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Midlife Work-Related Stress is Associated
with Late-Life Gray Matter Volume Atrophy
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Abstract.
Background: Work-related stress has been associated with an increased dementia risk. However, less is known about the
mechanisms that underlie these associations.
Objective: The goal is to examine associations between midlife work-related stress and late-life structural brain alterations.
Methods: The Cardiovascular Risk Factors, Aging, and Dementia (CAIDE) study participants were randomly selected from
independent population-based surveys (mean age 50) in Finland. MRI measurements included gray matter (GM) volume,
white matter lesions (WML) and medial temporal atrophy (MTA) (1st re-examination, n = 102); and GM volume, hippocampal
volume, WML volume, cortical thickness, and MTA (2nd re-examination, n = 64). Work-related stress comprised a score
from two questions administered in midlife.
Results: Higher levels of midlife work-related stress were associated with lower GM volume (� = –0.077, p = 0.033) at the
first re-examination, even after adjusting for several confounders. No significant associations were found with MTA, WML,
or MRI measurements at the second re-examination.
Conclusion: Previously shown associations of midlife work-related stress with dementia risk may be at least partly explained
by associations with lower GM volume in late-life. The lack of associations at the second re-examination may indicate a
critical time window for the effects of midlife work-related stress, and/or selective survival/participation.

Keywords: Cortical thickness, gray matter volume, hippocampal volume, medial temporal lobe atrophy, stress, white matter
lesions

INTRODUCTION

Recent studies have suggested that chronic stress
in midlife is associated with an increased risk for
dementia and Alzheimer’s disease [1, 2]. Stress may
exert its negative impact through neurological and
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endocrine mechanisms, whereby chronic stress and
dysregulations in stress hormones are associated with
reductions in gray matter (GM) volume and hip-
pocampal volume, reduced total brain volume and
increased MRI infarcts [3–5]. Chronic stress may
also increase dementia risk through its association
with the well established vascular and metabolic
risk factors for dementia, including hypertension,
type 2 diabetes mellitus and metabolic syndrome
[6, 7].
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Few studies have investigated the associations
between chronic stress and white matter lesions
(WML) in older populations, and findings have been
mixed. One study, using data from the Prospective
Population Study of Women in Gothenburg, demon-
strated that chronic stress in midlife was associated
with more severe visually rated WML later in life
among a population-based sample of women [8]. Yet,
two other studies, the Pittsburgh Healthy Women
Study and the Chicago Health and Aging Project,
did not find similar associations with visually rated
WML or WML volume [3, 9]. It is currently unclear
whether the associations reported in the Prospective
Population Study of Women in Gothenburg are also
present among men, and whether they apply to work-
related stress, which is a specific source of chronic
stress. To the best of our knowledge, no studies have
reported on the associations between midlife work-
related stress and visually rated medial temporal lobe
atrophy (MTA) or cortical thickness later in life.

We have recently reported significant associations
between midlife work-related stress and increased
risk for mild cognitive impairment, dementia, and
Alzheimer’s disease in late-life [10]. Considering
these findings, it is important to investigate the poten-
tial underlying mechanisms. In addition, while the
impact of generalized chronic stress on neuroimag-
ing measures has been previously investigated, it is
still unclear to what extent such associations apply
to midlife work-related stress as a specific source of
chronic stress. The goal of the present study is to
assess whether midlife work-related stress is asso-
ciated with structural brain alterations on MRI later
in life.

MATERIALS AND METHODS

CAIDE study design

The current study included 102 participants in the
Cardiovascular Risk Factors, Aging and Dementia
(CAIDE) population-based study with MRI scans at
the first late-life CAIDE re-examination, and a dif-
ferent group of 64 participants with MRI scans at the
second late-life re-examination who also had data on
midlife work-related stress. The CAIDE study and
CAIDE participants with MRI scans have previously
been described in detail [11]. CAIDE participants
were first examined in midlife within the North Kare-
lia Project and the Finnish part of Monitoring Trends
and Determinants in Cardiovascular Disease (FIN-
MONICA) study (one midlife examination in 1972,

1977, 1982, or 1987) [12]. In 1998, a random sample
of 2,000 individuals who were still alive, aged 65–79
years, and living in the cities of Kuopio and Joensuu
were invited for a first late-life re-examination. A total
of 1,449 (72.5%) individuals participated. Partici-
pants returned for a second late-life re-examination
between 2005 and 2008. Of the initial 2,000 sam-
ple, 1,426 were still alive and living in the same
region in 2005, and 909 (63.7%) came to the re-
examination. The CAIDE study was approved by
local ethics committees of Kuopio University Hos-
pital. Written informed consent was obtained from
all individual participants included in the study. The
study complies with the Declaration of Helsinki.

