ORIGINAL INVESTIGATION

Chronic Work Stress and Marital Dissolution
Increase Risk of Posttrial Mortality in Men
From the Multiple Risk Factor Intervention Trial
Karen A. Matthews, PhD; Brooks B. Gump, PhD, MPH

Background: Acute life stressors can trigger premature death, but the role of more enduring, chronic stressors is less clear. We evaluated men’s mortality risk associated with number of different work stressors and marital
dissolution during the Multiple Risk Factor Intervention
Trial (MRFIT).
Methods: Men without definite evidence of coronary
heart disease (CHD) at study entry but with aboveaverage risk for CHD mortality based on blood pressure, serum cholesterol levels, and/or cigarette smoking
were recruited into MRFIT. Survivors at the end of the
trial were followed up for mortality for an additional 9
years. All 12 336 survivors who completed the workevent checklist at the annual evaluations during the trial
were included in the analyses of work stressors, whereas
the 10904 who were married at the start of the trial were
included in the analyses of marital dissolution.
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Results: Increasing number of different work stressors
and divorce during the trial were associated with total
and cardiovascular mortality during the 9-year follow-up
period (Ps⬍.01 for linear trend), with a relative risk of
1.26 (95% confidence interval, 1.07-1.48) for those reporting 3 or more different work stressors compared
with those reporting none, and relative risk of 1.37 (95%
confidence interval, 1.09-1.72) for those who divorced
compared with those who remained married for total mortality. Analyses were adjusted for age, intervention group,
educational attainment, occurrence of a nonfatal cardiovascular event during the trial, smoking, diastolic blood
pressure, alcohol consumption, and serum cholesterol level
(the last 4 adjustments were trial averages).
Conclusion: Work and marital stressors increase risk for
mortality in men.
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CUTE LIFE stressors, includ-

ing such diverse events as
bereavement, earthquakes,
terrorist activities, missile
strikes, and episodes of extreme anger, can trigger myocardial infarction and death.1-4 Less clear is the association of mortality with chronic, more
enduring life stress and the accumulation
of stressful life experiences across years.
Work-related stress is the most widely
studied chronic life stressor relevant to cardiovascular disease (CVD).5-8 Individuals
employed in jobs they or others describe as
high in work strain, ie, jobs with high demands for performance and low decisionmaking latitude or with high demands
and low rewards, are at elevated risk for
all-cause and CVD mortality.6,9,10 However, individuals do not occupy jobs at random, and other characteristics, eg, low socioeconomic status, correlated with jobs that
are demanding and low in control or reward, may account for the association between the work strain and elevated risk for
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coronary mortality. Stated differently, job
strain may be a pathway by which socioeconomic status has an impact on health.
Indeed, statistical adjustments for cardiovascular risk factors and occupational
prestige substantially reduce the effect size
of job strain or reward on mortality.9,10
Another important life stressor is an
unhappy marriage, which can result in separation and divorce.11 International studies
show that divorced men have higher mortality rates than married men.12 This pattern could result from certain biases, eg,
married men who are quite ill could be “rejected” because they can no longer perform the breadwinner role, or divorced men
in poor health could take longer to find a
suitable new partner.13 On the other hand,
divorce may have a negative effect on mental health, including increased negative
affect, reduced sense of purpose and identity, and altered relationships with children and community, all of which may have
physiological costs. The effects of marital
dissolution could spill over to the quality
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SUBJECTS AND METHODS
DESIGN OF THE MRFIT
Screening for the MRFIT involved 361662 men aged 35 to
57 years at 22 clinical centers in 18 US cities. On the basis
of this initial screening, 12866 men were recruited into the
trial without definite evidence of clinical coronary heart disease (CHD) but with above-average risk for death due to
CHD because of high blood pressure, elevated serum cholesterol levels, and/or cigarette smoking.15-17 After recruitment, the MRFIT involved randomization of participants
into special intervention (n= 6428) or usual care groups
(n=6438). The special intervention involved intervention
visits designed to alter eating patterns to reduce the intake
of saturated fats and cholesterol, to reduce weight, and to
achieve smoking cessation. Details of the multifactor intervention program are described elsewhere.18,19
MEASUREMENT OF WORK AND MARITAL STRESS
A checklist of life events was administered at study entry
and during the first, second, third, fourth, and fifth annual examinations. This checklist did not include an option for indicating that an event had not occurred. As a result, a missing response on items in this questionnaire did
not enable differentiation of missing data from intentional
indications that an event had not occurred. However, the
life-events checklist was administered along with a number of other questionnaires; therefore, we treated data as
missing for participants with known missing data for 5
forced-choice questions that directly preceded or followed (depending on year) the life-events questionnaire.
Missing data increased steadily from baseline (n=64 [0.5%])
to year 5 (n=1550 [12.0%]) because of participant death,
missing questionnaire data, or study attrition.
The work-stress measure contained 7 life events
(Table 1). These 7 items were associated with “feelings

