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Abstract. Psychological stress is associated with dementia risk. However, the underlying mechanisms are unclear. This
cross-sectional study examined the association between self-reported psychological stress and cerebrospinal fluid (CSF)
biomarkers of Alzheimer’s disease and neurodegeneration in 73 cognitively unimpaired middle-aged adults from the Healthy
Brain Project (mean age = 58 ± 7 years). Linear regression analyses did not reveal any significant associations of psychological
stress with CSF amyloid-�42, phosphorylated tau-181, total tau, or neurofilament light chain. Cohen’s f2 effect sizes were
small in magnitude (f2 ≤ 0.08). Further research is needed to replicate our findings, particularly given that the sample reported
on average low levels of stress.
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INTRODUCTION

Epidemiological studies suggest that psycholog-
ical stress, defined as an individual’s subjective
experience of stress, is associated with an increased
risk of cognitive decline and dementia [1–3]. How-
ever, the mechanisms that link stress to dementia are
unclear. Clarifying the pathophysiological processes
that may underlie this relationship will improve our
understanding of disease biology that leads to demen-
tia, such as Alzheimer’s disease (AD), and potentially
inform new avenues for dementia prevention.

Mouse models of AD indicate that chronic
behavioural stress (e.g., restraint or isolation) is
associated with greater amyloid-� (A�) and tau in
cortical and subcortical regions, suggesting a direct
link between stress and AD pathophysiology [4–6].
However, studies seeking to clarify the relationship
between stress and AD biomarkers in humans remain
equivocal.

Two longitudinal autopsy studies found no asso-
ciation between the personality trait of neuroticism
(i.e., vulnerability to stress) and the number of A�
plaques and tau neurofibrillary tangles at postmortem
examination [7, 8]. In contrast, others have shown
that higher neuroticism levels were associated with
more advanced spread of neurofibrillary tangles at
postmortem [9]. However, the use of neuroticism
as a proxy of stress does not directly capture one’s
appraisal or symptoms of stress.

In a sample of middle-aged women, greater levels
of self-reported psychological stress were associ-
ated with higher cerebrospinal fluid (CSF) levels of
total tau (t-tau) and A�40 in late-life, but not with
more specific AD biomarkers (i.e., A�42 or phos-
phorylated tau [p-tau]) [10]. Also in women, greater
midlife stress was associated with general biomark-
ers of neurodegeneration, indicated by significantly
higher CSF levels of visinin-like protein-1 and myelin
basic protein, with a trend towards higher levels of
neurofilament light chain (NfL) [11]. Together, these
findings suggest that stress may be associated with
more general markers of neuronal injury as compared
to AD-specific biomarkers [11].

Given limited studies have investigated the associ-
ation between self-reported psychological stress and
in vivo AD biomarkers in women, it is important
to examine this relationship further, including in a
more diverse sample (e.g., both sexes). Further, to
inform future interventions, it is particularly impor-
tant to examine these relationships in midlife, where
risk factors can be modified before the clinical onset

of symptoms. Consequently, we aimed to examine
the cross-sectional relationship between self-reported
psychological stress and CSF levels of A�42, t-tau,
p-tau181, and NfL in cognitively unimpaired middle-
aged adults. We hypothesised that greater stress levels
would be associated with lower CSF A�42 and higher
CSF p-tau181, t-tau, and NfL.

METHODS

Participants

The Healthy Brain Project (HBP; healthybrain-
project.org.au) is a prospective web-based study of
adults aged 40–70 years at study entry [12]. The
current study draws from a subsample of HBP par-
ticipants who attended an in-person assessment at
the Royal Melbourne Hospital (Victoria, Australia).
Apolipoprotein E (APOE) �4 carriers in the larger
web-based sample were preferentially invited to the
in-person assessment, to enrich the sample with indi-
viduals at genetic risk for AD. As a result of this
targeted recruitment, the in-person subsample had a
high proportion of APOE �4 carriers (41%) and a
family history of dementia (80%). Inclusion crite-
ria included being willing and able to travel to the
hospital for the assessment and having no known con-
traindications for neuroimaging and lumbar puncture
procedures. Participants with a self-reported history
of cognitive impairment were excluded. In total,
82 participants completed the in-person assessment,
from which CSF was obtained from 77 participants.
Of those with available CSF, four were missing APOE
genotype data. Seventy-two completed the Perceived
Stress Scale (PSS) as part of the larger web-based
HBP study, and 65 completed the Depression, Anxi-
ety, and Stress Scale (DASS) as part of their in-person
visit.

