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Background. Stress is thought to exert both positive and negative effects on cognition, but the precise cognitive
effects of social stress and individuals’ response to stress remain unclear. We aimed to investigate the association
between different measures of social stress and cognitive function in a middle- to older-aged population using data
from the European Prospective Investigation into Cancer (EPIC)-Norfolk study.

Method. Participants completed a comprehensive assessment of lifetime social adversity between 1993 and 1997 and
the short form of the Mini Mental State Examination (SE-MMSE), an assessment of global cognitive function, during
the third health check between 2004 and 2011 (a median of 10.5 years later). A low MMSE score was defined as a
score in the bottom quartile (20-26).

Results. Completed MMSE scores and stress measures were available for 5129 participants aged 48-90 years.
Participants who reported that their lives had been more stressful over the previous 10 years were significantly more
likely to have low MMSE scores [odds ratio (OR) 1.14, 95% confidence interval (CI) 1.04-1.24 per unit increase in
perceived stress], independently of sociodemographic factors, physical and emotional health. The effects were
restricted to the highest level of stress and the association was stronger among participants with a lower educational
level. Adaptation following life event experiences also seemed to be associated with MMSE scores after adjusting for
sociodemographic factors, but the association was attenuated with further adjustment.

Conclusions. In this generally high-functioning population, individuals’ interpretations and responses to stressful
events, rather than the events themselves, were associated with cognitive function.
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Introduction (McEwen & Sapolsky, 1995; Stawski et al. 2006;
Sandi & Pinelo-Nava, 2007). It is thought that stress
influences cognitive function by the activation of the

hypothalamic—pituitary-adrenal (HPA) axis and the

Over the past few decades there have been significant
developments in the understanding of brain function
and cognitive performance (Albright et al. 2000).
Well-established factors associated with differences
in cognitive function include age (Helmuth, 2002), sex
(Caplan, 1997), educational attainment (Brayne et al.

subsequent secretion of catecholamines and gluco-
corticoids. These glucocorticoids can cross the blood-
brain barrier, thereby binding to receptors localized in
brain areas, including the hippocampus, amygdala

2010) and genetic factors such as the apolipoprotein
and frontal lobes (Lupien et al. 2007). These areas are

E (APOE) genotype (Deary et al. 2002). A relationship

between stress and cognition has also been explored then actively involved in thought processes including

memory and executive function. However, despite
this well-recognized hormone-related physiological
mechanism, the precise effects of social stress on hu-
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man cognition, particularly in middle- to older-aged
samples, remain uncertain.
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Social stress is a broad term encompassing both
external emotion-provoking stressors (stressful life
events) and internal responses (perception and
adaptation) to a given stimulus (Burke & Goodkin,
1997). Frequently, the measurement of internal re-
sponses in epidemiological studies is subjective, and
thus reporting of stressful life events has been
widely used for objectively quantifying social stress.
However, it may be the meaning of life events for
individuals, rather than the events themselves, that
accounts for the subsequent effect (Brown, 1974).
Therefore, some researchers have suggested that the
study of life events alone might be a limited approach
(Price et al. 2001), and have argued that the perceived
stress level and its interaction with other vulnerability
factors (e.g. social support, coping style and emotional
patterns) should be considered.

Animal (Shors et al. 1992; Jeong et al. 2006) and hu-
man (Lupien et al. 1997; Kuhlmann ef al. 2005; Merz
et al. 2010) studies have shown that stress can exert
both positive and negative effects on cognition.
Although an ongoing high-stress level may impair
working memory (Lupien et al. 1997; Kuhlmann et al.
2005), moderate stress and especially acute stress have
been related to enhanced memory and cognitive
function (Yuen et al. 2009). The direction of the
association between stress and cognition is thus left
undetermined.

