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Abstract

Background.—Mortality related to hepatitis C virus (HCV) infection is a key indicator for 

elimination. We assessed the impact of HCV infection and treatment on mortality in the country of 

Georgia during 2015–2020.

Methods.—We conducted a population-based cohort study using data from Georgia’s national 

HCV Elimination Program and death registry. We calculated all-cause mortality rates in 

6 cohorts: (1) Negative for anti-HCV; (2) anti-HCV positive, unknown viremia status; (3) 

current HCV infection and untreated; (4) discontinued treatment; (5) completed treatment, no 

sustained virologic response (SVR) assessment; (6) completed treatment and achieved SVR. 

Cox proportional hazards models were used to calculate adjusted hazards ratios and confidence 

intervals. We calculated the cause-specific mortality rates attributable to liver-related causes.

Results.—After a median follow-up of 743 days, 100 371 (5.7%) of 1 764 324 study participants 

died. The highest mortality rate was observed among HCV infected patients who discontinued 

treatment (10.62 deaths per 100 PY, 95% confidence interval [CI]: 9.65, 11.68), and untreated 
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group (10.33 deaths per 100 PY, 95% CI: 9.96, 10.71). In adjusted Cox proportional hazards 

model, the untreated group had almost 6-times higher hazard of death compared to treated groups 

with or without documented SVR (adjusted hazard ratio [aHR] = 5.56, 95% CI: 4.89, 6.31). Those 

who achieved SVR had consistently lower liver-related mortality compared to cohorts with current 

or past exposure to HCV.

Conclusions.—This large population-based cohort study demonstrated the marked beneficial 

association between hepatitis C treatment and mortality. The high mortality rates observed among 

HCV infected and untreated persons highlights the need to prioritize linkage to care and treatment 

to achieve elimination goals.

Graphical Abstract

This graphical abstract is also available at Tidbit: https://tidbitapp.io/tidbits/impact-of-hcv-

infection-and-treatment-on-mortality-in-the-country-of-georgia-2015-2020.

Globally, an estimated 58 million people were living with chronic hepatitis C virus (HCV) 

infection in 2019 [1]. That same year, 290 000 deaths were attributable to HCV, mainly 

from cirrhosis, hepatocellular carcinoma (HCC), and extrahepatic complications, making 

HCV infection one of the leading causes of death worldwide [2]. In 2016, at the 69th World 

Health Assembly, the World Health Organization (WHO) adopted the Global Health Sector 

Strategy on Viral Hepatitis 2016–2021, which aims to reduce hepatitis-related mortality by 

65% [3]. More recent guidance from the WHO shifted the focus to an absolute measure 

of mortality and set the target of ≤2 annual HCV-related deaths per 100 000 population 

[4]. As multiple countries aim to eliminate hepatitis C as a public health problem by 2030, 

demonstrating the impact of treatment programs on mortality is a priority.

Since 2011, with the development of highly effective and well-tolerated direct-acting 

antivirals (DAAs), vast improvements have been made in hepatitis C control that have 

reduced the public health burden related to this infection [5–7]. Growing evidence shows 

that treatment with DAAs in patients with chronic HCV infection substantially reduces long-

term HCV-related morbidity and mortality [8–10]. The comparison of the clinical outcomes 

between DAA-treated adult patients and those with untreated HCV infection demonstrated a 

reduced all-cause mortality rate among those treated [10]. However, this benefit has not been 

demonstrated at the population level among different subgroups with an accurately defined 
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level of exposure, treatment and sustained virologic response (SVR) status. DAA-induced 

SVR, that is, cure, is associated with fibrosis regression, reduced risk of death and incidence 

of HCC when compared to patients who did not achieve cure [9, 11]. However, patients 

achieving SVR still have higher mortality rates relative to the general population [8].

Georgia, a small middle-income country with a population of 3.7 million, had a high 

prevalence of HCV infection with 5.4% of the adult population infected with HCV in 2015 

(an estimated 150 000 individuals). Most infections were associated with receipt of a blood 

transfusion and injection drug use [12, 13]. In 2015, in collaboration with the US Centers 

for Disease Control and Prevention (CDC) and other partners, the country embarked on a 

national Hepatitis C Elimination Program, with the goal of achieving a 90% reduction in 

prevalence by 2020 [14, 15]. Since June 2016, all persons in Georgia with chronic HCV 

infection are eligible for free treatment with DAAs [16, 17]. As of December 2021, over 

2.2 million Georgians have been screened for hepatitis C, and 76 644 HCV-infected persons 

initiated treatment within the program [18].

