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Aim Response to stress can vary greatly between individuals. However, it remains unknown whether perceived impact of
stress on health is associated with adverse health outcomes. We examined whether individuals who report that stress
adversely affects their health are at increased risk of coronary heart disease (CHD) compared with those who report
that stress has no adverse health impact.

Methods
and results

Analyses are based on 7268 men and women (mean age: 49.5 years, interquartile range: 11 years) from the British White-
hall II cohort study. Over 18 years of follow-up, there were 352 coronary deaths or first non-fatal myocardial infarction
(MI) events. After adjustment for sociodemographic characteristics, participants who reported at baseline that stress has
affected their health ‘a lot or extremely’ had a 2.12 times higher (95% CI 1.52–2.98) risk of coronary death or incident
non-fatal MI when compared with those who reported no effect of stress on their health. This association was attenuated
but remained statistically significant after adjustment for biological, behavioural, and other psychological risk factors in-
cluding perceived stress levels, and measures of social support; fully adjusted hazard ratio: 1.49 (95% CI 1.01–2.22).

Conclusions In this prospective cohort study, the perception that stress affects health, different from perceived stress levels, was asso-
ciated with an increased risk of coronary heart disease. Randomized controlled trials are needed to determine whether
disease risk can be reduced by increasing clinical attention to those who complain that stress greatly affects their health.
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Introduction
Research on stress has a long history1,2 with considerable evidence
showing exposure to stress to be associated with adverse health out-
comes including cardiovascular disease (CVD), diabetes, obesity,
hypertension, major depression, and mortality, although these are

not universal findings.3 –10 Stress is experienced when a person
feels that ‘environmental demands tax or exceed his or her adaptive
capacity, resulting in psychological and biological changes that may
place him or her at risk for disease’.11 Hence, the effects of a stressful
situation may differ greatly between individuals, depending on the in-
trinsic and extrinsic resources available to them.
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Despite recognized individual differences in responses to stressful
situations (major life events, work demands, daily hassles, etc.), re-
search in this domain has mostly focused on quantifying them and
then examining their effects on mental and physical health.7,12–14

The consequence is that individual differences in response to stressful
situations are not taken into account. A potential way of capturing
these differences is to assess an individual’s perception of stress
impact on their health (different from perceived stress levels) and
to assess whether this predicts clinically relevant health outcomes.
However, to our knowledge, such studies are rare.15

The aim of this study was therefore to examine whether indivi-
duals’ perception of the impact of stress on their health is associated
with the risk of incident coronary heart disease (CHD) in a large pro-
spective cohort study over an 18-year period. As a working hypoth-
esis, we expect that individualswhoreport stress to affect their health
would be at increased riskof incident CHD. Wealso hypothesize that
this association is independent of perceived stress levels.

Materials and methods

Study sample and design
Data are drawn from the Whitehall II study,16 established in 1985 as a lon-
gitudinal study to examine the socioeconomic gradient in health and
disease among 6895 men and 3413 women. All civil servants aged 35–
55 years in 20 London-based departments were invited to participate;
73% agreed. The first screening (Phase 1) took place during 1985–88,
and involved a clinical examination and a self-administered questionnaire.
Subsequent phases of data collection have alternated between a postal
questionnaire alone [Phases 2 (1989–90), 4 (1995–96), 6 (2001), and
8 (2006)] and a postal questionnaire accompanied by a clinical examin-
ation [Phases 3 (1991–93), 5 (1997–99), 7 (2002–04), and 9 (2007–
09)]. All participants gave consent to participate and the University
College London ethics committee approved this study.

The question on the perceived impact of stress on health was intro-
duced to the Whitehall II study for the first time at Phase 3. Thus, this
phase constitutes the ‘baseline’ in the present analyses. Surveillance for
incident CHD events occurred from Phase 3 to Phase 9 for a
maximum follow-up of 18.3 years.

