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Abstract

Objective: There is growing evidence for an association between anxiety and an
increased risk of dementia, but it is not clear whether anxiety is a risk factor or a
prodromic symptom. In this study, we investigated if clinically significant anxiety
increases the risk of developing Alzheimer's disease (AD) up to 10 years later.
Methods: We used data from the longitudinal Zaragoza Dementia and Depression
(ZARADEMP) Project. Excluding subjects with dementia at baseline left us with
3044 individuals aged >65 years. The Geriatric Mental State-Automated Geriatric
Examination for Computer Assisted Taxonomy (GMS-AGECAT) package was used
to identify cases and subcases of anxiety. AD was diagnosed by a panel of research
psychiatrists according to the Diagnostic and Statistical Manual of Mental Disor-
ders, fourth edition (DSM-IV) criteria. Multivariate survival analysis with a
competing risk regression model was performed.

Results: We observed a significant association between clinically significant anxiety
at baseline and AD risk within a 10-year follow-up (SHR 2.82 [95% CI 1.21-6.58]),
after controlling for confounders including depression. In contrast, isolated symp-
toms of anxiety were not significantly associated with an increased incidence of AD.
Conclusion: Our results support the hypothesis that clinically significant anxiety is
an independent risk factor for AD and not just a prodromic symptom. Future studies

should clarify if treating anxiety reduces the incidence of AD.
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World Health Organisation (WHO) recognises dementia as a public

health priority and, in the absence of current treatment, the imple-
Dementia is currently one of the greatest sources of disability and mentation of preventive strategies targeting well-identified risk fac-
tors is essential (2015).

Anxiety disorders are the most prevalent mental disorders and

dependence globally. It carries a stigma and social exclusion, places a
significant burden on sufferers, caregivers and society, and entails

significant economic costs (World Health Organization, 2015). The are associated with immense health care costs and a high burden of
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disease (Bandelow & Michaelis, 2015). Through several systematic
reviews with meta-analyses, we have shown an increased risk of all-
cause dementia (Santabarbara, Lipnicki, Olaya, Villagrasa, Bueno-
Notivol, et al., 2020), Alzheimer's disease (Santabarbara, Lipnicki,
Bueno-Notivol, et al., 2020), and vascular dementia (Santabarbara,
Lipnicki, Olaya, Villagrasa, Gracia-Garcia, et al., 2020) in individuals
with anxiety disorders. Depressive symptomatology and anxiety have
also been linked to Parkinson's-associated dementia (Riedel
et al., 2010). Whether anxiety is a risk factor or a prodromal symp-
tom of dementia remains unclear.

Symptoms or conditions present in the years approaching a de-
mentia diagnosis might be risk factors but might also reflect common
causes, preclinical disease effects, or prodromal changes (Singh-
Manoux et al., 2017). If associated with an increased risk of dementia
when present closer to diagnosis, conditions like anxiety and
depression are more likely to be prodromal and a consequence of
emotional dysregulation within the construct of mild behavioural
impairment that can arise prior to dementia (Ismail et al., 2016).

To date, few studies analyse the temporality of the relationship
between anxiety and dementia. A recent systematic review (Gimson
et al,, 2018) reports on 4 articles that found a relationship between
mid-life anxiety and dementia diagnosed 10 years later. However, the
included studies only investigated all-cause dementia, or in one case
dementia with Lewy bodies. Another review (Gulpers et al., 2016)
found an increased risk of dementia associated with anxiety in later
life and that was present closer to the time of diagnosis, suggesting
that anxiety may be a prodromal symptom rather than a risk factor
for dementia. Thus, whether anxiety is an independent risk factor for
dementia or a prodromal symptom remains unknown, despite both
hypotheses are not mutually excluding. Understanding the pathways
through which individuals with anxiety develop progressive dementia
is critical for the development of intervention strategies targeting
dementia, and Alzheimer's disease (AD) in particular.

We have previously shown that clinically relevant anxiety in-
creases the risk of AD during 4.5 years of follow-up (Santabarbara,
Villagrasa, et al, 2019). The current study aims to investigate if
clinical anxiety is also a risk factor for AD after 10 years of follow-up
in the same cohort of community-based individuals aged 65 years or
older.