of being overwhelmed by difficult life situations” using a
2 analysis of the entire sample, suggesting these items are
experienced as stressors by most people. An eighth work
item, retirement, was not associated with such feelings, and
therefore was excluded. Repeated reports of an event (eg,
being demoted) could reflect either multiple events or the
participants’ conceptualization of the event (eg, the demotion per se vs continued employment in a demoted position).
In consequence, regardless of the number of times a participant reported the occurrence of a single event, the number of different stress domains with an occurrence reported at some time during the trial (at study entry and
during the first through fifth annual examinations) was used.
In the analysis of posttrial deaths, 4 groups (0, 1, 2, and
ⱖ3 domains) were considered.
A question regarding marital status was administered
at the start of the trial to identify those currently married. The
life-events questionnaire included the following 3 relevant
events: “separation from your wife because of martial problems,” “starting to live with your wife again after having been
separated,” and “getting divorced.” The response proportions of participants are shown in Table 1. For participants
married at the start and alive at the end of the trial, the following 3 distinct categories were used: married during the
trial (those not reporting separation or divorce), separated
during the trial (those reporting a separation and/or reunion
after separation during the trial but not reporting divorce),
or divorced during the trial. Most trial survivors (n=10904
[88.4%]) were classified into 1 of these 3 categories (n=9817
for married, n=513 for separated, and n=574 for divorced).
RISK FACTOR ASSESSMENT
The following risk factors were considered: age at study entry, MRFIT group assignment (special intervention vs usual
care), education measured on a scale from 1 (eighth grade
or less) to 9 (graduate or professional degree), and measurements of diastolic blood pressure (DBP) (defined as the

of men’s work life, leading to additional risk associated with
the accumulation of work stressors.
The objective of the present study was to evaluate the
effects of chronic work stress and marital dissolution on
9-year all-cause and CVD mortality in a large cohort of men
enrolled in the Multiple Risk Factor Intervention Trial
(MRFIT).14 Rather than categorize work stress indirectly
by occupation or by self-reported subjective characteristics of the occupation, we assessed the accumulation of different types of work stressors across 6 years. To reduce the
likelihood of interpretative ambiguities, we assessed the effects of marital dissolution only among those married at
entrance into the MRFIT. Very detailed information regarding major cardiovascular risk factors was available to
serve as statistical controls for health status.
RESULTS

CHARACTERISTICS OF PARTICIPANTS AS A
FUNCTION OF WORK AND MARITAL STRESS
Differences in characteristics of survivors of the MRFIT
as a function of reported stress during the trial are shown
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in Table 2 (work stress) and Table 3 (marital status).
Those experiencing high work stress during the trial were
significantly younger at study entry, more likely to report cigarette smoking, more educated, and more likely
to experience a nonfatal cardiovascular event during the
trial (P⬍.05 for linear trends or 2, depending on the variable) relative to those reporting no work stressors. Those
reporting separation or divorce from a spouse during the
trial were significantly younger at study entry, more likely
to report cigarette smoking, and more educated and had
lower serum cholesterol levels (P⬍.01 for linear trends
or 2, depending on the variable) relative to married participants.
WORK STRESS DURING THE TRIAL
PREDICTING POSTTRIAL MORTALITY
Increasing numbers of different work stressors during the
trial were associated with a significantly increased (based
on linear trend analysis) risk for death due to all causes
(RR, 1.15; P⬍.01) and CVD (RR, 1.26; P⬍.003). There
was no association with non-CVD death, although neoplastic disease was inversely associated (RR, 0.83; P=.09)
WWW.ARCHINTERNMED.COM
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average of 2 random-zero manometer readings), serum cholesterol concentration, and cigarette smoking (yes vs no)
during annual examinations. Diastolic blood pressure
(DBP), serum cholesterol level, and smoking were averaged
across the available examination results for analytic purposes. Further details regarding these assessments are published elsewhere.20,21
MORBIDITY AND MORTALITY ASCERTAINMENT
A nonfatal cardiovascular event during the trial was defined
as angina or intermittent claudication by Rose questionnaire criteria,22 congestive heart failure, peripheral arterial occlusive disease, stroke, left-ventricular hypertrophy on electrocardiographic findings, impaired renal function, accelerated
hypertension, coronary artery bypass surgery, serial electrocardiographic evidence of myocardial infarction, or definite
clinical myocardial infarction.23 Men were also asked in year
6 whether they were unemployed and the reason for their unemployment, which included disability and its cause. Causes
included heart disease and circulatory disease.
Before the end of the trial in February 1982, deaths
were ascertained using next-of-kin interviews, routine follow-up of missed clinic visits, responses to postcards sent
to the usual care participants, and searches of publicly accessible files of deceased persons. Cause of death was assigned by a 3-member panel of cardiologists not associated with the MRFIT and unaware of the participants’ group
assignment. Details regarding ascertainment of mortality
during the trial have been previously reported.14 Since February 1982, vital status has been ascertained by matching
identifying information reported by participants at the time
of enrollment with the National Death Index. The latest
search of the National Death Index was for all deaths through
December 1990 and is considered to be essentially 100%
complete.24 To determine cause of death, death certificates were collected and coded independently by 2 nosologists using the International Classification of Diseases, Ninth

