
 

 

 

Anxiety as a risk factor for cognitive decline

Citation for published version (APA):

Gulpers, B. J. A., Oude Voshaar, R. C., van Boxtel, M. P. J., Verhey, F. R. J., & Köhler, S. (2019). Anxiety
as a risk factor for cognitive decline: a 12-year follow-up cohort study. American Journal of Geriatric
Psychiatry, 27(1), 42-52. https://doi.org/10.1016/j.jagp.2018.09.006

Document status and date:
Published: 01/01/2019

DOI:
10.1016/j.jagp.2018.09.006

Document Version:
Publisher's PDF, also known as Version of record

Document license:
Taverne

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 22 May. 2023

https://doi.org/10.1016/j.jagp.2018.09.006
https://doi.org/10.1016/j.jagp.2018.09.006
https://cris.maastrichtuniversity.nl/en/publications/ae43e16f-263b-4016-9221-e76bf919136c


REGULAR RESEARCH ARTICLES
Anxiety as a Risk Factor for Cognitive
Decline: A 12-Year Follow-Up Cohort Study
D1X XBernice J.A. Gulpers, D2X XM.Sc., D3X XRichard C. Oude Voshaar, D4X XM.D., Ph.D.,

D5X XMartin P.J. van Boxtel, D6X XM.D., Ph.D., D7X XFrans R.J. Verhey, D8X XM.D., Ph.D.,

D9X XSebastian K€ohler, D10X XPh.D.
Received June 5,
Mental Health C
for Mental Healt
the Center for P
Groningen, Gron
Netherlands 620

© 2018 Amer
https://doi.o

42
Objective: Anxiety might be a risk factor for cognitive decline, but previous studies

had short follow-up or small sample sizes or studied general or single cognitive

domain functioning. Methods: Anxiety symptoms were assessed with the Symptom

Checklist-90 in 918 participants of the Maastricht Aging Study aged 50 years or older.

Anxiety was analyzed both dichotomously (highest versus lower quartiles as a

group) and continuously. Neuropsychological tests measured executive function,

memory, speed of information processing, and verbal fluency. Linear mixed models

were conducted with anxiety symptoms as predictor and change in cognitive scores

as outcome. Differences of associations by age and gender were studied with three-

way interactions. Results: Higher anxiety symptoms were significantly associated

with more decline in verbal memory in those aged 65 years and older (delayed recall:

x2 = 9.30, df = 2, p = 0.01; immediate recall: x2 = 11.81, df = 2, p = 0.003). There were

sex differences in executive function (x2 = 6.63, df = 2, p = 0.036), fluency (x2 = 6.89,

df = 2, p = 0.032), and processing speed (x2 = 8.83, df = 2, p = 0.012), with lower per-

formance in women over time. Conclusion: In participants without cognitive

impairments at baseline, anxiety symptoms were associated with a decline in verbal

memory in older adults and with poorer performance in nonamnestic domains in

women. Adequate treatment of anxiety symptoms could have a beneficial influence

on the risk of developing neurodegenerative diseases. Further research is needed to

elucidate whether this association is causal. (Am J Geriatr Psychiatry 2019; 27:42−52)
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HIGHLIGHTS
� We investigated which cognitive doma
ins are affected by anxiety in a twelve year fol-

low-up cohort study.

� Anxiety symptoms were associated with a decline of verbal memory in older adults

and with poorer performance in non-amnestic domains in women.

� Adequate treatment of anxiety symptoms could potentially beneficially influence the

risk for developing neurodegenerative disease.
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INTRODUCTION

A nxiety is a risk factor for cognitive impairment,
and possibly for dementia,1 but to date,

research about the association between anxiety symp-
toms and specific cognitive functioning has been
equivocal. In cross-sectional studies, larger effect sizes
were found in memory problems compared with
other cognitive domains.2 A recent cross-sectional
study in a large sample of younger and older adults
(N = 82,360) showed a significant association between
anxiety disorders and reduced executive function,
but the authors did not find an effect of age on the
association. A stronger association in the older age
group is to be expected when neurodegeneration is
assumed to be the underlying mechanism.3 Indeed,
our systematic review showed that anxiety might be
associated with decline in executive function.1 In con-
trast, the evidence from longitudinal studies for an
association between anxiety and memory decline is
scarce, with only one out of seven studies showing a
significant decline in memory.1

