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Abstract

Background: Considering the growing body of evidence suggesting a potential implication of herpesviruses in the
development of dementia, several authors have questioned a protective effect of antiherpetic drugs (AHDs) which
may represent a new means of prevention, well tolerated and easily accessible. Subsequently, several epidemiological
studies have shown a reduction in the risk of dementia in subjects treated with AHDs, but the biological plausibility of
this association and the impact of potential methodological biases need to be discussed in more depth.

Methods: Using a French medico-administrative database, we assessed the association between the intake of
systemic AHDs and the incidence of (i) dementia, (i) Alzheimer’s disease (AD), and (iii) vascular dementia in 68,291
subjects over 65 who were followed between 2009 and 2017. Regarding potential methodological biases, Cox models
were adjusted for numerous potential confounding factors (including proxies of sociodemographic status, comorbidi-
ties, and use of healthcare) and sensitivity analyses were performed in an attempt to limit the risk of indication and
reverse causality biases.

Results: 9.7% of subjects (1=6642) had at least one intake of systemic AHD, and 8883 incident cases of dementia
were identified. Intake of at least one systemic AHD during follow-up was significantly associated with a decreased
risk of AD (aHR 0.85 95% confidence interval [0.75-0.96], p=0.009) and, to a lesser extent with respect to p values, to
both dementia from any cause and vascular dementia. The association with AD remained significant in sensitivity
analyses. The number of subjects with a regular intake was low and prevented us from studying its association with
dementia.

Conclusions: Taking at least one systemic AHD during follow-up was significantly associated with a 15% reduced
risk of developing AD, even after taking into account several potential methodological biases. Nevertheless, the low
frequency of subjects with a regular intake questions the biological plausibility of this association and highlights the
limits of epidemiological data to evaluate a potential protective effect of a regular treatment by systemic AHDs on the
incidence of dementia
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Background
Given the limited therapeutic arsenal available for a dis-
order as devastating as Alzheimer’s disease (AD), identi-
. . fication of new avenues of prevention is a public health
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biotherapies, another means of prevention deserves to be
explored: the antiherpetic drugs (AHDs).

Indeed, the recent discovery of the antimicrobial role
of the amyloid peptide [1-4] reinforced the hypothesis
implicating infectious agents in the development of AD.
Among the suspected pathogens (which include in par-
ticular different herpesviruses [5-7]), herpes simplex
virus type 1 (HSV-1) is the most studied candidate [8],
and numerous studies in vitro, in animals and in humans
provide arguments in favor of its involvement in AD. It
is a neurotropic virus with a particular tropism for the
temporal lobe. Able to move from neurons to neurons,
it is found in the brains of elderly subjects, particularly
in areas affected by AD (reviewed in [9]). After infection,
usually at a young age [10], it stays in the body in a latent
state in the trigeminal ganglion and periodically reacti-
vates, symptomatically or not [11]. Its reactivation leads
to the accumulation of pathological hallmarks of AD
(including amyloid and tau pathologies as well as neu-
roinflammation, oxidative stress, mitochondrial damage,
impaired autophagy, synaptic dysfunction, and neuronal
apoptosis) in vitro or in animal models (reviewed in [12])
and can also translate into the onset of memory-type
cognitive decline in mice [13]. With aging, the progres-
sive immunosenescence of both adaptive immunity and
microglia may explain (i) an increase in the frequency of
viral reactivations in the central nervous system leading
to a subsequent accumulation of antimicrobial amyloid
peptides and (ii) a decrease in the clearance of these pep-
tides by the microglial cells as well as the appearance of
deleterious neuroinflammation for the neurons [14, 15].
Moreover, links can be made between HSV infection and
risk factors for AD—especially genetic ones. For example,
numerous products of these genetic risk factors seem to
interact with HSV during its cellular cycle [16-18] and
some of them (including APOE [19-23]) influence the
susceptibility of infections and associated complications.
Thus, the existence of susceptibility factors (whether
genetic, environmental, or related to the virus) may
explain why—despite an HSV-1 seroprevalence of around
80% in the elderly [10], some infected subjects remain
healthy carriers while others develop neurological com-
plications of the infection.

