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Abstract
Purpose—To investigate the association of employment status with CHD and ischemic stroke
among middle-aged women.

Methods—Proportional hazards regression was used to assess the association of employment status,
incident CHD, and incident ischemic stroke among 7,058 women, aged 45-64 years at baseline
(1987-89), from the Atherosclerosis Risk in Communities Study.

Results—After adjusting for age and race-field center, women employed outside the home had a
decreased risk of CHD (hazard ratio (HR) =0.70, 95% confidence interval (95% CI) =0.56, 0.86)
and ischemic stroke (HR=0.62, 95% CI=0.47, 0.84) compared to homemakers. Differences in
cardiovascular disease risk factors partially accounted for the association of employment status and
CHD (HR=0.79, 95% CI=0.63, 0.99) and stroke (HR=0.79, 95% CI=0.58, 1.08). Also, modest
differences were noted when the results were stratified by education, with employed women having
a lower risk of CHD (HR=0.65, 95% CI=0.45, 0.93) than homemakers among those with less than
a high school education.

Conclusions—Women employed outside of the home had a lower risk of CHD and stroke
compared to homemakers and for CHD, this association was stronger among women with less than
a high school education. These findings suggest additional research into the varied occupational
experiences of women, socioeconomic status, and health is warranted.
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Introduction
Women are an integral part of today's paid labor force and their participation rates continue to
increase at a faster pace than those for men; in fact, women are projected to comprise just under
half of the total labor force in the United States by 2015 1. As more women enter the work
force, divergent theories have emerged about the potential health effects for women. The social
causation hypothesis posits that employment outside of the home affects the health of women
while the social selection hypothesis posits that healthy women are more likely to enter and
remain in the work force than those with worse health profiles 2. Moreover, the multiple role
theory suggests that women with more roles (e.g., family and employee roles) may have a
better health profile than women with fewer roles 3, although the strength of this association
may vary due to different levels of job demands and job control 4. Due to the fact that many
women assume multiple roles as homemakers, primary caretakers for children and elderly
parents, in addition to being employed outside of the home, the investigation of the health-
employment relationship among women is complex.

Previous studies have reported inconsistent results for the association between employment
status and cardiovascular health. For cardiovascular risk factors, employed women in the
National Health Examination Survey had an increased risk of hypertension compared to
homemakers 5. Also, employed, middle-aged women in the Allegheny County Study had lower
high density lipoprotein (HDL) cholesterol 6, but no differences were reported for smoking,
alcohol consumption, and body mass index. Other studies have reported a more favorable
cardiovascular risk factor profile for women employed outside of the home. In the Rancho
Bernardo Study, currently employed women had lower total cholesterol, lower fasting glucose,
and lower systolic blood pressure 7. Also, in the National Health and Nutrition Examination
Survey II and the Atherosclerosis Risk in Communities Study, employed women had a
decreased risk of hypertension compared to homemakers 5,8. Similarly, inconsistent findings
have been reported for mortality and coronary heart disease (CHD). In a cohort study in
Alameda County, no association was reported between employment status and mortality 9.
Conversely, employed women had a lower risk of mortality in a study of HMO participants in
California and similar findings were reported in two other studies of employment status and
mortality among women 10,11. In the Tecumseh Study, self-reported heart attacks were greater
among homemakers, although no difference in diagnosed CHD was noted between employed
women and homemakers 12. Also, homemakers had an increased risk of CHD in the National
Health and Nutrition Survey 13, while no difference in CHD incidence between employed
women and homemakers was reported in the Framingham Study 14.

Methodological differences make the comparison of results across studies difficult and may
contribute to some of the inconsistent findings that have been reported for cardiovascular risk
factors, mortality, and clinical CHD. Given the historical differences in occupational
opportunities and financial remuneration available to women, the aim of this study was to
investigate the association between current employment status and incident CHD, including
fatal CHD, and to evaluate whether this association differed by age, race, or socioeconomic
status over an average 14 years of follow-up among African-American and white women from
four U.S. communities. Also, CHD and stroke share many of the same risk factors, but previous
studies have not investigated the association between employment status and ischemic stroke.
Thus, another aim of this study was to evaluate the association between current employment
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status and risk of incident ischemic stroke in this bi-racial cohort of middle-aged women in the
Atherosclerosis Risk in Communities (ARIC) Study.

