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Abstract

Background: The epidemiology of dialysis patients has been little studied in developing countries and economies
in transition. We examined the prevalence, incidence and mortality rate of dialysis patients in Kazakhstan, via
aggregation and utilization of large-scale administrative healthcare data.

Methods: The registry data of 8898 patients receiving dialysis therapy between 2014 and 2018 years were extracted
from the Unified National Electronic Health System (UNEHS) and linked with the national population registry of
Kazakhstan. We provide descriptive statistics of demographic, comorbidity and dialysis-related characteristics.

Results: Among all patients undergoing maintenance dialysis for end-stage renal disease (ESRD), there were 3941
(44%) females and 4957 (56%) males. 98.7% of patients received hemodialysis and 1.3% peritoneal dialysis. The
majority of the patients (63%) were ethnic Kazakhs, 18% were Russians and 19% were of other ethnicities. The
prevalence and incidence rate in 2014 were 135.2 and 68.9 per million population (PMP), respectively, which were
different in 2018 [350.2 and 94.9 PMP, respectively]. Overall mortality rate among dialysis patients reduced from
1667/1000 patient-years [95%Confidence Interval (CI): 1473–1886] (PY) in 2014 to 710/1000PY [95%CI: 658–767] in
2018. We observed 13% lower crude survival probability in females compared to males and in older patients
compared to younger ones. Russian ethnicity had 58% higher risk of death, while other ethnicities had 34% higher
risk of death compared to in those of Kazakh ethnicity.

Conclusion: We describe for the first time in Kazakhstan an increase in the prevalence and incidence of ESRD on
dialysis, while mortality rate decreased over time, during 2014–2018. We observed statistically significant lower
survival probability in female dialysis patients compared to males, in older patients compared to younger ones, and
in patients of Russian ethnicity compared to Kazakh.
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Background
Kazakhstan is a central Asian country with a fast-growing
economy and a multiethnic population of 18.6 million.
The major ethnicities in Kazakhstan are ethnic Kazakh,
who make up the majority of the population with 67.5%
followed by ethnic Russians 19.5% and the remainder of
the population made up of several other ethnicities includ-
ing Uzbeks, Uyghurs, Ukrainians, and Koreans [1]. The
World Health Organization (WHO) estimates the average
life expectancy in Kazakhstan to be 64 years (59 years for
males and 70 years for females) [2]. According to the
WHO health profile for Kazakhstan, non-communicable
chronic diseases (cardiovascular diseases, cancer, chronic
respiratory disease and diabetes) accounted for 86% of all
deaths [2]. The prevalence of diabetes was reported as
12% and the prevalence of hypertension was estimated to
be 27% in the general population [3]. Interestingly, several
reports about the prevalence of non-communicable dis-
eases in Kazakhstan, including that of the WHO reported
a rapid increase in the burden of chronic kidney disease
(CKD) [2, 4, 5].
Globally, the estimated number of individuals affected

by kidney disease exceeds 850 million with 843.6 million
accounted for by CKD [6]. Recent data showed that glo-
bally the incidence and prevalence of CKD during years
1990–2016 increased by 89 and 87%, respectively, sur-
passing 100% in countries with middle and low sociode-
mographic index (SDI) [5]. There was an estimated two-
fold increase in the number of deaths from CKD over
the last 3 decades, which shifted CKD from being the
18th top cause of death in the year 1990 to the 11th in
the year 2016 [4, 5, 7].
The Global Burden of Disease Study, which is the only

source of data for Kazakhstan, reported the number of
CKD patients to be as high as one million or 5.5% of the
general population in 2016, which correlates with a 44%
increase in the number of CKD cases between 1990 and
2016, including 1600 deaths, equaling approximately 1%
of the total deaths that occurred in 2016 [2, 5].
There is a lack of epidemiological information of end-

stage renal disease (ESRD) in Kazakhstan. Despite the avail-
ability of chronic hemodialysis treatment since 1974, the
number of public dialysis centers were limited to the big
cities, but legislative changes in the early 2000s allowed the
establishment of private dialysis centers throughout the
country, which resulted in improved patient access to such
facilities. The establishment of the Unified National Elec-
tronic Health System (UNEHS) in 2014, made epidemio-
logical data of dialysis patients readily available for
healthcare researchers and providers [8, 9].
Therefore, the objective of the current study is to use

the large-scale administrative health data available in the
UNEHS to estimate the prevalence, incidence and mor-
tality rates of end-stage renal disease patients receiving

dialysis in Kazakhstan. Data from a five-year period, in-
clusive from the date of establishment of UNEHS, 2014
until the latest available, which is 2018 was collected and
statistically analyzed to determine each of the
parameters.

