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Abstract

Introduction: Herpesviruses, including Herpes simplex virus type 1 (HSV1) and vari-

cella zoster-virus (VZV), have been implicated in Alzheimer’s disease (AD) develop-

ment. Likewise, antiviral treatment has been suggested to protect against dementia

development in herpes-infected individuals.

Methods:The study enrolled 265,172 subjects aged≥50 years, with diagnoses of VZV

or HSV, or prescribed antiviral drugs between 31 December 2005 and 31 December

2017. Controls werematched in a 1:1 ratio by sex and birth year.

Results:Antiviral treatment was associated with decreased risk of dementia (adjusted

hazard ratio [HR] 0.89, 95% confidence interval [CI] 0.86 to 0.92), while herpes infec-

tion without antiviral drugs increased the risk of dementia (adjusted HR 1.50, 95% CI

1.29 to 1.74).

Discussion: Antiviral treatment was associated with a reduced long-term risk of

dementia among individualswith overt signs of herpes infection. This is consistentwith

earlier findings indicating that herpesviruses are involved in the pathogenesis of AD.
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1 BACKGROUND

There is growing evidence to support the link between herpes infec-

tions and Alzheimer’s disease (AD).1–3 Targeting herpesviruses with

specific antiviral agents could provide new AD treatment possibilities

if a preventive effect is confirmed.

Herpes simplex virus type 1 (HSV1) is the herpesvirus most

strongly associatedwith AD.1–3 Several population-based cohort stud-

ies have demonstrated an increased risk of AD development for car-

riers of HSV1,4–6 particularly in combination with genetic risk factors
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including apolipoprotein E ε4 (APOE ε4).3,7–9 Both in vivo and in vitro,

inoculation with HSV1 among other pathogens causes AD-related

changes with amyloid deposition.10–14 Another neurotropic member

of theHerpesviridae family implicated in dementia development is vari-

cella zoster virus (VZV).15–18 Reactivation of VZV causes shingles,

that is, herpes zoster. Herpes zoster ophthalmicus is a subtype of the

herpes zoster infection that affects the ophthalmic division of the

trigeminal nerve. VZV infection of the central nervous system (CNS)

has previously been linked to long-term cognitive decline.19,20 Recent

data suggest that herpes zoster ophthalmicus and herpes zoster
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infection are associated with a 3.0- and 1.1-fold increased risk of

dementia development.15,16,18 It has been hypothesized that in the

eventof herpes zosterophthalmicus, thevirusmore frequently spreads

to the brain, thereby explaining a stronger association with dementia

development.21

Herpes infections are commonly treated with acyclovir or its pro-

drug valacyclovir. Acyclovir is a nucleoside analogue that interferes

with viral DNA replication and inhibits viral proliferation in infested

cells. Interestingly, according to recent registry-based studies, the

risk of developing dementia with both symptomatic HSV and herpes

zoster infection appears to be reduced after antiviral treatment (haz-

ard ratio [HR] 0.09, 0.55, and 0.76, respectively).15,18,22 The protective

effect of antiviral drugs showed a dose-response relationship in which

longer duration of treatment (>30 days) appeared to have a greater

preventive impact on dementia incidence compared to a shorter

regime.22

Thus, previous findings have indicated a potential protective role

of antiviral treatment against dementia development15,18,22 and these

results need to be corroborated in other large-scale cohorts. The aim

of this study was to investigate whether specific antiviral treatment

targeting herpesviruses and herpes infection with VZV and HSV, in

absenceof treatment, affects the risk of subsequentdementia in a large

registry-based cohort in Sweden.

2 METHODS

2.1 Ethical approval

The National Board of Health andWelfare in Sweden and the Regional

Ethical Review Board in Umeå Sweden approved the study (Dnr 2013-

86-31M). In accordance with Swedish legislation, the requirement for

informed consent was waived by both institutions.

