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Abstract

INTRODUCTION: It is unclear how midlife depression and anxiety affect dementia

risk.We examined this in a Norwegian cohort followed for 30 years.

METHODS: Dementia status at age 70+ in the fourth wave of the Trøndelag Health

Study (HUNT4, 2017–2019, N = 9745) was linked with anxiety and depression from

HUNT1 (1984–1985), HUNT2 (1995–1997), HUNT3 (2006–2008), and HUNT4. Lon-

gitudinal anxiety and depression score, and prevalence trajectories during 1984–2019

by dementia status at HUNT4 were fitted using mixed effects regression adjusting for

age, sex, education, and lifestyle and health factors.
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RESULTS: Dementia at HUNT4 was associated with higher case prevalence at all

waves, from 1.9 percentage points (pp) (95% CI: 0.1–3.7) higher at HUNT1 to 7.6 pp

(95%CI: 5.7–9.6) higher at HUNT4.

DISCUSSION:Our findings show that depression and anxietywasmore commonmore

than 30 years before dementia onset in those who later developed dementia.

KEYWORDS

Alzheimer’s disease, anxiety, association between anxiety and dementia, association between
depression and dementia, dementia, depression, depressive symptoms, mental distress, midlife
anxiety, midlife anxiety and depression, midlife depression, risk factor for dementia, trajectories

Highlights

∙ Older individuals with dementia had a higher prevalence of mixed anxiety- and

depressive symptoms (A +D), both concurrently with and more than three decades

prior to their dementia diagnosis.

∙ Older individuals with dementia had higher levels of anxiety, both concurrently and

up to two decades prior to their dementia diagnosis.

∙ Depressive symptoms increased by time among thosewho developed dementia, but

not among others.

∙ Results were similar for all cause dementia, Alzheimer’s disease, and other types of

dementia; however, for vascular dementia, the difference was not significant until

dementia was present.

1 BACKGROUND

Lowering risk of dementia is of increasing importance in the futurewith

the aging population.

The Lancet Commission on Dementia Prevention, intervention and

Care estimated that 3% of dementia cases are attributable to depres-

sion, one of the 12 common modifiable risk factors that, assuming

causality, jointly account for 40% of dementia cases.1 Depression is a

major contributor to the burden of disease. Globally, 5% of all adults

and 6% of adults 60 years and older are affected by depression.2

The burden of depression and anxiety disorders increased by more

than 25% in 2020, during the coronavirus disease 2019 (COVID-19)

pandemic.3

In studies of older people, the evidence consistently shows

increased incidence of dementia during the initial years after depres-

sion assessment.4–8 Some studies have found an association between

dementia and depression symptoms manifesting more than 10 years

prior to dementia diagnosis,7,9 whereas other studies show no such

long-term associations.10,11 The evidence is mixed regarding whether

depression before the age of 65 years is associated with increased

risk of dementia in later life,12–15 whether treatment of depression

can reduce the risk,16 and whether recovery from depression might

attenuate14 or even remove the excess risk.17 Evidence on the rela-

tionship between depression and subtypes of dementia is also mixed:

although some studies report an association between depression and

Alzheimer’s disease (AD),6 others have found that depression was

more strongly associated with vascular dementia (VaD) than AD,18,19

and the association remained for VaD—but not for AD—when depres-

sion was assessedmore than 20 years before dementia diagnosis.7

Depression and anxiety frequently co-occur.20 Several studies

have reported that anxiety is associated with an increased risk of

dementia,13,21–23 although a recent meta-analysis found no overall

association between anxiety and dementia.24 In addition, the sum

of anxiety and depressive symptoms in midlife has been linked to

increased risk of dementia25 and death related to dementia.26

In this analysis of a prospective population-based cohort study

of Norwegian adults, we aimed to investigate whether depression,

anxiety, and the prevalence of clinical relevant sum of anxiety- and

depressive symptoms (A + D), as assessed up to 33 years before

dementia diagnosis, were more common among individuals who later

developed dementia compared to those who did not. Furthermore, we

aimed to clarifywhether thepatternwas similar for all-causedementia,

AD, VaD, and other dementias, and for men and women. We hypothe-

sized that midlife A +D, depression, and anxiety were associated with

an increased risk of dementia in later life, with stronger associations

observed nearer to the dementia diagnosis.

