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ABSTRACT

Background: The role of psychological stress in cancer risk is continuously debated. Stress at work is
the most common form of stress and previous studies have shown inconsistent results regarding can-
cer risk. In this longitudinal study, we examined the association between prolonged job strain across
six years and subsequent cancer risk.

Methods and materials: We used data from 6571 cancer-free women from the Danish Nurse Cohort
aged 45-70 years at inclusion, and self-reported questionnaires on job strain at baseline in 1993 and
again in 1999. Prolonged job strain was defined as high job busyness and speed, and low control in
both 1993 and 1999. Information on cancer diagnosis was obtained from the Danish Cancer Registry.
Cox proportional hazards models were used to estimate hazard ratios and 95% confidence intervals for
overall cancer as well as subgroups of virus immune-related, hormone-related, digestive and lung can-
cers according to level of prolonged job strain. The women were followed from 1 January 2000 until
cancer diagnosis, emigration, death or 31 December 2013 (mean follow-up 13 years) and models were
adjusted for potential confounders. Effect modification was examined according to working nightshifts
and full time.

Results: No significant differences in the risk of overall cancer or any of the cancer subgroups were
identified in relation to prolonged busyness, speed, influence, or overall job strain. Effect modification
by working full time was observed when examining job influence in relation to overall cancer risk, and
by working nightshifts when examining job influence in relation to hormone related cancer risk.
However, none of the associations were significant in stratified analyses.

Conclusion: We found no evidence of an increased risk of any cancer among women with prolonged
job strain. Since a large proportion of cancer patients perceive psychological stress as a possible cause
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of their cancer disease, it is of importance to communicate these findings to the public.

The role of stress in cancer risk is continuously debated, and
many cancer patients attribute their illness to previous expe-
riences of psychological stress [1]. Biological pathways for an
association between stress and cancer risk include adverse
lifestyle or immune suppressive effects caused by stress-
induced corticosteroids reducing destruction of neoplastic
cell growth [2]. Previous observational studies of varying
quality have investigated the effect of psychological stress on
cancer risk with mixed results [3]. However, prospective stud-
ies with unbiased exposure information, addressing the risk
for recall bias, including adjustment for potentially confound-
ing factors have not been able to establish any association
between psychological stress and the risk of cancer [3].
According to The American Institute of Stress, psycho-
logical stress at work is the most common type of stress and
the prevalence is increasing [4]. Job strain is one of the most
frequently used measures of work-related stress, and is
defined as high psychological demands, combined with low
decision latitude [5]. Demands refer to degree of excessive

workload and the need to work fast. Decision latitude refers
to the degree of control, for instance freedom to make own
decisions and skill discretion [6]. The interaction between
demands and control results in strain when high demands
are not buffered by simultaneous high individual control
(Figure 1). A total of seven studies, published in nine papers,
have examined the association between job strain and subse-
quent cancer risk. Three were designed as case control stud-
ies [7-10] and four as cohort studies [11-15]. Two studies
measuring job strain using occupation type observed an
increased risk of esophageal and colorectal cancers [8,10],
while no associations were found when job strain was self-
reported [7,9]. Of the four prospective studies, using 8-13
years of follow-up and adjusting for relevant confounding
factors, three found no association between job strain and
breast [11,12,14,15], lung, colorectal, prostate, or overall can-
cer [12], and one observed a significantly increased risk of
breast cancer but only in stratified analyses among full-time
workers [13]. Only one of the previous studies [12] examined
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Figure 1. Relationship between demands and control.

other cancers than breast cancer. Also, only one of the previ-
ous studies used more than one follow-up measure of the
job strain exposure [15]. Studies have shown that job strain
may change over time questioning the quality of studies
including only one observation of job strain: In one study
more than 50% of participants with high job strain at base-
line reported no job strain at follow-up four years later [16].
The only previous study including a subanalysis on pro-
longed job strain found no significant association with the
risk for breast cancer [15]. Thus, to disentangle if prolonged
job strain may play a role across cancer types, we examined
a large cohort of nurses (N=6571), including six years of fol-
low-up on the job strain exposure followed by 13 years of
follow-up on cancer risk, using access to detailed question-
naire information on the exposure and potential confounders
as well as objective information on cancer outcome.