2.2 Research setting

This study took place in Sweden, a country of ≈10 million inhabitants,

with 21 regions providing health care. The vast majority of health-care

services in Sweden are tax funded and include both hospitals and out-

patient clinics.

2.3 Study cohort

We conducted a matched cohort study based on pre-existing nation

registries, of 265,172 individuals aged 50 years and older at inclusion.

Inclusion criteria were having received diagnoses of HSV or VZV infec-

tion or having been prescribed antiviral drugs between 31 December

2005 and 31December 2017. All available casesmeeting the inclusion

criteria were selected. Controls without herpes diagnoses and antivi-

ral drugs werematched randomly in a 1:1 ratio by sex and year of birth

from thewhole Swedish population.

RESEARCH INCONTEXT

1. Systematic review: We searched PubMed for relevant

articles. Previous reports have indicated that antiviral

treatment might protect against dementia develop-

ment in herpes-infected individuals. In addition, the

herpesviruses herpes simplex virus type 1 (HSV1)

and varicella zoster virus (VZV) might contribute to

Alzheimer’s disease (AD) pathogenesis. However, more

studies are warranted to further investigate the potential

protective role of antiviral treatment in dementia.

2. Interpretation: Our findings together with previous

reports suggest that antiviral treatment might reduce

long-term risk of dementia. In contrast, untreated herpes

infection increases the subsequent dementia risk.

3. Future directions: Further epidemiological aswell as clin-

ical trials are needed to establish the effect of antiviral

treatment for reducing the risk of AD development.

HIGHLIGHTS

∙ Antiviral treatment was associated with decreased risk of

dementia.

∙ There is higher dementia risk with untreated herpes sim-

plex and varicella zoster infection.

∙ Herpesviruses might be involved in Alzheimer’s disease

pathogenesis.

2.3.1 Databases

Data of viral diagnoses and antiviral treatment were collected from

twonationwide databases: theNational Patient Register (NPR) and the

Swedish Prescribed Drug Register (SPDR).23–25 Both SPDR and NPR

are managed by the National Board of Health and Welfare in Sweden

and hold data on age (in years), sex, geographical information, dates

of admission and discharge, and drug prescription date. The registers

are protected by secrecy according to Swedish legislation but can be

disclosed upon reasonable request for research purposes. To protect

patient privacy, datawereanonymizedby removal of thepersonal iden-

tity numbers from the data set.

The SPDR was established in July 2005 and includes all prescrip-

tions dispensed by Swedish pharmacies and contains information on

number of fillings and package size.26 Anatomical Therapeutic Chem-

ical (ATC) codes were used to identify drugs in the SPDR.

TheNPR includes in- and outpatient diagnoses in specialist clinics.27

The inpatient register has had full coverage since 1987 while registra-

tion of outpatient diagnoses began in 2001. Information concerning

both main and secondary diagnoses is available. However, diagnoses
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made in primary health-care centers are not included in theNPR. Diag-

noses were registered according to the International Classification of

Diseases-10 (ICD-10).

Education level and vital status were retrieved from Statistics Swe-

den and the Swedish Cause of Death Register, respectively.

2.4 HSV, VZV infections and antiviral treatment

HSV diagnoses were identified by ICD-10 codes for genital (A60.x)

and non-genital HSV (B00.x)—ie, A60.0-A60.1 and A60.9, and B00.0–

B00.9, B00.1A–B00.1B, B00.1W, and B00.1X. Cases of VZV diagnosis

included ICD-10 codes for varicella (B01.x) and herpes zoster (B02.x)—

ie, B01.0–B01.2 and B01.8–B01.9, and B02.0–B02.3 and B02.7–

B02.9). The term of symptomatic HSV/VZV infection was defined as

≥1 in- or outpatient diagnosis of eitherHSVorVZV.HSVandVZVdiag-

noses in Sweden are usually based onphysical examswith the presence

of typical rashes anddistribution. Inmoredifficult cases or atypical pre-

sentation, polymerase chain reaction (PCR) or serological testing can

be used, but it is not a routine procedure in clinical practice. Unfor-

tunately, NPR does not hold information of serological testing or PCR

results.