2 METHODS

2.1 Study design

We used data from 9745 participants in the population-based Trønde-

lag Health (HUNT) study, limited to the participants who underwent
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cognitive testing at HUNT4 (2017 A + D 2019) at age 70 years or

older. Cognitive assessment at the end of follow-up at HUNT4 was

linked to four repeated assessments of depression and anxiety back to

1984, creating a longitudinal analysis. This study design enabled us to

investigate potential differences in trajectories ofmeandepressive and

anxiety scores between thosewho developed dementia and thosewho

did not, prior and up to dementia diagnosis at HUNT4.

2.2 Study population and procedure

The HUNT study waves—HUNT1 (1984–1986), HUNT2 (1995–

1997), HUNT3 (2006–2008), and HUNT4 (2017–2019)—have been

described in detail,27–30 including the characteristics of the partici-

pants versus non-participants.27,31 Of the participants invited to join

HUNT4, 19,403were 70 years of age or older. These participants were

offered an extended examination, called HUNT4 70+, in which 9930

participated. The 9745 participants who provided enough information

for a conclusive cognitive assessment were included in the current

analyses.

The comprehensive clinical examination of HUNT4 70+ partici-

pants included vitalsmeasurements (blood pressure, heart rate, height,

and weight), cognitive tests, and questionnaires on subjective health,

chronic disease, lifestyle and functioning, cognitive decline, symptom

debut and course, neuropsychiatric symptoms, and performance in

activities of daily living (ADLs).

The assessment and diagnostic procedure for dementia has been

described in previous work.32 Briefly, information from the Mon-

treal Cognitive Assessment (MoCA),33 the Word List Memory Task

(WLMT),34 the 8-item Severe Impairment Battery,35 and caregiver

interview was collected. The final dementia diagnosis was deter-

mined independently by two medical doctors who were specialists in

geriatrics, old-age psychiatry, or neurology.

The dementia group was further categorized into AD, VaD, Lewy-

body dementias (dementia with Lewy bodies and Parkinson’s disease

withdementia), frontotemporal dementia,mixeddementia, other spec-

ified dementia, and unspecified dementia. In the present study, the

latter five groups were combined into the group “other dementia,” due

to their small numbers. All diagnoses were set according to the crite-

ria of the Diagnostic and Statistical Manual of Mental Disorders, Fifth

Edition (DSM-5).

2.3 Measurement of depression and anxiety

Depression and anxiety were measured using self-report question-

naires at all four HUNT waves. HUNT2-4 used the Hospital Anxiety

and Depression Scale (HADS), with subscales for depression (HADS-

D), and anxiety (HADS-A), each consisting of seven items. The response

format for each itemwas a 0–3 Likert scale, yielding subscale scores in

the range 0–21 and a HADS total score in the range of 0–42. As in pre-

vious research, a cutoff of 15 on the total scale (HADS-T) was used to

define caseness of sum of anxiety- and depressive symptoms (A + D)

RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the litera-

ture through traditional sources (e.g., PubMed, EMBASE,

Cinahl, and PsycInfo), and found that despite firm evi-

dence of positive associations between depression and

risk of dementia, the evidence is conflicting regarding

midlife anxiety and depression as risk factors for demen-

tia.

2. Interpretation:Our results show that a higher prevalence

of depression and anxiety is associated with dementia

occurringmore than30years later, but also that dementia

might be a prodrome of dementia.

3. Future directions: Anxiety and depression earlier in life

should be further investigated as risk factors for demen-

tia. The difference between men and women in terms of

anxiety and depression inmidlife and the associationwith

dementia should be further explored. An active approach

to prevent anxiety and depression in midlife may reduce

the risk of dementia in late life.

at HUNT2-4.36 The HADS questions were not included in the HUNT1

questionnaires.

At HUNT1 and HUNT2, anxiety and depression were measured

using the 4-item Anxiety and Depression Inventory (ADI-4), which

quantifies nervousness, calmness, mood, and vitality. This inventory

does not distinguish sufficiently between depression and anxiety, but it

is consideredanacceptable indicator of psychiatric caseness ofA+D in

the totalHUNT1populationwith the right cutoff.25 AtHUNT2, a cutoff

at 15 on the HADS total score matched a cutoff at the 88th percentile

on ADI-4; consequently, a cutoff at the 88th percentile on ADI-4 were

used to define caseness of A+D at HUNT1. In addition, four groups of

course of A+Dwas classified based on the results fromHUNT1-3 into

“No A+D,” “Transient A+D,” “Incident A+D,” and “Persistent A+D.”

