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Long-term impact of certain coexisting 
extrahepatic unisystem and multisystem 
manifestations on trends in incidence of liver 
cirrhosis in treatment-naïve patients with chronic 
hepatitis C
A nested case-control study
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Abstract 
Diabetes mellitus (DM) was found to be more common in hepatitis C virus (HCV)-related cirrhotic males. However, the association 
between DM, or other extrahepatic manifestations (EHMs), and liver cirrhosis is still undetermined. We used a large-scale long-
term study to analyze the cirrhosis risk of treatment-naïve HCV patients with EHMs as compared to those without.

In this retrospective nested case-control study, we identified 11 872 treatment-naïve patients with chronic HCV between 2001 
and 2013 from Taiwan National Health Insurance Research Database and divided them into patients with (cases) and without 
cirrhosis (controls). All patients were followed up from the index month (exact month of diagnosis) to the end of 2013, death, or 
study outcome, whichever occurred first. The cases and controls were 1:6 propensity score matched for age, sex, and exact 
month of diagnosis; finally, 8078 patients (1154 with and 6924 without cirrhosis) were included in the analysis. The presence 
of coexisting EHMs and a new diagnosis of cirrhosis was analyzed. Adjusted hazard ratios (HRs) and cumulative incidence for 
cirrhosis were calculated in conditional Cox regression models after propensity score matching.

Patients with high-cirrhosis-risk EHMs, such as DM (HR: 1.72, 95% CI: 1.51–1.96, P < .001), HCD (HR: 1.45, 95% CI: 1.27–1.67, 
P < .007), CKD (HR: 1.21, 95% CI: 1.05–1.38, P < .001), hyperlipidemia (HR: 0.53, 95% CI: 0.46–0.60, P < .001), lichen planus 
(HR: 2.71, 95% CI: 1.56–4.72, P < .001), and palpable purpura (HR: 2.67, 95% CI: 2.13–3.35, P < .001) exhibited significantly 
higher risk of liver cirrhosis than those without. Cumulative incidence (P < .001) of liver cirrhosis by pairwise comparisons of 
multiple high-cirrhosis-risk EHMs, and that of lichen planus was the highest.

Our study provided direct estimates of specific HCV-associated EHM time trends of cirrhosis risk, with an upward trend in 
incidence. Lichen planus was at the top of the list of single-EHM comparisons, and the maximum combination of certain EHMs 
was the greatest risk factor across a different array of multi-EHM comparisons for liver cirrhosis development.

Abbreviations: CAD = coronary artery disease, CI = confidence intervals, CKD = chronic kidney disease, DM = diabetes 
mellitus, EHMs = extrahepatic manifestations, HCD = hypertensive cardiovascular disease, HCV = hepatitis C virus, HRs = hazard 
ratios, IR = incidence rates, N/A = not applicable, NHI = National Health Insurance, NHIRD = National Health Insurance Research 
Database, RNA = Ribonucleic acid.

1. Introduction

Hepatitis C virus (HCV) infection is not only etiologically asso-
ciated with developing end-stage liver disease, including cirrho-
sis, decompensated liver disease, and hepatocellular carcinoma, 

but is also associated with multiple systemic diseases beyond 
the liver; these are called extrahepatic manifestations (EHMs). 
EHMs include metabolic, cardiovascular, renal, autoimmune, 
lymphoproliferative, and neurologic conditions, reported 
to exist at a rate of 31% of HCV-infected individuals.[1–6] 
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Considered as a major contributor to many systemic diseases, 
HCV is associated with extrahepatic morbidities. Chronic hep-
atitis C infection (CHC) has been linked to a 4 times higher risk 
of insulin resistance and type 2 diabetes mellitus (DM) than pre-
viously reported, with cardiovascular disease in 17% to 37% of 
patients,[7] and with increased risk for cerebrovascular mortal-
ities and lymphoproliferative disorders, particularly non-Hod-
gkin B-cell lymphoma. A kidney is involved in 35% to 60% 
of patients with CHC-associated mixed cryoglobulinemia.[7] 
EHMs of HCV involve multiple organ systems, not just the liver, 
that are linked to a variety of comorbidities, leading to signifi-
cantly increased mortality from nonliver-associated disorders.