Revision (ICD-9).14 Disagreements between the nosologists were adjudicated by a third nosologist. The ICD-9 codes
corresponding to the cause-specific mortality categories considered in this study are reported elsewhere.14
STATISTICAL ANALYSES
Differences in participants’ characteristics were tested as a
function of the number of work stressors during the trial
(grouped into 0, 1, 2, and ⱖ3 different stressors) and marital status using 2 analyses for dichotomous data and analyses of variance with linear trend analysis for continuous data.
Mortality after the trial was analyzed using Cox proportional hazard regression equations and 95% confidence intervals (CIs) for the relative risks (RRs) associated with the
number of work stress domains represented during the trial
or the occurrence of separation or divorce during the trial.
To control for possible confounding variables, additional
analyses included age, MRFIT group assignment, DBP, serum cholesterol level, cigarette smoking, and alcohol consumption (with the last 4 variables averaged across the available trial examinations) as covariates. Nonfatal cardiovascular
event during the trial was also included as an additional control variable in further analyses of all-cause and CVD mortality. Contrasts were used to determine RRs corresponding
to the comparison of no reported life stress with increasing
numbers of different life stressors (ie, 1, 2, and ⱖ3) and the
comparison of married with ever separated or ever divorced
status. A polynomial contrast was specified to determine
whether a significant linear trend was associated with the
change in RRs across stress groups. A significant linear trend
would suggest that an increasing number of stressors or increasing stress from marriage to divorce was associated with
increasing risk for mortality. A test for the interaction of work
stress and marital dissolution with the main effects in the
model was conducted among those who were married at the
beginning of the trial to evaluate whether the effects of work
and marital stress were additive or interactive.

and digestive disorders were positively associated (RR,
2.22; P=.004).
With the addition of covariates, these results remained essentially unchanged (Table 4). However, the
reduced risk for death due to neoplastic disease was no
longer marginally significant (new P = .31). For work
stress, significant linear trends demonstrated that an increasing number of different work stressors were associated with a significantly greater risk for death due to
all causes (P=.004), CVD (P = .006), and digestive disorders (P=.001). Within the CVD category, cause of death
was further categorized into a CHD category, including
acute myocardial infarction (ICD-9 code 410) and other
ischemic (coronary) heart disease (ICD-9 codes 411414 and 429.2). An increasing number of work stressors were not associated with an increasing risk for acute
myocardial infarctions (P=.16 for linear trend) but were
significant for other ischemic (coronary) heart disease
(P=.02 for linear trend). These trends reflect an increasing risk associated with greater numbers of different work
stressors. For non-CVD mortality, an increasing number of work stressors was associated with an increasing
risk for death due to digestive disorders (P = .001 for lin(REPRINTED) ARCH INTERN MED/ VOL 162, FEB 11, 2002
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ear trend). This category of non-CVD death does not include deaths due to neoplastic disease associated with the
digestive organs and peritoneum (ICD-9 codes 150159); most of these deaths (n=32) were due to liver disease (ICD-9 code 571). However, the linear trend associated with an increasing number of work stressors was
unchanged when average alcohol consumption during
the trial was added as a covariate (P=.001).
The above analyses considered the effect of a progressively greater number of different work stressors on
mortality. We also considered the impact of specific
work stressors (present vs not present during the trial)
on posttrial mortality. After the inclusion of covariates
(eg, DBP and occurrence of a nonfatal CVD event), the
following work stressors were significantly associated
with all-cause mortality: failure of a business (RR, 1.46
[95% CI, 1.09-1.94]; P=.01), being fired or laid off work
(RR, 1.29 [95% CI, 1.05-1.60]; P = .02), and not being
able to work because of a disability (RR, 1.59 [95% CI,
1.35-1.88]; P⬍.001). The following work stressors were
significantly associated with CVD mortality: being fired or
laid off work (RR, 1.21 [95% CI, 1.03-1.41]; P =.02) and
not being able to work because of a disability (RR, 1.40
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[95% CI, 1.24-1.59]; P⬍.001). The following work
stressors were significantly associated with deaths due to
digestive system disease: demotion (RR, 2.58 [95% CI,
1.21-5.48]; P=.01), inability to work because of a disability (RR, 2.47 [95% CI, 1.36-4.47]; P=.003), and personal troubles with coworkers (RR, 2.47 [95% CI, 1.434.27]; P=.001).
The strength of the association between mortality
and work disability (particularly with CVD mortality)
raises the possibility that the aforementioned effects of
work stress on mortality are (1) spurious and reflect the
effect of illness on work disability and subsequent risk
for mortality, or (2) real and reflect the strong associations between work disability and work stress. There are
several reasons to believe that the effects of work stress
are real. First, when analyses of total mortality included
unemployment due to any disability at the end of the trial