At both re-examinations, cognitive performance
was assessed using a three-step protocol for dementia
diagnosis: screening phase, clinical phase and differ-
ential diagnostic phase. At the first re-examination
(1998), participants who scored ≤24 on the Mini-
Mental State Examination (MMSE) at screening were
referred for further examinations. At the second
re-examination (2005–2008), participants with ≤24
points on MMSE, or with a decrease ≥3 points on
MMSE since 1998, or with <70% delayed recall in
the CERAD word list (The Consortium to Establish a
Registry for Alzheimer’s disease [CERAD]), or with
informant concerns regarding the participant’s cog-
nition were referred for further examinations. These
additional criteria were used to increase sensitivity
and detect milder cognitive impairment. The clinical
phase involved comprehensive neurological, cardio-
vascular and neuropsychological examinations. The
differential diagnostic phase included brain imag-
ing (MRI/CT), blood tests, and cerebrospinal fluid
(CSF) analysis if needed, and electrocardiogram.
A review board consisting of the physician, neu-
ropsychologist and a senior neurologist ascertained
the primary diagnosis based on all information.
Dementia was diagnosed using the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV)
criteria [13]. Mild cognitive impairment (MCI)
was assessed using a modified version of the
Mayo Clinic Alzheimer’s Disease Research Center
criteria [14].

The CAIDE MRI populations

Formation of the CAIDE MRI populations is
shown in Fig. 1. At the first CAIDE re-examination,
MRI was obtained from participants in the Kuo-
pio cohort, using a case-control approach: 39 with
dementia, 31 gender- and age- (±3 years) matched
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Fig. 1. Formation of the CAIDE MRI populations at the 1st and 2nd CAIDE re-examinations.

participants with MCI, and at least one similarly
matched cognitively normal control (n = 42) for each
dementia case (total 112 subjects, 102 with data on
work-related stress).

At the second re-examination, MRI scans (n = 113)
were carried out only as part of the differential
diagnostic phase for the Kuopio cohort, including
only individuals with lower cognitive performance
at screening (37 dementia, 70 MCI, and 6 cogni-
tively normal controls). Due to the small number of
controls, a case-control approach was not possible.
The dementia cases were thus excluded from the cur-
rent study, leaving a subsample of 64 elderly at risk
for dementia with work-related stress data and MRI
of adequate quality for brain volume measurements.
Mean follow-up time from midlife was 21.5 years
until the first re-examination, and 28 years until the
second re-examination.

MRI acquisition and image analysis

The T1-weighted images were acquired using
a three-dimensional magnetization prepared rapid
acquisition gradient echo (3DMPRAGE) sequence
on 1.5T MR scanners. One MRI scanner was used
in the first re-examination (Siemens Magnetom
Vision), while two scanners were used in the sec-
ond re-examination (Siemens Magnetom Vision or
Siemens Avanto). Axial fluid-attenuated inversion
recovery images (FLAIR) were available from both
re-examinations (parameters previously described in
[15–17]. All images were visually checked by an
experienced neuroradiologist to confirm that they
were free of artefacts and clinically significant brain

conditions such as tumors, major post-stroke lesions
or normal pressure hydrocephalus.

