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Abstract

Background: We aimed to explore descriptive epidemiology of T1 and T2 Diabetes Mellitus (DM) and to investigate
demographic factors and comorbidities associated with all-cause mortality by aggregating and utilizing large-scale
administrative healthcare data from the Unified National Electronic Health System (UNEHS) of Kazakhstan for 2014-
2019years period.

Methods: A total of 475,539 individuals were included in the analyses. The median years of follow-up for Type 1

DM patients accounted for 4.7 years and 4.5 years in Type 2 DM patients. We used Kaplan-Meier and log-rank test to
calculate failure function and differences in survival by age, sex, ethnicity, and comorbidities with all-cause mortality
for Type 1 and Type 2 DM. Cox proportional hazards regression analysis was used to obtain crude and adjusted hazard
ratios.

Results: Prevalence of Type 1 and Type 2 DM increased 1.7 times from 2014 to 2019. Mortality of Type 1 and Type 2
DM also increased 4 times and 6 times from 2014 to 2019, respectively. Male sex, older age and Kazakh ethnicity were
associated with a higher risk of all-cause death compared to females, younger age and other nationalities than Kazakh
in patients with Type 1 and Type 2 DM. Coronary artery disease, diabetic nephropathy, stroke, amputations and neo-
plasms were associated with a higher risk of all-cause death.

Conclusion: The prevalence and mortality rate of Type 1 and Type 2 DM increased during the years 2014-2019 in
Kazakhstan. Male sex, older age and Kazakh ethnicity were associated with a higher risk of all-cause death compared
to females, younger age and other nationalities than Kazakh. Coronary artery disease, diabetic nephropathy, stroke,
amputations and neoplasms were associated with a higher risk of all-cause death.

Keywords: Diabetes, Survival, Mortality, Epidemiology, Comorbidities

Introduction

Over the past few decades, the prevalence of diabetes
in developed and developing countries has risen sub-
stantially, making diabetes a major public health issue
worldwide. The global prevalence of diabetes in 2019
was estimated to be 9.3% (463 million people), rising to
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rural (7.2%) areas, and in high-income (10.4%) than low-
income countries (4.0%) [1].

Although, majority of the data about prevalence, inci-
dence, and all-cause mortality rates in patients with dia-
betes obtained from high-income countries, there is no
published data available for the epidemiology of type
1 and type 2 diabetes in low- and middle-income Cen-
tral Asian countries, including Kazakhstan. Couple of
small-scale observational studies done to explore diabe-
tes epidemiology in Kazakhstan [2—5]. A cross-sectional
study conducted in four geographically remote regions
of Kazakhstan using the WHO STEP survey among 4753
participants showed the survey-weighted prevalence of
impaired fasting glycemia (IFG) 1.9% and of T2DM 8.0%
[4]. However, there is no study investigated DM epidemi-
ology using national health registry data in Kazakhstan
before.

To date, Kazakhstan has well developed electronic
healthcare system among many other countries [6, 7].
This is so called Unified National Electronic Health Sys-
tem (UNEHS), which started in 2003 and established in
2014, made available medical claims from different elec-
tronic data sources such as inpatient electronic registries
of hospitalized patients, outpatients electronic registries
of dispensary patients and many others, which are imple-
mented overall all medical organizations in the country.
Aggregation and utilization of such nationwide elec-
tronic healthcare data could provide real knowledge on
in-depth epidemiology of diabetes in overall Kazakhstan
[6, 7].

Therefore, we aimed to explore descriptive epidemiol-
ogy of TIDM and T2DM and to investigate demographic
factors associated with all-cause mortality among T1DM
and T2DM. Moreover, we aimed to determine comor-
bidities associated with all-cause mortality among T1DM
and T2DM patients in Kazakhstan by aggregating and
utilizing large-scale administrative healthcare data from
the Unified National Electronic Health System (UNEHS)
for 2014—2019 years period.

Materials and methods
Data setup and study population
This is a retrospective study, including all Type 1 and
Type 2 DM patients identified through the UNEHS, who
were registered with DM between 2014 and 2019. The
UNEHS consists of inpatient and outpatient electronic
registries, which collect individual patient data on socio-
demographics and clinical data based on International
Classification of Diseases 10 (ICD-10) codes (see Supple-
mentary Material Table 1).

