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Aims Negative psychological states such as stress and depression are associated with increased risk of coronary heart
disease (CHD), but it is unclear whether some positive states are protective. We investigated satisfaction with
specific life domains as predictors of incident CHD.

Methods Coronary risk factors and satisfaction within seven life domains (e.g. job and family) were assessed in 7956 initially

and results healthy members of the Whitehall Il cohort. Incident CHD (angina, non-fatal myocardial infarction, or death from
CHD) was ascertained from medical screening, hospital data, and registry linkage over five person-years of follow-
up. Satisfaction averaged across domains was associated with reduced CHD risk (HR: 0.87; 95% ClI: 0.78—0.98), con-
trolling for demographic characteristics, health behaviours, blood pressure, and metabolic functioning. Associations
with CHD risk were evident for satisfaction in four life domains—one’s job, family, sex life, and self, but not one’s
love relationship, leisure activities, or standard of living. When examining CHD outcomes separately, average

domain satisfaction was associated with angina but not myocardial infarction or coronary death.

Conclusions Satisfaction in most life domains was associated with reduced CHD risk, with definite angina being mostly responsible
for this association. These findings suggest that satisfaction with life may promote heart health. Further research
should examine whether interventions to enhance life satisfaction in specific domains reduce CHD risk and
whether life satisfaction is primarily associated with atherosclerosis rather than thrombotic factors associated with
plaque rupture.
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Introduction

Research suggests that psychological factors are associated with
risk of coronary heart disease (CHD). To date, numerous
studies have examined the detrimental effects of ill-being
(e.g. depression, anxiety, hostility). > However, a growing body
of research suggests possible protective effects of well-being
(e.g. positive affect, optimism).*> Given that the absence of ill-being
may not indicate the presence of well-being® it is critical to
examine the relationship between well-being and CHD in
greater detail.

Well-being comprises affective and cognitive components.” The
former is represented by positive and negative emotions, whereas
the latter is represented by judgements of global life satisfaction
and satisfaction within specific life domains (e.g. relationship

satisfaction). Although the affective and cognitive components
are related, they are distinguishable from one another and are
typically assessed independently.® Past research on well-being
and CHD has almost exclusively considered the affective®*’
rather than the cognitive component (for exceptions see'®'").
Because affect and cognition could have different effects on beha-
viours and physiological systems, it is important to consider each.

Previous work has emphasized a top-down approach to well-
being that uses global measures (i.e. evaluations of life in general)
rather than particular life domains (i.e. evaluations of specific
areas of life). Although domain satisfactions tend to be correlated

. . . 8,12,13
with evaluations of one’s life as a whole,

the two may have
different correlates, antecedents, and consequences.”*'™ Two
specific domains—work experience and social relationships—are

known to be associated with CHD risk.">~"” Thus, satisfaction
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within those domains may be specifically associated with CHD.
Evaluating separate life domains may provide a more finely discri-
minated analysis of life experiences that are especially relevant
for cardiovascular health.

The present study investigated the prospective association
between domain satisfaction and incident CHD using data from
the Whitehall Il cohort, a large sample of British civil servants.
We measured satisfaction in several ways, including (i) averaging
across life domains for mean satisfaction, (ii) assessing individual
domains of satisfaction, and (jii) assessing global life satisfaction in
secondary analyses. We also examined whether different forms
of CHD—that is, ‘hard’ outcomes of fatal CHD and non-fatal myo-
cardial infarction (Ml) and ‘softer’ outcomes of definite angina—
share similar associations with satisfaction. Most research has not
distinguished between these outcomes and their association with
well-being, and the few studies that have done so yield inconsistent
findings.S'18

Methods

Participants

The Whitehall Il cohort comprises 10 308 British civil servants initially
examined during 1985—-88 (Phase 1)."” Phase 3 (1991-94) serves as
baseline for the present study because domain satisfaction was
measured then. Participants who experienced a cardiovascular-related
event between Phases 1 and 3 (n = 280), died before participation
at Phase 3 (n = 103), or who were withdrawn from the sample for
non-response (n = 1349) were excluded. The remaining group of
participants was further reduced by 620 individuals with missing
values on satisfaction or CHD-related outcomes, yielding an analytic
sample of 7956.