Table 1. Events in Each Stress Domain and
Percentage of Men Who Reported That Event Occurred
Stress Domain, Items/Response Option

Frequency, %

Work stress*
“A change to a new type of work”
“A demotion”
“A business failure”
“Personal troubles with your boss, fellow workers,
or people working under your supervision”
“Not being able to work because of disability”
“Being fired or laid off of work”
“Problems getting a new job”
Marital stress
Status at start of trial
Never married
Separated
Divorced
Widowed
Married
Events during the trial among married at
the beginning of the trial
“Separation from your wife because of marital
problems” or “Starting to live with your wife
after having been separated”
“Getting divorced”

and the other covariates, including morbidity (ie, occurrence of a nonfatal CVD event), the linear trend for work
stress remained statistically significant (RR, 1.15; P=.01).
Unemployment due to any disability was also independently significant in this model (RR, 1.68; P =.03). Similarly, when analyses of CVD mortality included unemployment due to heart or circulatory disease at the end
of the trial and the other covariates, including nonfatal
CVD event, the linear trend for work stress remained statistically significant (RR, 1.22; P=.01), with unemployment due to heart or circulatory disease also an independent predictor (RR, 2.73; P=.001). Second, as noted
above, other work-stress domains, in addition to work
disability, were independent predictors of total and CVD
mortality. Finally, work stress (not including work disability) during the first half of the trial was significantly
greater for those subsequently reporting a work disability relative to those not reporting a work disability during the second half of the trial (means, 0.89 and 0.75,
respectively; F1,12785 =19.38; P⬍.001). This finding suggests that work stress precipitated a work disability, not
that a work disability (caused by illness) precipitated work
stress.
MARITAL STRESS DURING THE TRIAL
PREDICTING POSTTRIAL MORTALITY

51.0
6.7
4.6
28.9

Increasing marital stress was associated with marginally
significantly greater risk for death (based on linear trend
analysis) due to all causes (RR, 1.14; P =.10) and CHD
(RR, 1.26; P =.06) (data not shown). It was not associated with CVD and non-CVD deaths. Increasing marital
stress was associated with a significantly increased risk
for death due to CHD other than myocardial infarction
(RR, 1.52; P = .007), digestive disorders (RR, 3.22;
P⬍.001), and accidents (RR, 2.33; P =.002).
With the addition of covariates, these results were
even stronger (Table 5). For marital stress, significant
linear trends demonstrated that an increasing degree of
marital stress was associated with a significantly greater
risk for death due to all causes (P=.006), CVD (P=.04),
CHD (P=.004), CHD other than myocardial infarction
(P⬍.001), digestive disorders (P⬍.001), and accidents
(P=.003).

15.9
10.5
9.1

4.2
1.8
4.4
0.9
88.7

4.7

5.3

*Events occurred at baseline and during the 6 years of the trial.

