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Key messages

What is already known about this subject?
 ► Few studies have investigated the relationship 
between work- related stress and risk of 
infections, and all of them are cross- sectional, 
rely on self- reported outcomes or are conducted 
on small sample sizes.

 ► Some studies found a higher risk for common 
cold in individuals with high job demands or 
low job control, but findings are inconsistent.

What are the new findings?
 ► In this study, workers with high job demands 
have a higher risk of upper respiratory tract 
infections and urinary tract infections compared 
with those with low job demands.

 ► The decision latitude at work does not seem 
to be associated with infections leading to 
hospitalisation.

 ► No difference in infection occurrence was 
observed in workers with high strain jobs 
compared with those with low strain jobs.

How might this impact on policy or clinical 
practice in the foreseeable future?

 ► Our study provides evidence that stressful jobs 
are unlikely to substantially increase the risk of 
infections requiring medical attention. However, 
if interventions have to be taken in order to 
diminish the risk of infections, our results 
suggest to focus on the demand dimension, 
instead of the decision latitude. Nevertheless, 
future studies are needed in order to confirm 
our findings.

AbsTrACT
Objectives Psychological stress may influence both 
susceptibility and severity of infections. although work- 
related stress is a widespread concern among many 
employees, few studies have been conducted with the 
focus on work stressors and infections. We therefore 
aimed to investigate this association in a prospective 
cohort study.
Methods Our study included 25 029 employed 
individuals who filled- out a questionnaire in september 
1997 and were followed through record linkages until 
retirement or December 2016. Work stress was assessed 
at baseline using a swedish version of the Demand- 
control Questionnaire, whereas hospital contacts related 
to infections were identified from the national Patient 
register. We fitted extensions of the standard cox model 
to account for recurrent infections.
results in total, we observed 8257 infections. 
individuals in the third tertile of job demand had a 13% 
higher hazard of infections (hr=1.13; 95% ci=1.03 
to 1.24) compared with individuals in the first tertile, 
specifically an increased incidence of upper respiratory 
tract infections (hr=1.15; 95% ci=1.00 to 1.33) and 
urinary tract infections (hr=1.31; 95% ci=1.09 to 1.57) 
was found. employees with the highest job control (third 
tertile) had no lower risk of infections than individuals 
in the lowest tertile (hr=1.02; 95% ci=0.92 to 1.13). 
When combining the demand and control dimensions 
into job strain scale, no association between high job 
strain and infections was observed (hr=1.08; 95% 
ci=0.97 to 1.21).
Conclusion high job demand, but not low job control, 
is associated with an increased occurrence of infections. 
no difference was observed in workers with high strain 
jobs compared with those with low strain jobs.

InTrOduCTIOn
Psychological stress is known to be related to 
various health conditions, in particular cardiovas-
cular diseases and mental disorders.1–4 Recently, the 
possible relationship between psychological stress 
and infectious outcomes became a field of interest.5 
In particular, stress seems to play a role both in 
susceptibility and in severity of infections,6 presum-
ably by reducing resistance to infectious agents.7 
Negative emotions induced by stress might suppress 
the immune system via increased production of 
cortisol or effects on the central nervous system, 
which, if continuously activated, might dysregu-
late the immune function through the release of 
catecholamines into lymphoid organs.8 An effect 

of stress on infections might also be mediated by 
unhealthy behavioural changes such as smoking, 
alcohol drinking and not eating or sleeping prop-
erly, which in turn suppress the immune system 
activity.9

According to a recent survey, one- third of Euro-
peans work to tight deadlines and at high speed, 
factors leading to job- related stress.10 Though the 
cost of work- related stress to society is not well 
established, a recent systematic review estimated 
it to range between US$221 million (Australia) and 
US$187 billion (USA), with Sweden placed in the 
middle (US$703 million).11

Nevertheless, few have investigated work stressors 
and risk of infections. All studies we are aware of 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
O

ccup E
nviron M

ed: first published as 10.1136/oem
ed-2020-106489 on 23 June 2020. D

ow
nloaded from

 

http://oem.bmj.com/
http://orcid.org/0000-0002-7978-376X
http://orcid.org/0000-0001-8049-8504
http://dx.doi.org/10.1136/oemed-2020-106489
http://dx.doi.org/10.1136/oemed-2020-106489
http://crossmark.crossref.org/dialog/?doi=10.1136/oemed-2020-106489&domain=pdf&date_stamp=2020-08-27
http://oem.bmj.com/


682 Ghilotti F, et al. Occup Environ Med 2020;77:681–690. doi:10.1136/oemed-2020-106489

Workplace

either dealt with self- reported upper respiratory tract infections 
or measured surrogate endpoints. Additionally, most of these 
studies were cross- sectional, which hampers causal conclusions. 
For example, reduced natural killer cell activity among individ-
uals with high work load or job strain was observed in Japa-
nese nurses,12 in Italian male university employees13 and among 
men working in factories and construction yards.14 A negative 
association was also found between perception of job control 
and plasma fibrinogen concentration.15 Studies on occupational 
stress, high demand, low control and inadequate social support 
as risk factors for respiratory infections have chiefly relied on 
self- reported outcomes and inconsistently reported higher risk 
for common cold.16–18

The lack of large prospective studies on occupational stress and 
a wide spectrum of infections objectively measured prompted 
us to investigate this association using a cohort of about 25 000 
employed individuals followed- up up to 19 years with record 
linkages.