Methods
Study design and population

The ARIC Study is a prospective cohort study designed to investigate the etiology and natural
history of atherosclerosis among 15,792 men and women, aged 45-64 years at baseline, from
four U.S. communities: Forsyth County, North Carolina; Jackson, Mississippi (African-
American participants only); northwest suburbs of Minneapolis, Minnesota; and Washington
County, Maryland. The baseline clinical examination occurred between 1987-1989 with three
additional clinical examinations occurring between 1990-1992, 1993-1995, and 1996-1998,
respectively. The participants received annual follow-up telephone calls in between the clinical
examinations to assess their vital status and hospitalizations, if any, for subsequent medical
record review. Annual follow-up telephone calls continued after the last clinical examination
and are currently ongoing to assess vital status and hospitalizations for medical record review.
The ARIC Study received Institutional Review Board approval and written informed consent
was obtained from all participants. Details of the design of the study and participation rates
have been published 15,16.

Assessment of Employment Status
Current employment status was self-reported at the baseline examination (1987-89).
Participants reported whether they were homemaking (not employed outside the home),
employed at a job for pay (full-time or part-time), unemployed, or retired. Only participants
who reported being currently employed or homemaking at the baseline examination were
included in the present study. Because of limited information for unemployed and retired
women, these women were excluded.

Assessment of Incident CHD and Ischemic Stroke Events
Incident CHD (myocardial infarction (MI) or fatal CHD event) and incident ischemic stroke
events occurring between the baseline examination and December 31, 2004 among participants
with no history of prevalent CHD (electrocardiogram evidence of MI or self-reported physician
diagnosis) or prevalent stroke (self-reported physician diagnosis) were ascertained for this
study. The standardized methods and quality control procedures used for the ascertainment of
CHD and ischemic stroke events have been published 16,17 and a detailed protocol is available
18. Briefly, participants were evaluated at the triennial clinic examinations and they were
contacted annually to assess any hospitalizations and changes in vital status. If a hospitalization
was indicated, the participant's medical records were reviewed and abstracted for a possible
CHD or stroke event. For CHD, medical records containing discharge diagnostic codes
suggestive of CHD (International Classification of Disease, 9th Revision, Clinical Modification
codes 402, 410-414, 427, 428, 518.4) or related screening conditions (e.g., diabetes, cardiac
surgery) were obtained and abstracted for validation of a CHD event. For ischemic stroke, if
any of the following occurred: 1) medical records contained discharge diagnostic codes
suggestive of cerebrovascular events (International Classification of Disease, 9th Revision,
Clinical Modification codes 430-438); 2) cerebrovascular keywords were present in discharge
summary or nurse notes; 3) diagnostic CT scan or MRI with cerebrovascular findings; or 4)
admission to neurological intensive care unit, the medical record of the participant was sent to
a central location, and abstracted by a trained nurse for validation of a stroke event. If a
participant was reported as deceased by next of kin or another designated contact person, then
the date and location of death, and any hospitalizations prior to death were ascertained. When
a participant was not located during annual follow-up, hospital records and the National Death
Index were searched to determine vital status. A computer algorithm was used to discern the
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occurrence of a MI (based on diagnostic ECG patterns, cardiac enzyme levels, and chest pain),
fatal CHD event (based on hospital notes, medical history, underlying cause of death, chest
pain, and no evidence of other probable cause of death), or ischemic stroke event and these
events were independently reviewed by physician reviewers. All MI, fatal CHD, and ischemic
stroke events were validated by the ARIC Morbidity and Mortality Classification Criteria.

