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ABSTRACT

Background: Systemic inflammation and dys-
regulated immune function in chronic
obstructive pulmonary disease (COPD) is
hypothesized to predispose patients to devel-
opment of herpes zoster. However, the risk of
herpes zoster among patients with COPD is
undocumented. We therefore aimed to inves-
tigate the risk of herpes zoster among
patients with COPD.

Methods: We conducted a cohort study
using data from the Taiwan Longitudinal
Health Insurance Database. We performed
Cox regressions to compare the hazard ratio
(HR) of herpes zoster in the COPD cohort
and in an age- and sex-matched comparison
cohort. We divided the patients with COPD
into three groups according to use of steroid
medications and performed a further analy-
sis to examine the risk of herpes zoster.

erpes zoster is caused by a reactivation of
H latent varicella-zoster virus residing in

sensory ganglia after an earlier episode of
varicella.* Herpes zoster is characterized by a
painful vesicular dermatomal rash. It is commonly
complicated with chronic pain (postherpetic neu-
ralgia), resulting in reduced quality of life and
functional disability to a degree comparable to
that experienced by patients with congestive heart
failure, diabetes mellitus and major depression.*?
Patients with herpes zoster experience more sub-
stantial role limitations resulting from emotional
and physical problems than do patients with con-
gestive heart failure or diabetes.® Pain scores for
postherpetic neuralgia have been shown to be as
high as those for chronic pain from osteoarthritis
and rheumatoid arthritis.® Although aging is the
most well-known risk factor for herpes zoster,
people with diseases associated with impaired
immunity, such as malignancy, HIV infection,
diabetes and rheumatic diseases, are also at higher
risk for herpes zoster.**
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Results: The study included 8486 patients with
COPD and 33 944 matched control patients.
After adjustment for potential confounding
factors, patients with COPD were more likely to
have incidents of herpes zoster (adjusted HR
1.68, 95% confidence interval [CI] 1.45-1.95).
When compared with the comparison cohort,
the adjusted HR of herpes zoster was 1.67
(95% CI 1.43-1.96) for patients with COPD not
taking steroid medications. The adjusted HR of
herpes zoster was slightly greater for patients
with COPD using inhaled corticosteroids only
(adjusted HR 2.09, 95% ClI 1.38-3.16) and was
greatest for patients with COPD using oral
steroids (adjusted HR 3.00, 95% Cl 2.40-3.75).

Interpretation: Patients with COPD were at
increased risk of herpes zoster relative to the
general population. The relative risk of herpes
zoster was greatest for patients with COPD
using oral steroids.

Chronic obstructive pulmonary disease (COPD)
is characterized by progressive airflow limitation
that is associated with an abnormal inflammatory
response by the small airways and alveoli to
inhaled particles and pollutants.® Disruption of local
defence systems (e.g., damage to the innate
immune system, impaired mucociliary clearance)
predispose patients with COPD to respiratory tract
infections. Each infection can cause exacerbation
of COPD and further deterioration of lung function,
which in turn increase predisposition to infection.”

There is increasing evidence that COPD is an
autoimmune disease, with chronic systemic
inflammation involving more than just the airways
and lungs.® Given that various immune-mediated
diseases (e.g., rheumatoid arthritis, inflammatory
bowel disease) have been reported to be associated
with an increased risk of herpes zoster,**% it is rea-
sonable to hypothesize that the immune dysregula-
tion found in COPD may put patients at higher risk
of developing herpes zoster. In addition, inhaled or
systemic corticosteroids used for management of
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COPD can increase susceptibility to herpes zoster
by suppressing normal immune function.* How-
ever, data are limited regarding the risk of herpes
zoster among patients with COPD.

The goal of our study was to investigate
whether patients with COPD have a higher inci-
dence of herpes zoster than the general popula-
tion. In addition, we aimed to examine the risk
for herpes zoster with and without steroid ther-
apy among patients with COPD relative to the
general population.

Methods

Data source

This was a population-based cohort study. Data
were obtained from the Longitudinal Health
Insurance Database 2005, which was released by
the Taiwan National Health Research Institute in
2006. The longitudinal database is a subset of the
National Health Insurance Research Database and
contains all medical claims data for one million
beneficiaries randomly sampled from the 25.68
million enrollees of the National Health Insurance
Program. The National Health Insurance Pro-
gram, established in March 1995, is a system of
universal health care under which beneficiaries
can freely access all contracted medical facilities
and institutions around the country for low copay-
ments. As of 2007, up to 98% of Taiwan’s popu-
lation was enrolled in this program.