Initial data consisted of 20,810,911 patient records
from inpatient electronic registry of hospitalized patients
(n =9,653,402) and outpatient electronic registry of
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dispensary patients (n =11,157,509) which were identi-
fied using ICD-10 codes for DM (E08 — E13) [6]. After
removing duplicates and non-diabetic patients, the final
cohort consisted of 475,539 DM patients. For more
details about the study sample selection process refer to
Fig. 1. Flow chart of the cohort selection process from the
Unified National Electronic Health System (UNEHS).

Exposures and covariates

Individual patient data included demographical vari-
ables such as date of birth, sex, address, ethnicity and
disease related information including ICD-10 codes for
main diagnosis, comorbidities and complications, ICD-9
codes for procedures and surgical operations [8], admis-
sion/discharge dates and first date of diagnosed diabetes.
Information about date of death (if any) were obtained
through linkage with the Population Registry through
unique population registry number (RPN number) [9].

Age was categorized to: 18years old (y.0.) and below,
19-34 y.o0., 35-50 y.0., 51-70 y.o. and above 71 y.o.. Eth-
nicity was grouped to Kazakhs, Russians, and others
(included Uzbeks, Uyghurs, Ukrainians, Koreans, and
other 37 ethnicities).

Comorbidities and diabetes related complications
were obtained from existing primary and secondary
ICD-10 codes available in the overall cohort. The follow-
ing important variables included: coronary artery dis-
ease, hypertension, stroke, diabetic retinopathy, diabetic
nephropathy, diabetic neuropathy, diabetic foot, ampu-
tations, and neoplasms. Definition of each above-men-
tioned variables are provided in Supplementary materials
Table 1.

Outcome assessment
Patients with ICD-10 codes E10 and E11 were defined
as Type 1 and Type 2 DM, respectively. The prevalence,
incidence and all-cause mortality of Type 1 and Type 2
DM patients were assessed for six consecutive years
(2014-2019). For each year, a period prevalence was
calculated by dividing all alive Type 1 and Type 2 DM
patients at any point of the year by the average total gen-
eral population size during the year. Similarly, incidence
and mortality were calculated by dividing the number
of new patients and deaths, respectively, by the average
total general population size for each year. The number of
population growth in Kazakhstan overall and its regions
were obtained from the Statistics Committee [10].
All-cause mortality data were obtained from the
National Population Registry [11]. The start of the follow-
up period was the date of DM diagnosis, and patients
were followed up until death or or end of the follow-up
(December 31st, 2019), whichever came first.
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Fig. 1 Flow chart of the cohort selection process from the Unified National Electronic Health System (UNEHS)

Statistical methods

Data are summarized as percentages for categorical
variables and as median and interquartile range (IQR)
for continuous variables. We used Kaplan-Meier and
log-rank test to calculate failure function and statis-
tically significant differences in survival by age, sex,
ethnicity, and comorbidities with all-cause mortality
for Type 1 and Type 2 DM. Cox proportional hazards
regression analysis, after checking its assumptions, was
used to obtain crude and adjusted hazard ratios in dif-
ferent models. In Model 1 adjustments were made for
sex, age categories and ethnicity. In Model 2 additional
adjustments were for sex, age categories, ethnicity, dia-
betic neuropathy, coronary artery disease, hyperten-
sion, diabetic nephropathy, retinopathy, stroke, diabetic

foot, amputations, and neoplasms. The crude inci-
dence and prevalence rates for Type 1 and Type 2 DM
per 100,000 population were also evaluated. The crude
mortality rates were evaluated per 100,000 population
and per 1000 Person-Years.

All statistical analyses were performed using STATA 15
MP2 Version (STATA Corporation, College Station, TX).
P values are two- sided and reported as statistically sig-
nificant at <0.05 for all analyses. Due to the retrospective
nature of the study, the Institutional Review Ethics Com-
mittee of Nazarbayev University has waived the need for
informed consent and approved this study (NU-IREC
490/18112021). The study was performed according to
both international local ethics guidelines and regulation
as well as declaration of Helsinki.
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Results