Antiviral treatment denotes individuals whowere prescribed any of

the followingmedications: acyclovir, cidofovir, famcyclovir, gancyclovir,

valacyclovir, or valgancyclovir with ATC codes J05AB01, J05AB12,

J05AB09, J05AB06, J05AB11, and J05AB14, respectively (Table 1).

2.5 Outcome—dementia diagnoses and
anti-dementia drugs

Dementia status was defined as diagnoses of AD, vascular demen-

tia, or unspecified dementia, registered by ICD-10 codes F00.x, F01.x,

F03.x in the NPR, or the prescription of anti-dementia drugs, acetyl-

cholinesterase inhibitors (donepezil, rivastigmine, or galantamine) or

memantine in the SPDR (ATC codes N06DA02, N06DA03, N06DA04,

N06DX01) during the study period. Individuals with any form of

dementia or who had been prescribed anti-dementia drugs at, or prior

to the time of, inclusion, were excluded from both groups.

2.6 Statistical analyses

The index date was defined as the first date of diagnosis of HSV or

VZV infection, or the first antiviral treatment date. Controls were

assigned the same index date as their corresponding case. Follow-

up time was terminated by either diagnosis of dementia, prescription

of anti-dementia drugs, death, or on 31 December 2017, whichever

occurred first.

Multivariable stratified Cox proportional hazard regression mod-

els were used to investigate the associations between herpes diag-

noses with and without antiviral treatment and dementia incidence in

thematched sample.28 Separate analyses were performed for subjects

with (1) herpes diagnoses without antiviral treatment, (2) herpes diag-

noses with antiviral treatment, and finally (3) antiviral treatment irre-

spective of herpes diagnosis, many of whom did not have a registered

diagnosis of herpes infection (ie, unknown indication, because the pre-

scription was issued at a primary care center and the diagnoses there-

fore were not included in the NPR). The proportional hazard assump-

tion was tested by evaluation of unadjusted Kaplan-Meier curves for

all groups and by plotting scaled Schoenfeld residuals for each vari-

able against follow-up time.We assessed that the variables were time-

independent before performing the Coxmodel analysis.

All multivariable analyses were adjusted for baseline comorbid-

ity and educational level (primary, secondary, and university). We

attempted to control for potential confounding by including pre-

exposure variables associated with the outcome and the exposure

based on previous knowledge in the multivariable models, that is, vari-

ables for comorbidity status, prescription of drugs, and educational

level. Variables for comorbidity status were coded dichotomously and

included alcohol intoxication, chronic obstructive pulmonary disorder,

congestive heart failure, myocardial infarction, Parkinson’s disease,

stroke (hemorrhagic and ischemic), and prescription of drugs (antide-

pressants, antidiabetics, antihypertensives, or antipsychotics). All diag-

noses were based on ICD-10 codes and were retrieved from the NPR.

Thus, theyonly compriseddiagnosesmade in specialist clinics. Thevari-

ables for prescribed drugs were used to account for conditions often

managed in primary care settings and included antidepressants (ATC

codeN06A), drugs used in diabetes (ATC code A10), antihypertensives

(ATC codes C02: antihypertensive drugs, C03: diuretic drugs, C07:

beta-blocking agents, C08: calcium-blocking agents, and C09: agents

acting on the renin-angiotensin system), and antipsychotics (ATC code

N05A, excluding N05AN, ie, lithium).

Separatemodels were fitted to compare themost common antiviral

agents: acyclovir and valacyclovir. To distinguish the individual effect

of HSV fromVZV on incident dementia, subgroup analyses of HSV and

VZV diagnoses were performed.