Interpretation of previous studies in this field is
difficult, as conflicting results are at least partly
explained by methodological differences, such as var-
iability in duration of follow-up, residual confound-
ing, and different anxiety measures.1 In our meta-
analysis, we showed that the impact of anxiety on
cognitive decline is strongest in the oldest adults
(80 years or older), which seems to suggest that anxi-
ety is a prodromal symptom of dementia.1 As the
asymptomatic and prodromal phase of Alzheimer
disease may span 2 decades or more,4 studies with a
long follow-up duration are required for more defini-
tive answers. To date, only one longitudinal study on
individual cognitive domains had a follow-up of
more than 10 years,5 with the majority of studies hav-
ing a follow-up of less than 5 years.1 In addition,
adjustment for relevant confounders is important, as
different covariates have already been associated
with the risk of cognitive decline, e.g., age and educa-
tion.6,7 Insufficient adjustment for confounders could
lead to an overestimation of the effect of anxiety. Pre-
vious studies generally did not analyze potential het-
erogeneity by age or sex. Older adults have less
cognitive reserve, which is associated with a higher
risk of cognitive decline.8 In women, the prevalence
of Alzheimer disease is higher than in men, which
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can be attributed to women living longer but also
suggests that female gender may be another risk fac-
tor.9 Finally, depression is often comorbid with anxi-
ety and is also associated with a higher risk of
cognitive decline;10 however, few studies have
accounted for this correlation. Anxiety disorders
comorbid with major depression may further acceler-
ate cognitive decline in older adults compared with
those with major depression only.11

Prospective studies that assess multiple cogni-
tive domains and include a longer follow-up dura-
tion and adequate control for confounding and
comorbid depression are needed. Therefore, in this
population study, we investigated the crude and
adjusted associations—with 12 years of follow-up
between anxiety and cognitive decline—with exec-
utive function (as the current literature suggests an
association with anxiety) and, more exploratively,
memory, speed of information processing, and flu-
ency. Interactions of anxiety with age and gender
were also investigated.
METHODS

Study Sample

The Maastricht Aging Study (MAAS), comprising
1,823 participants, investigated the determinants of
cognitive aging.12 Participants were recruited from
the Registratienet Huisartspraktijken (RNH) (Regis-
tration Network Family Practices), a database man-
aged by the Department of General Practice of
Maastricht University.13 A total of 10,396 participants
were sampled from the RNH database. There were
4,490 participants willing to participate; others did
not want to participate or did not respond to the invi-
tation. After checking the exclusion criteria (see next
paragraph), 4,189 participants were deemed suitable
for participation. Of this group, 1,823 (43.5%) were
randomly selected and stratified by age (12 age
groups between 24 and 81 years), gender, and level of
occupational activity (high/low) (Fig. 1). During a 12-
year follow-up, adults aged 50 years and older were
tested every 3 years.

Exclusion criteria defined in the RNH database
were coma (active only), cerebrovascular pathology,
any tumor of the nervous system, congenital
43



FIGURE 1. Flow diagram of selected participants.
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malformations of the nervous system, multiple sclero-
sis, parkinsonism, epilepsy (all types), dementia,
organic psychosis (other than dementia), schizophre-
nia, affective psychosis, and mental retardation. In
addition, before participation in the test program, all
participants were screened in a semistructured inter-
view to update RNH exclusion criteria and to check
for the following exclusion criteria not coded in the
RNH database: history of transient ischemic attacks,
brain surgery, hemodialysis for renal failure, electro-
convulsive therapy, and regular use of psychotropic
drugs. Finally, a score below 24 on the Mini-Mental
State Exam led to exclusion from the study at base-
line. Additional exclusion criteria for the current
study were age below 50 years and no baseline data
for the Symptom Checklist-90 (SCL-90). We included
918 participants in the present analysis.
44
Baseline Measurements

Anxiety

Anxiety was measured with the anxiety subscale
of the SCL-9014 and comprised 10 questions, with a
5-point Likert scale rating the degree of a specific
anxiety symptom. The total score was calculated
by adding up the individual scores per question
(range: 10−50). Anxiety was used both dichoto-
mously (high anxiety, yes/no, defined as being in
the highest quartile) and continuously (anxiety
symptom score).
Depression