MeTHOds
study population
In September 1997, in occasion of a fund- raising event organised 
by the Swedish Cancer Society throughout Sweden, the Swedish 
National March Cohort was established. Participants to the 
event were asked to fill out a questionnaire concerning lifestyle 
and medical history; the final number of subjects recruited into 
the cohort was 43 865.19

Inclusion criteria for this prospective study were being aged 
18 years or older and employed at the time of the enrolment. 
Retired participants and those with missing data on at least half 
of the items used for the demand and/or control score were 
excluded. The final cohort consisted of 25 029 participants.

exposure assessment
Job strain was measured by the Swedish version of the Demand- 
Control Questionnaire (DCQ).20 21 Demands at work were 
assessed by four questions (work very fast, work very hard, too 
much demand and not enough time), while the decision latitude 
was computed from six questions (learn new things, non- repetitive 
work, creativity required, high skill level, decide on how you do 
your work and decide on what you do in your work). Responses 
were rated on a four- point scale ranging from 1=Seldom/Never 
to 4=Always/Almost always. Mean scores for job demand and 
job control items were calculated for each individual. Tertiles 
of the two job dimensions scores were then obtained. As in 
previous research,22 we used the quadrant approach to define 
job strain and to derive the following combined categories: high 
strain (high demands/low control), passive job (low demands/
low control), active job (high demands/high control) and low 
strain (low demands/high control). High demands were defined 
as having a job demand score greater than the median, whereas 
a job control score below the median was considered as having 
low control.

Follow-up and outcomes
Participants were followed from 1 October 1997 until the date 
of retirement, death, emigration or end of the follow- up on 31 
December 2016, whichever occurred first. Through the use of 
the unique personal identification number, provided by partici-
pants at baseline, the cohort was linked to the Total Population 
Register and the Migration Register to obtain dates of death, 
relocation and emigration, the National Patient Register to obtain 
information on medical data and the Longitudinal Integrated 

Database for health insurance and Labour Market Studies (LISA) 
database to obtain data on employment, retirement and income. 
All community- acquired infections requiring healthcare contact 
(either private or public, but not primary care) and occurring 
during follow- up were considered as events of interest. Infec-
tions were grouped as upper respiratory tract infections, lower 
respiratory tract infections, gastrointestinal tract infections, skin 
and subcutaneous tissue infections, urinary tract infections and 
other infections. Infections were identified through the Interna-
tional Classification of Diseases, Tenth Revision (ICD-10) from 
the Swedish National Inpatient and Outpatient registers (only 
the primary diagnosis code was used).23 Detailed ICD-10 codes 
are reported in online supplementary table S1.

statistical analyses
Baseline characteristics of the study cohort are reported over 
job strain categories in table 1 and over job demand and job 
control tertiles in online supplementary table S2. Categorical 
variables are summarised using absolute numbers and percent-
ages, whereas continuous variables using the median and IQR.

Due to the recurrent nature of the outcome of interest, we 
fitted survival models for multiple failure time data to investigate 
the association between job demands, job control and job strain 
with the occurrence of infections. When events occur more than 
once, failure times are correlated within subject and methods 
accounting for lack of independence are needed.24 In this study, 
we fitted extensions of the standard Cox model using robust 
SEs to account for correlation. Specifically, we used the Ander-
sen–Gill model25 in the analyses when multiple infections were 
of different types, and the Prentice, Williams and Peterson Total 
Time (PWP) model26 when recurrent infections were of the same 
type. These models allowed us to estimate HRs and 95% CIs. 
To obtain reliable estimates and avoid small risk sets,27 infec-
tions beyond the seventh occurrence were ignored. All models 
were fitted with age as the underlying timescale. Cox propor-
tional hazards assumption was tested using Schoenfeld residuals. 
Stratified Cox models for recurrent events were implemented 
for predictors who did not fulfil the assumption of proportional 
hazards (sex).

Based on a priori assumptions on the relationships between 
confounders, intermediate variables, exposure and outcome, we 
drew a directed acyclic graph (DAG) to select the minimal set of 
variables needed to adjust the models for28 (online supplemen-
tary figure S1). Three different sets of analyses were conducted. 
(a) First, models were adjusted for age and sex; (b) then, we 
included education (compulsory school, high- school, university), 
physical activity (sex- specific tertiles of total physical activity 
MET*hours/day,29 shift work (daytime; shiftwork), disposable 
income (categorised in quartiles) and Charlson’s comorbidity 
index (0; 1; ≥2)30 as suggested by the DAG; (c) finally, statistical 
analyses were also refined by adding the potential intermediate 
variables: body mass index (BMI), smoking status (non- smokers; 
former smokers; current smokers), sleep duration (≤6; 7; 
≥8 hours) and alcohol consumption (none; low; medium/
high). As main analysis, we conducted a complete case analysis 
excluding participants with missing values on covariates. The 
percentage of missing values across the potential confounders 
varied between 0% (age, sex, Charlson’s comorbidity index) and 
7% (smoking status).

