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A B S T R A C T

We investigate the association between psychological stress and breast cancer and, as oest-

rogen may provide a common mechanism, the association between stress and prostate

cancer. A prospective study of 991 women and 5743 men employed in Scotland in the

1970s provided data. Risk exposure was measured by questionnaire and physical examina-

tion, routine data collection provided cancer outcomes over the subsequent 30 years. There

was weak evidence of elevated incidences in those reporting moderate (breast cancer: haz-

ard ratio [HR] 2.16, 95% CI 1.00–4.71; prostate cancer: HR 1.65, 95% CI 1.20–2.27) and high

stress (breast cancer: HR 1.92, 95% CI 0.81–4.55; prostate cancer: HR 1.35, 95% CI 0.87–

2.10) compared to those reporting low stress. These estimates are adjusted for socioeco-

nomic circumstances and health-related behaviours. With no dose–response relationship

and no established mechanism linking stress with breast and prostate cancer, confounding

is the parsimonious explanation of these findings.

� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

A number of recent prospective studies have provided evi-

dence that relatively high levels of psychological stress are

associated with the subsequent diagnosis of breast cancer

in women. A lower incidence of breast cancer has been linked

with psychological stress1 and, in the Nurses’ Health Study,

high job demands.2 In contrast, a higher incidence of breast

cancer has been linked with greater psychological stress3

and, in the Finnish Twin Cohort,4 stressful life events. Oestro-

gen secretion has been suggested as a mechanism by which
er Ltd. All rights reserved
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stress can affect the risk of breast cancer, with chronic psy-

chological stress suppressing1 or amplifying2 oestrogen secre-

tion according to these hypotheses.

In this context of conflicting results and hypotheses, it is

not surprising that not all recent studies find evidence of an

association. Notably there was no association between care-

giving stress and breast cancer in the Nurses’ Health Study,5

nor between stress of daily activities and breast cancer in

the Finnish Twin Cohort,6 both of these studies having been

cited above in support of an association. In addition, two re-

cent meta-analyses on the association between stressful life
.
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events and breast cancer have failed to find convincing evi-

dence of an association once study quality and publication

bias have been accounted for.7,8 Earlier studies have been crit-

icised for using retrospective or cross-sectional designs,9,10

which leave reported psychological stress prone to recall bias,

and for failing to control all relevant confounding factors.9

With regards to the latter issue, it has been reported that wo-

men reporting high levels of psychological stress are more

likely to be less physically active, to have finished full-time

education earlier, to have a manual occupation, to be heavy

drinkers, to be a current smoker, and to have undergone hor-

mone therapy.1,6

We have previously suggested that confounding by factors

associated with social position may have been underesti-

mated when inferring causality from associations between

measures of psychological distress and chronic physical dis-

ease. Social position often varies with both reported distress

and health outcomes, so potentially confounding observed

associations between these two factors. Hence in a popula-

tion where social advantage is associated with perceived

stress and social disadvantage with lung cancer, higher stress

appears associated with lower risk of lung cancer despite an

association between higher stress and heavier smoking.11

Conversely, in a population where social disadvantage is

associated with perceived stress and social advantage is asso-

ciated with breast cancer, higher stress appears associated

with a lower risk of breast cancer.1,11,12

This study is based upon a cohort of women for whom re-

ported stress is not strongly associated with social position,13

limiting the extent to which social position can confound the

observed association between psychological stress and breast

cancer. Furthermore, extensive data are available on social

position and other potentially confounding factors, allowing

better control than in many previous studies. We also look

at the association between reported daily stress and prostate

cancer in men. If psychological stress is affecting the rate of

breast cancer through a hormonal mechanism, a similar

mechanism may also influence hormone-dependent cancer

in males.14

2. Materials and methods

2.1. Participants

The data for this analysis come from the West of Scotland

Collaborative Study.15,16 In brief, a cohort of 6022 men and

1006 women were recruited from a variety of workplaces in

the west of Scotland between 1970 and 1973. At enrollment,

all members of the cohort were invited to complete a ques-

tionnaire and undergo a physical examination. The present

analysis is based upon 5743 men and 991 women, aged 35–

64 years old at recruitment, who provided full data on the

variables used. Only 11 individuals were lost to follow-up.