Measures
Perceived impact of stress on health
To assess the perceived impact of stress on health, participants were
asked the following question: ‘To what extent do you feel that the
stress or pressure you have experienced in your life has affected your
health?’ Response choices were: (i) ‘not at all’, (ii) ‘slightly’, (iii) ‘moderate-
ly’, (iv) ‘a lot’, or (v) ‘extremely’. To include categories in the analysis with
sufficient numbers of persons, this variable was recoded into three cat-
egories as follows: 1 ¼ ‘not at all’, 2 ¼ ‘slightly or moderately’, and 3 ¼
‘a lot or extremely’.

Ascertainment of coronary heart disease events
CHD events were composed of fatal CHD and non-fatal CHD defined as
first non-fatal myocardial infarction (MI). For fatal CHD, participants were
flagged by the British National Health Service (NHS) Central Registry, who
notified the date and cause of all deaths, classified as coronary if ICD-9
(International Classification of Diseases, 9th edn) codes 410–414 or
ICD-10 (International Classification of Diseases, 10th edn) codes I20–I25
were present on the death certificate. Non-fatal MI was defined following
MONICA criteria17 based on study electrocardiograms, hospital acute

ECGs, and cardiac enzymes. From 1989 onwards, the NHS Hospital
EpisodeStatistics (HES)databasehasprovidedreportsofparticipants’diag-
noses on discharge and procedure codes for all NHS hospitals in England.

Covariates
Socio-demographic measures included age, sex, ethnicity, marital status,
and socioeconomic position (SEP) assessed using the British civil service
grade of employment at Phase 3.16

CVD risk factors were assessed using responses to the Phase 3 ques-
tionnaire and categorized as follows: smoking status (never, ex, and
current); physical activity at recommended levels18 (≥2.5 h more of at
least moderately energetic physical activity per week, coded as yes or
no); high alcohol consumption in the previous week was defined as a con-
sumption of more than 14 units for women and more than 21 units for
men, with 1 unit corresponding to 8–10 g of alcohol; and daily fruit
and vegetable intake (yes/no). The following biological CVD risk
factors were measured at the Phase 3 clinical examination and were
included in the analyses as continuous variables: systolic and diastolic
blood pressures, total cholesterol, triglycerides, and body mass index
(BMI). Diabetes was assessed via self-report of doctor diagnosis.

We also included additional covariates such as self-rated health (good
or poor),19 perceived levels of stress (‘none’, ‘a little or a fair amount’, and
‘quite a lot or a great deal’),4 negative affect score (low, middle, and
high),20 psychological distress score as measured by the general health
questionnaire21 and measures of social support (social support at
work, number of relatives, and number of friends seen monthly).

Statistical analyses
The associations of perceived impactof stresson health with baseline cat-
egorical variables were examined using a Chi-square test for heterogen-
eity. For continuous variables, heterogeneity was assessed using one-way
analysis of variance.

We used Cox regression to examine the association between per-
ceived impact of stress and incident CHD events. There was no evidence
that this association was modified by sex (P ¼ 0.67), and so data were
pooled and sex-adjusted. The assumption of proportional hazards was
checked by examining the interaction term between the perceived
impact of stress on health and the logarithm of the follow-up period. It
was non-significant (P ¼ 0.11), confirming that the proportional
hazards assumption was not violated.

Six serially adjusted models included the following covariates: sociode-
mographic factors (sex, age, ethnicity, marital status, and employment
grade,Model 1); potential confounding factors or mediators including be-
havioural risk factors (Model 2); biological risk factors (Model 3); self-
rated health; negative affect; psychological distress scores and measures
of social support (Model 4); and perceived levels of stress (Model 5). In
the final model, we adjusted for all of the covariates outlined above
(Model 6). Survival curves according to the perceived impact of stress
on health score categories were estimated using unadjusted and
adjusted22 Kaplan–Meier survivor functions. Analyses were performed
using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) and Stata 12 (StataCorp.
College Station, TX, USA)’.