Assessment of Covariates
Demographic (age, race) and socioeconomic status (education, annual family income)
variables were self-reported at baseline. Combined variables for race and ARIC field center
were created for use in models because of the racial distribution of participants at the field
centers. Trained study personnel and research technicians took all physical measurements and
administered all questionnaires following a standardized protocol that included quality control
measures. All covariates for this study were assessed at the baseline examination. Body mass
index (kg/m2) was determined using height and weight measurements taken without shoes.
Diabetes was defined as a fasting blood glucose ≥126mg/dl, non-fasting blood glucose
≥200mg/dl, use of hypoglycemic medication, or self-reported physician diagnosis. For systolic
blood pressure (SBP), a random-zero mercury sphygmomanometer was used to measure blood
pressure three times, five minutes apart, with the average of the second and third measurements
used as the final assessment of SBP. The use of antihypertensive medications was determined
based on medical information that was abstracted and coded from the medication bottles that
the participants brought to clinic examinations or self-reported. HDL cholesterol was measured
by the Warnick method 19 and LDL cholesterol was calculated based on the Friedewald formula
20 at a central lipid laboratory. Smoking status (current, former, never), general health
perception (excellent, good, fair, or poor), health insurance, and frequency of routine clinical
examinations (yearly, once every five years, less than once every five years, and none) were
self-reported. Marital status was self-reported at the second clinic examination (1990-1992),
so participants who were lost to follow-up or died prior to that visit had missing data for that
variable.

Sample Size
At baseline, the ARIC Study included 8685 women participants. This study excluded women
who were not white or African-American and African-American participants at the Maryland
and Minnesota field centers (n=22) due to the small number and to explore effect modification
by race. Women who were retired (n=945), unemployed (n=237), missing employment status
(N=18), had prevalent CHD (n=314), or prevalent stroke (n=91) were also excluded resulting
in a sample size of 7058. During an average follow-up period of 14 years, 418 CHD events
and 219 ischemic stroke events occurred.

Statistical analysis
Age-adjusted proportions and means for traditional cardiovascular disease (CVD) risk factors
were obtained from logistic regression and general linear regression 21, while age-adjusted
incidence rates for CHD and ischemic stroke were obtained from Poisson regression 22. Cox
proportional hazards regression was used to assess the association of employment status with
CHD and stroke using a complete case analysis. The proportional hazards assumption was
evaluated using log-log plots and time dependent covariates included in the model and no
violations were noted. The regression models were adjusted for age, race-field center,
socioeconomic status, CVD risk factors, and health care variables. Effect modification by age,
race, education, income, and marital status was investigated based on reports from previous
studies 4,5,8,23,24 but no effect modifiers were significant for CHD or ischemic stroke using
an a priori significance of p<0.15. Due to concerns about residual confounding, additional
analyses were stratified by education to examine whether the association between employment
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status and CHD events differed by socioeconomic status. All statistical analyses were
performed using SAS version 9.1 (Cary, NC).

Results
The characteristics of the study participants by employment status at baseline are presented in
Table 1. Overall, the majority of the women were employed outside of the home (75%).
Differences between homemakers and women employed outside the home were noted for
demographic, socioeconomic, and cardiovascular risk factors. The mean age was slightly lower
for women employed outside of the home (52 years) compared to homemakers (55 years).
African-American women comprised a smaller proportion of the homemaking group (21%)
than those employed outside of the home (33%). Employed women were more likely to have
advanced education levels, higher incomes, and more favorable CVD risk profiles than
homemakers. Also, the incidence rate per 1000 person-years for both CHD and ischemic stroke
was lower among women employed outside the home than among homemakers (Figure 1).

