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Abstract

We investigated the association between herpes zoster (HZ) and dementia, and the effects of antiviral therapy on the risk of
dementia. We used the National Health Insurance Service-National Sample Cohort in South Korea to identify individuals
that were followed from January 1, 2002, to December 31, 2013. Occurrences of HZ and dementia were identified using
the relevant diagnostic codes. Dementia was defined as the presence of diagnostic codes and history of anti-dementia drug
prescription. Propensity score matching (1:1) was carried out among HZ patients according to antiviral therapy. A total of
229,594 individuals aged >50 years were analyzed. The incidences of the first-diagnosed HZ and dementia were 16.69 and
4.67 per 1000 person-years (PY), respectively. HZ patients had a higher risk of dementia (incidence rate ratio [IRR], 1.94
[95% CI 1.83-2.06]; adjusted hazard ratio [HR], 1.12 [95% CI 1.05-1.19]). Of the 34,505 patients with HZ, 28,873 (84%)
had received antiviral treatment. The crude incidence rates of subsequent dementia in the treated and untreated groups were
7.79 and 12.27 per 1000 PY, respectively, resulting in an IRR of 0.64 (95% CI 0.56—0.72) and covariate-adjusted HR of 0.79
(95% CI 0.69-0.90). After propensity score matching, the treated group showed a significantly lower risk of dementia (HR
0.76; 95% CI 0.65-0.90). In this large population-based cohort study, HZ was associated with a higher risk of dementia. The
use of antiviral agents in HZ patients was associated with lower risks of dementia.
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Introduction

Dementia is a major public health concern worldwide [1].
According to the World Alzheimer’s Disease Report 2015, it
is estimated that 46.8 million people worldwide are currently
living with dementia, and that the number will double every
20 years [2]. The prevalence of dementia and the associated
socioeconomic burden are rapidly growing in accordance
with the population aging in many developed countries [3,
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4]. The etiology of dementia is complex and heterogene-
ous, with advanced age being the most important risk factor
[5]. Notably, several studies proposed that infectious agents
such as the herpes simplex virus may also play a role in the
development of dementia [6, 7].

Varicella zoster virus (VZV), a human alpha-herpes
virus, is a member of the Herpesviridae family. VZV causes
varicella (chickenpox) as primary infection and thereafter
establishes latency in ganglionic neurons along the entire
neuraxis. When the VZV-specific cell-mediated immu-
nity declines by aging or immunosuppression, VZV may
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reactivate in the sensory ganglia and cause herpes zoster
(HZ) [8]. We hypothesized that the two common age-asso-
ciated diseases—dementia and HZ—may be etiologically
and pathophysiologically interrelated. Importantly, recent
epidemiologic data showed that the development of HZ
may be associated with dementia. However, these studies
fell short of providing concrete evidence for the results due
to several limitations; one study evaluated only for zoster
ophthalmicus [9], and the other study did not extensively
controlled covariates [10]. In addition, both studies identi-
fied the dementia case only by the diagnostic code without
prescription data of anti-dementia drugs, and confounding
factors for dementia were not controlled enough in these
studies [9, 10]. Therefore, we investigated whether HZ is
associated with subsequent development of dementia using
a nationwide population-based cohort database, and fur-
ther evaluated whether antiviral therapy in patients with
HZ reduces the risk of dementia using a propensity score-
matched cohort.

Methods
Database source

We conducted a population-based cohort study using the
National Health Insurance Service—National Sample Cohort
in South Korea. This cohort randomly sampled approxi-
mately one million individuals, which represented 2% of the
total eligible Korean population in January 1, 2002, and fol-
lowed them until December 31, 2013 unless the participants
were disqualified due to death or emigration [11, 12]. All
databases in the sample cohort were anonymized to protect
individual privacy. The protocol of this study was approved
by the Institutional Review Board of Asan Medical Center
(52019-0528), which waived the requirement for written
or verbal consent from patients based on the observational
nature of the study and the fact that the patient identifiers
were fully encrypted prior to analysis.

Study design

This study included subjects aged 50 years or older in the
start year of the cohort (2002). We established a washout
period by excluding cases that were diagnosed with HZ or
dementia in the first year. After a 1-year washout period
between January 1, 2002, and December 31, 2002, all sub-
jects with first diagnosed HZ or dementia were identified
over 11 years. The incidence of dementia was compared
between HZ and non-HZ groups. Among the patients with
HZ, we further assessed the difference in the incidence of
dementia between those who received antiviral therapy
(treated) and those who did not (untreated). Multivariate
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analysis and propensity score-matched analysis were con-
ducted to minimize the potential bias introduced by the dif-
ferent probabilities of receiving treatment in the two groups.
In addition, the all-cause mortality after HZ was assessed as
a secondary outcome and compared between the treated and
untreated groups.