Additional Cox regression analyses were performed to compare

dementia incidence between subjectswith herpes diagnoseswhowere

prescribed antiviral treatment, with those subjects with herpes diag-

noses who were not prescribed antiviral treatment (ie, treated and

untreated herpes). Because these analyses were not stratified, age and

sex were included in the regression models to adjust for potential con-

founding. Kaplan-Meier curves were constructed in R version 3.4.3

using the “ggplot2” package to visualize the incidence of dementia in

the different subgroups.

SPSS Statistics version 24 (IBMCorporation, Armonk, NY, USA)was

used for statistical analyses. A two-tailed P-value < .05 and 95% confi-

dence interval not covering onewere interpreted as significant.

3 RESULTS

The matched cohort study followed 265,172 subjects with herpes

diagnoses and antiviral treatment, and the same number of con-

trols (Table 1). Diagnoses of VZV infections were more common than
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TABLE 1 Baseline characteristics

Herpes diagnosis, no antiviral

treatment and controls without

antiviral treatment and herpes

diagnosis

Herpes diagnosis, with antiviral

treatment and controls without

antiviral treatment and herpes

diagnosis

Antiviral treatment irrespective

of diagnosis and controls

without antiviral treatment and

herpes diagnosis

Herpes infection,

no antiviral

treatment,

n= 9933

Controls,

n= 9933

Herpes infection,

with antiviral

treatment,

n= 29,593

Controls,

n= 29,593

Antiviral

treatment

Controls,

n= 255,239

Age, mean± SD, y 75 (± 11) 75 (± 11) 72 (± 10) 72 (± 10) 70 (± 10) 70 (± 10)

Sex, female, (%) 57.9 57.9 58.7 58.7 61.4 61.4

Educational level, (%)

Missinga 1.9 2.3 1.2 1.2 1.0 1.6

Primary school 42.9 41.2 36.3 38.1 32.3 35.4

Secondary school 36.9 36.6 24.7 38.1 38.7 39.4

University 18.9 19.9 24.7 22.0 28.0 23.6

Antiviral treatment, (%)

Acyclovir (J05AB01) 33.4 42.6

Gancyclovir (J05AB06) <0.01 <0.01

Famcyclovir (J05AB09) 0.2 0.1

Valacyclovir (J05AB11) 66.1 52.8

Cidofovir (J05AB12) 0.0 <0.01

Valgancyclovir (J05AB14) 0.3 0.7

Antiviral prescriptions, n (%)

One 27,449 (92.8) 240,676 (94.3)

Two 1888 (6.4) 12,584 (4.9)

Three 170 (0.6) 1307 (0.5)

Four or more 86 (0.3) 672 (0.3)

Herpes diagnoses, (%)b,c

HSV diagnoses 43.5 22.0

VZV diagnoses 57.6 81.3

Incidence rate for dementia

per 1000 person-years

12.9 10.2 8.5 9.4 6.6 7.4

Incident dementia cases, (%) 5.7 5.4 4.4 5.1 3.5 4.1

Follow-up time, mean, y 4.4 (±3.5) 5.3 (± 3.4) 5.2 (±3.4) 5.4 (±3.4) 5.4 (±3.5) 5.5 (±3.5)

Follow-up time, median, y

and range

3.8 (0–12) 4.9 (0–12) 4.8 (0–12) 5.1 (0–12) 5.0 (0–12) 5.2 (0–12)

