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ABSTRACT
Introduction: The influence of hepatitis C virus (HCV) infection on long-term outcomes of acute
myocardial infarction (AMI) patients is unclear. Therefore, this study aimed to analyze the
impact of HCV infection on 12-year mortality rates after AMI using Taiwan National Health
Insurance Research Database (NHIRD) data.
Methods: NHIRD data for approximately 23,000,000 patients between January 2000 and
December 2012 were analyzed. A total of 186,112 cases of first AMI admission were identified.
A total of 4,659 HCV-infected patients not receiving interferon therapy were enrolled and
divided into those with (n: 107) or without (n: 4,552) cirrhosis. Using one-to-one matching,
4,552 matched controls were included for final analysis.
Results: The 12-year mortality rate was significantly higher in AMI patients with HCV and
cirrhosis than HCV but without cirrhosis (P<.0001) or controls (P<.0001). The patients with
HCYV but without cirrhosis had significantly higher long-term mortality rates than the matched
controls (P<.0001). The hazard ratio (HR) for mortality was higher in patients with HCV but
without cirrhosis (HR: 1.09; 95% CI: 1.04—1.15) and those with HCV and cirrhosis (HR: 2.23;
95% CI: 1.82-2.73). HCV influenced outcomes among the subgroups of patients who were male
(HR: 1.06), were younger (HR: 1.27), had hypertension (HR: 1.10), had dyslipidemia (HR: 1.19),
or received percutaneous coronary intervention (HR: 1.20).
Conclusions: HCV infection influenced the 12-year mortality rates of AMI patients, especially
those who were male, were younger, had hypertension, had dyslipidemia, and received
percutaneous coronary intervention. Cirrhosis further increased long-term mortality rates of AMI

patients with HCV.
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Strengths and limitations of this study:

1.

Our study present a reliable and clear relationship between HCV infection and its impact on
post AMI patient based on NHIRD data(which participated by 93% medical institution of
Taiwan and covering 99.9% Taiwan (approximately 23,000,000) patients over the past 12
years, which is representative of the general population in Taiwan).

The propensity score—matching technique was applied to minimize confounding factors
between the HCV and control groups found in retrospective cohort study.

The diagnosis validation of AMI population might by doubtful owing to lacking
information on the burden of atherosclerosis assessed, but previous studies confirmed the
validity of AMI data in the NHIRD of Taiwan.

The HCV infection population might be under estimated based on NHIRD data,
which may have minorly impacted the study results.

Thought the relationship between HCV infection and post AMI mortality was found, the

distinct cause-effect relation is still vague and pending study to clarify.
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INTRODUCTION

Acute myocardial infarction (AMI) is one of the leading causes of death among men and women
in Taiwan and worldwide, and it is now becoming increasingly more common in developed
countries.['] The coronary arteries of patients with AMI have lipid-rich cores after
atherosclerosis plaques rupture that induce the formation of unstable platelet aggregates
following an intermittent reduction in coronary flow and distal embolization.[* *] Despite
advances in revascularization and medications, AMI can still trigger lethal arrhythmia,
hemodynamic instability, or death. Therefore, assessing the risk factors of clinical outcomes after
AMI remains an important research topic.[*”] Infection has been hypothesized as a contributing
risk factor of coronary artery disease (CAD).[*°] Several direct and indirect mechanisms have
been proposed to explain the association between infectious agents and coronary heart

disease.[*]

An estimated 2—-3% of the global population is infected with the hepatitis C virus (HCV).[']

HCV infection was proposed to be associated with endothelial dysfunction,["] atherosclerosis,['"

14161 CAD,['"] carotid disease,[*’] and stroke.[*" **] However, the association between HCV

23-27

infection and CAD remains controversial.[~'] Previous studies showed an association between

the HCV core protein and carotid atherosclerosis['*] as well as between HCV seropositivity and
CAD.['"**?°] However, in a study of active-duty military personnel in whom the prevalence of
HCV infection was high, no association was found between HCV seropositivity and AML[’]
Additionally, other studies concluded that there was no association between HCV infection and

32,33

CAD,[30] carotid plaque,[“] or the risk of incident myocardial infarction.[ ] A recent study

showed that patients with HCV infection had less obstructive CAD on coronary angiography. *
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Furthermore, the influence of HCV infection on the long-term outcomes of patients after AMI is
unclear.
The present study aimed to analyze the impact of HCV infection on 12-year mortality after

AMI using data from the Taiwan National Health Insurance Research Database (NHIRD).

MATERIAL AND METHODS

The National Health Insurance (NHI) program in Taiwan has financed the healthcare of more
than 99% of its residents since 1995. The NHIRD includes detailed information from the medical
records of patients admitted to hospitals, including their age, sex, diagnosis, prescriptions,
interventions, and relevant survival data. This study was approved by the Human Research
Committee of Kaohsiung Veterans General Hospital, Taiwan.

All patients who were admitted to hospitals with the main diagnosis of AMI (International
Classification of Diseases, 9" edition, Clinical Modification [ICD-9-CM] codes 410-410.92)
between January 2000 and December 2012 were identified from the NHIRD, which includes
data for approximately 23,000,000 patients. Among these patients, those with a history of
admission for AMI, whose sex was undetermined, or who were <18 years of age were excluded,
and a total of 186,112 unique cases of AMI were identified.

Of the 186,112 patients, 4,666 with HCV infection (ICD-9-CM codes V02.62, 070.51, and
070.54) were identified. Among the remaining 181,446 patients, those with a history of hepatitis
(ICD-9-CM codes V02.61, 070.30, 070.32, and 571.1) or other liver-associated diseases
(ICD-9-CM codes 155, 070, 570, 571, 572, 573, 197.7, 230.8, 235.3, 789.1, and V02.6) were
excluded, leaving 112,896 AMI controls.

Of the 4,666 AMI patients with HCV infection, those who had ever received interferon
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therapy were excluded to minimize the variables. Therefore, a total of 4,659 patients with HCV
were enrolled and further divided into those with liver cirrhosis (n=107) and those without liver
cirrhosis (n=4,552). To minimize baseline differences between the AMI cohort with HCV
infection but without liver cirrhosis and the control group, a propensity score—matching
technique was used. One-to-one matching was performed using the following variables: sex, age,
hypertension (IDC-9-CM codes 401-405), dyslipidemia (IDC-9-CM code 272), peripheral
vascular disease (ICD-9-CM codes 443.9, 441, 441.9, 785.4, and V43.4 or procedure code 38.48),
diabetes mellitus (ICD-9-CM code 250), heart failure (ICD-9-CM code 428), previous stroke
(ICD-9-CM codes 430437 and A290-A294), end-stage renal disease (ESRD; ICD-9-CM code
585), chronic obstructive pulmonary disease (ICD-9-CM codes 491, 492, and 496), and
percutaneous coronary intervention (PCI, CD-9-CM procedure codes 36.0, 36.01, 36.02, 36.05,
36.06, and 36.09). The data from 4,552 AMI patients with HCV infection but without liver
cirrhosis and 4,552 matched controls were included in our final analysis.

For the outcome analysis, survival was defined as the time interval from the hospital
admission date to the NHI coverage end date. Since the NHI premium is paid on a monthly basis,
coverage can easily be discontinued at the time of death. Thus, the end date of NHI coverage is a

valid proxy for mortality, which had a maximum error of 1 month.[>>™)]

Statistical analysis

SAS software (version 9.4; SAS Institute Inc., Cary, NC, USA) was used to extract and analyze
the data. Descriptive statistics were calculated for all variables, with categorical data reported as
percentile values and continuous data reported as mean and standard deviation. The paired #-test

was used to compare continuous variables and the chi-squared test was used to compare
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categorical variables among the different groups. Hazard ratios (HRs), confidence intervals (CIs),
and P values from Cox proportional hazards regression models are presented. Kaplan-Meier
cumulative survival curves were constructed to compare survival among the groups. P values

<.05 were considered statistically significant.

RESULTS

Characteristics of the study group

The characteristics of the 4,552 patients with HCV but without cirrhosis and the 4,552 patients in
the control group are presented in Table 1. The primary demographic variables of age,
male:female distribution, and comorbidities were comparable among the groups. Additionally,
the medications used were comparable between the groups except for antiplatelet medications
(P=.0005) and statins (P=.0323), which were used more often in the control group than in the
HCV-infected group (Table 1). The proportion of patients who underwent PCI was comparable
between the liver cirrhosis group (43.23%) and the control group (42.95%; P=.7832),

independent of sex or age subgroup (Table 1).
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o
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Compared to group 1 (matched control group) and group 2 (AMI patients without cirrhosis
group), the 107 AMI patients with HCV and liver cirrhosis had a lower male ratio, higher
prevalence of dyslipidemia, and higher prevalence of diabetes mellitus. Additionally, the
medications used were significantly lower in group 3 than the other two groups, including
antiplatelet, angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, statins,
beta blockers, calcium channel blockers, heparin, and nitrate. The proportion of patients who

underwent PCI was lower in the liver cirrhosis group than in groups 1 and 2.

Outcome analysis
The 12-year survival rate was significantly lower in AMI patients with HCV and liver cirrhosis
than in those with HCV but without liver cirrhosis (log rank, P<.0001) and control group (log
rank, P<.0001). Furthermore, AMI patients with HCV but without liver cirrhosis had
significantly lower long-term survival rates than the matched AMI controls (log rank, P<.0001).
In the subgroup analysis, the AMI patients with liver cirrhosis had lower long-term survival
rates than the control group and the patients without cirrhosis regardless of sex, age, or PCI
status (Figures 1). Among the male patients, the mortality rate was lower among the matched
controls than among the patients without cirrhosis (log rank, P<.0001; Figure 1), those with
younger age (log rank, P<.0001; Figure 1), those who underwent PCI (log rank, P<.0001; Figure
1), and those who did not undergo PCI (log rank, P=.0003; Figure 1). However, the 12-year
survival rate was comparable between the HCV group without cirrhosis and the AMI control
group among female (log rank, P=.1049; Figure 1) and elderly patients (log rank, P=.4145;
Figure 1).

A Cox proportional hazard regression analysis was performed to evaluate the impact of
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different factors including sex, age, comorbidities, PCI, and HCV on the survival of patients
admitted for a first AMI (Table 2). Overall, the HR for mortality was high for patients aged > 65
years (HR, 2.21; 95% CI, 2.07-2.36) as well as those with diabetes (HR, 1.30; 95% CI,
1.23-1.38), peripheral vascular disease (HR, 1.31; 95% CI,1.18-1.46), heart failure (HR, 1.25;
95% CI, 1.18-1.33), ESRD (HR, 1.77.10; 95% CI, 1.65-1.90), previous stroke (HR, 1.37; 95%
CI, 1.30-1.46), or chronic obstructive pulmonary disease (HR, 1.27; 95% CI, 1.19-1.36).
Conversely, the HR was low for patients who underwent PCI (HR, 0.44; 95% CI, 0.41-0.47).
Overall, HCV infection (HR, 1.09; 95% CI, 1.04—1.15) or liver cirrhosis (HR, 2.23; 95% CI,

1.82 - 2.73) increase the mortality rate. In further sex subgroup analyses, the findings were

similar to those of the overall group except for HCV in female patients (HR, 1.06.23; 95% CI,

0.97 - 1.15), which suggested that HCV infection did not influence the outcomes of female

patients (Table 2).
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Variable

All (n=9211)

Hazard ratio (95% CI)

Male (n = 5693)
QD

Hazard ratio (950/”; CI)
N

Female (n =3518)

Hazard ratio (95% CI)

Sex (male vs female) 1.00 (0.95-1.06) - § - - -

Age (=65 vs <65 years) 2.21 (2.07-2.36)* 2.37 (2.1%2.58)* 1.96 (1.75-2.19)*
Hypertension (yes vs no) 0.97 (0.91-1.03) 1.00 (0.92(31.08) 0.90 (0.82-1.00)

3

Dyslipidemia (yes vs no) 0.69 (0.65-0.74)* 0.70 (0.652;0.76)* 0.69 (0.63-0.76)*
Diabetes mellitus (yes vs no) 1.30 (1.23-1.38)* 1.35 (1.251.45)* 1.25 (1.14-1.36)*
Peripheral vascular disease (yes vs no) 1.31 (1.18-1.46)* 1.43 (1.2%1.65)* 1.20 (1.01-1.42)*
Heart failure (yes vs no) 1.25 (1.18-1.33)* 1.30 (1.2%1.40)* 1.20 (1.10-1.30)*
End stage renal disease (yes vs no) 1.77 (1.65-1.90)* 1.93 (1.7%2.13)* 1.63 (1.46-1.81)*
Previous stroke (yes vs no) 1.37 (1.30-1.46)* 1.40 (1.3%1.52)* 1.34 (1.23-1.47)*
Chronic obstructive pulmonary disease (yes vs no) 1.27 (1.19-1.36)* 1.29 (1.1%@1.41)* 1.24 (1.10-1.40)*
Percutaneous coronary intervention (yes vs no) 0.44 (0.41-0.47)* 0.42 (0.3%0.46)* 0.47 (0.43-0.52)*
Hepatitis C (yes vs no) 1.09 (1.04-1.15)* 1.12 (1.04§1.20)* 1.06 (0.97-1.15)
Liver cirrhosis (yes vs no) 2.23 (1.82-2.73)* 2.71 (2.0%3.59)* 1.89 (1.42-2.53)*

*P<0.05
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As shown in Figure 2, HCV infection was found to influence the outcomes in the subgroups
of patients who were male, were younger, had hypertension, had dyslipidemia, underwent PCI,

or had a history of previous stroke or chronic obstructive pulmonary disease.