Based on findings from laboratory studies, several
observational studies (VonDras et al. 2005; Rosnick
et al. 2007 ; Johansson et al. 2010; Comijs et al. 2011)
have been conducted to examine the stress—cognition
relationship in real settings. Most have focused sep-
arately on self-perceived chronic stress (Johansson
et al. 2010), susceptibility to distress (Wilson et al.
2005, 2007a) or exposure to life event stressors
(Persson & Skoog, 1996; Rosnick et al. 2007; Tsolaki
et al. 2010) rather than a combination of the three. In
a French study by Charles et al. (2006), that in-
vestigated stress among dementia patients, 79% of
the responders related their disease to one or several
life events. Rosnick ef al. (2007) examined the cross-
sectional association between negative events
experience over the past year and cognitive per-
formance in an American sample aged 60-84 years.
They found that individuals who had experienced
the injury or illness of a friend performed better in
all three cognitive tasks (episodic memory, attention
and psychomotor speed tasks). However, having
less money was associated with poor performance
in psychomotor speed tasks. By contrast, a Swedish
study in an older population (Grimby & Berg,
1995) revealed that cognitive decline occurred re-
gardless of stressful life experiences. Inconsistent
results might be explained by the diverse cultural
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backgrounds in which the studies were conducted.
Furthermore, studies have adopted different
stress measures and have addressed the confound-
ing issues differently. Most studies have adopted a
cross-sectional design (VonDras et al. 2005; Ward
et al. 2007), where stress and cognitive function are
measured at the same time, and a few longitudinal
studies are available but focused on objectively
reported life events (Peavy et al. 2009; Comijs et al.
2011). Few studies have examined the effects of
individuals’ internal responses to stressful events
(e.g. coping skills) and perceived stress level in
relation to stressful events. In addition, little is
known about how sociodemographic factors or
social support moderate the stress—cognition associ-
ation, although sociodemographic factors have
been suggested to account for individuals” differ-
ences in cognitive function (Lee et al. 2003; Brayne
et al. 2010) and social support may buffer the detri-
mental effects of stressful experiences (Price et al.
2001).

The aim of the present study was to investigate
the association between both objective and subjective
measures of social stress and cognitive function in a
middle- to older-aged English sample using data from
the European Prospective Investigation of Cancer
(EPIC)-Norfolk prospective cohort study. Interactions
between social stress and sociodemographic factors or
social support were also explored.

Method
Study sample

Data were drawn from the EPIC-Norfolk study; the
design and methods have been described previously
(Day et al. 1999). In brief, a total of 77 630 residents in
Norwich were sent an invitation to participate during
1993-1997, of whom 30445 men and women aged
40-74 years were recruited using General Practice
(GP) age-sex registers (Day et al. 1999). These partici-
pants were then followed prospectively for different
health outcomes in 1993-1997 (1st Health Check)
and again in 1997-2000 (2nd Health Check). The 3rd
Health Check (3HC) started in 2006 and participants
were invited and followed by GP practices in a ran-
dom order. New cognitive tests including the 11-item
shortened form of the Mini Mental State Examination
(SF-MMSE; Matthews et al. 2011) were added to the
study. As at June 2011, 7998 of 17633 eligible par-
ticipants had completed 3HC. Of these, 5129 (aged
50-89 years) had completed both the Health and Life
Experiences Questionnaire (HLEQ) and the SF-MMSE.
The Norwich District Ethics Committee approved
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the study and all participants gave signed informed
consent.

Social stress

From 1996 to 2000, 20921 participants completed the
HLEQ (Surtees et al. 2000, 2003), a comprehensive as-
sessment of social and psychological circumstances.
The assessment of social stress included questions
regarding experience of eight traumatic events before
age 17 (childhood adversity, such as parental prob-
lems or separation from home), lifetime occurrence
of 16 stressful adverse events (adulthood adversity,
such as work events, relationship problems and loss
experience) and a chart approach designed to aid the
evaluation of prolonged personal difficulties (see
Surtees & Wainwright, 2007 for full details). For each
adverse event reported, the participants were asked
how much this event had upset them and how much
they had recovered from its effects. These questions
allowed the construction of event impact and adap-
tation indexes, with a higher score representing
greater impact of, and slower adaptation to, event ex-
periences respectively (Surtees & Wainwright, 2007).
The Personal Life Chart asked participants to record
and describe up to six prolonged difficulties in their
lifetimes. This provided a summary of long-term
difficulties. In addition, there was a single question
concerning self-perceived stress (‘All things con-
sidered, how stressful do you believe that your life has
been over the past 10 years?), with five response
categories: not at all stressful, rarely stressful, moder-
ately stressful, markedly stressful and extremely
stressful (Surtees et al. 2010).

Global cognitive function

The 11-item SF-MMSE was used to evaluate global
cognitive function to improve acceptability and
reduce the response burden of the standard MMSE.
This abbreviated form (see Appendix) excluded items
designed for identifying severe cognitive impairment
and items that lack the capacity to discriminate be-
tween impaired and non-impaired individuals (Klein
et al. 1985). Full MMSE scale scores can be generated
(ranging from 20 to 29) by assuming near-ceiling
performance on excluded items allowing compar-
ability of the SE-MMSE to other studies (Matthews
et al. 2011).

