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Abstract

Background: This study investigated the association between statin use and herpes zoster (HZ) occurrence in a population-
based case-control study.

Methods: Study subjects were retrieved from the Taiwan Longitudinal Health Insurance Database 2000. This study included
47,359 cases with HZ and 142,077 controls. We performed conditional logistic regression analyses to calculate the odds ratio
(OR) to present the association between HZ and having previously been prescribed statin.

Results: We found that 13.0% of the sampled subjects had used statins, at 15.5% and 12.1% for cases and controls,
respectively (p,0.001). A conditional logistic regression analysis suggested that the adjusted OR of being a statin user
before the index date for cases was 1.28 (95% confidence interval (CI): 1.24,1.32) compared to controls. Subjects aged
18,44 years had the highest adjusted OR for prior statin use among cases compared to controls (OR: 1.69; 95% CI:
1.45,1.92). Furthermore, we found that the ORs of being a regular and irregular statin user before the index date for cases
were 1.32 (95% CI: 1.27,1.38) and 1.23 (95% CI: 1.181.29), respectively, compared to controls.

Conclusions: We concluded that prior statin use was associated with HZ occurrence.

Citation: Chung S-D, Tsai M-C, Liu S-P, Lin H-C, Kang J-H (2014) Herpes Zoster Is Associated with Prior Statin Use: A Population-Based Case-Control Study. PLoS
ONE 9(10): e111268. doi:10.1371/journal.pone.0111268

Editor: Ilhem Messaoudi, University of California Riverside, United States of America

Received July 20, 2014; Accepted September 22, 2014; Published October 24, 2014

Copyright: � 2014 Chung et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Data Availability: The authors confirm that all data underlying the findings are fully available without restriction. The LHID2000 dataset is available from the
Taiwan’s National Health Research Institute (http://nhird.nhri.org.tw/date_01.html). You can contact nhird@nhri.org.tw for data application.

Funding: The author(s) received no specific funding for this work.

Competing Interests: The authors have declared that no competing interests exist.

* Email: jhk@tmu.edu.tw

. These authors contributed equally to this work.

Introduction

Statin is a commonly prescribed drug to lower blood lipid

levels and reduce cardiovascular risks via inhibition of the

HMG-CoA reductase pathway. It was also found that statin has

pleiotropic effects on reducing inflammation, enhancing nitric

oxide production, increasing insulin sensitivity, and improving

bone density [1–3].

Herpes zoster (HZ) manifests as a painful vesicle that spans one

or two dermatomes in the body. HZ is caused by reactivation of

infection by a latent varicella-zoster virus (VZV) that hibernates in

dorsal root ganglia. HZ can still cause significant and prolonged

neuralgia, disability, and medical burdens [4–6]. Very few

previous study suggested an association between statin use and

HZ occurrence. Terao et al. performed a case-control study in

Japan which showed that statin may increase HZ occurrence [7].

Nevertheless, that study possibly suffered from selection bias with

its single hospital-based design. The relatively small sample size

may have limited its statistical power. Recently, a large retrospec-

tive study form Canada showed that the statin users were

associated with increased small risk to have HZ comparing to

statin non-users [8]. However, only older people (.66 years-old)

were included in that study. In the present study, we explored the

association between statin and HZ occurrence in a population-

based case-control study in Taiwan mainly consisted with Chinese

population. The results of the study are important for elucidating

potential adverse effects of statin.

Methods

Database
Study subjects were retrieved from the Longitudinal Health

Insurance Database (LHID2000), derived from the Taiwan

National Health Insurance (NHI) program. The LHID2000

mainly includes the medical claims of 1,000,000 enrollees who

were randomly selected from all enrollees (n = 23.72 million) listed

in the 2000 Registry of Beneficiaries under the NHI program.

Taiwan’s National Health Research Institute and other research-
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ers have validated the completeness and accuracy of the claims

data of NHI research database [9,10]. The LHID2000, which was

open to the researchers in Taiwan, was available from the

Taiwan’s National Health Research Institute (http://nhird.nhri.

org.tw/date_01.html). You can contact nhird@nhri.org.tw for

data application. Since the LHID2000 consists of de-identified

secondary data released to the public for research purposes, this

study was exempted from full review by the Institutional Review

Board (IRB) after consulting with the director of the Taipei

Medical University IRB.

Selection of cases and controls
For cases, we first identified all subjects who had visited

ambulatory care centers (including outpatient departments of

hospitals and clinics) and received a first-time diagnosis of HZ

(ICD-9-CM code 053) between 1 January 2001 and 31 December

2011 (n = 47,521). The date of a subject’s first ambulatory care

visit for treatment of HZ was assigned as the index date for the

purposes of this study. In order to limit our study sample to the

adult population, this study included only subjects $18 years old.

Ultimately, 47,359 cases were included in this study.