2 | MATERIALS AND METHODS

This work follows STROBE (Von Elm et al., 2007) and SAMPL (Lang &
Altman, 2013) guidelines for reporting observational studies in

epidemiology and statistics, respectively.
2.1 | Sample and procedure
We used data from the Zaragoza Dementia and Depression (ZAR-

ADEMP) Project, a longitudinal, population-based study intended to

document the incidence and risk factors of somatic and psychiatric

diseases in adults aged >55 years. The Ethics Committee of the
Institutional Review Board in our institutions (CEICA) approved the
study according to Spanish Law, and principles of written informed
consent, privacy, and confidentiality according to the Declaration of
Helsinki were maintained throughout the Project.

The methods have been described in detail previously (Lobo
et al., 2005, 2011). The representative sample was drawn from
Spanish official census lists, was stratified with proportional alloca-
tion by age and sex and included institutionalised individuals. In the
baseline, cross-sectional study (starting in 1994), 4803 individuals
were interviewed, the refusal rate being 20.5%. This paper reports
results from the baseline study (Wave 1) and three follow-up waves
(Waves Il, Il and IV; 2.5, 4.5 and 10 years later, respectively). A two-
phase, screening procedure was implemented in each of the waves.
The first phase was carried out by well-trained lay interviewers at the
participant's home, or residence if they were institutionalised. In the
second phase, a psychiatrist interviewed all subjects who were
considered as a probable dementia cases or if information from the
first phase was inconclusive. Validated Spanish versions of interna-
tional instruments were used for the assessment in both phases and
included the Mini-Mental Status Examination (MMSE); Geriatric
Mental State B (GMS-B); Automated Geriatric Examination for
Computer Assisted Taxonomy (AGECAT); History and Aetiology
Schedule (HAS) (medical and psychiatric history data); Katz's Index
for basic activities of daily living (bADL's) and the Lawton and Brody
scale for instrumental activities (iADL's); and the European Studies of
Dementia (EURODEM) Risk Factors Questionnaire (for medical
conditions).

Since we were interested in “cognitively intact subjects”, in-
dividuals with dementia of any type were excluded from the follow-
up waves and were considered as censored cases. Moreover, sub-
cases of dementia (subjects with any cognitive impairment) according
to GMS-AGECAT criteria and/or MMSE score under the standard
cut-off point (23/24) were also excluded at baseline (Wave I). For
ease of comparison with the existing literature, we focused on par-
ticipants aged 65 years and older.

2.2 | Incident Alzheimer's disease assessment and
diagnosis

Participants in the follow-up waves (Waves Il, Ill, and V) were
classified in phase | as ‘probable cases’ of dementia based on the GMS
threshold ‘global’ score (1/2) and/or MMSE standard cut-off points
(23/24). Interviewers were blind to the results of the baseline
interview. In phase ll, all probable cases of dementia were reassessed
in their place of residence by a research psychiatrist using the same
methods, and a brief standardised neurological exam. Variables in the
ZARADEMP interview were operationalised to conform to the
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edi-
tion (DSM-1V) criteria, and used to diagnose cases of incident de-
mentia and probable type of dementia (AD, vascular, other). The final

DSM-|V diagnosis was made by consensus, requiring agreement by at
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least three psychiatrists in a four-member panel. Our previous
studies have supported the validity of this diagnostic process (Lobo
et al,, 1995). Moreover, to document the accuracy of the panel, a
proportion of cases were invited for a hospital diagnostic work-up,
which incorporated a neuropsychological diagnostic battery and
neuroimaging. Agreement on the diagnosis of dementia and AD was
reached in 95.8% and 86.7% of the cases respectively (Lobo
et al, 2011).

For the purposes of this paper we focused on incident AD cases,
diagnosed according to the National Institute of Neurological and
Communicative Disorders and Stroke-Alzheimer’s Disease and
Related Disorders Association (NINCDS-ADRDA) criteria. Cases of
dementia other than AD were considered as censored cases.

2.3 | Anxiety assessment and diagnosis

Diagnosis of anxiety was evaluated at baseline (“Wave |”) according
to GMS-AGECAT criteria. After symptom assessment, a computer
program compared syndrome clusters (e.g., dementia, depression,
anxiety) to reach a final diagnosis: Participants with AGECAT scores
of 3,4 and 5 on the 0-5 scale are considered to be likely “cases” of
anxiety (clinically significant anxiety); those with scores of 1 or 2
are considered to be “subcases”, and those with a score of O are
considered to be “non-cases”. AGECAT caseness (score >3) has
shown a good correlation with clinical diagnosis (Schaub
et al, 2003) and implies “desirability of intervention” (Copeland
et al., 2004). The “subcase” diagnostic category implies that symp-
toms are not severe enough to fulfil clinical diagnosis and/or require

intervention.