Table 2. Characteristics of All MRFIT Survivors as a Function of the Number of Different Work Stressors During the Trial*
No. of Work Stressors During the Trial
Characteristic
Mean age at entry into study, y
% In special intervention
Smoking, %†
Diastolic blood pressure, mm Hg†
Serum cholesterol level, mg/dL†‡
Education§
Nonfatal CV event during trial, %

0
(n = 3715)

1
(n = 4402)

2
(n = 2482)

ⱖ3
(n = 1737)

P Value for
Linear Trend or 2

47.16
50.34
44.24
86.8
239.9
5.21
16.88

46.21
50.57
44.55
86.5
240.5
5.41
20.63

45.90
49.64
48.33
86.2
241.0
5.51
25.22

45.30
47.96
53.91
85.8
238.3
5.60
28.38

⬍.001
.29
⬍.001
⬍.001
.17
⬍.001
⬍.001

*MRFIT indicates Multiple Risk Factor Intervention Trial; CV, cardiovascular.
†Trial means.
‡To convert to millimoles per liter, multiply by 0.0259.
§Measured using a 9-point scale ranging from 1 (eighth grade or less) to 9 (graduate or professional degree).
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Table 3. Characteristics of MRFIT Survivors Married at the Beginning of the Trial as a Function of Marital Status During the Trial*

Characteristic
Mean age at entry into study, y
% In special intervention
Smoking, %†
Diastolic blood pressure, mm Hg†
Serum cholesterol level, mg/dL†‡
Education§
Nonfatal CV event during trial, %

Married
(n = 9817)

Separated
(n = 513)

Divorced
(n = 574)

P Value for
Linear Trend or 2

46.57
49.96
44.60
86.4
241.0
5.36
21.38

44.94
54.97
58.62
86.6
236.4
5.60
24.56

44.03
47.56
58.06
86.2
236.5
5.59
21.95

⬍.001
⬍.05
⬍.001
.56
⬍.005
⬍.01
.23

*Martial status was determined using a marital status question administered at the start and life-events questions administered throughout the trial. Only those
reporting being married at the start of the trial (n = 10 904) were included in these analyses. Groupings were created as follows: married indicates all married
participants having no report of separation or divorce during the trial; separated, all participants reporting being separated or reunited after being separated but
with no report of divorce; and divorced, all participants reporting divorce during the trial. Abbreviations are given in the first footnote to Table 2.
†Trial means.
‡To convert to millimoles per liter, multiply by 0.0259.
§Measurement is explained in the fourth footnote to Table 2.

Table 4. Cause of Death and Relative Risk During the 9-Year Posttrial Period Associated With Work Stress*
No. of Different Work Stressors During Trial, RR (95% CI)
Cause of Death (No. of Deaths)
All causes (1505)
All cardiovascular (771)
CHD (539)
Acute MI (270)
Other CHD (289)
All noncardiovascular (732)
Neoplastic disease (488)
Respiratory disease (43)
Digestive system disease (53)
Accidents (57)

0
(n = 3688)

1
(n = 4381)

2
(n = 2478)

ⱖ3
(n = 1730)

P Value for
Linear Trend

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.12 (0.98-1.27)†
1.07 (0.89-1.29)
1.10 (0.88-1.36)
1.26 (0.92-1.73)
0.96 (0.70-1.30)
1.16 (0.97-1.40)†
1.05 (0.85-1.31)
2.25 (0.93-5.44)†
1.38 (0.64-2.98)
0.86 (0.44-1.70)

1.19 (1.03-1.38)‡
1.19 (0.97-1.46)†
1.41 (1.11-1.78)§
1.50 (1.07-2.12)‡
1.32 (0.96-1.83)†
1.20 (0.97-1.48)†
1.11 (0.86-1.42)
3.12 (1.23-7.87)‡
1.55 (0.65-3.68)
0.82 (0.36-1.85)

1.26 (1.07-1.48)§
1.34 (1.07-1.67)‡
1.35 (1.03-1.76)‡
1.27 (0.85-1.89)
1.42 (0.99-2.02)†
1.16 (0.91-1.47)
0.83 (0.61-1.14)
2.15 (0.72-6.48)
3.71 (1.69-8.13)§
1.84 (0.89-3.77)†

.004
.006
.007
.16
.02
.22
.31
.13
.001
.13

*In all Cox proportional hazard models, the following characteristics were included as covariates: age, study group (special intervention vs usual care),
educational attainment, occurrence of nonfatal cardiovascular event during the trial, smoking, diastolic blood pressure, alcohol consumption, and serum
cholesterol level (the latter 4 variables were trial averages). Relative risks (RRs) correspond to comparison between no stress and increasing numbers of different
work stressors (ie, 0, 1, 2, or ⱖ3). Numbers vary slightly from those in Table 2 because of missing covariate values in each analysis. CI indicates confidence
interval; CHD, coronary heart disease; and MI, myocardial infarction.
†P⬍.10.
‡P⬍.05.
§P⬍.01.

