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Abstract

Aims Diabetes mellitus is a chronic disease that limits the quality and duration of life. We aimed to estimate the impact of demo-
graphic change on the burden of prediabetes and diabetes between 2010 and 2021, and the projections to 2030 and 2045 in Turkiye.
Materials and methods Prediabetes and diabetes estimates were calculated by direct standardization method using age-
and sex-specific prevalence data from the previous ‘“Turkish Epidemiology Survey of Diabetes, Hypertension, Obesity and
Endocrine Disease’ (TURDEP-II) as reference. The 2010-2021 population demographics were obtained from TurkStat.
Comparative age-adjusted diabetes prevalence was estimated using the standard population models of world and Europe.
Results Estimates depicted that the population (20-84 years) of any degree of glucose intolerance in Turkiye increased by
over 5.7 million (diabetes: 2.4 million and prediabetes: 3.3 million) from 2010 to 2021. While the increase in prediabetes
and diabetes prevalence was 24.3% and 35.2% in overall population, corresponding increase were 46.5% and 51.3% in the
elderly. Estimated prevalence of prediabetes and diabetes in 2021 was significantly higher in women than in men (prediabetes:
32.6% vs. 25.2%; diabetes: 17.1% vs. 14.2%). The comparative age-adjusted diabetes prevalence to the European population
model was higher than that of the world population model (19.4% vs. 15.0%). According to the projections the prevalence
of diabetes will reach 17.5% in 2030 and 19.2% in 2045.

Conclusion Assuming age- and sex-specific diabetes prevalence of TURDEP-II survey remained constant, this study revealed
that the number of people with diabetes in the general population (particularly in the elderly) in the last 11 years in Turkiye has
increased in parallel with the population growth and aging; it will continue to grow over the coming decades. This means the
burden of diabetes on the social, economic and health services will remain to increase. The fact suggests that there is an urgent
need for re-organization of care as well as to develop and implement a country-specific prevention program to reduce this burden.
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Introduction

Diabetes mellitus, particularly type 2, is recognized as a
serious public health problem with a significant impact on
human life and health expenditures [1]. With the increase
in obesity and the adoption of a sedentary lifestyle in
recent decades, the incidence and prevalence of diabetes
have increased rapidly all over the world in both developed
and developing countries [2]. According to recent esti-
mates by the International Diabetes Federation (IDF), the
global diabetes age-adjusted prevalence in 2021 was 10.5%
(over half a billion people with diabetes); the prevalence
raised by 12.9% since the previous estimates in 2019 [1,
2]. Diabetes is projected to 11.3% in 2030 and 12.2% in
2045 [1].

Diabetes is a costly disease due to high complication
rates, treatment, and monitoring expenses; It is also well
known that diabetes reduces the quality of life and life
expectancy as it responsible to an estimated USD 966 bil-
lion in global health expenditure in 2021 [1]. Although
much progress has been achieved in promoting population
health and extending life, diabetes remained the second
biggest cause of reduced global health-adjusted life expec-
tancy worldwide [3]. Approximately 6.7 million adults are
estimated to have died due to diabetes or its complications
in 2021. This accounts for 12.2% of global deaths from all
causes [1].

Although many epidemiologic studies have been con-
ducted at different time points and regions in Turkiye,
the number of reproducible studies reflecting the general
population is limited. In this respect, population-based
TURDEP surveys provided important knowledge in terms
of the frequency of prediabetes and diabetes, risk factors,
and comorbidities such as obesity and hypertension. In
the Turkish Diabetes Epidemiology (TURDEP-I) survey
conducted in the adult (20 + years, n=24,788) popula-
tion in 1998, the age-adjusted diabetes prevalence was
reported 7.2% (F: 8.0% and M: 6.2%) [4]. Twelve years
after, in the Turkish Epidemiology Survey of Diabetes,
Hypertension, Obesity and Endocrine Disease (TURDEP-
II; n=26,499), performed at the same 540 centers and
using the same methodology, the age- and sex-specific
crude prevalence of diabetes increased to 16.5% (F:
17.2% and 16% for men) [S]. It is noteworthy that diabetes
prevalence nearly doubled over 12 years. Other relatively
smaller studies conducted in the period close to this study
such as Chronic Renal Disease in Turkey (CREDIT) [6],
Turkish Adult Risk Factor (TEKHARF) [7], and Meta-
bolic Syndrome (MetSend) studies [8] also confirmed this
increase. Although the previous studies have implied a
sharp increase in the prevalence of diabetes in the popula-
tion [6-8], evidence from a later meta-analysis of studies
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with low risk of bias in Turkiye suggested that the inci-
dence of diabetes would be levelling off as it is seen in
several developed countries recently [9, 10]. Nonetheless,
due to population growth, diabetes continues to pose a sig-
nificant public health burden as one of the most important
noncommunicable diseases (NCDs) in the country [11].