All participants provided written informed consent
and study approval was obtained from the Melbourne
Health Human Research Ethics Committee. Data col-
lection took place from November 2018 to February
2020.

Measures

Psychological stress
The DASS and PSS self-report questionnaires were

used to capture different stress characteristics. These
questionnaires were selected as they measure both
subjective symptoms of stress [13] and levels of per-
ceived stress [14].
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Participants completed the 42-item DASS as part
of their in-person visit (i.e., the same day as CSF col-
lection). Scores for each subscale (i.e., Depression,
Anxiety, and Stress) were totalled separately. Stress
was measured using the DASS-Stress subscale, with
higher scores indicating higher levels of stress (range
0–42). Of those who completed the DASS, one par-
ticipant was excluded from the analysis because of
missing responses.

Participants completed the 10-item PSS to measure
self-reported perceived stress as part of the web-based
HBP study [14]. The outcome was the total score,
with higher scores indicating greater levels of per-
ceived stress (range 0–40). The mean time interval
between completion of the PSS and CSF sampling
was 2.07 ± 0.36 years.

CSF biomarkers
CSF samples were obtained by lumbar punc-

ture in the L3/L4 or L4/L5 intervertebral space and
transferred on wet ice for processing. CSF samples
were centrifuged at 2000xg for 10 min at 4°C. The
supernatant was then transferred to a new polypropy-
lene tube and gently inverted several times to avoid
possible gradient effects. Samples were stored in
0.5 mL aliquots at –80°C pending analysis. CSF lev-
els of A�42, t-tau, and p-tau181 were measured by
immunoassay (Roche Elecsys®) and CSF levels of
NfL were measured by ELISA (UmanDiagnostics,
Umeå, Sweden). All analyses were conducted at the
National Dementia Diagnostics Laboratory (The Flo-
rey Institute of Neuroscience and Mental Health,
University of Melbourne, Australia). Twenty-five
participants (34%) had A�42 levels above the max-
imum detection limit and were reported as > 1,700
pg/mL.

Participant characteristics

Demographic information (including age, sex,
education, and race) was measured through self-
report questionnaires. Race was dichotomised into
White and non-White (African, Asian, Latin Amer-
ican, Indigenous Australian, Pacific Islander, or not
specified) groups, given that some categories were
not represented, and others comprised less than 1.5%
of the sample. Participants provided a saliva sample
to enable APOE genotyping via TaqMan assays (Life
Technologies).

Statistical analysis

The associations between self-reported stress and
AD biomarkers were estimated using separate mul-
tiple linear regression analyses for each biomarker
(i.e., A�42, p-tau181, t-tau, and NfL levels). All mod-
els were adjusted for age, sex, education, race, and
APOE �4 carriage. Models using the PSS total score
as the predictor were also adjusted for the time inter-
val between the completion of the web-based PSS
and the in-person assessment. Reported coefficients
are unstandardised. Statistical significance was set
at p < 0.05. Cohen’s f2 was calculated as an effect
size for individual predictors, with values of 0.02,
0.15, and 0.35 considered as small, medium, and
large effects, respectively [15]. All analyses were
performed using R version 4.1.0 [16].

Sensitivity analysis
As one-third of the sample had A�42 levels

above the maximum limit of detection, Tobit regres-
sion models were used to examine the associations
between self-reported stress and CSF A�42, as these
models are more suitable for outcome variables sub-
ject to censoring. Regression coefficients for these
models are interpreted on the latent (uncensored)
A�42 scale, rather than the observed (censored) A�42
scale.