Results
A total of 8306 participants responded to the question on the per-
ceived impact of stress on their health. Of those, 7268 had data on
all 21 baseline covariates and were included in our analytical
sample. The 1038 participants not included in the analyses owing
to missing data on covariates were more likely than the included par-
ticipants to be women (P ¼ 0.004), non-white (P ¼ 0.001), not
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Table 1 Baseline characteristics of the sample and perceived impact of stress on health

All N (%) Perceived impact of stress on health n (%)/mean (SD)

Variables Not at all
(n 5 2835)

Slightly or moderately
(n 5 3849)

A lot or extremely
(n 5 584)

P value

Age, years 7268 (100) 49.7 (6.1) 49.3 (6.0) 49.5 (6.0) 0.10

Sex ,0.001

Male 5055 (69.6) 2148 (75.8) 2583 (67.1) 324 (55.5)

Female 2213 (30.4) 687 (24.2) 1266 (32.9) 260 (44.5)

Marital status ,0.001

Married/cohabiting 5585 (76.8) 2287 (80.7) 2913 (75.7) 385 (65.9)

Others 1683 (23.2) 548 (19.3) 936 (24.3) 199 (34.1)

Occupational grade ,0.001

High 2810 (38.7) 1222 (43.1) 1441 (37.4) 147 (25.2)

Intermediate 3295 (45.3) 1243 (43.8) 1759 (45.7) 293 (50.2)

Low 1163 (16.0) 370 (13.1) 649 (16.9) 144 (24.7)

Ethnicity ,0.001

White 6605 (90.9) 2649 (93.4) 3452 (89.7) 504 (86.3)

Others 663 (9.1) 186 (6.6) 397 (10.3) 80 (13.7)

Smoking 0.01

Never 3743 (51.5) 1465 (51.7) 1997 (51.9) 281 (48.1)

Ex 2542 (35.0) 1020 (36.0) 1327 (34.5) 195 (33.4)

Current 983 (13.5) 350 (12.3) 525 (13.6) 108 (18.5)

High alcohol intake 0.07

No 6249 (86.0) 2410 (85.0) 3332 (86.6) 507(86.8)

Yes 1019 (14.0) 425 (15.0) 517 (13.4) 77(13.2)

Daily fruit and vegetables consumption 0.001

No 2787 (38.3) 1022 (36.0) 1520 (39.5) 245 (42.0)

Yes 4481 (61.7) 1813 (64.0) 2329 (60.5) 339 (58.0)

Physical activity below recommended levels ,0.001

No 2747 (37.8) 1004 (35.4) 1459 (37.9) 284 (48.6)

Yes 4521 (62.2) 1831 (64.6) 2390 (62.1) 300 (51.4)

Diabetes ,0.001

No 7199 (99.1) 2819 (99.4) 3810 (99.0) 579 (97.6)

Yes 69 (0.9) 16 (0.6) 39 (1.0) 14 (2.4)

Body mass index 7268 (100) 25.1 (3.4) 25.3 (3.8) 25.7 (4.3) 0.001

Systolic blood pressure (mmHg) 120.7 (13.1) 120.6 (13.7) 121.0 (14.4) 0.86

Diastolic blood pressure (mmHg) 79.6 (9.1) 79.9 (9.4) 80.2 (10.0) 0.08

Total cholesterol (mmol/L) 6.5 (1.2) 6.5 (1.2) 6.5 (1.2) 0.73

Triglycerides (mmol/L) 1.5 (1.2) 1.5 (1.1) 1.6 (1.1) 0.34

Psychological distress score 1.2 (2.8) 3.5 (5.0) 8.2 (8.3) ,0.001

Social support at work 0.004

Low 2258 (31.0) 677 (23.9) 1332 (34.6) 249 (42.6)

Middle 2225 (30.6) 852 (30.0) 1229 (31.9) 144 (24.7)

High 2126 (29.3) 1028 (36.3) 1004 (26.1) 94 (16.1)

Missing 659 (9.1) 278 (9.8) 284 (7.4) 97 (16.6)

Continued
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married/cohabiting (P ¼ 0.005), and older (P ¼ 0.002). Overall, 39%
of participants reported that stresshas affected their health ‘not at all’,
53% ‘slightly or moderately’, and 8% ‘a lot or extremely “. The total
number of coronary death or non-fatal incident MI cases over the
follow-up was 352.

Table 1 displays the distribution of baseline covariates as a function
of perceived impact of stress on health. Participants who reported
that stress has affected their health “a lot or extremely” were more
likely to be female, not married/cohabiting, from the lower occupa-
tional grade, non-white, current smokers, less likely to consume
fruit and vegetables daily and to practice physical activity at recom-
mended levels, more likely to have diabetes, high psychological dis-
tress and a high negative affect score, and to report poor self-rated
health, low social support at work, and high perceived stress levels
(all P ≤ 0.01).

