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Abstract

Background and Objectives

Herpes zoster (HZ) is caused by reactivation of the neurotrophic varicella-zoster virus (VZV).
Zoster may contribute to development of dementia through neuroinflammation, cerebral
vasculopathy, or direct neural damage, but epidemiologic evidence is limited. We used data
from linked nationwide Danish registries to conduct a cohort study of the association between
zoster and dementia during 1997-2017. As secondary aims, we examined whether associations
were more pronounced for zoster involving cranial nerves (mainly ophthalmic zoster) or the
CNS and Alzheimer disease as an outcome.

Methods

We included people aged >40 years with zoster and a general population comparison cohort
matched 5:1 by sex and birth year. We identified zoster and dementia in the registries using
prescription records in the community and hospital diagnoses. We used Cox regression to
compute confounder-adjusted hazard ratios (HRs) with 95% ClIs for dementia associated with
zoster during 0-1 year and 1-21 years of follow-up. We compared the cumulative incidence of
dementia, inverse probability weighted for confounders.

Results

The study included 247,305 people with zoster and 1,235,890 matched general population
comparators (median age 64 years; 61% female). The HR of all-cause dementia was 0.98 (95%
C10.92-1.04) during the first year and 0.93 (95% CI 0.90-0.95) thereafter in people with zoster
vs matched comparators. Dementia was diagnosed in 9.7% of patients with zoster and 10.3% of
matched comparators by the end of follow-up. We observed no increased long-term risk of
dementia in subgroup analyses, except possibly in people with CNS infection (HR 1.94; 95% CI
0.78-4.80). Analyses of Alzheimer disease as a separate outcome showed similar results.

Discussion

HZ is not associated with an increased risk of dementia, and contrary to expectation, we found a
small decrease in the risk. The explanation for this finding is unclear, and systematic errors
should be considered. Patients with CNS involvement had an almost 2-fold increased relative
risk of dementia. The population attributable fraction of dementia due to this rare complication
is estimated at 0.014%. Therefore, universal vaccination against VZV in the elderly is unlikely to
reduce dementia risk.
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Glossary

HR = hazard ratio; HZ = herpes zoster; IPW = inverse probability weighted; VZV = varicella-zoster virus.

Herpes zoster (HZ) is caused by reactivation of varicella-zoster
virus (VZV)—a neurotrophic virus that lies latent in sensory
ganglia following an episode of chickenpox." It has been postu-
lated that latent viral infections, such as that with VZV, increase
the risk of dementia.®> Thus, reactivation of the virus could
promote neuroinflammation® with generation of misfolded
oligomers and the accumulation of amyloid plaques and neuro-
fibrillary tangles composed of hyperphosphorylated tau
protein.>>” VZV may also infect astrocytes directly to promote
production of intracellular amyloid and aggregation of amyloid
fibrils in the extracellular environment.® Another hypothesis is
that HZ, in particular when involving cranial nerves, causes ce-
rebral vasculopathy and stroke”'® with neural damage as a result.
Finally, severe HZ affecting the CNS' could induce encepha-
lopathy and ultimately dementia, similar to what is observed for
HIV and syphilis.""

Epidemiologic evidence for the association between HZ and
dementia is limited. A systematic review found that dementia was
not associated with serologic evidence of past infection with
VZV, nor with recent reactivation, as reflected by VZV nucleic
acid in postmortem brain samples.” Evidence from registry-
based studies is more conflicting, showing up to 9% decreased"”
or up to a 12% increased'>"* relative risk of dementia following
diagnosis of HZ in East Asian populations. One study that fo-
cused specifically on HZ involving the ophthalmic branch of the
trigeminal nerve (ophthalmic HZ) reported a hazard ratio (HR)
for dementia of 2.97 (95% CI: 1.89-4.66)."