2.2. Outcome variables

Each cohort member was followed up through linkage to the

National Health Service (NHS) Central Register until they left

the United Kingdom, until they died, or otherwise until 31st

March 2004. Breast cancer events (deaths, cancer registrations
and hospital discharge diagnoses) were detected as Interna-

tional Classification of Diseases 9th revision (ICD-9) code

174 or ICD-10 code C50, whereas prostate cancer events were

detected as ICD-9 code 185 or ICD-10 code C61. Death due to

breast cancer, and first recorded instance of breast cancer

were used as outcome measures for women. Death due to

prostate cancer, and first recorded instance of prostate cancer

were used as outcome measures for men. The small number

of breast cancers occurring in men were not included in the

analysis.

2.3. Risk factors and confounding variables

Psychological stress was measured at enrollment using the

Reeder Stress Inventory,17 a self-report measure of daily

stress we have described in detail elsewhere.18 Respondents

are asked whether each of the four statements describes

them ‘exactly’, ‘to some extent’, ‘not very accurately’, or

‘not at all’. The four statements are ‘In general I am usually

tense or nervous’, ‘There is a great amount of nervous strain

connected with my daily activities’, ‘At the end of the day I am

completely exhausted mentally and physically’, and ‘My daily

activities are extremely trying and stressful’. Scores range

from 1 (low stress) to 8 (high stress), with three categories of

stress being used in the presentation of the results: low stress

(scores 1–3), medium stress (scores 4 and 5) and high stress

(scores 6 and 7). Despite its age, the factor structure,13 con-

struct validity and test–retest reliability of the Reeder Stress

Inventory support its continued use.18

Measures of social position in adulthood and childhood

were available. Social position in adulthood was captured

through the individual’s reported occupation at enrollment

(manual versus non-manual according to the Registrar Gen-

eral’s classification19), their age at leaving full-time education

(up to 14 years versus 15 years or older) and the Carstairs and

Morris Index for their usual area of residence (categorised as

affluent scores 1–3, intermediate scores 4 and 5, deprived

scores 6 and 720). An individual’s social circumstances in

childhood were ascertained from their father’s main occupa-

tion (manual versus non-manual), how many siblings they

had (0–2, 3–4, 5–6 and 7 or more siblings), and their height.

Height and weight were recorded using standard meth-

ods.15,16 Exercise outside work was reported in hours per

week and was categorised as less than 5 h, 5 h or more but

less than 10 h, and 10 h or more, for men and women. Each

participant’s average consumption of alcohol per week was

derived from reported consumption of wine, beer and spir-

its.21 For women three categories of alcohol consumption

were derived, these being zero units, one to seven units,

and eight or more units per week where one UK unit is 10 g

of alcohol. For men six categories were derived, these being

0 units, 1–7 units, 8–14 units, 15–21 units, 22–34 units, and

35 or more units. The following aspects of each individual’s

reported cigarette smoking history were used in the current

analysis: number of cigarettes smoked per day if a current

smoker (categorised as 1–14, 15–24, and 25 or more), whether

an ex-smoker if not currently smoking, age at starting smok-

ing, and whether or not the individual inhaled whilst smok-

ing. Current cigarette smokers included those who reported

having given up less than a year previously.15,16 Only cigarette
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smoking was considered here, with participants smoking ci-

gars or a pipe only not being identified as smokers.

2.4. Statistical analysis

Proportional hazards models were used to estimate the asso-

ciations between reported psychological stress and cancer

outcomes. Age was the time scale in all models, with time

at risk taken to start at the date of enrollment. In this way

all analyses are age-adjusted. Reported stress, social position

measures for adulthood, measures of social circumstances in

childhood and other risk factors were added sequentially to

models. For the fully adjusted effects of reported stress, the

proportional hazards assumption was verified using a test

based upon Schoenfeld residuals.22 All analyses were under-

taken using Stata 9 statistical software (StataCorp, College

Station, TX, 2005).

