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Background: Viral hepatitis is the leading cause of hepatic cirrhosis and liver-related mortality, yet there are no countrywide
epidemiological studies available to date in Kazakhstan. The aim of the study was to perform an estimation of mortality, prevalence
and incidence of Hepatitis B and C infections and liver-related complications.
Methods: Using centralized healthcare data from the Unified National Electronic Health System (UNEHS) for the period 2014–2019,
a total of 82,700 registered patients with chronic viral hepatitis B (HBV), C (HCV) and D (HDV) have been extracted based on ICD −10
codes. Crude rates of incidence, prevalence andmortality, as well as age-, sex- and year-specific rates of incidence andmortality per 100,000
population were estimated. Unadjusted and adjusted hazard ratios were estimated using Cox proportional hazards regression modeling.
Results: For the total number of 82,700 patients, 56.6% were represented by chronic HCV infection and 43.4% by HBV infection.
The prevalence of coinfection was 10% for HBV+HDV and 3.5% for HBV+HCV. Both HBV and HCV were more prevalent among
female patients (56%) and among Kazakh ethnic group (64.8%). Males with HBV had a higher probability of death than females; this
trend was stronger among male patients with HCV. Russian ethnic groups infected with HBV had a higher risk of death compared to
Kazakh and other ethnic groups. Whereas in HCV-infected patients, Russian ethnic group and other ethnic group had similar risk for
death, but higher compared to Kazakhs.
Conclusion: During the 2014–2019 period, prevalence, incidence and mortality from chronic HBV and HCV infections increased.
Despite the disproportionately higher infection rate among females with chronic viral hepatitis, all-cause mortality was more than two-
fold higher among males. Higher death rates in Russian ethnic group compared to other ethnicities need to be evaluated in further
studies for other confounding factors and associated comorbidities in this group.
Keywords: HBV, HCV, mortality, incidence, prevalence, survival

Introduction
Blood-borne viral hepatitis B (HBV), D (HDV), and C (HCV) are the major causes of liver-related mortality worldwide
and continue to be a global health concern.1 According to the WHO report on combating viral hepatitis, the projected
mortality could be as high as 19 million hepatitis-related deaths from 2015 to 2030. Hepatitis elimination proposal by the
WHO has been aimed to eliminate new viral hepatitis infections by 90% and reduce mortality by 65% by 2030.2
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Up to date, there are over 250 million individuals infected with chronic viral hepatitis B worldwide. HBV remains the
leading cause of liver cirrhosis and liver failure, hepatocellular carcinoma and other liver-related mortalities.3 HDV is
a defective virus, which requires HBV in order to propagate in liver cells. In endemic areas, viral HDVadds a greater risk
to HBV coinfection- and superinfection-related morbidity and mortality.4 Although an estimated prevalence of HDV
among HBsAg-positive people is in the 10–13% range, the rates of liver-related complications and overall outcomes in
HBV/HDV people are significantly worse.5,6 There is a limited number of studies showing the proportion of deaths
related to HDV coinfection among total HBV-related deaths.

The global prevalence of viral hepatitis C is estimated to be at 130–170 million persons. HCV is one of the major causes of
hepatocellular carcinoma (HCC) and liver transplantation referrals worldwide, and also in Kazakhstan.7 The revolutionary
role of direct acting antivirals (DAA) in treatment of HCV and its affordability made the goals set by the WHO more
achievable, with 9.4 million cured cases over 2015–2019.8 In the United States, the age-adjusted HCV mortality rate in 2013
was 5.03 per 100,000 persons. With the introduction of DAA, this number was reduced to 3.3 per 100,000 persons in 2019. In
order to meet the WHO aim of reducing HCV-related deaths to 3 per 100,000 persons by 2025, mortality rate should be
reduced by 9.9%.9 For developing countries with higher prevalence of HCV, this ambitious goal of mortality reduction could
be challenging, as the national economies with healthcare expenditure limits, social, political and other factors need to be taken
into consideration. In the example of Egypt, where the nationwide seroprevalence of HCV is estimated at 14%, the rate of
HCV-related mortality was reported to be 33 per 100,000 in 2013, with the aim of reducing this to 7.5 per 100,000 by 2030
through the implementation of National elimination program.10