Subgroup analyses were performed by occupational titles 
(white and blue collars). White- collar and blue- collar employees 
were defined using the Swedish Standard Classification of Occu-
pations (SSYK single- digit level). White- collar workers (SSYK: 
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Table 1 Baseline characteristics of employed individuals (n=25 029) in the Swedish National March Cohort, stratified by job strain

Low strain job Passive job Active job High strain job

Number of participants 5882 7402 6334 5411

Sex

  Female 3737 (64%) 5200 (70%) 4085 (64%) 3827 (71%)

  Male 2145 (36%) 2202 (30%) 2249 (36%) 1584 (29%)

Age (years) 46.3 (35.8–53.9) 46.5 (34.8–54.4) 47.2 (38.1–53.6) 46.6 (34.4–54.0)

Body mass index (kg/m2) 23.9 (22.0–26.3) 23.8 (22.0–26.2) 24.2 (22.2–26.4) 23.9 (22.0–26.3)

  Missing (n) 207 290 228 250

Education

  Compulsory school 628 (11%) 1563 (21%) 563 (9%) 1098 (20%)

  High school 2130 (36%) 4209 (57%) 1978 (31%) 3034 (56%)

  University/PhD 3118 (53%) 1623 (22%) 3785 (60%) 1274 (24%)

  Missing (n) 6 7 8 5

Smoking

  Non- smoker 3443 (62%) 4391 (63%) 3631 (62%) 3114 (62%)

  Former smoker 1643 (30%) 1941 (28%) 1722 (29%) 1357 (27%)

  Current smoker 444 (8%) 591 (9%) 522 (9%) 537 (11%)

  Missing (n) 352 479 459 403

Alcohol consumption

  None 452 (8%) 710 (10%) 469 (7%) 479 (9%)

  Low 2865 (49%) 3879 (52%) 2807 (45%) 2894 (54%)

  Medium/high 2552 (43%) 2783 (38%) 3035 (48%) 2016 (37%)

  Missing (n) 13 30 23 22

Charlson’s comorbidity index

  0 5519 (94%) 6906 (93%) 5952 (94%) 5044 (93%)

  1 159 (3%) 200 (3%) 158 (2%) 149 (3%)

  ≥2 204 (3%) 296 (4%) 224 (4%) 218 (4%)

  Missing (n) 0 0 0 0

Physical activity (MET*hours/day)*

  Low (<32 (F); <35 (M)) 2053 (35%) 2647 (36%) 2053 (32%) 1587 (29%)

  Medium (32 to 39 (F); 35 to 46 (M)) 2093 (36%) 2385 (32%) 2223 (35%) 1638 (30%)

  High (>39 (F); >46 (M)) 1735 (29%) 2365 (32%) 2056 (33%) 2182 (41%)

  Missing (n) 1 5 2 4

Shift work

  Daytime 5006 (87%) 5726 (79%) 5277 (85%) 3902 (74%)

  Shiftwork 717 (13%) 1477 (21%) 944 (15%) 1364 (26%)

  Missing (n) 159 199 113 145

Sleep duration

  ≤6 hours 1516 (26%) 2196 (30%) 2137 (34%) 2027 (38%)

  7 hours 2917 (50%) 3395 (47%) 2942 (47%) 2252 (42%)

  ≥8 hours 1401 (24%) 1709 (23%) 1180 (19%) 1046 (20%)

  Missing (n) 48 102 75 86

Sleep quality

  Medium/good 3597 (61%) 3985 (54%) 3406 (54%) 2542 (47%)

  Bad 2267 (39%) 3396 (46%) 2912 (46%) 2854 (53%)

  Missing (n) 18 21 16 15

Restorative sleep (yes) 3680 (63%) 4299 (58%) 3262 (52%) 2565 (48%)

  Missing (n) 18 22 16 16

Income†

  First quartile (≤85 200 SEK) 1446 (25%) 2085 (28%) 1262 (20%) 1478 (27%)

  Second quartile (85 300 to 111 500 SEK) 1444 (24%) 1954 (27%) 1459 (23%) 1399 (26%)

  Third quartile (111 600 to 142 400 SEK) 1335 (23%) 1936 (26%) 1537 (24%) 1442 (27%)

  Fourth quartile (≥142 500 SEK) 1655 (28%) 1425 (19%) 2075 (33%) 1089 (20%)

  Missing (n) 2 2 1 3

White- collar profession 4037 (76%) 3606 (53%) 4805 (82%) 2613 (53%)

  Missing (n) 548 655 489 490

continued
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Low strain job Passive job Active job High strain job

Results are given as numbers (%) for categorical variables and as median (IQR) for continuous variables.
*Sex- specific tertiles of total physical activity MET*hours/day. MET, Metabolic Equivalent for Task; F, females; M, males.
†Yearly disposable income (after taxes) split between family members. The information was retrieved from the Longitudinal Integrated Database for Health Insurance and Labour 
Market Studies database in 1997.

Table 1 continued

0–4) are those involved in professions requiring university or 
higher education; blue- collar workers (SSYK: 5–9) include occu-
pations that do not require a special training. Information on 
occupational level was available from the LISA database from 
2001.31

In a sensitivity analysis, we further adjusted all statistical 
models for occupational titles and, as most infections have short 
incubation periods, we replicated all the analyses using tradi-
tional Cox models where time- to- first- event was of interest. 
Finally, due to the presence of missing values on the covariates 
included in the models, we carried out multiple imputation 
using the Multiple Imputation by Chained Equations algorithm 
assuming a missing at random mechanism. Twenty imputed 
datasets were thus created and analysed. Statistical analyses were 
conducted using Stata V.15.1 (Stata Corporation).

resuLTs
Baseline characteristics of the cohort are shown in table 1 and 
online supplementary table S2. Participants with high strain jobs 
had a higher level of total physical activity, were on average less 
educated, more likely to be shift workers and reported more 
frequently a short sleep compared with the other groups. Partic-
ipants in the active job category were more likely to have a post-
graduate education and a white- collar profession. Participants 
with low strain jobs were more likely to sleep longer and have a 
restorative, good quality sleep.