Our research aimed to use a large-scale long-term study to 
analyze the cirrhosis risk of treatment-naïve HCV patients with 
EHMs as compared to those without.

2. Materials and Methods

2.1. Data source

Data for this analysis were retrieved from the Taiwan National 
Health Insurance (NHI) Research Database (NHIRD). The NHIRD 
includes the original medical data of 3000,000 randomly sampled 
NHI beneficiaries (from among roughly 27 million total) for the 
years 2000, 2005, and 2010. All diagnoses were coded accord-
ing to the International Classification of Disease, Ninth Revision, 
Clinical Modification. Between January 1, 2000, and December 
31, 2013, 16,743 eligible HCV patients were sampled from the 
3000,000 insureds of the NHI program. The data used for analysis 
in this cohort study were acquired from Taiwan National Health 
Insurance Research Database (NHIRD). This database, which is 
controlled by the Taiwan National Health Research Institutes and 
the Department of Health, includes claims data for all medical 
and surgical treatment provided by the Taiwan National Health 
Insurance. Taiwan National Health Insurance is a compulsory 
health insurance program that started in 1995. It contains 99% of 
the total population of Taiwan based on the obligatory rule. By the 
end of 2013, this nationwide administrative claims database con-
tained person-level facts of examinations, diagnoses, and medica-
tions for approximately 23.5 million persons. The computerized 
databases of the National Health Insurance Research Database 
include data regarding medical diseases recorded during inpatient 
care and outpatient visits. It also contains drugs prescribed under 
the NHI system. This research was approved by the Institutional 
Review Board of Show Chwan Memorial Hospital on October 5, 
2015 (SCMH_IRB NO:1040905).

2.2. Study design

This study was designed as a retrospective event risk analyti-
cal cohort study. We enrolled consecutive patients with HCV 
from Taiwan National Health Insurance Research Database 
(NHIRD) from January 1, 2001, to December 31, 2013, and 
divided them into patients with cirrhosis (cases) and with cir-
rhosis (controls). We recorded the EHMs of interest, namely 
diabetes mellitus (DM), hypertensive cardiovascular disease 
(HCD), chronic kidney disease (CKD), hyperlipidemia, lichen 
planus, and palpable purpura, from the day of HCV diagnosis 
to cirrhosis occurrence in the cirrhosis group or a matched end 
of the follow-up in the control group.

2.3. Case identification

Patients with HCV were recognized using the diagnostic codes 
per the International Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM). A patient was identified to 
have chronic HCV (ICD-9-CM codes: 070.41, 070.44, 070.51, 
070.54, 070.70, 070.71, and V02.62) infection if there was ≥ 1 
documented chronic HCV diagnosis that required hospitalization 

or ≥ 3 unrelated chronic HCV diagnoses at an outpatient clinic 
within 1 year. The month of the first diagnosis was used as the 
index month. Other comorbidities recorded in the NHIRD 
include HCD (ICD-9-CM codes: 401-405), CKD (ICD-9-CM 
codes), DM (ICD-9-CM codes), hyperlipidemia (ICD-9-CM 
code: 585), hyperthyroidism (ICD-9-CM code: 242), thyroiditis 
(ICD-9-CM code: 245), lichen planus (ICD-9-CM codes: 697), 
palpable purpura (ICD-9-CM codes: 680-709), autoimmune 
thyroiditis (ICD-9-CM code: 245.2), diabetic nephropathy (ICD-
9-CM code: 250.42), necrolytic acral erythema (ICD-9-CM code: 
695.89), myocardial infarction (ICD-9-CM code: 410), con-
gestive heart failure (ICD-9-CM code: 428), peripheral arterial 
disease (ICD-9-CM code: 440), cerebral vascular disease (ICD-
9-CM codes: 430-437), coronary artery disease (CAD, ICD-
9-CM codes: 410-414), autoimmune hepatitis (ICD-9-CM code: 
571.42), HIV (ICD-9-CM code: 42), hepatitis B virus infection 
(HBV, ICD-9-CM codes: 070.2, 070.3, and V02.61), alcoholic 
liver disease (ICD-9-CM code: 571.3), liver cirrhosis (ICD-9-CM 
codes: 571.2, 571.5, and 571.6), and hepatocellular carcinoma 
(HCC, ICD-9-CM code: 155). Each disease was considered if ≥ 3 
diagnoses were made during hospitalization or at a clinic.