Material and methods
Study population

The Danish Nurse Cohort, which has previously been
described in detail [17], was established in 1993, and invited
all female Danish nurses above 44 years of age, who were
members of the Danish Nurses’ Association (N=23170) to
participate in the study [17]. Information on health, socioeco-
nomic status, working conditions, and lifestyle factors were
collected by questionnaire at baseline in 1993, with follow-
up in 1999 and 2009.

The current study was based on information from women
who responded to measures on job strain at baseline in both
1993 and 1999 (N=15322). We excluded women who had
reached the retirement age >65 years in 1999 (n=6917),
were unemployed in either 1993 or 1999 (n=821), had died
(n=4) or had a cancer diagnoses prior to 1 January 2000
(h=421), or had missing values on any of the job-strain
exposures (n=176) or covariates (n=412). A total of 6571
participants were included for analyses.

Exposure to job strain

Three single items measured job strain. Demands was
measured by busyness (‘How often are you so busy, that

Table 1. Cancer incidence by cancer group and ICD-10° codes.

Cancer group Incidence ICD-10 codes

Overall 855 C00-C80; €88.0-C88.2; C90; DD09.0; D09.1;
D30- D33; D35.2-D35.4; D41.1- D41.4;
D41.7-D41.9; D42; D43; D44.3-D44.5

Hormone-related 423 C50; C54-C56; C57.0-C57.4; C58

Virus immune-related 57 C22; C44; C46.0; C53; C81-C85;
(88.3-C88.9; C91-C96

Digestive (excl. liver) 126 C15-C21; C23-C26; C45.1-45.9; C48

Lung 80 (33; C34; C39

International Classification of Diseases.

you find it hard to fulfill your tasks?: never, rarely, some-
times, often or almost always) and job speed (‘How is the
work speed or work load at your job?: too high, somewhat
high, suitable, somewhat low or too low). Control was
measured by job influence (‘How high is your ordinary
influence on organizing your daily work?": high, moderate,
low or no). For the present study, we chose to dichotomize
the job-strain items due to few individuals in the most
strained categories: [busyness (low: never or rarely vs. high:
often or almost always), speed (low: too low, somewhat
low or suitable vs. high: somewhat high or too high), influ-
ence (low: no, low or moderate vs. high: high)]. Overall, job
strain was estimated combining information from all three
items: prolonged high job strain was defined as combined
high busyness, high speed, and low influence in both 1993
and 1999.

Cancer diagnosis

In Denmark, all permanent residents are assigned a personal
identification number, which is registered in the Danish
Civil Registration System (CRS). The register is updated con-
tinuously and contains information on vital status including
date of emigration and death [18]. The personal identifica-
tion number provides a key variable enabling linkage of
each participant to the Danish Cancer Registry which con-
tains records of all incidents of malignant neoplasms in the
Danish population [19]. We obtained information on cancer
diagnosis  classified according to the International
Classification of Diseases, 10th edition (ICD-10) and grouped
as overall cancer as well as into four cancer subgroups
(Table 1). We excluded other skin cancers than melanoma
from the analysis.

Covariates

We included information on self-reported covariates meas-
ured in 1999 including body mass index (BMI) [underweight
(<18.5), vs. normal weight (18.5-25) vs. overweight (>25)],
smoking (daily, vs. occasional, vs. previous vs. never smoker),
alcohol consumption (none vs. 1-7 vs.>7 units per week),
physical activity in leisure time [high activity (competitive
sports several times per week or exercising>4hours per
week) vs. medium activity (walking, biking or other light
activity >4hours per week) vs. low activity (<4hours per
week)], physical activity at work [primarily sitting vs. primarily
standing/walking vs. standing/walking including lifting vs.
heavy strenuous work), working nightshifts (day, evening or



rotating shifts vs. night only) and full-time work (>37 hours
vs. <37 hours)]. Age (continuous) was obtained from the per-
sonal identification number.

