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Objective: Data on the risk of ischemic heart disease (IHD) in patients with chronic hepatitis B virus (CHB) are conflicting. Our
objective was to address the rate of IHD in patients with CHB compared with individuals without CHB (control-persons) from the
general population.

Study Design and Setting: We conducted a cohort study of prospectively obtained data from Danish nationwide registries. We
produced cumulative incidence curves and calculated the unadjusted incidence rate ratio (IRR) of IHD in persons with and without
CHB. The adjusted association between having CHB and developing IHD was examined using a cause-specific Cox regression model.
Results: In total, 6472 persons with CHB and 62,251 age- and sex-matched individuals from the general population were followed for
48,840 and 567,456 person-years, respectively, during which 103 (1,59%) with CHB and 1058 (1,70%) control-persons developed
IHD. The crude IRR was 1.13 (95% CI: 0.91-1.39). CHB did not have a statistically significant effect on the rate of IHD after
adjusting for several confounding factors (adjusted hazard ratio: 0.96, 95% CI: 0.76—1.21).

Conclusion: In this nationwide cohort study, we did not find any difference between rate of IHD in persons with CHB in comparison
with the general population.

Keywords: hepatitis B virus, viral infection, atherosclerosis, coronary heart disease, ischemic heart disease, cardiovascular disease,
general population

Introduction

The relation between chronic hepatitis B (CHB) and morbidity and mortality from complications such as cirrhosis and
hepatocellular carcinoma is well established."™ While the epidemiological association between other infectious
pathogens inducing chronic infection, eg, human immunodeficiency virus (HIV) and hepatitis C virus (HCV), and
the development of atherosclerotic cardiovascular disease (CVD) is substantial,®’ our current understanding of the
effects of chronic hepatitis B virus (HBV) infection on the development of CVD is insufficient. The atherogenic effect
of chronic infections is thought to result from inflammatory and immune-mediated pathogenic mechanisms.® However,
in terms of chronic HBV infection and CVD, results on the association are inconsistent. Few studies suggest
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=14 41 increased risk of

a protective effect of HBV on the risk of CVD®'” whereas other studies have shown no effect
CVD."? Depending on its nature, an association may have clinical implications for cardiovascular monitoring of CHB
patients.

To address the risk of ischemic heart disease (IHD) in persons with CHB in comparison with the general population,

we conducted a cohort study using data from multiple Danish nationwide registries.

Materials and Methods

Data Sources

The Danish Database for Hepatitis B and C (DANHEP)

DANHERP is a clinical database containing information about patients living with chronic hepatitis B or C in Denmark.
Established on January 1, 2002, DANHEP is ongoing and open-ended. Healthcare services, including antiviral therapy,
are publicly funded and free of charge to the individual in Denmark. Patient data are submitted provided that the patient
is at least 16 years of age, has CHB (positive for HBsAg > 6 months) or chronic hepatitis C and has had at least one visit
to a Danish hospital unit specialized in gastroenterology or infectious diseases. DANHEP contains individual information
on each patient about demographics, HBV antigen and antibody status, hepatitis C virus (HCV), HIV and hepatitis
D status, and liver stiffness measurement (LSM) with transient elastography value ((TE), since 2008). DANHEP has

been described in detail elsewhere.'®!”

The Danish Viral Hepatitis Laboratory Cohort (DANVIR)

DANVIR is a research database that includes a cohort of all patients that have been tested for HBV or HCV since 2000 at
1 of 14 of the 18 laboratories that perform testing for viral hepatitis DNA, RNA, antigens and antibodies in Denmark. It
is estimated that the cohort includes more than 90% of the patients tested for HBV or HCV in Denmark."”

The Danish National Patient Registry (NPR)
Established in 1977, the NPR contains information about every contact of all individuals, identified through their unique
personal identification number (PIN), with the Danish hospital service in regard to examinations, treatments, etc.'®

The Danish Registry of Causes of Death (DRCD)

The DRCD contains information about cause(s) of death for nearly every deceased individual in Denmark since 1970.
Individuals are identified through their unique PIN. Causes of death are recorded by a medical doctor and are classified
using the ICD-10 system, previously the ICD-8 system."’