2.4 Measurement of covariates

We selected covariates based on relevant literature, clinical experi-

ence, and a directed acyclic graph (DAG) diagram.37 In addition to

sex and age, self-reported information from the questionnaires was

used. Covariates included in the analysis are co-living status, physical

activity, alcohol consumption, loneliness, body mass index (BMI), sys-

tolic blood pressure (SBP), history of stroke, cardiac attack, diabetes,

smoking habits, and hearing threshold level (HTL). A description of

covariates may be found in the SupplementaryMaterial.

Registry-based information on education from Statistics Norway

(SSB) for the year 2018 and household income after tax for the year of

participation in HUNT2 were linked to participants, using the unique

personal identification number given to all Norwegian residents.
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Education was categorized into five levels (unspecified/none, primary

school, secondary school, university up to 4 years, and university more

than 4 years), and incomewas grouped in quartiles.

2.5 Ethical approval

The study adhered to the guidelines for the protection of human data

concerning safety and privacy at the Norwegian National Centre for

Ageing and Health. The present analysis is part of the project “Depres-

sion, anxiety and social relationships as risk factors for dementia,”

which was approved by the Norwegian Regional Ethics Committee for

Medical Research (REC, reference number 182824). All participants

gave written informed consent.

2.6 Statistical analyses

STATA 17 was used for all statistical analyses. To study whether

trajectories of mean depression and anxiety scores (HUNT2–4) and

the prevalence of A + D, differed according to dementia status at

HUNT4, we used dementia status at HUNT4 as the exposure variable.

We considered depression, anxiety, and A + D as outcome variables,

with separate models for each of these outcomes. Multilevel mixed-

effects linear regression with random intercept and slope, and with

independent (default) covariance structure, was used, also for the

binary outcome after assessment (see Table S1). In the regression

model, depression, anxiety, and A + D were the dependent outcome

variables, with separate models for each outcome. Dementia status

(dichotomized to “no dementia” and “dementia”), time (coded as 1–4

for HUNT1– HUNT4), and potential confounders were the indepen-

dent variables. Interaction terms between time and dementia were

used, and, in addition, interaction terms between sex and dementia

status and between birth cohort and dementia status were included,

to investigate the possible moderating effects of these variables. The

fully adjusted model included the following time-invariant variables:

dementia status, sex, education, income, diabetes, HTL, stroke, his-

tory of heart attack, and smoking history; the model also included the

following time-dependent variables: time, age, physical activity, lone-

liness, BMI, and SBP. Time-invariant variables were either stable or

could not be exactly timed. Mean scores of HADS and prevalence

of A + D by dementia status at HUNT4 were predicted from the

mixedmodels post hoc using themargins command. The analyseswere

repeated using dementia type as the main independent variable. Each

of the subtypes—AD, VaD, and other dementias—in comparison to

no dementia was analyzed in separate models. Stratified regressions

according to sex were performed.

Additional analyses of whether course of A + D and occurrence

of A + D before and/or after age ≤65 is associated with dementia is

described in the Table S2.

As recommended in the literature,38 imputation by subjects’ mean

was performed to handle missingness at the item level in our out-

come variables HADS and ADI-4. Mean HADS scores before and after

imputation are shown in the appendix (Table S3). In addition, we used

multiple imputation by chained equations (MICE) to impute missing

data in covariates, using all study variables. Twenty imputed data

sets were produced using Stata’s “mi” procedure. Year of birth, sex,

and dementia diagnosis were used as non-missing variables in the

prediction. The proportion of missing data are reported in Table 1.

Sensitivity analyses were performed with complete cases. In addi-

tion, we conducted stratified analyses by age cohort, with cutoff at

age 80 years, to examine death as a competing risk. In all analyses,

significance was set to 5% in two-sided tests.

3 RESULTS

3.1 Descriptive characteristics

Mean age at HUNT4 was 78.0 years, standard deviation (SD) 6.45

(range 70–103), and 54.4% of participants were women. Of the 9745

participants, 8220 (84%) had no cognitive impairment and 1525 (16%)

had dementia; among those with dementia, 870 (57%) had AD, 159

(10.4%) had VaD, and 522 (32.5%) had “other dementia.” Descriptive

characteristics with respect to all covariates are presented in Table 1,

according to dementia status at HUNT4.