Definitions

We identified patients diagnosed with HZ and dementia
using the relevant diagnostic codes of the International
Classification of Diseases, Tenth Revision (ICD-10). HZ
included the ICD-10 codes for zoster encephalitis (B02.0),
zoster meningitis (B02.1), zoster in other divisions of the
trigeminal nerve (B02.2), zoster ophthalmicus (B02.3), and
other types of zoster (B02.7, B02.8, or B02.9). Dementia
included the ICD-10 codes for Alzheimer’s disease (FOO or
G30), vascular dementia (FO1), and other dementia (FO2,
F03, G23.1, G31.0, G31.1, G31.82, G31.83, G31.88, and
F10.7). We restricted the dementia cases as those who had
been prescribed with any of the four classes of anti-dementia
drugs (i.e., rivastigmine, galantamine, memantine, donepezil
hydrochloride) for at least 30 days, as described previously
[13]. The cases that received antiviral therapy were defined
as the presence of claims data for any of the three antivi-
ral agents (i.e., acyclovir, famciclovir, valaciclovir) within
1 month at the time of HZ diagnosis.

In addition, the following clinical characteristics that
may act as potential confounders for HZ and dementia were
identified using the appropriate ICD-10 codes: age, sex, eco-
nomic class, hypertension, diabetes, dyslipidemia, chronic
lung disease, ischemic heart disease, stroke, heart failure,
atrial fibrillation, valvular heart disease, chronic renal dis-
ease, carotid stenosis, peripheral vascular disease, chronic
liver disease, rheumatic disease, inflammatory bowel dis-
ease, malignancy including hematologic malignancy and
solid tumor, solid organ transplantation, human immunode-
ficiency virus infection, and depression.

Statistical analysis

Categorical data were compared by chi-squared tests and
continuous variables were analyzed by unpaired Student’s
t tests. The risk of dementia in the group with zoster com-
pared to that of the non-HZ group was assessed using a Cox
regression model with time-dependent covariates. The inci-
dences of dementia and HZ were analyzed and presented as
incidence rates per 1000 person-years (PY). The confidence
intervals (CI) of the incidence rates were estimated under the
assumption that the number of cases followed a Poisson dis-
tribution. To compare the HZ group and the non-HZ group,
the incidence rate ratio (IRR) and 95% CI were calculated.
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Propensity score-matched analysis was carried out to
assess the risk of dementia following HZ in groups with
or without antiviral treatment. Propensity scores were esti-
mated using multiple logistic regression analysis without
regard to the outcome variables. A full nonparsimonious
model was developed that included all variables shown
in Table 1. The propensity score-matched pairs were cre-
ated by matching the treated and untreated subjects using
calipers of width equal to 0.1 of the standard deviation of
the logit of the propensity score. We utilized the standard-
ized difference of means (SDM) to estimate the differences
in baseline characteristics. For categorical variables, the
multivariate Mahalanobis distance method was used to

generalize the SDM metric. Less than 10% SDM has been
suggested to denote that the imbalance may be negligible
[14, 15]. The risks for dementia and mortality were com-
pared in the propensity score-matched cohort using a Cox
proportional hazard model with robust standard errors.
Cumulative incidences of dementia were constructed as
Kaplan—Meier estimates according to antiviral treatment.
We conducted a prespecified subgroup analysis according
to age. Furthermore, a number of sensitivity analyses were
performed to test the robustness of our findings. First, we
repeatedly measured outcome of dementia as defined by
diagnostic codes regardless of receiving anti-dementia

Table 1 Baseline characteristics of patients with dementia and herpes zoster

Variables Total (n=229,594) Dementia (n=10,482) p HZ (n=35,017) p HZ without p
prior dementia®
(n=34,505)

Age, mean (SD), years 61.7 (9.4) 68.9 (7.7) <0.001 60.4 (8.1) <0.001 60.3 (8.1) <0.001

50-59 99,751 (43.4) 992 (9.5) 15,987 (45.7) 15,925 (46.2)

60—-69 77,860 (33.9) 3961 (37.8) 13,164 (37.6) 12,958 (37.6)

>70 51,983 (22.6) 5529 (52.7) 5866 (16.8) 5622 (16.3)
Male sex 104,025 (45.3) 3322 (31.7) <0.001 13,526 (38.6) <0.001 13,370 (38.7) <0.001
Economic class