Methods
Study population
The study population consisted of ESRD patients in-
cluded in the database, “Registry of Chronic Kidney Dis-
ease” (RCKD) within UNEHS that was established in
2014. The raw data of 11,087 patients receiving renal re-
placement therapy (hemodialysis, peritoneal dialysis and
kidney transplantation) between 2014 and 2018 were ex-
tracted from RCKD as Microsoft Excel file. Initially, 310
duplicate patient records were removed if population
registry number (RPN ID) were similar. Depending on
primary disease ICD-10 codes, patients who underwent
dialysis were labeled as either AKI (ICD-10 code: N17)
or ESRD (ICD-10 code: N18). Patients with AKI (n =
1421) and those patients who underwent preemptive
kidney transplantation (n = 458) were dropped from the
cohort and 8898 chronic dialysis patients were included
for further statistical evaluation. 1437 out of 8898 pa-
tients had started dialysis treatment before January 1,
2014, and included to the current cohort. The detailed
information about data sources described in supplemen-
tary material. The number of population growth in
whole Kazakhstan and its regions were obtained from
the source of Statistics committee under the Ministry of
National Economy of the Republic of Kazakhstan [1].

Exposures and covariates
Individual patient data included date of birth, gender,
ethnicity, and address by region, ICD-10 diagnosis, date
of first dialysis and type of dialysis, and date of kidney
transplantation. The date of the first dialysis procedure
and the date of kidney transplant surgery might be regis-
tered to the UNHS retrospectively from previous tem-
porary electronic systems and old registries if they were
conducted before 2014. Information about date of birth
and death (if any) were obtained through linkage with
the Population Registry through population registry
number (RPN number). Age was categorized in five
groups (below 18 years old (y.o.), 18–34 y.o., 35–50 y.o.,
51–70 y.o. and above 70 y.o.), ethnicity to Kazakhs, Rus-
sians and others (included Uzbeks, Uyghurs, Ukrainians,
Koreans, and other 37 ethnicities); and education level
was categorized into five groups according to Inter-
national Standard Classification of Education 11 (ISCE
D) as ISCED-2 (Lower Secondary Education), ISCED-3
(Upper Secondary Education), ISCED-4 (Post-secondary
non-Tertiary Education) and ISCED-5 (Short-cycle ter-
tiary education) [10].
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Outcome assessment
The prevalence, incidence and all-cause mortality of dia-
lysis patients were assessed. Prevalence of ESRD patients
were studied for five consecutive years (2014–2018). For
each year, a period prevalence was calculated by dividing
all alive patients receiving dialysis at any point of the
year by the average total general population size during
the year Similarly, incidence and mortality were calcu-
lated 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 [1]. All-cause mortality data,
censoring events such as kidney transplantation, and as-
sociated dates were obtained from RCKD and the popu-
lation registry. The start of the follow-up period was the
date of dialysis therapy initiation, and patients were
followed up until death or other censoring events, in-
cluding kidney transplantation or end of the follow-up
period (December 31st, 2018).

Statistical analysis
Data are summarized as percentages for categorical vari-
ables. Kaplan-Meier estimation and log-rank test were
used to calculate crude survival and statistically signifi-
cant differences in survival by age groups, gender, ethni-
city and education. Cox proportional hazards regression
analysis, after checking its assumptions, was used to ob-
tain crude and adjusted hazard ratios. Cumulative inci-
dence curves and competing risk regression analysis by
Fine and Gray [11] were used to assess the transplant
censored all-cause mortality between age groups, gender,
ethnicity and education level.
Mortality rate within the dialysis population is pre-

sented as per 1000 patient year (/1000PY) in different
groups. Statistical analysis, data cleaning (identifying and
removing duplicate cases) and data management (label-
ing all data, creating and categorizing new variables) was
performed using STATA 15 MP/IC Version (STATA
Corporation, College Station, TX). P values are two-
sided and reported as statistically significant at < 0.05 for
all analyses. The study was approved by the Institutional
Review Ethics Committee (NU-IREC 203/29112019),
with exemption from informed consent.