Kazakhstan, as one of the post-Soviet Union countries, faced many challenges in reforming the healthcare system,
including prevention and control of communicable diseases, such as viral hepatitis.11 Epidemiological data on viral hepatitis
in Kazakhstan is scattered and inconsistent. Review on HBV prevention and treatment in Central Asian countries reported the
estimated prevalence of HBV infection as 3.4%.12 According to the recent systematic review on prevalence of HIV, HCVand
HBV in Central Asian countries, the highest prevalence of HCV was reported in Kazakhstan with 90.1% among Intravenous
Drug Users (IVDU); and HBVamong IVDU to be 74.2% and 85.3% in two regions of the country.13 Nationwide universal
vaccination program was implemented in 1998 and is expected to decrease the burden of HBV infection in future decades.14

Currently, all available data is either from single-center analysis or from studies performed within high-risk
populations.15–17 For example, two major Liver transplant centers in Kazakhstan performed a little over 200 cases of
orthotopic liver transplants with half of the referrals due to viral hepatitis B, C and D. Among 131 liver transplantation
cases at Syzganov Center, Almaty, 47 cases were due to HBV and HBV+HDV infection, and 12 cases – due to HCV-
induced liver cirrhosis.18 Another study from the National Oncology Center in Nur-Sultan reported 30 patients with liver
cirrhosis due to HBV and HBV+HDV infections, and four cases of HCV infection among 64 transplantations carried out
at the center.19,20 These reports with high rates of viral hepatitis among transplant referrals indicate the need to identify
the true prevalence of viral hepatitis to implement policies for reducing the burden of disease.

Due to scarce data on viral hepatitis in the country, there is a demand for collective data addressing the epidemiology
of viral hepatitis and its burden in Kazakhstan at a country scale. The establishment of the Unified National Electronic
Health System (UNEHS) in 2014 has given us the opportunity to widen the possibility of learning the impact of this
problem. Therefore, the objective of the current study is to estimate the prevalence, incidence and all-cause mortality
from chronic viral hepatitis B and C infections in Kazakhstan for the 5-year period by using large-scale data from
UNEHS for the period of 2014–2019.

Methods
Study Population and Design
The initial study sample consisted of 20,810,911 patient records received from UNEHS for the period of 2014–2019 as 2
separate registries – inpatient and outpatient. Out of 11,157,509 records in the outpatient registry, 69,560 corresponded to
unique patients with hepatitis according to the International Classification of Diseases (ICD) 10th Revision (ICD-10
codes B15-B19). The inpatient registry contained 9,653,402 total records, corresponding to 20,170 unique hepatitis
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patients. The patients in the registry had either been diagnosed with hepatitis between 2014 and 2019 or had died while
under outpatient care in this period. The flowchart in Figure 1 shows stepwise cohort selection.

After merging two registries, duplicate observations had been removed. Only patients with HBVor HCVas their primary
diagnosis were enrolled into the study. Inclusion or exclusion was determined based on ICD-10 codes only. Patients with ICD-
10 codes B16.2, B16.9, and B18.1 were classified as having HBV without HDV superinfection, patients with ICD-10 codes
B16.0, B16.1, B17.0, and B18.0 – as having HBV with HDV superinfection, while patients with ICD-10 codes B17.1 and
B18.2 were classified as having HCV. The final cohort consisted of 82,700 unique patient records.

Exposures and Covariates
The individual patient data used in the analysis included age, sex, ethnicity, coinfections, progression type, outcomes
(including complications or death), hepatitis type, date of diagnosis, date of death and follow-up duration. Age was
divided into 5 categories (0–18 years, 19–34, 35–50, 51–70, 71+), ethnicity was categorized as Kazakh, Russian, and
others. Coinfections were defined as HBV patients concurrently diagnosed with HCV, HDV, or both. Progression type
was defined as either “acute” or “chronic”. The outcomes included relevant complications, namely liver failure (K72.9),
liver cirrhosis (K74.4, K74.6), portal hypertension (K76.6), hepatorenal syndrome (K76.7), hepatocellular carcinoma
(C22.0), intrahepatic bile duct carcinoma (B22.1), ascites (R18), and all-cause deaths. Complications were identified
using ICD-10 codes. The dates of birth and death (if applicable) were obtained from the Population Registry based on
population registry number (RPN). The follow-up time was calculated as either the difference between the earliest
diagnosis of hepatitis and the time of death or December 31, 2019, which is the end of the follow-up period for which the
data were obtained.