Unfortunately, no field study conducted to observe diabe-
tes epidemiology across the country since 2010. Although
global, regional, and country-based diabetes estimates are
periodically published by large research groups [10, 12-14],
studies that reference to the country's own population and
using the real demographic dynamics may provide more
valuable information on the burden of diabetes.

The lack of high-quality data in recent years has been
an obstacle to reassessing the burden of diabetes in Tur-
kiye. In fact, a new study was planned for 2020 with the
same methodology as previous population-based surveys to
understand the changes from 2010, nevertheless, it could not
be performed due to the COVID-19 pandemic restrictions.

Therefore, assuming that the age- and sex-specific preva-
lence of diabetes in Turkiye does not change considerably,
we aimed to estimate the impact of demographic change on
the burden of diabetes and prediabetes between 2010 and
2021 and its implications for 2030 and 2045.

Material and methods
Terminology

For the purpose of avoiding any confuses, the terms we
used to describe the prevalence of prediabetes and diabetes
at different settings in this paper are explained as follows:
Age- and sex-specific prevalence refers to the raw prevalence
obtained from a study conducted in the country (in this case
TURDEP-II survey); Age-adjusted prevalence refers to the
estimated prevalence in the official annual population or the
projected population of the country [15]; and Comparative
prevalence refers to the estimated age-adjusted prevalence
using the standard population models [16, 17].

American Diabetes Association (ADA) criteria were
taken into account in the diagnosis of prediabetes and
diabetes. Isolated impaired fasting glucose (i-IFG):
Fasting plasma glucose (FPG) 5.6-6.9 mmol/L and
OGTT 2-hrPG < 7.8 mmol/L; isolated impaired glu-
cose tolerance (i-IGT): FPG < 5.6 mmol/L and OGTT
2-hrPG 7.8-11.0 mmol/L; combined glucose intolerance
(IFG +1GT): FPG 5.6—-6.9 mmol/L and OGTT 2-hrPG
7.8-11.0 mmol/L; high risk group (HRG): Glycosylated
hemoglobin Alc (HbAlc) 39-48 mmol/mol [18].
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Population and demographic data

In this study, we used the crude prevalence data of TUR-
DEP-II survey. It is important to note that this data is stand-
ardized to the country’s official population as well as to
the standard populations. Annual demographic data of the
population of Turkiye at the provincial and regional levels
between 2010 and 2021 are obtained from Address-Based
Population Registration System (ABPRS) which is publicly
available in the official data portal of the National Institute
of Statistics (TurkStat) [15]. For international comparisons,
the WHO [16] and Europe [17] standard population models
are used.

Age groups and age-adjusted prevalence

Age-adjusted prediabetes and diabetes prevalence each
time calculated for the general (20-84 years) as well as the
elderly (65-84 years) populations. For calculations, the age
by 5-year intervals and both sexes considered as determined
in the TURDEP-II survey [5]. Thus, we used a 2 X 13 matrix
for the general and a 2 X4 matrix for the elderly populations.
The prevalence was estimated at the provincial level first,
and then the regional and national averages were calculated
via weighted averages considering the population of the
provinces. The estimated age-adjusted prevalence between
2010 and 2021 was calculated by applying the observed age-
and sex-specific prevalence to the population using the direct
standardization method [19].

Future projections

Population projections were obtained from TurkStat first,
which is produced this data based on the ABPRS and used
the cohort component method. In this method, demographic
change components including gender and age specific mor-
tality rates, fertility rates and net migration were taken into
account according to the recommendations of the United
Nations Population Division (UNPD). To predict the age-
adjusted prevalence of diabetes for 2030 and 2045, we
applied the raw prevalence results of TURDEP-II survey
to the projected populations by TurkStat. We also calculate
the prevalence using the UNDP projections (obtained from
its data portal) [20]. In addition, we performed a regression
analysis of the age-adjusted prevalence between 2010 and
2021, since we obtained a linear trend, we predicted the dia-
betes prevalence for 2030 and 2045 using the regression line.

Comparative prevalence

To remove the effect of differences in the age structure and
permit international comparisons of prediabetes and dia-
betes prevalence between Turkiye and other countries, two
comparative estimates were performed. In this case, the
raw prevalence of TURDEP-II (by 5-year age intervals, in
both sexes) is standardized to the world and the European
population models [16, 17].