During a median follow- up time of 16.2 years, we identified a 
total of 8257 infections requiring healthcare contact. Among the 
4577 (18%) participants with at least one infection, the mean 
number of infections was 1.8.

In tables 2–4, we report the adjusted HRs and 95% CI for 
the association between stress at work (job demand, job control 
and job strain scores, respectively) and risk of infections. We 
found a similar monotonic association between job demand 
and infections in the fully adjusted models (including both 
confounders and mediators) and in the models without adjust-
ments for potential mediators, with the highest risk in individ-
uals having the highest job demand score. To exemplify, the 
incidence of infections among individuals in the third tertile of 
job demand score was 13% higher (HR=1.13; 95% CI=1.03 
to 1.24) (without mediators: HR=1.12; 95% CI=1.03 to 1.22) 
compared with individuals in the first tertile of job demand 
(table 2). An increased incidence of upper respiratory tract 
infections (HR=1.15; 95% CI=1.00 to 1.33) (without media-
tors: HR=1.18; 95% CI=1.03 to 1.35) and urinary tract infec-
tions (HR=1.31; 95% CI=1.09 to 1.57) (without mediators: 
HR=1.33; 95% CI=1.12 to 1.58) was found in individuals in 
the highest tertile of job demand compared with individuals in 
the first tertile, whereas we failed to reject the null hypothesis of 
no association between job demand and lower respiratory tract, 
gastrointestinal tract and skin infections.

When comparing the third (highest control) and first tertile 
of job control in the fully adjusted model, we found no asso-
ciation between decision latitude and infections (HR=1.02; 
95% CI=0.92 to 1.13). The same conclusion was obtained 
when looking at each infection subgroup or when excluding the 

intermediate variables from the adjustment set (table 3). When 
job strain was modelled as categorical, having low strain as the 
reference, we found no evidence for an association between 
passive jobs (HR=1.02; 95% CI=0.92 to 1.14) or high strain 
jobs (HR=1.08; 95% CI=0.97 to 1.21) and infections overall 
(table 4). Contrarily, individuals with active jobs (HR=1.10; 
95% CI=1.00 to 1.22) had a 10% higher incidence of infections 
compared with individuals with a low strain job. Particularly, 
having an active job was associated with an increased incidence 
of upper respiratory tract infections (HR=1.24; 95% CI=1.06 
to 1.46) and urinary tract infections (HR=1.25; 95% CI=1.02 
to 1.54). Finally, individuals with high strain jobs showed an 
increased risk of upper respiratory tract infections (HR=1.18; 
95% CI=1.00 to 1.39) compared with individuals with low 
strain jobs.

Figure 1 shows HRs and 95% CI for infections occurrence 
for white- collar and blue- collar workers according to tertiles of 
job demand and job control scores. For white- collar workers, 
we observed higher hazards of infections in the third tertile of 
job demand compared with the first (HR=1.17; 95% CI=1.05 
to 1.31). For blue- collar workers, we found HR estimates close 
to unity when comparing the third and first tertiles (HR=1.04; 
95% CI=0.87 to 1.23). Tertiles of job demand score, however, 
are not equally distributed within the two groups defined by 
occupational type: 29% of blue- collar workers are in the highest 
tertile of job demand, versus 35% of white- collar workers. The 
distribution of job demand score stratified by occupational type 
shows that white- collar workers have on average higher demands 
than blue- collar workers (online supplementary figure S2). Job 
control dimension was not associated with infection occurrence 
in any of the subgroups investigated.

When further adjusting our analyses by occupational titles, we 
found similar results as in the main analyses, with even stronger 
association between job stress and urinary tract infections (online 
supplementary tables S3–S5). When we restricted our atten-
tion to time- to- first infection, the results on job demands were 
consistent with the main analyses: we found a higher incidence 
of infections in individuals exposed to high job demands (third 
tertile) compared with individuals in the first tertile of the score 
(HR=1.10; 95% CI=1.02 to 1.18) (online supplementary table 
S6). In subgroups analyses, only urinary tract infections retained 
statistical significance; however, the estimates for upper respira-
tory tract infections were comparable with the ones in the recur-
rent event analyses and CIs a bit wider due to a lower number of 
cases. We found no association between job control dimension 
and any of the infections investigated (online supplementary 
table S7); nevertheless, it turned out that a higher job control was 
associated with an increased risk of infections overall. Finally, 
when combining job control and job demand within the job 
strain scale, we did not find any association between active jobs 
or high strain jobs and infections (online supplementary table 
S8), contrarily to what was found in a recurrent event analysis. 
Performing multiple imputations on missing covariates did not 
alter the results. The estimates found with the imputed data are 
comparable with those from the main analyses with narrower 
CIs (online supplementary tables S9–S11).
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Table 2 Adjusted HRs and 95% CIs for the association between stress at work (measured through the job demand score) and infections requiring 
healthcare contact (either inpatient or outpatient care) among employed individuals in the Swedish National March Cohort