Figure 1 The flowchart of cohort selection.
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Outcome Assessment
Incidence, all-cause mortality and period prevalence of HBV and HCV patients were assessed. For each year of
observation between 2014 and 2019, the crude rates per 100,000 population were estimated using Kazakhstan population
data obtained from Information-Analytical System of Statistical Government.21 Incidence and mortality rates were
calculated by dividing the number of new cases or the number of deaths at the end of the year, respectively, by total
population of Kazakhstan at that year. Period prevalence was calculated by dividing the cumulative number of patients
diagnosed with HBVor HCV alive at the end of the year by the total population for that year. The sex-specific incidence
and mortality rates were subdivided by hepatitis type (HBV or HCV) and calculated by categorization by year or age
category (with an increment of 5 years from 0 to 100 years of age). Year- and sex-specific incidence rate (IR) was
calculated by dividing the number of new cases of a given hepatitis type and sex at the end of the year by the total
population count of that sex at that year. Age- and sex-specific incidence was calculated by dividing the number of new
cases of a specific hepatitis type within a given age category and sex by the median population size of that sex in the
period of 2014–2019.

Statistical Analysis
In descriptive analysis tables, the categorical data were presented as numbers of corresponding patients and their
percentages. The continuous variables are presented as means with standard deviation. Bivariable analysis was conducted
using t-test, chi-square test or Fisher’s exact test where appropriate. Cox proportional hazards regression analysis was
used to obtain crude and adjusted hazard ratios. The final adjusted model included hepatitis type, age category, ethnicity,
and sex. These were chosen for significant differences in HBV and HCV patients during the bivariable analysis. While
also significantly different, progression type was not included due to the number of diagnosed acute cases being possibly
unrepresentative due to poor capture compared to chronic hepatitis. Complications were not included as well, due to
possible incomplete capture. Interaction between the covariates were assessed, and the significant interaction terms were
included in the final model. The two assumptions of the Cox proportional hazards regression modelling were tested using
Schoenfeld residuals and the log–log plot. Kaplan–Meier estimation was used to calculate and depict the adjusted failure
functions by age category, sex, and ethnicity. Log rank test was used to assess the significance of the difference between
the curves. Statistical analysis, data cleaning (identifying and removing duplicate cases) and data management (labeling
all data, creating and categorizing new variables) were performed using STATA 15 MP2 Version (STATA Corporation,
College Station, TX). P values are two-sided and reported as statistically significant at <0.05 for all analyses.

Ethical Approval
The study was conducted in compliance with the Declaration of Helsinki and approved by the Nazarbayev University
Institutional Review Ethics Committee (NU-IREC 315/21092020 on 23/09/2020). Exemption from informed consent was
granted due to the retrospective nature of the study in which only the anonymous data were analyzed.

Results
Demographics and General Characteristics
The demographic information about the cohort is presented in Table 1. The mean age of the cohort was 43.3 ± 15.3 years,
with higher mean age among chronic HCV patients, compared to chronic HBV patients. Chronic HBV is more prevalent
in the younger category of 19–34 y.o. with 38.6%, compared to chronic HCV infection with 19.3% in this age group. In
the age category of 51–70 y.o., chronic HCV infection was found in 34.9% of the patients, while chronic HBV infection –
in 22.2%. Females constituted 56% of the cohort with equal gender distribution in HBV and HCV groups. The Kazakh
ethnic group was represented by 64.8% of the cohort, Russian ethnic group – by 19.6%, and all others – by 15.6%.
Among the 82,700 registered cases, 56.6% correspond to chronic HCV, and 43.3% – to chronic HBV infection. The
proportions of coinfections with chronic HBV+HDV, HBV+HCV and HBV+HDV+HCV were 10%, 3.5%, and 0.5%,
respectively. Chronic cases constituted 96.6% of the sample in the HBV group, and 99.0% in the HCV group. Hepatic
failure events in acute patients were registered only in HBV patients. On the contrary, liver failure events superimposed
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Table 1 General Characteristics of Patients Subdivided by Hepatitis Type

Parameters All Hepatitis B Hepatitis C P-value

Cohort, N (row %) 82,700 (100) 35,881 (43.4) 46,819 (56.6)

Age, mean ± SD 43.3 ± 15.3 40.1 ± 14.7 45.8 ± 15.4 <0.001*

Age category, N (column %)

0–18 3535 (4.3) 1442 (4.0) 2093 (4.5) <0.001**

19–34 22,908 (27.7) 13,861 (38.6) 9047 (19.3)