In the first re-examination, WML were assessed
from FLAIR images using a semi-quantitative visual
rating scale [18] by a single rater blinded to clini-
cal data. Lesions were rated separately from zero to
three for five brain regions (frontal, parieto-occipital,
temporal, infratentorial and basal ganglia) in both
hemispheres. A single rater graded MTA from zero
(no atrophy) to four (end-stage atrophy) bilaterally
from T1-weighted images according to a visual rating
scale commonly used in clinical practice [19]. MRIs
were oriented perpendicular to the anterior com-
misure - posterior commisure line and MTA was rated
from single coronal slice at the level where hippocam-
pus, cerebral peduncles and pons were all visible.
Total GM volume was measured using FSL FAST
(FMRIB’s Automated Segmentation Tool) [20] as
previously described [11]. Total GM volume was
normalized to the total intracranial volume (TIV) to
correct for head size.

In the second re-examination, regional cortical
thickness and volumes were assessed using the
FreeSurfer software package, version 5.0 (http://
surfer.nmr.mgh.harvard.edu/) [21, 22]. Total GM vol-
ume and hippocampal volume were normalized to
TIV to correct for head size. Alzheimer’s disease-
signature cortical thickness was calculated as the
average cortical thickness for the following regions:
entorhinal, inferior temporal, middle temporal, and
fusiform [23]. WML volume was calculated using
CASCADE, an automatic pipeline developed at
Karolinska Institute, Stockholm, Sweden [24, 25].
T1 and FLAIR images were used as input for the

http://surfer.nmr.mgh.harvard.edu/
http://surfer.nmr.mgh.harvard.edu/
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image analysis. Pre-processing steps included affine
registration with FLAIR as reference image, brain
extraction, brain tissues segmentation and histogram
matching for both sequences. WML were segmented
using a cascade schema in which non-WML voxels
(i.e., normal brain tissue) were trimmed away. Each
level consisted of a separate classifier tailored to trim
normal brain patterns. The last level consisted of mor-
phological and spatial filtering. The cascade schema
was followed by boundaries refining and the final out-
put consisted of volumes and masks of the WML.
Visual MTA assessment was conducted identically
to the first re-examination.

Assessment of midlife work-related stress

Perceived work-related stress was measured in
midlife using two 5-point Likert scale questions
focusing on ‘job demands’, previously validated
[26] and used reliably in several studies (for details
see [10]. The questions were “How often do you
struggle to cope with the amount of work?” and
“How often are you bothered by constant hurry at
work?”. Response options were: 0 = never, 1 = rarely,
2 = sometimes, 3 = often, and 4 = always. Responses
to the two questions were highly correlated (r = 0.622,
p = 0.0001) and the original scores were summed to
produce a composite measure of work-related stress
(0 to 8 points, with higher score indicating higher
levels of stress).

Other assessments

At baseline (midlife), assessments and survey
methods were standardised and adhered to interna-
tional guidelines and the WHO MONICA protocol
[27]. Re-examination surveys were similar and
comparable to those at baseline. Baseline surveys
involved self-administered questionnaires on medi-
cal history, sociodemographic factors, health status,
health-related behaviours and psychological-related
factors, including hopelessness assessed with two
previously described 5-point Likert scale questions
[10]. Main lifetime occupation was assessed by ask-
ing individuals to select their longest-held occupation
among the following categories: office/service, farm-
ing/forestry, mining/industrial/construction work,
housewives, or other. Occupation type was then cat-
egorized as office/service (white collar versus blue
collar jobs) compared to all others. A trained nurse
verified the answers. Information on midlife history
of respiratory and cardio/cerebrovascular conditions

(chronic obstructive pulmonary disease, asthma,
coronary artery disease, stroke, myocardial infarc-
tion, atrial fibrillation, cardiovascular surgery, heart
failure or diabetes) was obtained from the national
Hospital Discharge Register. APOE genotype was
assessed from blood leucocytes using polymerase
chain reaction and HhaI digestion [28].

Statistical analyses

Analyses were carried out using Stata software
version 14 (Stata Corp, College Station, TX, USA).
Descriptive statistics for population characteristics
were analyzed using cross-tabulation and χ2 for cat-
egorical variables and independent samples t-test for
continuous variables. The level of significance was
set to p < 0.05 in all analyses.