DISCUSSION

The present study found that HCV infection influences the 12-year outcome of patients with
AMI. To our knowledge, no previous study examined the impact of HCV infection on long-term
outcomes after AMI. This study also found that the survival rate was lower among the AMI
patients with HCV infection and liver cirrhosis. Furthermore, HCV infection was found to
influence long-term mortality among the subgroups of patients who were male, were younger,
had hypertension, had dyslipidemia, and underwent PCI.

Some studies did not identify an association between HCV seropositivity and myocardial
infarction.[” **] However, the previous study population[’] included young healthy men (age <50
years) from the US military, which limited the interpretation and generalizability of the results.
Another study reported that HCV infection did not increase the risk of incident myocardial
infarction among a large sample of patients from the United Kingdom.[**] The results of the
present study are consistent with those of previous studies that linked HCV seropositivity with

['“%%] or coronary atherosclerosis.['*] Our study included data from the NHIRD and only

carotid
evaluated patients with first AMI. Additionally, the percentage of elderly patients was
comparable between the HCV group (65.42%) and the control group (66.21%). Previous studies

mainly investigated the prevalence of coronary events in patients with hepatitis.[” **

] However,
our study investigated whether HCV infection influences the outcomes of patients after AMI,

which makes it unique.
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Tsai et al.['’] recently showed that the risk of developing acute coronary syndrome was
greater in patients with HCV than in those without HCV and that the risk was the highest in
middle-aged patients. This previous study focused on the influence of HCV infection on the
development of acute coronary syndrome, while our study focused on the influence of HCV
infection on the outcomes of patients after AMI. Furthermore, the study by Tsai et al.["°] showed
that comorbidities such as hypertension, diabetes, and dyslipidemia were more likely to be
present in patients with HCV than in those without HCV, which might be attributed to the higher
acute coronary syndrome risk in these patients. However, these authors only matched age and
sex. Using a propensity score—matching technique, our analyses controlled for a number of
established cardiovascular risk factors and other important confounding variables that might
influence patient outcomes after AMI, including sex, age, hypertension, dyslipidemia, peripheral
vascular disease, diabetes mellitus, heart failure, previous stroke, ESRD, chronic obstructive
pulmonary disease, and PCIL. Therefore, our study ensured similar baseline characteristics
between the groups. Our exclusion criteria were also very strict. Patients with hepatitis, liver
cirrhosis, or other liver diseases were excluded from the HCV infection without cirrhosis and
control groups. These exclusions were not mentioned in the study by Tsai et al.['’] Considering
these factors, our study could accurately analyze the influence of HCV infection on patient
outcomes after AMI.

A previous study analyzed data from acute care hospitals across the United States in 1999
and 2009 and showed higher in-hospital mortality rates in ST elevation myocardial infarction
patients with cirrhosis compared to patients without cirrhosis.[*'] Our study also showed that
HCYV patients with cirrhosis had significant higher mortality rates than those without cirrhosis,

which was consistent with the study in the United States.[*'] Unlike those studies, our study
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focused on HCV-related cirrhosis and further showed the impact of cirrhosis on long-term
(12-year) outcomes. The reasons for the higher mortality rates in cirrhosis patients in this study
might contribute to more cases of diabetes mellitus, lower PCI rates, and less use of medications,
including antiplatelets, angiotensin-converting enzyme inhibitors or angiotensin receptor
blockers, statins, and beta blockers. However, after the adjustment for several confounding
factors in the Cox proportional hazard regression analysis, liver cirrhosis (HR, 2.23; 95% CI,
1.82-2.73; Table 2) still played a critical role in the long-term mortality of AMI patients.

Several studies have discussed the correlation between sex and outcomes in patients with
liver disease. In a southern Sweden 10-year population-based study, female patients with liver
cirrhosis were shown to have better prognosis than male patients with liver cirrhosis.[*] In a
Centers for Disease Control 2013 surveillance, the HCV-related mortality rate for male patients
was shown to be approximately 2.6 times that for female patients.[*’] However, no previous
studies showed the impact of sex on AMI patients with HCV. Our study was the first to show
that HCV infection was found to influence long-term mortality in male but not female patients.
Previous studies showed that spontaneous resolvers were more common in female patients with
HCV,[***] which might be part of reason for the difference.

Interestingly, our study found that antiplatelets and statins were less frequently used in the
HCV group than in the control group, which is consistent with the findings of a recent study.[**]
The low use of antiplatelet medications and statins in patients with HCV could be secondary to

33,34
[

physician concerns regarding liver disease and bleeding risk in these patients. ] Furthermore,

several studies reported that patients with HCV tended to have low cholesterol and low-density
17,29,32, 33, 46-48)

lipoprotein levels.[

The present study has some limitations. First, it was retrospective in design. Therefore, to
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minimize confounding factors between the HCV and control groups, we used a propensity
score—matching technique, and the characteristics of the controls and the patients with HCV but
without cirrhosis did not differ. Matching of the groups further supports the results. Second, we
did not confirm the presence of HCV infection, which may have minorly impacted the study
results. However, the major strength of this study is that the data were obtained from the NHIRD,
which includes data for approximately 23,000,000 patients over the past 12 years and is
representative of the general population in Taiwan. Third, the database used here does not
include data on family history, body weight, body height, smoking history, and lipid and glucose
levels, which are potential confounding factors. Fourth, there was no information on the burden
of atherosclerosis assessed using coronary angiography or intracoronary ultrasonography.
However, previous studies validated the AMI data in the NHIRD of Taiwan and confirmed the

.. . . . 35.3
validity of its use for cardiovascular diseases.[” ]

CONCLUSION

HCYV infection was demonstrated to influence the 12-year mortality of patients after AMI in this
study. Additionally, the mortality rate was higher among the patients with HCV and liver
cirrhosis. Furthermore, HCV infection was found to influence long-term outcomes in patients
after AMI among the subgroups of male patients; younger patients; those with hypertension;
those with dyslipidemia; and those who underwent PCI. Therefore, physicians should be aware

of the impact of HCV infection in patients with AMI when choosing treatment strategies.
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FIGURE LEGENDS

Figure 1. The 12-year Kaplan-Meier survival curves after the first AMI among the control group
and the patients with HCV and those without liver cirrhosis (Panel A). Panel B shows the
survival curve of the male subgroup. Panel C shows the survival curve of the female subgroup.
The patients with liver cirrhosis had lower long-term survival rates than control group and male
and female patients without cirrhosis. Additionally, the male AMI patients with HCV but without
cirrhosis had higher mortality rates than the matched controls (log rank, P<.0001). However,
there was no difference in long-term mortality rates between female patients in the HCV group
and those in the control group (log rank, P=.10492). Further subgroup analysis by age and PCI
was also demonstrated. Panel D shows the survival curve of younger patient (age <65 years)
subgroup. Panel E shows the survival curve of elderly patient (age >65 years) subgroup. Panel F
shows the survival curve of the PCI subgroup. Panel G shows the survival curve of the non-PCI
subgroup. The patients with liver cirrhosis had lower long-term survival rates than those in the
control group or those without cirrhosis in the younger patient (age <65 years), elderly patient,
and PCI or non-PCI subgroups. The mortality rate was lower in matched controls than in patients
with HCV but without cirrhosis in the younger (log rank, P<.0001), PCI (log rank, P<.0001), and
non-PCI subgroups (log rank, P=.0003). However, the 12-year survival rates were comparable
between elderly patients in the HCV and control groups (log rank, P=.4145).

AMI, acute myocardial infarction; HCV, hepatitis C virus, PCI, percutaneous coronary

intervention

Figure 2. Forest plot evaluating the impact of HCV in different subgroups of patients after the

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 26 of 32
@

"YBuAdod Aq parosrold 1sanb Ag 20z ‘v sunr uo jwod fwg uadolwgy/:dny woij papeojumod ‘8T0Z Arenuer 9z uo ZTt/T0-2T02-uadolwag/9eTT 0T e paysiiand isiy :uado rIN


http://bmjopen.bmj.com/

Page 27 of 32

oNOYTULT D WN =

BMJ Open

27

first AMI. HCV infection was found to influence the long-term outcomes of subgroups of male
and younger patients, those with hypertension or dyslipidemia, those who underwent PCI, and
those without previous stroke or chronic obstructive pulmonary disease.

AMI, acute myocardial infarction; HCV, hepatitis C virus; PCI, percutaneous coronary

intervention
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The 12-year Kaplan-Meier survival curves after the first AMI among the control group and the patients with
HCV and those without liver cirrhosis (Panel A). Panel B shows the survival curve of the male subgroup.
Panel C shows the survival curve of the female subgroup. The patients with liver cirrhosis had lower long-
term survival rates than control group and male and female patients without cirrhosis. Additionally, the male
AMI patients with HCV but without cirrhosis had higher mortality rates than the matched controls (log rank,
P<.0001). However, there was no difference in long-term mortality rates between female patients in the
HCV group and those in the control group (log rank, P=.10492). Further subgroup analysis by age and PCI
was also demonstrated. Panel D shows the survival curve of younger patient (age <65 years) subgroup.
Panel E shows the survival curve of elderly patient (age =65 years) subgroup. Panel F shows the survival
curve of the PCI subgroup. Panel G shows the survival curve of the non-PCI subgroup. The patients with
liver cirrhosis had lower long-term survival rates than those in the control group or those without cirrhosis in
the younger patient (age <65 years), elderly patient, and PCI or non-PCI subgroups. The mortality rate was
lower in matched controls than in patients with HCV but without cirrhosis in the younger (log rank,
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P<.0001), PCI (log rank, P<.0001), and non-PCI subgroups (log rank, P=.0003). However, the 12-year
survival rates were comparable between elderly patients in the HCV and control groups (log rank, P=.4145).
AMI, acute myocardial infarction; HCV, hepatitis C virus, PCI, percutaneous coronary intervention
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Forest plot evaluating the impact of HCV in different subgroups of patients after the first AMI. HCV infection
was found to influence the long-term outcomes of subgroups of male and younger patients, those with
hypertension or dyslipidemia, those who underwent PCI, and those without previous stroke or chronic

obstructive pulmonary disease.