35–50 29,276 (35.4) 11,792 (32.9) 17,484 (37.3)

51–70 24,301 (29.4) 7975 (22.2) 16,326 (34.9)

71+ 2680 (3.2) 811 (2.3) 1869 (4.0)

Sex, N (column %)

Female 46,269 (56.0) 20,734 (57.8) 25,535 (54.5) <0.001**

Male 36,431 (44.0) 15,147 (42.2) 21,284 (45.5)

Ethnicity, N (column %)

Kazakh 53,550 (64.8) 28,351 (79.0) 25,199 (53.8) <0.001**

Russian 16,221 (19.6) 3121 (8.7) 13,090 (28.0)

Other 12,939 (15.6) 4409 (12.3) 8530 (18.2)

Coinfection, N (column %)

HDV 3602 (10.0)

HCV 1253 (3.5)

HCV + HDV 198 (0.5)

Progression, N (column %)

Acute 1203 (3.3) 439 (0.9) <0.001**

Chronic 34,678 (96.7) 46,380 (99.1)

Outcome, N (column %)

Hepatic failure unspecified (K72.9) in all patients 73 (0.1) 34 (0.1) 39 (0.1) 0.582**

Hepatic failure unspecified (K72.9) in acute patients 10 10 0 <0.001***

Hepatic failure unspecified (K72.9) in chronic patients 63 24 39

Other and unspecified cirrhosis of liver (K74.4, K74.6) 2171 (2.6) 838 (2.3) 1333 (3.7) <0.001**

Portal hypertension (K76.6) 1754 (2.1) 697 (1.9) 1057 (2.3) 0.002**

Hepatorenal syndrome (K76.7) 107 (0.1) 50 (0.1) 57 (0.1) 0.485**

Liver cell carcinoma (C22.0) 366 (0.4) 157 (0.4) 209 (0.4) 0.849**

Intrahepatic bile duct carcinoma (C22.1) 11 (0.0) 8 (0.0) 3 (0.0) 0.049***

Ascites (R18) 344 (0.4) 129 (0.4) 215 (0.5) 0.027**

Death 3613 (4.4) 1131 (3.2) 2482 (5.3) <0.001**

Notes: statistical tests used in the table are indicated using asterisks. *Two-sample t-test, **Chi-square test, ***Fisher’s exact test.
Abbreviations: SD, standard deviation; HDV, hepatitis D virus; HCV, hepatitis C virus.
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on chronic infection were similar in both groups. Chronic HCV patients had a higher proportion of portal hypertension,
compared to HBV patients (2.3% vs 1.9%). Other complications such as ascites, hepatorenal syndrome, and liver
cancer – HCC and CCC – were similar in both HCV and HBV patients. Chronic HCV patients had higher death rates
compared to chronic HBV patients (5.3% vs 3.2%).

Prevalence and Incidence
Among people with coinfections, the HBV+HDV group had the highest prevalence of hepatocellular carcinoma (1.1%)
compared to HBV+HCV coinfected patients (0.7%), whereas HBV+HDV+HCV coinfected patients had none. Liver
cirrhosis prevalence was similar in all coinfection groups (Supplementary Table 1).

The crude prevalence and incidence rates for both HBV and HCV among registered cases during 2014–2019 period
was calculated per 100,000 population. Prevalence of HBV infection, as shown in Figure 2A, had a dramatic increase
from 47.6 per 100,000 population in 2014 and 191.1 per 100,000 population in 2018. Prevalence of HCV infection
similarly has a substantial increase for the period of 2014–2019 from 72.5 per 100,000 population to 245.6 per 100,000
population over the years (Figure 2B). Incidence and mortality rates for both HBV and HCV show a trend of moderate
increase with each year. Absolute numbers of prevalent and incident cases, as well as deaths are given in Figure 2C for
HBV patients and in Figure 2D for HCV patients.