All participants provided written informed consent. Human research
Ethics Committees at University College London and University
College London Hospital approved the research.

Domain satisfaction measurement

Satisfaction was assessed with items asking: ‘All things considered, how
satisfied or dissatisfied are you with the following areas of your life?
Participants evaluated eight areas including their ‘marital or love
relationship’, ‘leisure time activities’, ‘standard of living’, ‘job’, ‘health’,
‘family life’, ‘sex life’, and feelings ‘about yourself as a person’. Partici-
pants rated each domain on a scale from 1 (very dissatisfied) to 7
(very satisfied). Besides using each domain satisfaction individually, par-
ticipants’ responses to seven of the domains were averaged (M = 5.33,
SD = 1.18; health satisfaction was not included as it may be con-
founded with satisfaction and CHD). This mean—where higher
scores indicated greater satisfaction—was standardized (M =0,
SD = 1) so that analyses could be interpreted as one standard devi-
ation increase in satisfaction. Average domain satisfaction demon-
strated good internal consistency reliability (o= 0.84). Previous
health-related research has used similar scales'®* and averaged
domain satisfactions into a single composite. These composites corre-
late strongly with global assessments of life satisfaction and exhibit
stability across time."

We primarily used mean domain satisfaction as a continuous vari-
able. To test for threshold effects, we also created tertiles of mean sat-
isfaction based on the distribution of scores (naturally occurring or
clinically relevant thresholds have not been established). Standardized

scores <—0.28 were low (34.21%), scores between —0.28 and 0.57
were moderate (33.75%), and scores >0.57 were high (32.04%).

Morbidity and mortality measurement

Incident CHD—composed of fatal CHD, first non-fatal Ml, or first
definite angina—was assessed from Phase 3 to Phase 5 (1997-99), a
mean follow-up of 5.42 person-years (SD = 1.23). The British National
Health Service Central Registry provided information regarding the
date and cause of all deaths. Coronary-related deaths were classified
according to codes 410—414 from the ninth revision of the Inter-
national Classification of Diseases and codes 120—125 from the 10th
revision. MONICA criteria (including electrocardiograms, cardiac
enzymes, and biochemical markers such as abnormal troponin levels)
confirmed non-fatal MI?' Definite angina was defined by clinical
records, abnormalities on electrocardiograms or coronary angiogram,
and nitrate medication use, but excluded self-report that was not
clinically verified.”* Two trained judges classified cardiac events and
reached agreement on inconsistencies.

Cardiovascular risk factor measurement

Covariates related to demographics, health behaviours, cardiovascular
function, and metabolic function were assessed. Demographic covari-
ates included age (years), sex (male, female), ethnicity (White, non-
White), marital status (married/cohabitating, other), and employment
grade [administrative (highest level), professional (middle level), cleri-
cal/support (lowest level)]. Health behaviours included smoking
status (current, former, never), alcohol consumption [low/moderate
(women: <15 units/week; men: <22 units/week), high (women:
>15 units/week; men: >22 units/week)], hours exercised (<1.5h/
week, >1.5h/week of moderate and vigorous exercise), and daily
fruit and vegetable consumption (yes, no). Covariates related to
cardiovascular and metabolic functioning included systolic blood
pressure (SBP; mm Hg), diastolic blood pressure (DBP; mm Hg),
high-density lipoprotein cholesterol (HDL-C; mmol/L), low-density
lipoprotein cholesterol (LDL-C; mmol/L), triglycerides (mmol/L),
body mass index (BMI; kg/m?), and self-reported physician-diagnosed
diabetes (yes, no). Triglycerides were log transformed to achieve
normality.

Psychological ill-being was assessed with three items from the Short
Form-36.2 Items asked whether emotional problems like depression
or anxiety caused individuals to (1) ‘Cut down the amount of time
you spent on work or other activities’, (2) ‘Accomplished less than
you would like’, and (3) ‘Didn’t do work or other activities as carefully
as usual’. Participants responded to each item with ‘yes’ (1) or ‘no’ (0),
which yielded a total sum score ranging from 0 to 3. Higher scores
indicated greater ill-being, and internal consistency reliability was
adequate (a = 0.78).