Similarly, we selected controls from the LHID2000. We first

excluded all subjects who had a history of HZ since initiation of

the NHI program in 1995. Thereafter, 142,077 subjects (three

controls per case) were randomly selected and matched with cases

by gender, age group (,45, 45,64, and $65 years), and index

year. While for cases, the year of the index date was the year in

which the cases received their first diagnosis of HZ, for controls the

year of the index date was simply a matched year in which controls

had a medical utilization. We then assigned the date of their first

use of medical services occurring during the index year as the

index date for controls.

Exposure assessment
The LHID2000 also includes ambulatory care medical orders,

and this allowed us to identify subjects who filled prescriptions for

statins prior to the index date. In this study, simvastatin, lovastatin,

atorvastatin, fluvastatin, pravastatin, and rosuvastatin were select-

ed as the major drugs of interest. We also defined subjects who had

received continuous statin prescriptions for $60 days within 6

months before the index date as regular statin users. All other

subjects who had been prescribed statin within 6 months before

the index date were defined as irregular statin users.

Statistical analysis
We used the SAS system (SAS System for Windows, vers. 8.2,

SAS Institute, Cary, NC) for data analysis in this study. x2 tests

were performed to compare difference in the Charlson Comor-

bidities Index (CCI) score between cases and controls. The CCI

was used to quantify preexisting comorbidities as a means of

adjusting for the higher mortality risks associated with 19 medical

conditions (congestive heart failure, myocardial infarction, liver

disease, cancer, dementia, etc.). We performed conditional logistic

regression analyses (conditioned on gender, age group, and index

year) to calculate the odds ratio (OR) and its corresponding 95%

confidence interval (CI) to present the association between HZ and

having been previously prescribed statin. We used the conven-

tional p#0.05 for statistical significance in this study.

Results

Of the 189,436 sampled subjects, the mean age was 51.7

(617.8) years; the mean age among cases and controls was 51.2

and 51.9 years, respectively (p = 0.072). After matching for gender

and age group, it shows that cases were more likely to have a CCO

score of $4 than controls.

Table 1 presents the prevalences and ORs of statin users prior

to the index date between cases and controls. In total, 13.0% of the

sampled subjects had used statins before the index date, at 15.5%

and 12.1% for cases and controls, respectively (p,0.001). In

addition, the conditional logistic regression analysis (conditioned

on gender, age group, and index year) suggested that the OR of

being a statin user before the index date for cases was 1.28 (95%

CI: 1.24,1.32; p,0.001) compared to controls after adjusting for

the CCI score.

Table 1 further shows the OR of regular and irregular statin use

before the index date among sampled subjects. After adjusting for

monthly income, geographic location, and the CCI score, the

conditional logistic regression analysis revealed that the adjusted

ORs of being regular and irregular statin users before the index

date for cases were 1.29 (95% CI: 1.25,1.34; p,0.001) and 1.25

(95% CI: 1.19,1.32), respectively, compared to controls.

Table 2 presents the ORs of statin use before the index date

according to age group. It shows that HZ was consistently and

significantly associated with statin use across all age groups. It is

noteworthy that subjects aged 18,44 years had the highest

adjusted ORs for prior statin use among cases compared to

controls (OR: 1.69; 95% CI: 1.45,1.92; p,0.001).

Furthermore, Table 3 shows the ORs of statin use before the

index date according to gender. It indicates that HZ was

consistently and significantly associated with statin use regardless

of gender (adjusted OR: 1.32 for females and 1.23 for males).

Discussion

We found that prior statin use was significantly associated with

HZ occurrence across all age and gender groups in the present

study. In general, statin users may increase the OR of HZ

occurrence by about 1.3-times compared to non-statin users.

Compared to previous studies, our result is very similar to the

Canadian population-based study done (HR: 1.13) by Antoniou

et al [8]. As a commonly prescribed medication, the association of

statins and HZ should not be overlooked. The potential burden of

HZ should be considered when statin is used in clinical settings. A

previous study suggested using a retrospective observational study

to investigate the effects of statin would encounter a ‘‘healthy-user

bias’’, which assumes that subjects using statin may have more

health-promoting behaviors such as exercise, cigarette cessation,

and an adequate diet program. This effect was considered one of

the major confounding factors when studying the association

between statin and its beneficial effects in outcomes of infectious

diseases [11]. However, this hypothesis is not likely to explain the

results of the present study since we found that statin use was

significantly associated with an increased frequency and risk of HZ

occurrence.

We found that prior statin use was significantly associated with

HZ occurrence in a large-scale population case-control study.

Although the mechanism of the finding is still unknown, physicians

should be aware of this association when they prescribe statin in

clinical settings. Further study is advised to confirm our findings

and explore the underlying pathomechanism.

Several immunomodulatory effects were reported for statin.

Statin can decrease proinflammatory cytokines such as tumor

necrosis factor-a, interleukin (IL)-1b, IL-6, and IL-8 [12,13].

Statin is associated with decreased T-cell activation by antigen-

presenting cells and with regulating T-cell apoptosis [14].