Year- and sex-specific incidence rate (IR) for HBV shows a steady increase predominantly for the female group up to
40 per 100,000 population per year; it shows a slight decline to 30 per 100,000 population in 2019. In comparison, HCV
has higher incidence rates with a similar trend among females with almost 50 per 100,000; around 40 per 100,000 among
males with a plateau by 2019 without decline in cases (Figure 3A). Age- and sex-specific incidence rate for the entire
period of 2014–2019 per 100,000 median population was calculated. HBV incidence rate peaked around age 35 for
females with a gradual decline in later ages. For males, the rate remained level between ages 35 and 75. Among HCV

Figure 2 Prevalence, incidence, and mortality of HBV patients ((A) – crude rates per 100,000 population, (C) – absolute numbers) and HCV patients ((B) – crude rates per
100,000 population, (D) – absolute numbers).
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patients, incidence rates among females reached over 500 in age category of 55–75 with a drop after that. Among males,
incidence rate peaked at 500 in age 45, plateauing at 400 in ages 50–70 and then declining (Figure 3B).

Similar approaches were used in the estimation of year- and sex-specific, and age- and sex-specific mortality rates
(MR) per 100,000 population. A steady rise in MR from under one to up to four per 100,000 between 2014 and 2019 can
be seen in all groups, with HCV patients showing higher mortality rates than HBV patients, and males demonstrating
higher mortality rates than females for both hepatitis types (Figure 4A). Similar trends across both hepatitis types are
seen in age categorization, with the highest peak MRs at age 75 reaching over 60 per 100,000 in females with HCV,
down to 20 per 100,000 in males with HBV (Figure 4B).

Table 2 compares the demographics and outcomes of these patients. The development of HCC occurred in older age
of 60.1 ± 10.5, compared to cirrhosis age of 50.9 ±12.3. Male patients had higher rates of cancer - 58.3%, compared to
the female patients; however, liver cirrhosis was prevalent among females at 51.8%. Kazakh ethnic group showed higher
rates of cancer at 70.6%, compared to Russian and other ethnic groups. Liver failure incidents were prevalent in the
cirrhosis subgroup with 2.6% vs 0.8% in the cancer subgroup. The prevalence of complications was higher in the
cirrhosis subgroup compared to cancer subgroups, namely portal hypertension (61.2% vs 21.4%), hepatorenal syndrome
(3.8% vs 0.8%) and ascites (9.8% vs 2.7%). Among 374 cases of cancer, 2.7% were attributable to cholangiocarcinoma.
Death rates were highest in the cancer subgroup, reaching 55.9%.

Figure 3 Incidence rates of HBV and HCV per 100,000 population over 2014–2019 ((A) – crude year- and sex-specific, (B) – crude age- and sex-specific).
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Mortality Rate Among Chronic Hepatitis Patients
Stratification of mortality rates per 1000 person-years by hepatitis type is shown in Table 3. Male patients had a higher
crude mortality rate compared to females in the HBV cohort (61.3% vs 38.7%) and in the HCV cohort (59.3% vs 40.6%).
Deaths from cirrhosis and HCC were higher in the HBV cohort with 32.2% and 7.6%, respectively. In the HCV cohort,
death from cirrhosis and HCC was observed in 26.1% and 4.9% patients, respectively. Deaths among patients with
ascites were also higher in the HBV cohort with 5.1% compared to HCV with 4.7%. With increasing age, mortality was
also rising sharply in both HBV and HCV cohorts.

In Kaplan–Meier analysis in Figure 5, the estimates of probability of death were obtained. According to these
estimates, males with HBV infection had higher probability of death than females (Figure 5A). Among male patients with
HCV infection, this gender-based trend is even stronger (Figure 5B). The Russian ethnic group was found to be at
a higher risk of death among HBV patients, compared to Kazakhs and other ethnic groups (Figure 5C); in Hepatitis
C patients, Russian and other ethnicities had a similar risk of death, but higher compared to Kazakhs (Figure 5D).

Mortality estimates by age category adjusted for sex and ethnicity among patients diagnosed with HBV or HCV are
shown in Supplementary Figure 1. Among people with HBV infection, the mortality rate in the age category of 71+ has
the marked increase in mortality. HCV infection has similar trends in mortality rates in the age category of 71+.