I 47,139 (20.5) 2427 (23.2) <0.001 5793 (16.5)  <0.001 5681 (16.5) <0.001

I 23,660 (10.3) 1285 (12.3) 4966 (14.2) 4908 (14.2)

I 37,233 (16.2) 1464 (14.0) 5688 (16.2) 5629 (16.3)

v 46,728 (20.4) 2040 (19.5) 7436 (21.2) 7317 (21.2)

\% 65,834 (28.7) 3266 (31.2) 11,134 (31.8) 10,970 (31.8)
Hypertension 55,639 (24.2) 3699 (35.3) <0.001 9426 (26.9)  <0.001 9233 (26.8) <0.001
Diabetes 28,502 (12.4) 1891 (18.0) <0.001 4925 (14.1)  <0.001 4815 (14.0) <0.001
Dyslipidemia 20,519 (8.9) 1243 (11.9) <0.001 3995 (11.4)  <0.001 3912 (11.3) <0.001
Chronic lung disease 36,683 (16) 2247 (21.4) <0.001 6660 (19.0)  <0.001 6534 (18.9) <0.001
Ischemic heart disease 13,192 (5.7) 922 (8.8) <0.001 2333 (6.7) <0.001 2281 (6.6) <0.001
Stroke 7104 (3.1) 663 (6.3) <0.001 1015 (2.9) 0.02 984 (2.9) 0.005
Heart failure 6835 (3) 550 (5.2) <0.001 1107 (3.2) 0.03 1074 (3.1) 0.11
Atrial fibrillation 1685 (0.7) 129 (1.2) <0.001 265 (0.8) 0.59 257 (0.7) 0.80
Valvular heart disease 990 (0.4) 69 (0.7) <0.001 167 (0.5) 0.16 164 (0.5) 0.18
Chronic renal disease 2148 (0.9) 108 (1.0) 0.30 392 (1.1) <0.001 390 (1.1) <0.001
Carotid stenosis 62 (0.0) 7(0.1) 0.01 5(0.0) 0.12 5(0.0) 0.12
Peripheral vascular disease 5746 (2.5) 468 (4.5) <0.001 1049 (3.0) <0.001 1024 (3.0) <0.001
Chronic liver disease 1832 (0.8) 70 (0.7) 0.13 262 (0.7) 0.26 255 (0.7) 0.18
Rheumatic disease 10,628 (4.6) 721 (6.9) <0.001 2057 (5.9) <0.001 2022 (5.9) <0.001
Inflammatory bowel disease 929 (0.4) 60 (0.6) 0.005 185 (0.5) <0.001 181 (0.5) <0.001
Malignancy 7212 (3.1) 350 (3.3) 0.23 1084 (3.1) 0.60 1062 (3.1) 0.46
Solid organ transplantation 43 (0.0) 0(0.0) 0.15 11 (0.0) 0.06 11 (0.0) 0.05
HIV infection 19 (0.0) 1 (0.0) 0.88 7(0.0) 0.009 7 (0.0) 0.007
Depression 1846 (0.8) 143 (1.4) <0.001 364 (1.0) <0.001 349 (1.0) <0.001

Data are no. (%) of persons, unless indicated otherwise

HZ herpes zoster, SD standard deviation, H/V human immunodeficiency virus

#Herpes zoster not experiencing preceded dementia (HZ without prior dementia)
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agents. In addition, we re-analyzed study cohort includ-
ing only those who were observed more than 12 months.

In Korea, the entire population residing within the country
is a beneficiary of the Korean National Healthcare System,
which provides universal coverage. Healthcare providers are
required to bill their medical services for reimbursement
from the government, and the insurance claims data incor-
porate information such as diagnostic codes, procedures
or prescription, and personal information. Considering the
comprehensive nature of the claims data, we assumed that
the database has minimal or no missing values. All reported
p values are two-sided, and p <0.05 were considered statisti-
cally significant. Data manipulation and statistical analyses
were conducted using SAS® version 9.2 (SAS Institute Inc.,
Cary, NC, USA).

Results

The schematic flow chart of the study is shown in Fig. 1. A
total of 229,594 people aged 50 years or older who were not
diagnosed with HZ or dementia during the wash-out period
were observed for 11 years. During the study period, 10,482

(5%) and 35,017 (15%) were diagnosed with dementia and
HZ, respectively. Of these 35,017 patients with HZ, 512
patients with HZ had the precedent diagnosis of dementia, so
the remaining 34,505 patients were classified as HZ without
prior dementia. The baseline clinical characteristics of the
patients who developed dementia and HZ, and HZ without
prior dementia during the study period are shown in Table 1.