Data files in the National Health Insurance
Research Database include all ambulatory
claims, inpatient claims, details of ambulatory
care and inpatient orders, and prescriptions dis-
pensed at contracted pharmacies. The claims
data are generally accurate; to date, more than
300 studies based on these data have been pub-
lished in peer-reviewed journals.*

Because we used deidentified secondary data
released to the public for research purposes, our
study was exempt from full review by the Insti-
tutional Review Board after consultation with
the Director of Taipei Medical University Insti-
tutional Review Board.

Study population

The study group of patients with COPD com-
prised all patients who had either received a
diagnosis of COPD (codes 491, 492 and 496 of
the International Classification of Diseases, 9th
Revision, clinical modification [ICD-9-CM])
during two or more outpatient visits within 12
months or were admitted to hospital with a pri-
mary diagnosis of COPD between Jan. 1, 2004,
and Dec. 31, 2005. Cohort entry was defined as
the date when patients received their first eligible
diagnosis. We included at entry only patients
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who were 50 years of age or older and had
received respiratory medications for treatment of
COPD, including inhaled and oral j3,-agonists,
anticholinergic agents, corticosteroids and theo-
phylline, for more than one month.

Each patient with COPD was matched by age
(50-59, 60-69 or > 70 years), sex and year of
cohort entry to four control patients from among
the remaining patients in the database who had
no diagnostic codes for COPD between 1996 and
2006. Because the National Health Insurance
Program was started in 1995, we were able to
track medical claims data only back to 1996. For
the comparison cohort, the first medical claim
during the matched year was assigned as the date
of cohort entry. Patients who had HIV infection
or who had received a diagnosis of herpes zoster
before the date of cohort entry were excluded
from both the study and comparison cohorts. All
patients were followed from the date of cohort
entry until they developed herpes zoster or until
Dec. 31, 2006, whichever was earliest.

Covariables

Medication exposure was identified from the
drug prescription database. Patients were consid-
ered users of inhaled or systemic corticosteroids
if they had been dispensed any form of inhaled
or systemic steroids for more than 60 days dur-
ing the follow-up period.

Sociodemographic characteristics, including
age, sex, place of residence, urbanization level
and monthly income, were obtained for all
patients. We stratified all communities in Taiwan
into five levels based on prior study, with level
one referring to the most urbanized communities
and level five referring to the least urbanized.*
Comorbid medical diseases that are well-known
risk factors of herpes zoster, including malig-
nancy (i.e., carcinoma, sarcoma, lymphoma and
leukemia), rheumatic diseases (i.e., systemic
lupus erythematosus, rheumatoid arthritis, Sjo-
gren syndrome, scleroderma, dermatomyaositis or
polymyositis, and other connective tissue dis-
eases) and diabetes, were identified from inpa-
tient and outpatient diagnoses.** Other medical
conditions (e.g., myocardial infarction, conges-
tive heart failure, peripheral vascular disease,
cerebrovascular disease, dementia, peptic ulcer
disease, liver disease, hemiplegia or paraplegia,
and renal disease) were incorporated into a mod-
ified version of the Charlson index. Because
COPD was the condition being evaluated, and
malignancy, rheumatic diseases and diabetes
were treated as individual covariates, the latter
three were not included. Each condition was
assigned a weight, and weightings were summed
to provide a total score.*
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Statistical analysis
We carried out y? tests to explore differences in
sociodemographic characteristics and comorbidi-
ties between the COPD and comparison cohorts.
The Kaplan—Meier method was used to estimate
the cumulative hazard rate of herpes zoster, and
a log-rank test was used to examine differences
between the survival curves. Cox proportional
hazard models were performed to compare the
hazard ratio (HR) of herpes zoster between the
COPD and comparison cohorts after stratifica-
tion by age group. We adjusted for potential con-
founding factors in the multivariate analysis;
including diabetes, cancer, rheumatic diseases,
use of inhaled or oral corticosteroids, Charlson
comorbidity index, monthly income and urban-
ization level of the community in which the
patient resided. Potential first-order interactions
between COPD and these variables were investi-
gated, and no significant interaction was found.
We performed a further analysis to examine
the risk of herpes zoster with and without use of
steroids among patients with COPD. A multi-
variable Cox proportional model was conducted
to investigate the HRs for development of herpes
zoster for patients in the COPD cohort not using
steroids, for those using inhaled corticosteroids
only and for those using oral steroids compared
with the comparison cohort. For all analyses,
investigative diagnostic log-log survival plots
were used to confirm that the proportional haz-
ards assumption was met.