3.2 All-cause dementia

Results from the fully adjusted mixed regressions showed that com-

pared to participants without dementia, the prevalence of A + D

among thosewith dementia was 1.9 percentage points (pp) [95% confi-

dence interval [CI] 0.1–3.7] higher at HUNT1, 1.9 pp [0.1–3.8] higher

at HUNT2, 2.9 pp [0.9–4.8] higher at HUNT3, and 7.6 pp [5.7–9.6]

higher at HUNT4. HADS scores were not available for HUNT1, but

participants with dementia at HUNT4 had significantly higher HADS-T

scores at HUNT2 (mean difference 0.38 [95% CI: 0.05–0.70]), HUNT3

(0.74 [0.41–1.07]), andHUNT4 (1.86 [1.50–2.22]). In addition they had

higher HADS-D scores at HUNT3 (0.33 [0.15–0.52]) and HUNT4 (1.29

[1.09–1.48]), but therewerenodifferences betweengroups atHUNT2.

Correspondingly, for participants with dementia at HUNT4, HADS-

A scores were higher at HUNT2 (0.27 [0.08–0.45]), HUNT3 (0.41

[0.22–0.59]), and HUNT4 (0.57 [0.37–0.78]) (Table 2 and Figure 1).

An analysis of dementia risk among those with A +D in midlife only

versus those with persistent symptoms showed no significant differ-

ence. However, those with A + D in midlife only had a higher risk than

those who never had A + D, and lower risk than those with late-life

A + D only (Table S2). Similarly, participants with incident and persis-

tent A + D had a higher risk of dementia than participants without

A+D (Table S2).

3.3 Type of dementia

Table 3 and Figure 2 present the differences between participants

with and without dementia by type (AD, VaD, and other dementias) at
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TABLE 1B Time independent characteristics by dementia status
at HUNT4.

No dementia Dementia

N % N %

Sex (missing) (0) (0)

Women 4400 53.5 900 59.0

Men 3820 46.5 625 41.0

Education (missing) (0.3) (0.3)

Unspecified/none 5 0.1 0 0.0

Primary school 1820 22.2 674 44.3

Secondary school 4415 53.9 676 44.4

University.<4 years 1586 19.3 151 9.9

University.≥4 years 372 4.5 20 1.3

IncomeHUNT2 (missing) (11.6) (13.3)

Lower quartile 3007 41.4 893 67.5

Second quartile 2381 32.7 279 21.1

Third quartile 1389 19.1 109 8.2

Upper quartile 494 6.8 42 3.2

Smoking history (missing) (0.2) (3.0)

Never 3158 38.5 620 41.9

Ever 4552 55.5 789 53.3

Current 493 6.0 71 4.8

Diabetes (missing) (0.6) (8.6)

No diabetes 7201 88.2 1142 81.9

Diabetes 967 11.8 252 18.1

Apoplexia ever (missing) (9.9) (8.8)

No 6641 89.6 1138 81.8

Yes 767 10.4 253 18.2

Had heart attack (missing) (0.4) (1.6)

No 7347 89.7 1310 87.3

Yes 843 10.3 191 12.7

Abbreviation: HUNT, Trøndelag Health study.

HUNT4 in terms of depression and anxiety levels and prevalence of

A + D at HUNT1–HUNT4. The difference between participants with

AD compared to those without dementia was similar to the difference

between all-cause dementia and no-dementia groups. For those with

VaD, there was no significant difference from those without dementia

until HUNT4, whereas the other dementia group differed from those

without dementia in the same pattern as in the all-cause dementia

analysis in HUNT3–HUNT4–.

3.4 Sex-specific analysis

The results for men and women were analyzed separately and are

shown in the appendix (Table S4). Among women, those with dementia

at HUNT4 had a higher prevalence of A + D at HUNT1, HUNT3, and

HUNT4, higher HADS-T scores at HUNT2 –HUNT4, higher HADS-D

scores at HUNT3 and HUNT4, and higher HADS-A scores at HUNT2–

HUNT4. Among men, those with dementia at HUNT4 had higher

prevalenceofA+DatHUNT4alongwith higherHADS-T,HADS-D, and

HADS-A scores at HUNT3 andHUNT4.