Tertiles of job demand score

P trendFirst tertile second tertile Third tertile

Any infection

  Number of individuals* 9068 7706 8255

  Number of infections* 2767 2676 2814

  Person- years* 123 961 108 286 113 619

  Andersen–Gill model

  HR (95% CI)† 1.00 (reference) 1.12 (1.03 to 1.22) 1.12 (1.03 to 1.22) 0.010

  HR (95% CI)‡ 1.00 (reference) 1.10 (1.01 to 1.20) 1.12 (1.03 to 1.22) 0.012

  HR (95% CI)§ 1.00 (reference) 1.10 (1.00 to 1.20) 1.13 (1.03 to 1.24) 0.009

Upper respiratory tract infections

  Number of infections* 601 572 669

  Person- years* 124 081 108 500 113 776

  Prentice, Williams and Peterson model

  HR (95% CI)† 1.00 (reference) 1.10 (0.97 to 1.26) 1.17 (1.03 to 1.33) 0.017

  HR (95% CI)‡ 1.00 (reference) 1.10 (0.96 to 1.26) 1.18 (1.03 to 1.35) 0.015

  HR (95% CI)§ 1.00 (reference) 1.04 (0.91 to 1.20) 1.15 (1.00 to 1.33) 0.044

Lower respiratory tract infections

  Number of infections* 283 237 259

  Person- years* 124 124 108 521 113 868

  Prentice, Williams and Peterson model

  HR (95% CI)† 1.00 (reference) 0.97 (0.81 to 1.17) 1.00 (0.83 to 1.20) 0.978

  HR (95% CI)‡ 1.00 (reference) 0.98 (0.81 to 1.17) 1.04 (0.86 to 1.25) 0.684

  HR (95% CI)§ 1.00 (reference) 1.00 (0.82 to 1.21) 1.05 (0.87 to 1.28) 0.584

Gastrointestinal tract infections

  Number of infections* 335 304 331

  Person- years* 123 810 108 222 113 667

  Prentice, Williams and Peterson model

  HR (95% CI)† 1.00 (reference) 1.05 (0.90 to 1.23) 1.06 (0.91 to 1.24) 0.465

  HR (95% CI)‡ 1.00 (reference) 1.05 (0.89 to 1.23) 1.05 (0.90 to 1.22) 0.581

  HR (95% CI)§ 1.00 (reference) 1.02 (0.86 to 1.21) 1.06 (0.90 to 1.25) 0.456

Skin infections

  Number of infections* 387 373 390

  Person- years* 124 074 108 472 113 770

  Prentice, Williams and Peterson model

  HR (95% CI)† 1.00 (reference) 1.11 (0.95 to 1.29) 1.10 (0.95 to 1.28) 0.228

  HR (95% CI)‡ 1.00 (reference) 1.07 (0.92 to 1.25) 1.09 (0.94 to 1.28) 0.262

  HR (95% CI)§ 1.00 (reference) 1.06 (0.90 to 1.25) 1.09 (0.93 to 1.29) 0.297

Urinary tract infections

  Number of infections* 276 279 338

  Person- years* 124 079 108 508 113 795

  Prentice, Williams and Peterson model

  HR (95% CI)† 1.00 (reference) 1.13 (0.96 to 1.34) 1.31 (1.11 to 1.55) 0.001

  HR (95% CI)‡ 1.00 (reference) 1.14 (0.96 to 1.36) 1.33 (1.12 to 1.58) 0.001

  HR (95% CI)§ 1.00 (reference) 1.13 (0.94 to 1.36) 1.31 (1.09 to 1.57) 0.004

Other infections

  Number of infections* 857 850 762

  Person- years* 123 981 108 287 113 657

  Prentice, Williams and Peterson model

  HR (95% CI)† 1.00 (reference) 1.13 (1.02 to 1.25) 1.02 (0.92 to 1.13) 0.861

  HR (95% CI)‡ 1.00 (reference) 1.10 (0.99 to 1.22) 1.00 (0.90 to 1.12) 0.901

  HR (95% CI)§ 1.00 (reference) 1.12 (1.00 to 1.25) 1.01 (0.90 to 1.13) 0.994

Analyses are conducted using survival models for recurrent events.
*Numbers refer to observations included in the age- adjusted and sex- adjusted models.
†Adjusted by age and sex. N=25 029.
‡Adjusted by age, sex, education, physical activity, shift work, Charlson’s index and income. N=24 379.
§Adjusted by age, sex, education, physical activity, shift work, Charlson’s index, income, smoking status, body mass index, alcohol and sleep duration. N=21 647.
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Table 3 Adjusted HRs and 95% CIs for the association between stress at work (measured through the job control score) and infections requiring 
healthcare contact (either inpatient or outpatient care) among employed individuals in the Swedish National March Cohort