AMI, acute myocardial infarction; HCV, hepatitis C virus; PCI, percutaneous coronary intervention
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No Recommendation
Title and abstract 1(Y) (a) Indicate the study’s design with a commonly used term in the title or the

abstract(P1, 3)

(b) Provide in the abstract an informative and balanced summary of what was done
and what was found(P3)

Introduction

Background/rationale 2(Y)

Explain the scientific background and rationale for the investigation being
reported(P5)

Objectives 3(Y) State specific objectives, including any prespecified hypotheses(P5)

Methods

Study design 4(Y)  Present key elements of study design early in the paper(P6)

Setting 5(Y)  Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection(P6)

Participants 6(Y) (a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up(P6,7)
Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls(P7)
Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed(P6,7)
Case-control study—For matched studies, give matching criteria and the number of
controls per case(P7)

Variables 7(Y)  Clearly define all outcomes, exposures, predictors, potential confounders, and
effect modifiers. Give diagnostic criteria, if applicable(P6,7)

Data sources/ 8(Y) For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there
is more than one group(P6,7)

Bias 9(Y) Describe any efforts to address potential sources of bias(P7)

Study size 10(Y) Explain how the study size was arrived at(P6,7)

Quantitative variables 11(Y)

Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why(P6,7)

Statistical methods 12(Y)

Continued on next page

(a) Describe all statistical methods, including those used to control for
confounding(P7)

(b) Describe any methods used to examine subgroups and interactions(P8)

(c) Explain how missing data were addressed(Nil)

(d) Cohort study—If applicable, explain how loss to follow-up was addressed(P6)
Case-control study—If applicable, explain how matching of cases and controls was
addressed(P7)

Cross-sectional study—TIf applicable, describe analytical methods taking account of
sampling strategy

(e) Describe any sensitivity analyses(P8)
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3 Results
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6 examined for eligibility, confirmed eligible, included in the study, completing follow-up,
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8 b) Give reasons for non-participation at each stage(Nil
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13 (b) Indicate number of participants with missing data for each variable of interest(Nil)
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ABSTRACT
Introduction: The influence of hepatitis C virus (HCV) infection on long-term outcomes of
patients with acute myocardial infarction (AMI) is unclear. Therefore, this study aimed to
analyse the impact of HCV infection on 12-year mortality rates after AMI using data from the
Taiwan National Health Insurance Research Database (NHIRD).
Methods: NHIRD data for approximately 23,000,000 patients between January 2000 and
December 2012 were analysed. A total of 186,112 cases of first AMI admission were identified.
A total of 4,659 HCV-infected patients not receiving interferon therapy were enrolled and
divided into those with (n = 107) or without (n = 4,552) cirrhosis. Using one-to-one matching,
4,552 matched controls were included in the final analysis.
Results: The 12-year mortality rate was significantly higher in AMI patients with HCV infection
and cirrhosis than in those with HCV infection but without cirrhosis (P < .0001) or controls (P
<.0001). Patients with HCV infection but without cirrhosis had significantly higher long-term
mortality rates than the matched controls (P < .0001). The hazard ratio (HR) for mortality was
higher in patients with HCV infection (hazard ratio [HR], 1.12; 95% confidence interval,
1.06—-1.18). HCV influenced outcomes among the subgroups of patients who were male (HR,
1.15) and those who had hypertension (HR, 1.14).
Conclusions: HCV infection influenced the 12-year mortality rates of AMI patients, especially
those who were male and those who had hypertension. Cirrhosis further increased the long-term

mortality rates of AMI patients with HCV infection.

Keywords: acute myocardial infarction, case control study, hepatitis C, liver cirrhosis,

propensity score
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Strengths and limitations of this study:

1.

We present a reliable and clear relationship between hepatitis C viral (HCV) infection and its
impact on post-AMI patients using Taiwan National Health Insurance Research Database
(NHIRD) data. The NHIRD is an enormous and unbiased record, as its data represent 93% of
the medical institutions of Taiwan, which serve 99.9% of patients in Taiwan (approximately
23,000,000) over the past 12 years, making it representative of the general population in
Taiwan.

The confounding factors were minimized by application of the propensity score-matching
technique.

The diagnosis of the AMI population might not be confirmed owing to lacking information
on the burden of atherosclerosis assessed, but previous studies confirmed the validity of AMI
data in the NHIRD of Taiwan.

The NHIRD data might underestimate the HCV-infected population. Furthermore,
the database does not include data on family history; actual cause of death; body weight;
body height; smoking history; or lipid, viral load, and glucose levels, which are potential
confounding factors. However, the size of the NHIRD database and use of the propensity
score—matching technique could minimize the impact of these potential confounding factors.
Although a relationship between HCV infection and post-AMI mortality was found, the

distinct cause-effect correlation remains vague and is pending further study for clarification.
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INTRODUCTION

Acute myocardial infarction (AMI), one of the leading causes of death among men and
women in Taiwan and worldwide, is now becoming increasingly more common in developed
countries.['] The coronary arteries of patients with AMI have lipid-rich cores after
atherosclerosis plaque rupture that induce the formation of unstable platelet aggregates following
an intermittent reduction in coronary flow and distal embolization.[z’ 3] Despite advances in
revascularization and medications, AMI can still trigger lethal arrhythmia, hemodynamic
instability, or death. Therefore, assessing the risk factors of clinical outcomes after AMI remains
an important research topic.[*”] Infection has been hypothesized as a contributing risk factor of
coronary artery disease (CAD).[*°] Several direct and indirect mechanisms have been proposed
to explain the association between infectious agents and coronary heart disease.[” ']

An estimated 2-3% of the global population is infected with the hepatitis C virus (HCV).[IZ]

HCYV infection was proposed to be associated with endothelial dysfunction,[”] atherosclerosis,['*

14161 CAD,['"] carotid artery disease,[*] and stroke.[*"" **] However, the association between

23-27

HCV infection and CAD remains controversial.[*”“"] Previous studies showed an association

between the HCV core protein and carotid atherosclerosis['®] as well as between HCV

10, 28, 29
[

seropositivity and CAD. ] However, in a study of active-duty military personnel with a

high prevalence of HCV infection, no association was found between HCV seropositivity and

AML[’] Additionally, other studies reported no association between HCV infection and CAD,[*]

carotid plaques,[*'] or the risk of incident myocardial infarction.[** **

] A recent study showed
that patients with HCV infection had less obstructive CAD on coronary angiography.[”]

Furthermore, the influence of HCV infection on the long-term outcomes of patients after AMI is

unclear.
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The present study aimed to analyse the impact of HCV infection on 12-year mortality after

AMI using data from the Taiwan National Health Insurance Research Database (NHIRD).

MATERIAL AND METHODS

The National Health Insurance (NHI) program in Taiwan has financed the healthcare of
more than 99% of its residents since 1995. The NHIRD includes detailed information from the
medical records of patients admitted to hospitals, including their age, sex, diagnosis,
prescriptions, interventions, and relevant survival data. This study was approved by the Human
Research Committee of Kaohsiung Veterans General Hospital, Taiwan.

All patients who were admitted to hospitals with the main diagnosis of AMI (International
Classification of Diseases, 9" edition, Clinical Modification [ICD-9-CM] codes 410-410.92)
between January 2000 and December 2012 were identified from the NHIRD, which includes
data for approximately 23,000,000 patients. Among these patients, those with a history of
admission for AMI, whose sex was undetermined, or who were <18 years of age were excluded,
and a total of 186,112 unique cases of AMI were identified (Supplementary Figure).

Of the 186,112 patients, 4,666 with HCV infection (ICD-9-CM codes V02.62, 070.51, and
070.54) were identified. Among the remaining 181,446 patients, those with a history of hepatitis
(ICD-9-CM codes V02.61, 070.30, 070.32, and 571.1) or other liver-associated diseases
(ICD-9-CM codes 155, 070, 570, 571, 572, 573, 197.7, 230.8, 235.3, 789.1, and V02.6) were
excluded, leaving 112,896 AMI controls (Supplementary Figure).

Of the 4,666 AMI patients with HCV infection, those who had ever received interferon
therapy were excluded to minimize the variables. Therefore, a total of 4,659 patients with HCV

infection were enrolled and further divided into those with (n = 107) and those without (n =
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4,552) liver cirrhosis. To minimize baseline differences between the AMI cohort with HCV
infection but without liver cirrhosis and the control group, a propensity score—matching
technique was used. One-to-one matching was performed using the following variables: sex, age,
hypertension (IDC-9-CM codes 401-405), dyslipidemia (IDC-9-CM code 272), peripheral
vascular disease (ICD-9-CM codes 443.9, 441, 441.9, 785.4, and V43.4 or procedure code 38.48),
diabetes mellitus (ICD-9-CM code 250), heart failure (ICD-9-CM code 428), previous stroke
(ICD-9-CM codes 430437 and A290-A294), end-stage renal disease (ESRD; ICD-9-CM code
585), chronic obstructive pulmonary disease (ICD-9-CM codes 491, 492, and 496), and
percutaneous coronary intervention (PCI, CD-9-CM procedure codes 36.0, 36.01, 36.02, 36.05,
36.06, and 36.09). The data from 4,552 AMI patients with HCV infection but without liver
cirrhosis and from 4,552 matched controls were included in the final analysis (Supplementary
Figure).

For the outcome analysis, survival was defined as the time interval from the hospital
admission date to the NHI coverage end date. Since the NHI premium is paid monthly, coverage
can easily be discontinued at the time of death. Thus, the end date of NHI coverage is a valid

proxy for mortality, which had a maximum error of 1 month.[>>*’]

Statistical analysis

SAS software (version 9.4; SAS Institute Inc., Cary, NC, USA) was used to extract and
analyse the data. Descriptive statistics were calculated for all variables, with categorical data
reported as percentile values and continuous data reported as mean and standard deviation. The
paired #-test was used to compare continuous variables and the chi-squared test was used to

compare categorical variables among the groups. Hazard ratios (HRs), confidence intervals (CIs),
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and P values from Cox proportional hazards regression models are presented. Kaplan-Meier
cumulative survival curves were constructed to compare survival among the groups. P values

< .05 were considered statistically significant.

RESULTS
Characteristics of the study group

The characteristics of the 4,552 patients with HCV infection but without cirrhosis and the
4,552 patients in the control group are presented in Table 1. The primary demographic variables
of age, male to female distribution, and comorbidities were comparable among the groups.
Additionally, the medications used were comparable among the groups except for antiplatelet
medications (P = .0005) and statins (P = .0323), which were used more often in the control group
than in the HCV-infected group (Table 1). The proportion of patients who underwent PCI was
comparable between the HCV-infected without liver cirrhosis group (42.95%) and the control

group (43.23%; P =.7832), independent of sex or age subgroup (Table 1).
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Heart failure

End-stage renal disease

Previous stroke

Chronic obstructive pulmonary disease
Medication

Any antiplatelet

ACEI or ARB

Statin

Beta-blocker

Calcium channel blocker

Heparin

Low molecular weight heparin

Dopamine

Epinephrine

Norepinephrine

Atropine
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697 (15.31%)
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2,523 (55.43%)
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2,156 (47.36%)
1,631 (35.83%)
2,548 (55.98%)
1,151 (25.29%)
762 (16.74%)
224 (4.92%)
596 (13.09%)

146 (3.21%)

31 (28.97%)
13 (12.15%)
25 (23.36%)

14 (13.08%)

68 (63.55%)
32 (29.91%)
13 (12.15%)
36 (33.64%)
26 (24.3%)
40 (37.38%)
20 (18.69%)
29 (27.1%)
8 (7.48%)
19 (17.76%)

5 (4.67%)
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Nitrate
Nicorandil
PCI
PClI ratio in male patients
PClI ratio in female patients
PClI ratio in patients aged < 65 years

PClI ratio, age > 65 years

3,509 (77.09%)
381 (8.37%)
1,968 (43.23%)
1,377 (48.97%)
591 (33.97%)
840 (54.62%)

1,128 (37.43%)
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3,508 (77.07%)
434 (9.53%)
1,955 (42.95%)
1,372 (48.55%)
583 (33.78%)
842 (53.49%)

1,113 (37.37%)

72 (67.29%)
9 (8.41%)
25 (23.36%)
15 (27.27%)
10 (19.23%)
11 (26.83%)

14 (21.21%)
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019801 0.0178
N

09517 0.6955
QD

05832 <0001
N
o

05527 0.0018
g

09069 0.0284
QD
Q.