Demographics and health

Information on sociodemographic characteristics was
measured using the HLEQ and included: (1) social
class (five categories: professionals, managerial and
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technical occupations, skilled workers subdivided
into non-manual and manual, partly skilled workers
and unskilled manual workers), (2) educational level
(four groups: <O-level or no qualifications, O-level
or equivalent, A-level or equivalent and degree or
higher) (Park ef al. 2011). Pre-existing health problems
(self-report: yes/no) including diabetes, cancer, stroke
or myocardial infarction were evaluated at the base-
line interview.

Functional health was assessed using the 36-item
Short Form Health Survey (SF-36; Brazier et al. 1992;
Ware & Sherbourne, 1992; McHorney et al. 1993). The
SF-36 comprises eight health dimensions and is sum-
marized into physical functioning and mental health
subscales. The Close Persons Questionnaire (CPQ;
Stansfeld et al. 1998) allowed an assessment of the
social support that the participants received. Social
support was defined as the following: availability of a
close confidant (yes/no), confidant support quality
(low/high) and the perceived inadequacy (negative
aspects) of the relationship (low/high) (see Surtees
et al. 2004 for full details]. Mood was evaluated using
a structured self-assessment approach to psychiatric
symptoms embodying restricted DSM-IV (APA, 1994)
criteria for major depressive disorder (MDD) (Surtees
et al. 2000, 2008). These psychosocial evaluations were
all assessed through the HLEQ.

Analysis

Life event experience was summarized as the total
number of life events experienced in the 5 years pre-
ceding stress assessment, along with the number of
loss-related events (through deaths of first-degree re-
latives) and non-loss events (all other events, with the
exclusion of events involving participant illness, non-
specific events and relatively low-impact retirement
events) (Surtees & Wainwright, 2007). These three
event-related exposures, along with the number of
childhood difficult circumstances, were reported
and analysed as ordinal variables. The impact index
and the adaptation index were retained as continuous
variables (score range —5 to 5). Long-term difficulty
was defined as at least one period of prolonged diffi-
culty reported to have ended within the past 5 years
(yes/no). Self-perceived stress was included as an
ordinal variable with the five levels of stress response
recorded in the HLEQ. The MMSE scores (score range
20-29) were dichotomized using the 75th percentile to
represent lower (20-26) and higher cognitive function
(27-29).

The characteristics of the 5129 participants in our
study sample were first compared against the other
subjects from the baseline sample. Sociodemographic
characteristics and stress experience were explored
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according to different levels of MMSE performance.
Student’s ¢ tests and the Wilcoxon rank-sum test were
used for normally distributed and ordinal exposure
variables respectively, and Pearson’s x* test was
used for categorical variables. The association between
social stress and MMSE performance was tested using
logistic regression adjusting for covariates. Four
models were constructed for each stress measure:
(A) adjusted for age and sex; (B) further adjusted for
socio-economic variables: educational level and social
class; (C) additional adjustments for physical health
status: the SF-36 physical component (PC) summary
score (as a continuous variable) and pre-existing
health problems (yes/no); and (D) additional adjust-
ments for emotional health status: the SF-36 mental
component (MC) summary score (as a continuous
variable) and the presence of MDD (yes/no). For the
stress measures that were found to be independently
associated with MMSE performance in the fully ad-
justed model, we examined dose-response relation-
ships and associations stratified by age, sex, social
class (non-manual/manual), education (lower than
A-level/A-level or higher), social support (for confid-
ing and negative support respectively: no support,
low, high). In addition, and to investigate how as-
sociations varied in terms of the proximity of the
psychosocial and cognitive assessments, associations
were stratified according to the time elapsed between
stress and MMSE assessments (<10/>10 years).
Interactions between stress measures and the above
factors were examined with Wald tests of the inter-
action terms added to the models. These secondary
analyses were conducted using model B, which ad-
justed for age, sex, educational level and social class.
The results are presented as odds ratios (ORs) with
95% confidence intervals (CIs) of lower (MMSE score
20-26) versus higher MMSE performance (MMSE
score 27-29). All statistical tests were two-sided, and a
p value <0.05 was considered statistically significant.
Analyses were implemented in Stata 10.0 (Stata
Corporation, USA).