Furthermore, statin may decrease chemotactic effects of neutro-

phils [15]. Therefore, statin can cause significant immune
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perturbation. Statin was proposed to have potential benefits in

treating rheumatoid arthritis (RA) [3,16]. Interestingly, an

observational study suggested the use of disease-modifying anti-

rheumatic drugs appeared to increase the risk of HZ in patients

with RA [17–19]. This observation may support our findings of an

association between statin use and HZ occurrence.

Interestingly, we found that younger statin users were at higher

risk of suffering from HZ than their older counterparts in the

present study. We hypothesized that this phenomenon may be

partially explained by the characteristics of HZ occurrence. The

prevalence of HZ increases in the elderly [20]. Therefore, the

effects of statin on HZ may be diluted in the elderly.

We found the even irregular statin users were associated with an

increased risk of HZ occurrence, although the risk for HZ

occurrence in irregular statin users was lower than that of regular

statin users. We proposed two hypothesis regarding these findings.

First, the association between statin and HZ occurrence could be

dose-dependent. A higher dose of statin may be associated with a

higher risk of HZ occurrence. However, in the study by Antoniou

et al., no difference of risk for HZ was demonstrated among the

users with difference doses of statin [8]. The authors proposed this

finding may be associated with limited power from only few people

had increased their dose form baseline dose in study population.

Second, the vulnerability of subjects using statins to HZ may be

quite high. In such cases, subjects with little exposure under

irregular statin use were still at a significantly higher risk of HZ

occurrence compared to non-statin users.

There are some insufficiencies in present study. First, potential

mis-coding and non-coding of health registry-based studies may

hamper the results of the present study. Nevertheless, the Taiwan

NHI Bureau has a cross-checking mechanism to facilitate the

accuracy of the coding in this system. In general, it is believed that

the LHID2000 has good quality for epidemiological analyses.

Second, we pooled all types of statin in the analysis. Because the

potency for immune-modulation may vary among different types

of statin, specific types of statin may carry higher risks for HZ.

Third, some variables regarding blood levels of lipid profile were

lacking in the present study. Therefore, the status of dyslipidemia

after being controlled by statin could not be determined. Potential

confounding by underlying dyslipidemia of HZ occurrence still

cannot be excluded in the present study. Fourth, some basic

profiles of body weight, physical activity, nutritional status, and

alcohol consumption which could act as potential confounding

factors were not shown in the study. Fifth, although we adjusted

for comorbidities and basic demographic data of subjects in the

analysis, medication profiles were not adjusted to avoid excessively

Table 1. Prevalence, odds ratios (ORs), and 95% confidence intervals (CIs) for statin use among sampled subjects.

Variable Total (n = 189,436) Subjects with herpes zoster (n = 47,359) Controls (n = 142,077)

n, % n, % n, %

Statin use (including regular and
irregular statin use)

24,523 13.0 7,315 15.5 17,208 12.1

Crude OR (95% CI) – 1.33*** (1.29,1.37) 1.00

Adjusted OR (95% CI) – 1.28*** (1.24,1.32) 1.00

Regular statin use 17,916 9.8 5370 11.8 12,546 9.1

Crude OR (95% CI) – 1.34*** (1.29,1.38) 1.00

Adjusted OR (95% CI) – 1.29*** (1.25,1.34) 1.00

Irregular statin use 6607 3.9 1945 4.6 4662 3.6

Crude OR (95% CI) – 1.30***(1.23,1.37) 1.00

Adjusted OR (95% CI) – 1.25*** (1.19,1.32) 1.00

Notes: The OR was calculated by a conditional logistic regression which was conditioned on age group, gender, and index year.
***p,0.001.
Adjustments were made for subject’s Charlson Comorbidity Index score.
doi:10.1371/journal.pone.0111268.t001

Table 2. Odds ratios (ORs) and 95% confidence intervals (CIs) for statin use among subjects with herpes zoster and controls by age
group.

Use of statin Age group (years)

18,44 45,64 .64

Subjects with herpes
zoster n, %

Controls
n, %

Subjects with herpes
zoster n, %

Controls
n, %

Subjects with herpes
zoster n, %

Controls
n, %

Yes 410 (2.7) 705 (1.5) 3679 (19.1) 7899 (13.7) 3226 (25.2) 8604 (22.6)

Crude OR (95% CI) 1.74*** (1.58,2.02) 1.00 1.49*** (1.42,1.55) 1.00 1.15*** (1.10,1.21) 1.00

Adjusted OR (95% CI) 1.69*** (1.45,1.92) 1.00 1.44*** (1.38,1.50) 1.00 1.14*** (1.09,1.20) 1.00

Notes: The OR was calculated by a conditional logistic regression which was conditioned on gender and index year.
***p,0.001.
Adjustments are made for subject’s Charlson Comorbidity Index score.
doi:10.1371/journal.pone.0111268.t002
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complex interactions in the regression model. Some medications

such as corticosteroids and immunosuppressants may also be

associated with HZ occurrence [21].
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