabetes [33].

TEMD patients with obesity have poorer glucose and ABP control rates, though they take 
more antidiabetic and antihypertensive medications. The number of patients under statin 
treatment is not different between the groups or the LDL-C levels. However, patients with 
obesity have much higher TG and lower HDL-C levels, namely atherogenic dyslipidemia. These 
are the expected lipid profiles in patients with obesity resulting from insulin resistance [34]. 
Overall, these metabolic disadvantages of Turkish patients with type 2 diabetes and obesity 
are similar to those populations from the different geographical regions of the world [10, 23, 
35, 36]. Randomized controlled studies show that a significant proportion of patients with 
type 2 diabetes cannot reach prespecified targets for the major modifiable cardiovascular risk 
factors [37]. The TEMD Obesity Study once again shows that obesity significantly worsens the 
gap between metabolic goals and achievement rates, despite more intensive treatment. 

The TEMD Obesity Study may have several limitations. As it is a cross-sectional survey, 
we cannot interpret these findings as direct evidence of a causal relationship between obesity 
and increased cardiovascular risk in type 2 diabetes. However, the results are consistent with 
previous longitudinal studies mentioning obesity as a risk factor for type 2 diabetes and its 
complications [2, 38]. Also, in the study, the micro- and macrovascular complications were 
mostly self-reported. This is a potential weakness for presenting the exact frequency of 
complications. Another limitation is that our study has the possibility of selection bias. The 
data may not entirely reflect the general population with type 2 diabetes. All of these patients 
are under follow-up in the tertiary endocrine or diabetes units. Therefore, they are more 
likely to have multiple comorbidities. However, the strength of the TEMD Obesity Study is the 
recruitment of a large number of patients representing the overall country. 
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In conclusion, this study presents a high prevalence of obesity, including severe obesity 
in patients with type 2 diabetes, and suggests that obesity worsens glycemic control and 
increases cardiovascular risk. Also, this study shows that the burden of obesity is much higher 
in some patients with specific sociodemographic and clinical characteristics. These findings 
highlight the priorities for the management of obesity in a population with the highest preva-
lence of obesity in Europe. Better metabolic and glycemic control rates in lean patients 
indicate that obesity care deserves much more attention and greater resources in the 
management of patients with diabetes mellitus.
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