Table 2 presents mutually adjusted associations between baseline
covariates and incident CHD. Higher age, female sex, non-white eth-
nicity, current smoking, higher BMI, total cholesterol, poor self-rated
health, and high exposure to stress were all associated with coronary
death and incident non-fatal MI. Table 3 shows the associations
between perceived impact of stress on health and the risk of CHD.
In Model 1, where we adjusted the association for sociodemographic
characteristics, participants who reported that stress has affected
their health ‘a lot or extremely’ had 2.12 times higher (95% CI
1.52–2.98) risk of coronary deaths or incident non-fatal MI com-
pared with those who responded ‘not at all’. After successive

adjustments for health-related behaviours (Model 2), biological risk
factors (Model 3), psychological distress, negative affect score, self-
rated health and social support variables (Model 4), perceived
stress levels (Model 5), and for all aforementioned variables (Model
6), the magnitude of this association was reduced but remained sig-
nificant (HR ¼ 1.49, 95% CI 1.01–2.22).

Figure 1 illustrates unadjusted Kaplan–Meier survival curves for cu-
mulative survival free from incident CHD as a function of perceived
impact of stress on health. The survival curve for incident CHD
among participants who reported that stress affected their health ‘a
lot or extremely’ differed significantly (log-rank test, P , 0.001)
from those in the two other groups and the difference between
the groups increased over time. Figure 2 illustrates the corresponding
fully adjusted Kaplan–Meier survival curves. Although, the difference
between the groups was smaller, the survival disadvantage for CHD
incidence in participants who reported that stress affected their
health ‘a lot or extremely’ was maintained upon adjustment for all
covariates, confirming the results of the fully adjusted Cox regression
model reported in Table 3.

Sensitivity analyses
To test the robustness of our findings, we repeated the analyses ex-
cluding CHD events thatoccurred in the first12monthsof follow-up.
These analyses provided a similar pattern of associations as those
presented in Table 3; with the fully adjusted hazard ratio (HR)
being: HR ¼ 1.51 (95% CI 1.02–2.25), P ¼ 0.04. To check that our
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Table 1 Continued

All N (%) Perceived impact of stress on health n (%)/mean (SD)

Variables Not at all
(n 5 2835)

Slightly or moderately
(n 5 3849)

A lot or extremely
(n 5 584)

P value

Number of relatives seen once or more monthly 0.84

None 2032 (28.0) 805 (28.4) 1049 (27.3) 178 (30.5)

One or more 5170 (71.1) 2007 (70.8) 2761 (71.7) 402 (68.8)

Missing 66 (0.9) 23 (0.8) 39 (1.0) 4 (0.7)

Number of friends seen once or more monthly 0.75

None 704 (9.7) 275 (9.7) 351 (9.1) 78 (13.4)

One or more 6558 (90.2) 2558 (90.2) 3496 (90.8) 504 (86.3)

Missing 6 (0.1) 2 (0.1) 2 (0.1) 2 (0.3)

Negative affect score ,0.001

Low 2586 (35.6) 1345 (47.4) 1136 (29.5) 105 (18.0)

Middle 2334 (32.1) 933 (32.9) 1237 (32.1) 164 (28.1)

High 2348 (32.3) 577 (19.6) 1476 (38.3) 315 (53.9)

Self-rated health ,0.001

Good 5492 (75.6) 2520 (88.9) 2587 (72.4) 187 (32.0)

Poor 1776 (24.4) 315 (11.1) 1064 (27.6) 397 (68.0)

Perceived stress levels ,0.001

None 490 (6.7) 380 (13.4) 91 (2.4) 19 (3.3)

A little or a fair amount 5012 (69.0) 2121(74.8) 2662 (69.2) 229 (39.2)

Quite a lot or a great deal 1766 (24.3) 334 (11.8) 1096 (28.5) 336 (57.5)
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results were not influenced by the categorization of participants into
three groups, we repeated the analyses using the perceived impact of
stress on health as a continuous variable in Cox regression models. In
the fully adjusted model (model 6 of Table 3), a 1-unit increase in the
perception of stress impact on health score was associated with an
excess CHD risk of 15% [fully-adjusted HR ¼ 1.15 (95% CI 1.01–
1.29), P ¼ 0.02]. This suggests that our findings were not dependent
on categorization of the exposure variable.

