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ORIGINAL RESEARCH

Associations of Job Strain, Stressful Life 
Events, and Social Strain With Coronary 
Heart Disease in the Women’s Health 
Initiative Observational Study
Conglong Wang, PhD; Félice Lê- Scherban, PhD; Jennifer Taylor , PhD; Elena Salmoirago- Blotcher , MD, PhD; 
Matthew Allison, MD, MPH; David Gefen, PhD; Lucy Robinson, PhD; Yvonne L. Michael , ScD, SM

BACKGROUND: The association between psychosocial stress and coronary heart disease (CHD) may be stronger in women 
than men and may differ across types of stressors. In this study, we assessed associations of psychosocial stressors, includ-
ing job strain, stressful life events, and social strain with the incidence of CHD in women.

METHODS AND RESULTS: We used longitudinal data from 80  825 WHI- OS (Women’s Health Initiative Observational Study) 
participants with a mean age of 63.4 years (7.3 years) at baseline. Job strain was assessed through linkage of Standard 
Occupational Classification codes to the Occupational Information Network. Stressful life events and social strain were as-
sessed via validated self- reported questionnaires. Cox proportional hazard models were used to evaluate associations of 
each stressor with CHD separately and jointly. A total of 3841 (4.8%) women developed CHD during an average of 14.7 years 
of follow- up. After adjustment for age, other stressors, job tenure, and socioeconomic factors, high stressful life events score 
was associated with a 12% increased CHD risk, and high social strain was associated with a 9% increased CHD risk. Job 
strain was not independently associated with CHD risk, but we observed a statistically significant interaction between job 
strain and social strain (P=0.04), such that among women with high social strain, passive job strain was associated with a 21% 
increased CHD risk.

CONCLUSIONS: High stressful life events and social strain were each associated with higher CHD risk. Job strain and social 
strain work synergistically to increase CHD risk.

Key Words: coronary heart disease ■ job strain ■ social strain ■ stressful life events ■ women

Psychosocial stress typically occurs when people have 
difficulty in coping with challenging environmental 
conditions and can lead to dysregulation of homeo-

stasis that may result in illness.1 Since the perception of 
psychosocial stress is subjective, studies of psychological 
stress usually focus on the occurrence of environmental 
events (stressors) that exceed one’s coping ability.2

Recently, several large research studies identified 
that psychosocial stress from different domains of 
life (eg, finance, work, and relationships) may play a 
role in the development of coronary heart disease 
(CHD).3– 5 Psychosocial stress can directly increase 
cardiovascular reactivity (eg, heart rate), inflamma-
tion, and produce metabolic changes, which, in 
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turn, lead to incident CHD.6 Additionally, psycho-
social stress has well- documented adverse effects 
on a range of poor health behaviors (eg, smoking, 
physical inactivity, and consumption of alcohol) and 
clinical CHD risk factors, including hypertension and 
diabetes mellitus,6,7 that are primary contributors to 
the development of CHD.

Sex differences in stress levels have been docu-
mented.8– 11 According to a survey by the American 
Psychological Association, women are more likely 
than men to report high average stress levels and 
stress- related physical and emotional symptoms (eg, 
fatigue and depression).9 This finding suggests that 
the strength of the association between psychosocial 
stress and CHD may be higher in women than men. 
Women may be exposed to psychosocial stress-
ors that are less common among men.10 Low et al11 
reviewed studies on psychosocial risk and CHD in 
women and found that stress from relationships and 
family responsibilities may be more important than 
job stress for women’s cardiovascular health. Thus, 
identifying which stressors are most relevant to CHD 
in women can provide insight into understanding sex 
differences in the relationship between psychosocial 
stress and CHD.

Most studies of psychosocial stress and CHD 
concentrate on the relationship between one individ-
ual source of stress, such as caregiving.12 However, 
different domains of stress may act synergistically to 
increase the risk of CHD.13 For example, death of a 
loved one can disrupt an individual’s life and induce 

stress in other domains, like work- related stress, 
enhancing CHD risk.12 Similarly, daily life stressors 
and family problems may act synergistically with 
job stress, accelerating the development of CHD in 
women since they usually take more domestic and 
caregiving responsibilities.13,14 Prior studies, which 
evaluated single domains of stress without consid-
ering the influence from others, may therefore have 
underestimated the association between stress and 
CHD risk.

To better characterize the associations between 
different domains of psychosocial stress and CHD 
in women, we utilized data from WHI- OS (Women’s 
Health Initiative Observational Study), a nationally rep-
resentative cohort study of postmenopausal women in 
the United States. We aimed to determine the inde-
pendent and synergistic effect of different stress do-
mains, including work, stressful life events, and social 
relationships, on women’s CHD risk.

METHODS
Because of the sensitive nature of the data collected 
for this study, requests to access the data set from 
qualified researchers trained in human subject confi-
dentiality protocols may be sent to the WHI (Women’s 
Health Initiative) at helpdesk@whi.org.

Study Population
WHI- OS included 93  676 postmenopausal women 
aged 50 to 79  years at baseline. Participants were 
enrolled from 1993 to 1998 at 40 geographically di-
verse clinical centers throughout the United States 
and followed until 2005.15 Written informed con-
sent was obtained from all women before enroll-
ment. Women who consented to participate in the 
WHI Extension Study were followed for an additional 
10  years from 2005 to 2015.15 The average follow-
 up for the current analysis was 14.7 years. A total of 
91  627 women (97.8% of the WHI- OS sample) re-
sponded to the occupational history questionnaire 
at baseline. Among those women, 80  825 women 
provided job title and tenure information on their 
most recent job, responded to life events and social 
strain questions, did not report a history of nonfatal 
myocardial infarction at baseline, and were not lost 
to follow- up (Figure). A total of 8812 participants were 
missing information on covariates (income, smok-
ing, drinking status, hypertension, diabetes mellitus, 
and high cholesterol, and depression symptoms) but 
were not excluded from the analysis since they ac-
count for nearly 10% of the eligible participants (see 
information on multiple imputation below).