Results

Completed MMSE scores and stress measures were
available for 5129 EPIC-Norfolk study participants
aged 48-90 years (at the time of 3HC), including 2248
men (44%) and 2881 women. Of these, 3385 (66 %)
were engaged in non-manual occupations and 3180
(62%) had completed A-level or higher-degree edu-
cation. Compared to the other participants in the
EPIC-Norfolk cohort, the people in our study were in
general 4 years younger (p <0.01) and more likely to
have engaged in non-manual occupations and have
achieved higher educational levels.
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In the 5 years preceding assessment, 2377 (46 %) of
the participants reported no life events, 1327 (26 %)
reported one event and 1425 (28%) reported two
or more events. A total of 3898 childhood adverse
events were reported (mean 0.76 event per person). In
addition, 945 (18%) of the participants reported at
least one period of long-term difficulty in the preced-
ing 5 years and 796 (16 %) rated their life as markedly
or extremely stressful over the preceding 10 years.
The event impact and adaptation indexes ranged
from —5 to 5, with a mean impact score of 0.02
(s0.=0.98) and a mean adaptation score of —0.02
(s.0.=0.98). In general, men compared to women and
older compared to younger individuals tended to re-
port fewer life events (both total, loss and non-loss
events), fewer long-term difficulties, lower perceived
stress levels and better adaptation to events. Those
who have achieved lower educational levels reported
significantly higher stress levels and more long-term
difficulties. In addition, these people have considered
a greater impact from these events and a slower ad-
aptation to the events.

The estimated MMSE scores ranged from 20 to 29,
with a median score of 28 [interquartile range (IQR)
27-29]. Table 1 shows the baseline characteristics of
participants stratified by MMSE score level (high or
low). Participants with low MMSE scores were older,
more likely to be women and to have come from a
lower social class, and to have achieved a lower edu-
cational level. Higher MMSE scores were associated
with a slightly higher summary score in the physical
component of SF-36, indicating better general physical
health. Compared to the low MMSE group, the high
MMSE group reported fewer loss events and child-
hood difficulties but more non-loss events. Moreover,
a greater proportion of participants in the high MMSE
group reported the presence of long-term difficulties.
There were 149 (3.78%) participants in the high
MMSE group and 63 (5.56 %) in the low MMSE group
who reported being extremely stressed in the preced-
ing 10 years.

Table 2 shows the associations between measures
of social stress and cognitive performance for each
model tested. After adjusting for age and sex,
MMSE scores were associated with the number of loss
events, impact and adaptation index, and long-term
self-perceived stress level. Of all the stress measures,
only the adaptation index and self-perceived stress
remained associated with MMSE scores after adjusting
for sociodemographic factors. A 1 s.p. increase in the
adaptation index (slower adaptation) was associated
with an OR of 1.08 (95 % CI 1.01-1.16) for scoring 20-26
in the MMSE, and a 1 unit increase in perceived stress
was associated with an OR of 1.14 (95% CI 1.05-1.23).
The association between the adaptation index and
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Table 1. Characteristics of demographic and other factors by MMSE performance

Low MMSE score

High MMSE score

21-26 (n=1150) 27-29 (1 =3979) p value
Age (years), mean (s.D.) 70.83 (0.24) 67.74 (0.13) <0.001
Sex, n (%) 0.04
Male 474 (41.2) 1774 (44.6)
Female 676 (58.8) 2205 (55.4)
Social class, 1 (%) <0.001
Non-manual 619 (54.5) 2769 (70.3)
Manual 517 (45.5) 1171 (29.7)
Educational level, n (%) <0.001
Lower than A-level 562 (48.9) 1408 (35.4)
A-level and higher 587 (51.1) 2571 (64.6)
Marital status, 1 (%) <0.01
Single 43 (3.7) 153 (3.9)
Married 946 (82.5) 3418 (86.3)
Others (widowed, separated or divorced) 158 (13.8) 388 (9.8)
Social support, n (%) 0.05
Yes 1037 (91.0) 3665 (92.7)
No 103 (9.0) 287 (7.3)
MDD, n (%) 0.36
No 1073 (95.7) 3693 (95.1)
Yes 48 (4.3) 192 (4.9)
SE-36 PC, mean (s.D.) 48.05 (9.3) 49.78 (8.6) <0.001
SF-36 MC, mean (s.D.) 52.56 (8.7) 5222 (9.1) 0.50
Pre-existing diseases, 1 (%) 0.64
No 1066 (92.9) 3677 (92.5)
Yes 81 (7.1) 297 (7.5)
Total life events, mean, median (IQR) 0.98, 1 (0-2) 1.02,1 (0-2) 0.40
Loss events, mean, median (IQR) 0.31, 0 (0-0) 0.27, 0 (0-1) 0.03
Non-loss events, mean, median (IQR) 0.45, 0 (0-1) 0.51, 0 (0-1) 0.03
Childhood difficulties, mean, median (IQR) 0.83, 0 (0-1) 0.74, 0 (0-1) <0.01
Impact index, mean (s.D.) 0.06 (0.97) 0.01 (0.99) 0.14
Adaptation index, mean (s.D.) 0.02 (1.03) —0.03 (0.95) 0.13
Long-term difficulties, 1 (%) 0.02
Yes 185 (16.1) 760 (19.1)
No 965 (83.9) 3219 (80.9)
Perceived stress level, 1 (%) 0.59
Not at all/rarely /moderately stressful 962 (84.8) 3316 (84.2)
Markedly /extremely stressful 172 (15.2) 624 (15.8)