To help clarify these discrepant findings, we conducted a
population-based matched cohort study to examine the hy-
pothesis that reactivation of VZV, as measured by HZ diagnosis,
is associated with an increased risk of dementia. As secondary
aims, we examined whether associations were more pronounced
for HZ with involvement of cranial nerves (including the oph-
thalmic nerve), HZ with CNS involvement, and for Alzheimer
disease as a specific cause of dementia. It has been estimated that
the lifetime prevalence of HZ is about 50% in people aged 85
years or older; however, the relative risk of HZ can be decreased
by 96% for at least 3 years after vaccination with the recombinant
VZV subunit zoster vaccine compared with placebo.' HZ may
therefore represent a potentially modifiable risk factor for de-
mentia, a finding, if confirmed, that could be of importance,
considering increasing population longevity and associated
burden of both HZ and dementia.'”

Methods

Setting
We conducted the study in Denmark using routinely collected
health care data from linked nationwide registries. The study
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period was from January 1, 1997, to December 31, 2017,
which ensured at least 2 years of recording in all registries.
We identified primary and secondary (contributing) hospital
diagnoses and hospital treatments through the Danish Na-
tional Patient Registry'® and the Danish Psychiatric Central
Registry,'” which include data on psychiatric admissions
since 1970, medical admissions since 1978, and contacts
with all hospital outpatient clinics and emergency depart-
ments since 1995. We used the Danish National Prescription
Registry”® to identify prescriptions filled at Danish com-
munity pharmacies since January 1, 1995. We identified in-
cident diagnoses of cancer, as recorded in the Danish Cancer
Registry”' since 1943. We retrieved data on demographic
characteristics, deaths, and emigrations from the Civil Reg-
istration System,?” which has provided a complete account
of the entire Danish population on a day-to-day basis since
1968. The registry also assigns Danish residents with a
unique personal identification number, which is used for
registrations of health and social services in Denmark and
thus permitted individual-level data linkage. eMethod 1,
links.Iww.com/WNL/C43, includes code lists for study
variables and eMethod 2 our directed acyclic graph illus-
trating the study hypotheses and covariables.

Study Population

We identified an exposed cohort of persons who during
the study period had incident HZ defined as: (1) a first-ever
inpatient, outpatient hospital clinic, or emergency de-
partment primary or secondary discharge diagnosis of HZ or
(2) a first-time antiviral prescription likely to represent
treatment for HZ (packages with 35 pills of 800 mg acyclovir
or a 500-mg tablet dose of valacyclovir or famciclovir) during
the study period.**** Antiviral prescriptions served as a
surrogate for HZ diagnosed in general and private practice
settings (e.g., dermatology and ophthalmology); diagnoses
in these settings are not recorded in Danish registries. We
restricted analyses to people aged 40 years or older who had
no previous prescription of acyclovir, valacyclovir, or fam-
ciclovir at any dose, to decrease potential misclassification of
herpes simplex, which typically affects younger patients and
may require longer-term or episodic antiviral therapy.”® We
have previously found a positive predictive value of 87% for
this prescription-based algorithm.>* We considered the date
of the first hospital contact (admission date or first out-
patient appointment) with HZ or the date the prescription
was filled to be the diagnosis date (index date). We excluded
people with previous diagnoses of postherpetic neuralgia to
ensure inclusion of current infections. In a secondary anal-
ysis, we restricted to those with a hospital-based diagnosis
consistent with HZ involving (1) cranial nerves or (2) the
CNS (defined by diagnoses of encephalitis, meningoen-
cephalitis, meningitis, or myelitis) because more pronounced
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associations for these manifestations could support vasculop-
athy and encephalitis as potential mechanisms.

We used the Civil Registration System to sample (with re-
placement) a matched comparison cohort including up to S
people from the general population who had the same sex and
birth year as their matched patient with HZ and who were
alive and living in Denmark on the diagnosis date. We
assigned comparators with an index date identical to their
matched patient with HZ. We excluded people with diagnoses
of HZ or postherpetic neuralgia or a previous prescription for
one of the antivirals at any dose before or on the index date.
eFigure 1, linkslww.com/WNL/C43, shows the study
flowchart.