3. Results

Over the 30 years of follow-up 17 of the 991 women died of

breast cancer, and a further 45 were diagnosed with the dis-
Table 1 – Social position and mean (SD = standard deviation) r
death, registration or hospital discharge diagnosis over the su

Women (n = 99

Breast cancer (%) Me

Own current occupation

Manual 43 (5.6)

Non-manual 19 (8.6)

p-Valuea 0.13

Usual area of residence

Deprived (scores 6 and 7) 26 (5.4)

Intermediate (scores 4 and 5) 30 (8.1)

Affluent (scores 1–3) 6 (4.3)

p-Value for trenda 0.92

Left full-time education

14 years old or younger 46 (6.3)

15 years old or older 16 (6.2)

p-Valuea 0.85

Father’s main occupation

Manual 57 (6.3)

Non-manual 5 (5.7)

p-Valuea 0.77

Heightb

Quartile 1 (Shortest) 16 (5.1)

Quartile 2 17 (5.4)

Quartile 3 12 (9.2)

Quartile 4 (Tallest) 17 (7.4)

p-Value for continuous measurea 0.005

Number of siblings

7+ 17 (8.0)

5–6 14 (6.8)

3–4 15 (5.3)

0–2 16 (5.6)

p-Value for trenda 0.29

a Age adjusted test.

b Quartiles for women are 139–155, 157–160, 162, 165–183 cm, and for m
ease. Of the 5743 men, 83 died of, and a further 161 were diag-

nosed with prostate cancer. In Table 1 the associations

between the different measures of social position, the two

types of cancer, and psychological stress are investigated.

There is strong evidence of a higher incidence of breast can-

cer in taller women, and weak evidence of a higher incidence

of prostate cancer in men who left full-time education aged

15 years or older, but otherwise the evidence of associations

between social circumstances and breast or prostate cancer

is limited. There is modest evidence that women raised in

more affluent social circumstances, as measured by a taller

adult height and a household shared with fewer siblings, re-

port greater psychological stress in adulthood. For men, there

is strong evidence of an association between all measures of

more affluent social circumstances, in childhood and adult-

hood, and higher levels of reported stress.

In Table 2, the associations between reported psychologi-

cal stress and the composite outcome of a subsequent diag-

nosis of, registration for, or death due to cancer are

investigated. There is very weak evidence that women report-

ing medium or high levels of psychological stress at enroll-

ment are more likely to develop breast cancer in the
eported psychological stress at enrollment, and cancer
bsequent 30 years

1) Men (n = 5743)

an stress (SD) Prostate cancer (%) Mean stress (SD)

4.17 (1.68) 107 (3.8) 3.48 (1.75)

4.10 (1.57) 137 (4.7) 4.13 (1.49)

0.58 0.61 <0.001

4.20 (1.62) 57 (3.5) 3.62 (1.72)

4.13 (1.68) 101 (4.8) 3.73 (1.69)

4.06 (1.72) 86 (4.3) 4.05 (1.54)

0.30 0.55 <0.001

4.17 (1.67) 110 (3.8) 3.55 (1.73)

4.11 (1.60) 134 (4.8) 4.07 (1.53)

0.82 0.058 <0.001

4.14 (1.67) 181 (4.1) 3.70 (1.68)

4.35 (1.52) 63 (4.6) 4.15 (1.53)

0.30 0.59 <0.001

3.98 (1.72) 64 (3.9) 3.64 (1.75)

4.19 (1.62) 65 (4.0) 3.83 (1.62)

4.37 (1.59) 59 (4.4) 3.85 (1.63)

4.22 (1.64) 56 (5.0) 3.97 (1.58)

0.059 0.26 <0.001

4.00 (1.72) 34 (4.3) 3.46 (1.74)

4.11 (1.59) 37 (4.1) 3.59 (1.69)

4.11 (1.75) 71 (4.6) 3.80 (1.68)

4.35 (1.54) 102 (4.1) 4.00 (1.57)

0.019 0.83 <0.001

en are 129–168, 170–173, 175–178, 180–196 cm.
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subsequent 30 years compared to women reporting lower lev-

els of stress. The strongest evidence is for a difference be-

tween women reporting medium and low levels of

psychological stress, with there being no evidence of particu-

larly high rates of breast cancer in those women who had re-

ported the highest levels of stress. The observed age-adjusted

associations between psychological stress and subsequent

breast cancer were not attenuated with additional control

for measures of social position in childhood or adulthood.