Consequently, several authors have questioned a pro-
tective effect of AHDs, which could represent a new
means of prevention, well tolerated and easily acces-
sible. In vitro studies [24—27] have demonstrated that
adding AHDs into a cellular medium inhibits the HSV-
1-induced appearance of AD markers. Moreover, recent
epidemiological results (mainly from medico-adminis-
trative databases) suggest a significant reduction in the
risk of dementia in subjects infected with HSV or vari-
cella-zoster virus (VZV) and treated with AHDs [28-33].
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However, (i) the biological plausibility of the association
found and (ii) potential indication or reverse causal-
ity biases have rarely been discussed. Thus, with this in
mind, we further explored whether the protective effect
of systemic AHDs on the onset of dementia was replica-
ble using a French large medico-administrative database.

Methods

Data source

The “Echantillon Généraliste des Bénéficiaires” (EGB)
is a 1/97th random sample of affiliates to the French
Health Insurance System (which covers approximately
98% of the population) [34, 35]. It is representative of
the national population in terms of sex and age and con-
tains in particular information relating to (i) sociodemo-
graphic data including information of health insurance
complementary coverage for low-income people; (ii)
“long-term diseases” (LTDs), a group of chronic diseases
for which all medical expenses are fully reimbursed; (iii)
outpatient healthcare expenditures reimbursements; (iv)
outpatient drug reimbursements identified by their Ana-
tomical Therapeutic Chemical (ATC) code and the pre-
scriber specialty [36]; (v) information on hospitalizations
with the primary, related, and associate diagnoses coded
according to the International Classification of Diseases
10th revision (ICD10); and (vi) dates of death.

Study design and included subjects

We constituted a cohort study of elderly subjects from
the EGB datasource (study design diagram in Fig. 1) [37].
All eligible subjects were included on January 1, 2009
(i.e., cohort entry date) (as the dates of hospitalizations
are only available from that date in the EGB). No inclu-
sion took place thereafter.

On January 1, 2009, 507,251 subjects were present
in the EGB, and to note, they were all affiliated with
the primary health care insurance system (covering
approximately 80% of the population in France) as other
health insurance schemes joined the EGB later. We then
excluded subjects aged under 65 on January 1, 2009
(n=433,462), subjects not present in the EGB from Janu-
ary 1, 2007 (n=2134) to have a sufficient time window
before the cohort entry date to assess exclusion criteria
and covariates and subjects with dementia identified
before or on January 1, 2009 (n=3364 prevalent demen-
tias). The criteria for identifying prevalent dementias are
detailed in paragraph 2.4.

Finally, our sample included 68,291 subjects (flow chart
in Fig. 2) who were followed until their exit from the pri-
mary health care insurance system, the onset of demen-
tia, death, or the end of the study period (December 31,
2017), whichever occurred first.
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Cohort entry date
Day 0

Exclusion assessment windows
1. Day [0,0] Subjects aged < 65 years
2. Day [- 730, - 730] Subjects not present in the database on
January 01, 2007
3. Days (-1461 , 0] Subjects with a dementia identified before or
on 01/01/2009 (minimum window of 2 years)

=

1. Day [0,0] Age and sex

2. Days [- 365, - 0] Type of treatments, number of treatments,
number of consultations and being the beneficiary of a |
complementary health insurance for low-income people.

3. Days (-1461, 0] Declaration of long-term diseases (minimum
window of 2 years)

Exposure assessment window
Days [0, 3286): The use of systemic antiherpetic drugs was _
considered time-dependent: a subject was considered exposed
from the first intake after cohort entry date (and only if this first
intake preceded the onset of the outcome of interest).

Days ]0, 3286): Subjects were followed until their exit from the
primary health care insurance system, the onset of dementia, death
or December 31, 2017, whichever occurred first. -® ® ®
Ti
March 01, January 01,  January 01, December 31, ime
2005 2007 2009 2017

Fig. 1 Study design diagram for the main analysis. Figure adapted from the graphic and terminological recommendations of the article by
Schneeweiss 2019 [37]

50 7251 subjects present in the database

on January 1, 2009 oo :
i Exclusion of |

» - 433 462 subjects under 65 years of age on January 1, !

v { 2009 ;

73 789 subjects aged 65 and over
on January 1, 2009

Exclusion of i
- 2 134 subjects not present in the database on |
January 01, 2007 |

. A

- 3364 subjects with prevalent dementia diagnosed
before or on January 1, 2009
68 291 subjects in our main study sample
Fig. 2 Flow chart of included subjects
Exposure to antiherpetic drugs variable was the intake of systemic AHDs. Nonsystemic