3.5 Sensitivity analyses

A complete case analysis showed the same pattern of results with

increasing differences in HADS-T, HADS-A, and HADS-D scores

between participants with and without dementia from HUNT2 to

HUNT4. Regarding prevalence of A + D, no significant difference was

foundbetween thegroupsat assessmentsprior toHUNT4 (Table S5). In

a stratified analysis by age (with the cutoff at age80 years), a difference

in anxiety and depression between those with and without dementia

was found only in the older age group (Table S6). In a multilevel logistic

regression analysis on a simplified imputed data set, A+D-trajectories

had the same trends as in the linear regression (Table S1).

4 DISCUSSION

In this population-based study of 9745 men and women aged 70+
years, those who had developed dementia at the cognitive assessment

showed a higher mean total HADS-T score and higher A + D preva-

lence compared to those who did not develop dementia more than

two decades earlier. The differences were marginal at the first waves

and grew larger as participants drew closer to dementia diagnosis. For

A + D, the difference between the groups was already evident three

decades before the cognitive assessment.

These findings are consistent with a previous prospective follow-

up study reporting that those with mental distress (labeled A + D in

the present study), as measured using ADI-4 at HUNT1, had a 35%

greater risk of developing dementia, as identified frommedical records

in hospitals and nursing homes, over a 27-year period.25

We found higher levels of depressive symptoms 11 years (but not

22 years) prior to dementia diagnosis. A study with a similar design

found higher levels of depressive symptoms among participants who

develop dementia 10 years before their diagnosis.11 A recent system-

atic review found that associations between depression and dementia

were stronger in studies with shorter follow-up periods.24 Studies

of the association between dementia risk and course of depression

have found that recurrent,12 persistent,17 and treatment-resistant6

depressive episodes are associated with dementia, whereas remitting,

decreasing, or mild depressive episodes (i.e., low symptom scores) are

not associatedwith increased dementia risk.39 We found no significant

difference between participantswithA+Donly inmidlife versus those

with persistent symptoms regarding association with dementia in our

material. However, when all ages were included, those with incident

and persistent symptoms had higher risk of dementia, whereas the

risk among those with transient symptoms was not higher than among

those without symptoms (Table S2). This is in line with the UK Biobank

study, suggesting that improved depression does not indicate a higher
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TABLE 2 Prevalence of cases with clinical signifcant sum of anxiety- and depressive symptoms (A+D) andmean score of HADSwith 95%
confidence interval (CI) by dementia status at HUNT4, adjusted for age and sex, and fully adjusted.

No dementia Dementia Difference

% 95%CI % 95%CI pp 95%CI

Imputed cases, adjusted for age and sex (N= 9745)

A+D*

HUNT1 11,7 11,0 12,4 15,0 13,3 16,8 3,3 1,4 5,3*

HUNT2 11,9 11,2 12,6 15,1 13,3 16,9 3,2 1,2 5,1*

HUNT3 9,0 8,3 9,7 13,8 11,9 15,7 4,8 2,8 6,9*

HUNT4 8,9 8,2 9,6 22,0 20,1 24,0 13,1 11,0 15,2*

Mean 95%CI Mean 95%CI Δ 95%CI

HADS-T

HUNT2 7,96 7,83 8,09 8,57 8,26 8,88 0,61 0,27 0,95*

HUNT3 7,07 6,94 7,20 8,23 7,90 8,56 1,16 0,80 1,51*

HUNT4 7,01 6,88 7,14 10,01 9,67 10,35 3,00 2,63 3,36*

HADS-D

HUNT2 3,77 3,70 3,84 4,00 3,83 4,17 0,23 0,04 0,41*

HUNT3 3,48 3,41 3,55 4,03 3,85 4,22 0,56 0,36 0,75*

HUNT4 3,47 3,40 3,54 5,37 5,19 5,56 1,91 1,71 2,11*

HADS-A

HUNT2 4,19 4,11 4,26 4,57 4,40 4,75 0,39 0,19 0,58*

HUNT3 3,60 3,52 3,67 4,19 4,01 4,38 0,60 0,40 0,80*

HUNT4 3,55 3,47 3,62 4,63 4,44 4,82 1,09 0,88 1,29*

% 95%CI % 95%CI pp 95%CI

Imputed cases, fully adjusted (N= 9745)