We undertook additional analyses to check the shape of the asso-
ciation of perceived impact of stress on health with incident CHD by
including it as a five-level categorical variable in the Cox regression
model. In model 1, adjusted for sociodemographic characteristics,
the risk of CHD across levels of the variable was 0.99 (0.77–1.27;
P ¼ 0.92) for participants who responded that stress affected their
health ‘slightly’, 1.37 (1.00–1.87; P ¼ 0.04) for those who reported
‘moderately’, 1.99 (1.37–2.85; P , 0.001) for those who responded
‘a lot’ and 3.04 (1.04–5.83; P ¼ 0.001) for those who responded
‘extremely’ when compared with those who responded ‘not at all’.
The corresponding fully adjusted HRs (95%, P values) were 0.91
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Table 2 Mutually adjusted associations of baseline
covariates with incident coronary heart outcomes

Coronary death and incident
non-fatal MI

Variables N events/N
total

HR (95% CI) P value

Age, years 352/7268 1.08 (1.06–1.10) ,0.001

Sex

Male 291/5055 1

Female 61/2213 0.33 (0.24–0.47) ,0.001

Marital status

Married/cohabiting 272/5585 1

Others 80/1683 1.20 (0.90–1.53) 0.17

Occupational grade

High 123/2810 1

Intermediate 172/3295 1.29 (1.01–1.66) 0.04

Low 57/1163 1.31 (0.89–1.94) 0.17

Ethnicity

White 299/6605 1

Others 53/663 1.80 (1.31–2.48) ,0.001

Smoking

Never 150/3743 1

Ex 126/2542 1.06 (0.83–1.35) 0.65

Current 76/983 2.03 (1.52–2.72)*** ,0.001

High alcohol intake

No 298/6249 1

Yes 54/1019 0.91 (0.67–1.24) 0.56

Daily fruit and vegetable consumption

No 158/2787 1

Yes 194/4481 1.06 (0.85–1.32) 0.60

Physical activity below recommended levels

No 228/4521 1

Yes 124/2747 1.13 (0.88–1.39) 0.40

Diabetes

No 346/7199 1

Yes 6/69 1.20 (0.52–2.78) 0.67

Body mass index 352/7268 1.06 (1.03–1.09) ,0.001

Systolic blood pressure
(mmHg)

1.01 (1.00–1.02) 0.09

Diastolic blood
pressure (mmHg)

1.02 (1.00–1.03) 0.06

Total cholesterol
(mmol/L)

1.30 (1.18–1.43) ,0.001

Triglycerides (mmol/L) 1.06 (1.00–1.13) 0.07

Psychological distress
score

1.00 (0.98–1.02) 0.87

Social support at work

Low 1

Middle 0.94 (0.71–1.24) 0.66

Continued
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Table 2 Continued

Coronary death and incident
non-fatal MI

Variables N events/N
total

HR (95% CI) P value

High 0.93 (0.70–1.24) 0.63

Missing 1.02 (0.72–1.47) 0.90

Number of relatives seen once or more monthly

None 1

One or more 1.19 (0.93–1.53) 0.18

Missing 2.28 (1.04–5.03) 0.04

Number of friends seen once or more monthly

None 1

One or more 1.18 (0.79–1.77) 0.41

Missing 2.24 (0.28–17.94) 0.45

Negative affect score

Low 129/2586 1

Middle 116/2334 1.03 (0.80–1.33) 0.78

High 107/2348 0.94 (0.72–1.24) 0.68

Self-rated health

Good 237/5492 1

Poor 115/1776 1.33 (1.04–1.70)* 0.02

Perceived stress levels

None 24/530 1

A little or a fair
amount

234/5279 1.25 (0.81–1.90) 0.31

Quite a lot or a great
deal

94/1766 1.71 (1.04–2.73)* 0.03

*P , 0.05; **P , 0.01, ***P , 0.001.
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(0.70–1.18, P ¼ 0.46), 1.16 (0.83–1.63, P ¼ 0.39), 1.45 (0.95–2.20,
P ¼ 0.08), and 2.19 (1.09–4.40, P ¼ 0.03). This suggests a stepwise
increase in risk, even though the risk is statistically significant or
approaching significance at the top two categories of perceived
impact of stress on health.