During follow-up, we identified all reimbursements for =~ AHDs were not considered since their systemic pas-
antivirals that were effective against HSV-1 (whether they  sage is very low (making an effect on the prevention of
were usually prescribed for this indication, for cytomeg-  dementia unlikely).

alovirus (CMV) or VZV infections). The ATC codes used For systemic AHDs, we further described the fre-
to define the intake of AHDs are described in the Addi- quency of intake during follow-up, aiming to identify
tional file 1 and in Table 2 for those used by the subjects  subjects with chronic intake. We assumed that, for a
in our sample. To assess the association between tak-  plausible protective effect of AHDs on dementia, the
ing AHDs and the incidence of dementia, the exposure  treatment would need to be taken repeatedly. Indeed, it is
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known that (i) current AHDs are not curative treatments;
they only prevent the virus from replicating for the treat-
ment period, (i) the French recommended durations of
treatment are less than 10 days (except in some cases
with an occurrence of > 6 herpetic recurrences per year
or in some immunocompromised subjects), and (iii) the
frequency of asymptomatic reactivations is high (accord-
ing to Miller et al. 70% of subjects had HSV-1 shedding
at least once per month and some more than 6 times per
month) [11, 38].

We also identified hospitalizations with diagnoses
linked to HSV, VZV, or CMV infections (see Additional
file 1) to identify subjects with potentially more severe
infections. We could not use the specialty of the pre-
scriber to infer the indication for treatment because the
majority of systemic AHDs was prescribed by general
practitioners.

Identification of cases of dementia

Subjects were defined as having (i) dementia from any
cause (including unspecified dementia), (ii) AD, or (iii)
vascular dementia (VaD) if at least one of the following
criteria was present (see Additional file 1):

i) Hospitalization in medical or surgical wards with
diagnoses linked to dementia from any cause, AD or
VaD.

ii) A declaration of an LTD related to dementia from
any cause, AD or VaD.

ili) Anti-dementia drugs (i.e., anti-cholinesterase drugs,
memantine, or their association) which were consid-
ered only for the identification of dementia from any
cause or AD.

Dementia cases identified before or on January 1, 2009,
were considered to be prevalent cases (and therefore
excluded from the study sample) while those identified
after January 01, 2009, were incident cases. For incident
cases, the date of dementia onset was defined as the date
of hospitalization, the date of declaration of LTD related
to dementia or the date of dispensing anti-dementia
drugs, whichever occurred first.

Statistical analysis

Cox proportional hazard regression models were used
to estimate cause-specific adjusted hazard ratios (aHRs)
and 95% confidence intervals (95% Cls) for all types of
dementia and separately for AD and VaD. The use of at
least one systemic AHD during follow-up was considered
time-dependent (a subject was considered exposed from
the first intake after inclusion). Unfortunately, the low
frequency of subjects with a regular intake did not allow
us to perform analyses distinguishing between occasional
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and regular intake of AHDs. No analysis by AHD subtype
was performed because we had no reason to believe that
one treatment would be more effective than another. In
adjusted Cox models, several variables were considered
potential confounding factors: age, sex, being the ben-
eficiary of a complementary health insurance for low-
income people, the presence of several comorbidities
(hypertension, diabetes, hypercholesterolemia, stroke,
heart diseases), intake of anti-inflammatory drugs, num-
ber of outpatient medical consultations the year before
inclusion, and number of different medications the year
before inclusion (see Additional file 1). Finally, we veri-
fied the proportional hazards assumption by testing the
existence of an interaction with time.

Several sensitivity analyses were also performed.
First, as an increased risk of death was found in subjects
treated with at least one systemic AHD (data not shown),
we suspected an indication bias due to the prescription
of systemic AHDs in contexts with a high mortality rate
(immunocompromised subjects or subjects under anti-
cancer chemotherapy). Indeed, the exclusion of immu-
nocompromised subjects or subjects with cancer (see
Additional file 1) made the association with death dis-
appear (data not shown). Thus, to avoid a potential bias
if the severity of the condition of some subjects treated
with AHDs changes the probability of being identified
as demented in the database, we performed a sensitiv-
ity analysis to assess the association with dementia after
exclusion of these subjects (n=15 807 including 14,667
subjects with cancer and 2738 immunocompromised
subjects). We also further excluded the remaining sub-
jects with at least one hospitalization related to herpesvi-
ruses (n=230), the severity of which could be associated
with an increased risk of dementia and for which we do
not know whether AHDs were given during hospitali-
zation. Second, we also hypothesized that AHDs might
be less prescribed for subjects with cognitive decline, in
particular during the period just before the diagnosis of
dementia. Thus, to avoid such reverse causality bias, we
defined a 1-year lag-time (i.e., all treated subjects were
considered as “unexposed” during the 1 year after AHD
intake) [39], avoiding wrongly concluding that there is
an increased risk of dementia in untreated subjects (in
whom the absence of treatment might be precisely due
to cognitive decline). Third, failing to specifically assess
the impact of regular treatment on the risk of dementia,
we rather excluded the few subjects with > 2 deliveries
of systemic AHDs per year of follow-up (#=169) to test
their impact on the associations found.