MMSE, Mini Mental State Examination; IQR, interquartile range; s.p., standard deviation; MDD, major depressive disorder;
SF-36 PC/SF-36 MC, physical/mental component summary score of the 36-item Short Form questionnaire.

Bold values indicate p <0.05.

cognitive function was attenuated with further ad-
justment for general physical health variables. The
association for perceived stress remained (and was
little changed) after adjustment for sociodemographic
factors, physical health and emotional health.

Figure 1 shows the relationship between self-
perceived stress and MMSE scores after adjusting
for age, sex, social class and educational level. The
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association between perceived stress and cognitive
function was found to be restricted to those who
reported extreme levels of stress (OR 1.91, 95% CI
1.28-2.86), for participants who reported their life as
being extremely stressful versus those who reported no
stress at all.

Table 3 presents the stratified associations between
self-perceived stress and cognitive function. These
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Table 2. Associations between social stress and MMSE performance

Model A

Model B

Model C

Model D

N N Ul W

. Total life events (per event)

. Loss events (per event)

. Non-loss events (per event)

. Childhood difficulties (per event)

. Long-term difficulties (yes/no)

. Impact index (per s.n., greater impact)

. Adaptation index (per s.p., slower adaptation)
. Perceived stress (per level, higher stress)

1.02 (0.96-1.07)
1.14 (1.01-1.29)*
0.99 (0.91-1.08)
1.06 (0.99-1.13)
0.89 (0.74-1.06)

1.08 (1.01-1.16)*
1.10 (1.02-1.18)*
1.10 (1.02-1.18)*

1.03 (0.97-1.09)
1.09 (0.96-1.24)
1.03 (0.94-1.12)
1.03 (0.96-1.10)
1.00 (0.83-1.20)
1.06 (0.99-1.14)
1.08 (1.01-1.16)*
1.14 (1.05-1.23)*

1.01 (0.95-1.07)
1.07 (0.94-1.22)
1.01 (0.92-1.10)
1.02 (0.95-1.10)
1.00 (0.83-1.21)
1.04 (0.97-1.13)
1.07 (0.99-1.15)
1.13 (1.04-1.22)*

1.01 (0.95-1.08)
1.07 (0.93-1.22)
1.01 (0.92-1.11)
1.02 (0.95-1.10)
0.99 (0.82-1.21)
1.04 (0.97-1.13)
1.06 (0.98-1.15)
1.14 (1.04-1.24)*

MMSE, Mini Mental State Examination; s.p., standard deviation.
Values are odds ratios (95 % confidence intervals) of scoring lower (20-26) in the MMSE: (A) adjusted for age (as continuous
variable) and sex; (B) further adjusted for socio-economic variables : educational level (< O-level or no qualifications, O-level or
equivalent, A-level or equivalent, degree or higher) and social class (I, II, IIl non-manual, IIl manual, IV, V); (C) with additional

adjustment for physical health conditions: Short Form 36 (SF-36) physical component (PC) summary score (as continuous

variable) and pre-existing health problems (yes/no); (D) with additional adjustment for emotional health: SF-36 mental

component (MC) summary score (as continuous variable) and the presence of major depression disorder (MDD) (yes/no).
Time frame: 1-7 summarize stress experience in the 5 years preceding stress assessment; 8 indicates perceived stress level

over the preceding 10 years.