The Danish Civil Registration System (CRS)

The CRS is a national Danish registry containing demographic information, such as age, sex, immigration status,
employment, and education, going back to 1968, on any individual with a Danish civil registration number. All citizens
in Denmark are provided with this unique 10-digit number in both the CRS as well as most other Danish registries,
permitting cross-linking of information between multiple registries.>

Study Population
The study population consisted of individuals aged 18 or older who were diagnosed with CHB between January 1, 2002
and January 1, 2017. Subjects were considered infected with CHB if they (i) were registered in DANHEP with at least
one positive HBsAg measurement or (ii) were registered in DANVIR with two positive measurements of HBsAg 6
months or longer apart, or one positive HBsAg measurement as well as one negative measurement of IgM antibody to
hepatitis B core antigen (anti-HBc IgM), or one positive measurement of HBsAg as well as a country of origin outside
Northern Europe if there was no measurement of anti-HBc IgM.?! Each individual was assigned an index date
corresponding to either (i) their date of inclusion in DANHEP, DANVIR or LPR or (ii) their 18th birthday, whichever
came last.

For each person with CHB, 10 individuals without CHB (control-persons), matched by sex and age, were selected at
random from the general population. Control-persons were assigned the same index date as their corresponding case.
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Individuals with a history of HIV or HCV infection, cerebrovascular ischemia or IHD prior to the study index date were
excluded as these outcomes are related to atherogenesis and thus an increased risk of IHD.”** See Supplementary
Material 1 for ICD-8 and ICD-10 codes used.

Outcome Measures

The outcome of interest was an event of [HD or death from [HD. The term IHD was considered substitutable with the terms
coronary artery disease (CAD) and coronary heart disease (CHD).>* Any diagnosis of IHD would register as an event. Events
of THD were identified by ICD-8 and ICD-10 codes obtained from the NPR or DRCD. We defined IHD as ICD-10 codes 120-
125 and ICD-8 codes 41,009, 41,099, 41,109, 41,199, 41,209, 41,299, 41,309, 41,399, 41,409 and 41,499. The positive
predictive value (PPV) in the NPR for 121-123 codes has been estimated to be 98% (95% CI: 89.4-99.9).>* However,
concerning 120-codes in the NPR, the PPV has been shown to be 42.0%.>> Thus, any 120-code that did not require ischemia
to be documented was only regarded as valid if the individual, within 1 month from the date of diagnosis, was also registered
with a procedure (SKS) code for either (i) coronary anastomosis, (ii) coronary bypass, (iii) coronary thromboendarterectomy
or (iv) coronary recanalization. See Supplementary Material 1 for details on ICD-8, ICD-10 and SKS-codes used.

Variables

Comorbidity

We calculated the Charlson Comorbidity Index (CCI) score for each individual. Relevant ICD-10 diagnoses as described
by Quan et al*® were obtained from the NPR (See Supplementary Material 2 for details). Comorbidity levels were
dichotomized: none (CCI score = 0) and any (CCI score >0). Liver diseases were not scored on the CCI as they were
considered potential mediators for IHD as cirrhosis may produce coagulation defects. The PPV of ICD-10 codes in the
NPR used for calculating a CCI score is 98% (95% CI: 96.9.98.8).%*

Employment

Information on employment status was obtained from the CRS, and subjects were categorized as either employed,
unemployed, disability pensioner (individuals with a permanent disability limiting their ability to work), or other (eg,
students and early retired individuals).

Alcohol
Subjects with an ICD-8 or ICD-10 diagnosis of alcohol abuse were identified; the information was obtained from the
Danish National Registry of Mental or Behavioral Disorder. See Supplementary Material 1 for details on codes used.

Region of Origin
Country of origin was defined as mother’s country of birth. Information was obtained from the CRS. Countries of origin

were subsequently categorized in regions through the United Nations area distribution.?’~®

Type 2 Diabetes Mellitus (T2DM)

Any subject with a diagnosis code corresponding with T2DM in ICD-8 or ICD-10 in the NPR was included in this group.
Moreover, any subject with a filled prescription of antidiabetic medication in the prescription registry, except from
insulin, was included. For the relevant ICD-8, ICD-10 and prescription (ATC) codes, see Supplementary Material 1.