All statistical tests were two-tailed, and the threshold
for statistical significance was 5%. Analyses were per-
formed using the statistical software SAS Enterprise
Guide (version 9.4 SAS Institute, NC, USA).
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Results

Characteristics of the included subjects

The characteristics of the included subjects are shown
in Table 1. The mean age was 76 £ 8 years, and there
were 41% men.

The proportion of subjects with at least one intake of
AHDs during follow-up was 14.1% (n=9650), with 9.7%
(n=6642) having systemic AHDs and 7.9% (n=5375)
having nonsystemic AHDs (Table 2). Among subjects
with at least one systemic AHD, 88.5% received at least
one dose of valaciclovir and 16.6% at least one dose of
aciclovir. Systemic AHDs were primary prescribed by
general practitioners (80.4%), while ophthalmologists,
dermatologists, hematologists/oncologists/internists,
gynecologists, and neurologists prescribed only 9.1%,
3.7%, 3.3%, 0.9%, and 0.2% of treatments, respectively.
Subjects with at least one intake of systemic AHDs
were likely to be younger, more often women, more
often consumers of lipid-lowering and anti-inflamma-
tory drugs and to have a higher number of different
treatments and medical consultations (Table 1).
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There were very few subjects with regular treatment
(Table 2). Among those with at least one intake of sys-
temic AHDs, the median number of deliveries during
follow-up (mean time 7 £3 years, median 9 years) was
equal to 1, the third quartile to 2 and the 90th percentile
to 7. It represents a median number of deliveries per year
of follow-up of 0.12 (interquartile range (IQR) = 0.11-
0.33) and, only 169 subjects (2.54% of the subjects with
at least one AHD) had > 2 deliveries of systemic AHDs
per year of follow-up. Even among the few subjects with
a particularly high number of deliveries during follow-up
(=7, n=665), the median number of deliveries per year of
follow-up was limited (median 2.1, IQR = 1.2—-4.1, min-
max=0.8—-24.1). This prevented us from further studying
the association between regular treatment and the inci-
dence of dementia.

Notably, the number of subjects with at least one hos-
pitalization related to herpesviruses was also low: 0.22%
of the subjects (n=151) had a hospitalization related
to HSV infection (including 0.03% related to herpetic
meningoencephalitis (n=23)), 0.02% (n=16) to CMV
infection, and 0.36% (n=244) to VZV infection.

Table 1 Characteristics of the study sample according to the intake of systemic antiherpetic drugs. “Echantillon Généraliste des

Bénéficiaires! 2009-2017

Study sample  No systemic Systemic
(N=68291)N antiherpetics antiherpetics
(%) (N=61649)N (%) (N=6642) N (%)
Age at inclusion, mean =+ standard deviation 76 +£8 76 £8 74+6
Sex - men 28286 (41.42) 25975 (42.13) 2311 (34.79)
Complementary health insurance for low-income people at inclusion 883 (1.29) 799 (1.30) 84 (1.26)
Comorbidities at inclusion
Hypertension 40471 (59.26) 36400 (59.04) 4071 (61.29)
Diabetes 10584 (15.50) 9668 (15.68) 916 (13.79)
Heart disease 19753 (28.92) 17866 (28.98) 1887 (28.41)
Stroke 1294 (1.89) 1194 (1.94) 100 (1.51)
Hypercholesterolemia 25590 (37.47) 22737 (36.88) 2853 (42.95)
Intake of nonsteroidal anti-inflammatory drugs the year before inclusion
0 43184 (63.24) 39695 (64.39) 3489 (52.53)
1a10 20246 (29.65) 17735 (28.77) 2511 (37.80)
>10 4861 (7.12) 4219 (6.84) 642 (9.67)
Intake of systemic glucocorticoids the year before inclusion
0 55301 (80.98) 50385 (81.73) 4916 (74.01)
1a10 12081 (17.69) 10465 (16.98) 1615 (24.31)
>10 910(1.33) 799 (1.30) 111 (1.67)
Intake of inhaled glucocorticoids the year before inclusion
0 61175 (89.58) 55429 (89.91) 5746 (86.51)
1a10 5730 (8.39) 4975 (8.07) 755 (11.37)
>10 1386 (2.03) 1245 (2.02) 141 (2.12)
Number of outpatient medical consultations the year before inclusion, median [IQR] 2 [0-6] 2 [0-6] 41-8]
Number of different treatments the year before inclusion, median [IQR] 12 [6-18] 11 [5-18] 15 [9-21]