This analysis was reviewed and approved by Drexel 
University’s institutional review board.

CLINICAL PERSPECTIVE

What Is New?
• Job strain and social strain work synergistically 

to increase coronary heart disease risk.

What Are the Clinical Implications?
• Prevention strategies including monitoring 

stress at work, decreasing workload, and pro-
moting social networks are needed and should 
receive more attention in the future.

Nonstandard Abbreviations and Acronyms

BHAT Beta- Blocker Heart Attack Trial
O*NET Occupational Information Network
WHI Women’s Health Initiative
WHI- OS Women’s Health Initiative 

Observational Study

mailto:helpdesk@whi.org
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Job Strain
Karasek Job Demand– Control Model is a well- 
established theoretical framework16 that has been 
applied to the relationship between job strain and 
health outcomes, including cardiovascular prob-
lems.17 In the model, job control describes whether 
workers can exert their influence over tasks, while 
job demand describes the workload and intensity. 
Occupations combining high demand with low con-
trol are recognized as the most stressful jobs.18 In 
WHI- OS, women reported up to 3 paid jobs (full or 
part- time) held for the longest period since age 18. 
Using text response of job title and industry, trained 
coders at the National Institute for Occupational 
Safety and Health assigned 6- digit 2010 Standard 
Occupational Classification codes to each job. We 
matched the occupational codes to the Occupational 
Information Network (O*NET) 21.0 database to eval-
uate the job demand and job control for each job. 
Prior studies have extracted indicators from O*NET 
to assess job strain19,20 and found a high level of 
consistency between the constructed O*NET psy-
chosocial scales and scales based on self- reported 
questionnaires, especially for the Job Demand– 
Control Model.19,20 Hence, we identified O*NET indi-
cators that have been previously used to evaluate job 
strain.19,20

Thirteen job indicators from O*NET were used to 
calculate scores of job demand and job control. Job 
demand was calculated from the mean of 5 items: 
selective attention, attention to details, importance of 

being exact, consequence of error, and time sharing 
(Cronbach α=0.66). Job control was calculated from 
the mean of 8 items: achievement, active learning and 
thinking creatively, independence, impact of decision on 
coworkers or company results, frequency of decision- 
making, freedom to make decisions, and structured 
work or not (Cronbach α=0.85). All O*NET job indica-
tors were standardized by creating a Z score with the 
mean equal to 0 and the SD equal to 1 based on the 
O*NET data set. Higher scores of demand and control 
variables represent greater job demand or job control.

We assessed job strain based on the participant’s 
job closest in time to study enrollment. Overall job 
strain was operationalized as 4 categories constructed 
by dichotomizing job demand and job control scores 
at medians and cross- tabulating: active work (high 
demand and high control), high strain (high demand 
and low control), low strain (low demand and high 
control), and passive work (low demand and low con-
trol). We dichotomized job demand and job control at 
the median values from the entire O*NET data set, ie, 
across all jobs in the US workforce. We also explored 
individual associations of job demand and job control 
with CHD as continuous variables since placing the 
women into job strain categories may lead to exposure 
misclassification.21

Stressful Life Events
Information on stressful life events was collected at 
baseline via a self- administered questionnaire origi-
nally developed in the Alameda County Epidemiologic 

Figure 1. Flowchart showing the study design: analytical population.
The left columns represent participants included in the analysis and the right columns indicate 
participants removed from the analysis.
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Study22 and modified in the BHAT (Beta- Blocker Heart 
Attack Trial).23 Further changes were introduced in 
the WHI study to ensure relevance to older women.24 
Participants were asked about their experience with 
11 major life events occurring over the previous year: 
spouse died, spouse with serious illness, close friend 
died, major problems with money, divorced/separated, 
close friend divorced, major conflict with children or 
grandchildren, lost job, physically abused, verbally 
abused, and pet died. For each event, women were 
asked to indicate whether they experienced the event 
(yes or no) and the extent to which the event upset 
them (1=did not upset me, 2=upset me moderately, and 
3=upset me very much). The final score on the stress-
ful life events scale ranged from 0 to 33, with a higher 
score indicating a greater number of upsetting life 
events. For consistency with prior studies conducted 
with this cohort,25 we created 4 categories of stressful 
life events based on the quartile distribution of the re-
sponses: low (0), medium- low (1 or 2), medium- high (3 
or 4), and high (≥5). We also evaluated the association 
between CHD and stressful life events as a continuous 
variable to evaluate exposure misclassification.

Social Strain
Social strain, the negative aspect of social relations, 
was measured at baseline by questions derived 
from a valid scale of negative social relationships.26 
Participants were asked about the number of people 
who get on their nerves, who ask too much of them, 
who exclude them, and who try to coerce them in their 
current life. For each question, a scale ranging from 1 
to 5 (none to all) was used to measure the frequency 
of negative social relations. The final summary score of 
social strain ranged from 4 to 20, where a higher score 
indicates greater social strain. Based on prior studies 
conducted with this cohort,25 we categorized social 
strain based on the tertile distribution of responses 
as low (<4), medium (5 or 6), and high (≥7). We also 
evaluated the association between CHD and social 
strain as a continuous variable to evaluate exposure 
misclassification.