Dementia

We defined dementia as a primary or secondary diagnosis of
dementia from a hospital inpatient or outpatient clinic or as a
prescription of an antidementia drug.>> We considered the
date of the first hospital contact or prescription filled to be the
diagnosis date. We excluded people with a diagnosis of de-
mentia, mild cognitive impairment or an amnestic syndrome,
or a prescription for antidementia drug before or on the index
date. Our main outcome of interest was all-cause dementia;
Alzheimer disease was a secondary outcome. We assumed
that the indication for treatment with an antidementia drug
was Alzheimer disease, although donepezil, rivastigmine, and
galantamine are also approved for Lewy body disease (Par-
kinson disease dementia and dementia with Lewy bodies). We
did not include vascular dementia as a specific outcome be-
cause of poor validity for its diagnosis code.*®

Covariables

Based on our directed acyclic graph, we identified the fol-
lowing possible confounders on or before the index date:
autoimmune disease, chronic kidney disease, chronic ob-
structive pulmonary disease, asthma, cancer, diabetes, use of
glucocorticoids, HIV, lipid-lowering therapy, and traumatic
head injury. When relevant, we supplemented diagnosis codes
with prescription treatment (e.g., antidiabetic drugs for di-
abetes). As a potential mediator of the association between
HZ and dementia, we included diagnoses of stroke as a time-
updated variable with person-time attributed to the stroke
category from time of stroke diagnosis (if any) or from start of
follow-up if diagnosed before the index date. Although a
transient ischemic attack may also signify vasculopathy, we
did not include it as a mediator with stroke because of concern
of misclassification of vague symptoms (e.g., dizziness, feeling
fatigue, falling, and confusion).

Statistical Analysis

We followed cohorts from the day after the index date until
the earliest of the following: first diagnosis of dementia, death,
emigration, or end of the study (December 31,2017). People
in the comparison cohort who were diagnosed with HZ
during follow-up were censored and included in the HZ co-
hort (with their own matched comparators) at the time of
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diagnosis. We characterized study cohorts by covariables and
accumulated person-time. With time since the index date as
time scale, we used Cox regression to compute unadjusted
HRs with 95% ClIs for the HZ cohort compared with the
matched comparison cohort. We stratified the model by
matched set to account for matching factors. We then addi-
tionally adjusted for the aforementioned potential con-
founders (confounder-adjusted model) and finally for both
confounders and time-varying stroke (mediation model). We
followed cohorts to first-ever diagnosis of dementia and
performed analyses for all-cause dementia (main outcome)
and for Alzheimer disease (secondary outcome). Because vi-
sual inspection of log-log plots showed that curves crossed or
merged after 6-12 months of follow-up for most compari-
sons, we divided the follow-up period into 0-1 year and >1
year after the index date. Given the potential of selection
(survival) bias inherent in the use of the HR*” and because we
were interested in absolute risk estimates for the association,
we computed crude and inverse probability-weighted (IPW)
cumulative incidence curves for dementia (accounting for
death as a competing risk) in patients with HZ and matched
comparators. The IPW technique can be used for covariate
adjustment of the cumulative risk function in competing risk
analysis.”® The method requires no assumption about the
form of the cumulative incidence functions, and the in-
terpretation of the resulting cumulative incidence curves is
straightforward. The inverse probability treatment weights are
the inverse of a probability of being exposed, conditional on
the observed covariates (in our case, variables from the
confounder-adjusted model), and are estimated using a lo-
gistic regression model. As a result, a pseudopopulation is
created in which the probability of being exposed does not
depend on the measured covariates. The cumulative risk
function is estimated for each type of event (i.e., dementia or
death) from the weighted subpopulation of all exposed and
unexposed individuals. Confidence bands are estimated using
bootstrap, with newly calculated weights for each bootstrap
replication.

In a secondary analysis, we restricted to patients with HZ (and
their comparators) with a hospital inpatient or outpatient
clinic diagnosis consistent with HZ in dermatomes of the
cranial nerves or with CNS involvement. As a subgroup
analysis, we stratified results for all-cause dementia by age
group at the index date, sex, and mode of HZ identification
(by hospital diagnosis or antiviral prescription), and stroke.
Patients with an HZ hospital diagnosis and prescription on
the same day were classified as identified in the hospital set-
ting. The analysis by stroke included persons in a matched set
who had concordant stroke status (present or absent) at
baseline.