Ethical approval

Ethics Committee approval was obtained from Istanbul
Faculty of Medicine for TURDEP-II study [5] which forms
the basis of the current paper (16.4.2008/699). Although
ethics committee approval is not required for the present
study, the subject was discussed at the Turkish Institute
of Public Health and Chronic Diseases Board and it was
found appropriate to conduct the study (November 9th,
2020, no. 9).

Statistical analysis

The results were shown as frequencies (percentages) for
categorical variables, and mean values and 95% ClIs for
continuous variables. Pairwise comparisons analyzed with
Student’s t-test or Pearson chi-squared test, as appropri-
ate. A p value <0.05 was used as the level of statistical
significance.

The future estimates were calculated for 20-84 years of
age by 5-year intervals and females and males, separately.
In this case, the raw prevalence results applied to the pro-
jected populations. We also performed a regression analy-
sis of estimated prevalence for 2010-2021 period which
showed a linear trend; then, we predicted the future preva-
lence from the regression line. The accuracy of the model
was assessed through the explained variance (R*>0.99
and p <0.05).

Results

Estimates on age-adjusted prediabetes prevalence
over 11-year

While the age-adjusted estimated total prediabetes preva-
lence was 29.6% (F: 32.3%, M: 24.4%) in 2010, it was cal-
culated as 30.2% (F: 32.6% and M: 25.2%) for 2021. The
estimated 11-year population growth with prediabetes was
24.3% (2010: 13,687,585 million vs. 2021: 17,015,340
million). In contrast, the estimated prevalence of elderly
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Table 1 Estimated age-adjusted prediabetes and diabetes prevalences between 2010 and 2021 in Turkiye (20-84 years and 65-84 years) [18]

Category 2010% Prevalence (n) 2021% Prevalence (n) 11-year Difference%
Change (n)
Men Women General Men ‘Women General General
Prediabetes based on FPG and OGTT 2-hrPG (20-84 years)
Total prediabetes  24.4%(5,860,213) 32.3%(7,827,372) 29.6%(13,687,585)  25.2%(7,369,989) 32.6%(9,645,351) 30.2%(17,015,340)  24.3%(3,327,755)
(IFG and/or
IGT)
i-IFG 14.6%(3,503,287) 14.5%(3,507,173) 14.6%(7,010,460) 14.8%(4,316,571) 14.4%(4,259,032) 14.6%(8,575,603) 22.3%(1,565,143)
i-IGT 5.2%(1,245,267) 9.0%(2,175,310) 7.7%(3,420,577) 5.4%(1,587,168) 9.1%(2,696,776) 7.9%(4,283,944) 25.2%(863,367)
Combined 4.6%(1,111,659) 8.9%(2,144,889) 7.3%(3,256,548) 5.0%(1,466,250) 9.4%(2,763,423) 7.8%(4,229,673) 29.9%(973,125)
glucose
intolerance
(IFG+IGT)

Elderly prediabetes based on FPG and OGTT 2-hrPG (65-84 years)

Total prediabetes
(IFG and/or
IGT)

i-IFG
i-IGT

Combined
glucose
intolerance
(IFG+IGT)

Prediabetes based on HbAlc (20-84 years)

HRG 17.3%(4,145,750) 23.0%(5,578,396)
Elderly prediabetes based on HbAlc (65-84 years)

HRG 35.7%(794,913) 36.0%(1,001,121)
Diabetes mellitus (20-84 years)
Total diabetes 12.7%(3,060,002)
6.9%(1,653,653)
5.8%(1,402,672)

32.5%(730,438) 34.9%(969,810)

12.3%(274,485)
10.5%(233,919)
10.0%(222,034)

9.8%(271,196)
11.2%(309,977)
14.0%(388,637)

15.5%(3,752,871)
8.2%(1,984,945)
7.3%(1,761,661)

Known diabetes
Undiagnosed
diabetes
Elderly diabetes (65-84 years)
30.1%(671,001)

Total diabetes 38.7%(1,074,916)

34.0%(1,700,248)

10.9%(545,681)
10.9%(543,896)
12.2%(610,671)

21.0%(9,724,146)

35.9%(1,796,034)

14.3%(6,812,873)

7.6%(3,638,598)
6.7%(3,164,333)

35.0%(1,745,917)

32.5%(1,115,800)

12.3%(422,134)
10.4%(357,842)
9.8%(335,824)

18.7%(5,458,253)

35.3%(1,210,624)

14.2%(4,151,754)
7.8%(2,283,363)
6.4%(1,864,876)

30.2%(1,035,594)
17.0%(584,326)
13.2%(451,268)

34.9%(1,375,473)

9.9%(411,325)
11.2%(465,038)
13.8%(572,990)

24.4%(7,205,341)

35.9%(1,493,170)

17.1%(5,061,058)
9.2%(2,731,262)
7.9%(2,321,594)