Covariates
Age, race/ethnicity (White, Black, Hispanic, American 
Indian/Alaska Native, Asian/Pacific Islander, or other), 
education (less than high school completed, high 
school diploma/general equivalency diploma, some 
college, or college or more completed), family income 
(<$35  000, $35  000– $49  999, $50  000– $74  999, 
and >$75 000), and job tenure were included as po-
tential confounders of associations between stress 
and CHD. Baseline smoking status (none, former, 
and current smoker), alcohol use (number of alco-
hol servings per week), physical activity (metabolic 

equivalent hours per week), body mass index (kg/m2), 
depressive symptoms, hypertension, total choles-
terol, and diabetes mellitus were considered as po-
tential mediators of the associations between stress 
and CHD. Depressive symptoms were measured 
by the Burnham Instrument, which included 6 items 
from the Center of Epidemiology Studies Depression 
Scale and 2 items from the National Institute of 
Mental Health’s Diagnostic Interview Schedule.27 
The score of depressive symptoms ranged from 0 to 
0.99, with higher scores indicating greater depres-
sive symptomatology.27

Outcome Variable
CHD in this study was defined as the occurrence of 
first myocardial infarction (diagnosed based on car-
diac pain, cardiac enzyme and troponin levels, and 
ECG findings) or death from CHD.28 Women reported 
treatment or hospitalization for cardiovascular- related 
situations or diseases annually. A local physician 
adjudicator verified all self- reported events through 
a review of medical records and death certificates. 
Locally verified events were reviewed by central car-
diovascular adjudicators. While 70% of self- reported 
myocardial infarctions were verified by a local adju-
dicator, the agreement between central reviews with 
local adjudication was 87% for myocardial infarc-
tions.28 Follow- up continued from the point at which 
women entered the study until death, diagnosis of 
CHD, or end of follow- up.

Statistical Analysis
Characteristics of all covariates were summarized 
(means, SDs, and percentages) by CHD status. We 
performed multiple imputation with Markov chain 
Monte Carlo method to predict the values for missing 
data on the 10% of patients with missing information. 
We used all available covariates believed to be asso-
ciated with the missingness mechanism and created 
5 regression- based imputations.29 Cox proportional 
hazard models were used to estimate the hazard 
ratio (HR) and 95% CIs describing the relationships 
between covariates and incidence of CHD. Time in 
the proportional hazard models was the follow- up 
years. We tested the proportional hazard assump-
tion by evaluating the interaction between time and 
all variables. No violations of the assumption were 
identified. To evaluate the associations between 
each stress domain and CHD risk, we established 
4 models: model 1 estimated age- adjusted associa-
tions; model 2 controlled for age and other stress 
domains; model 3 additionally adjusted for race/eth-
nicity, education, family income, and job tenure; and 
model 4 adjusted for covariates in model 3 plus de-
pression symptoms, alcohol use, cigarette smoking, 
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leisure- time physical activity, body mass index, hy-
pertension, diabetes mellitus, and high cholesterol. 
For the main effects, P<0.05 was considered statisti-
cally significant.

Multiplicative interactions among stress domains 
were tested by creating 2- way interaction terms for 
each combination of stress domains. We added each 
interaction term separately into a Cox proportional 
model that included the main effects. Only interac-
tion terms with P<0.1 were considered statistically 
significant and retained. We examined the impact of 
the multiplicative interaction between stress domains 
in 3 models: model 1 included the main effects of 3 
stress domains, the possible interaction terms be-
tween stress domains, and age. Model 2 included 
variables in model 1 plus potential confounders: 
race/ethnicity, education, family income, and job ten-
ure; and model 3 additionally adjusted for potential 
mediators: depressive symptoms, alcohol use, cig-
arette smoking, leisure- time physical activity, body 
mass index, hypertension, diabetes mellitus, and 
high cholesterol.

Almost half of the women in this study were retired 
at baseline, and the association between job strain 
and CHD risk may be attenuated after retirement.30 
Hence, we conducted a sensitivity analysis to ex-
amine whether the association differed by women’s 
work status (working versus retired). To evaluate bias 
associated with the imputation of missing data, we 
repeated the analysis among women with complete 
data only.

All analysis was performed using SAS version 9.4 
(SAS Insitute Inc.).

RESULTS
The mean age of the population was 63 years (SD=7.3) 
at baseline. In general, women who developed CHD 
during follow- up had lower educational attainment and 
family income. They were also more likely to be cur-
rent smokers and have hypertension, diabetes melli-
tus, and high cholesterol levels compared with women 
without CHD (Table 1).

After adjustment for age and other stress domains, 
high job strain, high stressful life events scores, and 
high social strain were significantly associated with 
higher risk of CHD (Table 2, model 2). One- SD increase 
in job control was associated with a 14% decrease in 
the risk of CHD (HR, 0.86; 95% CI, 0.81–  0.90) after 
adjustment for age, job demand, stressful life events, 
and social strain. Compared with low job strain, high 
job strain and passive work were associated with a 
13% and 24% increased risk of CHD, respectively (HR, 
1.13 [95% CI, 1.03– 1.24] and HR, 1.24 [95% CI, 1.13– 
1.36]). Job demand was not associated with CHD risk. 

High stressful life event scores were associated with a 
20% increased risk of CHD (HR, 1.20; 95% CI, 1.09– 
1.31), compared with low stressful life events scores. 
Compared with low social strain, high social strain was 
associated with a 12% increased risk of CHD (HR, 1.12; 
95% CI, 1.04– 1.22).

All associations were attenuated after adjustment 
for race/ethnicity, education, family income, and job 
tenure (model 3). Job control and job strain were no 
longer significantly related to CHD risk (job control HR, 
0.98 [95% CI, 0.92– 1.05]; high job strain HR, 1.00 [95% 
CI, 0.91– 1.11]). However, the associations between 
high stressful life event scores and high social strain 
with greater CHD risk remained statistically significant 
(high stressful life event HR, 1.12 [95% CI, 1.02– 1.23]; 
high social strain HR, 1.09 [95% CI, 1.01– 1.18]). As ex-
pected, additionally adjusting for potential mediators 
further attenuated the associations (model 4). Findings 
for models with continuous measures of stressful life 
event and social strain were similar to the findings from 
the categorical measures (Table 2).