In Cox proportional hazard regression analysis (Table 4), the older age was associated with higher all-cause mortality
across the age categories and this trend increased further after adjustments. Age category of 0–18 was excluded for better

Figure 4 Mortality rates of HBV and HCV per 100,000 population over 2014–2019 ((A) – crude year- and sex-specific, (B) – crude age- and sex-specific).
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comparability since it contributed to disproportionality of hazards. Male patients with chronic hepatitis had 1.99-fold
higher risk of death (unadjusted HR 1.99; 95% CI: 1.85–2.13) compared to female patients, and this risk increased after
adjustments (adjusted HR 2.44; 95% CI: 1.90–3.13). The Russian ethnic group had a higher hazard ratio compared to the
Kazakh ethnic group with unadjusted HR of 1.57 (95% CI: 1.45–1.69) and adjusted HR of 1.63 (95% CI: 1.25–2.12).
Similarly, other ethnic groups had higher HR of 1.37 (95% CI: 1.13–1.37), and after adjustment HR it remained at 1.37
(95% CI: 0.99–1.89), compared to Kazakh ethnicity. HCV patients had 71% higher risk of all-cause death (unadjusted
HR 1.71; 95% CI: 1.59–1.84) compared to HBV infected patients, and this number increased to HR of 2.01 (95% CI:
1.56–2.61) after adjustments.

Discussion
Using the information from the large representative data of UNEHS for the analysis of viral hepatitis in the 5-year period
from 2014 to 2019, we found that the prevalence and incidence of viral hepatitis B and C had increased in this period.

Table 2 General Characteristics of Patients Subdivided by Presence of Cirrhosis and Hepatocellular Carcinoma

Parameters Others Cirrhosis Cancer P-value

Cohort, N (row %) 79,590 (96.2) 2736 (3.4) 374 (0.4)

Age, mean ± SD 43.0 ± 15.3 50.9 ± 12.3 60.1 ± 10.5 <0.001*

Age category, N (column %)

0–18 3507 (4.4) 26 (0.9) 2 (0.5) <0.001**

19–34 22,635 (28.4) 269 (9.8) 4 (1.1)

35–50 28,211 (35.4) 1008 (36.8) 57 (15.2)

51–70 22,706 (28.5) 1331 (48.6) 264 (70.6)

71+ 2531 (3.2) 102 (3.7) 47 (12.6)

Sex, N (column %)

Female 44,695 (56.2) 1418 (51.8) 156 (41.7) <0.001**

Male 34,895 (43.8) 1318 (48.2) 218 (58.3)

Ethnicity, N (column %)

Kazakh 51,481 (64.7) 1774 (64.8) 295 (78.9) <0.001**

Russian 15,643 (19.6) 521 (19.0) 47 (12.6)

Other 12,466 (15.7) 441 (16.1) 32 (8.6)

Outcome, N (column %)

Liver failure, unspecified (K72.9) in all patients 70 (2.6) 3 (0.8) 0.029***

Other and unspecified cirrhosis of liver (K74.4, K74.6) 2077 (75.9) 94 (25.1) <0.001**

Portal hypertension (K76.6) 1674 (61.2) 80 (21.4) <0.001**

Hepatorenal syndrome (K76.7) 104 (3.8) 3 (0.8) 0.001***

Intrahepatic bile duct carcinoma (C22.1) 11 (2.94)

Ascites (R18) 67 (0.1) 267 (9.8) 10 (2.7) <0.001**

Death 2464 (3.1) 940 (34.4) 209 (55.9) <0.001**

Notes: statistical tests used in the table are indicated using asterisks. *Two-sample t-test, **Chi-square test, ***Fisher’s exact test.
Abbreviation: SD, standard deviation.
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Prevalence of HBV infection had a dramatic increase of more than 4 times for the 5-year period, whereas HCV
prevalence increased more than 3 times. Although the prevalence of both HBV and HCV infections was higher in
female patients, survival estimates were significantly lower for males having HBV and HCV infections. Furthermore,
Russian ethnic group was found to be at higher risk of death from HBV infection compared to Kazakh ethnic group and
other ethnicities after adjustments for age and gender.

The findings in all-cause mortality rates presented by increase in both HCV- and HBV-related deaths during the
5-year period are similar to those in the Eurasian continent countries neighboring Kazakhstan. According to the Russian

Table 3 Death Counts and Mortality Rates per 1000 Person-Years Stratified by Hepatitis Type

Parameters Hepatitis B Hepatitis C

Deaths,
N (%)

Mortality Rate,
N per 1000 Person-Years
(95% CI)

Deaths,
N (%)

Mortality Rate,
N per 1000 Person-Years
(95% CI)

Sex

Female 438 (38.7) 6.2 (5.6–6.8) 1009 (40.6) 11.2 (10.5–11.9)

Male 693 (61.3) 12.7 (11.8–13.7) 1473 (59.3) 19.7 (18.7–20.8)