Results
Demographic data
The demographic information of the cohort are provided
in Table 1. During 2014–2018, there were a total of
3941 (44%) female and 4957 (56%) male patients who
underwent maintenance dialysis (98.7% hemodialysis
and 1.3% peritoneal dialysis). 63% of patients were ethnic
Kazakhs, 18% were of Russian ethnicity and 19% were
listed as other ethnicities. 7.7% (684) of patients

underwent kidney transplantation after initiation of
maintenance dialysis. During a median 1.88-year (684
(IQR: 228–1362) days) follow-up period after dialysis ini-
tiation there were 2692 deaths (29%) in the overall
cohort.

Prevalence, incidence and mortality per million
population
The prevalence and incidence (Fig. 1a) in 2014 were
135.2 and 68.9 per million population (PMP) respectively
and differed from 2018 (350.2 and 94.9 PMP respect-
ively). The number of prevalent patients dramatically in-
creased from 2337 to 6401 during 2014–2018 (Fig. 1b)
in both urban and rural population (Supplement Figure
1), especially in patients within the 51–70 y.o. age cat-
egory (Supplement Figure 2), despite a small population
growth of one million over the same time period (from
17.2 to 18.2 million) (Supplement Table 1). Due to the
increase in the prevalence of ESRD in the general popu-
lation, the number of deaths attributable to ESRD also
increased in the population as a whole during 2014–
2018 (14.5 vs. 36.5 deaths PMP, Fig. 1a). Among all the
regions of Kazakhstan, the South and North Kazakhstan
regions had the highest mortality (> 40 PMP) rate in
2017 (Supplement Figure 3).

Mortality rate among dialysis population
The crude mortality rate per thousand patient year
(/1000PY) is provided in Table 1. The crude mortality
rate was higher in females compared to males (137/
1000PY [95%CI: 130–145] vs 118/1000PY [95%CI: 112–
125]), in those of Russian ethnicity compared to Kazakhs
(173/1000PY [95%CI: 160–188] vs 108/1000PY [95%CI:
102–113]) and in older patients compared to younger
ones (Table 1). Despite increased mortality from ESRD
in whole population (Fig. 1a), the mortality rate among
dialysis patients ultimately decreased from 1667/1000PY
[95%CI: 1473–1886] in 2014 to 710/1000PY [95%CI:
658–767] in 2018 (Fig. 2).

Survival probability overall and by gender, ethnicity, age
and educational level
In Kaplan-Meier analyses (Fig. 3a) we observed a 13%
(HR = 0.87 [95%CI: 0.81–0.94], p = 0.0004]) lower crude
survival probability in females compared to males, which
remained similar after adjustment for age (Supplement
Figure 4A). Patients of Russian ethnicity had 58% higher
risk of death, while other ethnicities had 34% higher risk
of death compared to in those of Kazakh ethnicity (Fig.
3b). Even after adjustment for age and gender (Supple-
ment Figure 4B), Kazakhs (reference) had statistically
significant higher survival probability than Russian and
other ethnicities (HR(Russian) = 1.29 [95%CI: 1.17–1.42];
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HR(Others) = 1.16 [95%CI: 1.05–1.28]; p < 0.0001,
respectively).
Compared to patients < 18 y.o., patient in the 18–34,

35–50, 51–70 and > 70 y.o. groups had 2.8-fold, 4.9-fold,
9.0-fold and 16.3-fold higher risk of death, respectively
(Fig. 3c). Also, patients with ISCED-2 educational level
(reference) had lower survival probability (Fig. 3d) com-
pared to those with ISCED-3, ISCED-4 and ISCED-5
education levels (HR = 0.86 [95%CI: 0.67–1.09]; HR =
0.83 [95%CI: 0.65–1.05] and HR = 0.63 [95%CI: 0.49–
0.82], respectively).

Transplant censored all-cause death by gender, ethnicity,
age and educational level
A similar trend was observed for transplant censored all-
cause deaths. The cumulative incidence of death was

higher in females, compared to males, whereas the cu-
mulative incidence of death was substantially lower in
patients of Kazakh ethnicity, compared to Russians and
other ethnicities (Fig. 4). In unadjusted competing risk
regression analysis, compared to females (references)
male gender was associated with 14% lower risk of death
(SubHazard Ratio (SHR) = 0.86 [95%CI: 0.80–0.93]; p <
0.0001), as well as compared to Kazakh ethnicity (refer-
ence) Russian and Other ethnicities had 61 and 34%
higher chance of death (SHR(Russian) = 1.61 [95%CI: 1.46–
1.77]; SHR(Others) = 1.34 [95%CI: 1.23–1.48]; p < 0.0001,
respectively). Results remained statistically significant
after adjustments (Supplement Figure 5). Finally, the cu-
mulative incidence of death on dialysis by age category
(Supplement Figure 6A) and education level (Supple-
ment Figure 6B) were similarly to survival probabilities