Statistical analyses

Descriptive statistics were conducted on covariates according
to level of busyness, speed, influence, and pooled job strain
using t-tests on continuous variables presented as mean and
standard deviation (SD) and y’-tests on categorical variables
presented as frequencies (%).

We used Cox proportional hazard models to estimate
whether prolonged high job strain (high overall, high busy-
ness, high speed and low influence, respectively) was associ-
ated with cancer risk (overall, virus immune-related cancer,
lung cancer or cancer related to hormone or digestive sys-
tems, respectively). In a subanalysis, we compared cancer risk
in participants with low job strain at both time points to
those with increasing, decreasing, or repeatedly high levels
of job strain. The risk estimates are presented as hazard ratio
(HR) and 95% confidence intervals (Cl). We followed the par-
ticipants from 1 January 2000 until first cancer diagnosis,
death, emigration or end of study on 31 December 2013,
whichever came first. Age was used as underlying time scale.
Adjustment for covariates was based on previous evidence
and resulted in three models fitted for each job-strain meas-
ure: First crude analyses including age as underlying time
scale (data not shown), second with adjustment for con-
founding from nightshift and full-time work, and third with
additional adjustment for the mediating effect from the life-
style-related factors smoking, alcohol consumption, BMI,
physical activity at work, and leisure time. Continuous covari-
ates were categorized when we expected non-linear associa-
tions to cancer risk based on previous evidence. Proportional
hazards were examined, and if non-proportional hazards
were present, the covariate was included in the model as
strata.

Effect modification of working nightshifts and full time
versus part time, respectively, was examined for multiplica-
tive interactions by including interaction terms in the models.
If a significant effect modification was observed, analyses
were stratified. In attrition analyses, we compared the partici-
pants in the present study to the women who completed
the baseline questionnaire in 1993 but who were excluded
from our analyses on each exposure (x?) while adjusting for
age. Reported p values are two-sited. An overall significance
level of 0.05 was used. Analyses were performed in R version
3.3.1.

Results

We followed 6571 women until cancer diagnosis (n=2855),
death without a previous cancer diagnosis (n=92), emigra-
tion (n=31) or end of study on 31 December 2013. Mean
follow-up time was 13 years (range 1 month-14 years), and
median age in 1999 was 55 years (range 51-65). Descriptive
analyses showed that women who worked fewer nightshifts
and were more physical active in their jobs had higher job
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strain (Table 2). Between 1993 and 1999, 26% altered from
either high to low or from low to high level of job strain
(Table 3). During follow-up 13% of the participants devel-
oped cancer.

Cancer risk

No significant difference in risk of overall cancer or any of
the cancer subgroups was identified according to pro-
longed job strain measured as prolonged high busyness
and speed, low influence, or total high job strain, respect-
ively (Table 4).

Effect modification according to working full time was
observed when examining job influence in relation to overall
cancer risk (p=0.02). Also, effect modification was observed
according to working nightshifts when examining job influ-
ence in relation to hormone-related cancer risk (p=0.03).
However, in stratified analyses associations were non-signifi-
cant. Among full-time workers, women with prolonged low
influence (n=1117) compared to high influence (n=2083)
had an overall cancer risk of HR 0.83 (0.67-1.03). In contrast,
among part-time workers the risk was HR 1.17 (0.98-1.42).
Among women working nightshifts, persons with prolonged
low influence (n=161) compared to high influence (n=216)
had a risk of hormone-related cancer of 1.86 (0.95-3.63). In
contrast, among persons without regular nightshifts the risk
was HR 0.85 (0.70-1.05). Neither working full time nor work-
ing nightshifts modified the associations between busyness,
job speed, or overall job strain.

In a subanalysis comparing participants with low job strain
at both time points to participants with increasing [HR 0.90
(0.73-1.11)], decreasing [HR 1.22 (1.01-1.48)] or prolonged
high job strain [HR 0.84 (0.66-1.07)], we observed an
increased risk of overall cancer in women who initially had
high job strain but attained low job strain at follow-up, com-
pared to women who reported no job strain at both time
points.

