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Objective: Chronic stress adversely affects cognition, in part due to stress-induced
inflammation. Rodent models suggest females are more resilient against stressrelated cognitive dysfunction than males; however, few studies have examined this
in humans. We examined sex differences in the relationship between perceived
stress, cognitive functioning, and peripheral inflammation over time among
cognitively normal older adults. Design: Longitudinal observational study.
Setting: University research center. Participants: 274 community-dwelling older
adults (baseline age: M=70.7, SD=7.2; 58% women; Clinical Dementia Rating=0)
who completed at least two study visits. Measurements: Neurocognitive functioning and perceived stress (Perceived Stress Scale [PSS]) were assessed at each visit.
Plasma was analyzed for interleukin 6 (IL-6) and tumor necrosis factor alpha
(TNF-a) in a subset of 147 participants. Linear mixed effects models examined the
interaction between average PSS (i.e., averaged within persons across visits), sex,
and time on cognitive domains and on inflammatory markers. Results: The interaction between stress, sex, and time predicted executive functioning (b = 0.26,
SE = 0.10, p = 0.01) such that higher average PSS related to steeper declines in men,
but not in women. Among the 147 participants with inflammatory data, higher
average PSS was associated with steeper increases in IL-6 over time in men, but not
in women. Conclusion: Consistent with animal models, results showed older men
were more vulnerable to negative effects of stress on cognitive aging, with domainspecific declines in executive function. Findings also suggest systemic immunological mechanisms may underlie increased risk for cognitive decline in men with
higher levels of stress. Future work is needed to examine the potential efficacy of person-specific stress interventions. (Am J Geriatr Psychiatry 2022; &&:&&−&&)

Keywords:
Cognitive decline
aging
immune function
neuropsychology
psychosocial

From the Memory and Aging Center (EWP, MY, EG, RS, LSG, JHK, KBC), Department of Neurology, Weill Institute for Neurosciences, University of California, San Francisco, San Francisco, CA. Correspondence and reprint requests to: Emily W. Paolillo, Ph.D., UCSF Medical Center at Mission Bay, 675 Nelson Rising Ln, San Francisco, CA 94158. e-mail: Emily.Paolillo@ucsf.edu
© 2022 The Authors. Published by Elsevier Inc. on behalf of American Association for Geriatric Psychiatry. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
https://doi.org/10.1016/j.jagp.2022.11.009

Am J Geriatr Psychiatry &&:&&, && 2022

1

ARTICLE IN PRESS
Sex Differences in Stress and Cognition

Highlights
 What is the primary question addressed by this study?
We examined sex differences in stress-related cognitive decline and peripheral inflammatory biomarker trajectories over time in older adults.
 What is the main finding of this study?
We found that higher levels of perceived stress related to steeper cognitive declines and accelerated
increases in peripheral inflammatory biomarkers over time in older men only. Longitudinal associations
between perceived stress, cognition, and inflammation were significantly attenuated in older women.
 What is the meaning of the finding?
Our results suggest that older men may be particularly vulnerable to negative effects of stress (a modifiable
risk factor) on cognitive decline.