Georgia’s Hepatitis C Elimination Program and the availability of nationwide electronic 

registries for hepatitis C and vital statistics provide an opportunity to explore mortality rates 

in a large national cohort of people with known HCV infection status. The objective of 

this study was to evaluate the impact of HCV infection and DAA treatment on all-cause 

mortality and assess liver-related mortality across 6 comparison groups with different HCV 

infection and treatment statuses. The findings of this study can inform the impact of 

DAA treatment at the population level, demonstrating the effect of nationwide elimination 

programs on the reduction in mortality.

METHODS

Study Design and Population

We conducted a nationwide population-based cohort study among all adult (age ≥18 

years) residents of Georgia tested for HCV antibodies (anti-HCV) during 1 January 2015 

through 30 September 2020. The study population was categorized into six cohorts based 

on hepatitis C status: (1) Negative for anti-HCV (never exposed); (2) anti-HCV positive, 

unknown viremia status (not tested for the presence of HCV virus by RNA or core antigen); 

(3) current HCV infection (ie, positive HCV RNA or core antigen result) and untreated; 

(4) HCV infection, discontinued treatment; (5) completed treatment, no SVR assessment; 

(6) completed treatment and achieved SVR. We excluded entries with a missing national 

ID number or missing/erroneous dates necessary for calculating mortality rates and hazards 

ratios (n = 2183), persons who died while undergoing HCV treatment (n = 486), and persons 

who completed the treatment but did not achieve SVR (n = 582).

Data Sources and Data Collection

Hepatitis C-related information was obtained from 2 nationwide electronic databases: the 

national hepatitis C screening registry and the Hepatitis C Elimination Program clinical 

treatment database “Elimination C” (ElimC) [19]. Vital statistics were obtained from 

the national death registry; for deceased individuals, the date and causes of death were 
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ascertained. Data were linked using patients’ national ID number—a unique identifier 

utilized in all the data sources, which were encrypted prior to analysis.

Variables and Definitions

Basic demographic variables, such as age and gender, were obtained from the screening 

registry. For the three cohorts that initiated HCV treatment (discontinued treatment; no 

SVR assessment; achieved SVR), additional clinical variables were available and obtained 

from ElimC, all of which were measured upon enrollment in the program. These included 

body mass index (BMI), advanced liver fibrosis stage defined as fibroscan score ≥F3 or 

FIB-4 > 3.25 (priority given to fibroscan results), liver enzyme (transaminase) tests, HCV 

genotype, treatment regimens and co-infections—chronic hepatitis B virus (HBV) infection 

measured using hepatitis B surface antigen (HBsAg), and human immunodeficiency virus 

(HIV) infection measured using antibodies against HIV (anti-HIV).

For mortality rate calculations and Cox proportional hazards models, the baseline date for 

start of follow-up varied by cohort and corresponded to the date of: first screening for never 

exposed cohort, first positive screening for the cohort with unknown viremia status, viremia 

testing for the cohort with untreated HCV infection, treatment initiation for the cohort with 

discontinued treatment, and treatment completion for the cohorts with no SVR assessment 

and achieved SVR. The end of follow-up was the date of death for deceased individuals, 

or end of the study period (30 September 2020) for surviving individuals. Person-time was 

calculated as the number of days from the baseline date to the end of follow-up.

Liver-related causes of death were defined using International Classification of Diseases—

10—Clinical Modification (ICD-10-CM) codes recorded in the death registry. Both primary 

and underlying causes were considered. The following ICD-10 codes were used for each 

of the group of liver-related causes: (1) viral hepatitis: B15.0-B19.9; (2) Cirrhosis: K70.3, 

K74.5, and K74.6; (3) liver cancer: C22.0-C22.9; (4) HCC: C22.0.

Statistical Analysis

We calculated crude mortality rates by different socio-demographic characteristics and 

HCV-related clinical factors for each of the 6 cohorts. To visually examine the difference 

between cohorts with regard to mortality rate, we created Kaplan-Meier curves adjusted 

for age, sex and hospitalization, the latter of which was determined by the venue in which 

a patient was last screened for anti-HCV. The Cox proportional hazards model was used 

to quantify the difference between cohorts in terms of time to death, and unadjusted and 

adjusted hazards ratios (HR and aHR) and confidence intervals (CIs) were calculated. 