Patient characteristics

Table 1 presents the demographic characteristics of
the 475,539 registered Type 1 and Type 2 DM patients
(31,763 and 443,776 patients, respectively). More females
(64.2%) than males were observed among patients with
Type 2 DM, while opposite was observed among Type
1 DM patients. Almost half of each cohort of diabetic
patients were Kazakh. Type 2 DM patients were older
than patients with Type 1 DM with median age at diag-
nosis being 26.9 (IQR 13.4-43.5) and 58.5 (IQR 51.3—
65.8) ages, respectively. The following comorbidities
and diabetes-related complications were more common
in Type 1 DM patients compared to Type 2 DM: dia-
betic neuropathy (11.4% vs 5.3%), nephropathy (4.9% vs
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1.5%), retinopathy (10.9% vs 3.6%), diabetic foot (9.5% vs
3.8%) and neoplasms (7.2% vs 4.9%), while hypertension
(44.3% vs 21.7%) and coronary artery disease (18.9% vs
16.4%) were more common in Type 2 DM patients com-
pared to Type 1 DM. Relative frequencies of those who
died among Type 1 and Type 2 DM patients were com-
parable — 11.3% (3581 deaths) and 13.7% (60,570 deaths),
respectively.

Incidence, prevalence and mortality rates

The prevalence of both Type 1 and Type 2 DM increased
almost two times in 2019 compared to 2014, from 86 to
152 per 100,000 for Type 1 DM and from 1208 to 2075
per 100,000 for Type 2 DM (Fig. 2. Prevalence and inci-
dence per 100, 000 population/years ((A) - Type 2 DM

Table 1 Baseline characteristics of Type 1 and Type 2 DM patients registered between 2014 and 2019

Characteristics Total Type 1 diabetes mellitus Type 2 diabetes
N =475,539 patients mellitus patients
N=31,763 N =443,776
Sex, Female 300,268 (63.2%) 15,262 (48.1%) 285,006 (64.2%)

Median (IQR) age when diagnosed
Age groups
<=18
19-34
35-50
51-70
>=71
Ethnicity
Kazakh
Russian
Other
Missing
Outcome
Median duration of diabetes, years (IQR)
Duration of diabetes, N(%)
<5years
5-10years
>10years
Dead
Median age at death, years (IQR)
Comorbidities/complications
Diabetic neuropathy, yes
Coronary artery disease, yes
Hypertension, yes
Diabetic nephropathy, yes
Diabetic retinopathy, yes
Stroke, yes
Diabetic foot, yes
Amputations, yes
Neoplasms, yes

57.8 (49.8-65.3)

12,688 (2.7%)
17,866 (3.8%)
103,199 (21.7%)
282,678 (59.4%)
59,108 (12.4%)

227,611 (47.9%)
137,229 (28.9%)
107,434 (22.6%)
3265 (0.7%)

4.5(2.1-7.9)

260,267 (54.7%)
140,480 (29.5%)
74,792 (15.7%)
64,151 (13.5%)
70.6 (62.9-78.8)

27,074 (5.7%)
88,931 (18.7%)
203,592 (42.8%)
8118 (1.7%)
19,269 (4.0%)
11,846 (2.5%)
19,974 (54%)
4749 (1.0%)
27,142 (5.1%)

269 (13.4-43.5)

11,562 (36.4%)
8646 (27.2%)
5798 (18.3%)
4761 (15.0%)
996 (3.1%)

14,843 (46.7%)
8057 (25.4%)
6899 (21.7%)
1964 (6.2%)

4.7 (2.2-8.2)

16,882 (53.2%)
8750 (27.6%)
6131 (19.3%)
3581 (11.3%)
61.1 (42.6-71.6)

3626 (11.4%)
5223 (16.4%)
6890 (21.7%)
1551 (4.9%)
3472 (10.9%)
888 (2.8%)
3020 (9.5%)
1156 (3.6%)
2274 (7.2%)

585 (51.3-65.8)

1126 (0.3%)
9220 (2.1%)
97,401 (21.9%)
277,917 (62.6%)
58,112 (13.1%)

212,768 (47.9%)
129,172 (29.1%)
100,535 (22.7%)
1301 (0.3%)

4.5(2.1-7.8)

243,385 (54.8%)
131,730 (29.7%)
68,661 (15.5%)
60,570 (13.7%)
71.0(63.5-79.0)