38.6%(1,605,932)
22.9%(949,584)
15.8%(655,156)

33.9%(2,491,273)

10.9%(833,459)
10.9%(822,880)
12.1%(908,814)

22.3%(12,663,594)

35.7%(2,703,794)

15.5%(9,212,812)
8.6%(5,014,625)
7.3%(4,186,470)

35.1%(2,641,526)
20.4%(1,533,910)
14.7%(1,106,424)

46,5%(791,025)

52.7%(287,778)
51.3%(278,984)
48.8%(298,143)

23.2%(2,939,448)

50.5%(907,760)

35.2%(2,399,939)
37.8%(1,376,027)
32.3%(1,022,137)

51.3%(895,609)
53.4%(534,185)
48.4%(361,019)

Known diabetes  16.7%(372,155) 22.6%(627,570) 20.0%(999,725)
Undiagnosed 14.4%(298,846) 16.1%(446,559) 14.9%(745,405)
diabetes

FPG, fasting plasma glucose; OGTT, oral glucose tolerance test; 2-hrPG, 2-hour plasma glucose; i-IFG, isolated impaired fasting glucose; i-/1GT,
isolated impaired glucose tolerance; HbAIc, glycosylated hemoglobin Alc; HRG, high risk group

prediabetes was 33.9% (F: 34.9%, M: 32.5%) and the
11-year population increase was calculated as 46.5%. In
2021, 14.6% of the estimated entire prediabetes population
was in the 65-84 age group (Table 1).

The prevalence of i-IFG in the general population in
2010 was 14.6% (F: 14.5%, M: 14.6%), i-1GT 7.7% (F:
9% and M: 5.2%), and combined glucose intolerance
(IFG+IGT) 7.3% (F: 8.9%, M: 4.6%). The estimated
increase in people with i-IFG, i-IGT, and IFG + IGT
between 2010 and 2021 was 22.3%, 25.2%, and 29.9%,
respectively.

In the elderly group in 2010, the prevalence of i-IFG was
10.9% (F: 9.8%, M: 12.3%), i-IGT 10.9% (F: 11.2% and M:
10.5%), and IFG +1GT 12.2% (F: 14%, M: 10%). The esti-
mated increase in people with i-IFG, i-IGT, and IFG + IGT
between 2010 and 2021 was 52.7%, 51.3%, and 48.8%,
respectively (Table 1).

@ Springer

Similarly, in 2010, the prevalence of HRG in the general
population was 21% (F: 23%, M: 17.3%), while in the elderly
it was 35.9% (F: 36%, M: 35.7%). In the 11-year period from
2010 to 2021, the estimated increase in people at HRG cat-
egory was 23.2% for the general population and 50.5% for
the elderly group (Table 1).

Estimates on age-adjusted diabetes prevalence
over 11-year

Annual estimates for age-adjusted diabetes prevalence
between 2010 and 2021 showed a linear trend, increased
from 14.3% (F: 15.5%, M: 12.7%) in 2010 to 15.5% (F:
17.1%, M: 14.2%) in 2021 (Table 2, and Fig. 1A). The esti-
mated rate of increase in this period was 12.8%, p <0.05
(Fig. 1B).
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Table 2 The distribution according to years and genders of the age-adjusted diabetes prevalence in Turkiye

Results 2000° 2007* 2010° 2011° 2012° 2013 2014°

2015°

2016° 2017° 2018> 2019° 2020° 2021° 2030° 2045°

Men 0.056
LL95% CI 0.056
UL 95% CI 0.056
Women 0.076
LL95% CI 0.076
UL 95% CI 0.076
General 0.066
LL95% CI 0.066
UL 95% CI  0.066