INTRODUCTION

T

he prevalence of dementia is increasing worldwide and will continue to grow exponentially in
the coming decades.1 The negative impacts of dementia are high-stakes and far-reaching, including worse
quality of life on the individual and family-systems
level2 as well as on the societal and economic level
with dementia care costs growing at a faster rate than
dementia prevalence itself.3 Given the lack of effective
pharmacological treatments for all-cause dementia,
there is a need to identify modiﬁable behavioral risk
factors using a precision medicine approach.4,5 Cardiovascular risk factors (e.g., hypertension, hyperlipidemia), cognitive training, and physical activity
show promise as modiﬁable risk factors for dementia.6 Nevertheless, the efﬁcacy of dementia prevention
interventions targeting these health domains is highly
variable, necessitating examination of a wider range
of modiﬁable risk factors (e.g., mental health, social
activity)7 and the person-speciﬁc factors that may
inﬂuence vulnerability to the detrimental effects of
speciﬁc risks.
Psychosocial stress is one such modiﬁable risk factor
that has been consistently associated with worse levels
of cognitive functioning, faster cognitive decline, and
reduced brain volume in older adults.8,9 The relationship between psychosocial stress and cognitive and
brain health are proposed to occur through several possible mechanisms. The physiological response to
chronic stress in animals and humans includes activation of the hypothalamic-pituitary-adrenal (HPA) axis
and subsequent secretion of glucocorticoids, which are
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neurotoxic when expressed at high concentrations for
prolonged durations in brain regions with high density
of glucocorticoid receptors (e.g., hippocampus, prefrontal cortex).10,11 More recent work has also highlighted
an important role of systemic low-grade chronic
inﬂammation in the context of aging (i.e., “inﬂammaging”)12 and psychosocial stress.13,14 Chronic inﬂammation is a robust biological mechanism underlying the
development of cardiovascular conditions and dementia, which includes the accumulation of Alzheimer’s
disease proteins through microglia activation.15,16 In
fact, recent work by our group demonstrated that elevations in peripheral macrophage-related cytokines
mediated the longitudinal relationship between age
and executive functioning in clinically normal older
adults with high levels of perceived stress.17 Although
ﬁndings linking stress to cognitive dysfunction are consistent on average, there is signiﬁcant heterogeneity in
the human stress response.18,19and few studies have
examined person-speciﬁc factors that may alter individual vulnerability to the negative effects of stress on cognitive functioning.
One important factor to consider as a moderator of
the relationship between stress and cognition is sex/
gender (hereafter referred to as “sex”). Recent
research has highlighted signiﬁcant sex differences in
the onset, trajectory, and risk of cognitive decline in
older adults.20-22 Observed sex differences in dementia are complex and vary by neuropathological etiology, but in brief, women tend to have later onset of
cognitive impairment with faster rate of decline.23
Risk factors also vary by sex, with the majority of
studies focusing on sex-dependent cardiovascular
risk for dementia.24 Importantly, sex also inﬂuences
physiological and behavioral responses to stress.
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Reproductive hormones play an important role in
shaping neural stress-related circuitry beginning in
utero (e.g., density and distribution of glucocorticoid
receptors in the brain) and mediating HPA axis function throughout adulthood and older adulthood, particularly during reproductive senescence.18 Many
studies examining sex differences in stress response
in older adults have focused on changes that women
undergo pre- and postmenopause, with ﬁndings
demonstrating that post-menopausal women have an
increased cortisol response to stress compared to agematched men.19 Consistent evidence in rodent models, however, have shown that the cognitive consequences of chronic stress tend to be worse in males
compared to females.25 These animal studies suggest
that estrogens contribute to cognitive resilience in the
context of chronic stress and beneﬁts persist even
when estrogens are no longer produced peripherally.26 Despite clear clinical implications of this
research for person-speciﬁc dementia prevention, to
our knowledge, no studies to date have examined sex
differences in stress-related cognition in humans.
The aims of this study were to: 1) examine whether
the longitudinal relationship between perceived stress
and cognitive decline in older adults differs by sex;
and 2) examine peripheral inﬂammation as a mechanism underlying sex-dependent relationships between
perceived stress and cognitive decline. We hypothesized that men would exhibit a stronger relationship
between perceived stress and cognitive decline than
women. We also hypothesized that higher perceived
stress would relate to increases in inﬂammation over
time and that this relationship would be stronger in
men than women.

METHODS

or functional decline as indicated by a Clinical Dementia Rating (CDR) of 0 via study partner interviews. The
parent study includes a total of 408 older adults (56%
female; mean age = 76.5 years; mean education = 17.4
years; 83% non-Hispanic White). Participants were
only included in the current study if they had at least
two complete parent study visits with neurocognitive
and self-report psychological data. Data were collected
from 2001 to 2020. All study procedures were approved
by the UCSF Committee on Human Research. All participants provided written informed consent.
Cognitive Testing Measures
At each visit, participants completed a brief battery
of neuropsychological tests assessing three domains:
executive functioning, memory, and processing
speed. Raw test scores were converted to baselinesample-based z-scores and then averaged within each
domain to create domain-speciﬁc composite z-scores.
Executive functioning was assessed via a modiﬁed
version of the Trail Making Test requiring participants to serially alternate between numbers and days
of the week (total time to complete), a Stroop interference task (number of correct items in 60 seconds),
design ﬂuency (D-KEFS Condition 1), phonemic ﬂuency (number of D words in 60 seconds),27,28 and
digit span backward (longest span).29,30 Memory was
assessed via the California Verbal Learning Test-Second Edition (CVLT-II; total immediate recall, long
delay free recall, and recognition discriminability)
and Benson Figure Recall.29 Processing speed was
assessed via computerized visuospatial processing
speed tasks described previously.31 Higher memory
and executive functioning z-scores reﬂect better performance, whereas lower processing speed scores
indicate better performance (i.e., faster reaction time).