Depression was measured with the depression
subscale of the SCL-90 and comprised 16 questions,
using the same 5-point severity scale as that used for
anxiety. The individual scores were added up to cal-
culate the total score in a process that corresponded
to the scoring of the anxiety subscale (range: 16−80).
Depressive symptoms were used dichotomously
(high depressive symptoms, yes/no, defined as being
in the highest quartile) and continuously (depressive
symptom score) as a covariate in the analysis of
anxiety as primary predictor.
Covariates

Age, sex, education level, and alcohol use were
considered covariates based on their associations
with both anxiety and cognitive decline. Education
level was based on self-report data and defined in
eight categories, ranging from primary education
(one) to university degree (eight). For analysis, educa-
tion level was recorded at three levels: low (levels
1−2), medium (levels 3−5), and high (levels 6−8)
(included as dummy variables, with low education as
reference). Alcohol use was measured by asking
about both the amount of drinking days in a week
and the number of drinks. Alcohol use was catego-
rized as no use, social use, or excessive use. Excessive
use was defined as 5 units or more per day or 4 days
or more with 3 or more units of alcohol. Social use
was defined as less than 5 units per day or less than
4 days with 3 or more units of alcohol. Social use was
the dummy reference owing to the U-shaped relation-
ship of alcohol and cognition. The use of psychotropic
Am J Geriatr Psychiatry 27:1, January 2019
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medication was also self-reported by naming all used
medication at baseline and every follow-up.
Outcome

Primary outcome

Executive function was the primary outcome vari-
able using the Concept Shifting Test (CST) and the
Stroop Color and Word Test (SCWT). The CST15

measures cognitive flexibility and is a modification of
the Trail Making Test.16 It consists of three sheets (A,
B, and C), each with 16 small circles. In these circles,
the test items (numbers [A], letters [B], or both [C])
appear in a fixed random order. Participants are
asked to cross out the items in the right order (alter-
nating digits and numbers in the CST-C condition),
the time to complete the tasks is recorded, and the
shifting score is calculated by subtracting the average
time needed to complete CST-A and CST-B from the
time needed to complete CST-C.

The SCWT measures response inhibition. It
involves three cards, each displaying multiple of
stimuli: color names (card one), colored patches (card
two), and color names printed using incongruously
colored ink (card three).17,18 Participants need to read
the color names (card one), name the colored patches
(card two), and name the incongruous color of the
color names (card three). The SCWT score is calcu-
lated by subtracting the average time needed to com-
plete cards one and two from the time needed to
complete card three.

Secondary outcome

Memory, speed of information processing, and flu-
ency were considered secondary outcome measures.
Memory was measured using the immediate and
delayed recall subtests of the Verbal Learning Test
(VLT), in which 15 nonrelated, monosyllabic words
are successively presented.19,20 For immediate recall,
participants were asked to recall as many words as
possible, and this procedure was subsequently
repeated five times. The immediate recall score was
calculated by summing the correctly named words
over five trials. After 20 minutes, delayed recall was
tested (one trial) and the amount of correctly named
words scored.

Speed of information processing was tested with
the Letter Digit Substitution Test (LDST).21
Am J Geriatr Psychiatry 27:1, January 2019
Participants were instructed to match—according to
a key of letter/digit combinations included at the top
of the sheet—as many digits to letters as possible
within 90 seconds. Fluency was measured using a
subtest of the Groningen Intelligence Test, asking the
respondent to name as many animals as possible
within 1 minute.22
Statistical Analysis

Group differences between the two subgroups
(high anxiety and low anxiety) were tested using
independent t-tests (dimensional variables) and x2

tests (categorical variables). Linear mixed models
were conducted for the longitudinal data, with the
dichotomous variable of the high anxiety group and
the dimensional score of anxiety symptoms at base-
line and time as the independent variables and the
outcome on the specific neuropsychological tests as
the dependent variable. The analyses for high anxiety
were adjusted for age, sex, education level, alcohol,
and highest quartile on the depression subscale of the
SCL-90 (yes/no). The same adjustments were made
for the analysis of continuous anxiety symptoms as
main predictor, except that the continuous depressive
symptom scores was used instead of the binary
depression variable (highest quartile yes/no). No
adjustment for psychotropic drug use took place in
the primary analysis since regular psychotropic drug
use was already an exclusion criterion at baseline.
The model included random effects for intercept and
slope and an unstructured covariance structure, as
this gave the best model fit, according to likelihood
ratio testing. Differences in rate of change in cognition
over time—as a function of baseline anxiety (dichoto-
mous and continuous)—were tested by including the
anxiety£ time (three levels: baseline and 6 and 12
years) interaction term in the model, using the Wald
x2 test as a test of homogeneity of effects. In addition,
three-way interaction terms tested the moderation
effect of age and gender on the outcome of cognitive
changes over time. If significant, stratified analyses
were run for different age groups (<65 years and ≥65
years) and for men and women separately. The same
approach was used for the dichotomous depression
variable as predictor. Analyses were conducted using
SPSS Statistics 22.0 (International Business Machines
Corporation, Armonk, NY) and Stata 15 (StataCorp,
College Station, TX), with an alpha level of 0.05 in
45