To examine the robustness of our findings, we performed
several sensitivity analyses where we repeated the main
analysis after (1) dividing follow-up into shorter periods (0-1
year, 0-5 years, 0-10 years, 0-15 years, and entire follow-up)
because we expected any potential ascertainment bias to be
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Table 1 Selected Baseline Characteristics of People
Diagnosed With HZ and a Matched General
Population Comparison Cohort, Denmark

1997-2017
HZ Comparison cohort
(n=247,305) (n = 1,235,890)
N N
Age at inclusion, y
Range 40-110 39-110
Median (IQR) 64 (54-74) 64 (54-74)
Groups
40-49 41,077 (16.6) 205,368 (16.6)
50-59 56,811 (23.0) 284,028 (23.0)
60-69 61,939 (25.0) 309,662 (25.1)
270 87,478 (35.4) 436,833 (35.3)
Sex
Men 97,509 (39.4) 487,464 (39.4)
Women 149,796 (60.6) 748,427 (60.6)
Autoimmune disease
Chronic kidney disease 4,368 (1.8) 11,993 (1.0)
Chronic obstructive 14,662 (5.9) 51,742 (4.2)
pulmonary disease
Asthma 4,069 (1.6) 15,004 (1.2)
Hematologic cancer 4,900 (2.0) 7,580 (0.6)
Solid cancer 25,619 (10.4) 100,827 (8.2)
Diabetes 19,485 (7.9) 89,441 (7.2)
Glucocorticoids 12,072 (4.9) 24,581 (2.0)
HIV 441 (0.2) 504 (0.0)
Hyperlipidemia/lipid- 56,375(22.8) 248,140 (20.1)
lowering therapy
Traumatic head injury 7,328 (3.0) 34,181 (2.8)
Stroke? 12,054 (4.9) 53,630 (4.3)
Follow-up (y)
Total 1,765,724 8,631,732
Median (IQR) 6(3-11) 6(3-11)

Abbreviation: HZ = herpes zoster.
aAll variables are at baseline. Note that stroke was included as a time-
updated variable in the main regression analysis.

most pronounced in early follow-up periods; (2) restricting to
those aged 60 years or older on the index date given higher
validity of HZ identification for this age group23 and because
the event rate for dementia is expected to be low among
younger people; (3) restricting to those with the index date
before September 2014 when the live-attenuated zoster
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vaccine was marketed; (4) excluding prescriptions for anti-
dementia drugs from the outcome definition (except for ex-
cluding prevalent dementia at baseline) because the drugs
could potentially be used for mild cognitive impairment off-
label and against recommendations; (S) changing the cen-
soring criteria so that people in the comparison cohort who
joined the HZ-exposed cohort during follow-up continued to
be followed in the comparison cohort as well (a more con-
servative intention-to-treat approach); (6) changing the def-
inition of Alzheimer disease to include also codes for
unspecified dementia, which often represent Alzheimer dis-
ease”’; and (7) excluding those with a hospital diagnosis or
prescription record suggesting the presence of Parkinson
disease or Lewy body dementia at baseline (competing indi-
cations for antidementia drugs) and censoring people if the
codes appeared during follow-up (relevant for Alzheimer
disease only). In a post hoc analysis, we additionally adjusted
for selected cardiovascular diseases (acute myocardial in-
farction, angina pectoris, heart failure, and hypertension) and
liver disease at baseline. We performed all analyses using SAS
version 9.4.

Standard Protocol Approvals, Registrations,
and Patient Consents

The study was approved by the Data Protection Agency
(record number: 1-16-02-370-14). Approval by an ethical
review board or informed consent was not required.

Data Availability

No additional unpublished data are available because this
study used existing data from the Danish nationwide regis-
tries, which are accessible to researchers who fulfill local re-
quirements following approval by the Danish Data Protection
Agency and the Danish Health Data Authority.