Participants

Self-Reported Psychological Measures

Participants were 274 community-dwelling, cognitively normal older adults enrolled in the UCSF Memory and Aging Center’s (MAC) Longitudinal Brain
Aging Study. Inclusion criteria for the parent study
include having no history or current evidence of the following: 1) a diagnosed neurological condition (e.g., epilepsy, large vessel stroke), 2) major medical (e.g., active
neoplasm, HIV, dialysis), psychiatric (e.g., schizophrenia), or active substance use disorders, and 3) cognitive

Participants completed self-report measures of
stress and mood at each visit. The Perceived Stress
Scale (PSS) is a well-validated, 10-item self-report
measure that assesses the degree to which individuals
perceive recent life events/situations as stressful.32
Response options to each item are on a Likert-type
scale from 0 (never) to 4 (very often). Responses to each
item are summed to create a total score (ranging from
0−40), resulting in higher scores reﬂecting higher
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levels of perceived stress. Established ranges of clinical severity include low stress (0−13), moderate stress
(14−26), and high stress (27−40). To account for
depressive symptoms in analyses, the 30-item Geriatric Depression Scale (GDS) was used.33 To best capture participants’ long-term levels of perceived stress
and depressive symptoms over time, scores for each
measure were averaged over all visits within persons,
resulting in one mean PSS score and one mean GDS
score for each participant.
Inflammatory Biomarkers
A subset of 147 participants completed a fasting
blood draw during at least two study visits. Blood was
centrifuged at 2000 x g for 15 minutes at 4°C to collect
plasma, which was then transferred to 500 mL polypropylene cryovials for long-term storage at -80°C. Prior to
assay initiation, samples were gradually brought back
up to room temperature. Interleukin 6 (IL-6) and tumor
necrosis factor alpha (TNF-a) were selected as biomarkers of interest because they are well-studied proinﬂammatory cytokines that are robustly involved in the
human inﬂammatory stress response.34,35 IL-6 and TNFa were obtained using the human proinﬂammatory
panel 1 V-PLEX kit provided by Meso Scale Diagnostics,
LLC (Rockville, MD). Values were log-transformed to
achieve normality.
Statistical Analyses
To compare baseline demographic and clinical
characteristics by sex, one-way ANOVA or chisquared tests were used for continuous or categorical
variables, respectively. Next, linear mixed effects
models were used to examine the interaction between
mean PSS score, sex, and time on each cognitive
domain outcome, covarying for mean age, education,
and mean depressive symptoms. Mean depressive
symptoms were included in the model to ensure that
effects of perceived stress were independent of
depressive symptomology. Person-speciﬁc random
intercepts and a random effect of time were speciﬁed.
Including these random effects allows the model to
estimate individual intercepts (i.e., levels of the outcome at time = 0) and individual slopes (i.e., trajectories of the outcome over time for each person), which
more accurately models whether the time-invariant
between-person factors (i.e., sex and average

4

perceived stress) explain variance in individual time
slopes. Non-signiﬁcant three-way interactions were
removed from the model to examine the interaction
between mean PSS score and time in the entire cohort
(i.e., regardless of sex). To examine the second study
aim, linear mixed effects models were used to examine the interaction between mean PSS score, sex, and
time on each inﬂammatory biomarker (i.e., IL-6 and
TNF-a), covarying for mean age, education, and
mean depressive symptoms. Person-speciﬁc random
intercepts and a random effect of time were speciﬁed.
Estimates from all regression models are reported as
standardized betas (b), which describe the strength of
the relationship between predictor and outcome in
units of standard deviations (i.e., a 1 standard deviation increase in the predictor corresponds to a b standard deviation change in the outcome). All analyses
were conducted in R, version 4.0.5.