2.4. Exposure measurement and end point

We recorded the presence of liver cirrhosis—compensated (pri-
mary endpoint) or decompensated (secondary endpoint)—in case 
of 1 hospitalization or 3 independent outpatient clinic claims 
based on its diagnostic code within 1 year. The patients were 
followed up from the index month to the study outcome, end 
of enrollment, or December 31, 2013, whichever occurred first.

For the 6 EHMs of interest, the cumulative period for the 
EHMs was defined as the date of HCV diagnosis to that of cir-
rhosis diagnosis in the cirrhosis group and to the date of the 
matched end of the follow-up in the control group.

3. Statistical methods

3.1. Sampling Scheme

For propensity score matching for age and sex, we using near-
est-neighbor matching with a caliper of 0.2 by using the R pack-
age MatchIt. Next, the cases and controls were propensity score 
matched also by the index month (exact month of diagnosis) to 
reduce confounding and selection bias. Adjusted hazard ratios 
(HRs) of cirrhosis were calculated using Cox regression models.[8]

The paired t test and McNemar test were used to compare 
patients’ baseline characteristics and EHMs after adjustment 
for age, sex, and index month. The HRs and 95% CIs of the 
outcomes of cirrhosis were calculated and compared between 
patients with and without EHMs after adjustment for age, sex, 
and index month.

3.2. Adjustment for baseline characteristics

We used multiple Cox regression to evaluate the associations 
between risk factors and outcomes after adjustment for character-
istics that had significant differences at baseline. Cumulative inci-
dence of outcomes was estimated using the modified Kaplan-Meier 
method. The Gray method was used to analyze between-group 
differences in incidence. Kaplan-Meier curves were used to evalu-
ate the outcomes in different EHMs and were compared using a 
log-rank test. The data are presented as point estimates with 95% 
CIs. All HRs and the cumulative probability for competing mor-
tality were adjusted using the R package “cmprsk” (version 3.4.2). 
Therefore, the EHM groups could be compared after adjustment 
for characteristics in baseline and competing mortality risk.

All tests were 2-sided, with P < .05 set as statistically signifi-
cant. All statistical analyses were performed using SPSS version 
24.0 (IBM® SPSS Statistics Inc., Chicago, Illinois, USA) and R 
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Statistical Software (version 2.14.0; R Foundation for Statistical 
Computing, Vienna, Austria).

4. Results

4.1. Baseline characteristics of the study population

Of 16,743 patients with chronic HCV, we identified 11,872 
treatment-naïve patients. We excluded 2162 patients because 
of HBV coinfection (n = 1405), other preexisting liver diseases 
(alcoholic liver disease, n = 86; autoimmune hepatitis, n = 8; 
liver cirrhosis, n = 442; and liver malignancies, n = 217), or HIV 
(n = 12). The remaining patients with cirrhosis (n = 1204) and 
without cirrhosis (n = 8506) were 1:6 propensity score matched 
for age, sex, and index month. Finally, 1154 patients with cir-
rhosis and 6924 matched controls were included in the analy-
sis. Figure 1 presents the flowchart of patient identification and 
selection.

The average follow-up periods were 3.3 ± 3.2 years in the 
cirrhotic group (n = 1154, mean age = 44.8 ± 20.7 years, male/
female ratio of 541: 613) and 6.3 ± 3.9 years in the noncirrhotic 
group (n = 6924, mean age = 44.5 ± 20.4 years, male/female 
ratio of 3465: 3924).

Table  1 lists the demographic characteristics of treat-
ment-naïve patients with chronic HCV with and without cir-
rhosis after propensity score matching. After propensity score 
matching, age and sex distributions were similar between the 
groups.

Some comorbidities were significantly different between the 
case and control groups, including DM, HCD, CKD, hyperlip-
idemia, lichen planus, and palpable purpura (all P < .001); their 
proportion was significantly higher in patients with cirrhosis 
than those without (Table 1).