Abbreviations: IQR interquartile range
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Table 2 Intake of antiherpetic drugs during follow-up. “Echantillon Généraliste des Bénéficiaires.” 2009-2017

Study sample N=68291, N (%)

Systemic antiherpetic
drugs (N=6642), N (%)

Antiherpetic drugs 9650 (14.13)

Systemic antiherpetic drugs 6642 (9.73) 6642 (100.00)
JO5ABO1 Aciclovir 1101 (1.61) 1101 (16.58)
JO5AB09 Famciclovir 26 (0.04) 26 (0.39)
JO5AB11 Valaciclovir 5879 (8.61) 5879 (88.51)
JO5AB14 Valganciclovir 17 (0.02) 17 (0.26)
Number of deliveries during follow-up, median [IQR], p90 and p95 1[1-2],7and 16
Number of deliveries per year of follow-up, median [IQR], p90 and 0.12[0.11-0.33], 1 and 2.3

p95
> 2 deliveries per year of follow-up 169 (0.25) 169 (2.54)

Nonsystemic antiherpetic drugs 5375(7.87) 2367 (35.64)
Dermatological application 4903 (7.18) 2067 (31.12)

D06BB03 Aciclovir 4903 (7.18) 2067 (31.12)
Ophthalmological application 615 (0.90) 420 (6.32)
SO0TADO2 Trifluridine 93 (0.14) 39(0.59)
SO01TADO3 Aciclovir 341 (0.50) 267 (4.02)
S01ADO9 Ganciclovir 247 (0.36) 167 (2.51)

Abbreviations: IQR interquartile range, p90 90th percentile, p95 95th percentile

Incident cases of dementia

During follow-up, 8883 subjects were identified as having
incident dementia (5366 AD and 1784 VaD). Among AD
cases, 974 (18.2%) were identified thanks to the presence
of the three selected criteria (anti-dementia drugs, hospi-
talizations, and declaration of LTD related to AD), 1550
(28.9%) by two criteria, 925 (17.2%) only by the prescrip-
tion of anti-dementia drugs, 525 (9.8%) only by a decla-
ration of LTD related to AD, and 1392 (25.9%) only by
an hospitalization related to AD. The incidence rates of
dementia, AD and VaD were 18.2, 11.0, and 3.7 cases per
1000 person-years, respectively. The mean age at diagno-
sis of dementia was 84 + 6 years. Among the 509 subjects
treated with systemic AHDs and subsequently diagnosed
with dementia, the median time interval between the first
treatment and the occurrence of dementia was 2.9 years
(IQR 1.2-4.8).

Association between the intake of at least one antiherpetic
drugs and onset of dementia
After adjustment for potential confounding factors, the
intake of at least one systemic AHD was significantly
associated with a decreased risk of AD (aHR 0.85 [0.75—
0.96], p=0.009) and, to a lesser extent with respect to
p values, with both dementia (aHR=0.90 [0.82-0.99],
p=0.03) and VaD (aHR 0.80 [0.65-0.995], p=0.045)
(Table 3).

Results of the sensitivity analyses are shown in
Table 3. First, the exclusion of subjects with cancer,

immunocompromised subjects or subjects with at least
one hospitalization related to herpesviruses did not pro-
foundly change the results. Second, after the introduction
of a lag time, the associations remained significant for
dementia from any cause and AD but not for VaD. Third,
the observed association did not seem to be solely based
on a potential protective effect of a “regular” treatment
in the few subjects with > 2 deliveries of systemic AHDs
per year of follow-up because, after their exclusion, the
results were similar to those of the main analysis.