All covariates were measured at the Phase 3 baseline, except for sex
(assessed at Phase 1) and ethnicity (derived from Phase 1 to 5 ques-
tionnaires). Covariates were assessed by self-report, except for
medical examinations assessing blood pressure, lipids, and BMI.
LDL-C had the most missing data (7%; n=552), followed by
HDL-C, triglycerides, SBP, DBP, and BMI (5-5.5%; n = 380-436).
Other covariates had 2% or less missing data (n < 161).

Statistical analyses

Multiple imputation procedures were used to impute missing data on
covariates. Cox proportional hazards regression models estimated
hazard ratios (HRs) of CHD and 95% confidence intervals (Cls). The
association between (continuous) mean domain satisfaction and
CHD was examined in four nested models. The first model was
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age-adjusted and the second model was minimally adjusted for demo-
graphics (i.e. age, sex, ethnicity, marital status, employment grade). The
third multivariate-adjusted model additionally included health beha-
viours (i.e. smoking status, alcohol consumption, exercise, fruit, and
vegetable consumption), blood pressure (i.e. SBP, DBP), and metabolic
factors (i.e. HDL-C, LDL-C, triglycerides, BMI, diabetes). The fourth
model adjusted for all covariates and ill-being; a likelihood ratio test
compared the fit of the third and fourth models. Additional analyses
stratified models by sex, used tertiles of mean domain satisfaction to
examine threshold effects, examined whether results differed by
CHD outcome (i.e. including/excluding definite angina), and examined
each specific domain satisfaction in relation to CHD.

Secondary analyses determined the association between CHD and
Phase 1 global life satisfaction (assessed with the Satisfaction With
Life Scale).24 A similar set of covariates from Phase 1 were used,
except lipids were excluded because they were not assessed in the
majority of participants. We also considered whether information
from all domain satisfactions combined was more informative than
considering individual domains. A likelihood ratio test compared a
model with the total sum score of domain satisfactions to a model
that simultaneously included all seven domain satisfactions. Addition-
ally, analyses examined the contribution of specific domain satisfactions
to the association between mean domain satisfaction and CHD risk.
For each domain i, we computed a modified mean domain satisfaction
score based on the mean without domain i (i.e. mean domain
satisfaction —domain i). A modified mean domain satisfaction score
was included in models with each domain satisfaction score. Sensitivity
analyses excluded participants treated with self-reported antihyperten-
sive or lipid-lowering medication.

Results

Preliminary findings

Of 7956 participants, 5496 were men and 2460 were women.
Average baseline age was 49.5 years (SD = 6.07), with a range
from 39 to 63. Baseline characteristics according to tertiles of
mean domain satisfaction are shown in Supplementary material
online, Table S1. Average domain satisfaction was associated in
the expected directions with Phase 1 global life satisfaction
(Pearson r=0.47, P<0.0001), positive affect (r=0.26,
P < 0.0001), and negative affect (r = —0.35, P < 0.0001), as well
as Phase 3 ill-being (r= —0.36, P < 0.0001), providing evidence
of the measure’s validity. Non-significant time-dependent inter-
action terms between life satisfaction and the logarithm of
the follow-up period confirmed that the proportional hazards
assumption was met (P-values >0.27).

Satisfaction across life domains
and coronary heart disease

During an average of 5.42 person-years of follow-up, there were
293 cases of incident CHD. Each standard deviation increase in
mean domain satisfaction was associated with 12% reduced risk
of CHD in age-adjusted models (HR: 0.88; 95% CI: 0.79-0.99;
P =0.03). The addition of demographic factors did not substan-
tially change this association (HR: 0.88; 95% Cl: 0.78-0.98;
P =10.02), nor did adding variables related to health behaviours,
blood pressure, and metabolic functioning (HR: 0.87; 95% CI:
0.78-0.98; P =0.02). Adding ill-being to the multivariate model

slightly widened the ClI for the association between mean
domain satisfaction and CHD, although each standard deviation
increase in satisfaction was still associated with 10% reduced risk
of CHD (HR: 0.90; 95% CI: 0.80—1.02; P = 0.09). Model fit did
not differ significantly when comparing the multivariate model to
the ill-being model (P = 0.11).