Medical conditions, (%)b

Alcohol intoxication 1.3 0.6 0.8 0.9 0.7 1.0

Chronic obstructive

pulmonary disease

2.4 1.1 2.0 1.1 1.3 1.0

Congestive heart failure 3.7 2.0 2.3 1.6 1.5 1.3

Myocardial infarction 4.4 3.3 3.8 2.8 2.7 2.4

Parkinson’s disease 0.3 0.2 0.2 0.3 0.2 0.2

Stroke 4.2 3.3 2.6 2.7 2.2 2.2

Drug prescription

Antidepressants 10.6 9.0 9.9 8.6 10.2 8.9

Antidiabetics 9.7 6.3 7.6 7.1 6.3 6.5

Antihypertensive 38.9 33.8 33.9 30.3 29.5 27.9

Antipsychotics 1.9 1.8 1.4 1.7 1.5 1.8

Abbreviations: HSV, herpes simplex virus; N, number; SD, standard deviation; VZV, varicella zoster virus; y, years.
aMissing values were not imputed andwere thus excluded from the Cox regressionmodels.
bMedical conditions at baseline are coded dichotomously and include diagnoses from specialist clinics.
cSome of which had diagnoses of both VZV andHSV.
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TABLE 2 Cox proportional hazard regressionmodels with associations between dementia incidence and herpes infection with andwithout
antiviral treatment compared to controls without antiviral treatment or herpes diagnosis

Unadjusted hazard ratio, 95% confidence interval, (P value)
Adjusted hazard ratio, 95%

confidence interval, (P value)

Herpes diagnosis, no antiviral treatment, compared to controls

1.43, 1.24–1.65 (<.001) 1.50, 1.29–1.74 (<.001)a

Herpes diagnosis, with antiviral treatment, compared to controls

0.91, 0.83–0.98, (.02) 0.90, 0.82–0.98 (.015)a

Antiviral treatment, irrespective of diagnosis, compared to controls

0.89, 0.86–0.92 (<.001) 0.89, 0.86–0.92 (<.001)a

Herpes diagnosis, with antiviral treatment compared to those without antiviral treatmentb

0.66, 0.60–0.73 (<.001) 0.75, 0.68–0.83 (<.001)c

aHazard ratios adjusted for baseline comorbidity (alcohol intoxication; chronic obstructive pulmonarydisease; congestive heart failure;myocardial infarction;

Parkinson’s disease; stroke; and the use of antidepressant, antidiabetic, antihypertensive, and antipsychotics drugs) and educational level.
bThe comparison groups in this model are not matched by sex and age.
cHazard ratios adjusted for sex, age, baseline comorbidity (alcohol intoxication; chronic obstructive pulmonary disease; congestive heart failure; myocardial

infarction; Parkinson’s disease; stroke; and the use of antidepressant, antidiabetic, antihypertensive, and antipsychotics drugs) and educational level. For this

analysis, sex and agewere also included in themodel because the comparison groups were notmatched.

diagnoses of HSV infections (4323 and 5722 with no antiviral treat-

ment, respectively, and 24,045 and 6510 with antiviral treatment,

respectively, some of which had diagnoses of both HSV and VZV,

Table 1). The most commonly prescribed antiviral drug was valacy-

clovir, followed by acyclovir (Table 1).

Individuals with herpes diagnoses who did not receive antiviral

treatment had higher incidence rates of dementia compared to their

controls (12.9 and 10.2 per 1000 person-years, respectively, Table 1).

In contrast, herpes-diagnosed subjects who received antiviral treat-

ment had lower incidence rates of dementia than their controls (8.5

and 9.4 per 1000 person-years, respectively, Table 1). Last, the demen-

tia incidence rates of antiviral users irrespective of diagnosis and

their controls were 6.6 and 7.4 per 1000 person-years, respectively

(Table 1).

Herpes diagnosis without antiviral treatment was associated with

an increased risk of subsequent dementia (HR 1.50, 95% confidence

interval [CI]: 1.29 to 1.74; Table 2) while antiviral treatment irrespec-

tive of diagnosis was associatedwith a decreased risk (HR 0.89, 95%CI

0.86 to 0.92). Among herpes-diagnosed individuals treatedwith antivi-

ral drugs, the HR for dementia was 0.90 (95% CI 0.82 to 0.98; Table 2).

For the comparison of herpes diagnoses with and without antiviral

treatment, antiviral drugs were associated with decreased dementia

risk (HR0.75, 95%CI 0.68 to 0.83; Table 2). Figure 1 shows the cumula-

tive incidence of dementia for subjects with herpes diagnoses who did

not receive antiviral treatment compared to those with herpes diag-

noses who received antiviral treatment, and their respective controls.