Discussion

Main results

First, intake of at least one systemic AHD was signifi-
cantly associated with a 15% reduction in the risk of
developing AD and, to a lesser extent with respect to p
values, to both all-cause dementia and VaD. This asso-
ciation remained after exploring various potential biases.
Second, there were very few subjects with regular treat-
ment, preventing the assessment of a potential asso-
ciation between regular treatment and the incidence of
dementia.

Interpretation in light of literature

Previous results

Different studies have previously explored the question of
an effect of AHDs on the risk of dementia with various
methodologies: a comparison of methods used and the
results obtained are available in Supplemental Table 1.
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Table 3 Association between intake of at least one systemic
antiherpetic drugs and incidence of dementia - Cox models.
“Echantillon Généraliste des Bénéficiaires.” 2009-2017

Adjusted model®

Events aHR 95% Cl P-value
In all the subjects (n= 68291)
All dementias 8883 0.90 0.82-0.99 0.03
Alzheimer's disease 5366 0.85 0.75-0.96 0.009
Vascular dementia 1784 0.80 0.65-0.995 0.045

After exclusion of immunocompromised subjects, subjects with cancer
or with an hospitalization related to herpesviruses (1=52254)

All dementias 7044 0.84 0.75-0.94 0.002

Alzheimer’s disease 4260 0.82 0.71-0.95 0.007

Vascular dementia 1433 0.77 0.60-0.99 0.04
After carrying out a lag-time of 1 year (= 68291)

All dementias 8883 0.86 0.78-0.95 0.004

Alzheimer's disease 5366 0.78 0.68-0.90 0.001

Vascular dementia 1784 0.87 0.69-1.09 0.23

After exclusion of participants with > 2 deliveries of systemic AHDs per
year of follow-up (n= 67904)

All dementias 8856 0.91 0.83-0.997 0.04
Alzheimer's disease 5351 0.85 0.75-0.97 0.01
Vascular dementia 1781 0.83 0.66-1.03 0.09

Abbreviations: aHR adjusted hazard ratios, 95% Cl 95% confidence interval, AHD
antiherpetic drug

@ Adjustment for age at inclusion, sex, being beneficiary of a complementary
health insurance for low-income people at inclusion, hypertension, diabetes,
hypercholesterolemia, heart disease, stroke, intake of nonsteroidal anti-
inflammatory drugs, systemic, or inhaled glucocorticoids the year before
inclusion, number of different medications the year before inclusion, number of
outpatient medical consultations the year before inclusion

Using a Taiwanese medico-administrative database,
Tzeng et al. [28] first studied the question in a very par-
ticular population: subjects over 50 and defined as “with
newly diagnosed HSV infection” if they had at least three
outpatient visits related to HSV-1 or HSV-2 infections
in the inclusion year and no visit related to HSV previ-
ously. Among them, subjects treated with AHDs had
a very marked decrease in the risk of dementia (aHR
0.092 [0.079-0.108], p< 0.001), suggesting that 90% of
dementia cases in this population could be prevented
by AHDs. Notably, the association remained signifi-
cant regardless of the duration of treatment considered
(< or > 30 days of treatment during the follow-up). The
discrepancy between Tzeng’s results and ours regarding
the magnitude of the association may be partially due to
the selection of subjects: Tzeng et al. included subjects
with potentially more severe infections as reflected by
the high prevalence of subjects treated (86%) and the use
in some cases of intravenous treatments (ex: gancicolo-
vir). In addition, the majority of incident dementias in
this study were neither Alzheimer’s diseases nor vascular
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dementias. It questions the proportion of purely infec-
tious dementias in this study (linked to Herpes viruses
or to infections favoring their reactivation such as HIV)
which could explain a significant part of the protective
association found.