Further adjustment for risk factors did lead to a modest atten-

uation of the associations.

A similar picture is observed for associations between

psychological stress and prostate cancer in men (Table 2).

Men reporting medium or high levels of psychological stress

at enrollment are more likely to develop prostate cancer

compared to men reporting low levels of stress. Again, the

strongest evidence is for a difference between men reporting

medium compared to low levels of psychological stress, with

there being no evidence of higher rates of prostate cancer in

those men reporting the highest levels of stress. The age-ad-

justed associations between psychological stress and pros-

tate cancer were not attenuated with additional control for

measures of social position or risk factors. This same pat-

tern of results was observed when only deaths due to pros-

tate cancer were included in the outcome measure (data not

shown).

4. Discussion

This prospective cohort study with 30 years of follow-up pro-

vides weak evidence to suggest that middle-aged women

reporting medium or high levels of daily stress are at higher

risk of developing breast cancer compared to those women

reporting low levels of stress. A very similar association be-

tween medium or high levels of daily stress and the subse-

quent development of prostate cancer is seen in men.

Neither breast cancer nor prostate cancer diagnoses were

strongly socially patterned in this cohort. Though reported

stress was higher in men in more affluent social circum-

stances, stress showed no strong association with social posi-

tion in women. Moreover, age-adjusted associations between

stress and cancer were not attenuated following further

adjustment for measures of social position. Despite the limi-

tations of statistical adjustment in the situation where con-

founders are measured imprecisely, these results together

suggest that confounding by factors associated with social

position is an unlikely explanation for the associations be-

tween stress and cancer risk observed.

We have previously reported that men and women

reporting higher psychological stress in this cohort are more

likely to have a lower body mass index (BMI), to smoke more

cigarettes, to consume more alcohol and, for men, to under-

take less recreational exercise.13 Whereas age-adjusted asso-

ciations between psychological stress and physiological

measures were abolished by adjustment for social position,

these associations between stress and measures of behav-

iour remain apparent once confounding by social position

is controlled.13 Despite this, the associations observed in

the present analysis, between psychological stress, breast

cancer and prostate cancer, were at most modestly attenu-
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ated by additional adjustment for the effects of BMI, exer-

cise outside of work, alcohol consumption and smoking. In

particular, high alcohol consumption has been identified

as increasing the risk of breast cancer,23,24 but the lack of

attenuation of the effect of psychological stress following

adjustment for alcohol consumption suggests that the ob-

served effect of psychological stress on breast cancer in

the present study is not due to stress-induced increases in

alcohol consumption.

Taller women have been identified as being at higher risk

of breast cancer,25,26 with this association being apparent in

the present study. Taller women also reported higher levels

of psychological stress but despite this there was no attenua-

tion of the effect of stress on the incidence of breast cancer

following adjustment for height. This is possibly due to height

not so much allowing confounding by childhood social cir-

cumstances to be controlled, but instead reflecting a separate

nutritional aetiology for breast cancer such as high childhood

levels of insulin-like growth factor (IGF-I).26 However, despite

high levels of IGF-I being a recognised risk factor for prostate

cancer,14,27 there was no strong association between height

and the incidence of prostate cancer in the present cohort.

A number of other established risk factors for breast cancer

were not measured in the present study, these being age at

menarche, parity, and the age at which a woman had her first

child.24 Again, these factors may reflect a woman’s socioeco-

nomic position and so confound the psychological stress –

breast cancer association, although this seems unlikely given

the lack of an effect of adjusting for measured socioeconomic

factors.