MRI outcomes in the first re-examination

Zero-skewness log-transformations were applied
to the total WML visual rating score and TIV-adjusted
total GM volume (Stata command lnskew0) to cre-
ate variables with zero skewness. Linear regressions
were carried out to assess the associations between
these MRI measures and midlife work-related stress.
The sum of left and right visual MTA ratings was
calculated, and MTA was categorized as 0–1 points
(n = 24), 2 points (n = 45), 3–5 points (n = 22). Ordinal
logistic regression was used to analyse associations
between midlife work-related stress and MTA. All
results are presented as � coefficients (p-values). To
ensure representativeness of the 1998 MRI popula-
tion, data in all analyses were weighted for the inverse
probability of each person from the original CAIDE
population to be included in the 1998 MRI population.

MRI outcomes in the second re-examination

Zero-skewness log-transformations were applied
to the TIV-adjusted total GM volume, WML volume,
TIV-adjusted hippocampal volume and Alzheimer’s
disease-signature cortical thickness. Linear regres-
sions were carried out to assess the associations
between these MRI measures and midlife work-
related stress. MTA was categorized as 0–2 points
(n = 47), 3 points (n = 9), and 4–6 points (n = 13); cut-
offs were increased in order to achieve more balanced
group sizes, since MTA was higher at the second re-
examination. Ordinal logistic regression was used to
analyse associations between midlife work-related
stress and MTA. All results are presented as �
coefficients (p-values).
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All analyses were adjusted for age, sex, edu-
cation, follow-up time, and APOE genotype (�4
carrier/non-carrier) (Model 1). Model 2 was addi-
tionally adjusted for type of occupation (white collar
versus blue collar jobs) and midlife hopelessness.
Model 3 was Model 1 additionally adjusted for
midlife cardio/cerebrovascular conditions. Because
two different MRI scanners were used at the second
re-examination, all second re-examination analyses
were also adjusted for scanner type.

RESULTS

Clinical and sociodemographic characteristics of
the two MRI populations in the first and second
re-examination are presented in Table 1. The 1998
MRI population did not differ significantly from the
rest of CAIDE participants regarding midlife age,
work-related stress, midlife cardio/cerebrovascular/
respiratory conditions, and proportion of APOE �4
carriers and women (all p > 0.05, data not shown);
however, they had lower levels of education

(p = 0.017), were more likely to have non-white col-
lar jobs in midlife (p = 0.035), and higher midlife
levels of hopelessness (p = 0.010). The 2005–2008
MRI population did not differ significantly from
the rest of CAIDE participants regarding midlife
age, work-related stress, occupation type, midlife
cardio/cerebrovascular/respiratory conditions, hope-
lessness, and proportion of APOE �4 carriers and
women (all p > 0.05, data not shown); however, they
had lower levels of education (p = 0.042).

Associations between midlife work-related stress
and late-life MRI measurements are shown in Table 2.
Higher levels of work-related stress in midlife were
significantly associated with lower GM volume at the
first re-examination (Model 1 �-coefficient = –0.091,
p = 0.047; Model 2 �-coefficient = –0.077, p = 0.033).
This association was attenuated after adjust-
ing for cardio/cerebrovascular/respiratory conditions
(Model 3 �-coefficient = –0.081, p = 0.099). No sig-
nificant associations were found between midlife
work-related stress and visually rated MTA or WML
at the first re-examination.

Table 1
Characteristics of the CAIDE MRI populations in the 1st and 2nd re-examinations

Characteristics n MRI population in n MRI population in
1st re-examination 2nd re-examination

Age in midlife, years 102 51.7 (5.1) 64 49.4 (5.9)
Age at re-examination, years 102 73.2 (3.8) 64 77.8 (3.5)
Sex (men), n (%) 102 36 (35.3%) 64 24 (37.5)
Education, years 101 7.2 (2.6) 62 7.8 (2.7)
Total follow-up time, years 102 21.5 (3.2) 64 28.4 (4.5)
APOE�4 status (carrier), n (%) 100 45 (45.0%) 54 22 (40.7)
Any work-related stress in midlife, n (%)

(compared to no stress, score 0)
102 91 (89.2%) 64 59 (92.2%)

Midlife history of
cardio/cerebrovascular/respiratory
conditions, n (%)

102 6 (5.9%) 64 4 (6.3%)

Midlife occupation type (white versus blue
collar), n (%)

93 30 (32.3%) 59 27 (45.8%)

Midlife hopelessness (reported symptoms), n
(%)