TABLE 1. Baseline Characteristics and Difference Between Participants With High and Low Anxiety Symptoms

Characteristicsa High anxiety symptoms (N = 233) Low anxiety symptoms (N = 685) Statistics

Sociodemographics/ confounders:

Age in years, mean (SD) range 65.0 (8.6) 50−82 64.2 (8.9) 50−82 t = 1.28, df = 916, p = 0.202
Female gender, n (%) 139 (59.7) 307 (44.8) x2 = 14,7, df = 1, p <0.01
Level of education, n (%)

Low 135 (57.9) 313 (45.7)
Medium 68 (29.2) 258 (37.7) x2 = 10.4, df = 2, p = 0.005
High 30 (25.4) 114 (16.6)
Alcohol use, n (%)

b

� No use 69 (30.9) 116 (17.6)
� Social use 101 (45.3) 347 (52.6) x2 = 18.1, df = 2, p <0.01
� Excessive use 53 (23.8) 197 (29.8)
Psychopathology, mean (SD) range

SCL-90 anxiety 18 (5) 14−42 11 (1) 10−13 t = -20.6, df = 238, p <0.01
SCL-90 depression 27 (9) 16−62 19 (3) 16−36 t = -13.6, df = 250, p <0.01

Notes: SD: standard deviation.
aMissing data varied between variables: 35 missing for alcohol use, 8 missing for SCL-90 depression, and 0 missing for the other variables.
b Alcohol use: no use, 0 units per day; social use, less than 5 units per day or less than 4 days with 3 or more units; excessive use, 5 units or more

per day or 4 days or more with 3 or more units.

Anxiety as a Risk Factor for Cognitive Decline: A 12-Year Follow-Up Cohort Study
two-tailed tests. For three-level interactions, stratified
analyses were also done for p < 0.10 given the low
power of such tests.

To explore clinical significance by calculating a
standardized effect size (Cohen's d), we followed the
recommendation by Feingold23,24 and used the fixed
effect of the group£ time interaction in the nominator
and the standard deviation of the cognition score at
baseline so that d = b_interaction/standard devia-
tion_baseline_raw. For anxiety symptoms, this was
done for a 10-point change to get clinically meaning-
ful results. An effect of 0.2 reflected a small effect, 0.5
a medium effect, and 0.8 a large effect.

RESULTS

Baseline Comparisons

At baseline, there were significant differences
between participants with high anxiety symptoms
and those with low anxiety symptoms, with the for-
mer being more often female and less educated. They
also used less alcohol and had higher mean scores for
depression (Table 1).
High Versus Low Anxiety Symptoms

In the analyses testing the difference in rate of
change among those with high versus low anxiety
46
symptoms (adjusted for age, gender, education, and
alcohol), none of the primary or secondary cognitive
outcomes revealed significant main effects. Analyses
with adjustment for comorbid high depressive symp-
toms yielded similar results. Effect moderation by age
group (<65 years versus ≥65 years) was not signifi-
cant. There was, however, a significant difference
between men and women regarding change in verbal
fluency (overall x2 = 8.10, df = 2, p = 0.017). In analy-
ses stratified by gender, men with high anxiety expe-
rienced a nonsignificant improvement over time
(x2 = 4.62, df = 2, p = 0.099), whereas women with
high anxiety experienced a nonsignificant decline
(x2 = 5.90, df = 2, p = 0.052). This remained virtually
unchanged after adjusting for comorbid high depres-
sive symptoms.
Severity of Anxiety Symptoms