Sample size: because of missing data for individual measures, the sample size available for analysis varied between 4578 (7D)

and 5129 (1A-5A).
*1 <0.05.

data show that the association was more pronounced
for participants who had a lower education level
[OR 1.22 (95% CI 1.09-1.37) and OR 1.06 (95% CI
0.95-1.17) for those who were educated to a lower and
higher level respectively; p=0.04 for test of inter-
action]. Associations were similar for younger and
older participants and there was an indication that
associations were more pronounced for participants
who were women and who were of lower social class
(although these differences were not statistically sig-
nificant).

Notably, the associations between perceived stress
and MMSE scores did not vary by the elapsed time
between HLEQ and MMSE assessments (< 10 years or
>10 years) and, in particular, there was no evidence
that the associations were stronger for participants
whose psychosocial and cognitive assessments were
closer in time.

Discussion

In this large population-based sample of middle- to
older-aged adults, an index of adaptation constructed
from questions relating to stressful life event experi-
ences and self-perceived stress level was associated
with MMSE scores, independently of sociodemo-
graphic factors. Participants who reported slower ad-
aptation to life events were more likely to have lower
cognitive function, but the association was attenuated
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after adjustment for general physical health condi-
tions. The association between higher perceived stress
and lower cognitive function remained significant
after adjustment for age, sex, social class, educational
level, pre-existing chronic diseases, MDD and the
physical and mental components of SF-36. These dif-
ferences in cognitive function seemed to be restricted
to individuals who reported extreme levels of stress,
with 1.9 times as many of these participants scoring
worse on the MMSE compared to those who reported
no stress. These data suggest that level of education
level modifies this association, such that it is stronger
among those who are educated to a lower level. There
was no evidence of an association between global
cognitive function and objective reports of life events
and difficulties.

This study was derived from a prospective cohort
study, the EPIC-Norfolk study, with an assessment
of social stress completed some 10 years before a sub-
sequent assessment of cognitive function. To our
knowledge, this is the largest study on the associ-
ation between stress and cognitive function and
the study sample covers an age range of 40-74 years
at the baseline. We used a comprehensive measure to
address social stress, covering objective evaluation of
stressful life events and also subjective reports of
self-perceived stress and the perceived impact and
adaptation to the events. Compared to previous
studies, the additional measures of event impacts and
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Fig. 1. The dose-response relationship between self-perceived stress and Mini Mental State Examination (MMSE)
performance. Odds ratios (95 % confidence intervals) of scoring lower (20-26) in the MMSE test: adjusted for age, sex,
educational level (<O-level or no qualifications, O-level or equivalent, A-level or equivalent, degree or higher) and social

class (I, II, III non-manual, III manual, IV, V).

individuals” adaptive capacity allowed more indi-
vidual variation to be taken into account and may
help to reveal a more generalizable picture of the
association between social stress and cognitive func-
tion.

There are several limitations. First, among the 77 630
Norfolk residents who were sent initial invitations,
30445 agreed to participate and were thereby re-
cruited to the cohort. This cohort has been shown to be
representative of the population studied in the Health
Survey of England 1993 in terms of anthropometric
variables, blood pressure and serum lipids (Day et al.
1999) and functional health (Surtees et al. 2004), and
includes subjects with a wide range of socio-economic
circumstances (Wainwright & Surtees, 2004). Our
current study sample comprised 5129 participants
who had both the measures of social stress and SF-
MMSE. Compared to the other participants in the
EPIC-Norfolk cohort, the people in our study were
significantly younger and more likely to have engaged
in non-manual occupations and to have achieved
higher educational levels. As educational level is a
strong predictor of cognitive function, it is likely that
those not included in our analysis also had worse
cognitive performance. No differences in social stress
were detected among those with and without the
MMSE measure. Second, although the assessment of
psychosocial factors preceded the cognitive assess-
ments by a median of 10.5 years (range 5-14 years),
baseline cognitive function was not measured and
there is no information on changes in cognitive per-
formance over time. We were therefore unable to dis-
tinguish between stress as a risk factor for, or as an
early marker of, cognitive impairment. However, we
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found no evidence that the association between per-
ceived stress and cognitive function was attenuated,
with increasing elapsed time between psychosocial
and cognitive assessments, perhaps suggestive that
this association is unlikely to be due to confounding by
cognitive state at the time of completion of the social
stress assessment. Third, a shortened form of the
MMSE was adopted to reduce the response burden
and increase acceptability. Yet some of the inherent
limitations in the MMSE, such as a lack of sensitivity
for detecting mild cognitive impairment and limited
capacity to assess domain-specific function (Hodges,
2007), still exist. There is also concern about the
reliability of categorizing individuals’ cognitive states
based only on MMSE scores, although researchers
have recently identified a moderate to good reliability
of this state-based approach (Marioni et al. 2011).
Furthermore, the present study suggests that subjec-
tive measures of social stress seem to be a stronger
predictor for global cognitive function than objective
measures. Although the effect of stress is in essence
a psychological response and the main variations are
expected to lie in people’s notions, it is also possible
that a much larger sample size is required to detect
the subtle indirect association between objective oc-
currences of life events and cognitive function.
Meanwhile, as we only found independent associ-
ations in one of the eight stress measures, our findings
need to be replicated to allow for further interpret-
ation.

