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Model equations 

Susceptible population with up to one risk factor  

We assumed that individuals were born “healthy” susceptible—meaning that they did not have 

T2DM nor T2DM-related risk factors. Individuals remained in the “healthy” state until they 

became obese, active smokers, physically inactive, or progressed to T2DM. Individuals in any of 

these susceptible states were assumed to die of natural causes (i.e. causes not related to T2DM). 
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Those in the “obese” state remained as such until they became smokers (i.e. moved to the 

overlapping compartment of “obese smoker”), physically inactive (i.e. moved to the overlapping 

compartment of “obese physically inactive”), “healthy” again (i.e. became non-obese), or 

progressed to T2DM. Those in the “smoker” state remained as such until they became obese, 

physically inactive, “healthy” again, or progressed to T2DM. Those in the “physical inactivity” 

state remained as such until they became obese, smokers, “healthy” again, or progressed to 

T2DM. 
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Susceptible population with overlap of more than one risk factor (for those >4 years old) 

Individuals in the “obese smoker” state remained as such until they became physically inactive 

(i.e. moved to the overlapping compartment of “obese, smoker, physically inactive”), moved to 

“obese” state, moved to “smoker” state, or developed T2DM. Those in the “obese physically 

inactive” state remained as such until they became smokers, moved to “obese” state, moved to 

“physically inactive” state, or developed T2DM. Those in the “smoker physically inactive” state 

remained as such until they became obese, moved to “smoker” state, moved to “physically 

inactive” state, or developed T2DM. Individuals in the “obese, smoker, physically inactive” state 

remained as such until they moved to “obese smoker”, “obese physically inactive”, or “smoker 

physically inactive”, or developed T2DM.  
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Obesity onset rate 

Given evidence for increasing obesity prevalence in Turkey, the rate of becoming obese in the 

T2DM model was allowed to be time- and age-dependent and was parameterized through a 

combined Gaussian-logistic function:  

( )

2

2

1

2 2

1( , )
1



 −
− 
 

− −
=
 + 

t t

d

d a c

c e
t a

e
.         

Here, 1c , 2c , 2t , 1d , and 2d  are fitting parameters obtained by fitting the model to the age-

structured obesity prevalence data [6-11]. 

 

Our model is comprehensive in allowing overlap, different histories, and diverse dynamics for 

the different population compartments. However, there is not sufficient evidence to parameterize 

many of the rates in the model. Therefore, we have made the following assumptions to reduce 

the number of free parameters in the model:  

 

• Assumption 1: The rate in which individuals become obese in the population is 

independent of their health status.  

• Assumption 2: The rate in which individuals become smokers in the population is 

independent of their health status. 

• Assumption 3: The rate in which individuals become physically inactive in the population 

is independent of their health status. 

• Assumption 4: The rate in which individuals become non-obese in the population is 

independent of their health status. 

• Assumption 5: The rate in which individuals quit smoking in the population—i.e. move 

out of smoker state—is independent of their health state. 

• Assumption 6: The rate in which individuals leave the physically inactive state in the 

population is independent of their health status.” 
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Additional Tables 

Table S2. Model assumptions in terms of parameter values 

 

Assumption Age 
group 

Parameter value (95% CI) Reference 

Men Women 

Number of age compartments in 
the model (each for 5 years; a) 

- 20 20 By choice 

Relative risk of developing T2DM 

if obese (
O

RR ) 

All 6.48 (5.17–8.13) 8.38 (5.46–12.85) 43 

Relative risk of developing T2DM 

if current smoker (
S

RR ) 

All 1.42 (1.34–1.50)  1.33 (1.26–1.41)  46 

Relative risk of developing T2DM 

if physically inactive (
F

RR )  

15–69  

70–79  

≥80  

1.45 (1.37–1.54) 

1.32 (1.25–1.40) 

1.20 (1.14–1.28) 

1.45 (1.37–1.54) 