We did not find a significant interaction between 
job strain and stressful life events (P=0.20) or stress-
ful life events and social strain (P=0.66). However, 
we observed a significant interaction between job 
strain and social strain with CHD risk (P=0.04) such 
that the estimated impact of job strain on CHD risk 
was increased for women also reporting high social 
strain (Table 3). In the absence of social strain, job 
strain was not associated with CHD risk in women. 
Among women with high social strain, CHD risk was 
25% higher for women with high job strain and 50% 
higher for passive jobs compared with women with 
low job strain after adjustment for age and stressful 
life event scores (HR, 1.25 [95% CI, 1.07– 1.46]; HR, 
1.50 [95% CI, 1.30– 1.74], respectively). Controlling for 
race/ethnicity, family income, job tenure, and stress-
ful life events score attenuated the associations, but 
passive jobs remained significantly associated with 
a 21% higher risk of CHD for women with high so-
cial strain (HR, 1.21; 95% CI, 1.03– 1.41). In order to 
better understand the unexpected association with 
job strain, we evaluated the characteristics of par-
ticipants by levels of job strain. Women who worked 
in passive jobs had lower education and income 
compared with women in active or high- strain jobs 
(Table  S1). Additionally, women with passive jobs 
were more likely to have diabetes mellitus, hyperten-
sion, and high cholesterol (Table S1).

Compared with participants with missing data, 
those with complete data were more likely to be White 
and in the higher education categories (Table S2). We 
observed no significant changes in associations when 
we restricted the analysis to women with complete in-
formation (Table S3). After stratifying on working sta-
tus, the patterns of associations for job strain, stressful 
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Table 1. Characteristics by CHD Status in WHI- OS, 1993 to 2013

Characteristics

CHD Total

Yes (n=3841) No (n=76 984) N=80 825

Mean (SD)/% Mean (SD)/% Mean (SD)/%

Age, y 67.9 (6.6) 63.2 (7.3) 63.4 (7.3)

Race/ethnicity

White* 87 85.4 85.4

Black 7.8 6.9 7

Hispanic/Latino 1.5 3 2.9

American Indian or Alaskan Native 0.4 0.4 0.4

Asian or Pacific Islander 1.9 3 2.9

Other 0.9 1.1 1.1

Missing 0.5 0.2 0.3

Education

High school diploma or less than high school 24.1 19.3 19.5

More than high school diploma 75.2 80 79.8

Missing 0.7 0.7 0.7

Income

<$35 000 48 34.1 34.8

$35 000– $49 999 19.6 19.1 19.1

$50 000– $74 999 15 19.7 19.5

≥$75 000 10.2 20.3 19.8

Missing 7.1 6.8 6.8

Retirement status 68.2 50.2 51

Job demand −0.1 (0.8) −0.1 (0.8) −0.1 (0.9)

Job control 0.1 (0.9) 0.2 (0.9) 0.2 (0.9)

Job strain

Low strain 22.3 24.2 24.0

Active 27.7 31.5 31.3

Passive 24.3 20.9 21.1

High strain 25.7 23.4 23.6

Stressful life events 3.3 (3.2) 3.20 (3.1) 3.2 (3.1)

Social strain 6.4 (2.5) 6.4 (2.5) 6.4 (2.5)

Smoking

None 45 50.5 50.2

Former 44.7 42.5 42.6

Current 8.8 5.9 6.1

Missing 1.5 1.1 1.1

Alcohol consumption, servings per wk 2.3 (5.0) 2.6 (5.3) 2.6 (5.3)

Depression symptoms 0.04 (0.13) 0.04 (0.13) 0.04 (0.13)

BMI† 28.1 (6.2) 27.1 (5.8) 27.1 (5.8)

LTPA‡ 11.9 (13.1) 13.8 (14.4) 13.8 (14.3)

Diabetes mellitus (treated) 10.7 3.2 3.6

Hypertension (treated) 40.4 23.2 24

High cholesterol 20.1 13.5 13.8

BMI indicates body mass index; CHD, coronary heart disease; LTPA, leisure- time physical activity; and WHI- OS, Women’s Health Initiative Observational 
Study.

*Does not include Hispanic origin.
†Weight (kg)/height (m)2.
‡Total energy expended from recreational physical activity (metabolic equivalent hours per week).



J Am Heart Assoc. 2021;10:e017780. DOI: 10.1161/JAHA.120.017780 7

Wang et al Association of Stress and CHD in Women

life event scores, and social strain of CHD were similar 
in the sample of women who were currently working 
and the full sample (Table S4). However, the magnitude 
of the association was stronger for women who were 
currently working.

DISCUSSION
In this large sample of postmenopausal women, we 
found that stressful life events and social strain were 
each associated with increased risk of CHD. The as-
sociation between job strain and CHD risk was fully 
attenuated after adjustment for socioeconomic status. 
Job strain interacted with social strain in relation to 
CHD risk. The estimated impact of job strain on CHD 
risk was increased for women also reporting high so-
cial strain.

Prior prospective studies of the association be-
tween job strain and CHD risk among women yielded 
mixed results.31– 34 Job strain (high demand and low 
control) was not associated with the risk of CHD during 
4 years of follow- up among 35 038 US female nurses 
aged 46 to 71 years in the Nurses’ Health Study (rela-
tive risk, 0.71; 95% CI, 0.42– 1.19).31 Similarly, compared 
with high job strain (high demand and low control), low 

job strain (low demand and high control) was not sig-
nificantly associated with decreased risk of CHD after 
controlling for age and traditional CHD risk factors (rel-
ative risk, 1.63; 95% CI, 0.57– 4.67) in the Framingham 
Offspring Study (n=1328; age range, 18– 77 years) over 
a 10- year follow- up period.32 Additionally, the Women’s 
Lifestyle and Health Cohort Study (n=49 259 women; 
age range, 30– 50  years) found no association be-
tween self- reported high job strain (high demands and 
low control) and the incidence of CHD during 11 years 
of follow- up (HR, 1.0; 95% CI, 0.5– 1.9).33 In contrast, 
a collaborative meta- analysis of longitudinal studies 
evaluating job strain among 97  117 female employ-
ees in 8 European countries using the Job Content 
Questionnaire found that women with high job strain 
(high demand and low control) experienced 46% 
greater risk of CHD (HR, 1.46; 95% CI, 1.07– 1.99) com-
pared with women with lower job strain (including all 
other combinations of demands and control) after ad-
justing for age.34