23,448 (5.3%)
83,708 (18.9%)
196,702 (44.3%)
6567 (1.5%)
15,797 (3.6%)
10,958 (2.5%)
16,954 (3.8%)
3593 (0.8%)
21,868 (4.9%)
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Fig. 2 Prevalence and incidence per 100, 000 population/years ((A) - Type 2 DM patients, (B) - Type 1 DM patients)

patients, (B) - Type 1 DM patients).. Incidence of Type
1 DM decreased 1.5 times from 2014 to 2019, while inci-
dence of Type 2 DM was similar over the years (Fig. 2.
Prevalence and incidence per 100, 000 population/years
((A) - Type 2 DM patients, (B) - Type 1 DM patients).).
Despite increase in mortality of diabetic patients in a
whole population during 5 years (Fig. 3. Mortality rate
per 100, 000 population/years (A) and per 1000 person-
years (PY) with 95% CI (B).a), mortality rates substan-
tially decreased from 637/1000PY (95%CI: 551-736) in
2014 to 118/1000PY (95%CI: 110-126) in 2019 among
Type 1 DM patients and from 253/1000PY (95%Cl: 242—
265) in 2014 to 136/1000PY (95%CI: 133—-138) in 2019
among Type 2 DM patients (Fig. 3. Mortality rate per
100, 000 population/years (A) and per 1000 person-years
(PY) with 95% CI (B).b).

Comorbidities and diabetes-related complications
stratified by duration of diabetes

In Fig. 4. Prevalence of different comorbidities clas-
sified by type and duration of DM., the prevalence of
comorbidities and diabetes-related complications were
stratified by the different duration of diabetes. The

prevalence of amputations, stroke, nephropathy, and
neoplasms showed fluctuations and did not exceed 10%
among Type 1 DM patients with various disease dura-
tion, while among Type 2 DM patients with different
disease duration consistent increase in prevalence was
observed. Those patients with more than 10years of
Type 1 or Type 2 DM duration had higher prevalence of
coronary artery disease (27.3 and 33.6%, respectively)
and hypertension (41.7 and 68.8%, in turn) compared to
patients with shorter disease duration.

Association of age, sex and ethnicity with all-cause
mortality

Median follow up was 4.7 (2.2-8.2) years and 4.5 (2.1-
7.8) years for Type 1 and Type 2 DM, respectively. Male
sex and age older than 18 were associated with a higher
risk of all-cause death compared to female sex and
younger age in patients with Type 1 and Type 2 DM
(Supplementary Figs. 1-4). In adjusted models, males
and advanced age categories among both Type 1 and
Type 2 DM patients have higher risk of all-cause mor-
tality (Table 2).
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Fig. 4 Prevalence of different comorbidities classified by type and duration of DM
Table 2 Association of determinants with all-cause mortality in Type 1 and Type 2 DM patients
Variables DM 1 DM 2
Crude HR Adjusted HR p-value Crude HR Adjusted HR (95%(Cl) p-value
(95%Cl) (95%Cl) (95%Cl)
Sex <0.001 <0.001
Female 1.0 1.0 1.0 1.0
Male 0.96 (0.9-1.02) 1.36 (1.27-1.46) 136 1.64 (1.61-1.66)
(1.34-1.38)
Age <0.001 <0.001
<=18 1.0 1.0 1.0 1.0
19-34 2.29(1.98-2.65) 2.28(1.97-2.63) 1.11 1.17 (0.88-1.56)
(0.83-1.47)
35-50 4.69 (4.08-5.39) 4.79 (4.16-5.5) 2.16 2.32(1.77-3.05)
(1.64-2.84)
51-70 12.28 13.2(11.57-15.1) 557 6.32 (4.81-8.31)
(10.74-14.03) (4.24-7.31)
>=71 3739 424 (36.2-49.5) 19.21 22.7 (14.2-29.8)
(32.08-43.57) (14.63-25.24)
Ethnicity <0.001 <0.001
Other 1.0 1.0 1.0 1.0
Kazakh 0.87 (0.8-0.95) 1.18(1.09-1.29) 0.9 (0.88-0.91) 1.02 (1.0-1.05)
Russians 1.03 (0.94-1.12) 121 (1.11-1.32) 1.12(1.1-1.14) 1.04 (1.02-1.06)

HR hazard ratio, DM 1 type 1 Diabetes mellitus, DM 2 type 2 Diabetes mellitus

Association of comorbidities and diabetes-related
complications with all-cause mortality

In the multiple Cox regression (Table 3, Model 2) for
Type 1 DM patients, the following comorbidities and

diabetes-related complications as coronary artery dis-
ease (aHR 1.41; 95%CI 1.27-1.55), diabetic nephropa-
thy (aHR 2.13; 95%CI 1.9-2.39), stroke (aHR 1.7; 95%CI
1.49-1.94), amputations (aHR 1.23; 95%CI 1.07-1.4) and
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Table 3 Association of comorbidities with all-cause mortality in Type 1 DM patients