Table 2 presents the adjusted HRs of developing compensated 
and decompensated liver cirrhosis in patients with 18 EHMs: 
HCD, hyperlipidemia, DM, CKD, hypothyroidism, thyroiditis, 
non-Hodgkin lymphoma, Sjögren’s syndrome, mixed cryoglob-
ulinemia, depression, lichen planus, autoimmune hemolytic 
anemia, palpable purpura, autoimmune thyroiditis, diabetic 
nephropathy, necrolytic acral erythema, connective tissue dis-
ease, and coronary artery disease.

The univariate analysis revealed that 5 EHMs were associ-
ated with a higher risk of cirrhosis: HCD, hyperlipidemia, DM, 
chronic kidney disease, lichen planus, and palpable purpura. We 
subdivided cirrhosis into compensated and decompensated for 
univariate analysis. The 5 EHMs were associated with a higher 
risk of cirrhosis in patients with compensated and decompen-
sated cirrhosis.

Multivariate analysis revealed that compared with patients 
without any of the 5 EHMs, those with any of 5 EHMs had 
significantly higher overall liver cirrhosis risks: DM (HR: 1.72, 
95% CI: 1.51–1.96, P < .001), HCD (HR: 1.45, 95% CI: 1.27–
1.67, P < .007), CKD (HR: 1.21, 95% CI: 1.05–1.38, P < .001), 
hyperlipidemia (HR: 0.53, 95% CI: 0.46–0.60, P < .001), lichen 
planus (HR: 2.71, 95% CI: 1.56–4.72, P < .001), and palpable 
purpura (HR: 2.67, 95% CI: 2.13–3.35, P < .001). The forest 
plot presented in Figure 2 clearly demonstrates the aforemen-
tioned trend.

4.2. Occurrence of liver cirrhosis with 1 or multiple EHMs

The left panel of Figure 3 shows the adjusted cumulative inci-
dence of cirrhosis over time. The incidence rates (IR) of cirrhosis 
were highest in lichen planus than in other EHMs for the entire 
study period. Pairwise comparisons of multiple high-cirrho-
sis-risk EHMs ranked lichen planus first among all EHMs. The 
right panel of the attached figure shows IR trends for all study 
years in different combinations of high-cirrhosis-risk EHMs, in 
which the maximum combination of palpable purpura, CKD, 
DM, and HCD most likely placed patients at an increased cir-
rhosis risk.

4.3. Stratified analyses according to patient subgroups

We determined 12-year cumulative IR of liver cirrhosis for 
patients with and without specific high-cirrhosis-risk EHMs 
after age and sex stratification.

Figure 4 illustrates a forest plot of HRs in subgroup analyses 
of sex (men and women) and age (≤45 years, 45–65 years, ≥65 
years); subgroup analysis was used to comparatively analyze the 
various categories of high-cirrhosis-risk EHMs, such as lichen 
planus, palpable purpura, CKD, DM, and HCD. Multivariate 
analyses stratified by sex and age revealed an increased risk of 
liver cirrhosis in patients with lichen planus, palpable purpura, 
CKD, DM, and HCD. We then assessed the association of occur-
rence of liver cirrhosis between EHMs after stratifying by age 
and sex. In all age groups, the 12-year cumulative IR of liver cir-
rhosis were significantly higher in patients with HCD (Fig. 5A), 
DM (Fig. 5B), CKD (Fig. 5C), palpable purpura (Fig. 5D), and 
lichen planus (Fig. 5E) than in those without the corresponding 
EHMs (all P < .001). Similarly, irrespective of sex stratification 
(overall participants, female, and male), the 12-year cumulative 

Figure 1. Flowchart of identification and enrollment of the study subjects. 
a. The analytical data were collected from the 3 subsets of the NHIRD, the 
Longitudinal Health Insurance Database (LHID) 2000, 2005 and 2010 as data 
sources. b. The cirrhosis and noncirrhosis groups were matched 1:6 by age, 
sex, and year of HCV diagnosis. HCV: hepatitis C virus; HIV: human immuno-
deficiency virus; LHID: Longitudinal Health Insurance Databases.
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IR of liver cirrhosis were significantly higher in patients with 
HCD (Fig. 6A), DM (Fig. 6B), CKD (Fig. 6C), and palpable pur-
pura (Fig. 6D) than in those without the corresponding EHMs 
(all P < .001), except for men with lichen planus (Fig. 6E, P < 
.074).