Results

We identified 8486 patients with a diagnosis of
COPD who matched the inclusion criteria, and
33944 patients in the comparison cohort. The
distributions of sociodemographic characteris-
tics, comorbid medical disorders and steroid use
for the COPD and comparison cohorts are shown
in Table 1. Compared with patients without
COPD, patients with COPD were more likely to
have rheumatic disease, to use inhaled or oral
steroids, to have higher Charlson comorbidity
index and lower monthly incomes and to live in
less urbanized areas of Taiwan.

Of the total sample of 42 430 patients, 1080 had
incident herpes zoster during the follow-up period.
There were 321 cases of herpes zoster identified in
the COPD cohort, with an incidence rate of 16.4
per 1000 person-years, and 759 cases of herpes
zoster in the comparison cohort, with an incidence
rate of 8.8 per 1000 person-years. Cox regression
analysis showed that the crude HR of herpes zoster
was 1.98 times greater for patients with COPD
(95% confidence interval [CI] 1.73-2.26) than for
the comparison cohort. The HR remained signifi-

Table 1: Demographic characteristics and comorbidities of patients with
chronic obstructive pulmonary disease and patients in the comparison
cohort (n =42 430)

Patients with Comparison

COPD, no. (%) patients, no. (%)
Characteristic n=38486 n=233944 p value*
Age, yr

50-59 1343 (15.8) 5372 (15.8)

60-69 2321 (27.4) 9284 (27.4)

>70 4822 (56.8) 19 288 (56.8)

Sex

Male 5 858 (69.0) 23 432 (69.0)

Female 2628 (31.0) 10512 (31.0)
Follow-up, mo, mean (SD) 27.7 (7.7) 309 (6.4) <0.001
Monthly incomet < 0.001

0 2 457 (29.0) 10 472 (30.9)

NT$1-15 840 2 442 (28.8) 8 148 (24.0)

NT$15 841-$25 000 3063 (36.1) 12 391 (36.5)

> NT$25 001 524 (6.2) 2933 (8.6)
Urbanization level < 0.001

1 1964 (23.1) 8878 (26.2)

2 2213 (26.1) 8 647 (25.5)

3 1241 (14.6) 5226 (15.4)

4 1510 (17.8) 5781 (17.0)

5 1558 (18.4) 5412 (18.4)
Geographic region 0.022

Northern 3644 (42.9) 14 654 (43.2)

Central 2 115 (24.9) 8313 (24.5)

Southern 2420 (28.5) 9950 (29.3)

Eastern 307 (3.6) 1027 (3.0)
Comorbidity

Diabetes mellitus 0.132

Yes 1507 (17.8) 6 268 (18.5)
No 6 979 (82.2) 27 676 (81.5)
Rheumatic disease < 0.001
Yes 204 (2.4) 485 (1.4)
No 8 282 (97.6) 33 459 (98.6)
Cancer 0.050
Yes 503 (5.9) 1828 (5.4)
No 7 983 (94.1) 32 116 (94.6)
User of inhaled < 0.001
corticosteroids only
Yes 513 (6.0) 32 (0.1)
No 7 973 (94.0) 33912 (99.9)
User of oral corticosteroids < 0.001
Yes 1424 (17.5) 577 (1.7)
No 7 062 (82.5) 33367 (98.3)
Charlson comorbidity index
score, mean 1.24 0.77 < 0.001
Note: COPD = chronic obstructive pulmonary disease, NT = New Taiwan dollars, SD = standard
deviation.
*p values were calculated using Pearson y’ test.
tIn New Taiwan Dollars, with an exchange rate in 2005 of 1 USD = 31.7 NT.
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cant after adjusting for potential confounders
(adjusted HR 1.68, 95% CI 1.45-1.95).