Age-standardized liver-related mortality rates were calculated using the age distribution of 

Georgian adults taken from the most recent, 2014 census as a reference. All analysis was 

performed in SAS version 9.4 (Cary, North Carolina, USA).

Ethical Considerations

Data for this analysis derive from Georgia’s Hepatitis C Elimination Program, which was 

deemed by the Institutional Review Board of National Center for Disease Control to be 
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a public health program activity. CDC determined this activity was not research involving 

human subjects.

RESULTS

Description of the Study Population

A total of 1 764 324 people were included in the analysis. The majority were female (n 

= 983 249; 55.7%) and the median age was 46 years (interquartile range [IQR]: 31–62 

years). In terms of the HCV infection and treatment status, most of the study participants 

were anti-HCV negative (n = 1 660 573; 94.1%), followed by those with HCV infection 

who were treated and achieved SVR (n = 50,953, 2.9%), anti-HCV positive with unknown 

viremia status (n = 18,994, 1.1%), with treated HCV infection and no SVR assessment (n 

= 16,164, 0.9%), with untreated HCV infection (n = 15,747, 0.9%), and those with HCV 

infection who discontinued treatment (n = 1,893, 0.1%). Anti-HCV negative individuals 

were majority female (57.6%) and had the highest representation of the youngest (18–29 

years) and oldest (≥60) age groups (23.9% and 28.8%, respectively), whereas all other 

cohorts were predominantly male with the smallest proportion made up of persons in the 

youngest age group (Table 1).

Among 3 cohorts of individuals that initiated treatment and had clinical data available, 

advanced liver fibrosis was present in 32.8% of people, and prevalence of chronic HBV 

infection was 2.1%. HCV genotype distribution did not vary meaningfully—genotype 1 was 

the most common in all 3 cohorts, ranging from 43.0% to 46.7%, followed by genotype 

3 (31.5%–35.7%) and genotype 2 (16.1%–18.9%) (Table 1). There were no clinical or 

diagnostic testing data available for persons with HCV infection who did not enter the 

treatment program (not treated and unknown viremia groups).

All-cause Mortality by HCV Status

After a median follow-up of 743 days (IQR: 377–1147days) 100 371 (5.7%) study 

participants died, corresponding to an overall all-cause mortality rate of 2.62 per 100 person-

years (PY) (95% CI: 2.60, 2.64). Among cohorts who ever screened anti-HCV positive, 

the overall all-cause mortality rate was 3.65 (95% CI: 3.58, 3.73) per 100 PY. The highest 

mortality rate was observed among HCV infected patients who discontinued treatment 

(10.62 deaths per 100 PY, 95% CI: 9.65, 11.68), followed by the HCV infected untreated 

cohort (10.33 deaths per 100 PY, 95% CI: 9.96, 10.71) and people with anti-HCV positive 

result who did not receive viremia test (9.06 deaths per 100 PY, 95% CI: 8.77, 9.36) (Table 

2). People who completed HCV treatment had markedly lower mortality rates, regardless 

of whether they had documented SVR or not; the all-cause mortality rate among those 

who achieved SVR was 1.07 deaths per 100 PY (95% CI: 1.02, 1.13), and among persons 

without SVR assessment, but presumed high cure rate, the mortality rate was 1.69 deaths per 

100 PY (95% CI: 1.56, 1.82). Both cohorts had a lower mortality rate than the anti-HCV 

negative cohort (2.55 deaths per 100 PY, 95% CI: 2.53, 2.56), and the difference was most 

pronounced in the 60 + age group, in which anti-HCV negative cohort had mortality rate of 

8.84 compared to 2.73 in SVR-achieved group and 4.75 in those without SVR assessment. 