Variables Crude HR and 95% CI p-value Model 12 p-value Model 2° p-value

Adjusted HR and Adjusted HR and
95% Cl 95% CI

Diabetic neuropathy, yes 0.6 <0.001 0.79 <0.001 0.79 0.002
(0.53-0.67) (0.7-0.89) (0.68-0.92)

Coronary artery disease, yes 1.95 <0.001 1.06 0.096 141 <0.001
(1.82-2.09) (0.99-1.14) (1.27-1.55)

Hypertensionyes 1.39 <0.001 0.68 <0.001 0.51 <0.001
(1.3-1.49) (0.64-0.73) (0.46-0.56)

Diabetic nephropathy, yes 1.92 <0.001 1.71 <0.001 213 <0.001
(1.73-2.12) (1.54-1.89) (1.9-2.39)

Retinopathy, yes 053 <0.001 0.75 <0.001 0.68 <0.001
(0.46-0.6) (0.66-0.86) (0.57-0.8)

Stroke, yes 3.0 <0.001 1.67 <0.001 1.7 <0.001
(2.66-341) (1.47-1.89) (1.49-1.94)

Diabetic foot, yes 2.31 <0.001 113 0.004 0.98 0.689
(213-25) (1.04-1.23) (0.88-1.09)

Amputations, yes 344 <0.001 133 <0.001 1.23 0.002
(3.12-3.81) (1.2-1.48) (1.07-1.4)

Neoplasms, yes 127 <0.001 132 <0.001 1.28 <0.001
(1.12-1.44) (1.17-1.5) (1.13-1.45)

@ Model 1 adjusted for sex, age categories and ethnicity

b Model 2 adjusted for sex, age categories, ethnicity, diabetic neuropathy, coronary artery disease, hypertension, diabetic nephropathy, retinopathy, stroke, diabetic

foot, amputations and neoplasms

neoplasms (aHR 1.28; 95%CI 1.13-1.45) were associated
with a statistically significantly higher risk of all-cause
mortality. In contrast, the following comorbidities and
diabetes-related complications as diabetic neuropathy
(aHR 0.79; 95%CI 0.68-0.92), hypertension (aHR 0.51;
95%CI 0.46-0.56), and diabetic retinopathy (aHR 0.68;
95%CI 0.57-0.8) were associated with a statistically sig-
nificantly lower risk of all-cause mortality among Type
1 DM patients. Similarly, among Type 2 DM patients
(Table 4, Model 2) having coronary artery disease (aHR

1.04; 95%CI 1.02-1.07), diabetic nephropathy (aHR 2.06;
95%CI 1.96-2.16), stroke (aHR 1.8; 95%CI 1.73-1.87),
diabetic foot (aHR 1.23; 95%CI 1.18-1.28), amputa-
tions (aHR 1.64; 95%CI 1.54—1.75) and neoplasms (aHR
1.37; 95%CI 1.34—1.41) were associated with statistically
significant increased risk of all-cause mortality, while
diabetic neuropathy (aHR 0.81; 95%CI 0.77-0.85), hyper-
tension (aHR 0.54; 95%CI 0.53-0.55), and diabetic retin-
opathy (aHR 0.72; 95%CI 0.68-0.77) were significantly
associated with lower risk of all-cause mortality.

Table 4 Association of comorbidities with all-cause mortality in Type 2 DM patients

Variables CrudeHRand 95%Cl  p-value  Model 12 p-value  Model 2° p-value
Adjusted HR and 95% CI Adjusted HR and 95% CI
Diabetic neuropathy, yes 0.58 (0.56-0.6) <0.001 0.76 (0.74-0.79) <0.001 81(0.77-0.85) <0.001
Coronary artery disease, yes ~ 0.78 (0.77-0.8) <0.001 0.85 (0.84-0.87) <0.001 1.04 (1.02-1.07) <0.001
Hypertension, yes 0.56 (0.55-0.57) <0.001 0.58 (0.57-0.59) <0.001 0.54 (0.53-0.55) <0.001
Diabetic nephropathy, yes 1.26 (1.21-1.32) <0.001 1.63(1.56-1.71) <0.001 2.06 (1.96-2.16) <0.001
Retinopathy, yes 0.53 (0.51-0.56) <0.001 0.72 (0.69-0. 76) <0.001 0.72 (0.68-0.77) <0.001
Stroke, yes 1.5 (1.45-1.56) <0.001 62) <0.001 1.8(1.73-1.87) <0.001
Diabetic foot, yes 1.13(1.1-1.18) <0.001 1.32(1.27-1.36) <0.001 1.23(1.18-1.28) <0.001
Amputations, yes 1.79 (1.69-1.88) <0.001 1.95 (1.85-2. 05) <0.001 1.64 (1.54-1.75) <0.001
Neoplasms, yes 1.31(1.28-1.35) <0.001 1.3(1.27-1.34) <0.001 1.37(1.34-141) <0.001