Tertiles of job control score

P trendFirst tertile second tertile Third tertile

Any infection

  Number of individuals* 10 004 8544 6481

  Number of infections* 3324 2740 2193

  Person- years* 138 710 116 403 90 752

  Andersen–Gill model

  HR (95% CI)† 1.00 (reference) 0.99 (0.91 to 1.07) 1.02 (0.93 to 1.10) 0.802

  HR (95% CI)‡ 1.00 (reference) 0.99 (0.91 to 1.08) 1.02 (0.93 to 1.12) 0.685

  HR (95% CI)§ 1.00 (reference) 0.99 (0.91 to 1.09) 1.02 (0.92 to 1.13) 0.755

Upper respiratory tract infections

  Number of infections* 760 588 494

  Person- years* 138 940 116 566 90 851

  Prentice, Williams and Peterson model

  HR (95% CI)† 1.00 (reference) 0.95 (0.84 to 1.07) 1.01 (0.88 to 1.15) 0.966

  HR (95% CI)‡ 1.00 (reference) 0.94 (0.83 to 1.07) 1.00 (0.87 to 1.16) 0.900

  HR (95% CI)§ 1.00 (reference) 0.92 (0.80 to 1.05) 0.99 (0.86 to 1.15) 0.728

Lower respiratory tract infections

  Number of infections* 321 246 212

  Person- years* 139 022 116 601 90 892

  Prentice, Williams and Peterson model

  HR (95% CI)† 1.00 (reference) 0.92 (0.77 to 1.10) 0.97 (0.81 to 1.16) 0.619

  HR (95% CI)‡ 1.00 (reference) 0.94 (0.78 to 1.14) 1.00 (0.81 to 1.23) 0.918

  HR (95% CI)§ 1.00 (reference) 0.98 (0.80 to 1.20) 1.05 (0.84 to 1.31) 0.749

Gastrointestinal tract infections

  Number of infections* 377 320 273

  Person- years* 138 741 116 305 90 654

  Prentice, Williams and Peterson model

  HR (95% CI)† 1.00 (reference) 1.05 (0.90 to 1.22) 1.13 (0.96 to 1.32) 0.152

  HR (95% CI)‡ 1.00 (reference) 1.04 (0.88 to 1.22) 1.13 (0.95 to 1.34) 0.200

  HR (95% CI)§ 1.00 (reference) 1.04 (0.88 to 1.24) 1.10 (0.92 to 1.33) 0.300

Skin infections

  Number of infections* 462 379 309

  Person- years* 138 961 116 510 90 845

  Prentice, Williams and Peterson model

  HR (95% CI)† 1.00 (reference) 0.97 (0.83 to 1.13) 0.97 (0.83 to 1.14) 0.689

  HR (95% CI)‡ 1.00 (reference) 0.97 (0.83 to 1.13) 0.98 (0.83 to 1.16) 0.783

  HR (95% CI)§ 1.00 (reference) 0.95 (0.80 to 1.12) 0.98 (0.82 to 1.17) 0.733

Urinary tract infections

  Number of infections* 347 329 217

  Person- years* 138 964 116 522 90 895

  Prentice, Williams and Peterson model

  HR (95% CI)† 1.00 (reference) 1.14 (0.98 to 1.34) 0.98 (0.82 to 1.16) 0.873

  HR (95% CI)‡ 1.00 (reference) 1.14 (0.97 to 1.35) 0.97 (0.81 to 1.17) 0.918

  HR (95% CI)§ 1.00 (reference) 1.16 (0.97 to 1.39) 0.95 (0.77 to 1.17) 0.938

Other infections

  Number of infections* 1007 813 649

  Person- years* 138 763 116 415 90 747

  Prentice, Williams and Peterson model

  HR (95% CI)† 1.00 (reference) 0.99 (0.89 to 1.09) 0.99 (0.89 to 1.10) 0.840

  HR (95% CI)‡ 1.00 (reference) 0.97 (0.87 to 1.07) 0.96 (0.86 to 1.08) 0.500

  HR (95% CI)§ 1.00 (reference) 0.96 (0.86 to 1.07) 0.96 (0.85 to 1.09) 0.487

Analyses are conducted using survival models for recurrent events.
*Numbers refer to observations included in the age- adjusted and sex- adjusted models.
†Adjusted by age and sex. N=25 029.
‡Adjusted by age, sex, education, physical activity, shift work, Charlson’s index and income. N=24 379.
§Adjusted by age, sex, education, physical activity, shift work, Charlson’s index, income, smoking status, body mass index, alcohol and sleep duration. N=21 647.
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Table 4 Adjusted HRs and 95% CIs for the association between stress at work (measured through the job strain score) and infections requiring 
healthcare contact (either inpatient or outpatient care) among employed individuals in the Swedish National March Cohort

Job strain

Low strain job Passive job Active job High strain job

Any infection         

  Number of individuals* 5882 7402 6334 5411

  Number of infections* 1838 2391 2183 1845

  Person- years* 81 607 101 652 87 660 74 947

  Andersen–Gill model         

  HR (95% CI)† 1.00 (reference) 1.04 (0.94 to 1.14) 1.11 (1.01 to 1.22) 1.10 (0.99 to 1.21)

  HR (95% CI)‡ 1.00 (reference) 1.03 (0.93 to 1.14) 1.10 (1.00 to 1.22) 1.08 (0.97 to 1.20)

  HR (95% CI)§ 1.00 (reference) 1.02 (0.92 to 1.14) 1.10 (1.00 to 1.22) 1.08 (0.97 to 1.21)

Upper respiratory tract infections         

  Number of infections* 366 520 522 434

  Person- years* 81 718 101 798 87 772 75 069

  Prentice, Williams and Peterson model         

  HR (95% CI)† 1.00 (reference) 1.09 (0.94 to 1.27) 1.26 (1.08 to 1.46) 1.18 (1.02 to 1.37)

  HR (95% CI)‡ 1.00 (reference) 1.10 (0.94 to 1.28) 1.26 (1.08 to 1.46) 1.19 (1.01 to 1.39)

  HR (95% CI)§ 1.00 (reference) 1.10 (0.93 to 1.29) 1.24 (1.06 to 1.46) 1.18 (1.00 to 1.39)