0.061
0.061
0.061
0.083
0.082
0.083
0.072
0.072
0.072

0.127
0.127
0.128
0.155
0.154
0.155
0.141
0.141
0.141

0.129
0.129
0.129
0.156
0.156
0.156
0.142
0.142
0.142

0.130
0.130
0.130
0.157
0.157
0.157
0.144
0.144
0.144

0.131
0.131
0.131
0.158
0.158
0.159
0.145
0.145
0.145

0.133
0.133
0.133
0.160
0.160
0.160
0.147
0.147
0.147

0.135
0.134
0.135
0.162
0.162
0.162
0.148
0.148
0.149

0.136
0.136
0.136
0.163
0.163
0.164
0.150
0.150
0.150

0.137
0.137
0.137
0.165
0.164
0.165
0.151
0.151
0.151

0.138
0.138
0.138
0.166
0.166
0.166
0.152
0.152
0.152

0.139
0.139
0.140
0.168
0.168
0.168
0.154
0.153
0.154

0.141
0.141
0.141
0.170
0.170
0.170
0.155
0.155
0.155

0.142
0.142
0.143
0.171
0.171
0.171
0.155
0.155
0.155

0.156
0.156
0.157
0.189
0.189
0.190
0.175
0.175
0.176

0.169
0.169
0.170
0.208
0.208
0.208
0.192
0.192
0.193

LL 95% CI, lower limit of 95% confidence interval; UL 95% CI, upper limit of 95% confidence interval. *Calculated based on the national cen-
sus data and the reference diabetes prevalences are obtained from TURDEP-I survey. "Calculated based on the annual TurkStat data between
2010 and 2021, and the reference diabetes prevalences are obtained from TURDEP-II survey. ‘Predictions based on the annual TurkStat data
between 2010 and 2021, and the reference diabetes prevalence results are obtained from TURDEP-II survey

Approximately, 28.7% of people with diabetes was in the
elderly age. Estimated age-adjusted diabetes prevalence in
2021 was 35.1% (F: 38.6%, M: 30.2%) in this group. The
estimated diabetes increase over the 11-year period was
35.2% in the general population and 51.3% in the elderly
group. In other words, the number of adults (20-84 years
old) with diabetes increased nearly 2.4 million between 2010
and 2021, exceeding 9.2 million in total (at least 2.6 million
of whom in the elderly ages).

Between 2010 and 2021, the age-adjusted estimated prev-
alence of known diabetes in the general population increased
from 7.8 to 8.6%. Undiagnosed diabetes also increased, from
6.7 to 7.3%. Both known and undiagnosed diabetes were
higher in women than men. In the elderly group, known
diabetes was 20.4% and undiagnosed diabetes was 14.7%.
Similar to the general population, both were more common
in women than men (Table 1).

Future projections

The calculated prevalence of diabetes for 2030 and 2045 by
three methods gave very close estimates, with only small dif-
ferences in decimals. Based on TurkStat projections the pre-
dicted prevalence of diabetes in the general population was
17.5% (F: 18.9%, M: 15.6%) in 2030, and 19.2% (F: 20.8%,
M: 16.9%) in 2045. Accordingly, expected rate of increase
in diabetes in the general population will be 24.1% (p <0.01)
between 2010 and 2030 and 36.1% (p <0.001) between 2010
and 2045 (Table 2 and Fig. 1B). The corresponding gen-
eral diabetes prevalence using the UNPD projections was
17.2% in 2030, and 19.3% in 2045. While based on the linear
increasing trend between 2010 and 2021, the age-adjusted
diabetes prevalence in general is predicted to reach 17.3% in
2030 and 19.1% in 2045. The results of the linear regression
model and those of the UNPD projections are presented as
electronic supplementary material (Suppl. Table 1).

Regional status

Geographically, the diabetes trends increased in all regions
of the country with the highest estimated frequency in West-
ern Anatolia (from 15.6% in 2010 to 17.3% in 2021), and the
lowest in Northern Anatolia (from 11.7% in 2010 to 13.1%
in 2021). Whereas diabetes trends in Central, Southern, and
Eastern Anatolian regions were similar, and close to each
other (Fig. 1C).

Comparative prevalence

In TURDEP-II survey, the age- and sex-specific prevalence
of prediabetes (IFG and/or IGT) was 31%, HRG 23.5%, and
diabetes 16.8%, (Suppl. Table 2). In this study, the com-
parative age-adjusted prevalence of prediabetes (IGT and/
or IFG) is estimated 29.8% and 31.3% based on the stand-
ard world and the European population models, respectively.
Whereas, the comparative age-adjusted prevalence of HRG
is calculated 18.2% and 22.1%, in the same order. On the
other hand, the comparative age-adjusted diabetes preva-
lence using the standard world and the European population
models is estimated 15.0% and 19.4%, respectively (Fig. 1D,
Suppl. Table 2).

Discussion

Considering only the population dynamics between 2010
and 2021, this study estimates that the 11-year growth in the
country’s population with any degree of glucose intolerance
is over 5.7 million (nearly 2.4 million with diabetes and 3.3
million with prediabetes). Diabetes prevalence is projected
to increase to 17.5% in 2030 and 19.2% in 2045. In the gen-
eral population (20-84 years), the estimated increase in the
prediabetes population between 2010 and 2021 was 24.3%
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Fig.1 A Change of age-adjusted diabetes prevalence between the
years 2010 and 2021 in Turkiye. B Comparison of estimated preva-
lence for 2030 and 2045 with those of 2010 and 2021. Statistical
comparisons made on the general population. *p <0.05, **p <0.01,
##%p <0.001. C Age-adjusted diabetes prevalence of the five geo-

and diabetes 35.2%. However, the rate of increase in the
elderly group (65-84 year) was much higher (prediabetes:
46.5%, diabetes: 51.3%).