Results

We identified 247,305 people with HZ and 1,235,890
matched comparators (eFigure 1, links.Iww.com/WNL/
C43). The median age was 64 years (interquartile range:
54-74 years; total range 40110 years), and 61% were women
(Table 1). HIV infection, hematologic cancer, use of oral
glucocorticoids, and chronic kidney disease were more prev-
alent in patients with HZ than matched comparators.

Rates and confounder-adjusted HRs of all-cause dementia
associated with HZ are presented in Figure 1. eTable 1, links.
Iww.com/WNL/C43, shows the number of people, events,
person-years at risk, and results from the different regression
models. We observed no substantial differences between es-
timates from unadjusted, confounder-adjusted, and mediator-
adjusted models. The confounder-adjusted HR of all-cause
dementia was 0.98 (95% CI 0.92-1.04) during the first year
and 0.93 (95% CI 0.90-0.95) thereafter in people with HZ
compared with matched people from the general population.
The IPW cumulative incidence of dementia by the end of
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Figure 1 Rate (per 1,000 Person-Years) and HRs® With 95% Cls of Dementia Associated With HZ Within 0-1 year (A) and 1-21
years (B) of Follow-up, Denmark 1997-2017

A Rate Rate
patients with HZ  comparators HR (95% CI)
i
Overall 5.31 5.40 4|L 0.98 (0.92, 1.04)
Cranial nerve }
involvement 16.67 10.18 |——— 1.83(1.03, 3.25)
|
CNS |
involvement 23.38 5.94 : * 6.83(1.23,37.97)
|
Age group (years) |
40-49 0.05 0.17 ¢ 1.00 (1.00, 1.00)
50-59 0.22 048 ——— : 0.34(0.17, 0.66)
60-69 1.17 1.55 —— | 0.66 (0.51, 0.86)
70+ 14.4 14.07 * 1.02 (0.96, 1.09)
|
Sex '
Women 5,53 5.68 <+ 0.97 (0.90, 1.05)
Men 4.97 4.97 + 1.00 (0.90, 1.11)
|
HZ identification |
Hospital-based 14.84 8.49 | —— 1.78 (1.42, 2.23)
Prescription-based 4.97 5.29 0J| 0.94 (0.88, 1.00)
|
Stroke diagnosis I
No 4.71 4.89 - 0.97 (0.90, 1.04)
Yes 17.65 17.25 I — 1.53(1.09, 2.15)
|
|
T T T { T T T T T 17T T
NN NN 1 52 QPR
B Rate Rate
patients with HZ  comparators HR (95% Cl)
|
Overall 6.06 6.52 ’: 0.93(0.90, 0.95)
Cranial nerve :
involvement 10.26 9.00 —1— 1.07 (0.79, 1.45)
|
CNS |
involvement 8.77 7.27 : * 1.94 (0.78, 4.80)
|
Age group (years) |
40-49 0.32 0.29 —— 1.03(0.82, 1.30)
50-59 1.06 1.10 -l 0.93(0.84, 1.03)
60-69 4.48 452 4 0.97 (0.92, 1.02)
70+ 17.87 19.41 * 0.91 (0.89, 0.94)
|
Sex [
Women 6.60 6.95 JI 0.95(0.92, 0.97)
Men 5.18 5.82 * 0.89 (0.85, 0.92)
|
HZ identification |
Hospital-based 9.33 9.25 do 1.07 (0.94, 1.21)
Prescription-based 5.97 6.42 0: 0.92 (0.90, 0.94)
|
Stroke diagnosis |
No 5.78 6.24 ol 0.92(0.90, 0.94)
Yes 15.04 16.36 Jlo— 1.04 (0.82, 1.32)
|
|
T T T { T T T T T 7T T
NN NN 1 52 RPN

HR (95% ClI)

HR = hazard ratio; HZ = herpes zoster. *Calculated with Cox proportional hazards regression accounting for matching factors (age and sex) and adjusted for
autoimmune disease, chronic kidney disease, chronic obstructive pulmonary disease, asthma, hematologic cancer, solid cancer, diabetes, glucocorticoids,
HIV, lipid-lowering therapy, and traumatic head injury.
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Figure 2 Crude (Left Panel) and Inverse Probability-Weighted® (Right Panel) Cumulative Incidence Curves With 95% Cls for
Dementia in People With Herpes Zoster (HZ) and a Matched General Population Comparison Cohort, Denmark
1997-2017, Accounting for Death as a Competing Risk
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*Weighted for autoimmune disease, chronic kidney disease, chronic obstructive pulmonary disease, asthma, hematologic cancer, solid cancer, diabetes,

glucocorticoids, HIV, lipid-lowering therapy, and traumatic head injury.