Incidences and risk of subsequent dementia
with or without herpes zoster

The incidences of first-diagnosed HZ, HZ without prior
dementia, and first-diagnosed dementia were 16.69, 16.45,
and 4.67 per 1000 PY, respectively (Table 2). The incidence
of dementia after zoster was 8.53 per 1000 person-years and
that of dementia without prior HZ was 4.39 (Table 2). The
crude IRR for the risk of dementia in patients with HZ was
1.94, and the adjusted hazard ratio (HR) calculated by mul-
tivariate analysis was 1.12 (95% CI 1.05-1.19; Table 3).
Among various types of dementia, Alzheimer’s disease was
significantly associated with HZ by multivariate analysis
(Table 3).

Adults (age>50)
between Jan 2002 and Dec 2013
(n=231,531)

I Wash-out period (Jan 2002~Dec 2013) |

\4

» | diagnosed herpes zoster or dementia + |

Eligible populations
(n=229,594)

Non zoster group
(n=195,089)

Zoster group
(n=34,505)

Antiviral treatment
(n=28,873)

No treatment
(n=5,632)

1:1 Propensity score matching

A\ 4

\ 4

Antiviral treatment
(n=5,618)

No treatment
(n=5,618)

Fig. 1 Flow chart of population selection and propensity score-matched analysis
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Table 2 Incidence of herpes zoster and dementia

N (%) Incidence® 95% CI

Impact of antiviral treatment in patients with HZ

In the 34,505 patients with HZ, 28,873 (84%) were treated

Dementia 10,482 (100) 4.67 4.58-4.76 with antiviral agents. The baseline clinical characteristics of
Age group the patients according to antiviral therapy are summarized
50-59 992 ) 0.93 0.88-0.99 in Table 4. Compared with patients who were treated with
60-69 3961(38)  5.08 4.92-524 antiviral therapy, untreated patients were more likely to be
270 5529 (53) 13.67 13.31-14.03 older, have lower economic status, and higher prevalence of
Zoster 35,017 (100) 16.69 16.52-16.87  hypertension, diabetes, and various comorbidities including

Age group stroke and ischemic heart disease.

50-59 15,987 (46) 16.09 15.85-16.34 The number of first-ever diagnosed dementia cases
60-69 13,164 38) 18.2 17.89-18.51  was 301 in 24,522 PY (12.27 per 1000 PY [95% CI
270 5866 (17)  15.39 15.00-15.78 ~ 10.89-13.66]) in untreated patients and 964 in 123,692 PY
Zoster without prior 34,505 (100) 16.45 16.27-16.62  (7.79 per 1000PY, [95% CI 7.30-8.29]) in treated patients.
dementia . . ..

A Importantly, patients who received antiviral therapy had a
if) gsrgup 15,925 (46) 16,03 15.78-16.28 significantly lower risk of dementia compared with untreated

- 925 (46) 16, 7871028 atients (crude IRR, 0.64 [95% CI 0.56-0.72]; Table 5).
60-69 12,958 (38) 17.92 17.61-18.22 . . . . .
-0 S622(16) 1475 143615 14 After multivariate Cox regression analysis, the covariate-
=70 (16) ~14. 36-15. adjusted HR was 0.79 (95% CI 0.69-0.90; Table 5).

Dementia after zoster 1265 (100) 8.53 8.06-9.01

Age group Propensity score-matched analysis
50-59 126 (10) 1.84 1.52-2.16
60-69 SI7@h - 9.15 8.36-9.94 The treated and untreated patients had a significant imbal-
>70 622 (49) 26.73 24.63-28.84 . . . . .

o ance in their baseline demographics, which may have led
Dementia without zoster 9217 (100) 4.39 4.30-4.48 .. .

Ace arou to bias in treatment assignment. We therefore controlled
£c grotp for potential residual confounding factors using the pro-
50-59 866 (9) 0.87 0.81-0.93 . . .