1.32 (1.25–1.40) 

1.20 (1.14–1.28) 

48 

 

Relative risk of developing T2DM 

if obese and smoker (
OS

RR )  

All  9.20 (6.93–12.20) 11.15 (6.88–18.12) Calculated 
based on 
43,46 

Relative risk of developing T2DM 
if obese and physically inactive         

(
OF

RR )  

15–69  

70–79  

≥80  

9.40 (7.08–12.52) 

8.55 (6.46–11.38) 

7.78 (5.89–10.41) 

12.15 (7.48–19.79) 

11.06 (6.83–18.12) 

10.06 (6.22–16.45) 

Calculated 
based on 
43,48 

Relative risk of developing T2DM 
if smoker and physically inactive       

(
SF

RR )  

15–69  

70–79  

≥80  

2.06 (1.84–2.37) 

1.87 (1.68–2.17) 

1.70 (1.53–1.97) 

1.93(1.73–2.17) 

1.76 (1.58–1.99) 

1.60 (1.44–1.80) 

Calculated 
based on 
46,48 

Relative risk of developing T2DM 
if obese, smoker, and physically 

inactive (
OSF

RR )  

15–69  

70–79  

≥80  

13.34 (9.49–19.28) 

12.15 (8.66–17.65) 

11.04 (7.90–16.03) 

16.16 (9.43–27.90) 

14.71 (8.60–25.55) 

13.37 (7.84–23.19) 

Calculated 
based on 41-
46,48 

RR of mortality in T2DM as 
compared to the general 

population (
M

RR ) 

 

20–29 

30–39 

40–49 

50–59 

60–69 

70–79+ 

3.70 

3.30 

1.95 

1.65 

1.62 

1.40 

5.95 

5.61 

3.41 

2.73 

2.08 

1.78 

52,53 

T2DM: Type 2 diabetes mellitus
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Box S2 Selection of Data Sources on risk factors in Turkey

A comprehensive literature search was performed on 6th June 2019 in order to determine 
the data sources of this study and collecting the data. The latest studies related to diabetes 
and its risk factors in last 23 years were found and critically assessed. 

The criteria used to select data sources for inclusion in the modelling analyses were as 
follows: 

• Population representative of Turkey (stratified random sample or probabilistic 

sample at a national level)  

• Adequacy of the sampling frame and method 

• Response rate 

• Diabetes definition and measurement method 

• Risk factor definitions and measurement methods 

• Data available stratified by age and sex  

• Data accessible either in publications or open access 

Since we wished to obtain comparable data on trends over time, we used the definition (of 
diabetes, smoking, physical activity) most consistently reported in included studies, even 
though these may not always be the most sensitive or optimal definition. For example, we 
based our assessment of diabetes prevalence on fasting plasma glucose (FPG), although 
we know that oral glucose tolerance tests (OGTT) are the gold standard for detecting 
diabetes. This is because FPG was the only measurement consistently reported across 
repeated studies of diabetes prevalence in Turkey. Similarly we based our assessment of 
smoking prevalence on those who self-report as “current smokers” although better 
classifications may be available e.g. currently smoking at least one cigarette per day.  
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Figure S1 below shows the flow of studies through the selection processes for this 

analysis  
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• Turkey Urban and Rural Epidemiology 1 (TURDEP 1)  
• Turkey Urban and Rural Epidemiology 2 (TURDEP 2)  
• Global Adult Tobacco Survey, GATS 2008 
• Global Adult Tobacco Survey, GATS 2012   
• Turkey Chronic Diseases and Risk Factors Prevalences Study 

2013 
• WHO Natıonal Household Health Survey In Turkey Prevalence Of 

Noncommunıcable Dısease Rısk Factors 2017 

WHO Global Report On Trends In Prevalence Of 
Tobacco Smoking 2015, PURE and TEKHARF 
studies were excluded because age and sex 
stratified prevalence data were not accessible.  