We observed no independent association between 
job strain and CHD risk after controlling for age, other 
domains of stress, job tenure, and socioeconomic 
indicators. Inconsistent findings for job strain in prior 
research may be partially explained by differences 
in measurement of job strain, population age, and 

Table 2. HRs for the Associations of Job Strain, Stressful Life Events, and Social Strain Categories With Incident CHD in 
WHI- OS, 1993 to 2013 (N=80 825)

Stress Domains

Model 1 Model 2 Model 3 Model 4

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

Job strain

Low strain 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Active 0.96 (0.88– 1.05) 0.96 (0.88– 1.06) 0.96 (0.87– 1.05) 0.93 (0.88– 1.02)

Passive 1.25 (1.14– 1.38) 1.24 (1.13– 1.36) 1.01 (0.91– 1.12) 1.00 (0.90– 1.11)

High strain 1.13 (1.03– 1.24) 1.13 (1.03– 1.24) 1.00 (0.91– 1.11) 1.01 (0.91– 1.11)

Stressful life event

Low 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Medium- low 0.99 (0.91– 1.09) 0.98 (0.90– 1.08) 0.97 (0.89– 1.07) 0.95 (0.87– 1.04)

Medium- high 1.13 (1.03– 1.24) 1.10 (1.00– 1.21) 1.10 (0.98– 1.18) 1.04 (0.94– 1.14)

High 1.25 (1.14– 1.37) 1.20 (1.09– 1.31) 1.12 (1.02– 1.23) 1.02 (0.93– 1.12)

Social strain

Low 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Medium 1.04 (0.96– 1.12) 1.02 (0.94– 1.11) 1.03 (0.95– 1.11) 0.99 (0.91– 1.07)

High 1.18 (1.09– 1.27) 1.12 (1.04– 1.22) 1.09 (1.01– 1.18) 1.00 (0.92– 1.08)

Job demand* 0.92 (0.86– 0.97) 0.97 (0.92– 1.04) 0.98 (0.92– 1.04) 0.96 (0.91– 1.02)

Job control* 0.84 (0.80– 0.89) 0.86 (0.81– 0.90) 0.98 (0.92– 1.05) 0.97 (0.92– 1.03)

Stressful life events* 1.04 (1.03– 1.05) 1.03 (1.02– 1.04) 1.02 (1.01– 1.03) 1.01 (0.99– 1.02)

Social strain* 1.05 (1.03– 1.06) 1.03 (1.02– 1.05) 1.03 (1.01– 1.04) 1.01 (0.99– 1.03)

Mode 1: age. Model 2: age and other domains of stress. Model 3: age, race/ethnicity, income, education, job tenure, and other domains of stress. Model 
4: age, race/ethnicity, income, education, job tenure, depression symptoms, smoking, alcohol, leisure- time physical activity, body mass index, hypertension, 
cholesterol, diabetes mellitus, and other domains of stress. CHD indicates coronary heart disease; HR, hazard ratio; and WHI- OS, Women’s Health Initiative 
Observational Study.

*Model adjusted for continuous stressor instead of categorical stressor.
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consideration of confounders. Some studies com-
bined low, passive, and active job strain into 1 group, 
which may ignore the potential impact of the passive 
or active work on CHD risk. Advanced age may atten-
uate the association between job strain and cardiovas-
cular disease, as retirement is more common in older 
age groups.30 Moreover, most studies considered ad-
justment for traditional CHD factors while few studies 
adjusted for the impact of emotional disorders such 
as depression, which is related to both psychosocial 
stress and CHD.35

Results from our study suggest a strong interac-
tion between job strain and social strain. Stressful life 
events and social isolation have been consistently and 
positively related to CHD in prior research.10,14,25,36 A 
previous study utilizing WHI data found that stressful 
life events and social strain were associated with a 
higher incidence of CHD.25 However, this study did not 
consider the interdependent effects of multiple stress 
domains, including job strain, or evaluate the interac-
tion between stress domains. Few studies have exam-
ined the interactions among different stress domains 
and the impact on CHD among women.14,37 In the 
Stockholm Female Coronary Risk Study of 287 (131 
cases and 156 controls) women aged 30 to 65 years, 
exposure to stress from work and family was associated 
with the highest risk and the worst CHD prognosis.14 
This is consistent with our finding that the association 
between job strain and CHD risk was higher among 
women also reporting high social strain. In our study, 
passive work was associated with the highest risk of 
CHD among women with high social strain. Similar to 
prior research,38 women in our study population who 
worked in passive jobs were more likely to be in lower 

socioeconomic status categories (eg, less than high 
school education and lowest income group) and have 
higher prevalence of diabetes mellitus, hypertension, 
and high cholesterol. Low socioeconomic status is 
correlated with increased risk of cardiovascular dis-
ease.6,7 The residual confounding by socioeconomic 
status in combination with a large burden of CHD risk 
factors may partially explain the increased CHD risk for 
passive work in our population.