RESULTS
Participant demographic and clinical characteristics by sex are displayed in Table 1. On average, participants were about 70 years old (range = 52−91),
58% female, had greater than a college education
(mean = 17.5 years), were mostly non-Hispanic White
(88%), and were longitudinally followed for about
7 years (mean total study visits = 5.56, range = 2-15).
There were no differences in length of study follow
up by sex. Women had signiﬁcantly less education
than men and reported signiﬁcantly higher PSS scores
on average, but depressive symptoms were similar by
sex (see Table 1).
Linear mixed effects models revealed a signiﬁcant
interaction between mean PSS, sex, and time on executive functioning (b = 0.261, SE = 0.103, p = 0.012;
Table 2). Follow-up analyses stratiﬁed by sex showed
that higher mean PSS score was associated with
steeper declines in executive functioning over time in
men (b = -0.274, SE = 0.055, p < 0.001); however, this
relationship was signiﬁcantly attenuated in women
(b = -0.013, SE = 0.083, p = 0.877; Fig. 1A). The threeway interaction between mean PSS, sex, and time was
not a signiﬁcant predictor for memory (b = 0.004,
SE = 0.106, p = 0.973; Fig. 1B) nor processing speed
(b = -0.115, SE = 0.125, p = 0.359; Fig. 1C). After
removing the non-signiﬁcant three-way interaction,
there was a signiﬁcant relationship between higher
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TABLE 1. Participant Demographic and Clinical Characteristics by Sex (N=274).

Demographics
Baseline Age
Education (yrs)
Race/Ethnicity
Non-Hispanic White
Asian/Pacific Islander
Black
Other/not Specified
Time in Study
Total Study Visits
Total Years of Follow Up
Cognitive Z Scores
Baseline executive function
Baseline memory
Baseline processing speed
Psychological
Mean PSS (possible range=0-40)
Mean PSS Severity Level
Low Stress (0-13)
Moderate stress (13−26)
High stress (>26)
Mean GDS (possible range=0-30)

Men (n=116)

Women (n=158)

Test Statistic (df)

p-Value

71 (7.2)
18.1 (1.9)

70 (7.2)
17.0 (2.1)

t = 1.2 (248)
t = 4.4 (263)
x2 = 10.2 (7)

0.229
<0.001
0.177

102 (88%)
11 (9%)
0 (0%)
3 (3%)

140 (89%)
7 (4%)
2 (1%)
9 (6%)

5.66 (3.06)
7.01 (3.99)

5.48 (3.20)
6.69 (4.00)

t = 0.5 (254)
t = 0.7 (248)

0.635
0.508

0.70 (0.61)
-0.08 (0.74)
-0.06 (0.97)

0.90 (0.62)
0.16 (0.69)
0.04 (1.02)

t = -0.3 (258)
t = -2.7 (233)
t = -0.6 (190)

0.754
0.008
0.518

8.84 (4.95)

10.83 (5.13)

t = -3.2 (253)
x2 = 4.2 (2)

0.001
0.124

96 (83%)
20 (17%)
0 (0%)
2.71 (2.83)

115 (73%)
42 (26%)
1 (1%)
2.73 (2.76)

t = -0.1 (244)

0.959

Abbreviations:. PSS , perceived stress scale; GDS , geriatric depression scale.

mean PSS and steeper declines in memory (b = -0.132,
SE = 0.055, p = 0.018); however, the association
between higher mean PSS and processing speed
decline was not statistically signiﬁcant (b = 0.091,
SE = 0.064, p = 0.158).
Among the subset of 147 UCSF MAC participants
who had at least two timepoints with inﬂammatory biomarker data, linear mixed effects models revealed a signiﬁcant interaction between mean PSS, sex, and time on
IL-6 (b = -0.378, SE = 0.185, p = 0.043; Fig. 2A), but

not on TNF-a (b = -0.138, SE = 0.153, p = 0.370;
Fig. 2B). Follow-up analyses stratiﬁed by sex showed
that higher mean PSS score was associated with greater
increases in IL-6 over time in men (b = 0.246, SE =
0.119, p = 0.043); however, this relationship was not
signiﬁcant in women (b = -0.007, SE = 0.120, p =
0.955). All models examining relationships among
stress, sex, and time on cognitive and inﬂammatory outcomes were repeated without covarying for mean
depressive symptoms, and all results held.