Cirrhosis
Subjects with an ICD-8 or ICD-10 diagnosis of liver cirrhosis were identified from the NPR. See Supplementary Material 1

for relevant codes.

Treatment
Information on antiviral treatment status was obtained from DANHEP. Treatment status was dichotomized according to
whether the subject had ever received antiviral treatment.

Clinical Epidemiology 2022:14 hetps: 881
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Statistical Analysis
Demographics and characteristics of the study cohort were summarized using median and interquartile ranges for age,
and frequency and percentage for categorical variables. Time at risk was calculated from index date until (i) diagnosis of
IHD or death from IHD, both counted as an event, (ii) death from other cause was considered a competing risk, (iii)
emigration, (iv) unknown status in CRS or (v) January 1, 2017, whichever came first led to censoring.

A significance level of 5% was used in all analyses. Statistical analyses were performed in STATA 16.1 and R 4.0.5.%%%°

Main Analysis
In the adjusted analysis, factors considered possible confounders were age, sex, employment, region of origin, type 2
diabetes mellitus, comorbidity, and alcohol abuse. These were fitted as baseline variables in a Cox model. The
proportional hazards assumption was assessed by plotting Schoenfeld residuals against time and comparing the observed
curve against 50 simulated curves assuming proportional hazards. Age at baseline did not show proportional hazards and
was stratified.

Cumulative incidence of IHD over time was determined using cumulative incidence functions with death from other
causes considered competing risks. To assess if CHB has an effect on cumulative incidence of IHD after adjustment, we
calculated sub-distribution hazards using a Fine—Gray model.

Sub-Analysis |

To assess the effect of liver cirrhosis on the development of THD, we adjusted the Cox model using time-updated
cirrhosis status as an additional variable. Furthermore, we conducted a log-likelihood ratio test for interaction between
cirrhosis and CHB.

Sub-Analysis 2

Since persons with CHB in Denmark predominantly are of foreign origin, lifestyle factors such as smoking habits might
differ from those in persons with Danish origin. Further, when we assessed our data, persons with CHB were registered
with a drug- or alcohol-related diagnosis more frequently than sex- and age-matched controls from the general
population. Hence, we suspected that smoking rates among HBV-positive individuals of Danish origin may also be
higher when compared to controls. Consequently, we suspected some residual confounding despite adjusting for region
of origin and therefore conducted a separate cause-specific Cox analysis in which we excluded persons of Danish origin.

Sub-Analysis 3
In this analysis, we sought to assess the effect of being or having been treated with antiviral medication on the
development of IHD we adjusted the Cox model using dichotomized treatment status as an additional variable.

Results

In total, 13,265 persons were identified and examined for eligibility. Out of these, a total of 6793 individuals were
excluded: 6193 did not have an index date between January 1, 2002 and January 1, 2017 or were under 18 years of age
(n=146) at the latter date; 40 had a prior diagnosis of ischemic cerebrovascular disease; 92 had a prior diagnosis of IHD;
109 had a prior diagnosis of HIV; 351 had a prior diagnosis of HCV; 8 persons died at date of diagnosis or before the age
of 18. In total, 6472 persons with CHB and 63,607 control-persons were included in the analysis (Figure 1).

The median age of persons with CHB was 34.0 years and 51.6% were male. When compared to control-persons, CHB
infected individuals were more likely to be unemployed (25.1% versus 7.9%), to be persons on disability pension (8.5% versus
3.8%), to not have Denmark as country of origin (31.0% versus 87.3%), to have comorbidities (8.7% versus 7.0%), to suffer
from T2DM (4.8% versus 2.5%) and to have an alcohol-related diagnosis (5.2% versus 1.4%) (Table 1).

During the 571,095 person-years of follow-up (median 7.93 years), 48,840 years for cases and 523,065 years for
control-persons, 103 with CHB experienced an event of IHD (1.6%), while 874 subjects in the control group experienced
an event (1.4%). Further details on the entire study cohort are presented in Table 1.