ACCUMULATION OF WORK AND MARITAL
STRESS DURING THE TRIAL PREDICTING
POSTTRIAL MORTALITY
Marital status and work stress were strongly associated
(26 =233.34; P⬍.001). The proportion of participants reporting a separation or divorce steadily increased as the
number of work stress domains increased (0, 6.5%; 1,
8.2%; 2, 11.9%; and ⱖ3, 19.7% reporting separation or
divorce). Despite this association, marital status (RR, 1.23;
P=.01) and work stress (RR, 1.16; P = .02) had independent effects on all-cause mortality in Cox models with
both variables simultaneously entered. Therefore, work
stress does not appear to function merely as a proxy for
marital stress, or vice versa.
After entering the main effects for work and marital stress, the interaction term was entered. The interaction between the linear components of marital stress and
work stress was significant (P = .04). To further analyze
this interaction, work stress was considered within each
(REPRINTED) ARCH INTERN MED/ VOL 162, FEB 11, 2002
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marital stress group. Work stress was not significantly
associated with an increased risk for death (based on linear trend) due to all causes for married (RR, 1.11 [95%
CI, 0.97-1.27]; P=.14) or separated (RR, 0.81 [95% CI,
0.50-1.31]; P=.39) men. However, for divorced men, an
increasing number of work stressors during the trial was
associated with a significantly increased risk for death
due to all causes (RR, 1.69 [95% CI, 1.06-2.70]; P=.03
(Figure). Results of the interaction tests for CVD mortality were nonsignificant, presumably because of small
numbers.
COMMENT

The present study provides unique and strong evidence
that the accumulation of different work stressors and separation or divorce during the 7 years of the MRFIT trial
are predictors of subsequent all-cause and CVD mortality during the 9-year follow-up among men. These findings are statistically significant in analyses adjusting for
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Table 5. Cause of Death and Relative Risk During the 9-Year Posttrial Period Associated With Marital Status*
Marital Event During Trial Among Married Men
at the Beginning of the Trial, RR (95% CI)
Cause of Death (No. of Deaths)

Married
(n = 9816)

Separated
(n = 513)

Divorced
(n = 574)

P Value for
Linear Trend

1.00
1.00
1.00
1.00
1.00
1.00
1.00
...
1.00
1.00

1.24 (0.98-1.57)†
1.43 (1.05-1.96)§
1.02 (0.67-1.57)
1.31 (0.76-2.26)
0.74 (0.36-1.50)
1.04 (0.72-1.49)
0.77 (0.47-1.28)
...
1.63 (0.49-5.39)
0.43 (0.06-3.13)

1.37 (1.09-1.72)‡
1.40 (1.01-1.92)§
1.66 (1.17-2.36)‡
1.15 (0.64-2.06)
2.17 (1.40-3.36)‡
1.37 (0.99-1.89)†
0.94 (0.59-1.50)
...
5.22 (2.44-11.17)‡
3.20 (1.48-6.89)‡

.006
.04
.004
.64
⬍.001
.06
.80
...
⬍.001
.003

All cause (1332)
All cardiovascular (663)
CHD (498)
Acute MI (244)
Other CHD (254)
All noncardiovascular (648)
Neoplastic disease (438)
Respiratory disease (40)
Digestive system disease (42)
Accidents (50)

*In all Cox proportional hazard models, the following characteristics were included as covariates: age, study group (special intervention vs usual care),
educational attainment, occurrence of nonfatal cardiovascular disease during the trial, smoking, diastolic blood pressure, alcohol consumption, and serum
cholesterol level (the latter 4 variables were trial averages). Relative risks (RRs) correspond to comparison between married vs separated or divorced. Numbers
vary slightly depending on the number of participants with missing covariate values in each analysis. Other abbreviations are defined in the first footnote to
Table 4. Ellipses indicate insufficient number of events for calculation of RR.
†P⬍.10.
‡P⬍.01.
§P⬍.05.

4.0

Relative Risk for All-Cause Death

3.5
3.0
2.5
2.0
1.5
1.0
0.5
0
0

1

2

≥3

No. of Different Work Stressors

Relative risk with 95% confidence intervals of all-cause mortality during the
posttrial follow-up as a function of work stress during the trial for divorced
men only.