The prolonged effects of stress are directly related 
to endothelial damage.7 When women are exposed 
to stressful situations over time, a series of cardiovas-
cular reactions are elicited (eg, increased blood pres-
sure, autonomic activity, and inflammation), which, in 
turn, may lead to endothelial damage and accelerate 
the atherosclerotic process.7 Additionally, stress may 
decrease a person’s cognitive abilities, leading to 
difficulties in learning new things and being active in 
social relationships.39 Alternatively, people with har-
monious social relationships may be more confident 
in their ability to control their environment, which may 
help them reduce the perception of threats and act as 
an important resource in handling adverse situations, 
eg, at work, and therefore relieve the potential negative 
health impact of stress.39

This study has several strengths. First, the use of 
3 previously validated stress measures allowed us to 
examine the unique impact of different stress domains 
and their potential interaction on the development of 
CHD in women. Second, we included job tenure in the 
models of job strain and CHD since recent evidence 
suggests that cumulative job strain may be a stron-
ger predictor of CHD.12 This study measured job strain 
by linking women’s reports of occupation to standard 

Table 3. HRs for Associations of Job Strain With Incident CHD by Social Strain in WHI- OS, 1993 to 2013 (N=80 825)

Social Strain Job Strain

Model 1 Model 2 Model 3

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

Low Low Reference Reference Reference

Active 0.92 (0.79– 1.08) 0.91 (0.78– 1.06) 0.88 (0.75– 1.03)

Passive 1.03 (0.87– 1.21) 0.85 (0.71– 1.00) 0.86 (0.72– 1.02)

High 0.96 (0.82– 1.13) 0.85 (0.72– 1.01) 0.86 (0.73– 1.01)

Medium Low Reference Reference Reference

Active 0.95 (0.81– 1.12) 0.93 (0.80– 1.10) 0.90 (0.77– 1.06)

Passive 1.16 (0.97– 1.14) 0.96 (0.81– 1.15) 0.92 (0.77– 1.10)

High 1.19 (1.01– 1.40) 1.05 (0.89– 1.23) 1.02 (0.87– 1.21)

High Low Reference Reference Reference

Active 1.02 (0.88– 1.19) 1.02 (0.87– 1.19) 1.00 (0.86– 1.16)

Passive 1.50 (1.30– 1.74) 1.21 (1.03– 1.41) 1.20 (1.03– 1.40)

High 1.25 (1.07– 1.46) 1.13 (0.97– 1.32) 1.14 (0.97– 1.33)

Model 1: age and life stress. Model 2: age, race/ethnicity, income, education, job tenure, and other domains of stress. Model 3: age, race/ethnicity, income, 
education, job tenure, depression symptoms, smoking, alcohol, leisure- time physical activity, body mass index, hypertension, cholesterol, diabetes mellitus, 
and other domains of stress. CHD indicates coronary heart disease; HR, hazard ratio; and WHI- OS, Women’s Health Initiative Observational Study.
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occupational information data sets, which reduces the 
bias of self- reported occupational exposure based on 
present health status and participants’ attitude. The 
use of a standard occupational informational data set 
may, however, underestimate variability in exposure 
within the same occupation.

Our study also has several limitations. First, our re-
sults may reflect the “healthy worker” bias.40 People 
who are able to meet the high demands of working 
for a long period may have better physical health. 
However, after stratifying on working status, we ob-
served similar associations for people who were still 
working at baseline to the overall cohort, suggesting 
that the healthy worker bias was relatively modest. 
Although we were able to adjust for many confound-
ers in multivariable models, residual confounding 
may still exist. Working hours (eg, shift work) and so-
cial support are associated with CHD41,42 and were 
not considered in this study, which, in turn, may bias 
our effect estimates. In this study, we focused on 
the impact of stress from the most recent/current 
job. People may take different jobs during their life. 
Ignoring the change of job strain over the life course 
will likely lead to an underestimation of the associa-
tions. Based on the traditional job strain definition, 
we used median cut points for job demand and 
control, which may misclassify workers regarding 
their exposure to job strain and result in biased es-
timated associations.21 However, we observed simi-
lar patterns of associations with CHD for continuous 
stressors, including continuous job control and job 
demand, suggesting that the effect of misclassifica-
tion in our measure of job strain was small. Notably, 
the Cronbach α for job demand in our study was 
not high. Job demand consists of both quantitative 
demands (work overload) and qualitative demands 
(intellectual and emotional demand).43 For women, 
qualitative demand is more important than quanti-
tative demands.43 However, our objective measure-
ment of job demand based on previous studies may 
not adequately capture the qualitative demands and 
thus only partially measured job demand for women. 
Sex- specific measurement of job demand is needed 
in the future.

CONCLUSIONS
Stressful life events and social strain were each asso-
ciated with increased risk of CHD among women. For 
job strain, the increased CHD risk was confounded 
by socioeconomic factors. Exposure to job strain and 
social strain interacted synergistically, resulting in a 
higher risk of CHD than expected from exposure to 
either stressor alone. Our findings support the public 
health concern about the harmful impact of stress on 

well- being and, in particular, on cardiovascular risk. 
Addressing stress may have an important role in the 
prevention of CHD in women, especially for women 
who experience stress at work in addition to social 
stress. Although a variety of interventions directed at 
stressors such as special education programs and 
cognitive- behavioral therapy have been developed, 
these interventions have primarily focused on sec-
ondary prevention.44 Primary prevention strategies 
including monitoring stress at work, decreasing work-
load, and promoting social networks are needed and 
should receive more attention in the future. Because 
sex and socioeconomic status may influence peo-
ple’s ability to manage stress, research is necessary 
to identify subgroups of people who may be more 
likely to benefit from the implementation of preventive 
interventions.
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Table S1. Characteristics of Participants by Job Strain Category in WHI-OS, 1993 – 2013  (n= 80,825). 