Subsequently, other studies found results of a magni-
tude more consistent with ours. In two medico-admin-
istrative databases from Taiwan [29] and South Korea
[30], subjects diagnosed with Herpes Zoster (due to VZV
infection) and treated at least once by AHDs had a lower
risk of dementia compared to diagnosed and untreated
subjects (aHR=0.55 [0.40-0.77], p < 0.001 and aHR=0.76
[0.65-0.90], p=0.001, respectively). In Sweden [31], sub-
jects diagnosed with HSV or VZV and treated at least
once by AHDs had a lower risk of dementia compared to
undiagnosed and untreated subjects (aHR=0.90 [0.82—
0.98], p=0.015). Similar associations persisted when
comparing (i) treated subjects (regardless of whether or
not a diagnosis of infection existed) to undiagnosed and
untreated subjects (aHR=0.89 [0.86—-0.92], p<0.001) and
(ii) diagnosed and treated subjects to diagnosed and
untreated subjects (aHR=0.75 [0.68-0.83], p<0.001).
Also from Sweden, a nested case-control study [32] was
carried out in the BETULA cohort in order to benefit
from serological and genetic data. Thus, among subjects
infected with HSV-1 (i.e., anti-HSV1 IgG-positive sub-
jects), AD cases had less frequently an history of AHD
prescription compared to controls matched by age, sex,
study sample start year, and APOEe4 (OR=0.287 [0.102—
0.809], p=0.018). Finally, Schnier et al. [33] studied the
question in four European databases and found discord-
ant results. Thus, in the Danish database, treated sub-
jects had a lower risk of dementia compared to untreated
subjects (aHR=0.91 [0.89-0.93], p<0.001 for subjects
treated once, aHR=0.93 [0.88-0.98], p=0.008 for sub-
jects treated twice, aHR=0.89 [0.83-0.95] p<0.001 for
subjects treated three or more times during follow-up).
In our opinion, the absence of a dose effect is not so sur-
prising given that the intake of two or even three AHDs
is far from representing a regular treatment over a period
of several years. In the Welsh database, a similar asso-
ciation was found only for the subjects diagnosed with
Herpes simplex or Herpes zoster and treated once com-
pared to undiagnosed and untreated subjects (aHR=0.91
[0.86—0.97], p=0.002) while associations were no longer
significant when (i) dementia subtypes were studied
separately (aHR=0.91 [0.84—1.00] for AD and aHR=0.95
[0.86-1.05] for VaD), potentially linked to difficulties in
identifying dementia subtypes in medico-administrative
databases and (ii) for subjects treated twice or more,
potentially reflecting the smaller numbers in these cat-
egories. At last, in the Scottish and German databases,
no association was found but, in these databases (as well
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as in the Welsh database), analyses were only adjusted on
age, sex, and some proxy of social deprivation leaving a
risk of residual confounding bias.

Interpretation of our results

We highlighted a reduced risk of dementia in subjects
taking at least one systemic AHD during the follow-
up period. Nevertheless, our results should be inter-
preted with caution given the low frequency of subjects
receiving regular treatment. Indeed, although it seems
implausible that a single intake of systemic AHDs has a
protective effect on AD, the association found (here and
in most of the previous studies) could nevertheless reflect
the impact of a more regular intake of AHDs prior to the
inclusion date.

An alternative hypothesis would be that the occurrence
of peripheral reactivations (and their possible subsequent
treatment) is negatively correlated with the occurrence
of central reactivations secondary to the migration of the
virus into the central nervous system (and therefore to
the risk of dementia). This negative correlation between
peripheral and central reactivations could be supported
by the fact that some studies based on self-reported cold
sores described a counterintuitive reduction in HSV
reactivations with age [40, 41], while other studies based
on serological parameters suggest the opposite occurs
[42, 43].

Finally, the association could be due to some residual
methodological biases. However, in our study, unpar-
alleled efforts have been made to limit their impact.
Regarding confounding bias, we controlled for numerous
factors including (i) sociodemographic data; (ii) comor-
bidities which are known risk factors of AD (and whose
link with taking AHD is unknown), and not those which
could be first signs of dementia; (iii) intake of anti-inflam-
matory drugs (that might impact both viral reactivation
and the development of dementia); (iv) the number of
different treatments taken (which could have an impact
on the decision to prescribe AHDs); and (v) proxy of
health care use (i.e.,, number of medical consultations in
the year before inclusion, which impacts both the likeli-
hood of being treated and being diagnosed). Note that we
were unable to take into account some genetic risk fac-
tors. However, as the main genetic risk of AD, APOE4,
is considered a risk factor for both cold sores and her-
pes zoster [44, 45] and is therefore potentially associ-
ated with more frequent use of AHDs, its absence would
have underestimated the protective association observed
rather than overestimated the association. To avoid an
indication bias, we also excluded the participants for
whom the probability of being identified as demented
could be modified by the pathology that led to the pre-
scription of AHDs. We also performed a 1-year lag-time
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to avoid a reverse causality bias. Note that the relatively
short delay between the intake of systemic AHD and
onset of dementia in our sample (median 2.9 years) pre-
vented us from achieving a longer lag-time (which would
have been better considering the long prodromal phase
of AD [46, 47]).