2.4 | Covariates

Potential confounding risk factors (covariates) were evaluated at
baseline (Wave 1), including socio-demographic characteristics (age,
sex, educational level and marital status), clinically significant
depression, body mass index (BMI) and hearing loss, as previously
reported (Lobo et al., 2005).

Educational status was categorised into three levels: “illiterate
(unable to read and write, or with less than 2 years of formal edu-

» o«

cation)”, “primary studies (complete or incomplete)” and “secondary
education or above”. Marital status was defined as “single”, “married
or living with their partner”, and “formerly married” (that includes
“divorced or separated” or “widowed”). BMI was calculated as weight
in kilograms divided by height in meters squared. A BMI greater than
30 kg/m? was defined as “obesity”. Hearing loss was scored when the
subject was almost or completely deaf. History of cardiovascular risk
factors (angina, myocardial infarction or stroke) and diabetes was
based on data from the EURODEM questionnaire (Launer

et al, 1992). The diagnosis of clinically significant depression was

based on the GMS-AGECAT computer system (AGECAT score for
depression >3) (Schaub et al., 2003).

2.5 | Statistical analysis

Differences between baseline characteristics according to incident
AD status were assessed using two-tailed chi-square tests on cate-
gorical data, and differences in variables with approximately normal
distributions were assessed using two-tailed t-test.

The follow-up period ended at the third follow-up examination
(Wave V) for the cognitively intact individuals, at the date of invi-
tation for refusals, at the date of moving away or death (based on
data from the Civil Registry, ‘Padrén Municipal de Habitantes de
Zaragoza'), or at the time of onset of dementia for cases, with onset
estimated as the midpoint between diagnosis and the previous
examination.

In the first step of the survival analysis, we built the cumulative
incidence functions (CIF) for the anxiety disorder groups to estimate
the probability of incident AD, taking into account the competing
event (death) as time progressed, and with age as timescale with
delayed entry (Thiébaut & Bénichou, 2004). Then, we used a
competing risk regression (Pintilie, 2006) or sub-distribution hazards
regression to adjust estimates of incident AD risk taking into account
the competing mortality risk (Austin et al., 2016) conveyed by the
overall duration of follow-up. All covariates were included in the
multivariate model as they have all shown to be related to the risk of
Alzheimer's disease (Kuo et al., 2020; Ralli et al., 2019; Saiz-Vazquez
et al.,, 2021). The sub-distribution hazard ratio (SHR) for assessing the
risk of developing dementia for an individual factor was calculated
using the cmprsk library in the R package (http://www.r-project.org),
which allows adjustment for socio-demographic and clinical variables.

3 | RESULTS

Figure 1 shows a flow diagram of the ZARADEMP Project. Of the
4803 subjects interviewed at baseline (Wave [), 1103 under the age
of 65 and 746 subjects diagnosed with dementia were excluded from
follow-up, leaving a total of 3044 participants included in our initial
sample. Between Wave | and Wave |V, 125 individuals (4.11%) were
incident AD cases and 75 (2.46%) were incident cases of other de-
mentias, 1382 (45.40%) died without developing AD and 776
(25.49%) were lost to follow-up.

The baseline sociodemographic characteristics of all partici-
pants by anxiety status, after excluding only those diagnosed with
dementia, have been described in previous papers. In summary,
participants who were considered cases and sub-cases of anxiety
were more likely to be female, have depression, report poor health
status, and have disabilities in instrumental ADLs, compared to non-

cases.
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Stratified sample available
from the last census data
in 1991 (N =9,739)

¢ Deceased (18.9%)

* Moved away (3.6%)

* Refusal (20.5%)

* Untraced (7.6%)

ZARADEMP I
Eligible sample
(N =4,803)

Excluded:

* Dementia, cases and
subsyndromal (N = 746)

* Age (<65y) (N=1,103)

Included at baseline
(N =3,044)

i
Anxiety noncases
(N=1,728)

Anxiety subcases
(N =1,244)

Deceased (N = 790)
Moved away (N = 45)
Refusal (N = 169)
Untraced (N =61)
Others (N = 169)

Other dementias (N = 40)

1

)

(

Anxiety cases

N=72)

Others (N

Deceased (N = 556)
Moved away (N = 27)
Refusal (N = 130)
Untraced (N =43)