Discussion

Main findings
In this study, we sought to examine the prospective association
between perceived impact of stress on health and incidence of
CHD over 18 years. We found that participants who perceived
stress to have affected their health ‘a lot or extremely’ had an
increased risk of CHD, assessed using coronary deaths and incident
MI. This association was independent of a wide range of mediators/

confounders including perceived stress levels, personality, and self-
rated health.

Findings in the context of the literature
To the best of our knowledge, the present study is the first to
examine the association between individuals’ perception of the
impact of stress on their health and incidence of CHD in a large
population-based cohort. We are aware of only one previous study
which examined the association of individual’s perception that
stress affects their health with self-rated health, psychological dis-
tress, and all-cause mortality. These results, using the 1998 US Na-
tional Health Interview Survey,15 were consistent with our results
and showed individuals who perceived that stress had affected
their health were more likely to report poor self-rated health and
high psychological distress. However, associations with CHD were
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Table 3 Association of perceived impact of stress on health with coronary death and incident non-fatal myocardial
infarction

Perceived impact of stress on health

‘Not at all’ ‘Slightly or Moderately’ ‘A lot or extremely’

HR (95% CI) HR (95% CI) HR (95% CI)

N events / N participants 127/2835 177/3849 48/584

Adjustments:

Model 1: sex, age, ethnicity, marital status, occupational grade 1.00 1.09 (0.86–1.37), P ¼ 0.48 2.12 (1.52–2.98), P , 0.001

Model 2: Model 1 + health-related behaviours 1.00 1.08 (0.86–1.36), P ¼ 0.50 2.03 (1.45–2.85), P , 0.001

Model 3: Model 1 + biological risk factors 1.00 1.05 (0.83–1.32), P ¼ 0.70 1.89 (1.34–2.65), P , 0.001

Model 4: Model 1 + other psychological factorsa 1.00 1.05 (0.82–1.33), P ¼ 0.75 1.82 (1.24–2.67), P ¼ 0.002

Model 5: Model 1 + perceived stress levels 1.00 1.02 (0.80–1.29), P ¼ 0.89 1.87 (1.31–2.68), P ¼ 0.001

Model 6: Model 1 + all aforementioned covariates 1.00 0.97 (0.76–1.24), P ¼ 0.76 1.49 (1.01–2.22), P ¼ 0.04

aPsychological distress, negative affect score, self-rated health, social support at work, number of relatives and number of friends seen monthly.

Figure 1 Unadjusted Kaplan–Meier survival curves showing the association between perceived impact of stress and incident CHD.
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not examined in the study and perception of stress affecting health
was not associated with all-cause mortality. A possible explanation
is that all-cause mortality is a non-specificoutcome, given the hypoth-
esis that perceived stress has a specific effect on CHD and the over-
whelming evidence for the deleterious effects of stress on the heart.3

The results of the present study are based on a large and well-
characterized cohort with clinically validated endpoints tracked
over an extended period of time. We were able to control for a
wide range of health-related behaviours, measured biological para-
meters, and psychological factors. The novel aspect of our study is
in the assessment of individuals’ ‘perception of stress impact on
their health’ rather than their ‘perceived stress levels’, the latter
being common in the existing literature.10,13 The Whitehall II study
is known for its investigation of the influence of stress on health out-
comes (CHD in particular), but most of it focusses on work stress,
often conceptualized using the job-strain model.23–29 Our focus is
not work stress. By assessing individuals’ ‘perception of stress
impact on their health’, we believe that the present conceptualization
is more likely to account for individuals’ differences in responses to
stress and in stress-related outcomes.