5. Discussion

5.1. Main findings

In this large, population-based long-term cohort of HCV-
infected patients, we observed several specific HCV-associated 
EHM time trends of cirrhosis risk with an ongoing upward 
trend in incidence. This suggests that HCV-infected individuals 
will more likely have a progressively larger contribution to the 
overall emergence of cirrhosis and its related complications. The 
trends in the adjusted incidence of cirrhosis were not different 
between genders. The associations between HCV infection and 

the risk of cirrhosis were analyzed across strata of age and gen-
der among all high-cirrhosis-risk EHMs, suggesting an insig-
nificantly increased risk of cirrhosis in females and significantly 
increased risk of cirrhosis in elderly patients with HCD and 
DM.[9]

5.2. Comparison with other studies

The complexity of this effect for differing EHMs on liver dis-
ease progression is demonstrated by our study which reveals 
that the same prevalence of metabolic risk factors, such as 
DM, HCD, and CKD, was associated with a higher IR of liver 
cirrhosis. Interestingly, attention should focus on HCV infec-
tion-related skin manifestations, such as lichen planus and 
palpable purpura, which ranked first and second, respectively, 
among high-cirrhosis-risk EHMs in our study. Lichen planus 
is a chronic inflammatory disease of the skin and mucosa; it 

Table 1 

Characteristics of untreated HCV-related cirrhotic and noncirrhotic patients among multiple extrahepatic manifestations after 
propensity score–matching.

    Cirrhosis(N = 1154) Noncirrhosis(N = 6924) P 

Age 44.8 ± 20.7  44.5 ± 20.4  .892
Sex Female 613 53.1% 3677 53.1% .971

Male 541 46.9% 3247 46.9%  
HCD No 367 31.8% 3095 44.7% <.001

Yes 787 68.2% 3829 55.3%  
Hyperlipidemia No 792 68.6% 4251 61.4% <.001

Yes 362 31.4% 2673 38.6%  
Diabetes mellitus No 625 54.2% 4736 68.4% <.001

Yes 529 45.8% 2188 31.6%  
Chronic kidney disease No 822 71.2% 5512 79.6% <.001

Yes 332 28.8% 1412 20.4%  
Hyperthyroidism No 1113 96.4% 6654 96.1% .571

Yes 41 3.6% 270 3.9%  
Hypothyroidism No 1122 97.2% 6765 97.7% .690

Yes 32 2.8% 159 2.3%  
Thyroiditis No 1123 97.3% 6696 96.7% .302

Yes 31 2.7% 228 3.3%  
Non-Hodgkin lymphoma No 1150 99.7% 6882 99.4% .277

Yes 4 0.3% 42 0.6%  
Sicca syndrome No 1119 97.0% 6682 96.5% .486

Yes 35 3.0% 242 3.5%  
Mixed cryoglobulinemia No 1153 99.9% 6924 100.0% .309

Yes 1 0.1% 0 0.0%  
Depression No 1024 88.7% 6162 89.0% .794

Yes 130 11.3% 762 11.0%  
Lichen planus No 1141 98.9% 6903 99.7% <.001

Yes 13 1.1% 21 0.3%  
Autoimmune hemolytic anemia No 1153 99.9% 6910 99.8% 1.000

Yes 1 0.1% 14 0.2%  
Palpable purpura No 1072 92.9% 6786 98.0% <.001

Yes 82 7.1% 138 2.0%  
Autoimmune thyroiditis No 1150 99.7% 6903 99.7% .541

Yes 4 0.3% 21 0.3%  
Diabetic nephropathy No 1149 99.6% 6882 99.4% .806

Yes 5 0.4% 42 0.6%  
Necrolytic acral erythema No 1145 99.2% 6876 99.3% .745

Yes 9 0.8% 48 0.7%  
Myocardial infarction No 1111 96.3% 6730 97.2% .085

Yes 43 3.7% 194 2.8%  
Congestive heart failure No 692 60.0% 4791 69.2% <.001

Yes 462 40.0% 2133 30.8%  
Peripheral arterial disease No 1028 89.1% 6218 89.8% .455