The mortality rate increased with age in all 6 study cohorts (Table 2).
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In survival analysis, the cohort that discontinued treatment had the worst survival, while the 

never exposed and SVR-achieved cohorts had the highest survival rates (Figure 1). In a Cox 

proportional hazards model, adjusted for age, sex, and hospitalization, persons who achieved 

SVR had lower hazard of death (aHR = 0.72, 95% CI: .69, .76), compared to people never 

exposed to HCV, whereas every other cohort had higher hazard of death (Table 3). HCV 

infected and untreated persons had 5.56-times (95% CI: 4.89, 6.31) higher hazard of death 

compared to those who completed treatment. In a separate model, we compared the three 

groups with clinical data available and additionally adjusted for severity of liver disease 

(fibrosis stage). Those who completed treatment and were not tested for SVR still had a 

higher hazard of death compared to those who were known to have achieved SVR (aHR = 

1.47, 95% CI: 1.34, 1.61). Similarly, people who discontinued treatment had substantially 

higher hazard of death compared to those who completed treatment but were not tested for 

SVR (aHR = 4.40, 95% CI: 3.88, 5.00) and compared to those with documented SVR (aHR 

= 6.46, 95% CI: 5.77, 7.23).

Deaths Due to Liver-related Causes

Of the 100 371 total deaths, 1203 (1.2%) had missing ICD-10 codes for cause of death, 

and 11 039 (11.0%) had an unknown cause of death (ICD-10 code R99). Of the remaining 

88 129 deaths, 624 were attributable to cirrhosis, 278 to HCC, 1092 to viral hepatitis and 

973 to liver cancer (Table 4). Overall age-standardized cause-specific mortality rate per 100 

000 person-years was 49.6 for viral hepatitis, 42.1 for liver cancer, 27.6 for cirrhosis, and 

12.3 for HCC. Compared with people never exposed to HCV, cirrhosis-related mortality was 

approximately 4-times higher among people who achieved SVR, more than 12-times higher 

among people with unknown viremia status or untreated infection, and 29-times higher 

among cohort of people who discontinued hepatitis C treatment. Similar trend was observed 

for other liver-related mortality rates, with people who discontinued treatment having the 

highest mortality rate due to each of the examined liver-related causes, and people who 

achieved SVR having the second lowest liver-related mortality, after the never exposed 

cohort who had the lowest (Table 4).

DISCUSSION

In this large population-based cohort study that assessed the impact of HCV infection 

and treatment on mortality, we found a strong association between hepatitis C treatment 

and reduced mortality. Among persons who completed hepatitis C treatment, the all-cause 

mortality rate approximated the rate among persons without HCV infection and was much 

lower compared with those who have untreated hepatitis C or discontinued treatment. Our 

findings highlight the benefit of DAAs in reducing mortality and can help countries assess 

the impact of treatment programs on mortality among the affected population. To our 

knowledge, this is the largest cohort study assessing mortality among different population 

subgroups with an accurately defined level of exposure to hepatitis C and comparing it to 

mortality among those never exposed to HCV.

This study has several major implications for hepatitis C programs both locally and globally. 

Our findings once again highlight the importance of timely treatment to save lives. In 

Gvinjilia et al. Page 6

Clin Infect Dis. Author manuscript; available in PMC 2024 August 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Georgia, as of December 2021, 20 000 individuals with anti-HCV positive results have not 

undergone viremia testing and more than 14 000 individuals diagnosed with HCV infection 

have not enrolled in the treatment program [18]. Our findings suggest that these individuals 

are approximately 3-times more likely to die of cirrhosis and 1.5–3 times more likely to 

die of liver cancer than those who received hepatitis C treatment and achieved SVR. This 

finding is in line with previous smaller studies reporting approximately the same magnitude 

of the effect of treatment on liver-related mortality [20]. Hepatitis C elimination programs 

in Georgia and other countries should prioritize interventions targeted at these groups and 

develop innovative ways of linking people to care and treatment, as earlier engagement and 

treatment could substantially reduce mortality.

Our analyses identified several noteworthy findings about the people who achieved SVR. We 

found that all-cause mortality among those who achieved SVR was lower than in the general 

population, but the liver-related cause-specific mortality was higher than among those never 

exposed to HCV. Lower all-cause mortality in SVR-achieved patients could be due to 

engagement in medical care triggered by the hepatitis C treatment, resulting in management 

of other comorbidities independent of hepatitis C and improvement of general health status, 

especially among elderly population, indicating an indirect benefit of enrolling in hepatitis C 

care. A study conducted among patients who achieved SVR after interferon-based regimens 

found that the mortality remained higher than in the general population [8]. This discrepancy 

could be explained by the fact that in our cohort, we had a shorter follow-up duration than in 

the previous study, and patients might be more likely to engage in harmful health behavior, 

such as alcohol or drug use, as time after treatment advances. Another explanation could 

be that variety of interferon-free regimens containing DAAs often lead to higher regression 

of liver fibrosis and are generally safer and better tolerated than interferon-based treatment 

regimens [21–25].