Studies initially identified through the searching process 

 
• Turkey Diabetes, Hypertension, Obesity and Endocrinologic 

Diseases Prevalence Study 1 (TURDEP 1; 11)  
• Turkey Diabetes, Hypertension, Obesity and Endocrinologic 

Diseases Prevalence Study Turkey Urban and Rural 
Epidemiology 2 (TURDEP 2; 12)  

• Global Adult Tobacco Survey, GATS 2008 (18) 
• Global Adult Tobacco Survey, GATS 2012  (19) 
• Turkey Chronic Diseases and Risk Factors Prevalences Study 

2013 (20) 
• WHO Global Report On Trends In Prevalence Of Tobacco 

Smoking 2015 (52) 
• WHO Natıonal Household Health Survey In Turkey Prevalence Of 

Noncommunıcable Dısease Rısk Factors 2017 (6) 
• The Prospective Urban Rural Epidemiology (PURE) (53) 
• TEKHARF (54,55) 
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Table S3. Characteristics of the Turkey’s population-based surveys used in the analysis for type 2 diabetes mellitus 
(T2DM) and its risk factors 
 
. 
Survey/Study title Survey 

year 
Age group 
(years) 

Sex 
distribution 

Response 
rate 

Method of diagnosis 
for diabetes 

Reported risk 
factors 

Reference 
 

M  W    
National surveys         
National Household Health 
Survey – Prevalence of 
Noncommunicable Disease 
Risk Factors in Turkey 2017 

2017 ≥15  40% 60% 70% FBG Diabetes 
Obesity 
Physical inactivity 
Smoking 

6 
  

 
Chronic Diseases And Risk 
Factors Survey in Turkey 2013 

2011 ≥15  47% 53% 46% FBG Diabetes 
Obesity 
Physical inactivity 
Smoking 

20 
 

TURDEP 2 (Turkey Diabetes, 
Hypertension, Obesity and 
Endocrinologic Diseases 
Prevalence Study 2) 

2010 ≥20  37% 63% 87% OGTT+FBG Diabetes 
Obesity 

11 

TURDEP 1 (Turkey Diabetes, 
Hypertension, Obesity and 
Endocrinologic Diseases 
Prevalence Study 1) 

1997-1998 ≥20  44.7
% 

55.3% 85% OGTT+FBG Diabetes 
Obesity 
Smoking 

12 

WHO Global Adult Tobacco 
Survey 2012 

2012 ≥15  49.2
% 

50.2% 90.1%  Smoking 19 

WHO Global Adult Tobacco 
Survey 2008 

2008 ≥15  -- -- 97%  Smoking 18   

Footnotes:  
FBG = Fasting Blood Glucose 
OGTT = Oral Glucose Tolerance Test
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Additional Figures 

Figure S2. Model predictions for the population size of Turkey overall and stratified by 
sex, as compared to estimates of the National Statistics Institute in Turkey (TurkStat; 
48).  
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Figure S3. Model fit for the sex- and age-specific type 2 diabetes mellitus (T2DM) prevalence in Turkey in 2017 (A and 
B), 2013 (C and D), 2010 (E and F), and 1997 (G and H) national surveys. The black crosses in the panels are the data 
provided by the different population-based surveys in these years (References 11-12) 
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Figure S7. Assumptions used in three sensitivity analyses. Obesity trend between 
2020-2050 assuming A) that the obesity prevalence in women will be reduced to that 
seen among men by the year 2030, and B) that the age-specific obesity prevalence 
remained constant after 2020. 
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Figure S8. Uncertainty interval for the prevalence of type 2 diabetes mellitus (T2DM) in 
Turkey between 2020-2050. The solid black line represents the mean, while the dashed 
lines bracket the 95% uncertainty interval. 
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Figure S9 Figure showing the estimated trends in type 2 diabetes prevalence, stratified by sex, 
if risk factors combined additively rather than multiplicatively 
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