Other dementias (N = 35)

=113)

1

—

Deceased (N = 36)
Moved away (N = 3)
Refusal (N = 3)
Untraced (N = 6)
Others (N=17)

Other dementias (N = 0)

1

Incident AD Non-incident
cases AD cases
(N=61) (N=393)

IncidentAD Non-incident
cases AD cases
(N =58) (N=282)

Incident AD
cases

(N=6)

Non-incident
AD cases
(N=11)

FIGURE 1 Zaragoza Dementia and Depression (ZARADEMP) study flow chart

No AD (N = 2919)

Age (years) 75.4 (7.7)

Female sex 1615 (55.3%)
Education
llliterate 240 (8.3%)

Primary school 2189 (75.6%)

High school or higher 466 (16.1%)
Marital status

Single 286 (9.8%)
Married/in couple 1670 (57.2%)

Formerly married 963 (32.9%)

Depression
Noncase 2571 (88.1%)
Case 348 (11.9%)
Anxiety
Noncase 1667 (57.1%)
Subcase 1186 (40.6%)
Case 66 (2.3%)
BMI 26.6 (6.6)
Hearing loss 22 (0.7%)

Incident AD (N = 125)
81.2 (7.5)
89 (71.2%)

26 (20.8%)
86 (68.8%)
13 (10.4%)

5 (4.0%)
45 (36.0%)
75 (60.0%)

109 (87.2%)
16 (12.8%)

61 (48.8%)
58 (34.8%)
6 (4.8%)
25.9 (4.1)
2 (1.6%)

TABLE 1 Baseline characteristics
according to incident Alzheimer's disease
(AD) status

p-Value
<0.001
0.005

0.774

<0.001

0.767

0.058

0.253
0.595

Note: Bold entries mean the SHR is statistically significant. Data are given as mean (standard

deviation) or number (%).

Table 1 shows the baseline demographic characteristics accord-
ing to incident AD status. The incident AD group was significantly

older, more likely to be female and formerly married, compared to

the non-AD group.

anxiety status at baseline.

The median follow-up period was 7.6 years (IQR: 2.9-11.3), over
which time 125 participants developed AD. Table 2 shows the

competing risk regression analysis of incident AD associated with
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TABLE 2 Anxiety status and risk of Alzheimer's disease (AD)

Anxiety status at baseline No. (%) of AD incident cases

Non-cases (n = 1728) 61 (3.5)
Subcases (n = 1244) 58 (4.7)
Cases (h = 72) 6 (8.3)

Note: Bold entries mean the SHR is statistically significant.
Abbreviations: AD, Alzheimer's disease; SHR, subdistribution hazard ratio.

Univariate model

Multivariate model

SHR (95% CI)? p-Value SHR (95% CI)? p-Value
1 - 1 -

1.23 (0.86-1.77) 0.25 1.27 (0.88-1.86) 0.2
2.62 (1.14-6.00) 0.023 2.82 (1.21-6.58) 0.017

2Reported SHR of AD is related to non-cases, Cls and p values related to SHR were from “normal approximation” of Wald x? test with 1 df. Univariate Model
include anxiety status and sex. Multivariate Model additionally included terms for educational level, marital status, depression, BMI and hearing loss.

When the competing risk of mortality is taken into account in the
AD risk calculation, the crude comparison of the CIF by anxiety
status showed that, at 10-year follow-up, compared to non-anxiety
cases, the probability of developing AD was higher in anxiety sub-
cases and cases (Figure 2).

The association shown in the univariate analysis of the risk of AD
at 10 years of follow-up (Wave V) persisted in the multivariate
analysis, which after the inclusion of all potential confounding factors
showed a risk of AD 2.8 times higher in anxiety cases compared to
non-cases (p-value = 0.017). There was no statistically significant
difference between non-cases and anxiety subcases in either analysis,

univariate or multivariate.

4 | DISCUSSION

4.1 | Main findings

Our findings from a sample of community-dwelling adults over
65 years of age show that, compared to individuals without anxiety,
those with clinically significant anxiety had a nearly threefold
increased risk of developing AD within a 10-year follow-up, after
adjusting for several covariates, including depression. In contrast, the
presence of isolated anxiety symptoms was not significantly associ-
ated with an increased incidence of AD.