08300 0.0007
o
3

09673 0.0072

11

0.0175

0.9878

<.0001

0.0014

0.0266

0.0004

0.007

ACE], angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; AMI, acute myoc

percutaneous coronary intervention
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Compared to Group 1 (matched control group) and Group 2 (HCV-infected patients without
cirrhosis group), the 107 AMI patients with HCV infection and liver cirrhosis had a lower male
ratio, lower prevalence of dyslipidemia, and higher prevalence of diabetes mellitus. Additionally,
the medications used were significantly lower in Group 3 than in the other two groups, including
antiplatelet, angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, statins,
beta-blockers, calcium channel blockers, heparin, and nitrate. The proportion of patients who

underwent PCI was lower in the liver cirrhosis group than in Groups 1 and 2.

Outcome analysis

The 12-year survival rate was significantly lower in AMI patients with HCV infection and
liver cirrhosis than in those with HCV infection but without liver cirrhosis (log rank, P < .0001)
and control group (log rank, P < .0001). Furthermore, AMI patients with HCV infection but
without liver cirrhosis had significantly lower long-term survival rates than the matched AMI
controls (log rank, P <.0001).

In the subgroup analysis, the AMI patients with liver cirrhosis had lower long-term survival
rates than the control group and the patients without cirrhosis regardless of sex, age, or PCI
status (Figure 1). Among the male patients, the mortality rate was lower among the matched
controls than among the patients without cirrhosis (log rank, P < .0001; Figure 1), those with
younger age (log rank, P < .0001; Figure 1), those who underwent PCI (log rank, P < .0001;
Figure 1), and those who did not undergo PCI (log rank, P = .0003; Figure 1). However, the
12-year survival rate was comparable between the HCV group without cirrhosis and the AMI
control group for female (log rank, P =.1049; Figure 1) and elderly patients (log rank, P = .4145;

Figure 1).
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A Cox proportional hazard regression analysis was performed to evaluate the impact of
factors including sex, age, comorbidities, PCI, HCV infection, antiplatelet, and statin use on the
survival of patients admitted for a first AMI (Table 2). Overall, the HR for mortality was high for
patients aged > 65 years (HR, 2.22; 95% CI, 2.07-2.37) as well as those with diabetes (HR, 1.34;
95% CI, 1.27-1.42), peripheral vascular disease (HR, 1.28; 95% CI,1.15-1.43), heart failure (HR,
1.27; 95% CI, 1.20-1.34), ESRD (HR, 1.78; 95% CI, 1.66-1.91), previous stroke (HR, 1.32;
95% CI, 1.24-1.40), or chronic obstructive pulmonary disease (HR, 1.24; 95% CI, 1.16—1.33).
Conversely, the HR was low for patients who underwent PCI (HR, 0.50; 95% CI, 0.47—0.53) and
those taking antiplatelet (HR, 0.66; 95% CI, 0.61-0.70) or statin (HR, 0.79; 95% CI, 0.71-0.88)
medication. Overall, HCV infection was associated with a higher risk for mortality (HR, 1.12;

95% CI, 1.06-1.18).
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N
Table 2. Cox proportional hazard regression analysis in patients with first hospitalized AMI with versus J[c?iose without HCV infection
]

Variable

All (n = 9104)

Male (n = 5652)
QD

Female (n = 3452)

Hazard ratio  (95% CI)  Hazard ratio (9§% Cl) Hazardratio (95% CI)
N

o
Sex (male vs female) 1.00 (0.95-1.06) - g’ - - -

o
Age (265 vs <65) 2.22 (2.07-2.37)* 2.43 (2.2%—2.64)* 1.88 (1.68-2.11)*

a
Hypertension (yes vs no) 0.95 (0.89-1.01) 0.97 (O.%-I.OS) 0.92 (0.82-1.02)
Dyslipidemia (yes vs no) 0.85 (0.77-0.93)* 0.87 (0.72-0.98)* 0.83 (0.72-0.95)*
Diabetes mellitus (yes vs no) 1.34 (1.27-1.42)* 1.36 (1.2@-1.47)* 1.30 (1.19-1.42)*
Peripheral vascular disease (yes vs no) 1.28 (1.15-1.43)* 1.40 (1.2%—1.61)* 1.16 (0.98-1.38)
Heart failure (yes vs no) 1.27 (1.20-1.34)* 1.26 (1.1@-1.37)* 1.27 (1.17-1.39)*
End-stage renal disease (yes vs no) 1.78 (1.66-1.91)* 1.94 (1.7§-2.14)* 1.62 (1.46-1.80)*
Previous stroke (yes vs no) 1.32 (1.24-1.40)* 1.32 (1.2%-1.43)* 1.33 (1.21-1.46)*
Chronic obstructive pulmonary disease (yes vs no) 1.24 (1.16-1.33)* 1.25 (1.15-1.36)* 1.22 (1.08-1.38)*
Percutaneous coronary intervention (yes vs no) 0.50 (0.47-0.53)* 0.48 (0.4%-0.52)* 0.53 (0.48-0.59)*
Antiplatelet drug (yes vs no) 0.66 (0.61-0.70)* 0.67 (0.6%-0.73)* 0.64 (0.58-0.71)*
Statin (yes vs no) 0.79 (0.71-0.88)* 0.77 (0.6§-0.89)* 0.82 (0.69-0.96)*
Hepeatitis C (yes vs no) 1.12 (1.06-1.18)* 1.15 (1.02-1.24)* 1.07 (0.99-1.17)

*P <0.05
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In further gender subgroup analyses, HCV infection was found to influence the outcomes of
male patients but not female patients (HR, 1.07; 95% CI, 0.99-1.17) (Figure 2). HCV infection
also did not impact the outcomes of patients without hypertension (HR, 1.06; 95% CI,
0.95-1.17), with peripheral vascular disease (HR, 1.06; 95% CI, 0.87-1.31), with
cerebrovascular accidents (HR, 1.06; 95% CI, 0.97—1.17), or with chronic obstructive pulmonary

disease (HR, 1.01; 95% CI, 0.90-1.14) (Figure 2).

DISCUSSION

The present study showed that HCV infection influences the 12-year outcome of patients
with AMIL. To our knowledge, no previous study examined the impact of HCV infection on
long-term outcomes after AMI. This study also showed that the survival rate was lower among
the AMI patients with HCV infection and liver cirrhosis. Furthermore, HCV infection influenced
long-term mortality among the subgroups of patients who were male and had hypertension.

Some studies did not identify an association between HCV seropositivity and myocardial

[>3?] However, the previous study population[’] included young healthy men (age <

infarction.
50 years) from the US military, which limited the interpretation and generalizability of the
results. Another study reported that HCV infection did not increase the risk of incident
myocardial infarction among a large sample of patients from the United Kingdom.[**] The results
of the present study are consistent with those of previous studies that linked HCV seropositivity

19-401 or coronary atherosclerosis.['*] Our study included data from NHIRD and

with carotid[
evaluated only those patients with first AMI. Additionally, the percentage of elderly patients was
comparable between the HCV group (65.42%) and the control group (66.21%). Previous studies

mainly investigated the prevalence of coronary events in patients with hepatitis.[***] However,
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our study investigated whether HCV infection influences the outcomes of patients after AMI,
which makes it unique.

Tsai et al.[""] recently showed that the risk of developing acute coronary syndrome was
greater in patients with than in those without HCV and that the risk was the highest in
middle-aged patients. This previous study focused on the influence of HCV infection on the
development of acute coronary syndrome, while our study focused on the influence of HCV
infection on the outcomes of patients after AMI. Furthermore, the study by Tsai et al.['] showed
that comorbidities such as hypertension, diabetes, and dyslipidemia were more likely to be
present in patients with than in those without HCV, which might be attributable to the higher
acute coronary syndrome risk in these patients. However, these authors matched only patient age
and sex. Using a propensity score—matching technique, our analyses controlled for several
established cardiovascular risk factors and other important confounding variables that might
influence patient outcomes after AMI, including sex, age, hypertension, dyslipidemia, peripheral
vascular disease, diabetes mellitus, heart failure, previous stroke, ESRD, chronic obstructive
pulmonary disease, and PCI. Therefore, our study ensured similar baseline characteristics among
groups. Our exclusion criteria were also very strict. Patients with hepatitis, liver cirrhosis, or
other liver diseases were excluded from the HCV infection without cirrhosis and control groups.
These exclusions were not mentioned in the study by Tsai et al.['’] Considering these factors, our
study accurately analysed the influence of HCV infection on patient outcomes after AMI.

A previous study analysed data from acute care hospitals across the United States in 1999
and 2009 and showed higher in-hospital mortality rates in ST elevation myocardial infarction
patients with cirrhosis compared to patients without cirrhosis.[*'] Our study also showed that

HCYV patients with cirrhosis had significant higher mortality rates than those without cirrhosis,
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which was consistent with the study in the United States.[*'] Unlike those studies, our study
focused on HCV-related cirrhosis and further showed the impact of cirrhosis on long-term
(12-year) outcomes. The higher mortality rates in cirrhosis patients in this study might have
resulted from more cases of diabetes mellitus, lower PCI rates, and less use of medications,
including antiplatelets, angiotensin-converting enzyme inhibitors or angiotensin receptor
blockers, statins, and beta-blockers. The low PCI rate and use of life-saving medication in
cirrhosis patients could be explained by the following. First, end-stage liver disease was shown
to be associated with thrombocytopenia and coagulopathy predisposing patients to bleeding

42,43
[

complications, especially in those with oesophageal varices. ] Furthermore, previous studies

have shown that most patients with end-stage liver disease have higher INRs, high creatinine

42,43
[

values, and lower haemoglobin levels. ] These cirrhotic patients might suffer from a higher

frequency of peri-procedural bleeding, pseudoaneurysm formation, and the need for blood
products. [*%]

Several studies have discussed the correlation between sex and outcomes in patients with
liver disease. In a southern Sweden 10-year population-based study, female patients with liver
cirrhosis had better prognosis than their male counterparts.[44] In a Centers for Disease Control
2013 surveillance, the HCV-related mortality rate for male patients was approximately 2.6 times
that for female patients.[*’] However, no previous studies showed the impact of sex on AMI
patients with HCV. Our study was the first to show that HCV infection influenced long-term
mortality in male but not female patients. Previous studies showed that spontaneous resolution

was more common in female patients with HCV,[***

] which might be part of reason for the
difference.

Interestingly, our study showed that antiplatelets and statins were less frequently used in the
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HCV group than in the control group, which is consistent with the findings of a recent study.[**]
The low use of antiplatelet medications and statins in patients with HCV could be secondary to

33,34
[

physician concerns regarding liver disease and bleeding risk in these patients. ] Furthermore,

several studies reported that patients with HCV tended to have low cholesterol and low-density

: - 17, 29, 32, 33, 48-50
lipoprotein levels.['” 2% 3>+

] Therefore, Cox proportional hazard regression analysis was
used to adjust for possible confounding factors including antiplatelets and statins. After the
analysis, HCV infection (HR, 1.12; 95% CI, 1.06—1.18; Table 2) still played a critical role in the
long-term mortality of AMI patients.