Oestrogen levels were not measured in this study, and so

only indirect evidence is provided to address the hypothes-

ised role for stress modulation of oestrogen levels in the aeti-

ology of breast and prostate cancers. The association between

high psychological stress and the increased rate of breast can-

cer observed in the present study is consistent with chronic

psychological stress causing an increase in circulating oestro-

gen.2 At first glance, the association between high psycholog-

ical stress and an increased rate of prostate cancer suggests

that psychological stress cannot also be increasing oestrogen

in men. However, the available evidence from other epidemi-

ological studies does not establish a protective effect of oest-

rogen, at physiological levels, for prostate cancer,14 and in fact

higher levels of oestrogen may interact with IGF-I synthesis to

increase the risk.14 The hypothesised effect of chronic psy-

chological stress on oestrogen levels in women is challenged

by results from the Nurses Health Study, where only weak

associations were found between a greater number of hours

spent in informal care giving and increased levels of estradiol

and bioavailable estradiol.5

Few risk factors have been identified for prostate cancer,

potentially due to most prostate cancers never becoming

clinically apparent and the invasive nature of the tests re-

quired to identify pre-clinical disease. However, the avail-

able evidence suggests that cigarette smoking, alcohol and

physical activity are not risk factors for prostate cancer,27

and this is consistent with the findings of the present

study, adjustment for these risk factors not attenuating

the effect of psychological stress upon prostate cancer.
Intuitively testosterone rather than oestrogen would be

the hormone most likely involved in the aetiology of pros-

tate cancer, but again the evidence from cohort studies is

far from conclusive.14,27 There is some evidence of chronic

psychological stress suppressing testosterone levels28,29,

suggesting that stress could lower a man’s risk of prostate

cancer. However, evidence of an association has not been

presented previously, and is not supported by the associa-

tion of stress with a higher risk of prostate cancer in the

present study.

Women were in the minority in the present cohort, with

the consequent small number of events limiting the power

of this study to investigate the association between psycho-

logical stress and breast cancer. Furthermore, almost all the

women were employed at just two workplaces, and conse-

quently the professional and managerial groups were poorly

represented amongst the women. Further limitations to this

study mentioned above were the lack of hormone, IGF-I and

childbearing history measurements, and the reliance upon

routine records for the identification of breast cancer and

prostate cancer cases. A man can have prostate cancer for

a number of years before it becomes clinically apparent,

so risk factors identified in this study may be associated

with cancer detection or progression rather than cancer

aetiology.

In conclusion, this large prospective study with thirty

years of follow-up has provided weak evidence of associa-

tions between high levels of self-reported psychological

stress and subsequently increased rates of breast cancer

and prostate cancer. While the potential for socioeconomic

confounding of these results has been limited, other factors

suggest that these observed associations alone are not

convincing evidence of chronic psychological stress causing

breast cancer or prostate cancer. Firstly, there was no sim-

ple ‘dose–response’ relationship. Cancer rates did not differ

between individuals reporting moderate or high levels of

psychological stress, only between these two groups and

individuals reporting low levels of psychological stress.

Secondly, while an association between chronic psychologi-

cal stress and breast cancer has been proposed and investi-

gated a number of times previously, the association

between chronic psychological stress and prostate cancer

has not. Indeed, the associations between psychological

stress, breast cancer and prostate cancer are so similar that

unless a common mechanism linking psychological stress

and the two cancers can be proposed, the present results

could be taken as evidence of a lack of specificity for the

psychological stress and breast cancer association. Thirdly,

there is no established biologically plausible mechanism

by which psychological stress increases rates of breast

and prostate cancer. Evidence from the present study

cannot be used to address the hypothesised role of

oestrogen until at least the role of oestrogen in prostate

cancer aetiology is better established. With our present

state of knowledge, confounding by a third unknown factor

would appear to be the most parsimonious explanation be-

hind the observed associations between psychological

stress and the development of breast cancer and prostate

cancer.
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