RESULTS

Table 1 summarises the demographic and clinical
characteristics of the sample. On average, participants
reported low levels of stress. Using published cut-
off scores [13], 92% of the sample had stress levels
that fell in the ‘normal’ range. Scores on the PSS
were moderately correlated with scores on the DASS-
Stress subscale (r = 0.50, p < 0.001).

In separate adjusted linear regression models, there
was no evidence for an association of self-reported
psychological stress as measured by the DASS-
Stress subscale with A�42 (� = 10.96, 95% con-
fidence interval [95%CI] = –6.44–28.35, p = 0.21),
p-tau (� = 0.22, 95%CI = –0.09–0.52, p = 0.16), t-
tau (� = 2.72, 95%CI = –0.42–5.87, p = 0.09), or NfL
(� = 1.76, 95%CI = –10.98–14.50, p = 0.78) (Fig. 1a).
All associations were weak in magnitude (Cohen’s
f2 ≤ 0.04).

There was also no significant association between
self-reported stress as measured by the PSS and A�42
(� = –0.62, 95%CI = –13.40–12.16, p = 0.92), p-tau
(� = –0.004, 95%CI = –0.24–0.23, p = 0.98), t-tau
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Table 1
Participant characteristics

Participant characteristics N M ± SD [range]

Age, y 73 58.2 ± 6.9 [43 – 68]
Female, n (%) 73 49 (67.1%)
Education, y 73 16.3 ± 3.6 [9 – 24]
White, n (%) 73 60 (82.2%)
Family history of dementia 73 58 (79.5%)
APOE �4 carrier, n (%) 73 30 (41.1%)
MMSE total score 73 28.8 ± 1.2 [26–30]
PSS score 72 10.9 ± 6.4 [1 – 29]
DASS score

Depression 62 2.6 ± 3.5 [0 – 14]
Anxiety 65 1.7 ± 1.9 [0 – 8]
Stress 64 6.0 ± 5.3 [0 – 26]

A�42, pg/ml 73 1405.2 ± 344.4 [413.9 – 1700.0]
p-tau181, pg/ml 73 16.2 ± 6.1 [8.0 – 40.8]
t-tau, pg/ml 73 194.2 ± 63.7 [106.6 – 405.4]
NfL, pg/mL 73 596.4 ± 292.3 [295.3 – 2005.5]

A�, amyloid-beta; APOE, apolipoprotein E; DASS, Depression, Anxiety, and Stress Scale;
MMSE, Mini-Mental State Examination; NfL, neurofilament light chain; PSS, Perceived Stress
Scale; p-tau, phosphorylated tau; t-tau, total tau.

(� = 0.21, 95%CI = –2.19–2.61, p = 0.86), or NfL
(� = –7.26, 95%CI = –16.84–2.33, p = 0.14) (Fig. 1b).
All associations were small in magnitude (Cohen’s
f2 ≤ 0.08).

Sensitivity analysis
Tobit regression models did not substantially

change the pattern of results. No significant associa-
tions were found between stress and levels of latent
(uncensored) CSF A�42 using either the DASS-Stress
(� = 21.99, 95%CI = –2.38–46.35, p = 0.08) or the
PSS (� = –0.73, 95%CI = –17.84–16.37, p = 0.93).

DISCUSSION

We examined the cross-sectional relationship
between self-reported psychological stress and CSF
AD biomarkers in cognitively unimpaired middle-
aged adults, which few studies have previously
investigated. The hypothesis that greater stress lev-
els will be associated with lower CSF A�42 and
higher CSF p-tau181, t-tau, and NfL was not sup-
ported. Associations between psychological stress
and biomarkers of AD and neurodegeneration were
non-significant and small in magnitude. Therefore,
despite previous observations that psychological
stress is associated with an increased risk of demen-
tia [1, 3], there was no evidence of an association
between psychological stress and CSF AD biomark-
ers in our midlife sample.