The hazard ratios and 95% confidence intervals for the association of employment status with
incident CHD and incident ischemic stroke are presented in Table 2. In analyses adjusted for
age and race-field center, employed women had a decreased risk of incident CHD (HR=0.70,
95% CI=0.56, 0.86). After adjustment for education and family income, this association was
only modestly attenuated; additional adjustment for CVD risk factors and health care further
attenuated this association (HR=0.77, 95% CI=0.61, 0.97). Women employed outside of the
home also had a decreased risk of ischemic stroke than homemakers (HR=0.62, 95% CI=0.47,
0.84), but this association was attenuated and no longer significant after adjustment for
socioeconomic status, CVD risk factors, and health care (HR=0.84, 95% CI=0.61, 1.16).

The association of employment status with CHD and ischemic stroke was also evaluated
stratified by education because of possible residual confounding by socioeconomic position
(Table 3). For CHD, a modest gradient was noted across the continuum of education. The
association was strongest among those with less than a high school education, with women
employed outside of the home having a decreased risk of CHD (HR=0.61, 95% CI=0.42, 0.87)
after adjustment for covariates. The association was somewhat weaker for women who
completed high school (HR=0.84, 95% CI=0.58, 1.21), and weakest among those with some
college or more where there was no difference between women employed outside the home
and homemakers (HR=1.12, 95% CI=0.63, 2.01). No consistent patterns were noted for
ischemic stroke.

Discussion
In this study of middle-aged women in the United States, women employed outside of the home
had a decreased risk of incident CHD and ischemic stroke compared to homemakers, and for
CHD, this association was stronger among women with less than a high school education. The
potential pathways for the manifestation of adverse clinical events prominently include
traditional CVD risk factors, so the persistence of an association after adjustment for these
factors suggests that other factors may play a role in the association between employment status
and CHD.

An earlier study reported no difference in incidence of CHD by employment status among
women in the United States 14. Several factors may account for the contrasting results observed
in that study including different participant composition (all white), the inclusion of angina in
the definition of CHD, and an earlier time period (1960s) when the transition of married women
into the work force was in the beginning stages 14. Our finding of a decreased risk of CHD
events (fatal and non-fatal) among women employed outside of the home is comparable to the
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previous finding reported by Reviere et al.13 of a higher risk of CHD among homemakers. The
association observed in our study did not vary for fatal or non-fatal events but it persisted after
adjustment for socioeconomic and cardiovascular factors.

In this study, employed women had a decreased risk of ischemic stroke that had not been
previously reported. Recently, two Swedish studies investigated employment characteristics
and ischemic stroke among employed women and reported conflicting findings, with one
suggesting no association between job stress and ischemic stroke 25 and the other suggesting
low social support at work was associated with an increased risk of stroke 26. Stroke and CHD
share many of the same risk factors, but the association between employment status and
ischemic stroke was weaker in this study and explained by traditional risk factors.

Women may self-select into homemaking or employment outside of the home based on their
socioeconomic status and financial and material resources available. In this study, homemakers
had a lower education level than employed women and a graded association was noted by
education level, with employed women having a lower risk of incident CHD than homemakers
among those with less than a high school education while no association was noted among
women with some college or more. These findings are similar to previous studies that have
also identified education level as an effect modifier of the association between employment
status and health 23,24. The stronger association among those with less than a high school
education may be due to several factors such as less opportunity and fewer resources, given
that other studies of employment and social class have reported that persons with an advanced
education who experience unemployment are more benignly affected than persons with less
formal education because of the protective nature of a higher paying labor market 27 or a
household with an overall higher socioeconomic position 28; however, comprehensive
measures of wealth and social position were not available to further evaluate socioeconomic
position in this study.

There has been some debate about the influence of the healthy worker effect on women's
participation in the work force, based on the premise that women who are healthier are more
likely to enter and remain in the work force. In this study, homemakers had a worse CVD risk
factor profile at baseline than women employed outside the home. We did not assess
employment status until middle-age so it is possible that the women in our study could have
self-selected into homemaking or employment outside of the home due to their health status
prior to participating in this study. While we attempted to lessen the influence of the healthy
worker effect by performing a prospective analysis of incident events and adjusting for CVD
risk factors and other health care variables, some women may have self-identified as
homemakers several years prior to this study due to poor or declining health.