TABLE 2. Results of Linear Mixed Effects Models Examining Differential Relationships Between Perceived Stress and Cognitive
Trajectories by Sex
Cognitive Domain Outcome
Executive Functioning
Mean Age
Education
Mean GDS
Mean PSS
Sex (ref: men)
Time
Mean PSS £ Sex
Mean PSS £ Time
Sex £ Time
Mean PSS £ Sex £ Time

c

-0.296 (0.045)
0.106 (0.050)a
0.054 (0.056)
-0.067 (0.086)
0.022 (0.112)
0.284 (0.070)c
-0.003 (0.132)
-0.297 (0.085)c
-0.217 (0.090)a
0.261 (0.103)a

Memory

Processing Speed
c

-0.222 (0.047)
0.135 (0.050)b
0.032 (0.057)
-0.016 (0.090)
0.248 (0.118)a
0.060 (0.071)
-0.052 (0.140)
-0.136 (0.086)
0.006 (0.092)
0.004 (0.106)

0.261 (0.051)c
-0.017 (0.054)
0.056 (0.061)
0.136 (0.094)
0.034 (0.122)
0.066 (0.083)
-0.027 (0.146)
0.173 (0.101)
0.040 (0.110)
-0.115 (0.125)

Note. Values are standardized regression estimates (SE)
a
p<0.05;
b
p<0.01;
c
p<0.001.
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FIGURE 1. Three-way interaction between mean perceived stress score (PSS), sex, and time on each cognitive outcome: (A) Executive functioning; (B) Memory; (C) Processing speed (y-axis reversed to show higher scores/worse performance at the bottom).
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FIGURE 2. Three-way interaction between mean perceived stress score (PSS), sex, and time on each inflammatory biomarker: (A)
IL-6 and (B) TNF-a.