As hypothesized, we found that perceived impact of stress on
health predicted CHD incidence independently of perceived stress
levels. Importantly, the association between perceived stress levels
and CHD in our analysis was attenuated and no longer significant
when perceived impact of stress on health was included in the Cox
regression model adjusted for sociodemographic characteristics
[from a HR of 1.77 (95%CI 1.12–2.80) to HR of 1.56 (95%
CI.0.96–2.52)]. This suggests that perceived impact of stress on
health may mediate the association between perceived stress levels
and CHD incidence. This is consistent with the idea that the response
to stress (exposure to the same level of work stress forexample)may
differ greatly between individuals.11 Thus, assessment of individuals’
perception of the impact of stress on their health in addition to
their perceived stress levels is important in understanding the associ-
ation between stress and health.

Interpretation and possible explanation
of study results
There is little research on the perceived impact of stress on health
and health outcomes. However, the association between stress
and CHD has been examined and several mechanisms proposed.4,24

Psychological stress may trigger CHD events through biological
mechanisms,30 including imbalanced sympathetic–parasympathetic
activity (exaggerated heart rate and blood pressure),31 alteration of
neuroendocrine axes (increased cortisol secretion),32 and activation
of inflammatory systems (elevated cytokine levels).33 Psychological
stress may also influence the risk of CHD more indirectly via health-
damaging behaviours24,30 such as smoking, physical inactivity, or
heavy alcohol consumption. In the present study, to take into
account the potential influence of these factors on the association
between perception of the impact of stress on health and CHD,
we adjusted analyses for psychological distress, negative affect, mea-
sures of social support, and self-rated health in multivariate models.
We found that thesevariables explained part (27%) of the association
between perceived adverse impact of stress on health and CHD, but
the association remainedstatistically significant. Biological risk factors
explained 22% of the association, whereas health behaviours only 8%.
Thus, our results suggest that psychological, biological, and behav-
ioural mechanisms are plausible. However, it should be noted that
all these factors were assessed at one point in time. Thus, the import-
ance of the contribution of each set of variables might have been
underestimated in the present study.

Limitations
In interpreting the present results, it is important to note some lim-
itations. First, the study did not include blue collar or unemployed
workers; thus, it is not representative of the general population limit-
ing the generalizability of our findings. Second, participants were
asked to report the impact of stress on their health using a single
item. Although there is some recent research demonstrating the

Figure 2 Kaplan–Meier survival curves showing the association between perceived impact of stress and incident CHD adjusted for sociodemo-
graphics, health behaviours, biological cardiovascular disease risk factors, self-rated health, negative affect, psychological distress, social support, and
perceived levels of stress.
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reliability and validity of single-item measures of psychological
stress,12 use of a single item might have introduced some misclassifi-
cation bias. Third, although we have adjusted for a wide range of cov-
ariates, there could be residual confounding or unmeasured risk
factors that contribute to the association between perceived
adverse impact of stress and incident CHD.

Conclusion and implications
Despite these potential limitations, the present findings represent an
important contribution to research on stress. Relating individuals’
perceptions of adverse effects of stress on health with their future
risk of CHD has far-reaching theoretical and clinical implications.
From a theoretical perspective, this implies that the perceived
impact of stress on health is a valid concept and should be considered
for inclusion in future studies on the association between stress and
health. From a clinical perspective, these findings suggest that partici-
pant’s perception of the impact of stress on their health may indeed
be accurate, with regard to it being associated with adverse health
outcomes. Thus, complaints of adverse stress impact on health
should not be ignored as they may indicate increased risk of develop-
ing CHD. Assessing a subjective perception of adverse impact of
stress on health might be considered as a part of managing patients
with stress-related complaints in clinical settings. Given the robust-
ness of the association between the perceived impact of stress on
health and incident CHD after multivariate adjustment for a range
of covariates, it is reasonable to assume that a simple question,
such as the one used in the present study, could be used in general
or specialized care settings.

Although, stress, anxiety, and worry are thought to have increased
in recent years,34 –36 we found that only participants (8%) who
reported stress to have affected their health ‘a lot or extremely’
had an increased risk of CHD. In the future, randomized controlled
trials are needed to determine whether disease risk can be
reduced by increasing clinical attention to those who complain that
stress greatly affects their health.
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