@ Model 1 adjusted for sex, age categories and ethnicity

b Model 2 adjusted for sex, age categories, ethnicity, diabetic neuropathy, coronary artery disease, hypertension, diabetic nephropathy, retinopathy, stroke, diabetic

foot, amputations and neoplasms
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Discussion

This is the first study from the Central Asian region to
investigate the epidemiology of Type 1 and Type 2 DM
patients using a large-scale administrative health data in
Kazakhstan. In this study, we described incidence, preva-
lence and survival in Type 1 and Type 2 DM patients who
were registered in UNEHS from 2014 to 2019 in Kazakh-
stan and investigated demographical factors and DM-
related complications associated with all-cause mortality.

We reported that the incidence and prevalence of Type
1 DM in 2019 was 17 and 152 per 100,000, respectively,
which was in line with reported numbers of Interna-
tional Diabetes Federation [12]. Recent meta-analysis by
Mobasseri et al. also reported that the incidence of Type
1 diabetes in Asia, Africa, Europe, and America was 15
per 100,000, 8 per 100,000, 15 per 100,000 and 20 per
100, respectively. Also, the global prevalence of type 1
diabetes in the above regions was, 69 per 100,000, 35 per
100,000, and 122 per 100,000, respectively [13].

Our study reports the prevalence of Type 2 diabetes
in 2019 of 2075 per 100,000 population. However, glob-
ally the prevalence of Type 2 diabetes estimated 6059 per
100,000, which was three times higher [14]. This finding
shows a significant underestimation of the prevalence of
Type 2 DM in Kazakhstan. In fact, a previous study based
on multistage cluster random sampling showed that the
prevalence of Type 2 Diabetes was 8% among 4753 par-
ticipants from four distinct regions of Kazakhstan. And
the same study reported a total of 54% of newly diag-
nosed Type 2 Diabetes patients [4]. Similar results were
obtained from another study where authors reported
the prevalence at 8.2% (95% CI 7.7%-8.6%) [5]. These
findings suggest that a large proportion of patients are
undiagnosed and unregistered. However, the trend of
increasing prevalence of Type 2 DM over the years is in
line with global trend [12, 15]. This trend can be partly
explained by the rising life expectancy which may lead to
increased prevalence of diabetes.

Mortality rate of Type 2 diabetes in our study was simi-
lar to WHO report 2016 which reports mortality rate
53.6 per 100,000 [16], while it was 55 per 100,000 in 2016
in Kazakhstan.

Diabetic neuropathy, nephropathy, retinopathy, dia-
betic foot and neoplasms were more common in Type 1
DM patients compared to Type 2 DM, while hyperten-
sion and coronary artery disease were more common in
Type 2 DM patients compared to Type 1 DM.

Prevalence of coronary artery disease in our study was
18,7%, which was in line with global prevalence of 21%
[12]. However, we reported lower prevalence of stroke
(2.5%) compared to global prevalence (7.6%) in diabetic
patients [12]. This might be due to undiagnosed and
unregistered cases. Prevalence of diabetic retinopathy in
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Type 1 and Type 2 diabetes was 10,9% and 3,6%, respec-
tively, which was within a wide range of global preva-
lence, 6.7 to 34.9% and 4.4 to 8.2%, respectively [12].
Prevalence of diabetic foot in our study was 5,4% with
1% suffering from amputation. These findings are in line
with global prevalence of diabetic foot of 6,4% and ampu-
tations of 1% [12]. We reported a prevalence of diabetic
nephropathy of 1.7% in Type 1 and Type 2 DM patients.
However, the global prevalence of diabetic nephropathy
is 30-50% [15, 17]. We may speculate that most cases
registered in the database are advanced cases with end
stage renal disease requiring dialysis. Nevertheless, the
global prevalence of ESRD in patients with diabetes
ranges from 19.0% in 2000 to 29.7% in 2015 worldwide
[18]. Therefore, we might underestimate the prevalence
of diabetic nephropathy.