age, study group, educational attainment, occurrence of
nonfatal CVD during the trial, smoking status, DBP, alcohol consumption, and serum cholesterol level. Subsidiary analyses also showed that statistical controls for
unemployment due to disability did not affect the results for work stress. Thus, the effects of work stressors
and separation or divorce were unlikely to be due solely
to poor health status leading to more work stress or marital dissolution or due to work stress being a marker for
low socioeconomic status (at least as indexed by educational attainment).
Furthermore, the accumulation of different work
stressors among those men married at the beginning
of the trial had the most adverse impact on all-cause
mortality among those who were subsequently divorced during the trial. Thus, a synergistic adverse
effect may occur when different domains of stressors
co-occur in individuals’ lives. Conversely, the accumulation of different work stressors did not affect the mor(REPRINTED) ARCH INTERN MED/ VOL 162, FEB 11, 2002
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tality experience of those who remained married
throughout the trial, suggesting that remaining married
in midlife has protective effects in the face of adverse
experiences at work.
This study had several limitations. First, the findings are restricted to men. Indeed, in contrast to the
present findings, a recent study of female patients with
coronary disease showed that work stress was not related to subsequent morbidity, although marital stress
was.25 Second, the work-stress checklist was imperfect,
as it did not include an explicit indicator of no event or
a rating of duration or intensity of the stressor. Furthermore, the cause or severity of work disability on the checklist was not known, although it was known whether work
disability was severe enough to lead to unemployment
at the end of the trial. Finally, although all analyses included covariate measures of health status that were carefully collected in a standardized fashion, with particular
attention to CVD risk, unmeasured illnesses during the
trial could affect both stress and mortality.
How does work stress or marital dissolution increase the risk for mortality? Work stress and marital dissolution may result in increasing levels of standard risk
factors after the cessation of the trial. We are not able to
evaluate this possibility, because MRFIT participants were
not seen in the clinics after the conclusion of the trial.
Work stress and marital dissolution can affect health behaviors, eg, by increasing smoking and alcohol consumption, altering dietary pattern, and disturbing restful sleep.26,27 However, for the most part, we were able
to control statistically for these health behaviors, so other
factors probably played an important role. Stress has an
impact on a number of systems relevant to CVD mortality that were not assessed in MRFIT. In particular, stress
may increase levels of circulating catecholamines, ambulatory blood pressure, and cortisol28,29; may reduce heart
rate variability and impair vagal tone30,31; and may enWWW.ARCHINTERNMED.COM
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hance platelet reactivity and release of platelet products.32 Stress also increases susceptibility to infectious disease33,34 and contributes to rapid progression in human
immunodeficiency virus infection.35,36 Work stress and
marital dissolution may result in poor decision making,
causing risky behaviors.37 Our data provide indirect support for this notion, because those men who reported more
types of work stressors and divorce during the trial also
tended to be at risk for accidental death.
Chronic stress at work or in primary relationships is
subject to intervention at a clinical level and through workbased programs. As suggested by Rozanski et al,5 integrating psychosocial interventions at a clinical level is feasible by having physicians counsel their patients regarding
psychosocial risks, by evaluating and implementing preventive interventions in clinical settings on a patientspecific basis, and by modifying the pathophysiological
pathways connecting stress and early death. Work-based
programs can provide counseling and training for resolving conflicts with bosses and coworkers. Avoiding marital strife, especially when stressed by work difficulties, can
be assisted by adequate counseling and support mechanisms.

11.
12.
13.
14.

15.

16.

17.

18.
19.
20.

21.

Accepted for publication June 6, 2001.
This study was supported by grants HL58867,
HL65111, and HL65112 from the National Institutes of
Health, Bethesda, Md.
We thank James Neaton, PhD, Lewis Kuller, MD, DrPH,
and Greg Grandits, MS, for their consultation on analytic
strategy and manuscript preparation.
Corresponding author and reprints: Karen A. Matthews, PhD, Department of Psychiatry, University of Pittsburgh, 3811 O’Hara St, Pittsburgh, PA 15213 (e-mail:
matthewska@msx.upmc.edu).
REFERENCES
1. Kaprio J, Koskenvuo M, Rita H. Mortality after bereavement: a prospective study
of 95647 persons. Am J Public Health. 1972;129:725-731.
2. Leor J, Poole WK, Kloner RA. Sudden cardiac death triggered by an earthquake.
N Engl J Med. 1996;334:413-419.
3. Meisel SR, Kutz I, Dayan KI, et al. Effects of Iraqi missile war on incidence of
acute myocardial infarction and sudden death in Israeli civilians. Lancet. 1991;
338:660-661.
4. Mittleman MA, Maclure M, Sherwood JB, et al, for the Determinants of Myocardial Infarction Onset Study Investigators. Triggering of acute myocardial infarction onset by episodes of anger. Circulation. 1995;92:1720-1725.
5. Rozanski A, Blumenthal JA, Kaplan J. Impact of psychological factors on the pathogenesis of cardiovascular disease and implications for therapy. Circulation. 1999;
99:2192-2217.
6. Schnall PL, Landsbergis PA, Baker D. Job strain and cardiovascular disease. Annu
Rev Public Health. 1994;15:381-411.
7. Theorell T, Tsutsumi, Hallquist J, et al, and the SHEEP Study Group. Decision
latitude, job strain, and myocardial infarction: a study of working men in Stockholm. Am J Public Health. 1998;88:382-388.
8. Bosma H, Peter R, Siegist J, Marmot M. Two alternative job stress models and
the risk of coronary heart disease. Am J Public Health. 1998;88:68-74.
9. Alterman T, Shekelle RB, Vernon SW, Burau KD. Decision latitude, psychologic
demand, job strain, and coronary heart disease in the Western Electric Study.
Am J Epidemiol. 1994;139:620-627.
10. Lynch J, Krause N, Kaplan GA, Tuomilehto J, Salonen JT. Workplace condi-