Using continuous anxiety symptoms as predictor
(adjusted for age, gender, education, and alcohol use)
showed that rate of decline in VLT delayed recall was
faster with increasing anxiety symptom levels in the
total sample (Cohen's d after 6 years and 12 years:
-0.19 and 0.02, respectively) (Table 2). The three-way
interaction with age for VLT delayed recall warranted
further inspection (x2 = 5.17, df = 2, p = 0.076). Age-
stratified analyses showed that higher anxiety levels
were associated with faster decline in the older age
group only (x2 = 9.30, df = 2, p = 0.010; Cohen's d after
Am J Geriatr Psychiatry 27:1, January 2019
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6 and 12 years: -0.48 and -0.18, respectively) (Table 3).
For VLT immediate recall, no overall effect was
found, but the three-way interaction of anxiety symp-
toms£ time£ age group was significant (x2 = 9.15,
df = 2, p = 0.010). Age-stratified analyses showed that
increasing anxiety symptoms were associated with
faster decline in the older age group only (x2 = 11.81,
df = 2, p = 0.003; Cohen's d after 6 and 12 years: -0.53
and -0.28, respectively) (Table 3). Some notable gen-
der differences were observed as well, with worse
cognitive trajectories in women compared with men.
For CST interference (interaction with gender:
x2 = 6.63, df = 2, p = 0.036), stratified analyses sug-
gested a nonsignificant improvement in men
(x2 = 3.08, df = 2, p = 0.215) and a nonsignificant
decline in women (x2 = 5.93, df = 2, p = 0.052)
(Table 4). For LDST (interaction with gender:
x2 = 6.54, df = 2, p = 0.038) and fluency interaction
with gender (x2 = 6.89, df = 2, p = 0.032), stratified
analyses showed that anxiety symptoms predicted
faster decline on the LDST in women only (x2 = 8.83,
df = 2, p = 0.012; Cohen's d after 6 and 12 years: -0.20
and -0.05, respectively), whereas fluency scores
improved significantly in men with more severe base-
line anxiety symptoms (x2 = 8.75, df = 2, p = 0.013;
Cohen's d after 6 and 12 years: 0.28 and 0.49, respec-
tively) but not in women (x2 = 2.80, df = 2, p = 0.246)
(Table 4). All associations persisted after additional
adjustment for depressive symptoms.
High Versus Low Depressive Symptoms

In the total sample, high depressive symptoms
were not significantly associated with rate of
change in primary or secondary cognitive out-
comes before or after adjustment for comorbid
high anxiety symptoms. Significant effect modera-
tion by age on CST interference (x2 = 6.87, df = 2,
p = 0.032) and VLT delayed recall (x2 = 7.78, df = 2,
p = 0.020) was observed. A faster decline in those
with high versus low depressive symptoms was
observed in older participants on both the CST
(x2 = 6.23, df = 2, p = 0.044; Cohen's d after 6 and
12 years: 0.100 and -0.813, respectively) and VLT
delayed recall (x2 = 9.40, df = 2, p = 0.009; Cohen's
d after 6 and 12 years: -0.398 and -0.206, respec-
tively). No interactions with gender were observed.
All associations persisted after additional adjust-
ment for high anxiety symptoms.
47



TABLE 3. Anxiety Symptoms in Younger and Older Adults Related to Verbal Memory Over 12 Years, Without Adjustment for High Depressive Symptoms

Time

Baseline Change from baseline to 6-year FU Change from baseline to 12-year FU Anxiety symptoms£ timea

Parameter Difference 95% CI Difference 95% CI Difference 95% CI x2 p

Younger adults VLT immediate recall ¡0.097 ¡0.263 to 0.068 ¡0.009 ¡0.182 to 0.165 0.053 ¡0.136 to 0.243 0.46 0.794
VLT delayed recall ¡0.041 ¡0.094 to 0.012 ¡0.020 ¡0.078 to 0.038 0.013 ¡0.051 to 0.077 1.14 0.566

Older adults VLT immediate recall 0.092 ¡0.145 to 0.330 ¡0.503 ¡0.790 to -0.216 ¡0.269 ¡0.656 to 0.118 11.81 0.003
VLT delayed recall 0.014 ¡0.060 to 0.088 ¡0.143 ¡0.235 to -0.051 ¡0.055 ¡0.235 to 0.075 9.30 0.010

Notes: All analyses adjusted for age, gender, education, and alcohol use. CI: confidence interval; FU: follow-up.
a Test of interaction between anxiety symptoms and time (baseline, 6-year and 12-year follow-up) with 2 df.