Table 1 Demographic data and crude mortality rate per 1000 patient years

Variables N = 8898 (%) Mortality rate per 1000 patient year [95%CI]

Gender

Female 3941 (44.3%) 137 [130–145]

Male 4957 (55.7%) 118 [112–125]

Age, groups

< 18 y.o. 100 (1.1%) 16 [7–36]

18–34 y.o. 1460 (16.4%) 48 [42–55]

35–50 y.o. 2308 (25.9%) 85 [78–93]

51–70 y.o. 4279 (48.1%) 173 [165–182]

> 70 y.o. 751 (8.4%) 343 [311–379]

Ethnicity

Kazakh 5574 (62.8%) 108 [102–113]

Russian 1570 (17.7%) 173 [160–188]

Others 1726 (19.5%) 150 [138–163]

Education

ISCED-2 224 (2.5%) 165 [132–206]

ISCED-3 1673 (18.8%) 137 [125–149]

ISCED-4 1805 (20.3%) 132 [121–143]

ISCED-5 843 (9.5%) 97 [85–111]

Missing 4353 (48.9%) NA

Dialysis modality

Peritoneal dialysis 112 (1.3%) 133 [92–191]

Hemodialysis 8657 (98.7%) 129 [124–134]

Kidney transplant

No 8214 (92.3%) 144 [139–150]

Yes 684 (7.7%) 12 [9–17]

Outcome

Follow-up period, days 684 (228–1362) NA

Alive 6206 (69.7%) NA

Died 2692 (30.3%) NA

Abbreviations: ISCED International Standard Classification of Education
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calculated by the Kaplan-Meier method. Competing risk
regression analysis showed that older patients had statis-
tically significant higher risk of death compared to young
ones and patients with higher educational levels (ISCED-
3, ISCED-4 and ISCED-5) had reduced risk death com-
pared to those with the lowest educational level (ISCED-
2).

Discussion
This is the first central Asian study to investigate the
epidemiology of dialysis patients using large-scale ad-
ministrative health data that has recently become avail-
able in Kazakhstan. The results showed an increase in
the prevalence and incidence rates and decrease in mor-
tality rate of dialysis patients over the last 5 years. The

survival probability was statistically significant lower for
females compared to males. Interestingly, after adjust-
ment for age and gender, a statistically significant lower
survival probability of ethnic Russians or other com-
pared to Kazakh ethnicities was shown.
The current findings are in line with information re-

cently published USRDS Annual reports that also de-
scribed the epidemiology of ESRD in Kazakhstan (in
international comparison section) that was conducted by
call-based data collection from all dialysis providers [12–
14]. However, we were not able to access demographic
and mortality data during this call-based data collection.
The expenses related to all modalities of renal replace-

ment therapy (hemodialysis, peritoneal dialysis and kid-
ney transplantation) are fully covered by government for

Fig. 2 Crude mortality rate among dialysis population for 2014–2018 years

Fig. 1 Prevalence, incidence and mortality of dialysis patients for 2014–2018 years
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Fig. 3 Crude survival probability on dialysis by gender (a), ethnicity (b), age category (c) and education level (d). *Unadjusted Cox proportional
hazard regression analysis. Abbreviations: ISCED - International Standard Classification of Education; HR – hazard ratio

Fig. 4 Cumulative incidence of transplant censored all-cause death on dialysis by gender (a) and ethnicity (b). *Unadjusted competing risk regression
analysis. Abbreviations: SHR – subdistribution hazard ratio
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citizens of Kazakhstan from the beginning [14, 15].
There was no therapy available in Kazakhstan for renal
anemia, mineral-bone diseases, and other ESRD related
complications during the 1990s due to lack of medica-
tions and their registration in the country. However, the
implementation of public-private partnership in health-
care during the early 2010s substantially improved pa-
tient access to dialysis in wider geographic regions
including rural areas [16, 17]. This may explain the in-
creasing incidence of dialysis patients beginning from
2013. To date, the incidence and prevalence PMP is re-
ported to be higher around big cities and wealthier parts
of the country. This could be due to the fact that these
areas might have better access to dialysis services than
other regions such as rural or isolated and underdevel-
oped villages. However, limited access to dialysis in rural
areas in earlier years may have resulted in the accumula-
tion of a large number of untreated or undiagnosed pa-
tients, thus these patients were likely included in the
dialysis centers upon their later establishment. Our find-
ings demonstrated that the prevalence and incidence has
continuously increased in both rural and urban regions.
On the other hand, several private ambulatory dialysis
centers started to emerge in all rural regions of
Kazakhstan during the last couple of years. Conse-
quently, the availability of these centers and the inclu-
sion of previously undiagnosed patients have likely
contributed to the increased incidence rate.
Another factor affecting the described secular changes