4.2 | Comparison with previous studies

Our results for AD are in line with those reported for dementia more
broadly after 10 years (Gimson et al., 2018), as well as with those
reported in meta-analyses (Gulpers et al., 2016; Kuring et al., 2020).
One of these meta-analyses (Gulpers et al., 2016) included six studies
with a mean follow-up of 4.3 years and reported a stronger associ-
ation for smaller intervals between anxiety and dementia diagnosis,
and for individuals older than 80 years, concluding that anxiety may
represent a prodromal state of dementia. Although the effect size
decreased with follow-up time in the ZARADEMP Study, since we
found that the risk of AD was multiplied by 4.5 (data not shown), 3.9
(Santabarbara, Villagrasa, et al, 2019), and 2.8 times among in-

dividuals with clinically significant anxiety over follow-up periods of

0.4

—— Anxiety noncases
= = Anxiety subcases
= = Anxiety cases

0.3

Probability of Alzheimer's disease
0.1 0.2

0.0

65 70 75 80 85 90 95 100

Age (years)

FIGURE 2 Probability of incident Alzheimer's disease (AD) by
anxiety status at baseline in the study sample

2.5, 4.5 and 10 years, respectively; risk of developing AD remained
increased for subjects with clinically significant anxiety even at the
longest follow-up and, in our study, it was greater than the reported
by the meta-analyses of Gulpers et al. (2016) and Kuring et al. (2020).
We hypothesise that differences on effect size could be explained by
methodological heterogeneity, specifically the fact that previous
studies usually diagnose anxiety by symptomatic scales and they do
not assess clinically significant anxiety. Moreover, we did not find in
our sample a significantly increased risk of incident AD for anxiety
symptoms (“subcases” of anxiety). The persistence of a significant
association between clinically significant anxiety and AD after a long
follow-up period and the differences on AD risk in relation to anxiety
severity, both support the hypothesis of anxiety being a risk factor
for AD and not just a prodromal sign.

Distinguishing between risk and prodromal factors is a challenge
in neurodegenerative diseases such as AD, where the prodromal
phase may begin several years before cognitive impairment is man-

ifest. Indeed, some research suggests that brain changes associated
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with AD may begin 20 years or more before the onset of dementia
symptoms (Alzheimer's Association, 2017). It has also been reported
that individuals who later develop AD exhibit particular trajectories
of non-cognitive symptoms, including anxiety, prior to diagnosis
(Masters et al.,, 2015).

How anxiety may present as prodromal AD is still under inves-
tigation, but the most common symptoms may be worry, fear, ten-
sion, restlessness and fidgeting (Ismail et al.,, 2018) which are less
likely to meet the criteria for clinically significant anxiety and more

likely to be classified as isolated symptoms of anxiety.

4.3 | Potential underlying biological mechanisms

There are many potential ways to explain the relationship of causality
between anxiety and AD. Chronic anxiety disorders may generate
atrophy and other changes that decrease brain reserve (Vance
et al, 2010). Brain-derived neurotrophic factor (BDNF) has been
shown to be both reduced in AD (Teixeira et al., 2010) and protect
against developing dementia (Weinstein et al., 2014). BDNF is also
reduced in anxiety disorders (Domingos da Silveira da Luz
et al, 2013). In addition, chronic anxiety may promote avoidance
behaviours, with reduced exposure to mental and social stimuli
resulting in decreased cognitive reserve (Stern, 2012).

Anxiety and stress elevate inflammatory cytokines (IL-6 and
TNF) that have negative effects on cognitive function (Ismail
et al., 2018). Indeed, there is growing evidence for the role of CNS
inflammation in the development of AD (Cuello, 2017), starting at
very early stages even before AR deposits.

Elevated cortisol levels are also associated with anxiety disorders
(Mathew et al., 2008) and generalised anxiety in late life (Gulpers
et al,, 2016; Mantella et al., 2008), and may contribute to pathological
processes in AD including hippocampal atrophy, Ap formation and
tau accumulation (Gulpers et al., 2016; Ismail et al., 2018).

Other mechanisms potentially shared by anxiety and AD include
serotonergic pathways implicated in depression and anxiety (Gallacher
et al., 2009), and the apolipoprotein E4 allele commonly associated
with AD risk may also be associated with elevated levels of anxiety
(Raber, 2007). There are also links between amyloid B and anxiety.
Higher amyloid load is associated with a greater increase in anxious
and depressive symptoms in cognitively intact older people (Donovan
et al., 2018), and higher levels of anxiety in AB-positive individuals are
associated with faster cognitive decline (Pietrzak et al., 2015).