TABLE 4. Anxiety Symptoms in Men and Women Related to CST, Fluency, and LDST Over 12 Years, Without Adjustment for High Depressive Symptoms

Time

Baseline Change from baseline to 6-year FU Change from baseline to 12-year FU Anxiety symptoms£ timea

Parameter Difference 95% CI Difference 95% CI Difference 95% CI x2 p

Males CST 0.003 ¡0.005 to 0.011 ¡0.013 ¡0.027 to 0.002 ¡0.013 ¡0.033 to 0.008 3.08 0.215
Fluency ¡0.077 ¡0.237 to 0.084 0.164 ¡0.002 to 0.331 0.290 0.093 to 0.488 8.75 0.013
LDST ¡0.095 ¡0.330 to 0.140 0.123 ¡0.091 to 0.336 0.078 ¡0.185 to 0.341 1.26 0.531

Females CST 0.001 ¡0.004 to 0.007 0.009 0.002 to 0.017 0.003 ¡0.005 to 0.012 5.93 0.052
Fluency ¡0.033 ¡0.138 to 0.072 ¡0.068 ¡0.178 to 0.041 0.033 ¡0.097 to 0.163 2.80 0.246
LDST ¡0.074 ¡0.232 to 0.083 ¡0.196 ¡0.336 to -0.055 ¡0.048 ¡0.240 to 0.145 8.83 0.012

Notes: All analyses adjusted for age, gender, education, and alcohol use. CI: confidence interval; FU: follow-up.
a Test of interaction between anxiety symptoms and time (baseline, 6-year and 12-year follow-up) with 2 df.
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DISCUSSION

Main Findings

In contrast to our hypothesis, higher anxiety symp-
toms did not predict a faster decline in executive func-
tion over time. Nonetheless, the impact of anxiety on
the course of executive function over time differed
significantly between both sexes, with increasing anx-
iety symptoms predicting a worse cognitive trajectory
in women compared with men. A similar sex-specific
effect was found for processing speed and verbal flu-
ency. In contrast, faster decline in verbal memory
(immediate and delayed recall) was associated with
higher anxiety symptoms irrespective of sex but was
more pronounced in the older age group. A faster
decline in executive function and verbal memory
(delayed recall) was also found in older adults with
high depressive symptoms compared with older
adults with low depressive symptoms.
Anxiety and Cognition

We found no significant association between anxi-
ety and executive function in the total population.
There was, however, a significant difference between
sexes, with women with increasing levels of anxiety
showing a faster deterioration in executive function
over time. Previous research showed conflicting
results, with some studies reporting a significant
deterioration in executive function over time25−29 and
others not.30,31 Inconsistent findings in the literature
may be explained by researchers’ use of different
components of executive function. In MAAS, we
tested response inhibition and cognitive flexibility.
However, a previous study that used a sample
restricted to women with phobic anxiety tested only
verbal fluency and working memory as measures of
executive function and did not find any decline over
time.31 Furthermore, previous studies did not study
potential sex differences in executive function.25−30

However, our results suggest a specific effect on cog-
nitive flexibility in women only. The stronger associa-
tion in women might be because of a more severe32,33

or more chronic anxiety phenotype.34 Indeed, women
in MAAS have a higher prevalence of anxiety symp-
toms (x2 = 14.7, df = 1, p < 0.01) and a higher severity
of anxiety symptoms (t = -4.73, df = 772, p < 0.01),
though they do not differ significantly in chronicity of
Am J Geriatr Psychiatry 27:1, January 2019
anxiety symptoms compared with men (x2 = 3.39,
df = 1, p = 0.07). Previous research has also shown an
increased risk of coronary heart disease in women
with anxiety symptoms.35 Since the vascular disease
burden could potentially mediate the association
between anxiety and deterioration of executive func-
tion, this may explain these sex-specific findings as
well. The higher prevalence and higher severity of
anxiety symptoms in women in our sample might
also explain the differences between the sexes in proc-
essing speed and fluency over time.32−34 Processing
speed and executive function are also often affected
by cerebrovascular damage.36 Further research on
these sex differences, including the role of differences
in vascular burden, is needed.