Attrition analyses showed that the 6571 participants com-
pared to the 13 327 non-participants did not differ in level of
busyness (p =0.45), speed (p=0.56), job influence (p=0.06)
or total job strain (p =0.80) in age-adjusted analyses.

Discussion

In this prospective cohort study of female nurses, prolonged
high job strain was not associated with an increased risk of
overall or specific cancer. Our findings are in line with the
findings from the two largest previous studies that also
showed no associations between job strain and cancer
[12,15]. Thus, our results do not confirm the general belief
many patients hold of a carcinogenic effect of psychological
stress. Rather, we found that those decreasing their stress
level over the six-year period seemed to have an increased
cancer risk compared to those with persistent low stress. This
latter finding may though be a chance finding related to
multiple testing. Another possible explanation for the finding
might be that nurses make changes in their work life influ-
encing their job-related stress. It is, for example possible that
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nurses who are especially vulnerable to job strain will change
job when experiencing high job strain, while nurses who are
more resistant to the influence of job strain are more likely
to persist in a high-strained job. Thus, nurses who report pro-
longed high strain over time may include especially job-strain
resistant individuals. This paradox makes it difficult to meas-
ure the truly effect of prolonged job strain.

We observed a significant interaction between job influ-
ence and working nightshifts versus other shifts on the asso-
ciation with cancer risk, suggesting a potential higher cancer
risk following job strain in women working nightshifts but
not in women in other shifts. However, this association did
not reach significance in stratified analyses. A biological inter-
action due to hormonal changes caused by working nights
cannot be ruled out but may be a potential mechanism
behind the finding of a significant interaction with night-
shifts. Also, we cannot exclude that the significant interaction
was a chance finding.

The present study has several strengths. First, the available
repeated measures of job strain, which has only been investi-
gated in one previous study. The prolonged job strain meas-
ure reduces the risk of misclassification that may be seen in
studies with one measure only of job strain, hence, may
reduce the risk of underestimating an effect of job strain.
High-strained women may, due to the high pressure, leave
their jobs to attend less strained jobs. Such women will be
categorized as high-strained despite the elimination of job
strain following the job rotation.

We used almost complete, registry-based and validated
information on vital status and all cancer diagnosis [19]

Table 3. Job-strain levels in 1993 and 1999.

Job-strain level N

Low-low 4155
Low-high 925
High-low 798
High-high 692
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minimizing loss to follow-up and increasing the validity of
the study results. Also the information was obtained inde-
pendent of the study hypothesis for administrative purposes.
In the Danish Nurse Study high participation rates of 86%
and 81% reduces the risk of non-response bias, where non-
responders might differ from the responders on job-strain
level. Furthermore, with 13 years of follow-up, the slow pro-
gressing development of cancer diseases is taken into
account. We also took into account a number of important
potential confounders and mediating factors. Still, our use of
self-reported lifestyle information could imply misclassifica-
tion due to underestimation of unhealthy lifestyle patterns
such as smoking, underestimation of weight and exagger-
ation of physical activity [20-22]. Also, measuring job strain
with three individual items rather than the total of 15 items
included in the demand control [6] scale might have led to
some misclassification and may have attenuated some of our
estimates.

The generalizability of our study is limited to women, and
previous studies have shown that effect of job strain may dif-
fer between men and women, potentially due to differences
in sex hormones [14]. Generalizability might also be limited
as our participants were all nurses, who have been shown to
smoke less, eat healthier, consume more alcohol and exercise
more than other females belonging to the same socioeco-
nomic group [23]. Nevertheless, a previous study found no
differences between the nurses and other females from the
same socioeconomic group in self-reported health or dis-
eases including cancer [23].

In conclusion, when applying repeated measures of job
strain, valid information on cancer diagnosis, adjustment for
relevant confounders, and low loss to follow-up, we found
no support for the general belief that prolonged job strain
may increase cancer risk. Our results may bring relief to can-
cer patients who potentially blame themselves for their can-
cer diagnosis if they have endured psychological stress at
their work.

Table 4. Hazard rations (HR) and confidence intervals (Cl) for cancer according to prolonged job strain (high vs. low) in 6571 women.