Lastly, while some studies suggest that anxiolytics may reduce
the risk of developing AD (Burke et al., 2017), others report that
benzodiazepines, commonly prescribed for anxiety symptoms (Olfson
et al., 2015), are linked to an increased risk of all-cause dementia
(Lucchetta et al., 2018) and AD (Ettcheto et al., 2020).

However, as Butters et al. (2008) suggested for depression, the
concept of brain and cognitive reserve may integrate the multiple
mechanisms connecting anxiety and AD. From this perspective,
anxiety (or some drugs used for its treatment, such as benzodiaze-

pines) would affect the threshold for manifesting clinical dementia.

4.4 | Strengths and limitations

To our knowledge, this is the first study to assess the risk of AD for
both clinically significant and subsyndromal anxiety over a period as
long as 10 years. Rather than self-rating scales, our study is advan-
taged by using an assessment method that identifies and distin-
guishes clinically significant anxiety from other mental disorders
(Stewart, 2019). Furthermore, we controlled for clinically significant
depression, which is consistently reported as a risk factor for AD
(Gracia-Garcia et al., 2015; Ownby et al., 2006), and may inflate as-
sociations between anxiety and dementia if not accounted for (Burke
et al., 2018). We also accounted for the competing risk of death, as
not doing so may bias risk estimates, and is of vital importance when
studying dementia risk (Licher et al., 2018).

This study also comes with several limitations. Firstly, by defining
anxiety based on symptomatic severity we did not differentiate be-
tween types of anxiety disorders. Different anxiety disorders exhibit
different brain alterations (Ferrari et al., 2008), and their associated
risk of AD may also differ. However, this syndromic approach could
be more interesting for research than analysis by diagnostic
categories, based on consensus rather than on evidence and
validated scientific bases (National Institute of Mental Health, n.d).
Secondly, by assessing anxiety only at baseline, we do not know
whether it was brief and episodic or chronic (Ismail et al., 2018). Nor
did we assess how the risk of AD was associated with persistent or
recurrent anxiety throughout follow-up. Thirdly, while evidence
suggests an increased risk of AD associated with benzodiazepines
and Z-drugs (Ettcheto et al., 2020), we did not control for their use.
We also note that a relatively small number of anxiety cases devel-
oped AD and that a hospital diagnosis was not made in all cases
classified as dementia. Otherwise, in the current study we calculated
AD risk on the basis of cumulative incidence of AD at a 10-year
follow-up, which means that AD became manifest at any time
within the overall follow-up. Lastly, a specific diagnosis of
Alzheimer's dementia can be difficult in both epidemiological and
clinical contexts. However, we previously reported in a study based
on the same sample and similar methodology, also incorporating a
competing risk of death and with a shorter follow-up time, that
anxiety increases the risk for global dementia (i.e., dementia of any
cause) (Santabarbara, Lopez-Anton, et al., 2019). These results (SHR:
2.74; 95% Cl: 1.18-6.35) are very similar to those found in this study
for Alzheimer's Dementia.

4.5 | Clinical, public health and future research
implications

Our results support anxiety being a risk factor for AD rather than just
a prodromal symptom and thus suggest the potential to reduce or
delay the incidence of AD by addressing anxiety. This could be done
clinically with preventive and therapeutic strategies (either phar-
macological or psychotherapeutic), and at a population level by

detecting at-risk subpopulations and implementing targeted
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prevention programmes. However, it remains to be elucidated
whether reducing anxiety does translate into a lower risk of AD.
There are currently no studies that specifically address the risk of
dementia or AD for anxiety regarding treatment status and response
to treatment. In any case, our results highlight the need of following
individuals presenting clinically significant anxiety in old age for
future decline. Future research should also aim to create a better
understanding of the mechanisms underlying the association be-
tween anxiety and AD, and from which efforts to develop preventive
or therapeutic interventions would benefit.

5 | CONCLUSIONS

Our study has found that clinically significant anxiety is associated
with an increased risk of AD, even at a 10-year follow-up period and
when controlling for confounding factors. This supports the hypoth-
esis that anxiety is a risk factor for AD, but does not exclude anxiety
also being a prodrome when present closer to a diagnosis of AD.
Future research should aim to determine the mechanisms under-
pinning this association, as well as the extent to which the prevention
and treatment of anxiety disorders would benefit public health by

reducing the incidence and burden of AD.
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