It has been hypothesized that the association between employment and health may differ by
occupation type because of varying levels of job strain. Job strain is usually self-reported and
subject to self-perception, so there have been conflicting findings with most studies reporting
a positive association between job strain and CHD risk 29,30, while other studies have reported
no association between a high level of job strain and incident CHD 31 or mortality 30 among
women. In supplemental analyses, this study found a stronger association of employment
outside of the home with incident CHD among manual workers (e.g., service) than non-manual
workers (i.e. managerial and professional), but no similar association was noted for ischemic
stroke. Data on self-employment or business ownership was not available at baseline so the
occupation titles may not fully capture the role of the participants and this study had limited
power to stratify by the specific occupation groups. Other factors, such as psychological
characteristics, may also play a role in the relation between employment status and CHD.
Homemaking characteristics, such as low control in the home environment, have been
associated with depression 32,33 and depression has been associated with an increased risk of
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morbidity and mortality 34,35. Our study did not have data on depression at baseline, so this
could have partially contributed to the association observed with CHD events.

The state of being married may have positive or negative effects on women's health 36. Married
women may benefit from the additional income and social support within the home that may
not be available to unmarried women. In our study, marital status was not available until the
second clinic examination, so those who were lost to follow-up or died prior to the second visit
were missing marital status. Therefore, marital status was not included in the main models
presented because women whose marital status changed during the 3 years between
examinations would be misclassified. In supplemental analyses that included marital status
from the second examination, the effect estimates did not appreciably change for CHD or
ischemic stroke.

This study has several limitations. Employment status was assessed at baseline, when the
women were 45-64 years of age. We did not collect data on work history over the life course
at the baseline examination, so our data may not reflect the primary occupation held most of
the women's adult lives. Women may cycle in and out of the work force during their adult years
due to maternity leave, child-rearing, family obligations, or involuntary unemployment, but
this study did not have data available to assess the influence of intermittent work force
participation on incident CHD or ischemic stroke; however, a previous study did report that
intermittent work force participation was not associated with higher rates of morbidity 37. Also,
the ARIC Study did not include an assessment of specific employment characteristics such as
full-time versus part-time, contract work (e.g., temporary, fixed contract, on call), or duration
spent in workforce, so we were unable to investigate whether the associations observed in this
study may have differed by these factors. Women employed full-time have better health than
women employed part-time 2, so a more specific definition of employment status may be used
to examine differences among employed women. Retired and unemployed women were
excluded from this study because of a lack of occupation information; however, these women
had a poorer CVD risk factor profile than employed women and homemakers which suggests
that additional research into the association between employment status and CHD is needed.
Another limitation is that our study only included middle-aged women. Different results may
be expected among older women, who are likely to have had more experience in the workforce
than younger women. Despite these limitations, this study has several strengths. Participants
were from a large, community-based cohort, which included both white and African-American
women in the United States. Trained personnel and a standardized protocol were used to
measure variables and outcomes. Also, over 14 years of follow-up were available to evaluate
incident CHD and ischemic stroke events.

In summary, employment outside of the home was associated with a decreased risk of ischemic
stroke and CHD in this study and this association was slightly more pronounced for CHD
events and among women with less than a high school education. Given the increasing
magnitude of women's contribution to the labor force, these findings suggest additional
research into the varied occupational experiences of women, morbidity, and mortality is
warranted.
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HDL  
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LDL  
Low-density lipoprotein

MI  
Myocardial infarction
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Figure 1.
Age-adjusted incidence rates (per 1000 person-years) for CHD and ischemic stroke by
employment status among women participants in the Atherosclerosis Risk in Communities
Study, 1987-1989
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Table 1
Characteristics of women participants at the baseline examination by employment status, the Atherosclerosis Risk in
Communities Study (1987-1989)

Variable Homemakers
N=1790

Employed
N=5268

Mean age, years (SD) 55.0 (5.6) 52.4 (5.2)***

Race (n, %)