is the implementation of state healthcare programs for
the management of cardiovascular diseases in 2005,
which aimed to reduce cardiovascular mortality by de-
veloping heart and stroke centers [18, 19]. This may
have led to an increase in the life expectancy of patients
with CKD, who would then survive to ESRD. The devel-
opment of national guidelines on CKD management and
dialysis treatment based on international guidelines that
begun in the early 2010s substantially improved dialysis
adequacy and decreased ESRD-related complications,
which could have resulted in an increase in the survival
of dialysis patients, and thus may have impacted on the
overall prevalence rate in the following years. Our find-
ings demonstrate that while the prevalence and inci-
dence of ESRD were continuously increasing, there was
a substantial reduction in the mortality rate of dialysis
patients during the same period. These trends indicate
an overall beneficial impact of the aforementioned
healthcare reforms, affording better access to dialysis
while improving the health outcomes among the citizens
of Kazakhstan with CKD and ESRD.
While there was no difference in the prevalence or

incidence rate between males and females, the crude
probability of survival for females was much lower
than their male counterparts. Studies examining the

association between patient gender and survival rate
have shown conflicting results. For instance, Artan
et al., who reported the results of an observational
study that investigated whether or not there is an as-
sociation between patient gender and mortality rate
among dialysis patients, claimed that there is no dif-
ference in survival rates between male and female
hemodialysis patients [20]. However, different studies
including that of Bloembergen et al., which investi-
gated the causes of death in dialysis patients between
the different sex, reported that males had a 22%
higher risk of death than females, which the authors
attributed to concomitant diseases such as cardiovas-
cular disease [21]. Consequently, the current study is
not the first study to report a difference in survival
rate between male and female dialysis patients, but it
is the first to show that females have a lower survival
rate than males. Possible reasons might be later refer-
ral to dialysis, more severe burden of ESRD complica-
tions (renal anemia, cardiovascular disease, etc.), or
country-specific sociodemographic factors. However,
we cannot infer causality from the current database,
and hence these observations require further focused
examination.
Also, the results showed that ethnic Russians experi-

ence higher mortality rate on dialysis than other ethnici-
ties. While we did not investigate the reasons for the
observed difference, the results seem to be in agreement
with previous studies that reported higher mortality rate
among ethnic Russians in central Asia compared to
other ethnicities, including Davletov and colleagues who
studied mortality rates in Kazakhstan by ethnic group
and the most commonly reported contributing factors
[22]. The study reported that despite having higher
levels of education and socioeconomic status than Ka-
zakhs, ethnic Russians in Kazakhstan appear to have a
higher mortality rate than other ethnicities. Destructive
lifestyle such as alcohol consumption, heavy smoking,
high-fat diet and lack of physical activity, are claimed to
be the major contributing factors for the higher mortal-
ity rate amongst Russians [23]. However, the important
question, whether there are other contributing factors
besides lifestyle warrants further investigation.
There are several limitations in the current study such

as the lack of cause-specific mortality data, possible er-
rors with disease coding, and potential loss of follow-up
for patients who transitioned between kidney transplants
and dialysis by leaving the country. Also, residual con-
founding is likely present in the study results as the
registry data was limited to few variables which could be
adjusted for. However, this is the first study from the
Central Asia and Eurasian regions to demonstrate the
epidemiology of dialysis patients based on a compiled
nationwide digital healthcare data from Kazakhstan. The
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findings warrant further investigations into patient mor-
tality rate based on age, gender and ethnicity in
Kazakhstan and the region.

Conclusion
This the first study in Kazakhstan and possibly in the
entire central Asia region, to examine the prevalence, in-
cidence and mortality rate of dialysis patients. The
current study analyzed large-scale administrative health-
care care data of dialysis patients over a five-year period
between 2014 and 2018. The results showed an increase
in the prevalence and incidence of dialysis patients, who
accounted for a rising proportion of deaths within the
general population. Meanwhile, the mortality rate within
the dialysis population displayed a marked decrease of
43%, suggesting improvement in access to care and/or
better healthcare practices. We described a lower sur-
vival rate for females compared to males, of older pa-
tients compared to young ones and patients of Russian
ethnicity compared to other ethnicities.
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