The cumulative incidence of dementia seems to increase gradually over

time in the treated and untreated group (Figure 1). Tables S1 and S2 in

supporting information include additional datawith the results divided

by sex and the correlation of all individual variables with the expo-

sure (ie, antiviral treatment or herpes diagnoses) and the outcome (ie,

dementia).

F IGURE 1 Kaplan-Meier curve of the cumulative incidence of
dementia in different groups. “Controls 1” denote controls of the
“Herpes, no treatment” group. “Controls 2” denote controls of the
“Herpes, with treatment” group. The follow-up differentiated between
subjects, but censors were not drawn in the diagram due to the high
number of individuals censored at each time point

No differences in dementia incidence were observed comparing

acyclovir to valacyclovir (data not shown). In further subgroup anal-

yses, individuals with untreated VZV and HSV infection, respectively,

had overall adjusted HRs of 1.61 (95% CI 1.33 to 1.95, P < .001) and

1.38 (95% CI 1.07 to 1.79, P = .014) for incident dementia, compared

to their respective controls.
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4 DISCUSSION

In this large matched cohort study, specific antiviral treatment target-

ing herpesviruseswas associatedwith an11% risk reduction of demen-

tia. In contrast, having received a herpes diagnosis without antiviral

treatment was associated with a 50% increased risk of dementia com-

pared to controls. These results are in line with previous register-

based studies from Taiwan and South Korea indicating the potential

protective role of antiviral treatment in dementia.15,18,22 Our findings,

together with previous reports, could have potential clinical implica-

tions in which physicians should be even more active in treating symp-

toms of herpes reactivationswith antiviral drugs to possibly reduce the

long-term risk of dementia.

The decreased risk of dementia associated with antiviral treatment

in the present study (HR 0.75) is consistent with the recent work by

Tzeng et al., 22 Chen et al.,15 andBae et al.18 In the study by Tzeng et al.,

a risk reduction (HR 0.009) was found,22 while Bae et al. reported a

HR of 0.76,18 and Chen et al. a HR of 0.55, compared to untreated her-

pes infection.15 Different definitions of herpes infection could partially

explain the difference in effect size between the studies. Herpes infec-

tionwasdefined as≥3 symptomatic reactivations in the studybyTzeng

et al., compared to at least one diagnosis in both the present study, and

the studies by Bae et al. and Chen et al. It seems plausible that indi-

viduals with more frequent reactivations, if the reactivations are left

untreated, may be at higher risk of dementia. It should also be noted

that many dementia cases in the study by Tzeng et al. occurred during

the very first year, but only in theuntreated group,which could indicate

reverse causality.

In this study, the group diagnosed with VZV infection appeared to

have a slightly higher risk of dementia compared to the group diag-

nosed with HSV infection (HRs 1.61 and 1.38, respectively). This result

was quite unexpected as HSV1 is the pathogen most frequently asso-

ciated with AD in the literature.1,3 Further classification of both VZV

and HSV infection into subtypes (herpes zoster ophthalmicus, herpes

zoster, and varicella, and non-genital and genital HSV) may be infor-

mative when interpreting the results, but this subtype classification

was not possible within ourmaterial. In population-based cohorts, her-

pes zoster ophthalmicus infections rather than other herpes zoster

infections have been reported to increase the risk of dementia.15,16 It

has been theorized that in herpes zoster ophthalmicus infections, the

virus is more likely to enter the CNS compared to more peripherally

located herpes zoster infections.21 The potential involvement of VZV

in AD development has been less investigated than in HSV1 and it is

not completely clear how VZV contributes to the development of AD.

VZV has previously been linked to vascular disease and proposed to

be a risk factor for ischemic stroke.29 For this reason, VZV could pos-

sibly increase the risk of vascular dementia instead of AD. The fact

that almost everyone carries VZV makes an investigation in prospec-

tive epidemiological studies less straightforward compared toHSV1.30

Also, VZV-DNA in post mortem brain tissue specimens have not yet

been unambiguously established.31,32 Nonetheless, in three geograph-

ically diverse and independent epidemiological materials, the associa-

tion between VZV and increased risk of dementia was demonstrated,

and the role of VZV in dementia developmentwarrants further investi-

gation.