In sex-stratified analyses, the magnitude of association between
mean domain satisfaction and CHD remained essentially the same
in minimally adjusted (men, HR: 0.88; 95% Cl: 0.77—1.00; P = 0.06;
women, HR: 0.87; 95% CI: 0.70—1.07; P = 0.19) and multivariate-
adjusted models (men, HR: 0.88; 95% Cl: 0.77-1.01; P = 0.07,
women, HR: 0.85; 95% Cl: 0.68—1.06; P = 0.16). That is, greater sat-
isfaction reduced CHD risk to the same extent in men and women,
although Cls were slightly wider probably due to fewer incident
cases (men: 213; women: 80). Furthermore, the interaction
between sex and satisfaction was non-significant in minimally
adjusted and multivariate-adjusted models (P-values >0.80).

A dose—response relationship was evident when considering
tertiles of domain satisfaction and total CHD (Table 7). In
multivariate-adjusted models, individuals with the highest

Table I Minimally adjusted and multivariate-adjusted
hazard ratios (95% confidence intervals) for different
definitions of incident coronary heart disease according
to level of domain satisfaction

Hazard ratio (95% confidence interval)

Low Moderate High
Total CHD
Number of cases® 108 96 89
Minimally adjusted® 1.00 0.82 (0.62—1.08) 0.75** (0.56—1.00)
Multivariate- 1.00 0.80 (0.61-1.06) 0.74** (0.55-0.99)
adjusted®
Definite angina
Number of cases® 79 67 53
Minimally adjustedb 1.00 0.77 (0.55-1.07) 0.60*** (0.42-0.86)
Multivariate- 1.00 0.76* (0.54—1.06) 0.59** (0.41-0.85)

adjusted”

Fatal CHD or non-fatal Ml

Number of cases® 47 49 48

Minimally adjusted® 1.00 1.00 (0.67—1.50) 099 (0.65-152)

Multivariate- 1.00 1.00 (0.66—1.50) 1.01 (0.66—1.54)
adjusted®

CHD, coronary heart disease; M|, myocardial infarction.

n = 7956.

®Adjusted for demographics (age, sex, ethnicity, marital status, grade of
employment).

“Adjusted for demographics, health behaviours (smoking status, alcohol
consumption, exercise, fruit, and vegetable consumption), systolic and diastolic
blood pressure, and metabolic function (high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, triglycerides, body mass index, diabetes).
n = 8014.

°n = 8099.

*P < 0.10, *¥*P < 0.05, ***P < 0.01.
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satisfaction had 26% reduced risk of total CHD and individuals with
moderate satisfaction had 20% reduced risk relative to individuals
with the lowest satisfaction.

Further minimally adjusted and multivariate-adjusted analyses
considered tertiles of domain satisfaction in relation to different
forms of CHD (Table 7). Risk of definite angina was reduced
among individuals with high and moderate satisfaction compared
with individuals with low satisfaction. No association between sat-
isfaction and fatal CHD/non-fatal M| was evident. Findings were
similar with continuous mean domain satisfaction in multivariate
models (definite angina, HR: 0.82; 95% Cl: 0.71-0.94; P = 0.003;
fatal CHD/non-fatal MI, HR: 0.98; 95% CI: 0.82—1.16; P = 0.81).

Domain satisfaction and coronary
heart disease

We investigated whether each specific domain was associated with
CHD (Table 2). Satisfaction with one’s job, family life, sex life, and
self were each independently associated with ~12% reduced risk
of total CHD in minimally adjusted and multivariate-adjusted
models. No association was evident for individual domain satisfac-
tion and fatal CHD/non-fatal MI. However, findings for definite
angina were consistent with those for mean domain satisfaction.
These findings suggest important life domains that bear on
cardiovascular health.

Secondary analyses

After excluding people with a cardiovascular event between Phases
1-3 and imputing missing data on Phase 1 covariates, Phase 1
global life satisfaction was not associated with incident CHD at
Phase 5 in minimally adjusted (HR: 1.01; 95% CI: 0.88-1.15;
P =0.92) or multivariate-adjusted (HR: 1.02; 95% CI: 0.89-1.16;
P = 0.82) models.