Our study is referenced to a large nationwide population-
based field survey [5]. TURDEP-II provided important
information about changes in the prevalence and risk fac-
tors of diabetes, hypertension and obesity in the country
over a twelve-year period. When compared to the previous
nationwide TURDEP-I survey [4], the results had been sug-
gested that diabetes reached to an epidemic proportion in
the country, and the fact was confirmed by others [6—8].
Undoubtedly, one of the most important reasons for it was
sociocultural and economic transition of the society experi-
enced in the last quarter of the twentieth century. The effect
of this transition on public health which was inevitably led
to changing lifestyle, i.e., consuming high-calorie foods, and
reduced physical activity. Genetic and epigenetic factors and
the longer life expectancy were other accountable factors
for the increase in the prevalence of diabetes. On the con-
trary, a later meta-analysis revealed that the diabetes preva-
lence reached a stable level [9]. However, even if age- and
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sex-specific diabetes prevalence remained constant, the
results of the current study indicated a considerable increase
in the number of people at risk of diabetes and patients with
diabetes and it will go on in the coming decades.

Aging of the population

Increased life expectancy due to decreasing birth and mor-
tality rates has led to the aging of the society. Median age,
which is one of the best indicators in this regard, increased
from 24.8 to 33.1 years in Turkiye between 2000 and 2019,
corresponding to an increased average life expectancy at
birth from 67 to 75.9 years in men and from 73 to 81.2 years
in women [21]. While the population aged 65 years and
above was 8.2% of the total population in 2015 and reached
9.7% (over 8.2 million people) in 2021 (55.7% women).
The proportion of the elderly population will continue to
increase; It is expected to be 11.0% by 2025 and 16.3% by
2040 [22].
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Diabetes mellitus is a common chronic disease in the
elderly, being either a known disease with a long history
(often type 2 diabetes) or may have been ignored for a
rather long time. Age and weight are main risk factors for
the development of diabetes. Notable in normal aging there
is nearly 0.1 mmol per liter per decade rise in FPG, plac-
ing older people at increased risk for the development of
diabetes [23]. Weight gain and decreased muscle mass are
often seen with increasing age, resulting in worsened insu-
lin resistance and impaired beta-cell function. In addition,
concomitant diseases, decreased activity, and medications
can worsen insulin resistance. According to the 2021 esti-
mates of the current study, the prevalence of age-adjusted
diabetes in the general population is 15.5%, while it was 2.3
times higher (35.1%) in the 65 years and older group. Fur-
thermore, the 11-year diabetes increase in the elderly group
was nearly 1.5 times higher than in the general population
(51.3% vs. 35.2%). With the improvements in the follow-up
and treatment of diabetes, diabetes-related deaths in Turkiye
have been started to decline. While the death rate due to
diabetes was 22.0 per 100,000 in 2010, it decreased to 17.1
per 100,000 in 2019 (the number of annual death due to
diabetes have been obtained from publicly available TurkStat
portal, and the rates calculated by the authors). The decrease
in diabetes-related mortality may contribute to the increase
in the population with diabetes (especially the elderly). The
situation in elderly diabetes is very similar in developed
countries. However, the proportion of elderly at risk of dia-
betes is not yet as high as in developed countries. One-third
of the U.S. population over 65 years old has diabetes, and
one half of those has prediabetes [24].

Other national studies on diabetes and prediabetes

Although a limited number of population-based studies have
been conducted in the country since the beginning of the
2000s, there was no consistency between the studies, espe-
cially in age of the participants and the method of diagno-
sis. Except that the TURDEP surveys, OGTT was not used.
Diagnosis of diabetes was based on self-reported diabetes
on antidiabetic therapy and FPG and/or HbAlc.

The Ministry of Health periodically screens for NCDs
including diabetes and prediabetes in the population.
Accordingly, the prevalence of diabetes in the adult popula-
tion in ‘Turkey Frequency of Chronic Diseases and Risk
Factors Survey, 2011° was 12.3% [25], in “‘WHO STEPwise
approach to NCD risk factor Surveillance (STEPS)-Turkey,
2017 was 12.2% [26], and in ‘Turkey Nutrition and Health
Survey, 2017’ 13.5% [27]; Diabetes was always more preva-
lent among women than men. The results of the studies cited
above have confirmed that the rapid increase in diabetes inci-
dence between 1998 and 2010 is at least slowed-down or
stopped.