Lower respiratory tract infections   

  Number of infections* 180 226 196 177

  Person- years* 81 730 101 837 87 828 75 119

  Prentice, Williams and Peterson model         

  HR (95% CI)† 1.00 (reference) 1.00 (0.81 to 1.23) 1.00 (0.81 to 1.24) 1.08 (0.86 to 1.36)

  HR (95% CI)‡ 1.00 (reference) 0.99 (0.79 to 1.24) 1.04 (0.84 to 1.28) 1.07 (0.84 to 1.37)

  HR (95% CI)§ 1.00 (reference) 0.89 (0.70 to 1.14) 1.00 (0.80 to 1.26) 1.04 (0.81 to 1.35)

Gastrointestinal tract infections         

  Number of infections* 239 284 241 206

  Person- years* 81 475 101 607 87 647 74 972

  Prentice, Williams and Peterson model         

  HR (95% CI)† 1.00 (reference) 0.94 (0.79 to 1.12) 0.95 (0.79 to 1.13) 0.91 (0.75 to 1.10)

  HR (95% CI)‡ 1.00 (reference) 0.95 (0.79 to 1.14) 0.93 (0.78 to 1.12) 0.91 (0.74 to 1.11)

  HR (95% CI)§ 1.00 (reference) 0.95 (0.78 to 1.16) 0.91 (0.75 to 1.10) 0.88 (0.71 to 1.09)

Skin infections   

  Number of infections* 249 362 302 237

  Person- years* 81 689 101 807 87 755 75 065

  Prentice, Williams and Peterson model         

  HR (95% CI)† 1.00 (reference) 1.13 (0.95 to 1.34) 1.10 (0.92 to 1.31) 1.07 (0.88 to 1.30)

  HR (95% CI)‡ 1.00 (reference) 1.15 (0.97 to 1.38) 1.11 (0.93 to 1.33) 1.07 (0.87 to 1.32)

  HR (95% CI)§ 1.00 (reference) 1.12 (0.92 to 1.35) 1.08 (0.89 to 1.30) 1.11 (0.89 to 1.38)

Urinary tract infections         

  Number of infections* 185 243 262 203

  Person- years* 81 719 101 807 87 782 75 073

  Prentice, Williams and Peterson model         

  HR (95% CI)† 1.00 (reference) 1.04 (0.86 to 1.27) 1.29 (1.06 to 1.55) 1.16 (0.94 to 1.42)

  HR (95% CI)‡ 1.00 (reference) 1.03 (0.85 to 1.26) 1.29 (1.07 to 1.57) 1.16 (0.93 to 1.43)

  HR (95% CI)§ 1.00 (reference) 1.02 (0.82 to 1.27) 1.25 (1.02 to 1.54) 1.11 (0.88 to 1.41)

Other infections         

  Number of infections* 591 734 596 548

  Person- years* 81 593 101 702 87 654 74 975

  Prentice, Williams and Peterson model         

  HR (95% CI)† 1.00 (reference) 0.98 (0.88 to 1.10) 0.98 (0.87 to 1.10) 1.01 (0.89 to 1.15)

  HR (95% CI)‡ 1.00 (reference) 1.01 (0.90 to 1.15) 0.96 (0.85 to 1.08) 1.02 (0.90 to 1.17)

  HR (95% CI)§ 1.00 (reference) 1.03 (0.90 to 1.17) 0.98 (0.86 to 1.12) 1.03 (0.89 to 1.19)

Analyses are conducted using survival models for recurrent events.
*Numbers refer to observations included in the age- adjusted and sex- adjusted models.
†Adjusted by age and sex. N=25 029.
‡Adjusted by age, sex, education, physical activity, shift work, Charlson’s index and income. N=24 379.
§Adjusted by age, sex, education, physical activity, shift work, Charlson’s index, income, smoking status, body mass index, alcohol and sleep duration. N=21 647.
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Figure 1 adjusted hrs and 95% cis for the association between 
job stress (job demand and job control scores—first tertile taken as the 
reference) and infections requiring healthcare contact (either inpatient 
or outpatient care) among employed individuals in the swedish national 
March cohort. analyses are performed using the andersen–gill model 
and stratified by white and blue collars. (a) adjusted by age and sex. (b) 
adjusted by age, sex, education, physical activity, shift work, charlson’s 
index and income. (c) adjusted by age, sex, education, physical activity, shift 
work, charlson’s index, income, smoking status, body mass index, alcohol 
and sleep duration.

dIsCussIOn
We found that employees reporting high job demands have a 
higher risk of infections, specifically upper respiratory tract 
infections and urinary tract infections, than those reporting 
a lower level of demands at work. This result is in line with 
the hypothesis that work stress due to high psychological job 
demands might be involved in the pathogenesis of infections. 
Our findings also suggest that the decision latitude at work 
is unlikely to increase risk for infections leading to hospital 
contact. As for job strain, active jobs were associated with an 
increased incidence of infections compared with low strain jobs. 
No difference was observed in high strain jobs compared with 
low strain jobs.