Likelihood ratio tests found no significant differences between
models with summed domain satisfactions and models with all
seven domain satisfactions included simultaneously (P-values
>0.05). Analyses that included modified mean domain satisfaction

with a specific domain satisfaction were consistent with those pre-
sented in Table 2. Job, family life, sex life, and self satisfaction were
all associated with CHD, controlling for modified mean domain
satisfaction (P-values <<0.05). For other life domains (marital/love
relationship, leisure, standard of living), the modified mean score
was significantly associated with CHD (P-values <<0.05) but the
individual domain was generally not.

Excluding participants treated with antihypertensive or lipid-
lowering medication at baseline (n= 616) did not meaningfully
alter the findings.

Discussion

This study examined whether satisfaction with specific life domains
was prospectively associated with incident CHD after controlling
for conventional risk factors and ill-being. In minimally adjusted
and multivariate-adjusted models, satisfaction averaged across
seven life domains was significantly associated with a modest
reduced risk of total CHD. The size of the effect was comparable
for both men and women, although fewer case counts attenuated
statistical power. A statistically significant dose—response effect
existed such that individuals reporting the most satisfaction had
the greatest risk reduction compared with individuals reporting
moderate and low satisfaction levels. Effects seem to be driven
largely by a statistically significant association with definite angina.
Phase 1 global life satisfaction was not significantly associated
with CHD in secondary analyses.

Limited work has examined the association between CHD and
life satisfaction. Moreover, well-being has rarely been measured by
combining domain-specific evaluations. It is unclear exactly why
Phase 1 global satisfaction was unrelated to CHD in secondary
analyses. However, the moderate association between global satis-
faction and mean domain satisfaction suggests that these measures
may capture something different, and that satisfaction within
particular life domains may be especially relevant for coronary
outcomes. Furthermore, positive affect has not consistently been

Table2 Hazard ratios (95% confidence intervals) of incident coronary heart disease for one standard deviation increase

in specific domain satisfactions®

Mean (standard deviation)

Marital/love relationship satisfaction 5.39 (1.92)
Leisure satisfaction 517 (1.61)
Standard of living satisfaction 5.68 (1.46)
Job satisfaction 5.19 (1.69)
Family life satisfaction 5.77 (1.45)
Sex life satisfaction 4.93 (1.81)
Self satisfaction 5.18 (1.56)

Hazard ratio (95% confidence interval)

0.93 (0.82-1.05)
0.96 (0.85-1.08)
0.97 (0.95-1.09)

0.87* (0.78-0.97)

0.88* (0.79-0.98)

0.87* (0.78-0.98)

0.89* (0.80—1.00)

091 (0.80-1.03)
0.96 (0.86—1.08)
0.99 (0.88-1.11)

0.86** (0.77-0.97)

0.86** (0.77-0.96)

0.87* (0.77-0.98)
0.89* (0.79-0.99)

°n = 7956; 293 cases.
®Adjusted for demographics (age, sex, ethnicity, marital status, grade of employment).

“Adjusted for demographics, health behaviours (smoking status, alcohol consumption, exercise, fruit, and vegetable consumption), systolic and diastolic blood pressure, and
metabolic function (high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, triglycerides, body mass index, diabetes).

*P < 0.05; ¥*P < 0.01.
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associated with incident CHD.*® For example, research with the
Whitehall Il cohort reported that positive affect was unrelated to
CHD over 10 years, although it is unclear whether or not it was
associated with CHD across 5 years or with definite angina.’

The seven specific life domains shared similar distributions and
were moderately to strongly interrelated (Pearson rs ranged
from 0.27 to 0.73), but only four life domains were significantly
associated with CHD-related outcomes—job, family, sexual, and
self satisfaction. Prior research indicates that work and love are
central to human functioning,”> which suggests categories that
may be particularly relevant for cardiovascular health. Indeed, job
satisfaction, family satisfaction, and sexual satisfaction fall within
the categories of work and love. However, this cannot fully
account for why satisfaction with one’s marital/love relationship
was not significantly associated with reduced CHD risk, or why
satisfaction with one’s self was.