Age

0–18 16 (1.4) 2.0 (1.2–3.3) 61 (2.5) 6.2 (4.8–7.9)

19–34 123 (10.9) 2.4 (2.0–2.9) 229 (9.2) 5.9 (5.2–6.7)

35–50 284 (25.1) 6.9 (6.2–7.8) 705 (28.4) 11.5 (10.7–12.4)

51–70 583 (51.5) 22.9 (21.2–24.9) 1225 (49.4) 24.0 (22.7–25.4)

71+ 125 (11.0) 53.6 (45.0–63.9) 262 (10.6) 52.9 (46.9–59.7)

Ethnicity

Kazakh 828 (73.2) 8.4 (7.8–9.0) 1188 (47.9) 13.4 (12.6–14.2)

Russian 166 (14.7) 13.5 (11.6–15.7) 853 (34.4) 18.0 (16.9–19.3)

Other 137 (12.1) 9.2 (7.8–10.9) 441 (17.8) 15.3 (13.9–16.8)

Diagnosis year

Before 2014 277 (24.5) 6.2 (5.5–7.0) 633 (25.5) 10.6 (9.8–11.4)

2014 113 (10.0) 7.6 (6.3–9.1) 461 (18.6) 16.8 (15.3–18.4)

2015 185 (16.4) 9.0 (7.8–9.4) 409 (16.5) 16.8 (15.2–18.5)

2016 196 (17.3) 10.9 (9.5–12.5) 375 (15.1) 18.0 (16.2–19.9)

2017 149 (13.2) 10.5 (8.9–12.3) 302 (12.2) 19.4 (17.3–21.7)

2018 133 (11.8) 13.0 (10.9–15.5) 191 (7.7) 16.0 (13.9–18.5)

2019 78 (6.9) 25.7 (20.5–32.3) 111 (4.5) 24.3 (20.1–29.5)

Complications

Cirrhosis 364 (32.2) 124.1 (112.0–137.6) 647 (26.1) 108.8 (100.7–117.5)

HCC 86 (7.6) 217.2 (175.8–268.3) 122 (4.9) 188.7 (158.0–225.3)

Ascites 58 (5.1) 165.2 (127.7–213.6) 117 (4.7) 183.1 (152.8–219.5)

Abbreviation: HCC, hepatocellular carcinoma.
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Federal Statistics Agency from Saint Petersburg, all-cause mortality from Hepatitis C for the period of 2013–2017 had an
increasing tendency. If the number of deaths per 100,000 was 1446 from HCV infection in 2013, it went up to 5696 in
2017.22 Uzbekistan estimated the death and overall trends of HBV using a mathematical simulation model. The
estimation showed 3074 deaths per year from HBV-related causes. This could be attributed to the higher prevalence
of HBsAg carriers in the country compared to worldwide statistics predicted by the WHO.23 With the introduction of free
DAA access in the country, there is an expectation of a decrease in the HCV burden in future years.24

The trend of increase in incidence of HCV that has been observed between 2014 and 2019 can be explained by
several factors. Donor blood screening has been improved with 6-month serum preservation and highly closed-system
PCR machines for screening of donor blood. Another explanation is better surveillance and awareness starting from the
early 2010s. In 2014, the Ministry of Health established medical centers for hepatitis follow-up and treatment in all 14
regions of the country. Age peaks for both male and female patients at 60 and 75 years can possibly be explained by the
time of their infection, which is prior to the introduction of HCV screening and safety. As for the peak at age 40 among
males, this could correspond to the population at risk (IVDUs, HIV-coinfected, hemodialysis, or other).

This analysis demonstrates that the prevalence of HBV+HDV coinfection is 10% among registered patients, and HBV+HCV
coinfection – 3.5%. Moreover, HBV+HDV coinfection patients had a higher prevalence of HCC compared to HBV+HCV
coinfection. Most published reviews report the prevalence of HDV coinfection to be 10–13% among HBV patients.6,25 In this
study, the prevalence of HBV+HDV coinfection showed 10% prevalence that is comparable to the reported world database.
Moreover, HBV+HDV coinfection is associated with the most severe form of chronic hepatitis and high risk of cirrhosis and
HCC.26

Figure 5 Mortality estimates in HBV patients ((A) – based on sex, (C) – based on ethnicity), and in HCV patients ((B) – based on sex, (D) – based on ethnicity).
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Furthermore, there was a gender-dependent trend in prevalence of HCC development in Kazakhstan. Our study
showed a higher prevalence of HCC, but a lower prevalence of liver cirrhosis in male patients. Ethnic Kazakhs had
a higher prevalence of HCC compared to Russians and other groups. In the United States, the HCC incidence was more
than 4 times higher among Asian Pacific Islanders compared to Caucasians.27 A hypothesis that could be raised in view
of this data is the possible effect of genetic determinants in Asian populations, which may make them more susceptible
compared to Russians in the development of HCC.