A+D*

HUNT1 10,4 9,6 11,1 12,3 10,6 14,0 1,9 0,1 3,7*

HUNT2 12,2 11,5 12,9 14,2 12,5 15,9 1,9 0,1 3,8*

HUNT3 10,4 9,7 11,1 13,2 11,4 15,1 2,9 0,9 4,8*

HUNT4 10,2 9,4 10,9 17,8 15,9 19,7 7,6 5,7 9,6*

Mean 95%CI Mean 95%CI Δ 95%CI

HADS-T

HUNT2 7,89 7,76 8,02 8,27 7,97 8,56 0,38 0,05 0,70*

HUNT3 7,26 7,13 7,38 8,00 7,70 8,30 0,74 0,41 1,07*

HUNT4 7,18 7,05 7,31 9,04 8,70 9,38 1,86 1,50 2,22*

HADS-D

HUNT2 3,73 3,66 3,80 3,84 3,67 4,00 0,11 −0,07 0,29

HUNT3 3,58 3,51 3,65 3,91 3,74 4,08 0,33 0,15 0,52*

HUNT4 3,56 3,49 3,63 4,85 4,66 5,03 1,29 1,09 1,48*

HADS-A

HUNT2 4,16 4,09 4,24 4,43 4,26 4,60 0,27 0,08 0,45*

HUNT3 3,68 3,61 3,75 4,09 3,92 4,26 0,41 0,22 0,59*

HUNT4 3,62 3,54 3,69 4,19 4,00 4,38 0,57 0,37 0,78*

Abbreviations: A+D, prevalence of cases with clinical significant sum of anxiety- and depressive symptoms; CI, confidence interval; HADS, Hospital Anxiety

and Depression Scale; HADS-T, total score of HADS; HADS-D, HUNT, Trøndelag Health study; Depression subscore of HADS; HADS-A, Anxiety subscore of

HADS; pp, percentage points;Δ, difference of mean.

*p< 0.05.
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F IGURE 1 MeanHADS total score and sub-scores, and prevalence of cases with clinical significant sum of anxiety- and depressive symptoms
(A+D), by dementia status at HUNT4 over time (1984=HUNT1, 1995=HUNT2, 2006=HUNT3, 2017=HUNT4), fully adjusted. HADS, Hospital
Anxiety andDepression Scale; HUNT, Trøndelag Health study.

F IGURE 2 MeanHADS-total (HADS-T) score by types of dementia over time, fully adjusted, vertical plots indicating confidence intervals.
HADS, Hospital Anxiety andDepression Scale.
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dementia risk.16 In our study, the higher level of depressive symptoms

in the dementia group at HUNT3may be driven partially by individuals

already being in a prodromal stage of dementia, as we found no signifi-

cant difference in the previous wave. However, a Swedish study found

that even if the risk of dementia declined sharply with time, patients

with major depressive episodes had higher risk of dementia over a

follow-up period of up to 35 years.7

We also found that the level of anxiety was higher in the dementia

group both 22 and 11 years before the diagnosis of dementia, as well

as at the time of dementia diagnosis atHUNT4. This is in linewith other

studies, suggesting that anxiety is associated with increased dementia

risk.40,41 However, a recent systematic review foundmixed results and

no overall association between anxiety and risk of dementia in a meta-

analysis of five prospective cohort studies.24

It has been suggested that anxiety is also a prodrome of

dementia,21,42 and that anxiety could be a manifestation of an

underlying neurodegenerative process leading to dementia.43 Another

suggestion is that anxiety is part of a personality associated with

increased dementia risk.44 Caution is warranted when comparing

studies on anxiety and dementia, given the considerable variation in

sampling, diagnostic criteria, and categories used.

Among men, no difference in A +Dwas found between the demen-

tia and non-dementia groups until 11 years before dementia, whereas

inwomen thedifferencebetween the groupswas significant already33

years before dementia diagnosis. Forwomen, a differencewas found in

the anxiety scores 22 years before dementia, but not in the depression

scores. Althoughwe adjusted the analyses for several covariates, there

may remain other unmeasured risk factors for dementia that were

more common amongwomen and related to anxiety. Furthermore, cer-

tain female-related factors, such as parity,45 or menopause,46 or the

greater role in caring and lower income, may influence susceptibility

to anxiety, which was found to be significantly higher among women

compared to men, even in those who did not develop dementia. Our

findings suggest that, for women in particular, addressing A + D from

midlife onward should be a priority for reducing the risk of dementia

and improvingmental health. In addition, factors that trigger or sustain

A + D in women should be explored further to better understand the

potential associations with dementia.