069 34443T) 476 460490 pensity score-matched analysis. After the propensity score
70 1907 (53 12.87 12'51 1'3 -3 matching, all variables were adjusted and the SMD for
- 3 ) el each variable was less than 10% (Table 4). In the matched
CI confidence interval cohort, both groups consisted of 5,618 patients. The inci-
*Number indicates incidence rate per 1000 person-years dence of dementia after HZ was 12.26 per 1000 PY in
the untreated patients (95% CI 10.87-13.65) and 9.36
per 1000 PY in the treated patients (95% CI 8.20-10.52).
The adjusted hazard ratio for the risk of dementia in the
treated patients was 0.76 (95% CI 0.65-0.90; Table 5).
Table3 Risk of dementiaafter — 5o¢ ooy IRR (95% CI) p Adjusted HR® (95% CI) P
herpes zoster
Type of dementia
All 1.94 (1.83-2.06) <0.001 1.12 (1.05-1.19) <0.001
Alzheimer’s disease 1.91 (1.78-2.04) <0.001 1.11 (1.04-1.19) 0.003
Vascular dementia 2.09 (1.77-2.46) <0.001 1.17 (0.99-1.38) 0.07
Others 2.00 (1.71-2.35) <0.001 1.12 (0.95-1.31) 0.18
Age group
50-59 2.11 (1.75-2.55) <0.001 1.09 (0.90-1.31) 0.39
60—-69 1.92 (1.75-2.11) <0.001 1.07 (0.97-1.17) 0.17
>70 2.08 (1.91-2.26) <0.001 1.16 (1.07-1.27) <0.001

IRR incidence rate ratio, CI confidence interval, HR hazard ratio

4Adjusted for age, sex, economic class, hypertension, diabetes, dyslipidemia, chronic lung disease,
ischemic heart disease, stroke, heart failure, atrial fibrillation, valvular heart disease, chronic renal disease,
carotid artery stenosis, peripheral vascular disease, chronic liver disease, rheumatic disease, inflammatory
bowel disease, malignancy including hematologic malignancy and solid tumor, solid organ transplant, HIV

infection, and depression
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Table 4 Baseline demographic characteristics of patients with herpes zoster according to antiviral therapy

Total population with herpes zoster

Propensity score-matched population

untreated (n=5632) treated (n=28,873) p SDM (%) untreated (n=5622) treated (n=5622) p SDM (%)
Age, mean (SD), y 68.4 (8.8) 66.9 (8.1) <0.001 16.99%  68.4(8.8) 68.5 (8.9) 0.65 -0.84%
50-59 939 (16.7) 5584 (19.3) 15.02% 936 (16.6) 934 (16.6) 0.67%
60-69 2293 (40.7) 13,084 (45.3) 2289 (40.7) 2273 (40.4)
>70 2400 (42.6) 10,205 (35.3) 2397 (42.6) 2415 (43)
Male sex 2204 (39.1) 11,166 (38.7) 0.52 0.95% 2197 (39.1) 3430 (61) 0.92 0.18%
Economic class <0.001 6.63% 0.90 1.96%
| 1134 (20.1) 5089 (17.6) 1132 (20.1) 1159 (20.6)
1T 673 (11.9) 3590 (12.4) 671 (11.9) 662 (11.8)
1 827 (14.7) 4283 (14.8) 826 (14.7) 831 (14.8)
v 1108 (19.7) 6027 (20.9) 1106 (19.7) 1069 (19.0)
\" 1890 (33.6) 9884 (34.2) 1887 (33.6) 1901 (33.8)
Hypertension 3164 (56.2) 14,862 (51.5) <0.001 9.45% 3155 (56.1) 3127 (55.6) 0.60 1.00%
Diabetes 1890 (33.6) 8127 (28.1) <0.001 11.73% 1883 (33.5) 1888 (33.6) 0.92 -0.19%
Dyslipidemia 2104 (37.4) 10,329 (35.8) 0.02 3.29% 2099 (37.3) 2080 (37.0) 0.71 0.70%
Chronic lung disease 2263 (40.2) 10,593 (36.7) <0.001 7.19% 2258 (40.2) 2197 (39.1) 0.24 2.22%
Ischemic heart 1093 (19.4) 4317 (15) <0.001 11.83% 1088 (19.4) 1044 (18.6) 0.29 2.00%
disease
Stroke 731 (13.0) 2498 (8.7) <0.001 13.97% 728 (12.9) 707 (12.6) 0.55 1.12%
Heart failure 533 (9.5) 1771 (6.1) <0.001 12.44% 529 (9.4) 498 (8.9) 031 191%
Atrial fibrillation 197 (3.5) 581 (2.0) <0.001 9.09% 193 (3.4) 181 (3.2) 0.53 1.19%
Valvular heart 88 (1.6) 251 (0.9) <0.001 6.33% 86 (1.5) 78 (1.4) 0.53 1.19%
disease
Chronic renal disease 286 (5.1) 688 (2.4) <0.001 14.26% 279 (5.0) 280 (5.0) 0.97 -0.08%
Carotid stenosis 22 (0.4) 131 (0.5) 0.51 -0.97% 22(0.4) 19 (0.3) 0.64 0.89%
Peripheral vascular 999 (17.7) 4781 (16.6) 0.03 3.13% 997 (17.7) 949 (16.9) 0.23 2.26%
disease
Chronic liver disease 149 (2.6) 466 (1.6) <0.001 7.15% 145 (2.6) 124 (2.2) 0.20 2.44%
Rheumatic disease 561 (10.0) 2392 (8.3) <0.001 5.82% 558 (9.9) 553 (9.8) 0.87 0.30%
Inflammatory bowel 29 (0.5) 125 (0.4) 0.40 1.19% 29 (0.5) 21(04) 0.26 2.14%
disease
Malignancy 706 (12.5) 2307 (8.0) <0.001 15.02% 698 (12.4) 708 (12.6) 0.78 -0.54%
Solid organ trans- 28 (0.5) 31(0.1) <0.001 7.11% 25(0.4) 19 (0.3) 0.36 1.71%
plant recipient
HIV infection 4(0.1) 7 (0.0) 0.07 2.14% 3(0.1) 5(0.1) 0.48 -1.33%
Depression 118 (2.1) 436 (1.5) 0.001  4.40% 117 (2.1) 111 (2.0) 0.69 0.76%