 African-American 372 (20.8) 1723 (32.7)***

 White 1418 (79.2) 3545 (67.3)

Field center (n, %)

 Forsyth County, North Carolina 451 (25.2) 1239 (23.5)***

 Jackson, Mississippi 341 (19.1) 1540 (29.2)

 Minneapolis, Minnesota 386 (21.6) 1427 (27.1)

 Washington County, Maryland 612 (34.2) 1062 (20.2)

Education (n, %)

 Less than high school 582 (32.5) 981 (18.6)***

 Completed high school 828 (46.3) 2305 (43.8)

 Some college or more 379 (21.2) 1978 (37.5)

 Missing 1 (0.0) 4 (0.0)

Annual family income, dollars (n, %)

 < 16,000 502 (28.0) 1180 (22.4)***

 16,000-24,999 260 (14.5) 769 (14.6)

 25,000-34,999 292 (16.3) 872 (16.6)

 35,000-49,999 257 (14.4) 975 (18.5)

 ≥ 50,000 421 (23.5) 1358 (25.8)

 Missing 58 (3.2) 114 (2.2)

Marital status (n, %)a

 Unmarried 248 (13.9) 1467 (27.8)***

 Married 1368 (76.4) 3392 (64.4)

 Missing 174 (9.7) 409 (7.8)

General health perception (n, %)

 Excellent 565 (31.6) 2128 (40.4)***

 Good 844 (47.2) 2374 (45.1)

 Fair 296 (16.5) 547 (10.4)

 Poor 70 (3.9) 104 (2.0)

 Missing 15 (0.8) 115 (2.1)

Frequency of routine clinical examination

 Yearly 894 (49.9) 2731 (51.8)***

 Less than every 5 years 55 (3.1) 234 (4.4)

 More than every 5 years 356 (19.9) 1095 (20.8)

 Never 482 (26.9) 1205 (22.9)

 Missing 3 (0.2) 3 (0.0)

Health Insurance
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Variable Homemakers
N=1790

Employed
N=5268

 Yes 1542 (86.1) 4796 (91.0)***

 No 245 (13.7) 467 (8.9)

 Missing 3 (0.2) 5 (0.0)

Mean BMI (kg/m2)b 28.0 27.7

Mean systolic blood pressure (mmHg)b 120.7 119.4*

Anti-hypertensive medication use (%)b 27.2 23.6**

Mean LDL cholesterol (mg/dL)b 136.3 134.2

Mean HDL cholesterol (mg/dL)b 56.7 58.6***

Diabetic (%)b 13.6 9.5***

Current smoker (%)b 23.9 24.0

a
Marital status was not assessed until the second examination (1990-1992).

b
Adjusted for age.

*
p<0.05

**
p<0.01

***
p<0.001
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Table 2
Hazard ratios (HR) and 95% confidence intervals (CI) for the association of employment status with CHD and ischemic
stroke among women in the Atherosclerosis Risk in Communities Study

Model

CHD Ischemic Stroke

HR 95% CI HR 95% CI

Model 1

 Employed 0.70 0.56, 0.86 0.62 0.47, 0.84

 Homemakers 1.00 1.00

Model 2

 Employed 0.74 0.59, 0.91 0.66 0.49, 0.90

 Homemakers 1.00 1.00

Model 3

 Employed 0.79 0.63, 0.99 0.79 0.58, 1.08

 Homemakers 1.00 1.00

Model 4

 Employed 0.77 0.61, 0.97 0.84 0.61, 1.16

 Homemakers 1.00 1.00

Model 1: adjusted for age and race-field center.

Model 2: adjusted for model 1 variables plus education and family income.

Model 3: adjusted for model 2 variables plus body mass index, systolic blood pressure, anti-hypertensive medication use, HDL cholesterol, LDL cholesterol,
diabetes, and smoking status.

Model 4: adjusted for model 3 variables plus general health perception, frequency of clinical examination, and health insurance.
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