101 64 (63.4%) 63 32 (50.8%)

MRI measures in late-life*
Total intracranial volume 82 1376.3 (124.0) 62 1542.9 (180.4)
Total GM volume 82 498.9 (49.1) 62 510.8 (61.1)
WML (visually rated) 102 6.1 (4.2) – –
WML volume – – 64 32.6 (28.4)
MTA (visually rated) 83 1.66 (1.11) 64 2.42 (1.0)
Hippocampal volume (cm3) – – 64 3.09 (0.63)
AD-signature cortical thickness, mm – – 62 2.58 (0.28)

Values are means (SD) for continuous variables unless otherwise specified. Data for the 1998 MRI population (first re-
examination) are weighted for the inverse probability of each person from the original CAIDE population to be included
in the 1998 MRI population. ∗Different automatic MRI analysis methods were used at the 1st and 2nd re-examinations
(i.e. mean total intracranial volume and total gray matter volume show some differences). Factors related to image quality
(e.g., acquisition parameters, scanners) were different between re-examinations, limiting image analysis in some cases
(i.e., WML volume and cortical thickness could not be measured reliably at the 1st re-examination). MRI populations at
1st and 2nd re-examinations include different individuals.
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Table 2
Midlife work-related stress and late-life MRI outcomes in the 1st and 2nd CAIDE re-examinations

Model 1 Model 2 Model 3
� coefficients (p-values)

1st CAIDE re-examination
Total GM volume –0.091 (0.047) –0.077 (0.033) –0.081 (0.099)
WML (visually rated) 0.022 (0.294) 0.028 (0.176) 0.022 (0.295)
MTA (visually rated∗ –0.387 (0.698) 0.073 (0.943) –0.156 (0.883)

2nd CAIDE re-examination
Total GM volume 0.013 (0.842) 0.042 (0.553) –0.013 (0.853)
WML volume –0.003 (0.971) –0.023 (0.716) –0.033 (0.651)
MTA (visually rated)∗ –0.105 (0.591) –0.206 (0.345) 0.084 (0.714)
Hippocampal volume 0.096 (0.225) 0.110 (0.226) 0.056 (0.488)
AD-signature cortical thickness 0.029 (0.710) 0.043 (0.625) 0.026 (0.756)

Values were unstandardized. Model 1 is adjusted for age, sex, education, follow-up time and APOE status. Model
2 is additionally adjusted for type of occupation and midlife hopelessness. Model 3 is Model 1 additionally
adjusted for midlife cardio/cerebrovascular/respiratory conditions. All analyses for the second re-examination
additionally adjusted for scanner type. ∗Ordinal logistic regressions were performed.

Midlife work-related stress was not signifi-
cantly associated with MTA, WML volume, total
GM volume, hippocampal volume or Alzheimer’s
disease-signature cortical thickness at the second re-
examination (Table 2).

DISCUSSION

This study found for the first time that higher
levels of midlife work-related stress were associ-
ated with lower total GM volume approximately
21 years later. This association remained significant
even after adjusting for multiple confounding fac-
tors, but was attenuated when midlife respiratory and
cardio/cerebrovascular conditions were taken into
account. Such chronic conditions may thus at least
partly explain the link between midlife work-related
stress and lower late-life GM volume. Chronic stress
has been previously associated with e.g. cardiovascu-
lar conditions [29], which in turn have been related
to reduced GM volume and structural brain changes
[30–33].

Previous studies have shown that perceived chronic
stress may lead to, e.g., lower total GM and
hippocampal volume, [5] via elevated levels of
stress hormones (glucocorticoids) [3–5]. Elevated
glucocorticoid levels have been associated with pro-
inflammatory cytokines [34], which were in turn
related to reduced GM [35–37]. In addition, elevated
glucocorticoid levels accelerated �-amyloid produc-
tion and tau pathology, and decreased amyloid-�
degradation in mouse models of Alzheimer’s disease
[38–41]. The hippocampus is particularly vulnerable
to the detrimental effects of chronic stress [42, 43],
and also to Alzheimer’s disease-related pathology.