Yes 126 10.9% 706 10.2%  
Cerebral vascular disease No 1034 89.6% 6405 92.5% .001

Yes 120 10.4% 519 7.5%  
CAD No 741 64.2% 4902 70.8% <.001
 Yes 413 35.8% 2022 29.2%  

P-values marked in bold indicate statistically significant differences between the groups.
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can affect the hair and nails and is characterized by pruritic 
papules.[10] These most often appear on the skin of extremities, 
face, scalp, nails, and mucosa of the gastrointestinal and gen-
itourinary tracts. Cutaneous vasculitis of HCV-related MC, 
resulting in palpable purpura, is reported in 24% to 30% 
of cryoglobulin-positive patients.[11] It is secondary to small- 
and/or medium-vessel vasculitis with deposition of immune 
complexes in the small- and medium-sized dermal vessels.[12] 
Lichen planus occurs in various chronic liver diseases. Anti-
HCV antibodies can be found in 10% to 40% of patients with 
lichen planus.[13] It is assumed that the occurrence of lichen 
planus is immunologically mediated, but the exact mechanism 
is unknown. Several large epidemiologic studies published in 

recent years[12–18] have strengthened the link between HCV 
infection and the earlier mentioned skin manifestations. Our 
data revealed a striking association between dermatological 
EHMs and the subsequent development of liver cirrhosis in 
HCV patients, compared with other EHMs. Interestingly, the 
risk of developing liver cirrhosis increases as the combina-
tions of coexisting EHMs increase in patients. Based on our 
further gender- and age-based subanalysis, HCV-infected 
patients with coexisting HCD, DM, CKD, and cutaneous 
palpable purpura were more likely to develop liver cirrho-
sis over time. Having both DM and HCV may be associated 
with a higher cirrhosis risk.[19–21] Patients with cirrhosis have a 
2-fold higher prevalence of DM than those without cirrhosis. 

Table 2 

Adjusted hazard ratio (HR) for occurrence of compensated and decompensated liver cirrhosis among multiple extrahepatic 
manifestations in untreated HCV patients after Cox regression analysis.

 

Univariate analysis Multivariate analysis

Overall cirrhosis Compensated Decompensated Overall

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P 

HCD 1.51 (1.09–2.09) .012 1.51 (1.3–1.75) <.001 1.12 (0.77–1.61) .551 1.45 (1.27–1.67) <0.001
Hyperlipidemia 0.50 (0.35–0.72) <.001 0.54 (0.47–0.63) <.001 0.32 (0.22–0.47) <.001 0.53 (0.46–0.60) <0.001
Diabetes mellitus 2.84 (2.08–3.87) <.001 1.61 (1.4–1.85) <.001 3.49 (2.47–4.95) <.001 1.72 (1.51–1.96) <0.001
Chronic kidney disease 1.94 (1.40–2.69) <.001 1.18 (1.01–1.36) .032 1.56 (1.10–2.22) .013 1.21 (1.05–1.38) 0.007
Hypothyroidism 0.44 (0.11–1.76) .245 0.92 (0.63–1.34) .656 0.46 (0.11–1.90) .285 0.89 (0.62–1.29) 0.535
Thyroiditis 0.17 (0.02–1.22) .077 0.84 (0.56–1.25) .381 0.26 (0.04–1.85) .177 0.78 (0.53–1.16) 0.217
Non-Hodgkin lymphoma 1.00 (0.14–7.14) 1.000 0.38 (0.12–1.19) .096 0.64 (0.09–4.67) .662 0.45 (0.17–1.21) 0.112
Sjögren’s syndrome 0.65 (0.24–1.75) .395 0.88 (0.56–1.37) .571 0.90 (0.26–3.11) .870 0.86 (0.57–1.31) 0.488
Mixed cryoglobulinemia 0.05 (0.00–>20) .904 6.67 (0.9–49.19) .063 N/A N/A 6.15 (0.84–45.2) 0.074
Depression 1.05 (0.65–1.69) .850 0.94 (0.77–1.14) .521 1.01 (0.62–1.64) .972 0.97 (0.80–1.16) 0.722
Lichen planus 1.99 (0.28–14.19) .494 3.03 (1.7–5.39) <.001 2.37 (0.33–17.2) .393 2.71 (1.56–4.72) <0.001
Autoimmune hemolytic anemia 0.05 (0.0–>20) .735 0.49 (0.07–3.48) .475 0.00 (0.00–>20) .973 0.41 (0.06–2.92) 0.373
Palpable purpura 5.78 (3.58–9.33) <.001 2.44 (1.89–3.16) <.001 5.93 (3.65–9.65) <.001 2.67 (2.13–3.35) <0.001
Autoimmune thyroiditis 0.05 (0–>20) .653 1.86 (0.64–5.39) .255 0.00 (0.00–>20) .974 1.81 (0.62–5.22) 0.276
Diabetic nephropathy 1.18 (0.17–8.45) .867 0.54 (0.2–1.45) .222 0.60 (0.08–4.34) .611 0.56 (0.23–1.35) 0.198
Necrolytic acral erythema 0.05 (0–>20) .553 1.87 (0.97–3.61) .063 0.00 (0.00–>20) .964 1.55 (0.80–2.99) 0.192
Connective tissue disease 0.64 (0.35–1.19) .158 0.8 (0.61–1.05) .115 0.64 (0.30–1.36) .245 0.81 (0.63–1.05) 0.107
Coronary artery disease 0.97 (0.69–1.36) .851 1.17 (1.02–1.35) .023 0.84 (0.59–1.21) .346 1.11 (0.98–1.27) 0.104