(REPRINTED) ARCH INTERN MED/ VOL 162, FEB 11, 2002
315

22.
23.

24.
25.

26.

27.

28.
29.

30.

31.

32.
33.
34.
35.
36.
37.

tions, socioeconomic status, and the risk of mortality and acute myocardial infarction: the Kuopio Ischemic Heart Disease Risk Factor Study. Am J Public Health.
1997;87:617-622.
House JS, Landis KR, Umberson D. Social relationships and health. Science. 1988;
241:540-544.
Hu Y, Goldman N. Mortality differentials by marital status: an international comparison. Demography. 1990;27:233-250.
Riessman CK, Gerstel N. Marital dissolution and health: do males or females have
greater risk? Soc Sci Med. 1985;29:627-635.
The Multiple Risk Factor Intervention Trial Research Group. Mortality after 16
years for participants randomized to the Multiple Risk Factor Intervention Trial.
Circulation. 1996;94:946-951.
The Multiple Risk Factor Intervention Trial Research Group. Statistical design
considerations in the NHLI Multiple Risk Factor Intervention Trial. J Chronic Dis.
1977;30:261-275.
Sherwin R, Kaelber CT, Kezdi P, Kjelsberg MO, Thomas HE Jr. The Multiple Risk
Factor Intervention Trial (MRFIT), II: the development of the protocol. Prev Med.
1981;10:402-425.
Neaton JD, Grimm RH Jr, Cutler JA. Recruitment of participants for the Multiple
Risk Factor Intervention Trial (MRFIT). Control Clin Trials. 1987;8(suppl):41S53S.
Benfari RC. Multiple Risk Factor Intervention Trial (MRFIT), III: the model for intervention. Prev Med. 1981;10:426-442.
Caggiula AW, Christakis G, Farrand M, et al. Multiple Risk Factor Intervention
Trial (MRFIT), IV: intervention on blood lipids. Prev Med. 1981;10:443-475.
Multiple Risk Factor Intervention Trial Research Group. Multiple Risk Factor Intervention Trial: risk factor changes and mortality results. JAMA. 1982;248:14651477.
Multiple Risk Factor Intervention Trial Research Group. Baseline rest electrocardiographic abnormalities, antihypertensive treatment, and mortality in the
Multiple Risk Factor Intervention Trial. Am J Cardiol. 1985;55:1-15.
Rose G, McCartney P, Reid DD. Self-administration of a questionnaire on chest
pain and intermittent claudication. Br J Prev Soc Med. 1977;31:42-48.
Wentworth D, Neaton J, Rasmussen W. An evaluation of the Social Security Administration Master Beneficiary Record File and the National Death Index in the
ascertainment of vital status. Am J Public Health. 1983;73:1271-1274.
International Classification of Diseases, Clinical Modification. Vol 1. Ann Arbor,
Mich: Edwards: 1981.
Orth-Gomer K, Wamala SP, Horsten M, Schenck-Gustafsson K, Schneiderman N,
Mittleman MA. Marital stress worsens prognosis in women with coronary heart
disease: the Stockholm female coronary risk study. JAMA. 2000;284:3008-3014.
Jennison KM. The impact of stressful life events and social support on drinking
among older adults: a general population survey. Int J Aging Hum Dev. 1992;
35:99-123.
Cohen S, Williamson GM. Perceived stress in a probability sample of the United
States. In: Spacapan S, Oskamp S, eds. The Social Psychology of Health. Thousand Oaks, Calif: Sage Publications; 1988:31-67.
Schachter S, Silverstein B, Kozlowski ET, Herman LP, Liebling B. Effects of stress
on cigarette smoking and urinary pH. J Exp Psychol Gen. 1977;106:24-30.
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