Characteristics 

Job Strain 

Low (n=19,411) Active (n=25,285) Passive (17,032) High (19,097) 

Mean (SD)/% Mean (SD)/% Mean (SD)/% Mean (SD)/% 

Age 62.9(7.4) 62.9 (7.3) 64.2 (7.1) 64.0 (7.3) 

Race/Ethnicity     

White * 87.0 85.6 81.0 87.6 

Black or African American 6.4 7.7 8.8 5.0 

Hispanic/Latino 2.6 2.3 4.8 2.9 

American Indian or Alaskan Native 0.4 0.3 0.6 0.3 

Asian or Pacific Islander 2.5 2.9 3.3 3.0 

Other  0.9 1.0 1.3 1.0 

Missing 0.2 0.2 0.2 0.2 

Education     

High school diploma or Less than High school 10.0 6.7 41.0 26.9 

More than high school diploma 89.4 92.5 58.2 72.4 

Missing 0.6 0.8 0.8 0.7 



 
 

Income     

Less than $35,000 26.7 25.2 52.6 40.1 

$35,000 to $49,999 18.8 20.3 17.0 19.7 

$50,000 to $74,999 21.9 23.0 13.2 17.9 

$75,000 or Above 28.6 27.7 13.0 17.9 

Missing 4.0 3.8 4.2 4.4 

Retirement Status  45.0 51.4 50.7 51.5 

Job Tenure 14.5 (10.9) 16.9 (11.4) 11.4 (10.1) 12.5 (10.3) 

Stressful life events 3.2 (3.1) 3.1(3.0) 3.6 (3.4) 3.2 (3.1) 

Social strain  6.4 (2.4) 6.4 (2.4) 6.7 (2.7) 6.4 (2.4) 

Smoking     

None 49.1 49.3 52.6 50.8 

Former 44.5 44.0 39.1 41.8 

Current Smoker 5.2 5.6 7.2 6.3 

Missing 1.2 1.1 1.1 1.1 

Alcohol Consumption (servings/week) 3.9 (1.5) 3.8 (1.5) 3.4 (1.6) 3.7 (1.6) 



 
 

Depression Symptoms 0.04 (0.12) 0.03 (0.11) 0.05 (0.15) 0.04 (0.13) 

BMI † 26.7 (5.6) 26.9 (5.7) 28.0 (6.2) 27.1 (5.7) 

LTPA ‡ 15.0 (14.8) 14.7 (14.6) 11.9 (13.7) 12.9 (13.7) 

Diabetes (treated) 3.0 3.2 5.2 3.3 

Hypertension (treated) 20.9 23.4 27.8 24.8 

High Cholesterol  12.4 13.1 15.5 14.6 

BMI, body mass index; LTPA, leisure-time physical activity; SD, standard deviation; MET, metabolic equivalent; WHI-OS, Women’s Health 

Initiative-Observational Study 

a Does not include Hispanic origin 

b Weight (kg)/height (m)2 

c Total energy expend from recreational physical activity (MET-hours/week) 

 

  



 
 

Table S2. Characteristics of Participants with Complete and Missing Data in WHI-OS. 

Characteristics 

Complete Data Incomplete Data  

n=72,013 n=8,812 

Mean(SD)/% Mean(SD)/% 

Age 63.3 (7.3) 64.2 (7.3) 

Race/Ethnicity   

 White a 86 83.3 

 Black or African American 6.8 8.9 

 Hispanic/Latino 3 4 

 American Indian or Alaskan Native 0.3 0.5 

 Asian or Pacific Islander 2.9 2 

 Other  1 1.3 

 Education   

 High school diploma or Less than High   

 school 

19.4 21.9 

 More than high school diploma 80.6 78.1 



 
 

Income   

 Less than $35,000 37 40.8 

 $35,000 to $49,999 20.6 18.5 

 $50,000 to $74,999 20.1 19 

 $75,000 or Above 22.3 21.7 

Retirement  51 53.1 

Current Smoker 6.1 5.9 

Alcohol Use  

 None  28.4 29.3 

 ≤7 drinks per week 58.5 57.6 

 >7 drinks per week 13.1 13.1 

Depression Symptoms 0.04 (0.13) 0.04 (0.13) 

BMI b 27.1 (5.8) 27.1 (6.0) 

LTPA c 13.8 (14.3) 12.9 (14.7) 

Diabetes (treated) 3.6 3.9 

Hypertension (treated) 24.4 24.9 



 
 

High Cholesterol  14 15.1 

BMI, body mass index; LTPA, leisure-time physical activity; SD, standard deviation; MET, metabolic equivalent; WHI-OS, Women’s Health 

Initiative-Observational Study 

a Does not include Hispanic origin 

b Weight (kg)/height (m)2 

c Total energy expend from recreational physical activity (MET-hours/week) 

 

 

 

 

 

 

 



 
 

Table S3. Hazard Ratios for Associations of Job Strain, Stressful Life Events and Social Strain Categories with Incident 

Coronary Heart Disease in Women’s Health Initiative – Observational Study, 1993 – 2013 (Women with completed data, n= 

72,013). 

Stress Domain 

Model 1 Model 2 Model 3 Model 4 

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

Job Demand* 0.92 (0.86,0.98) 0.97 (0.91,1.04) 0.97 (0.91,1.04) 0.96 (0.90,1.02) 

Job Control* 0.85 (0.80,0.89) 0.86 (0.82,0.91) 0.98 (0.92,1.05) 0.98 (0.92,1.04) 

Job Strain 

Low Strain  1.00(Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 

Active 0.97 (0.88,1.07) 0.97 (0.88,1.07) 0.96 (0.87,1.05) 0.95 (0.86,1.05) 

Passive  1.26 (1.15, 1.40) 1.25 (1.13, 1.38) 1.02 (0.92,1.14) 1.02 (0.91,1.14) 

High Strain  1.12 (1.02,1.23) 1.12 (1.01,1.23) 0.99 (0.89,1.10) 1.02 (0.91,1.13) 

Life Event  

Low  1.00(Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 

Medium_Low  1.00 (0.91,1.10) 0.99 (0.90,1.09) 0.98 (0.88,1.08) 0.96 (0.87,1.06) 

Medium_High  1.15 (1.05,1.27) 1.13 (1.02,1.25) 1.10 (1.00,1.22) 1.06 (0.96,1.18) 



 
 

High 1.27 (1.15,1.39) 1.21 (1.10,1.34) 1.13 (1.02,1.25) 1.04 (0.94,1.15) 