Virus immune-related

Overall cancer Hormone-related cancer cancer Digestive cancer Lung cancer
N? HR (cn N? HR (@)} N? HR (@)} N? HR (cn N? HR (cn
High job strain® 77 0.84 (0.7-1.1) 36 0.80 (0.6-1.1) 6 0.99 (0.4-2.3) 10 0.72 (0.4-1.4) 10 1.23 (0.6-2.4)
Low job strain 778 1.0 387 1.0 51 1.0 116 1.0 70 1.0
Low influence® 369 1.01 (0.9-1.2) 171 091 (0.8-1.1) 26 1.09 (0.6-1.9) 62 1.26 (0.9-1.8) 30 0.83 (0.5-1.3)
High influence 486 1.0 252 1.0 31 1.0 64 1.0 50 1.0
High speed® 364 103 (0.9-1.2) 179 102 (0.8-13) 22 088  (0.5-1.5) 53 1.01 (07-15) 38 120 (0.8-1.9)
Low speed 491 1.0 244 1.0 35 1.0 73 1.0 42 1.0
High busynessb 211 1.01 (0.9-1.2) 110 1.09 (0.9-1.4) 15 112 (0.6-2.1) 31 1.03 (0.7-1.6) 18 0.85 (0.5-1.5)
Low busyness 644 1.0 313 1.0 43 1.0 95 1.0 62 1.0
High job strain® 77 084  (0.7-1.1) 36 082 (06-1.2) 6 108 (0.5-2.5) 10 066  (0.3-13) 10 105  (0.5-2.1)
Low job strain 778 1.0 387 1.0 51 1.0 116 1.0 70 1.0
Low influence® 369 1.02 (0.9-1.2) 171 0.94 (0.8-1.2) 26 1.09 (0.6-1.9) 62 1.23 (0.9-1.8) 30 0.81 (0.5-1.3)
High influence 486 1.0 252 1.0 31 1.0 64 1.0 50 1.0
High speed® 364 1.03 (0.9-1.2) 179 1.04 (0.9-1.3) 22 0.92 (0.5-1.6) 53 0.97 (0.6-1.5) 38 1.14 (0.7-1.8)
Low speed 491 1.0 244 1.0 35 1.0 73 1.0 42 1.0
High busyness® 211 1.02 (0.9-1.2) 110 1.10 (0.9-1.4) 15 1.21 (0.7-2.2) 31 0.98 (0.7-1.5) 18 0.78 (0.5-1.3)
Low busyness 644 1.0 313 1.0 43 1.0 95 1.0 62 1.0

aNumber of cancer cases; PAdjusted for age, nightshifts and full-time work; ‘Additional adjusted for smoking, alcohol, BMI and physical activity at work and leis-

ure time.



306 G. K. VESTERLUND ET AL.

Acknowledgments

This study was conducted in association with The Danish Nurse Study
and Danish Cancer Society Research Center. The authors would like to
thank The Danish Nurse Study for letting us use the data, and Danish
Cancer Society Research Center for expertise and location to conduct
this study.

Disclosure statement

No potential conflict of interest was reported by the author(s).

ORCID

Gitte K. Vesterlund
Beverley L. Hoeg
Christoffer Johansen
Berit L. Heitmann
Pernille E. Bidstrup

http://orcid.org/0000-0001-5221-3938
http://orcid.org/0000-0002-9946-2429
http://orcid.org/0000-0002-4384-206X
http://orcid.org/0000-0002-6809-4504
http://orcid.org/0000-0002-9704-6800

References

(11

[2]

(71

Dumalaon-Canaria JA, Hutchinson AD, Prichard |, et al. What
causes breast cancer? A systematic review of causal attributions
among breast cancer survivors and how these compare to
expert-endorsed  risk  factors. Cancer Causes  Control.
2014;25:771-785.

Nielsen NR. Psychological stress and risk of hormone-dependent
cancers [PhD dissertation]. Los Angeles (CA): University of
California; 2007.