882 htps: Clinical Epidemiology 2022:14
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n =13,265

Chronic HBV patients registered
and assessed for eligibility

\4

Chronic HBV patients excluded

Index date before 1/1/2002

Index date after 31/12/2016

< 18 years of age 31/12/2016

CV ischemia event before index date
IHD event before index date

HIV before index date

HCV before index date

Death at date of diagnosis or before the
age of 18

n=6,793
n = 6,041

= 6
n= 146
n= 40
n= 92
n= 109
n= 351
n= 8

Chronic HBV patients
included in analysis
n=6,472

Figure | Flowchart of inclusion of persons infected with chronic hepatitis B virus.
Abbreviations: HBV, hepatitis B virus; CV, cerebrovascular; IHD, ischemic heart disease; HIV, human immunodeficiency virus; HCV, hepatitis C virus.

The cumulative incidence of IHD and death from other causes for persons with CHB and control-persons is plotted in

Figure 2. Between these groups, the plotted cumulative incidence did not differ significantly during the 15-year follow-up

period. However, the cumulative incidence of death from other causes was significantly larger for persons with CHB.
The estimated crude IRR of IHD events for individuals with CHB and control-persons was 1.13 (95% CI: 0.91-1.39).
Table 2 shows the estimates for the effect of chronic HBV infection as well as other covariates on the rate of development

of THD and the cumulative incidence of IHD.

As seen in Table 2, CHB infection did not display a significant effect on the rate of development of IHD events with

an estimated adjusted hazard ratio of 0.96 (95% CI: 0.75—1.22). Diabetes, male sex, not being employed, a country of

origin in North Africa or Western Asia and comorbidity were found to be significantly associated with an increase in the

rate of development of THD. Further, chronic HBV infection did not display a significant effect on the cumulative
incidence of THD (subdistribution hazard ratio: 0.85, 95% CI: 0.63—1.07).

Table | Characteristics of the 2002—2017 Study Cohort (n = 70,082) Consisting of Chronically Hepatitis
B Virus Infected Persons (n = 6472) and Sex- and Age-Matched Individuals Without Chronic Hepatitis
B from the General Population as Control-Persons (n = 63,607)

Characteristics HBV-Infected Patients Sex- and Age-Matched
(n = 6472) Individuals (n = 63,607)
Age?, median (IQR®) 34.0 (27.0-45.0) 34.0 (27.0-46.0)
Sex, n (%)
Male 3341 (51.6) 32.601 (51.3)
Female 3131 (48.4) 31.007 (48.7)
(Continued)
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Table 1 (Continued).

Characteristics HBV-Infected Patients Sex- and Age-Matched
(n = 6472) Individuals (n = 63,607)

Employment, n (%)

Employed 2488 (38.4) 42,331 (66.6)

Unemployed 1627 (25.1) 5046 (7.9)

Disability pensioner 549 (8.5) 2435 (3.8)

Other® 1808 (27.9) 13,795 (21.7)
Region of origin, n (%)

Denmark 2005 (31.0) 55,508 (87.3)

Europe 785 (12.1) 3611 (5.7)

North Africa and Western Asia 974 (15.0) 1638 (2.6)

Sub-Saharan Africa 951 (14.7) 621 (1.0)

Central, Southern and Eastern Asia 1625 (25.1) 1860 (2.9)

Other/undisclosed 132 (2) 369 (0.6)
Comorbidity?, n (%)

None (score = 0) 5912 (91.3) 59,142 (93.0)

Any (score >0) 560 (8.7) 4465 (7.0)
Diabetes, n (%)

No 6164 (95.2) 62,003 (97.5)

Yes 308 (4.8) 1604 (2.5)
Alcohol abuse, n (%)

No 6137 (94.8) 62,686 (98.6)

Yes 335 (5.2) 921 (1.4)

Notes: *Age is in years; "IQR; interquartile range; “This group includes students, pensioners and early retirees; As scored on the
Charlson Comorbidity Index (CCI).