However, in the case of prediabetes since OGTT was not
performed, we do not have information about IGT. Besides,
there is an uncertainty for IFG as some studies used ADA
[18] and others WHO (FPG 6.1-6.9 mmol/L) criteria [28].
The prevalence of IFG in ‘Turkey Frequency of Chronic
Diseases and Risk Factors Survey, 2011° (ADA criteria, in
age 15+ years) was 15.8% [25]; whereas using WHO criteria
[28] in ‘STEPS-Turkey, 2017° (15 + years) 7.9% [26]; and
in ‘Turkey Nutrition and Health Survey, 2017” (20 + years)
17.3% [27]. In the latter, 24.3% of the participants had HRG
[27].

Based on the 2021 estimates from the current study, we
can assume that three out of ten adults in the country have
IFG and/or IGT and one out of five adults has HRG. In the
elderly population, one-in-three people may have any degree
of prediabetes. IGT is more prevalent among women. In
addition, 11-year increase in prevalence of prediabetes and
HRG are close to each other; estimates for the general popu-
lation are 24.3% and 23.2%; while in the elderly, the rate of
increase in both categories was 1.9 and 2.2 times higher than
in the general population (Table 1).

Geographic distribution

In ‘Turkey Frequency of Chronic Diseases and Risk Factors
Survey, 2011°, known diabetes was highest in West Mar-
mara (10.2%) and lowest in Northeast Anatolia (5.9%) [25].
Similarly, in ‘Turkey Nutrition and Health Survey, 2017,
the highest diabetes prevalence was in Western BlackSea
Region (14.4%) [27]. The results of the current study are
consistent with the above-mentioned studies; accordingly,
it is estimated that total diabetes is lowest in North Anatolia
(13.1%) and highest in West Anatolia (17.3%) in 2021.

Diabetes in the Middle East and Balkan countries

According to the diabetes trends between the years
1980-2014 reported by WHO, the Eastern Mediterranean
Region has experienced the greatest rise in diabetes preva-
lence [11]. Likewise, IDF’s Middle East and North Africa
(MENA) region had the highest comparative prevalence
above seven regions [2]. Diabetes affects over 25% of the
adults in Saudi Arabia [29], 16.7% in Qatar [30]. Rapid
transformation of lifestyle from rural to urban, socioeco-
nomic development, decreased physical activity, and high
consumption of fat and sweetened foods are responsible
from obesity and diabetes epidemics in these countries
[31]. Whereas, based on IDF 2019 estimations, Lebanon
(11.2%) and Libya (10.2%) had the closest comparative
prevalence to Turkiye (11.1%) [2]. The prevalence of dia-
betes in STEPS-Iran was 7.7% in 2005 and 10.9% in 2016,
higher among females than males; [35]. In Jordanian adults,
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diabetes increased gradually from 6.4% in 2002 to 23.7% in
2017 [36].

The lifestyle in Balkans shows much similarities
with the Turkish population. In Greece, EMENO survey
(2013-2016), 11.6% of the adult population had diabetes
[32]. In Republic of Macedonia, the prevalence of known
diabetes in population 20-79 years was 5.0%, higher in
females than in males [33]. A study in Bulgaria reported
a 7.9% diabetes prevalence in 2006 and 9.6% in 2012, both
more prevalent among men [34].

Global situation of diabetes and prediabetes

NCD Risk Factor Collaboration reported that age-adjusted
global diabetes prevalence slightly increased since 1980.
However, due to population growth and aging, the number
of adults with diabetes nearly four times increased over three
decades [13]. Age-adjusted diabetes prevalence in 2014 was
lowest in north-western Europe and highest in Polynesia and
Micronesia, followed by MENA [13].

Global Burden of Disease collaborators stated that the
prevalence of type 2 diabetes in 2017 was 13.2%, higher
among males than females, especially in high-income coun-
tries. Generally, the burden of diabetes had increased signifi-
cantly since 1990. In 2017, the global incidence, prevalence,
death, and disability-adjusted life-years related with diabetes
were 22.9, 476, 1.4, and 67.9 million; with a projection to
26.6, 571, 1.6, and 79.3 million in 2025, respectively [37].
Accordingly, the estimated number of new type 2 diabetes
cases in Turkiye was reported 257,336 in 2017, represent-
ing a 35.6% increase since 2007. The incidence rate was
290 per 100,000 population in 2017, representing a 7.6%
increase throughout the study period [38]. In a WHO report,
the comparative age-adjusted diabetes prevalence in Turkiye
was 12.2% in 2014 [11], and rose to 13.2% in 2016 [39].