follow-up was 9.7% (95% CI 9.4%-10.0%) in patients with
HZ vs 10.3% (95% CI 10.1%-10.4%) in matched compara-
tors (Figure 2).

Ophthalmic HZ was the most common form of cranial nerve
involvement (83%; 990 of 1,190). Although estimates were
imprecise, we found an increased HR of dementia within the
first year for those with HZ involving cranial nerves (HR 1.83;
95% CI 1.03-3.25) or the CNS (HR 6.83; 95% CI 1.23-37.97).
Stratified analyses showed decreasing HRs with decreasing age,
but no effect modification by sex. Within the first year, the HR
was increased among those who had a hospital record of HZ
compared with those without any previous hospital or pre-
scription record of HZ (HR 1.78; 95% CI 1.42-2.23) and
among patients with HZ diagnosed with stroke after the index
date compared with those with neither HZ nor stroke at
baseline (HR 1.53; 95% CI 1.09-2.15). After the first year of
follow-up, the HR remained increased only for HZ with CNS
involvement (HR 1.94; 95% CI 0.78-4.80). For the remaining
subgroups, HZ was unassociated with a risk or associated with a
slightly decreased risk of dementia. The lowest HR was found
in men (HR 0.89; 95% CI 0.85-0.92 compared with 0.95; 95%
CI 0.92-0.97 in women). In a post hoc analysis restricted to
ophthalmic HZ, the confounder-adjusted HR was 1.70
(0.91-3.17) in the first year and 1.23 (0.89-1.70) thereafter
(eTable 2, links.lww.com/WNL/C43).

The analysis of Alzheimer disease as an outcome revealed
similar associations as for all-cause dementia: the confounder-
adjusted HR was 0.91 (95% CI 0.82-1.01) for the first year of
follow-up and 0.93 (95% CI 0.90-0.97) thereafter (eTable 3,
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links.Iww.com/WNL/C43). Furthermore, all sensitivity
analyses supported the main findings (eTables 4-6).

Discussion

Contrary to our prediction, we found that HZ was associated
with a small (7%) decreased relative risk of dementia in a
cohort followed for up to 21 years. However, the overall dif-
ference in the absolute risk was small (below 1%). In the small
subgroup of patients with HZ infection involving the CNS,
there was a 2-fold increase in the relative risk of dementia after
1 year of follow-up and a higher risk during the first year of
follow-up, but estimates were imprecise. Furthermore, the
population attributable fraction for dementia associated with
HZ infection involving the CNS would be only 0.014% for a
disease prevalence of 0.03% (based on a complication rate of
0.10% in our study population and an assumed prevalence of
HZ of 30% in the population).” Findings were similar when
Alzheimer disease was the outcome.

Previous population-based studies report both decreased'>
and increased">"® risks of dementia after HZ infection. A
case-control study from the National Health Insurance
Service—National Sample Cohort in South Korea found lower
odds of prior HZ (OR 0.91; 95% C10.84-0.97) among 11,445
people aged 60 years or older with dementia compared with
45,780 matched controls without dementia.'* This result
contrasts with findings from 2 earlier cohort studies in people
S0 years or older: one based on the same National Sample
Cohort" and the other derived from the National Health
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Insurance Research Database in Taiwan.'* The South Korean
study followed 34,505 people with HZ and 195,089 people
without HZ for up to 11 years (HR 1.12; 95% CI
1.05-1.19)."* The Taiwanese study followed 39,205 people
with HZ and an equal number of matched comparators for up
to 17 years (HR 1.11; 95% CI 1.04-1.78)."*

We found that dementia risk was almost doubled in the first
year after cranial nerve HZ, of which most cases involved the
ophthalmic nerve. This result is in accordance with an in-
creased risk of dementia in a separate Taiwanese report where
846 people with ophthalmic HZ aged 40 years or older were
followed for S years and compared with 2,538 people with no
HZ diagnosis in the year before cohort entry (HR 2.97; 95%
CI 1.89-4.66)."> Our results suggest that the association is
limited to the first year after HZ, which may represent de-
tection bias (see below).