We have found a significantly higher mortality rate in
men compared to women with diabetes, which was also
reported in the Kazakhstani general population (https://
www.statista.com/statistics/974832/adult-mortality-
rate-in-kazakhstan-by-gender/). Even though there is no
data on men and women frequency of visits in Kazakh-
stan it might be that women comply to a larger extent
than men with a doctor’s advice. A Swedish study showed
that women with diabetes attend outpatient clinics more
frequently than men with diabetes. That would give the
women a greater opportunity to control high blood pres-
sure and cholesterol levels [19]. The more frequent con-
tact of women with health care in general may result in
diabetes being diagnosed at an earlier and milder stage in
women than in men, resulting in higher survival.

In contrast, Italian study reported the opposite find-
ings of females having a higher risk of all-cause mortality
than men (IRR 1.77; 95% CI 1.64-1.92) [18]. The authors
explain this by the fact that females with diabetes have
higher prevalent abdominal obesity, increasing the risk of
hypertension and a worse lipid profile. The authors also
reported that increased age is associated with increased
risk of all-cause mortality in patients with diabetes [20].
This was in line with our findings.

Coronary artery disease, diabetic nephropathy, stroke,
amputations and neoplasms were associated with a
higher risk of all-cause death in patients with Type 1 and
Type 2 DM. Diabetic neuropathy, hypertension, and dia-
betic retinopathy were associated with a lower risk of all-
cause mortality in patients with Type 1 and Type 2 DM.

In the present study, non-hypertensive patients are at
increased risk of all-cause mortality suggesting a para-
doxical protective effect of elevated blood pressure in
patients with Type 1 and Type 2 DM. This observa-
tion disagrees with the high risk of death conferred by
elevated blood pressure in the general population. The
apparent paradoxical protection afforded by elevated
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blood pressure against mortality observed in the pre-
sent study can be partly explained by the phenomenon of
reverse epidemiology of traditional risk factors reported
in chronic conditions such as chronic kidney disease and
dialysis, chronic heart failure, cancer and chronic infec-
tions like HIV/AIDS [21, 22]. This inverse relationship
seems to indicate the existence of additional and more
significant risk factors such as malnutrition and inflam-
mation which might alter the relationship between tradi-
tional risk factors and outcomes in patients with diabetes
[20, 21]. Another plausible explanation of the apparent
paradox can be due to selection by indication. Registered
hypertensive patients might be better protected and have
a better track from healthcare professionals. Moreover,
they may receive more intense medical care, including
pharmacological therapy that may explain this associa-
tion. However, data on medication was not available, so
we could not explore this association.

The present study has several strengths. First, to our
knowledge this is the first study from the Central Asian
region to demonstrate the epidemiology of Type 1 and
Type 2 DM patients based on a compiled nationwide
digital healthcare data from Kazakhstan. Second, the data
was linked to the Population Registry to determine the
outcome data (died or alive).

Our study has a few limitations including the reliance
on secondary data, which in turn is affected by the accu-
racy of measurement. Another main limitation is lack
of data on treatments and clinical and laboratory data
(blood pressure, HbAlc, cholesterol, etc.). Fair to men-
tion also that in the current study the lack of cause-spe-
cific mortality data, possible errors with disease coding,
and potential loss of follow-up for patients who might left
the country could affect the results. Moreover, residual
confounding factors (such as obesity, smoking status, life-
style and socioeconomic factors, etc.) are likely present in
the study results as the registry data was limited to few
covariates to be adjusted for.

Conclusion

The results showed an increase in the prevalence and
mortality but not the incidence in patients with Type 1
and Type 2 DM. We described that male sex, older age
and Kazakh ethnicity were associated with a higher risk
of all-cause death compared to females, younger age and
other nationalities than Kazakh in patients with Type 1
and Type 2 DM. We also described that coronary artery
disease, diabetic nephropathy, stroke, amputations and
neoplasms were associated with a higher risk of all-cause
death in patients with Type 1 and Type 2 DM. Diabetic
neuropathy, hypertension, and diabetic retinopathy were
associated with a lower risk of all-cause mortality in
patients with Type 1 and Type 2 DM.
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