The present study has some limitations. First, it was retrospective in design. Therefore, to
minimize confounding factors between the HCV and control groups, we used a propensity
score—matching technique and found that the characteristics of the controls and the patients with
HCV but without cirrhosis did not differ. Matching of the groups further supports the results.
Second, we did not confirm the presence of HCV infection, which may have slightly impacted
the study results. However, the major strength of this study is that the data were obtained from
the NHIRD, which includes data for approximately 23,000,000 patients over the past 12 years
and is representative of the general population in Taiwan. Third, the database used here does not
include data on family history; actual cause of death; body weight; body height; smoking history;
lipid, viral load, and glucose levels; all are potential confounding factors. Fourth, there was no
information on the burden of atherosclerosis assessed using coronary angiography or
intracoronary ultrasonography. However, previous studies validated the AMI data in the NHIRD

of Taiwan and confirmed the validity of its use for cardiovascular diseases.[*”*’]

CONCLUSION
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HCYV infection was demonstrated to influence the 12-year mortality of patients after AMI in
this study. Additionally, the mortality rate was higher among the patients with HCV infection
and liver cirrhosis. Furthermore, HCV infection influenced the long-term outcomes of patients
after AMI among the subgroups of male patients and those with hypertension. Therefore,
physicians should be aware of the impact of HCV infection in patients with AMI when choosing

treatment strategies.
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FIGURE LEGENDS

Figure 1. The 12-year Kaplan-Meier survival curves after the first AMI among the control group
and the patients with HCV and those without liver cirrhosis (Panel A). Panel B shows the
survival curve of the male subgroup. Panel C shows the survival curve of the female subgroup.
The patients with liver cirrhosis had lower long-term survival rates than the control group and
the male and female patients without cirrhosis. Additionally, the male AMI patients with HCV
but without cirrhosis had higher mortality rates than the matched controls (log rank, P <.0001).
However, there was no difference in long-term mortality rates between female patients in the
HCV group and those in the control group (log rank, P = .10492). Further subgroup analysis by
age and PCI was also demonstrated. Panel D shows the survival curve of younger patient (age <
65 years) subgroup. Panel E shows the survival curve of elderly patient (age > 65 years)

subgroup. Panel F shows the survival curve of the PCI subgroup. Panel G shows the survival
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curve of the non-PCI subgroup. The patients with liver cirrhosis had lower long-term survival
rates than those in the control group or those without cirrhosis in the younger patient (age < 65
years), elderly patient, and PCI or non-PCI subgroups. The mortality rate was lower in the
matched controls than in patients with HCV but without cirrhosis in the younger (log rank, P
<.0001), PCI (log rank, P <.0001), and non-PCI (log rank, P = .0003) subgroups. However, the
12-year survival rates were comparable between elderly patients in the HCV and control groups
(log rank, P = .4145).

AMI, acute myocardial infarction; HCV, hepatitis C virus, PCI, percutaneous coronary

intervention

Figure 2. Forest plot evaluating the impact of HCV in different subgroups of patients after the
first AMI. HCV infection influenced the long-term outcomes of subgroups of male, those with
hypertension, and those without peripheral vascular disease, previous stroke, or chronic
obstructive pulmonary disease.

AMI, acute myocardial infarction; HCV, hepatitis C virus; PCI, percutaneous coronary

intervention

Supplementary Figure Flowchart of the establishment of the study cohort. The National Health
Insurance Research Database data for approximately 23,000,000 patients between January 2000
and December 2012 were used in the analysis. A total of 186,112 cases of first AMI admission
were identified. Of the 4,666 AMI patients with HCV, those who had ever received interferon
therapy were excluded to minimize the variables. Therefore, a total of 4,659 patients were

enrolled and further divided into those with liver cirrhosis (n=107) and those without liver
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cirrhosis (n=4,552). One-to-one matching was performed, and 4,552 matched controls were
included in the final analysis.

AMI, acute myocardial infarction; HCV, hepatitis C virus
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The 12-year Kaplan-Meier survival curves after the first AMI among the control group and the patients with
HCV and those without liver cirrhosis (Panel A). Panel B shows the survival curve of the male subgroup.
Panel C shows the survival curve of the female subgroup. The patients with liver cirrhosis had lower long-
term survival rates than the control group and the male and female patients without cirrhosis. Additionally,
the male AMI patients with HCV but without cirrhosis had higher mortality rates than the matched controls
(log rank, P < .0001). However, there was no difference in long-term mortality rates between female
patients in the HCV group and those in the control group (log rank, P = .10492). Further subgroup analysis
by age and PCI was also demonstrated. Panel D shows the survival curve of younger patient (age < 65
years) subgroup. Panel E shows the survival curve of elderly patient (age = 65 years) subgroup. Panel F
shows the survival curve of the PCI subgroup. Panel G shows the survival curve of the non-PCI subgroup.
The patients with liver cirrhosis had lower long-term survival rates than those in the control group or those
without cirrhosis in the younger patient (age < 65 years), elderly patient, and PCI or non-PCI subgroups.
The mortality rate was lower in the matched controls than in patients with HCV but without cirrhosis in the
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younger (log rank, P < .0001), PCI (log rank, P < .0001), and non-PCI (log rank, P = .0003) subgroups.
However, the 12-year survival rates were comparable between elderly patients in the HCV and control
groups (log rank, P = .4145).
AMI, acute myocardial infarction; HCV, hepatitis C virus, PCI, percutaneous coronary intervention
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AMI cohort N=186,326
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2. Undetermined gender
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With Hepatitis C infection without Hepatitis C infection
(N=4,666) (NT151.446)
Exclusion Exclusion Criteria
Criteria : 1. Any hepatiti
Patients had L] 2 A:y “35: s —>
ever received i y i d
Interferon ggsouate
therapy isease L
AMI cohort AMI cohort
with Hepatitis C infection without Hefatitis infection
without Interferon therapy (N=4,659) (N=112.896)
[ — l
AMI cohort AMI cohort
with Hepatitis C infection with Hepatitis C infection
and liver cirrhosis without liver cirrhosis
(N=107) (N=4,552)
L
1:1 Matched by propensity score (Sex,
| age, comorbidities, percutaneous
coronary intervention and AMI
diaanosed vear )
AMI cohort AMI cohort . AMI cohort
with Hepatitis C infection with Hepatitis C infection without Hepatitis C
and liver cirrhosis without liver cirrhosis infection
(N=107) (N=4,552) (N=4,552)

Flowchart of the establishment of the study cohort. The National Health Insurance Research Database data
for approximately 23,000,000 patients between January 2000 and December 2012 were used in the
analysis. A total of 186,112 cases of first AMI admission were identified. Of the 4,666 AMI patients with
HCV, those who had ever received interferon therapy were excluded to minimize the variables. Therefore, a
total of 4,659 patients were enrolled and further divided into those with liver cirrhosis (n=107) and those
without liver cirrhosis (n=4,552). One-to-one matching was performed, and 4,552 matched controls were
included in the final analysis.

AMI, acute myocardial infarction; HCV, hepatitis C virus
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No Recommendation
Title and abstract 1(Y) (a) Indicate the study’s design with a commonly used term in the title or the

abstract(P1, 3)

(b) Provide in the abstract an informative and balanced summary of what was done
and what was found(P3)

Introduction

Background/rationale 2(Y)

Explain the scientific background and rationale for the investigation being
reported(P5)

Objectives 3(Y) State specific objectives, including any prespecified hypotheses(P5)

Methods

Study design 4(Y)  Present key elements of study design early in the paper(P6)

Setting 5(Y)  Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection(P6)

Participants 6(Y) (a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up(P6,7)
Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls(P7)
Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed(P6,7)
Case-control study—For matched studies, give matching criteria and the number of
controls per case(P7)

Variables 7(Y)  Clearly define all outcomes, exposures, predictors, potential confounders, and
effect modifiers. Give diagnostic criteria, if applicable(P6,7)

Data sources/ 8(Y) For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there
is more than one group(P6,7)

Bias 9(Y) Describe any efforts to address potential sources of bias(P7)

Study size 10(Y) Explain how the study size was arrived at(P6,7)

Quantitative variables 11(Y)

Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why(P6,7)

Statistical methods 12(Y)

Continued on next page

(a) Describe all statistical methods, including those used to control for
confounding(P7)

(b) Describe any methods used to examine subgroups and interactions(P8)

(c) Explain how missing data were addressed(Nil)

(d) Cohort study—If applicable, explain how loss to follow-up was addressed(P6)
Case-control study—If applicable, explain how matching of cases and controls was
addressed(P7)

Cross-sectional study—TIf applicable, describe analytical methods taking account of
sampling strategy

(e) Describe any sensitivity analyses(P8)
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1
2
3 Results
: Participants 13(Y) (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,
6 examined for eligibility, confirmed eligible, included in the study, completing follow-up,
7 and analysed(P6,7)
8 b) Give reasons for non-participation at each stage(Nil
p p g
9 (c) Consider use of a flow diagram(available for attachment)
1(1) Descriptive 14(Y) (a) Give characteristics of study participants (eg demographic, clinical, social) and
12 data information on exposures and potential confounders(P8§,10-12)
13 (b) Indicate number of participants with missing data for each variable of interest(Nil)
14 (c) Cohort study—Summarise follow-up time (eg, average and total amount) (P13)
15 Outcome data 15(Y) Cohort study—Report numbers of outcome events or summary measures over time(P13)
1? Case-control study—Report numbers in each exposure category, or summary measures of
18 exposure(P13)
19 Cross-sectional study—Report numbers of outcome events or summary measures
20 Main results 16(Y) (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
21 precision (eg, 95% confidence interval). Make clear which confounders were adjusted for
;g and why they were included(.Pl3-l4) . . .
24 (b) Report category boundaries when continuous variables were categorized(P13-14)
2 ¢) If relevant, consider translating estimates of relative risk into absolute risk for a
5 (© g
26 meaningful time period(P13-14)
;; Other analyses  17(Y) Report other analyses done—eg analyses of subgroups and interactions, and sensitivity
analyses(P13-14
29 yses( )
30 Discussion
31 Key results 18(Y) Summarise key results with reference to study objectives(P16)
32 Limitations 19(Y) Discuss limitations of the study, taking into account sources of potential bias or imprecision.
33 Discuss both direction and magnitude of any potential bias(P19
34
35 Interpretation 20(Y) Give a cautious overall interpretation of results considering objectives, limitations,
36 multiplicity of analyses, results from similar studies, and other relevant evidence(P17-19)
37 Generalisability 21(Y) Discuss the generalisability (external validity) of the study results(P19)
38 . .
39 Othe.r information . . .
40 Funding 22(Y) Give the source of funding and the role of the funders for the present study and, if
41 applicable, for the original study on which the present article is based(P19)
42
43 *Give information separately for cases and controls in case-control studies and, if applicable, for exposed and
Zg unexposed groups in cohort and cross-sectional studies.
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47 Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
48 published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
49 available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
50 http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is
g; available at www.strobe-statement.org.
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ABSTRACT
Introduction: The influence of hepatitis C virus (HCV) infection on long-term outcomes of
patients with acute myocardial infarction (AMI) is unclear. Therefore, this study aimed to
analyse the impact of HCV infection on 12-year mortality rates after AMI using data from the
Taiwan National Health Insurance Research Database (NHIRD).
Methods: NHIRD data for approximately 23,000,000 patients between January 2000 and
December 2012 were analysed. A total of 186,112 cases of first AMI admission were identified.
A total of 4,659 HCV-infected patients not receiving interferon therapy were enrolled and
divided into those with (n = 107) or without (n = 4,552) cirrhosis. Using one-to-one matching,
4,552 matched controls were included in the final analysis.
Results: The 12-year mortality rate was significantly higher in AMI patients with HCV infection
and cirrhosis than in those with HCV infection but without cirrhosis (P < .0001) or controls (P
<.0001). Patients with HCV infection but without cirrhosis had significantly higher long-term
mortality rates than the matched controls (P < .0001). The hazard ratio (HR) for mortality was
higher in patients with HCV infection (hazard ratio [HR], 1.12; 95% confidence interval,
1.06—-1.18). HCV influenced outcomes among the subgroups of patients who were male (HR,
1.15) and those who had hypertension (HR, 1.14).
Conclusions: HCV infection influenced the 12-year mortality rates of AMI patients, especially
those who were male and those who had hypertension. Cirrhosis further increased the long-term

mortality rates of AMI patients with HCV infection.