Limitations

The main strengths and limits of our study are inherent
in the use of medico-administrative databases. Such a
data source allows analyses on a large study sample and
therefore high statistical power. It is also representative
of the national population in terms of sex and age and
benefits from a relatively long follow-up with no loss to
follow-up and from exhaustive data on hospitalizations,
out-hospital drug reimbursements and death recordings.

One of the limitations of our study is the inability to
distinguish between individuals infected with HSV and
those uninfected. Indeed, AHDs are only a good marker
of the treated infection and not of HSV infection in
general. While a large proportion of elderly subjects
are infected with HSV-1 (approximately 80% (10)), only
approximately 20% exhibit symptomatic reactivations
[48], and an even smaller proportion are treated with
AHDs. Consequently, due to the lack of additional clini-
cal and paraclinical information, the unexposed group
includes both infected subjects and, to a lesser extent,
uninfected subjects, which could have underestimated
the association identified. In addition, the lack of infor-
mation on the indication of AHDs has made it impossible
to clearly distinguish between orofacial herpes (primarily
due to HSV-1), genital herpes (primarily due to HSV-2),
or other symptoms related to CMV or VZV infections.
However, whatever the indication for treatment, systemic
AHDs will have been effective on the majority of herpes
viruses infecting the subject and in particular on HSV,
which has a high prevalence. Finally, due to a too low
proportion of subjects with regular intake of AHDs, the
impact of regular treatment could not be evaluated.

With respect to the detection of dementia, while the
number of dementia cases is underestimated due to
the underdiagnosis of dementia in the general popula-
tion and the lack of specific care for some of the diag-
nosed individuals (i.e., anti-dementia drugs or LTD),
the identification of demented subjects in the EGB
was improved by the use of primary and secondary
diagnoses related to any hospitalizations in medical
and surgical wards. Moreover, an insufficient detec-
tion of demented subjects due to non-recourse to care
for financial reasons seems limited knowing that (i)
almost the entire French population has a health insur-
ance and (ii) the majority of medical costs related to
the onset of dementia is, to varying degrees, subject
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to reimbursement. Therefore, the incidence of demen-
tia in our study is not very different from that reported
in the literature (18.39 cases per 1000 person-years
in high-income countries for persons over 60 [49]).
Finally, analyses by dementia subtype should be inter-
preted with caution given that (i) the quality of the
ICD10 codes associated with hospitalizations and LTD
is probably not sufficient to allow accurate determina-
tion of the etiology of dementia; (ii) in some clinical
settings, it is likely that only clinical data have been
available to determine the etiology of dementia; and
(iii) “mixed” dementias are frequent. Nevertheless,
in this study, efforts have been made to improve the
validity of the diagnosis using a combination of three
identification criteria (i.e., treatment, LTD, and hospi-
talization). Thus, in our sample, 47.1% of AD cases were
identified using two or three criteria and another 17.2%
were identified using anti-dementia drugs (mainly pre-
scribed for AD).

The strengths and limitations of statistical analyses
have been discussed in paragraph 4.2.2.

Conclusions

First, taking at least one systemic AHD during follow-
up was significantly associated with a 15% reduced risk
of developing AD, even after taking into account sev-
eral potential methodological biases. Nevertheless, our
results should be interpreted with caution given the low
frequency of subjects receiving regular treatment and
could reflect either a protective effect of systemic AHDs
on the development of dementia or residual biases. Sec-
ond, our results highlight the limits of epidemiological
databases for studying the association between a regular
treatment and the incidence of dementia. Thus, given the
growing body of evidence supporting the implication of
herpesviruses in the onset of dementia and the dire lack
of effective treatments for the prevention of AD, data of
clinical trials with prolonged treatment with systemic
AHDs are awaited to evaluate these easily accessible,
well-tolerated and inexpensive treatments as preventive
measures against dementia. Two phase 2 clinical trials
are currently ongoing. One Swedish open pilot clinical
trial (NCT02997982) is testing the effect of 4 weeks of
oral valaciclovir in 36 APOE4 carriers with AD or with
amnesic mild cognitive impairment. One American dou-
ble-blind randomized trial (NCT03282916) is comparing
the effect of valaciclovir for 18 months in 65 treated par-
ticipants and 65 controls, all with mild AD. Results from
these first trials will probably need to be extended to an
earlier stage of the disease in larger preventive clinical
trials.
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