The findings are consistent with observational epi-
demiological studies (VonDras et al. 2005; Johansson
et al. 2010), where self-perceived stress was found to
be associated with cognitive impairment. A recent
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Table 3. Associations between self-perceived stress and MMSE performance by subgroup

Self-perceived stress
(per level increase, higher stress)

n OR (95% CI)
Age
39-59 years 3237 1.10 (1.00-1.22)
60-79 years 1784 1.10 (0.98-1.24)
p for interaction 0.79
Sex
Male 2206 1.07 (0.95-1.21)
Female 2815 1.18 (1.07-1.31)*
p for interaction 0.36

Social class

Non-manual 3349 1.07 (0.97-1.19)
Manual 1672 1.25 (1.11-1.41)*
p for interaction 0.09

Educational level

Lower than A-level 1925 1.22 (1.09-1.37)*
A-level and higher 3096 1.06 (0.95-1.17)
p for interaction 0.04

Confiding social support

No support 377 1.23 (0.95-1.60)
Low confiding support 2375 1.08 (0.96-1.22)
High confiding support 2247 1.17 (1.04-1.31)*
p for interaction 0.46

Negative social support

No support 377 1.23 (0.95-1.60)
Low negative support 2189 1.14 (1.00-1.29)
High negative support 2433 1.09 (0.97-1.22)
p for interaction 0.46

Elapsed time between the two

measurements
Gap <10 years 2007 1.14 (1.01-1.30)*
Gap >10 years 3014 1.13 (1.02-1.25)*
p for interaction 0.987

MMSE, Mini Mental State Examination; OR, odds ratio; CI, confidence interval.
ORs (95% CI) of scoring lower (20-26) in the MMSE: adjusted for age, sex,
educational level (<O-level or no qualifications, O-level or equivalent, A-level or
equivalent, degree or higher) and social class (I, II, IIl non-manual, IIl manual, IV, V).
*p<0.05.

prospective study (Johansson et al. 2010) followed
a sample of middle-aged females for 35 years and
revealed that the risk of developing dementia in-

Rosnick et al. 2007) or case—control studies
(Tsolaki et al. 2010). No association was found
between the occurrence of total life events and

creased by about 60% for those reporting frequent/
constant stress compared with those reporting no
stress. Unlike the present study, this longitudinal
study used a single question to address stress,
and only females were examined. The effects of ag-
gregate measures of life events seem to be more pro-
nounced among cross-sectional (VonDras et al. 2005;
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cognitive function in our study, a finding similar to
those from longitudinal studies (Persson & Skoog,
1996; Peavy et al. 2009; Comijs et al. 2011). These
three longitudinal studies all focused on elderly
populations, and sample sizes were relatively
small except for one study (Comijs et al. 2011). The
large sample size in our study has provided more
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statistical power, and our measure of stress has
enabled examination of subjective reports of
stress. However, it is noteworthy that the EPIC-
Norfolk cohort is a middle- to older-aged popu-
lation and, based on their range of MMSE scores,
generally high functioning. As such, variations in
the levels of cognitive function among participants
are subtle, leading to a more modest effect size
compared to those reported by previous studies.
Despite this, our study identified a statistically sig-
nificant association between perceived stress and
cognitive function, indicating a potentially stronger
effect if there had been a wider spread of cognitive
performance.

To the best of our knowledge, no previous studies
on the association between social stress and cognitive
function have been conducted among the English
population. None of the objective measures of stress in
our study were associated with cognitive function,
whereas the effect of a subjective measure of the length
of time taken to recover from the adverse effects
of life event experience was observed. Participants
who reported faster adaptation to life event experience
generally scored higher in the MMSE after adjusting
for sociodemographic factors. This is in line with pre-
vious evidence on the significant role of coping stra-
tegies in the development of breast cancer. We are
unaware of existing studies on the cognitive effects
of individuals” adaptive capacity to stress, although
a series of longitudinal studies on the association
between neuroticism and cognitive decline (Wilson
et al. 2003, 2006, 2007b) help to support our findings.
Given the close link between perceived stress and
neuroticism (Schlotz et al. 2011), further studies
that explore the inter-relationship among stress,
neuroticism and the risk of cognitive decline might be
of interest.