Adjusting for time-updated cirrhosis-status in sub-analysis 1, cirrhosis did not have a significant effect on the rate
of development of THD (HR: 0.40, 95% CI: 0.15—1.08). Furthermore, we did not find interaction between cirrhosis
and CHB.

After exclusion of subjects of Danish origin in sub-analysis 2, the cause-specific Cox analysis of the correlation
between CHB infection and IHD still did not yield a statistically significant result (HR: 0.60, 95% CI: 0.28—1.44).

When adjusting for antiviral treatment status in sub-analysis 3, antiviral treatment did not influence the development
of IHD (HR: 0.38, 95% CI: 0.73-2.93).

Discussion
In this nationwide cohort study of prospectively collected data, we found no increased risk of IHD in persons with CHB.
The difference in absolute risk of developing IHD between persons with CHB and age- and sex-matched individuals from
the general population was not significant, although persons with CHB may have died from competing causes before
a hypothetical event of IHD occurred. Furthermore, the cause-specific rate of development of IHD did not differ
significantly between individuals with CHB and age- and sex-matched individuals from the general population.
Predictably, we found male sex, comorbidity, T2DM, and not being employed to significantly increase the rate of
development of IHD. Although the effect of cirrhosis was slightly protective on the development of IHD, this was not
statistically significant. When assessing the interaction between cirrhosis and CHB infection, we found none. However, this
finding should be interpreted carefully due to the low number of events of cirrhosis in persons with CHB infection (n = 258).
Furthermore, being or ever having been treated with antiviral medication did not significantly affect the development of
THD. Although we cannot exclude the possibility of a false-negative result, we consider our estimates to be reliable given
the size of our cohort.

Yet, our understanding of the potential underlying pathogenic effects of CHB infection on the process of atherogenesis and
the development of IHD is limited. CHB infection induces a state of chronic inflammation and immune stimulation known to
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Figure 2 Cumulative incidence function plot of ischemic heart disease events and death in patients with chronic hepatitis B (cases) and sex- and age-matched individuals

without chronic hepatitis B from the general population (control-persons). IHD, Blue; Death, black; Control, solid line; Case, dashed line.

result in a range of liver complications.*'* This has been proposed as the basis for a possible explanation of an association

between chronic HBV infection and the development of IHD*® in light of existing associations between other infections as eg

HIV and HCV and atherosclerosis.®** In contrast, findings contributing to the case for a potential protective effect of CHB

Table 2 Cause-Specific Hazard Ratio Estimates Obtained from Multivariable
Cox Regression of Time from Hepatitis B Virus Infection Until Ischemic Heart
Disease Event or Censoring® in Chronically Hepatitis B Virus Infected Persons
(n = 6472) versus Sex- and Age-Matched Individuals Without Chronic Hepatitis

B from the General Population as Control-Persons (n = 63,607)

Multivariable Adjusted

HR 95% CI

Chronic HBV® infection 0.96 (0.75, 1.22)
Female sex 0.39 (0.34, 0.45)
Employment®

Unemployed 1.41 (111, 1.77)

Disability pensioner 1.60 (1.28, 1.97)

Other 1.29 (1.00, 1.67)
Region of origin®

Europe 1.23 (0.81, 0.91)

North Africa and Western Asia 1.84 (1.35, 2.52)

Sub-Saharan Africa 0.49 (0.24, 1.01)

Central, Southern and Eastern Asia 1.15 (0.81, 1.65)

Other 1.03 (0.42, 2.51)
Comorbidity® 1.47 (1.21, 1.80)
Diabetes® 2.36 (1.95, 2.84)
Alcohol abuse® 0.91 (0.63, 1.33)