However, we did not find any significant associa-
tions between work-related stress and visually rated
MTA, hippocampal volume or Alzheimer’s disease-
signature cortical thickness. This may be explained
by the relatively small sample size with limited sta-
tistical power, or discrepancies between self-reported
and physiological stress measures, but it may also
reflect potential differences between the effects of
chronic generalized stress versus specific, more
confined sources of stress (i.e., work-related).

Interestingly, while midlife work-related stress
was associated with lower total GM volume at the first
late-life CAIDE re-examination, this association was
not found after a longer time period (second CAIDE
re-examination). These results are consistent with our
previous findings of significant associations between
midlife work-related stress and increased risk for mild
cognitive impairment, dementia, and Alzheimer’s
disease only at the first CAIDE re-examination, but
not at the second re-examination [10]. The time-
or age-specific associations between midlife work-
related stress and GM volume may be due to selective
mortality and selective participation. Individuals who
were still alive up to 30 years after midlife, partic-
ipated in the study and did not develop dementia
during follow-up may represent a sub-group more
resilient to the effects of midlife work-related stress.
Midlife work-related stress may also have a ‘critical
time window’ regarding its effects on brain structures
and functioning, i.e., most of its impact may become
manifest at younger ages (<75 years).

The lack of associations between midlife work-
related stress and WML in the present study is in line
with the Pittsburgh Healthy Women Study and the
Chicago Health and Aging Project, where no asso-
ciations were found between self-reported stress and
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WML [3, 9]. However, these findings are inconsistent
with results from the Prospective Population Study
of Women in Gothenburg study, where midlife psy-
chological distress was associated with more severe
WML and cerebral atrophy [8]. These differences
may be at least partly related to the use of CT scans
in the Gothenburg study. In addition, different mea-
sures of stress were used: the Pittsburg and Chicago
studies used the Perceived Stress Scale focusing on
the past two weeks [3] or the past month [9]; the
current CAIDE study focused specifically on work-
related stress; and the Gothenburg study measured
stress regarding everyday circumstances [8].

The main strengths of the present study are
the availability of midlife data, inclusion of both
men and women, long follow-up time (up to three
decades), and several MRI outcomes. However, sev-
eral methodological limitations need to be discussed.
As the MRI sample sizes were small, these find-
ings need replication in larger samples. Changes
in MRI measures over time could not be assessed
because only 18 subjects were scanned at both
re-examinations. Factors related to image quality
(e.g., acquisition parameters and scanners) differed
between re-examinations, leading to differences in
assessments available for each time point. Also, MRI
scans were not available at the midlife examination.

The CAIDE MRI populations included selected
participants in the first or second re-examination. In
the 1998 MRI population, data weighting was used
to achieve representativeness for the original CAIDE
sample. In the 2005–2008 MRI population, the 64
participants at risk for dementia were not significantly
different from the rest of CAIDE participants, with
the exception of lower education levels. Survival and
non-participation bias may have led to an underes-
timation of associations between work-related stress
and MRI measures, as individuals who died or did not
participate in re-examinations had poorer health sta-
tus and were more likely to have dementia compared
to participants [44].

In conclusion, a relation between midlife work-
related stress and lower GM volume may at least
partly explain the previously shown associations with
dementia [10]. The link between midlife work-related
stress and subsequently lower GM volume may be
at least partly due to chronic conditions, e.g., car-
dio/cerebrovascular conditions. Both work-related
stress and chronic health conditions are risk fac-
tors that can be monitored and managed / modified
with lifestyle-related and other intervention strate-
gies. Thus, individuals with elevated work-related

stress in midlife represent an at-risk group that may
benefit from interventions for preventing potentially
detrimental structural brain changes, and ultimately
dementia.

Interestingly, midlife work-related stress was not
associated with dementia [10] or structural brain
changes after a longer time period (nearly three
decades later), suggesting a critical time window
for the effects of midlife work-related stress, and/or
selective survival/participation. Whether most of the
detrimental impact of midlife work-related stress
is indeed manifested at younger ages (<75 years),
and whether this impact is potentially different from
generalized chronic stress, needs to be confirmed
in long-term cohort studies with larger neuroimag-
ing populations. However, the present study further
emphasizes the importance of initiating preventive
strategies early during the working life.
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