Our estimates from 2010 to 2021 revealed that the burden
of diabetes is increasing. This is consistent with the existed
studies in the region and it seems to continue over the couple
of decades. Recently, IDF declared that Turkiye ranks the
top first country in Europe with both diabetes prevalence
and population with diabetes [1]. In the present study, the
comparative diabetes prevalence was calculated 19.4% using
the standard European population. This indicates that if our
society aged like the European countries; the burden of dia-
betes will continue to increase.

Finally, the projected diabetes prevalence is forecasted to
increase among the elderly appreciably in this country. IDF
projections imply that Turkiye will be the top ninth country
with nearly 5 million elderly people with diabetes by 2045
[40]. It is clear that the public health impact and challenge
of increasing numbers of older people with diabetes will
likely be substantial. It seems that diabetes will continue to
stretch the financial budget for public health and social care
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services due to more years to be lived unhealthy, frail, and
disability in our aging society.

The strengths and limitations

This study is the first comprehensive analysis to estimate
the age-adjusted diabetes prevalence and forecast the future
expectations in Turkiye using reference data from a previ-
ous population-based field survey and annual demographic
dynamics of the population. In addition, the use of both
FPG, OGTT, and HbA1lc made it possible to make predic-
tions for various degrees of prediabetes categories. Other
strengths of our study are that we calculated the comparative
prevalence to the standard world and European populations,
as well as the expected diabetes increase to 2030 and 2045.
Obviously, results of the current study will help to rearrange
the healthcare system particularly for the elderly patients
with diabetes. The huge proportion of the population at risk
of diabetes emphasizes the need for more specific programs
to prevent or postpone diabetes.

Nevertheless, we were not able to model different risk
factors such as nutritional and exercise habits, obesity,
hypertension, smoking, alcohol consumption, birth weight,
socioeconomic status, or public health interventions.
Another limitation of our study is that we could not take
into account the effects of the diabetes prevention meas-
ures carried out throughout the country since 2010. In the
2010-2021 period, two national action plans were prepared
for diabetes prevention. In the first (The Turkey Diabetes
Prevention and Control Program 2011-2014), legislations
for schools, workplaces and other collective living spaces,
circulars for environmental regulations by the local govern-
ments have been prepared and put into effect; Guidelines,
training modules and instructions were prepared for phy-
sicians and other healthcare professionals. During ‘The
National Diabetes Program 2015-2020’, specific programs
have been designed to tackling the obesity. 'Healthy Nutri-
tion and Active Life Program’ was implemented within this
framework. As, limited progress could be obtained in prac-
tice, to expand the scope and measure the effectiveness, a
software program named "Disease Management Platform"
was put into practice aiming to screen for NCDs including
diabetes and follow-up people (especially the elderly) with
NCDs, at the family health centers [41]. In the TURDEP-
II field survey, the prevalence of new diabetes in the gen-
eral population was 6.7%, while it was 14.9% in the elderly
group. Of the total diabetics, 45.1% in the general popula-
tion and 42.6% in the elderly group were unaware of their
disease [5]. It is strongly possible that screening and pre-
vention programs increased awareness and reduced the rate
of undiagnosed diabetes. For example, in ‘STEPS-Turkey,
2017’, the average prevalence of undiagnosed diabetes was
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24.2%; however, the rate in men was still high (men: 40.2%
vs. women 13.1%) [26].

The restrictions imposed by the COVID-19 pandemic,
which has affected the whole world since the beginning of
2020, have caused people to gain weight due to increased
inactivity and changed eating habits [42]. If the increase in
obesity cannot be stopped; It will be inevitable that we will
face a more intense diabetes pandemic globally in the next
decades. In this scenario, our and others' modeling is likely
to have underestimated future diabetes trends for 2030 and
2045 [2, 10, 37].

Conclusion

Forecasts based on population dynamics that provide pro-
jections for the country's medium-term future will provide
critical information for health policy makers. Periodic
prevalence estimates and projections for diabetes can offer
a rational guidance to facilitate the promotion of preven-
tion programs, particularly for type 2 diabetes, and improve
care for all people with diabetes. According to our estimates,
more than 9.2 million people (including 2.6 million elderly)
are currently suffering from diabetes in Turkiye, and another
17 million with any degree of prediabetes (including 2.5 mil-
lion elderly). It is projected that the prevalence of diabetes
will increase to 17.5% in 2030 and 19.2% by 2045 reflecting
a steady increase in diabetes population in all regions of the
country in both men and women over the next decades.
This scenario poses that the burden of diabetes on the
society that could hinder social and economic development.
Further actions are needed to understand the drivers of this
problem and develop more rational prevention strategies
addressing the growing public health challenge. Unless
fundamental steps are taken through a national prevention
program to reduce diabetes in Turkiye, the burden of diabe-
tes on health services will become even more overwhelming.
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