In addition to being conducted in different populations, prior
215 may have been affected by selection bias, although
the magnitude or direction of potential bias is unknown. In
the cohort studies, follow-up began at the start of the study
period or on the diagnosis date for people with HZ, whereas
comparators were selected from a population without HZ at
any time during the study period. This sampling technique,
which conditions on future information on the absence of HZ,
may have selected people who were disproportionally healthy
(and therefore less likely to develop HZ) or who died during
the study period (and therefore had less chance to develop
HZ), both of which would affect dementia risk. A similar
sampling technique was applied to identify controls without
dementia in the Korean case-control study.

studies

The increased dementia risk observed in patients with HZ
with CNS involvement is in accordance with studies that
specifically considered CNS infection with VZV.>*3* A
Danish study of 517 people with VZV DNA detected in the
CSF by PCR found that the HR of dementia was 3.4 (95% CI
1.5-7.7) within 0-1 years and 2.4 (95% CI 1.4-4.1) within
1-12 years of follow-up, compared with 9,823 age- and sex-
matched people from the general population.30 Similarly, a
Swedish study found cognitive impairment in 14 patients with
CNS infection with VZV 3 years earlier compared with 28
age- and sex-matched controls.>" Three small case series also
support memory impairment up to 7 years after acute
infection,>*>* but one of the studies found no alterations in
concentrations of biomarkers (e.g., neurofilament light chain,
amyloid-B, and total-tau) in the CSF.** Finally, a population-
based cohort study from the United Kingdom found an in-
creased risk of diagnosis with cognitive problems (rate ratio
3.07;95% CI12.54-3.71) or dementia (rate ratio 2.66; 95% CI
1.94-3.65) in 2,460 people with encephalitis of unspecified
cause compared with 47,914 people without encephalitis.>®

The association between HZ involving the CNS and de-
mentia may be mediated by neuroinflammation and direct
cerebral damage. Although vasculopathy could also play a
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role, inclusion of stroke diagnoses in the mediation model
did not attenuate HRs. Stroke is therefore not part of the
explanation, although we cannot exclude the possibility of
microinfarction, which does not cause clinical stroke. The
particularly strong association in the first year may represent
acute or subacute effects of HZ, misclassification of reversible
cognitive change due to the acute infection, or diagnostic bias
stemming from extensive clinical examination in the acute
phase. The latter may explain the short-term increase in the
risk of dementia among those with stroke as a complication
and among those with hospital-based HZ diagnoses, including
ophthalmic HZ. Although our prescription-based algorithm
likely identified most cases of ophthalmic HZ treated in pri-
vate specialty practice, these patients could not be singled out
for subgroup analyses and may represent milder and less
comorbid patients than those treated by hospital ophthal-
mology departments.

The slightly decreased long-term risk of dementia, including
Alzheimer disease, was unexpected. Milder symptoms of HZ
may be overlooked, neglected, or wrongly diagnosed in peo-
ple with early undiagnosed dementia or milder degrees of
cognitive impairment, leading to misclassification and an ap-
parent noncausal decreased risk of dementia in those with HZ.