Older participants (>65 years) with increasing levels
of anxiety symptoms had a significantly greater
decline in immediate and delayed recall of verbal
memory than older participants with less anxiety
symptoms. This association was not found in the
younger adults (50−65 years), suggesting that anxiety
symptoms in late life can be a prodromal symptom of
dementia. Deficits in verbal memory are considered a
marker of Alzheimer disease, as memory deficits
(especially involving delayed recall) are almost always
present in the early phase.37 Previous longitudinal
studies on the impact of anxiety on memory decline
were largely negative,25−27,30,31,38 with only 1 study
finding a significant association.39 Whether late-life
anxiety could be prodromal or causally related to neu-
rodegeneration remains unclear. Anxiety and cognitive
dysfunction could also be caused by an unknown
third factor. A recent meta-analysis found suggestions
for anxiety as a prodromal symptom of neurodegener-
ative diseases, as the associations were strongest in
those 80 years and older. Anxiety could then be a con-
sequence of diminished cognitive capacities that are
only experienced on a subjective level. These people
may benefit from a structuring of daily life. In our
study, the older participants (65+ years) had a mean
age of 72 years and therefore had a lower a priori
chance of underlying neuropathology compared with
the group (80 years and older) in the meta-analysis.1

There are also different pathways that could explain
the role of anxiety as a causal factor in the develop-
ment of neurodegeneration.

According to the hypercortisolemia hypothesis,40

prolonged exposure to anxiety-related stress will
lead to chronic hypothalamic-pituitary-adrenal
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dysregulation and therefore to higher levels of corti-
sol.1 It has been suggested that cortisol-induced
overstimulation of glucocorticoid receptors of gluta-
matergic neurons in the medial temporal lobe leads
to hippocampal atrophy and cognitive dysfunc-
tion.1,41−43 Other possible mechanisms are cardiovas-
cular disease (as stated above),44 low-grade
inflammation,45,46 brain-derived neurotrophic factor
suppression,47 and diminished cognitive reserves.8

In line with previous studies, high depressive
symptoms were also associated with a decline in
delayed recall of verbal memory, as well as executive
function, in the older age group.48 In our study, the
impact of high depressive symptoms on verbal mem-
ory and executive function was higher than the
impact of high anxiety levels. Results of research com-
paring the effect of anxiety and depression on cogni-
tive decline in the same study sample are
contradictory. Some previous studies also found
smaller effect sizes (albeit nonsignificant) for anxiety
—compared with depression—on cognitive
decline,5,49 whereas others found larger effect
sizes.50,51 To establish the clinical significance of our
results, Cohen's d effect sizes were calculated. For
anxiety symptoms, these effect sizes ranged from
small to medium; for high depressive symptoms,
they ranged from small to large.
Strengths and Limitations

A particular strength of this study is the longitudi-
nal design that used one of the longest follow-up peri-
ods compared to previous studies. A limitation of the
study is that we included a healthy population from
the community with low scores on the symptom
dimensions of the SCL-90. Therefore, participants with
more severe levels of anxiety were more likely to be
excluded, limiting the generalizability of our findings
to this group. The average score of 18 in the anxious
group is relatively low for a psychiatric population
and could have led to an underestimation of the asso-
ciation between anxiety and cognition. Another
50
limitation is the use of self-report measures for anxiety
and depression, which may have led to exposure mis-
classification. Importantly, such misclassification is
probably nondifferential, i.e., unlikely to be affected by
someone's subsequent course of cognition. Further, no
information was available in our data regarding age of
onset of anxiety symptoms or history of anxiety disor-
der, which could have been relevant for differentiating
between a prodromal symptom and a causal factor of
neurodegenerative disease. Next, factor analysis
showed a high correlation between anxiety and
depression,52 which makes it difficult to exclusively
evaluate either anxiety symptoms or depressive symp-
toms. Correcting for the other affective domain as a
confounder is conservative but can lead to overcorrec-
tion. As there is also overlap in the clinical presenta-
tion of depression and anxiety, this problem will likely
persist with other measurements. A final limitation is
the possibility that changes over time in the severity of
anxiety symptoms have influenced our outcome.

CONCLUSION

In our study, anxiety symptoms predicted decline
in executive function over time in women and decline
in verbal memory in an older age group (65+ years).
Further longitudinal research is needed to fully
understand the heterogeneous relationship between
anxiety and cognition, including potentially mediat-
ing mechanisms. Adequate treatment of anxiety
symptoms could potentially have a beneficial influ-
ence on the risk of developing neurodegenerative dis-
ease.

The Maastricht Aging Study is sup ported by the Maas-
tricht University Medical Center+ and the Dutch govern-
ment through a grant from the Netherlands Programme
for Research on Aging. The funding bodies had no role in
the study design, data collection, analysis, or decision to
publish. The authors have no declarations of interest to dis-
close.
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