Our cause-specific mortality analysis identified that even after SVR is achieved, the liver-

related mortality rate was substantially higher than among those never exposed to HCV. 

This finding is consistent with the previous reports from smaller-scale studies that found 

higher liver-related mortality after SVR compared to the general population [26, 27]. The 

high post-SVR liver-related mortality rate highlights that addressing the underlying causes 

and consequences of liver disease is essential in reducing liver-related mortality and reminds 

that some damage cannot be reversed by treatment alone. Individuals, particularly those 

with advanced fibrosis, benefit from regular post-treatment monitoring, including imaging 

for early detection of HCC, and frequent check-ups to ensure any residual liver conditions 

are identified in time and treated adequately. Such post-treatment monitoring is not regularly 

conducted in Georgia but can be considered given these findings.

With cure rates of >95% globally and reaching 99% in Georgia [18, 28], it is usually 

assumed that people who complete treatment with DAAs achieve SVR, hence should have 

comparable mortality rate to those with documented SVR. Surprisingly, we observed that 

cohort of people who completed the treatment without SVR assessment had substantially 

higher all-cause and liver-related mortality rates than those with documented SVR. Some 

portion of this cohort could have serious health conditions that precluded them from getting 

SVR assessment and also caused death, which would explain higher mortality in this group 
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than those who underwent SVR assessment. However, we cannot rule out possibility that 

substantial portion of the people without SVR assessment did not actually achieve SVR, 

which highlights the need to improve active follow-up with patients after the treatment 

completion and ensuring they receive SVR assessment.

Our study has several limitations. First, we could not control for some potential confounders 

such as socioeconomic status and behavioral factors (eg, alcohol and drug use) that may 

impact ability to access and adhere to full treatment course and also be associated with 

mortality. Second, we cannot rule out potential misclassification, especially cause of death 

reported to the death registry, which could cause an underestimation of our cause-specific 

mortality estimates. As for all-cause mortality, the sensitivity of the death registry for 

identifying deaths is more than >95% [29], suggesting that misclassification would not 

impact our all-cause mortality estimates substantially. Third, a history of hepatocellular 

carcinoma and other comorbidities associated with increased mortality was not assessed 

in our analysis. Fourth, in our data there were not enough details about the reasons for 

not starting or discontinuing hepatitis C treatment. Therefore, it is possible that people in 

this cohort had higher mortality because of untreated hepatitis C, but another plausible 

explanation is that some persons may have stopped DAA treatment or did not start treatment 

due to poor health or serious medical conditions which contributed to or caused their death.

In conclusion, this large population-based cohort study demonstrated the benefits of hepatitis 

C treatment on mortality reduction and highlighted that achieving the mortality targets of 

hepatitis C elimination is possible in the presence of large-scale treatment programs. Persons 

with untreated hepatitis C or discontinued treatment had mortality rates that were much 

greater than those of individuals who received hepatitis C treatment, making the former a 

priority group for efforts to enroll in treatment. Novel targeted interventions aimed at linkage 

to and retention in hepatitis C treatment are essential for engaging the remaining population 

with hepatitis C in care, reducing HCV-related mortality, and achieving the elimination goals 

set by the WHO.
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Figure 1. 
Kaplan-Meier curves of all-cause mortality rate in six cohorts, adjusted for age, sex, and 

hospitalization. Abbreviation: SVR, sustained virologic response.
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Table 3.

Unadjusted and Adjusted Hazards Ratios for All-cause Mortality, Comparing Study Cohorts—Country of 

Georgia, 2015–2020

…
Unadjusted Hazard Ratio

(95% CI)
Adjusted Hazard Ratio (Age, Sex, Hospitalization)

(95% CI)

Never exposed 1 1

Anti-HCV (+), unknown viremia status 3.70 (3.57, 3.85) 1.85 (1.79, 1.89)

Untreated HCV infection 3.70 (3.57, 3.85) 2.70 (2.63, 2.86)

Discontinued treatment 4.17 (3.70, 4.55) 3.70 (3.33, 4.00)

Completed treatment, no SVR assessment 0.69 (.64, .75) 1.16 (1.08, 1.27)

Achieved SVR 0.45 (.43, .47) 0.72 (.69, .76)

Abbreviations: CI. confidence interval; HCV, hepatitis C virus; SVR, sustained virologic response.
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