Keywords: acute myocardial infarction, case control study, hepatitis C, liver cirrhosis,

propensity score
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Strengths and limitations of this study:

1. This cohort study was based on Taiwan National Health Insurance Research Database
(NHIRD) data a representative sample of approximately 23,000,000 subjects from 93% of
the medical institutions of Taiwan over the past 12 years.

2. The diagnosis of the AMI population might not be confirmed owing to lacking information
on the burden of atherosclerosis assessed.

This cohort study based on NHIRD data might underestimate the HCV-infected

population.

3. The database does not include data on family history; actual cause of death; body weight;
body height; smoking history; or lipid, viral load, and glucose levels, all of which might be
potential confounding factors.

4. The distinct cause-effect correlation remains vague and is pending further study for

clarification.
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INTRODUCTION

Acute myocardial infarction (AMI), one of the leading causes of death among men and
women in Taiwan and worldwide, is now becoming increasingly more common in developed
countries.['] The coronary arteries of patients with AMI have lipid-rich cores after
atherosclerosis plaque rupture that induce the formation of unstable platelet aggregates following
an intermittent reduction in coronary flow and distal embolization.[z’ 3] Despite advances in
revascularization and medications, AMI can still trigger lethal arrhythmia, hemodynamic
instability, or death. Therefore, assessing the risk factors of clinical outcomes after AMI remains
an important research topic.[*”] Infection has been hypothesized as a contributing risk factor of
coronary artery disease (CAD).[*°] Several direct and indirect mechanisms have been proposed
to explain the association between infectious agents and coronary heart disease.[” ']

An estimated 2-3% of the global population is infected with the hepatitis C virus (HCV).[IZ]

HCYV infection was proposed to be associated with endothelial dysfunction,[”] atherosclerosis,['*

14161 CAD,['"] carotid artery disease,[*] and stroke.[*"" **] However, the association between

23-27

HCV infection and CAD remains controversial.[*”“"] Previous studies showed an association

between the HCV core protein and carotid atherosclerosis['®] as well as between HCV

10, 28, 29
[

seropositivity and CAD. ] However, in a study of active-duty military personnel with a

high prevalence of HCV infection, no association was found between HCV seropositivity and

AML[’] Additionally, other studies reported no association between HCV infection and CAD,[*]

carotid plaques,[*'] or the risk of incident myocardial infarction.[** **

] A recent study showed
that patients with HCV infection had less obstructive CAD on coronary angiography.[”]

Furthermore, the influence of HCV infection on the long-term outcomes of patients after AMI is

unclear.
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The present study aimed to analyse the impact of HCV infection on 12-year mortality after

AMI using data from the Taiwan National Health Insurance Research Database (NHIRD).

MATERIAL AND METHODS

The National Health Insurance (NHI) program in Taiwan has financed the healthcare of
more than 99% of its residents since 1995. The NHIRD includes detailed information from the
medical records of patients admitted to hospitals, including their age, sex, diagnosis,
prescriptions, interventions, and relevant survival data. This study was approved by the Human
Research Committee of Kaohsiung Veterans General Hospital, Taiwan.

All patients who were admitted to hospitals with the main diagnosis of AMI (International
Classification of Diseases, 9" edition, Clinical Modification [ICD-9-CM] codes 410-410.92)
between January 2000 and December 2012 were identified from the NHIRD, which includes
data for approximately 23,000,000 patients. Among these patients, those with a history of
admission for AMI, whose sex was undetermined, or who were <18 years of age were excluded,
and a total of 186,112 unique cases of AMI were identified (Supplementary Figure).

Of the 186,112 patients, 4,666 with HCV infection (ICD-9-CM codes V02.62, 070.51, and
070.54) were identified. Among the remaining 181,446 patients, those with a history of hepatitis
(ICD-9-CM codes V02.61, 070.30, 070.32, and 571.1) or other liver-associated diseases
(ICD-9-CM codes 155, 070, 570, 571, 572, 573, 197.7, 230.8, 235.3, 789.1, and V02.6) were
excluded, leaving 112,896 AMI controls (Supplementary Figure).

Of the 4,666 AMI patients with HCV infection, those who had ever received interferon
therapy were excluded to minimize the variables. Therefore, a total of 4,659 patients with HCV

infection were enrolled and further divided into those with (n = 107) and those without (n =
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4,552) liver cirrhosis. To minimize baseline differences between the AMI cohort with HCV
infection but without liver cirrhosis and the control group, a propensity score—matching
technique was used. One-to-one matching was performed using the following variables: sex, age,
hypertension (IDC-9-CM codes 401-405), dyslipidemia (IDC-9-CM code 272), peripheral
vascular disease (ICD-9-CM codes 443.9, 441, 441.9, 785.4, and V43.4 or procedure code 38.48),
diabetes mellitus (ICD-9-CM code 250), heart failure (ICD-9-CM code 428), previous stroke
(ICD-9-CM codes 430437 and A290-A294), end-stage renal disease (ESRD; ICD-9-CM code
585), chronic obstructive pulmonary disease (ICD-9-CM codes 491, 492, and 496), and
percutaneous coronary intervention (PCI, CD-9-CM procedure codes 36.0, 36.01, 36.02, 36.05,
36.06, and 36.09). The data from 4,552 AMI patients with HCV infection but without liver
cirrhosis and from 4,552 matched controls were included in the final analysis (Supplementary
Figure).

For the outcome analysis, survival was defined as the time interval from the hospital
admission date to the NHI coverage end date. Since the NHI premium is paid monthly, coverage
can easily be discontinued at the time of death. Thus, the end date of NHI coverage is a valid

proxy for mortality, which had a maximum error of 1 month. [***]

Statistical analysis

SAS software (version 9.4; SAS Institute Inc., Cary, NC, USA) was used to extract and
analyse the data. Descriptive statistics were calculated for all variables, with categorical data
reported as percentile values and continuous data reported as mean and standard deviation. The
paired #-test was used to compare continuous variables and the chi-squared test was used to

compare categorical variables among the groups. Hazard ratios (HRs), confidence intervals (CIs),
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and P values from Cox proportional hazards regression models are presented. Kaplan-Meier
cumulative survival curves were constructed to compare survival among the groups. P values

< .05 were considered statistically significant.

RESULTS
Characteristics of the study group

The characteristics of the 4,552 patients with HCV infection but without cirrhosis and the
4,552 patients in the control group are presented in Table 1. The primary demographic variables
of age, male to female distribution, and comorbidities were comparable among the groups.
Additionally, the medications used were comparable among the groups except for antiplatelet
medications (P = .0005) and statins (P = .0323), which were used more often in the control group
than in the HCV-infected group (Table 1). The proportion of patients who underwent PCI was
comparable between the HCV-infected without liver cirrhosis group (42.95%) and the control

group (43.23%; P =.7832), independent of sex or age subgroup (Table 1).
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2 Table 1. Characteristics of all patients with first hospitalized AMI with and without HCV infection in tlgis propensity score—matched
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8 AMI cohort 5

9 AMI cohort N

10 AMI cohort with HCV &
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22 Group 1 Group 2 Group 3 >

23 3

24 Age < 65 years 1,538 (33.79%) 1,574 (34.58%) 41 (38.32%) 03264 0.4217 0.3278

25 o

;? Male participants 2,812 (61.78%) 2,826 (62.08%) 55 (51.4%) 04625 0.0246 0.0293
@

28

29 Comorbidity 5

30 S

31 Hypertension 3,214 (70.61%) 3,197 (70.23%) 66 (61.68%) 05963 0.0563 0.0456

32 o

ii Dyslipidemia 1,680 (36.91%) 1,703 (37.41%) 20 (18.69%) 0{23179 <.0001 0.0001
o

;2 Diabetes mellitus 2,217 (48.7%) 2,163 (47.52%) 70 (65.42%) 02573 0.0002 0.0006

37 @
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39 8
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Heart failure

End-stage renal disease

Previous stroke

Chronic obstructive pulmonary disease
Medication

Any antiplatelet

ACEI or ARB

Statin

Beta-blocker

Calcium channel blocker

Heparin

Low molecular weight heparin

Dopamine

Epinephrine

Norepinephrine

Atropine
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0.4103

0.2778

<.0001

<.0001

0.0010

0.0049

0.0138

0.0001

0.1201

0.0048

0.2296

0.1589

0.3975
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0.9453
0.4195
0.4300

0.3635

<.0001
<.0001
0.0002
0.003
0.0167
<.0001
0.0973
0.0173
0.2447
0.1704
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Nitrate
Nicorandil
PCI
PClI ratio in male patients
PClI ratio in female patients
PClI ratio in patients aged < 65 years

PClI ratio, age > 65 years

3,509 (77.09%)
381 (8.37%)
1,968 (43.23%)
1,377 (48.97%)
591 (33.97%)
840 (54.62%)

1,128 (37.43%)

BMJ Open

3,508 (77.07%)
434 (9.53%)
1,955 (42.95%)
1,372 (48.55%)
583 (33.78%)
842 (53.49%)

1,113 (37.37%)

72 (67.29%)
9 (8.41%)
25 (23.36%)
15 (27.27%)
10 (19.23%)
11 (26.83%)

14 (21.21%)

§.
g
8
S
o
R

019801 0.0178
N

09517 0.6955
QD

05832 <0001
N
o

05527 0.0018
g

09069 0.0284
QD
Q.

08300 0.0007
o
3

09673 0.0072

11

0.0175

0.9878

<.0001

0.0014

0.0266

0.0004

0.007

ACE], angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; AMI, acute myoc

percutaneous coronary intervention
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Compared to Group 1 (matched control group) and Group 2 (HCV-infected patients without
cirrhosis group), the 107 AMI patients with HCV infection and liver cirrhosis had a lower male
ratio, lower prevalence of dyslipidemia, and higher prevalence of diabetes mellitus. Additionally,
the medications used were significantly lower in Group 3 than in the other two groups, including
antiplatelet, angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, statins,
beta-blockers, calcium channel blockers, heparin, and nitrate. The proportion of patients who

underwent PCI was lower in the liver cirrhosis group than in Groups 1 and 2.

Outcome analysis

The 12-year survival rate was significantly lower in AMI patients with HCV infection and
liver cirrhosis than in those with HCV infection but without liver cirrhosis (log rank, P < .0001)
and control group (log rank, P < .0001). Furthermore, AMI patients with HCV infection but
without liver cirrhosis had significantly lower long-term survival rates than the matched AMI
controls (log rank, P <.0001).