HCD = hypertensive cardiovascular disease, N/A = not applicable—Since cases were too few to arrive at a significant solution, coefficients did not converge.
The hazard ratio of cirrhosis for competing mortality was adjusted using the R package “cmprsk.”

Figure 2. Forest plot showing a hazard ratio (HR) of liver cirrhosis among 14 different HCV-related EHMs in untreated HCV patients.
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Analogously, Miyaaki et al found that DM was significantly 
associated with severe fibrosis.[21] Turner et al reported that 
HCV-infected Hispanics, who are obese and diabetic, have a 
far higher risk of developing advanced liver disease than other 
racial or ethnic groups.[22] Our study supports this notion. 
These findings highlight the need for concurrent HCV and 
DM therapies. Any chronic liver disease will eventually lead 

to liver insufficiency. Our reports also highlight the benefits of 
the population-based cohort model of our study, which was 
followed up and observed longitudinally for 12 years to assess 
relationships among long-term HCV exposure, multiple coex-
isting EHMs, and the outcome of liver cirrhosis development. 
This special interaction in our study model may be defined 
as the effect modification.[23] In our study, the effect of HCV 

Figure 3. Cumulative incidence rates of liver cirrhosis over time among different single (left panel) and combined multiple high-cirrhosis-risk-related EHMs (right 
panel) in untreated HCV patients.

Figure 4. Forest plot of hazard ratios in subgroup analyses comparing extrahepatic manifestations (EHMs) are shown on the left and hazard ratios (HR) and 
confidence intervals (CI) on the right.
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exposure on cirrhosis outcome depends on a third variable, 
EHMs, which are considered as effect modifiers. The effect of 
HCV exposure and cirrhosis outcome is modified by the pres-
ence of coexisting EHMs. The research uses statistical meth-
ods to interpret clinical observations and achieve preventive or 
therapeutic aims. Our research is a large-scale observational 

database, which consists of a huge sample size of several hun-
dred thousands of participants. Their collected healthcare 
data are often utilized in population-based studies. This is an 
indispensable method of surveying epidemiological research. 
However, the inherent limitations of healthcare databases may 
impede their use, highlighting the need to assess the feasibility 

Figure 5. Stratified by patient subgroups of age and cumulative incidence of liver cirrhosis between presence and absence of high-cirrhosis-risk extrahepatic 
manifestations cohorts: (A) hypertensive cardiovascular disease (HCD), (B) diabetes mellitus (DM), (C) chronic kidney disease (CKD), (D) palpable purpura, and 
(E) lichen planus.
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and validity of studies that use this type of data.[24,25] Given the 
complexity of the clinical scenario, we used Cox proportional 
hazards models to estimate HRs, adjusting using propensity 

score weighting for demographic characteristics and EHMs. 
The encouraging results from long-term outcomes in our 
study helped to uncover major EHMs that can contribute 