We were not able to examine whether antiviral treatment
modifies the association between HZ and dementia. Our
cohort was mainly identified based on antiviral prescriptions
at HZ-specific doses; we had no information on treatments
dispensed at hospitals but assume that most patients received
antiviral drugs in this setting. Our findings may therefore not
generalize to patients with HZ who were not treated and
whose symptoms may have been milder. In a randomized
controlled trial including patients with herpes simplex en-
cephalitis treated with an initial standard course of in-
travenous acyclovir, extendend treatment with valacyclovir 2 g
thrice daily for 90 days was associated with a possible 19%
relative reduction in cognitive sequela at 12 months compared
with placebo (adjusted OR 0.81; 95% CI 0.24 -2.77); how-
ever, results were imprecise and compatible with both a
substantial decreased and increase in risk.’* A multicenter
observational cohort study in Wales, Germany, Scotland, and
Denmark also found a slightly decreased relative risk of de-
mentia in elderly treated with antivirals for herpes infections;
however, results were heterogeneous among countries, and
there was no variation by the number of treatment courses,
type of dementia, or herpes subtype in settings where this
information was available.>” We found almost identical esti-
mates in our cohort, focusing specifically on HZ using a val-
idated algorithm in primary care and hospital-diagnosed
patients. Two other East Asian studies have examined the role
of antivirals for HZ specifically, showing that any treatment
with antivirals after start of follow-up was associated with up
to a 45% decrease in the relative risk of dementia.'*'* Con-
sidering that HZ is usually treated for a short period of 7-10
days, confounding from factors that predict treatment with
antivirals (e.g., health-seeking), could explain the decreased
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risk of dementia in ours and these previous studies. Our in-
terpretation is supported by a strong association between
prescribed treatment and reduced mortality in one of the
studies (HR 0.61; 95% CI 0.55-0.68)."* Similar selection
mechanisms are likely to explain the decreased risk of de-
mentia in people vaccinated against HZ in recent studies.**°

Some HZ-exposed patients in our study may have had herpes
simplex, which has also been implicated in dementia patho-
genesis.2 However, the association was similar when we re-
stricted analyses to people aged 60 years or older, where
validity for our prescription-based algorithm is particularly
high.** Depression is sometimes misdiagnosed as dementia
and has been associated with HZ. However, we do not expect
that misclassification of depression as dementia depends on
the history of HZ. Misclassification among dementia types is
possible,m41 but our main outcome was all-cause dementia
for which the positive predictive value of hospital discharge
diagnoses is estimated at 86%. The positive predictive value
for an Alzheimer disease hospital diagnosis is also high, and
results were robust in our sensitivity analysis that classified
people with unspecified dementia as having Alzheimer dis-
ease. We also expect high validity of antidementia drugs for
identifying dementia because they are not approved for other
conditions and results were robust in the sensitivity analysis
relying on diagnoses only.

Major confounding from lifestyle (smoking, alcohol, obesity,
and physical exercise) is unlikely because our previous research
found no evidence of strong associations with HZ.** The study
also suggested that socioeconomic factors are not associated
with HZ in Denmark. Furthermore, the aforementioned mul-
ticenter study on antiviral treatment and the risk of dementia
found no effect of adjusting for education level and civil sta-
tus.>” Other studies have reported a possible association be-
tween socioeconomic measures and an increased risk of
*3% If this were the case, the true HR for dementia
would be slightly lower than observed in our study (i.e., further
below the null) because of an increased dementia risk in those
who are socially deprived.”” Confounding by high-level of
perceived psychological stress may have a similar effect, given
its potential association with an increased risk of HZ* and
dementia.* Finally, we lacked information on potentially rel-
evant biomarkers, including serial measurements of virus or
antibodies in blood or CSF, brain scan results, and markers of
genetic susceptibility, such as apolipoprotein genotype, which
may modify Alzheimer disease risk after exposure to herpes
simplex.*” Also, follow-up may have been too short to detect an
association in the oldest participants of our study, limiting
generalizability of our findings to the oldest age groups.

zoster.

In conclusion, we found evidence that people with HZ have a
slightly reduced long-term relative risk of dementia compared
with people in the general population without HZ. This
finding could be explained by missed HZ diagnoses in people
with undiagnosed dementia or possibly by a protective role of
antiviral medications. Our analyses could not address putative

Neurology.org/N

effects of antiviral treatment, and this topic merits further
research. Although we found that patients with CNS in-
volvement had an almost two-fold increased relative risk of
dementia, the population attributable fraction of dementia
due to this rare complication is low, suggesting that universal
vaccination against VZV in the elderly has limited potential to
reduce dementia risk.
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