Dalton SO, Boesen EH, Ross L, et al. Mind and cancer. Do psycho-
logical factors cause cancer? Eur J Cancer. 2002;38:1313-1323.
Workplace Stress: The American Institute of Stress; 2016.
[Internet]. [cited 2016 June 2]. Available from: http://www.stress.
org/workplace-stress/

Abbas SG, Farah A, Apkinar-Sposito C. Measuring the immeasur-
able! An overview of stress & strain measuring instruments. Med J
Soc Sci. 2013;4:480-489.

Karasek R. Healthy work, stress, productivity, and the reconstruc-
tion of working life. New York: Basic; 1990.

Courtney JG, Longnecker MP, Peters RK. Psychosocial aspects of
work and the risk of colon cancer. Epidemiology (Cambridge,
MA). 1996;7:175-181.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Jansson C, Jeding K, Lagergren J. Job strain and risk of esopha-
geal and cardia cancers. Cancer Epidemiol. 2009;33:473-475.
Jansson C, Johansson AL, Jeding K, et al. Psychosocial working
conditions and the risk of esophageal and gastric cardia cancers.
Euro J Epidemiol. 2004;19:631-641.

Spiegelman D, Wegman DH. Occupation-related risks for colorec-
tal cancer. J Natl Cancer Inst. 1985;75:813-821.

Achat H, Kawachi I, Byrne C, et al. A prospective study of job
strain and risk of breast cancer. Int J Epidemiol. 2000;29:622-628.
Heikkila K, Nyberg ST, Theorell T, et al. Work stress and risk of
cancer: meta-analysis of 5700 incident cancer events in 116,000
European men and women. BMJ (Clinical Research Ed).
2013;346:165.

Kuper H, Yang L, Theorell T, et al. Job strain and risk of breast
cancer. Epidemiology (Cambridge, Mass). 2007;18:764-768.
Nielsen NR, Stahlberg C, Strandberg-Larsen K, et al. Are work-
related stressors associated with diagnosis of more advanced
stages of incident breast cancers? Cancer Causes Control.
2008;19:297-303.

Schernhammer ES, Hankinson SE, Rosner B, et al. Job stress and
breast cancer risk: the nurses' health study. Am J Epidemiol.
2004;160:1079-1086.

Choy BKS, Lee Y, Baker D, et al. Re: Work stress and risk of cancer:
meta-analysis of 5700 incident cancer events in 116 000 European
men and women. BMJ. 2013;346:f165.

Hundrup YA, Simonsen MK, Jorgensen T, et al. Cohort profile: the
Danish nurse cohort. Int J Epidemiol. 2012;41:1241-1247.
Pedersen CB. The Danish Civil Registration System. Scand J Public
Health. 2011;39:22-25.

Gjerstorff ML. The Danish Cancer Registry. Scand J Public Health.
2011;39:42-45.

Connor Gorber S, Schofield-Hurwitz S, Fau-Hardt J, et al. The
accuracy of self-reported smoking: a systematic review of the
relationship between self-reported and cotinine-assessed smoking
status. Nicotine Tob Res. 2009;11:12-24.

Hagstromer M, Oja P, Fau-Sjostrom M, et al. Physical activity and
inactivity in an adult population assessed by accelerometry. Med
Sci Sports Exerc. 2007;39:1502-1508.

Ng SP, Korda R, Clements M, et al. Validity of self-reported height
and weight and derived body mass index in middle-aged and
elderly individuals in Australia. Aust NZ J Public Health.
2011;35:557-563.

Friis K, Ekholm O, Fau-Hundrup YA, et al. Comparison of lifestyle
and health among Danish nurses and the Danish female popula-
tion: is it possible to generalize findings from nurses to the gen-
eral female population? Scand J Caring Sci. 2005;19:361-367.


http://www.stress.org/workplace-stress/
http://www.stress.org/workplace-stress/

	Prolonged job strain and subsequent risk of cancer in women &ndash; a longitudinal study, based on the Danish Nurse Cohort
	Material and methods
	Study population
	Exposure to job strain
	Cancer diagnosis
	Covariates
	Statistical analyses

	Results
	Cancer risk

	Discussion
	Acknowledgments
	Disclosure statement
	References