The complex processes on the pathway from anxiety and depres-

sion toward dementia are shown in a DAG, but the main direction

of the arrows is not always obvious (Figure S1), and a diversity of

mechanisms is likely to be involved. Biologically, mechanisms involv-

ing chronic stress and activatedhypothalamic-pituitary-adrenal (HPA)-

axis, chronic inflammation involving interleukins, altered tryptophan

metabolic pathways, and changes in neurotransmitter systems have

been reported to play a role in the pathway between anxiety, depres-

sion, and dementia.47 However, especially when the follow-up of

individuals with anxiety and depression is long, psychosocial path-

ways may be important, as these disorders might increase the risk

of unhealthy lifestyle, like social isolation, lack of exercise, and self-

neglect.48 It has been found that psychologically distressed patients

whoparticipated inmedium to hard physical activity had a reduced risk

of dementia.49

When stratifying by age, we found that anxiety and depression

affected the risk of dementia only in the older group (≥80 years at the

dementia assessment). Participants with depression and anxiety are

likely more prone to drop out of the study,31 which could attenuate

any true association with dementia. Therefore, our estimates may be

conservative.

Both anxiety and depressive disorders are distressingwhen present

and should be treated appropriately. Furthermore, treating these con-

ditions may reduce the risk of dementia. Our findings suggest that

lowering anxiety and depression symptom scores in the general pop-

ulation could potentially reduce the risk of dementia. This makes it

plausible that universal efforts to improve well-being from midlife

onward may have a significant impact on reducing the dementia risk

across the population.16

4.1 Strengths and limitations

Important strengths of the present study are its large sample size, its

long follow-up period, and a robust method for diagnosis of demen-

tia and its subtypes. The sample was population based, inviting all

residents in a specific area, and—to increase inclusion—clinical exam-

inations were offered at the participant’s home or at the nursing home.

Another study strength is its inclusion of both anxiety and depression

in the analysis.

The study also has its limitations. At HUNT4, nearly half of the peo-

ple 70 years and older invited to join did not participate. Thosewho did

not participate or had missing values on covariates might differ from

the (full) participants in terms of prevalence of dementia and the inves-

tigated risk factors,31 potentially introducing selection bias. To account

for someof this bias,missing valueswere imputed; unfortunately; how-

ever, we did not have access to populationweights at each surveywave

to correct for selective drop-out from the study. In addition, the HADS

tool, despite being well-validated and used in many population stud-

ies, has some limitations. However, the lack of assessment of somatic

symptoms50 can be argued to be a strength, as older people often

have other illnesses with somatic symptoms. Self-report instruments

may be less reliable among individuals with dementia at HUNT4 due

to memory issues, which can affect their ability to accurately report

their feelings over the past week. In addition, self-reported data on

anxiety and depression generally have limitations compared to clini-

cal assessment. Furthermore, given the long intervals between waves,

episodes of depression and anxiety may have occurred without being

identified by the study. Moreover, the HUNT cohort is representa-

tive of the Norwegian population but with slightly lower education

levels, no large city, and few immigrants. The lack of imaging and

biomarker data in the diagnostic process may have caused diagnostic

misclassification, especiallywith respect to subtypes of dementia; such

misclassificationsmight also attenuate any true association.Moreover,

many people have more than one pathology.51 The number of demen-

tia cases was insufficient to study the different subtypes of dementia.

Finally, our results should be interpreted with caution due to multiple

testing.
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5 CONCLUSION

Our study shows that anxiety and depression in midlife are associated

with increased risk of dementia, and it finds that the levels of depres-

sion and anxiety symptoms20and30years before diagnosis are higher

among those who subsequently develop dementia. The difference in

mean anxiety scores between the groups with and without dementia

was small and increased only slightly nearer the dementia diagnosis,

whereas the difference in mean depression scores increased markedly

over time. Our results indicate that particularly depression in late life

should alert health services tomonitorwhether dementia is potentially

in progress. Treating depression and anxiety and taking a more active

approach to preventing mental distress in midlife may reduce the risk

of dementia in late life.
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