The estimation of probability of death showed that males with either HBVor HCV infection had a higher risk of death
compared to females. This sex disparity in the survival outcome is proposed to be multifactorial as male patients have other
risk factors apart from chronic viral hepatitis. One of the possible mechanisms was attributed to sex hormone differences in
HBV progression.28 A possible protective effect of better immune clearance to prevent chronic HCV progression in females
has been rejected due to potential bias from the study.29

In addition, the results revealed that the Russian ethnic group had higher death rates with both unadjusted and after
adjustment hazard ratios. This finding has never been addressed before in Central Asian studies, concerning ethnicity
disparities within the country. There has been a report from European CDC analysis looking at the prevalence of chronic
HBV and HCV infections among immigrants in European countries, where Russian immigrants had around 50–60
thousand cases and Kazakhstani accounted for about 20 thousand cases.30

As in all retrospective studies, there are potential limitations that should be considered. Foremost important is the
inability to analyze cause-specific mortality among chronic hepatitis patients based on this database. Another downside is
the possible errors in data coding: some cirrhosis patients with decompensation or acute exacerbations might be coded
without prior hepatitis codes, thus some patients might be out of the count. In addition, this database does not provide
seroprevalence of viral hepatitis or information about medication and treatment regimens; the study population

Table 4 Adjusted and Unadjusted Hazard Ratios with 95% Confidence Intervals for All-Cause Mortality
Among Hepatitis Patients

Risk Factor Unadjusted HR (95% CI) P-value Adjusted HR (95% CI) P-value

Age category

19–34 Ref. Ref.

35–50 2.61 (2.30–2.97) <0.001 3.15 (2.33–4.26) <0.001

51–70 6.57 (5.82–7.42) <0.001 12.49 (9.43–16.52) <0.001

71+ 14.94 (12.85–17.38) <0.001 35.57 (25.15–50.30) <0.001

Sex

Female Ref. Ref.

Male 1.99 (1.85–2.13) <0.001 2.44 (1.90–3.13) <0.001

Ethnicity

Kazakh Ref. Ref.

Russian 1.57 (1.45–1.69) <0.001 1.63 (1.25–2.12) <0.001

Other 1.37 (1.13–1.37) <0.001 1.37 (0.99–1.89) 0.057

Hepatitis

Type B Ref. Ref.

Type C 1.71 (1.59–1.84) <0.001 2.01 (1.56–2.61) <0.001

Notes: Adjustment is made for all other covariates included in the model. Age category 0–18 excluded due to contribution to
disproportionality of hazards over time, violating the proportionality of hazards assumption. Cases with only acute hepatitis type were
excluded, focusing on the chronic cases.
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identification was based only on ICD-10 codes. One downside of ICD-based data excavation in our case may be the
limited ability to recognize other contributing factors of liver disease, such as alcohol, which could possibly shed light on
the increased mortality in certain subgroups. Confounding factors could be more than what this study was able to adjust
for, so generalization of some results will not be attempted. Despite these aforementioned limitations, this study is the
first to report from the Central Asian region the epidemiology and complications related to chronic viral hepatitis. This
UNEHS system provides a reliable platform to investigate important questions enabling the researchers to analyze overall
mortality from chronic viral hepatitis and the proportion of related complications based on ICD-10 codes such as HCC,
CCC, PH, HRS and others. With a breakthrough in DAA treatment of HCV infection, this data might provide essential
information for future policy making towards elimination of HCV in this region.

Conclusion
In conclusion, this retrospective cohort study provides evidence for the increase in prevalence, incidence and all-cause
mortality from HBVand HCV infections in Kazakhstan. Use of administrative healthcare data allowed analyzing data for
the period of 2014–2019. Despite the higher infection rate among females with chronic viral hepatitis, male patients
showed mortality rates twice higher than females. Death rates depending on ethnicity also showed a difference in survival
that needs further validation studies.
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