Social Strain 

Low  1.00(Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 

Medium  1.04 (0.96,1.13) 1.03 (0.94,1.12) 1.02 (0.94,1.12) 0.99 (0.91,1.08) 

High  1.18 (1.09,1.29) 1.12 (1.03,1.22) 1.09 (1.00,1.19) 1.00 (0.92,1.09) 

CI, confidence interval; HR, hazard ratio; Ref, reference; BMI, body mass index; LTPA, leisure-time physical activity; WHI-OS, 

Women’s Health Initiative-Observational Study 

Mode1: Age 

Model2: Age and other domains of stress 

Model 3: Age, race/ethnicity, income, education, job tenure and other domains of stress 

Model 4: Age, race/ethnicity, income, education, job tenure, depression symptoms, smoking, alcohol, LTPA, BMI, hypertension, 

cholesterol, diabetes, and other domains of stress 

*: Model 2-4 adjusted for continuous job demand/job control, other two domains of stress and corresponding covariates mentioned 

above. 

 

 



 
 

Table S4. Hazard Ratios for Associations of Job Strain, Stressful Life Events and Social Strain Categories with Incident 

Coronary Heart Disease by Working Status in Women’s Health Initiative – Observational Study, 1993 – 2013 (n= 80,825). 

Stress 

Domain 

Current Workers All Workers (Current and Retired) 

Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4 

HR (95% 

CI) 

HR (95% 

CI) 

HR (95% 

CI) 

HR (95% 

CI) 

HR (95% 

CI) 

HR (95% 

CI) 

HR (95% 

CI) 

HR (95% 

CI) 

Job 

Demand* 

0.90 

(0.81,0.99) 

0.97 

(0.92,1.04) 

0.98 

(0.92,1.04) 

0.96 

(0.91,1.02) 

0.92 

(0.86,0.97) 

0.97 

(0.92,1.04) 

0.98 

(0.92,1.04) 

0.96 

(0.91,1.02) 

Job Control* 

0.81 

(0.74,0.89) 

0.86 

(0.81,0.90) 

0.98 

(0.93,1.04) 

0.97 

(0.92,1.03) 

0.84 

(0.80,0.89) 

0.86 

(0.81,0.90) 

0.98 

(0.92,1.05) 

0.97 

(0.92,1.03) 

Job Strain         

Low 

Strain  

1.00(Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00(Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 

Active 

1.02 

(0.87,1.20) 

0.96 

(0.88,1.06) 

0.96 

(0.88,1.05) 

0.93 

(0.85,1.02) 

0.96 

(0.88,1.05) 

0.96 

(0.88,1.06) 

0.96 

(0.87,1.05) 

0.93 

(0.88,1.02) 



 
 

Passive  

1.46 

(1.24,1.72) 

1.24 

(1.13,1.36) 

1.01 

(0.91,1.12) 

1.00 

(0.90,1.10) 

1.25 

(1.14,1.38) 

1.24 

(1.13,1.36) 

1.01 

(0.91,1.12) 

1.00 

(0.90,1.11) 

High 

Strain  

1.12 

(0.95,1.32) 

1.13 

(1.03,1.24) 

1.00 

(0.91,1.10) 

1.00 

(0.91,1.10) 

1.13 

(1.03,1.24) 

1.13 

(1.03,1.24) 

1.00 

(0.91,1.11) 

1.01 

(0.91,1.11) 

Life Event      

Low  1.00(Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00(Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 

Medium_

Low  

0.97 

(0.82,1.16) 

0.98 

(0.90,1.08) 

0.97 

(0.89,1.07) 

0.95 

(0.87,1.04) 

0.99 

(0.91,1.09) 

0.98 

(0.90,1.08) 

0.97 

(0.89,1.07) 

0.95 

(0.87,1.04) 

Medium_

High  

1.21 

(1.02,1.44) 

1.10 

(1.00,1.21) 

1.08 

(0.98,1.18) 

1.04 

(0.95,1.14) 

1.13 

(1.03,1.24) 

1.10 

(1.00,1.21) 

1.10 

(0.98,1.18) 

1.04 

(0.94,1.14) 

High 

1.38 

(1.17,1.62) 

1.20 

(1.09,1.31) 

1.12 

(1.02,1.23) 

1.02 

(0.92,1.12) 

1.25 

(1.14,1.37) 

1.20 

(1.09,1.31) 

1.12 

(1.02,1.23) 

1.02 

(0.93,1.12） 

Social Strain     

Low  1.00(Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00(Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 

Medium  

1.09 

(0.94,1.27) 

1.02 

(0.94,1.11) 

1.03 

(0.95,1.11) 

0.99 

(0.91,1.07) 

1.04 

(0.96,1.12) 

1.02 

(0.94,1.11) 

1.03 

(0.95,1.11) 

0.99 

(0.91,1.07) 



 
 

High  

1.21 

(1.05,1.40) 

1.12 

(1.04,1.22) 

1.09 

(1.01,1.18) 

0.99 

(0.92,1.08) 

1.18 

(1.09,1.27) 

1.12 

(1.04,1.22) 

1.09 

(1.01,1.18) 

1.00 

(0.92,1.08) 

CI, confidence interval; HR, hazard ratio; Ref, reference; BMI, body mass index; LTPA, leisure-time physical activity; WHI-OS, 

Women’s Health Initiative-Observational Study 

Mode1: Age               

Model2: Age and other domains of stress       

Model 3: Age, race/ethnicity, income, education, job tenure and other 

domains of stress 
    

Model 4: Age, race/ethnicity, income, education, job tenure, depression symptoms, smoking, alcohol, LTPA, BMI, hypertension, 

cholesterol, diabetes and other domains of stress 

*: Model 2-4 adjusted for continuous job demand/job control, other two domains of stress and corresponding covariates 

mentioned above. 

 

 
 
 
 
 
 
 
 