Figure 6. Stratified by patient subgroups of gender and cumulative incidence of liver cirrhosis between presence and absence of high-cirrhosis-risk extrahe-
patic manifestations cohorts: (A) hypertensive cardiovascular disease (HCD), (B) diabetes mellitus (DM), (C) chronic kidney disease (CKD), (D) palpable purpura, 
and (E) lichen planus.
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to developing liver cirrhosis over time. Among these, EHMs, 
HCD, DM, CKD, lichen planus, and palpable purpura had a 
higher-than-average chance of being attributed to developing 
liver cirrhosis in HCV patients. It was also further observed 
that the more high-cirrhosis-risk EHMs HCV patients had the 
higher risk of developing liver cirrhosis over time, irrespec-
tive of gender and age. Moreover, based on Cox regression 
subanalysis investigating the effect of multiple EHMs upon 
the time liver cirrhosis occurs, the above results were mainly 
evident in female subjects and patients aged <45 years. These 
findings hold great promise in improving the evaluation of 
individual risk with an increase in the IR of cirrhosis and 
even decompensated cirrhosis among HCV-infected patients. 
It is noteworthy that skin disorders, including lichen planus 
and palpable purpura, are the top leading EHMs which had 
higher cumulative rates of liver cirrhosis. Ample evidence in 
the literature is available to implicate the close relationship 
between lichen planus and liver disease,[26–29] or even liver 
cirrhosis.[30–34] In a study from the Mayo Clinic, 24 patients 
with primary biliary cirrhosis and lichen planus were identi-
fied, 7 of whom had not been treated with penicillamine.[35] 
Chronic hepatitis C infection will progress to liver cirrhosis 
over time. Although the data are not conclusive, many reports 
have demonstrated that lichen planus is associated with liver 
cirrhosis.[36,37] Rebora et al reported that there are remarkably 
similar histologic and immunologic features between lichen 
planus and chronic active hepatitis, which showed that the 
lichenoid infiltrate in the dermis was similar to infiltration of 
T lymphocytes in the portal spaces, resulting in destruction of 
the normal architecture of the hepatic lobule.[38]

5.3. Study strengths

Depending on previous studies, our study has a much larger 
sample size, and we used a nationwide database that can pro-
vide considerable statistical power. A key strength of this study 
was the observation of the tangled interplay between multiple 
EHMs and cirrhosis risk in HCV infection using the concept of 
interaction or heterogeneity of effect. The patients were strati-
fied by age and sex to derive the HRs of liver cirrhosis, and the 
variables of EHMs were included in the multivariable analyses. 
Lichen planus and palpable purpura were identified as EHMs 
that have a high HR for liver cirrhosis, particularly in women 
and patients aged 45 to 65 years. Notably, patients with a com-
bination of palpable purpura, CKD, DM, and HCD had the 
highest cumulative risk of cirrhosis.

6. Limitations, Recommendations, and Future 
Directions
Our study has some limitations. First, this study had a retro-
spective cohort design; although we matched all the poten-
tial confounding factors among the study groups, selection 
or observational bias still exists. However, given that it is a 
large-scale and well-validated database, this study may con-
trol possible bias to depict a clinically important link. Second, 
although the NHIRD version used was not the updated ver-
sion, the results of our analysis remain convincing in terms of 
a large-scale long-term cohort study. Third, the NHIRD lacks 
specific laboratory information, including that of liver function 
tests, HCV genotypes, and HCV RNA levels. Nonetheless, the 
conclusion of this study should be the same. Fourth, the data 
of other confounding factors, such as education level, socio-
economic status, dietary habits, and body mass index, are not 
included in the NHIRD. Fifth, the NHIRD does not have data 
on the duration of preexisting EHMs. Sixth, the observational 
design of the study precludes the determination of causality. 
Further studies should clarify the associations and underlying 
mechanisms.

7. Conclusion
Many specific HCV-associated EHMs demonstrate time 
trends of cirrhosis risk, with an upward trend in the incidence. 
As an important dermatological HCV-related EHM, lichen 
planus ranked first on the list of single-EHM comparisons. 
Moreover, the maximum combination of certain EHMs led 
to all other multi-EHM comparisons for the development of 
liver cirrhosis.
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