Satisfaction was not significantly associated with ‘hard’ outcomes
of coronary death and MI. Instead, the association between satis-
faction and total CHD was driven primarily by definite angina.
Other research on psychological well-being has not routinely sep-
arated ‘hard’ outcomes from angina, although the few studies that
have done so report inconsistent results. For example, in one pro-
spective study of older women, the association between optimism
and CHD was stronger when Ml was considered alone than in a
composite of angina, angioplasty, and coronary artery bypass graft-
ing.” In an investigation of ageing men, the magnitude of association
between optimism and fatal CHD, non-fatal Ml, and angina (separ-
ately) was similar."® Finally, in work with other psychological con-
structs, stress was associated with angina but not ‘objective’
cardiovascular-related outcomes.?®

Given inconsistencies in past work, how can stronger findings
for angina be reconciled? One explanation involves a reporting
bias. Angina is often established through self-reports of chest
pain. Individuals with favourable views of their lives may be more
likely to report favourable views of their health and have higher
pain tolerance.”’ ** All self-reported instances of angina were con-
firmed clinically in the present investigation, but the extent of mis-
classification due to undiagnosed angina was probably dependent
on self-report, which introduces a potential reporting bias accord-
ing to one’s psychological outlook. Previous work, however,
suggests that angina is a strong predictor of future cardiovascular
events,*%"

Other explanations may relate to the relatively young age of the
present sample (average of 50 years) and how that coincides with
the course of CHD. Because angina may be a sign or symptom of
underlying atherosclerosis—or, in other words, a precursor to
Ml—it is feasible that in the age group we studied and for the rela-
tively short period in which we studied them, angina occurred
more frequently than fatal CHD/non-fatal M. Indeed, there were
more cases of angina than coronary death or MI. Perhaps findings
for fatal CHD/non-fatal Ml would more closely resemble those for
angina if participants had been followed for a longer period of time
to capture a more complete trajectory of CHD. Furthermore, as
all patients with Ml have coronary atherosclerosis but only a few
with atherosclerosis develop M, satisfaction might be related to
overall risk of atherosclerosis but not with the unique factors
that predispose individuals to plaque rupture or MI.

Use of the Whitehall Il cohort may limit generalizability because
participants were employed and relatively healthy. Other limit-
ations concern the measurement of life satisfaction. Analyses
may have been overly simplistic by separately averaging domain sat-
isfactions and asking about general life satisfaction. Integrating the
two approaches may be more informative than either approach
on its own.® Additionally, averaging domain satisfactions may not
have adequately represented life satisfaction. Instead, a more
complex relationship may exist whereby some domains weigh
more heavily in overall judgements of life satisfaction’® or a
balance of satisfaction across some critical set of domains may
better reflect overall life satisfaction.*®

This study has numerous strengths, including a large and well-
characterized cohort, prospectively measured well-being, detailed
follow-up of objectively assessed CHD, and clinically assessed
CHD risk factors. The current investigation also evaluated
whether conventional covariates related to health behaviours or
cardiovascular and metabolic functioning might explain the
observed association between satisfaction and angina. Effects
were not attenuated when these covariates were added, which
either suggests that the relationship is largely a function of self-
report bias or that other mechanisms may be important to con-
sider. In fact, other investigations of psychological factors and
CHD frequently find that conventional risk factors explain little
of the observed associations.*?

Taken together, this research indicates that being satisfied with
specific life domains—in particular, one’s job, family, sex life, and
self—is associated with a reduction in incident CHD independently
of traditional risk factors and ill-being, but these findings are pri-
marily due to an association with angina. Additional research is
needed to determine whether there is truly an association with
specific forms of CHD, or if this is primarily an artifact of self-
report bias. Disentangling these possibilities should be considered
of high clinical relevance. A more definitive understanding may help
determine whether interventions to enhance life satisfaction in
specific domains could improve CHD outcomes in high-risk indi-
viduals. Moreover, findings may suggest that assessing the psycho-
logical profile of patients with angina adds predictive value for
evaluating risk of subsequent CHD events.

Supplementary material

Supplementary material is available at European Heart Journal
online.
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