To our knowledge, this is the first large prospective cohort 
study investigating the association between stress at work and 
a wide range of objectively assessed infections. The association 
we found between job demands and upper respiratory tract 
infections is consistent with one cross- sectional study16 and one 
prospective study with self- reported outcome.18 It is likely that 
when job demands are perceived to go beyond our capacity to 
cope, we experience a hormonal response that alters the immune 
function.9

With regard to infections of the urinary tract, we are not 
aware of studies that investigated the association with job stress, 
but a recent review pointed out possible connections between 
stress and lower urinary tract symptoms,32 concluding that stress 
and urologic conditions might have common neuropharmaco-
logical pathways. It is plausible that individuals that cannot cope 
with the high amount of demands during their work day feel 
that the time at their disposal is not enough to carry out their 
assignments. They are therefore more likely to hold urine for 
longer length of time, which itself increases the risk of infections. 
Despite the association found in our study seems to be relatively 
strong, we cannot exclude the possibility of a chance finding 
and it needs to be replicated in future studies before providing 

a causal interpretation. It is also likely that it is not stress per se 
which causes urinary infections, but a series of cascade reactions 
caused by stress which impair the immune system.

Contrarily to our hypothesis, job control dimension did not 
seem an important factor in determining infection occurrence. 
Our results contrast with two studies that found an increase in 
respiratory infections in workers with low job control.17 18 In 
addition, in a time- to- first infection analysis, our results suggested 
that high—and not low—control at work was associated with 
higher incidence of infections, but this was not confirmed in a 
recurrent event analysis and it might be due to chance.

Our findings do not support the hypothesis that high strain 
jobs are associated with higher incidence of infections, while we 
found some evidence that having an active job increases risk of 
infections in agreement with previous research.33 Even if high 
control at work often is considered to attenuate a detrimental 
influence of high demands, active jobs and high strain jobs might 
measure different aspects of occupational stress. The former 
captures stress derived from managerial situations with high 
level responsibilities and many decisions to take, while the latter 
captures stress related to routine work. Nevertheless, cautious-
ness is needed here. Point estimates for the association between 
high strain jobs and infections are very similar and CIs highly 
overlapping to those referring to active jobs. It is also worth 
noticing that high job strain was the least common category in 
our cohort.

Finally, when we stratified our analyses on type of occupation, 
increased occurrence of infections was observed in white collars, 
but not blue collars, with high job demands. Nonetheless, we 
should be cautious with this interpretation as it might be due to 
an insufficient power of the study to detect the association in 
blue- collar workers given their smaller sample size. In addition, 
data on occupational type are available only starting from 2001. 
For example, individuals retired, emigrated or who died during 
the first 4 years of follow- up are not included in this subgroup 
analysis. It is reasonable that different types of jobs with similar 
scores in job demand scale involve completely different tasks, 
which might have different responses on infection occurrence; 
on the contrary, the increased incidence of infections among 
white- collar workers may be due to higher demand values expe-
rienced by white collars,34 which further strengthens the argu-
ment for a link between job demands and infections occurrence.

Strengths of our study include the prospective design, the 
complete long- term follow- up, the large cohort of employed 
individuals, the wide range of confounders controlled for in 
the analyses and the objective assessment of infections. Also, 
the analysis of type- specific infections is necessary to extend the 
current knowledge on the association between job stress and 
infections, and the censoring of individuals at their retirement 
consented to avoid cumulating person- year at risk when occupa-
tional stress is not expected to be relevant anymore. In addition, 
the use of statistical models for recurrent events allowed us to 
consider all infections occurring over follow- up and not limit the 
analyses to the first infection. Nonetheless, being aware of the 
short incubation period that most infections have, we have also 
conducted analyses where the focus was on time- to- first infec-
tion and compared results with the main analysis.

The decision latitude and the job demand dimensions are 
often combined, which precludes disentangling their individual 
effects. Because we considered job demands and decision lati-
tude as separate dimensions, it was possible to infer the impor-
tance of work demands itself after investigating which aspect of 
work stress that was associated with infections. Finally, knowing 
that alcohol consumption, smoking, BMI and sleep duration 
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could reasonably be on the causal pathway between job stress 
and infections,35 we conducted the analyses with both models, 
adjusted and non- adjusted for these factors, and we found that 
the results were almost unchanged.

Among limitations of our study, job strain was self- reported 
and assessed only at baseline. This might inaccurately reflect job 
strain during the entire follow- up. Individuals exposed to high 
levels of job strain are more likely to turn into jobs requiring less 
strain than the opposite, and this should happen independently 
of the outcome with subsequent underestimation of the associ-
ation of interest.36 However, a high proportion of participants 
(39%) recruited were 50 years or older and likely to retire 
during follow- up. Because of the availability of the information 
on retirement from LISA database, we limited the bias censoring 
participants at their retirement date. In addition, other occupa-
tional characteristics such as working hours or sector of industry 
might have confounded our estimates, but we did not have 
enough information to control the analyses for these variables.

One should also keep in mind that primary care (contacts 
with general practitioners) is yet not recorded in the National 
Patient Register and that we could not capture infections treated 
in outpatient care before 2001 (when the outpatient register was 
established). As a result, we might have underestimated any true 
association between occupational stress and minor infections. In 
addition, we presented analyses for specific subgroups of infec-
tions but we could not differentiate between infectious agents; 
therefore, we had to suppose that the association between job 
stress and infections is similar, regardless of pathogen.

We conclude that overall, our study provides evidence that 
stressful jobs are unlikely to substantially increase the risk of 
infections requiring medical attention. However, occupational 
stress as assessed as high job demands might increase the risk of 
such infections, in particular upper respiratory tract infections 
and urinary tract infections. Since causal inference is hampered 
by the weak associations and possible influence of residual 
confounding, our findings need confirmation in other—ideally 
large and prospective—studies.
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