The results of the analysis, stratified by age of
patients, are presented in Table 2. In all age cate-
gories, patients with COPD had a significantly
higher risk of herpes zoster compared with those
without COPD. The adjusted HRs for herpes
zoster were 1.85 (95% CI 1.27-2.70) in the 50—
59 age group, 1.65 (95% CI 1.24-2.20) in the
60-69 age group and 1.68 (95% CI 1.38-2.04) in
the group aged 70 years or older.

The Kaplan—Meier survival curves for herpes
zoster in the COPD and comparison groups over
a three-year period are shown in Figure 1. The
log-rank test showed a significant difference in
cumulative event rates between these two groups
(p <0.001).

The results of further analysis, in which the
COPD cohort was divided into three groups
according to use of steroids, are shown in Table 3.

When compared with the comparison cohort, the
adjusted HR of herpes zoster for patients with
COPD not using steroids in any form was 1.67
(95% CI 1.43-1.96). The adjusted HR of herpes
zoster was slightly greater for patients with COPD
using inhaled corticosteroids only (adjusted HR
2.09, 95% CI 1.38-3.16) and was greatest for
patients with COPD using oral steroids (adjusted
HR 3.00, 95% CI 2.40-3.75).

Interpretation

Our cohort study showed that, after controlling
for other herpes zoster risk factors, patients with
COPD are at increased risk for herpes zoster
compared with the general population. The risk
of herpes zoster associated with COPD is greater
among patients who use inhaled or oral corticos-
teroids therapy than among patients without cor-
ticosteroids therapy.

Table 2: Crude and adjusted hazard ratios for herpes zoster during the follow-up period for patients
with chronic obstructive pulmonary disease and patients in the comparison group, stratified by age

Had herpes  Person-years Incidence per Crude HR Adjusted HR*

Age, yr zoster at risk 1000 person-years (95% ClI) (95% CI)
50-59

COPD 44 2941.47 14.26 1.81 (1.27-2.56) 1.85 (1.27-2.70)

Comparison 112 13 089.16 8.56 1.00 1.00
60-69

COPD 84 5 269.45 15.94 1.77 (1.38-2.28) 1.65 (1.24-2.20)

Comparison 220 23 540.40 9.35 1.00 1.00
>70

COPD 193 11 073.02 17.43 2.10 (1.77-2.49) 1.68 (1.38-2.04)

Comparison 427 49 668.80 8.60 1.00 1.00

Note: CI = confidence interval, COPD = chronic obstructive pulmonary disease, HR = hazard ratio.
*Adjusted for sex, age (as a continuous variable), diabetes mellitus, rheumatic diseases, cancer, Charlson comorbidity index
score, use of corticosteroids, monthly income, geographic region and urbanization level.

Table 3: Crude and adjusted hazard ratios for herpes zoster for patients without steroid therapy, with
inhaled corticosteroid therapy only and with oral steroid therapy, compared to control patients

corticosteroids

Had herpes Person-years Incidence per Crude HR Adjusted HR*

Patient group zoster at risk 1000 person-years (95% CI) (95% ClI)
Comparison 759 86 298.37 8.80 1.00 1.00
Patients with COPD

No use of 209 14 643.74 14.27 1.69 (1.45-1.97) 1.67 (1.43-1.96)

corticosteroids

Inhaled 23 1251.90 18.37 2.11 (1.39-3.19) 2.09 (1.38-3.16)

corticosteroids

Oral 89 3 388.80 26.26 3.03 (2.43-3.77) 3.00 (2.40-3.75)

Note: CI = confidence interval, COPD = chronic obstructive pulmonary disease, HR = hazard ratio.
*Adjusted for sex, age (as a continuous variable), diabetes mellitus, rheumatic diseases, cancer, Charlson comorbidity index
score, use of corticosteroids, monthly income, geographic region and urbanization level.
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In a recent retrospective study comparing 355
patients with COPD and 44 control patients, Patel
and colleagues® found that self-reported history of
herpes zoster was more common among patients
with COPD than among control patients. How-
ever, a relatively small study sample and recall
bias were major limitations of their study. Suscep-
tibility to respiratory tract infections among
patients with COPD has frequently been reported
in the literature.” Our results suggest that patients
may also be predisposed to development of herpes
zoster by chronic inflammation and immune dys-
regulation in COPD. Systemic immune distur-
bances have been observed in patients with
COPD.** For example, Prieto and colleagues®
found that cytotoxic activity of peripheral blood
natural killer cells and phagocytic activity of
peripheral blood monocytes, macrophages and
polymorphonuclear cells were significantly
reduced in patients with COPD compared with
healthy control patients. Systemic cell-mediated
immunity has been found to be impaired in COPD
and to be associated with acute respiratory tract
infection among patients with COPD.* Further,
recent data have shown that COPD and aging pro-
duce significant molecular similarities in immuno-
logic alterations. Immunosenescence in aging is a
well-known risk factor for herpes zoster;* immune
system changes in COPD may further render such
patients more vulnerable to varicella-zoster virus
reactivation than age-matched control patients. We
found that risk for herpes zoster was increased
among patients with COPD in all age groups. It is
possible that the altered immunity in COPD causes
similar effects in terms of reactivating varicella-
zoster virus across different age groups.