Notes: *Subjects who died from non-ischemic heart disease causes were censored; °HBY,

hepatitis B virus; “Reference: Employed; “Reference: Denmark; °Reference: None.
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infection on the development of IHD have also been suggested. One study found HBV seropositivity to be associated with
lower mean C-reactive protein (CRP) levels,' although contradicting findings of significantly elevated serum CRP levels in
individuals with CHB also have been reported.> Furthermore, liver cirrhosis (of any type) has been suggested to correlate with
lower serum triglyceride levels®® and CHB infection has been linked to decreased cholesterol levels.*” Additionally, one study
reported lower levels of fibrinogen, clotting factor II and clotting factor VII in HBsAg-positive subjects compared to HBsAg-
negative subjects.>® A recent meta-analysis of 13 observational studies found that subjects with CHB infection had a lower risk
of developing metabolic syndrome, a known cardiovascular risk factor, and further showed an inverse relation between CHB
infection and elevated blood pressure, low HDL-cholesterol, and hypertriglyceridemia in certain subgroups.*

Previous studies evaluating the effect of chronic HBV infection on the development of CVD have observed conflicting
results. One sizeable cohort study of Korean men found CHB infection to be associated with a lower hazard of myocardial
infarction (HR: 0.74, 95% CI: 0.62—0.87) when adjusting for a number of cardiovascular risk factors.'® When further adjusting
for liver dysfunction, the effect was more pronounced but only significant in CHB infected individuals with liver dysfunction
(HR: 0.56, 95% CI: 0.45-0.7). Thus, the protective effect was ascribed to liver dysfunction with impaired coagulation status as
a result of CHB infection. These findings are in trend with the slightly protective but non-significant effect of cirrhosis we
showed (HR: 0.44, 95% CI: 0.18—1.07). In contrast to these findings, another large and more recent Chinese prospective cohort
study reported an increased hazard of death from IHD in persons with CHB (HR: 1.31, 95% CI: 1.09—1.58).>* However, this
effect was not present when the model was adjusted for whether subjects had had previous hepatitis of any kind or cirrhosis at
baseline (HR: 1.25, 95% CI: 0.62—-2.50). In contrast, one 2016 meta-analysis of three cross-sectional studies, one case—control
study and one cohort study did not show a significantly increased risk of CAD in HBV-infected persons (pooled odds ratio
(OR): 0.68, 95% CI: 0.4-1.13).%° Similarly, another 2018 review of the literature and meta-analysis of three case—control
studies and six cohort studies did not demonstrate an increased risk of CHD in HBV-infected persons (risk ratio: 0.99, 95% CI:
0.76-1.22).*! However, both meta-analyses reported an either moderate or high degree of heterogeneity among the included
studies. This can in part be ascribed to differences between the included studies regarding particularly study design and
demographic characteristics, adjustment of effect variates, and criteria for outcome definitions; issues that seem to apply to
studies extending beyond the ones were included in the meta-analyses.

Our results add to the overall trend of the current evidence suggesting that chronic HBV infection has no effect on the
risk of THD. The strengths of the present study include a large nationwide cohort with a long-term follow-up period,
knowledge about co-infection with HIV and HCV, and data obtained for analysis from nationwide registries as made
possible by a tax-funded health care system with equal accessibility. However, limitations such as effects of residual
confounding may be present. We did not adjust for cardiovascular risk factors such as elevated body mass index (BMI)
and elevated plasma triglyceride levels. However, BMI levels in CHB-infected individuals seem not to differ from that
of the general population, and findings suggest CHB infection and plasma triglycerides levels to be inversely
associated.®® Thus, we find these lifestyle factors unlikely to introduce substantial confounding bias. Lack of data on
smoking status was a limitation. However, in sub-analysis 2, we indirectly adjusted for smoking status through excluding
subjects of Danish origin as we did not expect significant differences in lifestyle risk factors between the remaining
individuals with and without CHB infection born in endemic countries. In doing so, we found no increased risk of IHD
in persons with CHB. However, smoking may yet contribute a residual confounding effect as the analysis lacked
statistical power.

In conclusion, we found no increased risk of ischemic heart disease in persons with CHB compared with sex- and
age-matched control-persons from the general population in this nationwide study with 15 years of follow-up. To the best
of our knowledge, the present study is the first of its size to assess risk of ischemic heart disease in persons with CHB in
comparison with the general population on a nationwide level in an HBV low-endemic country. Our findings indicate that
strategy for prevention and management of ischemic heart disease in persons with CHB should be similar to that of the
general population.

Data Sharing Statement
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