Data are no. (%) of persons unless indicated otherwise

SDM standardized difference of mean, SD standard deviation, H/V human immunodeficiency virus

The cumulative incidence of dementia after HZ was
consistently lower in the treated group during the study
period (Fig. 2). The effect of antiviral therapy on subse-
quent dementia was the largest in the 50-59 age group
and decreased with age (HR 0.46 [50-59 years], 0.58
[60-69 years], 0.81 [>70 years]). However, the difference
in incidence ratios between the three age groups was not
significant (p = 0.47 for interaction).

@ Springer

Sensitivity analyses

The results were robust in sensitivity analyses in which
the definition of dementia was made by diagnostic codes
regardless of concomitant anti-dementia drug use. In this
analysis, incidences of dementia were significantly higher
in HZ group than non-HZ group and were lower in HZ
patients with receiving antiviral treatment than untreated
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Table 5 Risk of dementia after zoster in patients according to antivi-
ral therapy

Hazard ratio 95% CI P

Primary analysis

Unadjusted analysis® 0.64 0.56-0.72 <0.001
Multivariate analysis® 0.79 0.69-0.90 <0.001
Propensity score-matching 0.76 0.65-0.90  0.001
analysis
Subgroup analyses
Age group 0.47¢
50-59 0.60 0.19-1.87
60-69 0.69 0.47-1.01
>70 0.79 0.65-0.95
Sensitivity analyses
Dementia defined by ICD-code  0.75 0.67-0.83 <0.001

Subjects restricted to those who 0.80 0.66-0.97  0.02
were observed for more than

12 months

Subjects restricted to those who 0.82
were observed for more than
24 months

0.66-1.01  0.058

*Unadjusted analysis was performed in the total cohort population
with zoster

"The results of the multivariate analysis are presented as adjusted
hazard ratios. The following variables were included in the multivari-
ate analysis for adjustment: age, sex, economic class, hypertension,
diabetes, dyslipidemia, chronic lung disease, ischemic heart disease,
stroke, heart failure, atrial fibrillation, valvular heart disease, chronic
renal disease, carotid artery stenosis, peripheral vascular disease,
chronic liver disease, rheumatic disease, inflammatory bowel disease,
malignancy including hematologic malignancy and solid tumor, solid
organ transplant, HIV infection, and depression

¢p for interaction

HZ patients (Tables 5 and 6, respectively). The association
of the antiviral therapy with lower incidence of subse-
quent dementia was consistently observed after limiting
the study population restricted to those who was observed
for at least 12 months (Table 5).

Association between antiviral treatment
and mortality

We further investigated whether there was a difference in
mortality between the treated and untreated groups, and
observed that the risk of mortality was significantly lower
in the treated group (crude hazard ratio, 0.44 [95% CI
0.41-0.47], in Table 7). The lower mortality risk remained
significant after covariate-adjustment by multivariate Cox
regression analysis (adjusted HR 0.55 [95% CI 0.51-0.60])
and the propensity score-matched analysis (adjusted HR
0.61 [95% CI 0.55-0.68], in Table 7).

Discussion

In this population-based cohort study comprising 229,594
individuals, HZ showed a temporal association with sub-
sequent development of dementia. In addition, propensity
score-matched analysis showed that the use of systemic
antiviral agents was associated with a significantly lower
risk for dementia in patients with HZ. Our findings provide
important information on the epidemiologic association
between two common age-related diseases as well as the
potential protective effect of systemic antiviral agents in
patients with first-episode HZ on dementia.