Of note, our study found that the association
between stress and cognitive function was stronger
among those with lower educational levels
whereas the differences of associations by other
sociodemographic factors or availability of social
support were not statistically significant. In this study
sample, those who had achieved a lower educational
level were suggested to have reported higher stress
levels and slower adaptation to stressful events. This is
consistent with other studies that indicated negative
associations between educational attainments and
perceived stress levels (de Rooij et al. 2012) or neur-
oticism (Denissen et al. 2008). Individuals’ different
responses to stress may have influenced the associ-
ation between self-perceived stress levels and cogni-
tive function. Meanwhile, educational level has been
suggested to be an important indicator of cognitive
function (Cagney & Lauderdale, 2002; Brayne et al.
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2010), which makes the moderating effect of education
more plausible. We also found similar stress—cognition
associations between age groups. Although it is diffi-
cult to explain the lack of an age-stress interaction
given the suggested neurodegenerative process
among the elderly, few studies have examined this
interaction, making it difficult to conduct cross-study
comparisons. Further longitudinal studies are there-
fore warranted to determine whether the effects of
stress on cognition differ by age.

The significance of individuals’ interpretations of
and responses to stressors can be understood using
physiological mechanisms. As stated by Lupien et al.
(2007), it is the body’s response to stress that forms the
foundation of research on the effect of stress on cog-
nitive function. When a situation is deemed stressful
by an individual, the body triggers the activation of
the HPA axis, which results in the subsequent release
of the adrenocorticotrophin hormone (ACTH).
ACTH travels in the blood and reaches the adrenal
glands, leading to the secretion of glucocorticoids and
catecholamines. These two so-called stress hormones,
in particular glucocorticoids, are then actively in-
volved in the alteration of cognitive function. In ani-
mal studies (Sapolsky et al. 1985; Uno et al. 1989;
Mizoguchi et al. 1992) exposure to glucocorticoids
or stress over a long period of time can cause hippo-
campal pyramidal neuron loss and atrophy of the
hippocampus. Depending on the duration of the
stress exposure, the loss of neurons can be reversible.
Although it might be extremely difficult to mimic
stress exposure over 10 years in animal studies,
our findings on the effect of self-perceived stress over
10 years can be illustrated by the cumulative irrevers-
ible loss of neurons, which may ultimately lead to
cognitive impairment.

Conclusions

Individuals” interpretations and responses to stressful
events, rather than the events themselves, were as-
sociated with cognitive function in this generally high-
functioning population. Higher perceived stress levels
were significantly associated with lower cognitive
function, especially among less educated individuals.
Repeated measures of cognitive function in the
future would allow an examination of the association
between social stress and change in cognitive function
over time. More comprehensive cognitive assess-
ments may also help to construct the diagnosis of
Alzheimer’s disease or dementia in this cohort, which
would provide more insight into the role of social
stress in the development of clinically diagnosed cog-
nitive impairment.
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Appendix: Items included and excluded from the
shortened MMSE used in EPIC-Norfolk study
(Matthews et al. 2011)

Items excluded from EPIC-Norfolk

What is the name of this place/what is the full address?
What is the name of this city /town/village?

What day of the week is it today ?

What is the date today?

Day/ Month/ Year

What is the season ?

What is the country?

Name two main streets nearby (or near your home)
What floor of the building are we on?

Repeat “No ifs, ands or buts’

Read this and do what it says. (‘close your eyes”’)
Follow these instructions:

Take this piece of paper in your right hand

Fold the paper in half with both hands

Put the paper down on your lap

Items included in EPIC-Norfolk

What is this called ?

Pencil

Wristwatch

Repeat and remember these three words:

Apple

Table

Penny

Serial 7’s

0 correct

1 correct

2 correct

3 correct

4 correct

5 correct (100, 93, 86, 79, 72)

What were the three words you were asked to repeat
a little while ago?

Apple

Table

Penny

Copy this drawing (a five-sided figure)

Write a complete sentence

MMSE: Mini Mental State Examination; EPIC: European
Prospective Investigation Into Cancer.
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