DISCUSSION
Gaining a deeper understanding of person-speciﬁc
vulnerability or resilience to different behavioral risk
factors for cognitive impairment is imperative for
dementia prevention in the rapidly growing older adult
population. Our ﬁndings showed that among older
adults without cognitive impairment, men were more
vulnerable to the negative effects of perceived stress on
cognitive decline than women, and that this may be
related to corresponding increases in inﬂammation
over time. Notably, these associations were signiﬁcant
even in the context of a sample with low-to-moderate
levels of stress on average. Although cognitive scores
across all visits were within the range of normal
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performance, within-person declines in this range are
still of clinical signiﬁcance as such declines are often
associated with subjective cognitive changes and precede conversion to mild cognitive impairment.36,37 The
observed interactions between perceived stress and sex
on cognitive decline are consistent with our hypotheses
and previous animal models demonstrating that males
under chronic stress have worse neurobehavioral outcomes than females.18,25 Although the broad negative
impact of stress on cognitive aging has been well-studied, this is the ﬁrst study to our knowledge to show
sex-dependent relationships between stress and cognitive decline in humans. These associations were also
independent of depressed mood. Overall, the observed
sex-dependent relationships among stress, inﬂammation, and cognitive functioning highlight the need to
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consider individual differences when examining modiﬁable risk factors for cognitive decline.
The combination of results, including sex-dependent relationships speciﬁc to executive functioning in
addition to the association between stress and inﬂammation, suggest that our ﬁndings may be driven by
immuno- and cerebrovascular mechanisms. First, the
observed relationship between higher perceived
stress and increases in IL-6 among men suggest that
the sex-dependent relationship between perceived
stress and cognitive decline may be related to
increases in peripheral inﬂammation. This longitudinal relationship between perceived stress and IL-6 is
consistent with robust ﬁndings linking increases in
IL-6 to chronic stress.34 Direct pathways between
peripheral inﬂammatory biomarkers and cognitive
functioning are still not well understood, as peripheral levels of cytokines are highly pleiotropic and
only variably relate to central nervous system inﬂammatory markers.38 It is possible that the observed
plasma IL-6 levels reﬂect systemic immunovascular
changes with age and disease.39,40 Higher levels of
plasma cytokines are associated with increased
dementia risk and are closely related to cerebrovascular integrity.41 Men are also at a higher risk of cardioand cerebrovascular disease compared to agematched women.42 Thus, our ﬁndings may reﬂect the
adverse immunovascular impact of chronic stress,
even when relatively low in severity, in individuals at
highest risk of vascular disease (i.e., men) with subsequent indirect effects on the brain (i.e., chronic inﬂammation may increase vulnerability to cognitive
decline through the development of cardiovascular
conditions known to affect brain health).43 This represents an important mechanism underlying stress, as
levels of IL-6 in plasma are feasible to monitor in a
clinical setting.
In addition, the differential effect of stress on cognition by sex was observed only for the domain of
executive functioning. Neurobiological underpinnings of executive functioning include both frontal
cortical regions and broader white matter networks
(e.g., fronto-parietal),44 some of which are particularly
sensitive to chronic cerebrovascular changes.45 Thus,
this ﬁnding is also consistent with our hypothesis that
the observed relationships among sex, stress, inﬂammation, and cognition may be driven by immunoand cerebrovascular mechanisms. In contrast, higher
stress was associated with steeper memory declines
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in both men and women equally. Other mechanisms
may play a role in the negative effects of stress on
memory, such as promotion of underlying neurodegenerative pathology.15 Further work is needed to
elucidate unique mechanisms of stress on cognition
that are both sex-dependent and sex-independent to
inform person-speciﬁc treatments and precision
dementia prevention.
Additional mechanisms underlying the observed
sex-dependent relationships likely include sex hormones. In animal models, female resilience to stress
on cognition is hypothesized to be related to estrogens even in ovariectomized rodents,26 partly due to
the neurodevelopmental effects of estrogen on hippocampal morphology46 and the continued local
production of estradiol in the hippocampus, hypothalamus, and prefrontal cortex following ovariectomy or reproductive senescence.47,48 In addition,
estrogens and estrogen receptors play an important
role in cardiovascular protection throughout the lifespan49 and longitudinal studies have shown that
higher estradiol levels are associated with reduced
cardiovascular risk in postmenopausal women.50
This translational work supports our sex-dependent
ﬁndings in older adults, including postmenopausal
women; however, future work is still needed to better
understand the interplay of sex hormones, chromosomes, and cognitive risk and resilience in humans.
This study has several strengths, including the utilization of longitudinal data and examination of a posited biological mechanism underlying the behavioral
relationships of interest; however, it is not without limitations. First, our data did not include any objective
measures of stress (e.g., cortisol). Although our intention was to examine the subjective perception of psychosocial stress on cognition, it may be beneﬁcial for
future studies to incorporate cortisol levels to better
understand its contribution to sex differences in the
relationship between perceived stress and cognitive
functioning. Next, our sample included only individuals who were known to be cognitively normal at each
visit, which potentially introduces survival bias and
limits the generalizability of these ﬁndings to those
with known neurodegenerative diseases (e.g., Alzheimer’s disease, Lewy body disease) and/or who
eventually convert to having mild cognitive
impairment and dementia. Future work is needed to
better understand how lowering stress and inﬂammation in those with high risk for dementia (e.g., older
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adults with neurodegenerative pathology) affects cognitive trajectories, particularly among men. Additionally, we did not have additional data on participants’
engagement in stress-modifying activities (e.g., yoga,
mindfulness) or experience of major life events that
impact stress (e.g., moving, new medical diagnoses,
death of loved ones). Future work is need to examine
whether there are acute, temporal relationships
between environmental stressors, perceived stress, and
changes in cognitive functioning, and how these may
be inﬂuenced by stress-modifying activities.
Overall, our ﬁndings suggest that older men with
higher levels of stress may be at risk for cognitive
decline. Future studies replicating sex-dependent
effects of stress on cognition in older adults may
inform development of person-speciﬁc intervention
strategies. Additional work is also needed to examine
whether interventions to monitor and reduce stress in
older adults, particularly among men, inﬂuence trajectories of systemic inﬂammation and cognitive performance. Finally, future research that identiﬁes
modiﬁable risk factors using a person-speciﬁc framework for cognitive decline is urgently needed to inform
clinical practice for precision dementia prevention.
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