Two recent studies conducted in Taiwanese population
showed an epidemiological association between HZ and
dementia; compared with the general population without
HZ, patients diagnosed with herpes zoster ophthalmicus
(HZO) or HZ had 3- and 1.11-fold higher risk for demen-
tia [9, 10]. However, the former study was limited in that
dementia was defined only by the diagnostic code and
the effectiveness of the antiviral therapy was not evalu-
ated; also, the results lacked sufficient generalizability
and applicability because only a minor subtype of zoster
(HZO) was studied [9]. The latter study encompassed the
entire zoster subtypes and showed that the incidence of
dementia in patients who received antiviral treatment was
lower than that in untreated patients [10]; however, demen-
tia was defined only by the diagnostic code, and covariates
were not sufficiently controlled. In this study, we identified
the dementia case by the diagnostic code with the drug
reimbursement data to include more refined cases. Several
validation studies from various population settings showed
that the accuracy of dementia identification is generally
improved by ascertaining cases with prescription data
of anti-dementia drugs [16—19]. Yet, there was a risk of
underestimating the true prevalence of dementia as not
all patients with dementia would be on medications. We
therefore performed a sensitivity analysis with a modified
definition for dementia and reaffirmed the robustness of
the results.

We designed the present study to provide more concrete
results with the Cox regression model with time-dependent
covariates to control for time-related bias [20]. In addition,
the propensity score-matched analysis was used to control
the imbalances in the probability of receiving antiviral
therapy. After such methodological and statistical consid-
erations, we found that HZ was significantly associated
with a higher risk of dementia and that antiviral therapy
in patients with HZ was associated with a lower risk of
dementia. These results were consistent with those of the
aforementioned Taiwanese studies [9, 10]. The robust-
ness of our findings was demonstrated in other sensitiv-
ity analyses controlling outcome definition or length of
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Fig.2 Cumulative incidence of dementia after zoster stratified by
antiviral treatment. The Kaplan—-Meier curve represents the cumula-
tive incidence of dementia in the zoster group with or without antivi-

Table 6 Adjusted hazard ratios of herpes zoster for dementia defined
only by diagnostic code

Age group Adjusted HR?* (95% 95% CI P

CI)
All 1.08 1.04-1.12 <0.001
50-59 0.96 0.86-1.07 0.45
60-69 1.10 1.04-1.17 0.001
>70 1.10 1.04-1.16 0.002

#Adjusted for age, sex, economic class, hypertension, diabetes, dys-
lipidemia, chronic lung disease, ischemic heart disease, stroke, heart
failure, atrial fibrillation, valvular heart disease, chronic renal disease,
carotid artery stenosis, peripheral vascular disease, chronic liver dis-
ease, rheumatic disease, inflammatory bowel disease, malignancy
including hematologic malignancy and solid tumor, solid organ trans-
plant, HIV infection, and depression

observation period. In our study, the incidence of post-
zoster dementia in the treated group was approximately
one-fourth lower than that in the untreated group; in the
Taiwanese study, the incidence of dementia in patients
who received antiviral treatment was about half of that
in untreated patients [10]. The relatively weaker effect of
antiviral therapy on lowering dementia risk may be due to
the rigorous adjustment of possible confounders carried
out in our current study.

@ Springer

ral therapy (p=0.002 by the log-rank test). The first year of the sur-
vival curve was zoomed in

Table 7 Risk of death after zoster in patients according to antiviral

therapy

Hazard ratio 95% CI p
Primary analysis
Unadjusted analysis® 0.44 0.41-0.47 <0.001
Multivariate analysis® 0.55 0.51-0.60 <0.001
Propensity score-matching 0.61 0.55-0.68 <0.001
analysis
Sensitivity analyses
Subjects restricted to those who 0.74 0.65-0.83 <0.001

were observed for more than
12 months

#Unadjusted analysis was performed in the total cohort population
with zoster

®The results of the multivariate analysis are presented as adjusted
hazard ratios. The following variables were included in the multivari-
ate analysis for adjustment: age, sex, economic class, hypertension,
diabetes, dyslipidemia, chronic lung disease, ischemic heart disease,
stroke, heart failure, atrial fibrillation, valvular heart disease, chronic
renal disease, carotid artery stenosis, peripheral vascular disease,
chronic liver disease, rheumatic disease, inflammatory bowel disease,
malignancy including hematologic malignancy and solid tumor, solid
organ transplant, HIV infection, and depression