In the subgroup analysis, the AMI patients with liver cirrhosis had lower long-term survival
rates than the control group and the patients without cirrhosis regardless of sex, age, or PCI
status (Figure 1). Among the male patients, the mortality rate was lower among the matched
controls than among the patients without cirrhosis (log rank, P < .0001; Figure 1), those with
younger age (log rank, P < .0001; Figure 1), those who underwent PCI (log rank, P < .0001;
Figure 1), and those who did not undergo PCI (log rank, P = .0003; Figure 1). However, the
12-year survival rate was comparable between the HCV group without cirrhosis and the AMI
control group for female (log rank, P =.1049; Figure 1) and elderly patients (log rank, P = .4145;

Figure 1).
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A Cox proportional hazard regression analysis was performed to evaluate the impact of
factors including sex, age, comorbidities, PCI, HCV infection, antiplatelet, and statin use on the
survival of patients admitted for a first AMI (Table 2). Overall, the HR for mortality was high for
patients aged > 65 years (HR, 2.22; 95% CI, 2.07-2.37) as well as those with diabetes (HR, 1.34;
95% CI, 1.27-1.42), peripheral vascular disease (HR, 1.28; 95% CI,1.15-1.43), heart failure (HR,
1.27; 95% CI, 1.20-1.34), ESRD (HR, 1.78; 95% CI, 1.66-1.91), previous stroke (HR, 1.32;
95% CI, 1.24-1.40), or chronic obstructive pulmonary disease (HR, 1.24; 95% CI, 1.16—1.33).
Conversely, the HR was low for patients who underwent PCI (HR, 0.50; 95% CI, 0.47—0.53) and
those taking antiplatelet (HR, 0.66; 95% CI, 0.61-0.70) or statin (HR, 0.79; 95% CI, 0.71-0.88)
medication. Overall, HCV infection was associated with a higher risk for mortality (HR, 1.12;

95% CI, 1.06-1.18).
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N
Table 2. Cox proportional hazard regression analysis in patients with first hospitalized AMI with versus J[c?iose without HCV infection
]

Variable

All (n = 9104)

Male (n = 5652)
QD

Female (n = 3452)

Hazard ratio  (95% CI)  Hazard ratio (9§% Cl) Hazardratio (95% CI)
N

o
Sex (male vs female) 1.00 (0.95-1.06) - g’ - - -

o
Age (265 vs <65) 2.22 (2.07-2.37)* 2.43 (2.2%—2.64)* 1.88 (1.68-2.11)*

a
Hypertension (yes vs no) 0.95 (0.89-1.01) 0.97 (O.%-I.OS) 0.92 (0.82-1.02)
Dyslipidemia (yes vs no) 0.85 (0.77-0.93)* 0.87 (0.72-0.98)* 0.83 (0.72-0.95)*
Diabetes mellitus (yes vs no) 1.34 (1.27-1.42)* 1.36 (1.2@-1.47)* 1.30 (1.19-1.42)*
Peripheral vascular disease (yes vs no) 1.28 (1.15-1.43)* 1.40 (1.2%—1.61)* 1.16 (0.98-1.38)
Heart failure (yes vs no) 1.27 (1.20-1.34)* 1.26 (1.1@-1.37)* 1.27 (1.17-1.39)*
End-stage renal disease (yes vs no) 1.78 (1.66-1.91)* 1.94 (1.7§-2.14)* 1.62 (1.46-1.80)*
Previous stroke (yes vs no) 1.32 (1.24-1.40)* 1.32 (1.2%-1.43)* 1.33 (1.21-1.46)*
Chronic obstructive pulmonary disease (yes vs no) 1.24 (1.16-1.33)* 1.25 (1.15-1.36)* 1.22 (1.08-1.38)*
Percutaneous coronary intervention (yes vs no) 0.50 (0.47-0.53)* 0.48 (0.4%-0.52)* 0.53 (0.48-0.59)*
Antiplatelet drug (yes vs no) 0.66 (0.61-0.70)* 0.67 (0.6%-0.73)* 0.64 (0.58-0.71)*
Statin (yes vs no) 0.79 (0.71-0.88)* 0.77 (0.6§-0.89)* 0.82 (0.69-0.96)*
Hepeatitis C (yes vs no) 1.12 (1.06-1.18)* 1.15 (1.02-1.24)* 1.07 (0.99-1.17)

*P <0.05
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In further gender subgroup analyses, HCV infection was found to influence the outcomes of
male patients but not female patients (HR, 1.07; 95% CI, 0.99-1.17) (Figure 2). HCV infection
also did not impact the outcomes of patients without hypertension (HR, 1.06; 95% CI,
0.95-1.17), with peripheral vascular disease (HR, 1.06; 95% CI, 0.87-1.31), with
cerebrovascular accidents (HR, 1.06; 95% CI, 0.97—1.17), or with chronic obstructive pulmonary

disease (HR, 1.01; 95% CI, 0.90-1.14) (Figure 2).

DISCUSSION

The present study showed that HCV infection influences the 12-year outcome of patients
with AMIL. To our knowledge, no previous study examined the impact of HCV infection on
long-term outcomes after AMI. This study also showed that the survival rate was lower among
the AMI patients with HCV infection and liver cirrhosis. Furthermore, HCV infection influenced
long-term mortality among the subgroups of patients who were male and had hypertension.

Some studies did not identify an association between HCV seropositivity and myocardial

[>3?] However, the previous study population[’] included young healthy men (age <

infarction.
50 years) from the US military, which limited the interpretation and generalizability of the
results. Another study reported that HCV infection did not increase the risk of incident
myocardial infarction among a large sample of patients from the United Kingdom.[**] The results
of the present study are consistent with those of previous studies that linked HCV seropositivity

19-401 or coronary atherosclerosis.['*] Our study included data from NHIRD and

with carotid[
evaluated only those patients with first AMI. Additionally, the percentage of elderly patients was
comparable between the HCV group (65.42%) and the control group (66.21%). Previous studies

mainly investigated the prevalence of coronary events in patients with hepatitis. [***] However,
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our study investigated whether HCV infection influences the outcomes of patients after AMI,
which makes it unique.

Tsai et al.[""] recently showed that the risk of developing acute coronary syndrome was
greater in patients with than in those without HCV and that the risk was the highest in
middle-aged patients. This previous study focused on the influence of HCV infection on the
development of acute coronary syndrome, while our study focused on the influence of HCV
infection on the outcomes of patients after AMI. Furthermore, the study by Tsai et al.['] showed
that comorbidities such as hypertension, diabetes, and dyslipidemia were more likely to be
present in patients with than in those without HCV, which might be attributable to the higher
acute coronary syndrome risk in these patients. However, these authors matched only patient age
and sex. Using a propensity score—matching technique, our analyses controlled for several
established cardiovascular risk factors and other important confounding variables that might
influence patient outcomes after AMI, including sex, age, hypertension, dyslipidemia, peripheral
vascular disease, diabetes mellitus, heart failure, previous stroke, ESRD, chronic obstructive
pulmonary disease, and PCI. Therefore, our study ensured similar baseline characteristics among
groups. Our exclusion criteria were also very strict. Patients with hepatitis, liver cirrhosis, or
other liver diseases were excluded from the HCV infection without cirrhosis and control groups.
These exclusions were not mentioned in the study by Tsai et al.['’] Considering these factors, our
study accurately analysed the influence of HCV infection on patient outcomes after AMI.

A previous study analysed data from acute care hospitals across the United States in 1999
and 2009 and showed higher in-hospital mortality rates in ST elevation myocardial infarction
patients with cirrhosis compared to patients without cirrhosis.[*'] Our study also showed that

HCYV patients with cirrhosis had significant higher mortality rates than those without cirrhosis,
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which was consistent with the study in the United States.[*'] Unlike those studies, our study
focused on HCV-related cirrhosis and further showed the impact of cirrhosis on long-term
(12-year) outcomes. The higher mortality rates in cirrhosis patients in this study might have
resulted from more cases of diabetes mellitus, lower PCI rates, and less use of medications,
including antiplatelets, angiotensin-converting enzyme inhibitors or angiotensin receptor
blockers, statins, and beta-blockers, and HCV infection itself with or without liver cirrhosis.
Other than HCV infection, the PCI intervention and life-saving medication were well recognized
prognostic factor, which influence long term outcome through numerous facets, which was also
shown in Table 2. First, the revascularization might save cardiac muscle for better residual
cardiac function.[*’] Second, antiplatelets prescription may provide better coronary artery
protection.[43] Third, medication such as ACEI, ARB, and beta-blockers can prevent post AMI
cardiac remodelling, and further preserve better cardiac function.[**] Fourth, all the medications
mentioned above can reduce the associated cardiovascular disease risks by controlling metabolic
disease. The intergroup difference over lower PCI rates and less use of medications could cause
the mortality difference, by themselves without HCV infection related. The low PCI rate and use
of life-saving medication in cirrhosis patients could be explained by the following. End-stage
liver disease was shown to be associated with thrombocytopenia and coagulopathy predisposing
patients to bleeding complications, especially in those with oesophageal varices.[* *]
Furthermore, previous studies have shown that most patients with end-stage liver disease have

45,46

higher INRs, high creatinine values, and lower haemoglobin levels.[™™] These cirrhotic patients

might suffer from a higher frequency of peri-procedural bleeding, pseudoaneurysm formation,
[45:46)

and the need for blood products.

Several studies have discussed the correlation between sex and outcomes in patients with
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liver disease. In a southern Sweden 10-year population-based study, female patients with liver
cirrhosis had better prognosis than their male counterparts.[47] In a Centers for Disease Control
2013 surveillance, the HCV-related mortality rate for male patients was approximately 2.6 times
that for female patients.[**] However, no previous studies showed the impact of sex on AMI
patients with HCV. Our study was the first to show that HCV infection influenced long-term
mortality in male but not female patients. Previous studies showed that spontaneous resolution

was more common in female patients with HCV, [**°

] which might be part of reason for the
difference.

Interestingly, our study showed that antiplatelets and statins were less frequently used in the
HCV group than in the control group, which is consistent with the findings of a recent study.[**]
The low use of antiplatelet medications and statins in patients with HCV could be secondary to
physician concerns regarding liver disease and bleeding risk in these patients.[>>""]
Furthermore, several studies reported that patients with HCV tended to have low cholesterol and

low-density lipoprotein levels, which might partially explain the low prescription of statins.[' >

32.33. 31531 Therefore, to unveil the real weight over each individual factor, Cox proportional
hazard regression analysis was used to adjust for possible confounding factors including
antiplatelets and statins. After the analysis, HCV infection (HR, 1.12; 95% CI, 1.06—1.18; Table
2) still played a critical role in the long-term mortality of AMI patients.

The present study has some limitations. First, it was retrospective in design. Therefore, to
minimize confounding factors between the HCV and control groups, we used a propensity
score—matching technique and found that the characteristics of the controls and the patients with

HCV but without cirrhosis did not differ. Matching of the groups further supports the results.

Second, ICD-9-CM codes for diagnosis of HCV infection were made by positive anti-HCV
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serology test in NHIRD databases. Previous study showed the validity of adopting the positive
anti-HCV serology result as positive HCV infection was accepted and confirmed. [**°°] Whereas
the database did not provide available confirmatory viral load, which may have slightly
underestimate the HCV-infected population. However, the major strength of this study is that the
data were obtained from the NHIRD, which includes data for approximately 23,000,000 patients
over the past 12 years and is representative of the general population in Taiwan. Third, the
database used here does not include data on family history; actual cause of death; body weight;
body height; smoking history; lipid, viral load, and glucose levels; all are potential confounding
factors. Fourth, there was no information on the burden of atherosclerosis assessed using
coronary angiography or intracoronary ultrasonography. However, previous studies validated the
AMI data in the NHIRD of Taiwan and confirmed the validity of its use for cardiovascular

diseases. [>>*]

CONCLUSION

HCYV infection was demonstrated to influence the 12-year mortality of patients after AMI in
this study. Additionally, the mortality rate was higher among the patients with HCV infection
and liver cirrhosis. Furthermore, HCV infection influenced the long-term outcomes of patients
after AMI among the subgroups of male patients and those with hypertension. Therefore,
physicians should be aware of the impact of HCV infection in patients with AMI when choosing

treatment strategies.
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Figure 1. The 12-year Kaplan-Meier survival curves after the first AMI among the control group
and the patients with HCV and those without liver cirrhosis (Panel A). Panel B shows the
survival curve of the male subgroup. Panel C shows the survival curve of the female subgroup.
The patients with liver cirrhosis had lower long-term survival rates than the control group and
the male and female patients without cirrhosis. Additionally, the male AMI patients with HCV
but without cirrhosis had higher mortality rates than the matched controls (log rank, P <.0001).
However, there was no difference in long-term mortality rates between female patients in the
HCV group and those in the control group (log rank, P = .10492). Further subgroup analysis by
age and PCI was also demonstrated. Panel D shows the survival curve of younger patient (age <
65 years) subgroup. Panel E shows the survival curve of elderly patient (age > 65 years)
subgroup. Panel F shows the survival curve of the PCI subgroup. Panel G shows the survival
curve of the non-PCI subgroup. The patients with liver cirrhosis had lower long-term survival
rates than those in the control group or those without cirrhosis in the younger patient (age < 65
years), elderly patient, and PCI or non-PCI subgroups. The mortality rate was lower in the
matched controls than in patients with HCV but without cirrhosis in the younger (log rank, P
<.0001), PCI (log rank, P <.0001), and non-PCI (log rank, P = .0003) subgroups. However, the
12-year survival rates were comparable between elderly patients in the HCV and control groups
(log rank, P = .4145).