The slightly higher HR of herpes zoster in
patients with COPD using inhaled corticosteroids
and the highest HR of herpes zoster among those
using oral steroids may be related to the immuno-
suppressive effect of corticosteroids. Systemic
steroids affect cellular immunity by inhibiting
synthesis of inflammatory cytokines, reducing
function of antigen-presenting cells, and suppress-
ing T cell activation.®# Steroid-related immuno-
suppression can increase susceptibility to oppor-
tunistic and intracellular infections, such as herpes
zoster.? Although oral corticosteroids have fre-
quently been reported to be associated with the
occurrence of herpes zoster, the link between
inhaled corticosteroids and varicella-zoster virus
reactivation is unclear.** Although recent evidence
suggests that inhaled corticosteroids suppress
local immunity and increase the risk of pneumo-
nia and pulmonary tuberculosis among patients
with COPD,*# the impact of inhaled corticos-
teroids on systemic immunity remains controver-
sial.* Abzug and Cotton* have reported severe

varicella infection after use of intranasal corticos-
teroids, and Choong and colleagues® reported
severe varicella infection after use of inhaled cor-
ticosteroids. Patel and colleagues also observed a
higher rate of self-reported herpes zoster among
patients with COPD using inhaled corticosteroids
compared with those not using inhaled corticos-
teroids (15.1% v. 7.2%); however, the difference
was not significant.’* Our study suggests that
inhaled corticosteroids may have potential for sys-
temic absorption and may impair cellular immu-
nity, but their immunosuppressive effect is not as
great as that of systemic steroids.

Another possible explanation for our observa-
tion that the risk of herpes zoster was greater
among patients using inhaled or oral corticosteroids
relative to the general population is that the use of
these medications often indicates more severe or
unstable disease. It is possible that increased dis-
ease severity further contributed to the increased
risk of herpes zoster associated with COPD.

Limitations

Our study has limitations. First, because almost all
herpes zoster cases were diagnosed clinically with-
out serologic or virologic confirmation, some non-
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Figure 1: Herpes zoster event rates for patients with chronic obstructive pul-
monary disease and comparison patients from 2004 to 2006. Log-rank test:

p < 0.001
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zoster cases (e.g., herpes simplex) might have been
misdiagnosed as herpes zoster.? Second, informa-
tion about cigarette smoking and alcohol consump-
tion was lacking in the administrative database;
therefore, we could not adjust for effects of smok-
ing and drinking on the risk of herpes zoster among
patients with COPD, which may have left residual
confounding. Third, data on death could not be
obtained in the analysis. Given that mortality
among study patients with COPD would be higher
than in the comparison cohort;® it is possible that
patients who did not become ill with herpes zoster
attack and who died during the study period would
be assumed alive and followed until the end of the
study. This differential misclassification may have
biased our results toward the null hypothesis.
Finally, data indicating severity of COPD, such as
forced expiratory volume in one second as a per-
centage of predicted normal values (FEV % pre-
dicted), were not available in our study.

Conclusion

Our results suggest that COPD, like other inflam-
matory diseases (e.g., rheumatoid arthritis, inflam-
matory bowel disease) was associated with an
increased risk of herpes zoster relative to that in
the general population. The HR of herpes zoster
was slightly greater for patients with COPD using
inhaled corticosteroids and was greatest for
patients with COPD using oral steroids. To pre-
vent the substantial morbidity ensuing from this
vexing disease, it is recommended that patients
with COPD receive zoster vaccination® in addition
to influenza and pneumococcal immunization.
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