Several biological mechanisms have been proposed
regarding the virus-related sequelae on dementia. The
insulin-degrading enzyme (IDE), which has a major role in
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Alzheimer’s disease by degrading amyloid-beta (Ap), also
functions as a cellular receptor of VZV [21]. Thus, it may
be possible that the binding of VZV to IDE hinders the IDE-
mediated degradation of Af, thereby leading to increased
production of amyloid plaques [22]. Also, VZV may directly
contribute to neuronal death and subsequent dementia by
inducing local and systemic inflammation [23], as VZV
can transaxonally migrate to the central nervous system and
induce subclinical inflammation [24]. Recent studies have
also shown that viral infection itself may induce the forma-
tion of amyloid plaques, as human simplex virus-1 (HSV-1)
infection resulted in AP accumulation and tau phosphoryla-
tion in neuronal cells [25, 26]. Interestingly, Ap may have
a protective effect against HSV-1 infection by interfering
with viral replication [27], and one study showed that AP
peptide oligomers can bind to the surface glycoproteins of
HSV-1 and human herpesvirus 6 (HHV-6), thereby leading
to viral entrapment and subsequent protection against viral
infection [28]. It is possible that such protective effect is
followed by accelerated deposition of AP and paradoxically
contribute to the development of dementia [29]. As VZV
and HSV-1 both belong to the family Herpesviridae, VZV
may also show similar effects on AP. Recent studies have
introduced an in vitro model of VZV infection and a simian
varicella virus infection in non-human primates [30, 31];
therefore, further research utilizing these preclinical models
would be invaluable in delineating the role of VZV infection
in the development of dementia. VZV may also contribute
to the development of dementia by inducing vasculopathy
and subsequently increasing the risk of stroke, which in turn
acts as a major risk factor for dementia [32, 33]. Thus, the
magnitude of the effect of HZ and stroke on dementia should
be evaluated.

Our study has several limitations. First, due to its obser-
vational nature and unmeasured confounding in nonrand-
omized longitudinal study, our study falls short of drawing
a definite conclusion on the causal relationship between
dementia and HZ. As an example, it is possible that elderly
patients who take multiple medications are less likely to be
prescribed additional antiviral therapy. In addition, due to
their acute symptoms, patients who were diagnosed as HZ
might have an early opportunity to be assessed or better
recognized as dementia. Alternatively, patients with post-
herpetic neuralgia might be more prone to be neurologi-
cally assessed and have a better chance for early diagnosis of
dementia. Furthermore, there may be a deviation in the pur-
chase of antiviral drugs due to economic differences between
patients; however, medical expenses—especially for low-
income patients—are fully covered by the national insurance
program in Korea, so this scenario may be less likely in
our study cohort. Second, there is a possibility of misclas-
sification due to the uncertainty of events or outcomes as
defined by the health insurance claims data. Nevertheless,

the reliability of the diagnostic code for HZ has been vali-
dated [34, 35] and we tried to improve the specificity of our
working definition of dementia by including the prescription
history of patients with dementia. The incidence of dementia
in our study cohort was 5.1 per 1000 PY in the 60—69-years
age group and 13.7 in the >70-years age group, which is
consistent with those reported in previous epidemiologic
studies in East Asian populations (4.9-7.0 per 1000 PY in
the 60—69-years age group and 10.3-15.4 per 1000 PY in
the >70-years age group) [2, 36]. Such consistency reflects
the validity of the working definition of dementia used in
this study. In addition, we further conducted the sensitiv-
ity analysis in which dementia was defined only by ICD-
10 codes, and found similar results. Finally, given the high
prevalence of HSV-1 among Asian populations [37], the
coincidental suppression of HSV-1 by antiviral treatment
for HZ may have conferred some effects in the prevention of
dementia. Indeed, the association between antiviral therapy
and the dramatic reduction in subsequent dementia inci-
dence in patients with HSV has been previously reported
[7]. Further studies are needed to assess the role of antiviral
agents against HZ in the prevention of dementia by control-
ling for the presence of HSV. Despite these limitations, our
data demonstrated the epidemiologic association between
two common age-associated diseases, HZ and dementia, and
added weight to this association by showing the protective
effect of antiviral agents on dementia in patients with HZ.
Therefore, our data suggest important public health interven-
tion and warrant further studies on the causal relationship
by investigating the pathophysiological mechanisms and
conducting interventional trials.

In conclusion, our results suggest that HZ increases the
risk of dementia and that intervention with antiviral therapy
may be useful in reducing the risk of dementia. The biologi-
cal mechanism of the association between HZ and demen-
tia should be further investigated. Meanwhile, physicians
should consider the higher risk of dementia in patients with
HZ and the potential beneficial effect of systemic antiviral
therapy.
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