AMI, acute myocardial infarction; HCV, hepatitis C virus, PCI, percutaneous coronary

intervention

Figure 2. Forest plot evaluating the impact of HCV in different subgroups of patients after the

first AMI. HCV infection influenced the long-term outcomes of subgroups of male, those with
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hypertension, and those without peripheral vascular disease, previous stroke, or chronic
obstructive pulmonary disease.
AMI, acute myocardial infarction; HCV, hepatitis C virus; PCI, percutaneous coronary

intervention

Supplementary Figure Flowchart of the establishment of the study cohort. The National Health
Insurance Research Database data for approximately 23,000,000 patients between January 2000
and December 2012 were used in the analysis. A total of 186,112 cases of first AMI admission
were identified. Of the 4,666 AMI patients with HCV, those who had ever received interferon
therapy were excluded to minimize the variables. Therefore, a total of 4,659 patients were
enrolled and further divided into those with liver cirrhosis (n=107) and those without liver
cirrhosis (n=4,552). One-to-one matching was performed, and 4,552 matched controls were
included in the final analysis.

AMI, acute myocardial infarction; HCV, hepatitis C virus
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The 12-year Kaplan-Meier survival curves after the first AMI among the control group and the patients with
HCV and those without liver cirrhosis (Panel A). Panel B shows the survival curve of the male subgroup.
Panel C shows the survival curve of the female subgroup. The patients with liver cirrhosis had lower long-
term survival rates than the control group and the male and female patients without cirrhosis. Additionally,
the male AMI patients with HCV but without cirrhosis had higher mortality rates than the matched controls
(log rank, P < .0001). However, there was no difference in long-term mortality rates between female
patients in the HCV group and those in the control group (log rank, P = .10492). Further subgroup analysis
by age and PCI was also demonstrated. Panel D shows the survival curve of younger patient (age < 65
years) subgroup. Panel E shows the survival curve of elderly patient (age = 65 years) subgroup. Panel F
shows the survival curve of the PCI subgroup. Panel G shows the survival curve of the non-PCI subgroup.
The patients with liver cirrhosis had lower long-term survival rates than those in the control group or those
without cirrhosis in the younger patient (age < 65 years), elderly patient, and PCI or non-PCI subgroups.
The mortality rate was lower in the matched controls than in patients with HCV but without cirrhosis in the
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younger (log rank, P < .0001), PCI (log rank, P < .0001), and non-PCI (log rank, P = .0003) subgroups.
However, the 12-year survival rates were comparable between elderly patients in the HCV and control
groups (log rank, P = .4145).
AMI, acute myocardial infarction; HCV, hepatitis C virus, PCI, percutaneous coronary intervention
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1

2

3

4

5

6

7 Subgroup Hazard Ratio (95%Cl) N HCV negative events(%) HCV positive events(%) HR (95%Cl) P value

8 All —— 9104 2783(61.14%) 2575(56.57%) 1.12(1.06-1.18) <.0001

9 Gender

'IO Female —-— 3452 1148(66.51%) 1082(62.69%) 1.07(0.99-1.17) 0.0922

-I-I Male — 5652 1635(57.86%) 1493(52.83%) 1.15(1.07-1.23) 0.0001
Age

12 <65 —_— 3108 655(41.61%) 532(34.68%) 1.26(1.13-1.42) <.0001

13 =65 —— 5996 2128(71.46%) 2043(67.69%) 1.08(1.01-1.15) 0.0167

1 4 Hypertension

15 No —_ 2697 741(54.69%) 691(51.49%) 1.06(0.95-1.17) 0.2814

16 Yes —a— 6407 2042(63.87%) 1884(58.69%) 1.14(1.07-1.21) <.0001
Dyslipidemia

17 No —.— 5722 1971(69.18%) 1871(65.12%) 1.10(1.03-1.17)  0.0044

18 Yes —— 3382 812(47.68%) 704(41.93%) 1.17(1.05-1.29)  0.0029

19 Diabetes

20 No — 4735 1357(56.80%) 1209(51.53%) 1.15(1.06-1.24) 0.0005

21 Yes —— 4369 1426(65.93%) 1366(61.92%) 1.09(1.01-1.17)  0.0279
Peripheral vascular disease

22 No —— 8639 2586(60.06%) 2410(55.62%) 1.12(1.06-1.18) <.0001

23 Yes —_— 465 197(80.08%) 165(75.34%) 1.06(0.87-1.31) 0.5568

24 Heart failure

25 No — 6466 1761(54.81%) 1661(51.06%) 1.11(1.04-1.19) 0.0028

26 Yes — 2638 1022(76.33%) 914(70.36%) 1.13(1.03-1.24) 0.0073
End stage renal disease

27 No —— 7714 2237(58.03%) 2092(54.21%) 1.10(1.04-1.17)  0.0012

28 Yes —_— 1390 546(78.34%) 483(69.70%) 1.17(1.03-1.32) 0.0135

29 Cerebrovascular accidents

30 No — 6664 1855(55.77%) 1706(51.11%) 1.14(1.07-1.22) <.0001

31 Yes -—— 2440 928(75.69%) 869(71.58%) 1.06(0.97-1.17)  0.207
Chronic obstructive pulmonary disease

32 No —a— 7590 2183(57.83%) 2003(52.50%) 1.15(1.08-1.22) <.0001

33 Yes —_—— 1514 600(77.22%) 572(77.61%) 1.01(0.90-1.14) 0.8336

34 PCI

35 No —— 5171 1956(75.32%) 1837(71.37%) 1.09(1.03-1.17)  0.0057

36 Yes —— 3933 827(42.30%) 738(37.31%) 1.17(1.06-1.29)  0.002

37 0?8 079 1 lfl I 173 I 1{5

38 <HCV negative HCV positive—

39

40

41 Forest plot evaluating the impact of HCV in different subgroups of patients after the first AMI. HCV infection

42 influenced the long-term outcomes of subgroups of male, those with hypertension, and those without

peripheral vascular disease, previous stroke, or chronic obstructive pulmonary disease.

Zi AMI, acute myocardial infarction; HCV, hepatitis C virus; PCI, percutaneous coronary intervention
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Total data from Taiwan National Health Insurance Research Database

Exclusion Criteria Inclusion Criteria

Previous MI Acute myocardial infarction (AMI)
admitted during 2000~2012
(ICD: 410~410.92)

AMI cohort N=186,326

Exclusion Criteria

1. Age <18yearsold

2. Undetermined gender

I AMI cohort N=186,112

AMI cohort AMI cohort
With Hepatitis C infection without Hepatitis C infection
(N=4,666) (NT151.446)
Exclusion Exclusion Criteria
Criteria : 1. Any hepatiti
Patients had L] 2 A:y “35: s —>
ever received i y i d
Interferon ggsouate
therapy isease L
AMI cohort AMI cohort
with Hepatitis C infection without Hefatitis infection
without Interferon therapy (N=4,659) (N=112.896)
[ — l
AMI cohort AMI cohort
with Hepatitis C infection with Hepatitis C infection
and liver cirrhosis without liver cirrhosis
(N=107) (N=4,552)
L
1:1 Matched by propensity score (Sex,
| age, comorbidities, percutaneous
coronary intervention and AMI
diaanosed vear )
AMI cohort AMI cohort . AMI cohort
with Hepatitis C infection with Hepatitis C infection without Hepatitis C
and liver cirrhosis without liver cirrhosis infection
(N=107) (N=4,552) (N=4,552)

Flowchart of the establishment of the study cohort. The National Health Insurance Research Database data
for approximately 23,000,000 patients between January 2000 and December 2012 were used in the
analysis. A total of 186,112 cases of first AMI admission were identified. Of the 4,666 AMI patients with
HCV, those who had ever received interferon therapy were excluded to minimize the variables. Therefore, a
total of 4,659 patients were enrolled and further divided into those with liver cirrhosis (n=107) and those
without liver cirrhosis (n=4,552). One-to-one matching was performed, and 4,552 matched controls were
included in the final analysis.

AMI, acute myocardial infarction; HCV, hepatitis C virus
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No Recommendation
Title and abstract 1(Y) (a) Indicate the study’s design with a commonly used term in the title or the

abstract(P1, 3)

(b) Provide in the abstract an informative and balanced summary of what was done
and what was found(P3)

Introduction

Background/rationale 2(Y)

Explain the scientific background and rationale for the investigation being
reported(P5)

Objectives 3(Y) State specific objectives, including any prespecified hypotheses(P5)

Methods

Study design 4(Y)  Present key elements of study design early in the paper(P6)

Setting 5(Y)  Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection(P6)

Participants 6(Y) (a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up(P6,7)
Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls(P7)
Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed(P6,7)
Case-control study—For matched studies, give matching criteria and the number of
controls per case(P7)

Variables 7(Y)  Clearly define all outcomes, exposures, predictors, potential confounders, and
effect modifiers. Give diagnostic criteria, if applicable(P6,7)

Data sources/ 8(Y) For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there
is more than one group(P6,7)

Bias 9(Y) Describe any efforts to address potential sources of bias(P7)

Study size 10(Y) Explain how the study size was arrived at(P6,7)

Quantitative variables 11(Y)

Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why(P6,7)

Statistical methods 12(Y)

Continued on next page

(a) Describe all statistical methods, including those used to control for
confounding(P7)

(b) Describe any methods used to examine subgroups and interactions(P8)

(c) Explain how missing data were addressed(Nil)

(d) Cohort study—If applicable, explain how loss to follow-up was addressed(P6)
Case-control study—If applicable, explain how matching of cases and controls was
addressed(P7)

Cross-sectional study—TIf applicable, describe analytical methods taking account of
sampling strategy

(e) Describe any sensitivity analyses(P8)
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Participants

13(Y)

(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,
examined for eligibility, confirmed eligible, included in the study, completing follow-up,
and analysed(P6,7)

(b) Give reasons for non-participation at each stage(Nil)

(c) Consider use of a flow diagram(available for attachment)

Descriptive
data

14(Y)

(a) Give characteristics of study participants (eg demographic, clinical, social) and
information on exposures and potential confounders(P8§,10-12)

(b) Indicate number of participants with missing data for each variable of interest(Nil)

(¢) Cohort study—Summarise follow-up time (eg, average and total amount) (P13)

Outcome data

15(Y)

Cohort study—Report numbers of outcome events or summary measures over time(P13)

Case-control study—Report numbers in each exposure category, or summary measures of
exposure(P13)

Cross-sectional study—Report numbers of outcome events or summary measures

Main results

16(Y)

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for
and why they were included(P13-14)

(b) Report category boundaries when continuous variables were categorized(P13-14)

(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period(P13-14)

Other analyses

17(Y)

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity
analyses(P13-14)

Discussion

Key results

18(Y)

Summarise key results with reference to study objectives(P16)

Limitations

19(Y)

Discuss limitations of the study, taking into account sources of potential bias or imprecision.

Discuss both direction and magnitude of any potential bias(P19)

Interpretation

20(Y)

Give a cautious overall interpretation of results considering objectives, limitations,
multiplicity of analyses, results from similar studies, and other relevant evidence(P17-19)

Generalisability 21(Y)

Discuss the generalisability (external validity) of the study results(P19)

Other information

Funding

22(Y)

Give the source of funding and the role of the funders for the present study and, if
applicable, for the original study on which the present article is based(P19)

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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