The protective effect of antiviral treatment in dementia develop-

ment is not known and our observational study cannot determine the

underlying mechanism. Notably, there are other human herpesviruses

possibly involved in the pathogenesis of AD,33,34 and any antiviral

treatment targeting herpesviruses is not specific to HSV or VZV.

The control group in this study comprised both seropositive and

seronegative individuals as the seropositivity status of the subjects is

unknown, especially considering that approximately 70% of the pop-

ulation could be expected to carry HSV1 and > 95% VZV.30 It is rea-

sonable to assume that the controls probably have better immunologi-

cal resilience to herpes infections with fewer episodes of symptomatic

reactivations because they have not received a herpes diagnosis or

been subjected to specialist medical care for this. Importantly, the her-

pes diagnoses primarily reflect symptomatic reactivation or primary

infection with overt signs. Thus, the individuals with herpes diagnoses

constitute a subgroup of those carrying the pathogen.

Genetic data for the study participants were not available. This

is a limitation because HSV1 infection has been shown to be asso-

ciated with increased AD risk, particularly in genetically predisposed

individuals.3,7–9,35 Conversely, individuals carrying the APOE ε4 allele

are also more susceptible to HSV infections.35–37 Another limitation

of our study is that herpes diagnoses were only reported from spe-

cialist clinics. This could introduce a selection bias in which the cohort

with herpes diagnoses may be more fragile than the average person

with herpes, and also shift the proportion of herpes diagnosis sub-

types compared to a primary care setting. Although we had access to

many potential confounders, there is likely residual confounding that

could influence the associations found. All these limitations must be

taken into account when interpreting the results. A further limitation

is that some dementia diagnoses are never detected by the NPR, and

that subtypes of dementia (eg, AD, vascular dementia, and unspecified

dementia) are often misclassified.38 For this reason, we did not divide

the material between different dementia subtypes. Also, the dementia

diagnoses are primarily clinical and not based on post mortem examina-

tions. Hence, our results may not be restricted for AD because mixed

forms are probablymore common thanpureAD.39 Wechose to include

individuals prescribed with anti-dementia drugs to increase the sensi-

tivity of register dementia diagnoses. The proportion of AD patients in

Sweden treated with anti-dementia drugs ranges from 40% to 85% in

different reports.40–42

There are other limitations with our study, including that subtype

classification of VZV and HSV infection was not possible in our data

set. Furthermore, we did not take different treatment regimens into

account, as SPDRdoes not hold data on treatment duration and exactly

defineddaily doses.Wechose to compare caseswithout antiviral treat-

ment to those prescribed antiviral drugs at least once. Hence, we did

not study any dosage- or duration-related effects, whichmay be impor-

tant in cases of irregular prescriptions or interrupted treatment. The

standard dosage for treatment of herpes zoster reactivations accord-

ing to Swedish clinical guidelines is valacyclovir 1000 mg three times a

day for 7 days or acyclovir 800mg five times a day for 7 days. This is the
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most common indication and, acyclovir and valacyclovir are the most

commonly used antiviral drugs in Sweden.

The strengths of our investigation are the large number of subjects

included in this nationwide study on one hand, and that we excluded

those subjects already suffering from dementia at baseline on the

other.

5 CONCLUSION

In this nationwide matched cohort study, antiviral treatment status

was associated with a reduced risk of dementia, while untreated her-

pes infection was associated with an increased risk. These results are

consistent with previous findings indicating a potential protective role

of antiviral treatment against dementia development, as well as the

suggestion that herpesviruses are involved in the pathogenesis of AD.

However, a causal relationship among herpesvirus, antiviral treatment,

and dementia cannot be established from these observations.
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