The absence of a relationship between psycholog-
ical stress and AD biomarkers has been observed

previously [10]. In 79 middle-aged women (mean
age = 49), midlife stress was not associated with CSF
A�42 or p-tau in late-life. However, midlife stress was
significantly associated with higher CSF t-tau lev-
els 25 years later [10]. In the current sample of men
and women, the lack of association between stress
and t-tau may be because we measured AD biomark-
ers cross-sectionally in midlife. Levels of t-tau are
considered biomarkers of general neurodegeneration,
with changes shown to occur closer to dementia onset
than changes in A� [17]. As such, psychological
stress may have weaker associations with biomark-
ers of neurodegeneration when measured in midlife.
Similarly, we did not observe a significant association
between stress and NfL levels. Future studies should
measure CSF biomarkers longitudinally from midlife
to determine if stress relates to the progression of AD
and neurodegeneration over time.

The differing findings may also relate to differ-
ences in stress measurement. Compared to our study,
Johansson et al. (2018) measured stress over a longer
period, which may have yielded a more stable esti-
mate of stress. The idea that chronic stress, relative
to acute stress, might be more strongly related to AD
biomarkers is supported by recent research report-
ing that biological markers reflective of chronic stress
(i.e., allostatic load) are associated with lower levels
of CSF A�42 in dementia-free adults [18]. However,
despite neuroticism providing a relatively stable and
chronic estimate of stress reactivity [7], the relation-
ship between neuroticism and AD pathology remains
equivocal [7–9]. This may be owing to the complex



K.H. Franks et al. / Stress and Alzheimer’s Disease Biomarkers 1029

Fig. 1. Scatterplots of the associations of psychological stress as measured by DASS-Stress (a) and PSS (b) with CSF (A) A�42, (B) p-tau181,
(C) t-tau, and (D) NfL. Predicted values were computed at the mean for continuous covariates and at the mode for categorical covariates.
Beta-coefficients are unstandardised. A�, amyloid-beta; DASS, Depression, Anxiety, and Stress Scale; NfL, neurofilament light chain; p-tau,
phosphorylated tau; PSS, Perceived Stress Scale; t-tau, total tau.
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nature of psychological stress, which likely involves
an interaction between genetic, environmental, and
psychological factors [19].

The observation in the current study that stress
was not associated with CSF A�42 is consistent
with previous research [10]. While stress may not
directly influence A�42 levels, stress may increase
dementia risk through other non-AD neurodegener-
ative pathways. For example, stress or poor coping
strategies in response to stress (i.e., smoking, overeat-
ing, or physical inactivity), might increase the
risk of vascular cognitive impairment and demen-
tia, independent of AD. Indeed, midlife chronic
stress has been associated with a greater burden
of white matter lesions in late-life [20]. Vascular
mechanisms may also partially explain the afore-
mentioned association between allostatic load and
A�42, given the measurement of allostatic load incor-
porates multiple indicators of vascular health (e.g.,
blood pressure, cholesterol levels, and triglycerides)
[18].

There are several limitations to our study. Given
the relatively small sample size and the health of
the sample, stress scores had a restricted range,
with most participants endorsing low levels of stress.
Consequently, the analysis may have lacked suffi-
cient power to detect any relationship between more
severe levels of stress and AD pathology. It will be
important to replicate this study in a sample with
greater variation in self-reported stress levels. Fur-
ther, the cross-sectional nature of this study prevented
the investigation of whether psychological stress
increases the likelihood of developing AD pathology
in late-life.

Stress is a common experience in midlife,
with middle-aged adults facing numerous compet-
ing demands (e.g., financial, health, relationships,
workplace, and caregiving). This study found no rela-
tionships between stress and CSF biomarkers of AD
and neurodegeneration. However, further research
is needed to determine if these associations change
when individuals are followed over longer periods.
It will also be important to explore whether psycho-
logical stress is linked to incident dementia through
non-AD pathways (e.g., cerebral small vessel dis-
ease).
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