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BACKGROUND: Most women occupy multiple social roles during midlife. Perceived stress and rewards from these roles may
influence health behaviors and risk factors. This study examined whether social role stress and reward were associated with
the American Heart Association Life’s Simple 7 in a cohort of midlife women in the United States.

METHODS AND RESULTS: Women (n=2764) rated how stressful and rewarding they perceived their social roles during cohort
follow-up (age range, 42—-61 years). Body mass index, blood pressure, glucose, cholesterol, physical activity, diet, and smok-
ing were assessed multiple times. All components were collected at the fifth study visit for 1694 women (mean age, 51 years).
Adjusted linear and logistic regression models were used in analyses of the number of ideal components and the odds of
achieving the ideal level of each component, respectively. Longitudinal analyses using all available data from follow-up visits
were conducted. At the fifth visit, more stressful and less rewarding social roles were associated with fewer ideal cardiovas-
cular factors. Higher average stress was associated with lower odds of any component of a healthy diet and an ideal blood
pressure. Higher rewards were associated with greater odds of ideal physical activity and nonsmoking. Longitudinal analyses
produced consistent results; moreover, there was a significant relationship between greater stress and lower odds of ideal
glucose and body mass index.

CONCLUSIONS: Perceived stress and rewards from social roles may influence cardiovascular risk factors in midlife women.
Considering social role qualities may be important for improving health behaviors and risk factors in midlife women.
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tified 7 key health behaviors and risk factors,

known as the AHA Life’s Simple 7 (AHASY), to
target for initiatives to improve cardiovascular health.!
The AHASY is a combination of behavioral (smoking,
physical activity, and diet) and biologic (body mass
index [BMI], glucose, cholesterol, and blood pressure)
risk factors. In developing and promoting this index,
the AHA emphasized the need for “primordial preven-
tion,” or prevention of the development of any risk,

The American Heart Association (AHA) has iden-

as opposed to preventing events in high-risk popula-
tions, or preventing additional events after a first event.
Midlife, defined as the years between the ages of 40
and 65, is a potential time to intervene to prevent car-
diovascular disease in later life. This life stage is partic-
ularly important for women, because of the additional
physical, mental, and social changes associated with
the menopause transition.

Psychosocial factors have been hypothesized to
influence cardiovascular risk. Moreover, depressive
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CLINICAL PERSPECTIVE

What Is New?

¢ In a multiethnic population-based cohort study
of women in midlife, stress related to social
roles, including employment, parenting, car-
egiving, and marriage, was related to achiev-
ing fewer components of ideal cardiovascular
health, after adjusting for age, study site, race/
ethnicity, education, and menopause status.

¢ In the same group of women, those who rated
those social roles as more rewarding achieved
more ideal components of a healthy lifestyle,
with stress and reward being related to differ-
ent components of ideal cardiovascular health
when examined separately: stress being related
to diet, blood pressure, and body size; and
rewards being related to physical activity and
smoking behaviors.

What Are the Clinical Implications?

e (Clinicians addressing risk factors for cardiovas-
cular disease in midlife women should consider
social role stress and reward as potential influ-
ences of adherence to interventions and healthy
behaviors.

Nonstandard Abbreviations and Acronyms

AHA American Heart Association

AHAS7 American Heart Association Life’s
Simple 7

MRQ Multiple Role Questionnaire

NHS Nurse’s Health Study

SWAN Study of Women’s Health Across
the Nation

WHS  Women’s Health Study

symptoms,? indicators of socioeconomic status,?
financial strain,* and social risk (measured by mar-
ital status, education, family support, and income)®
have been associated with the AHAS?7, as well as
positive psychosocial factors, including optimism
and well-being.5° Although stress is an extensively
studied risk factor for cardiovascular disease in mid-
life women,'" only 2 studies of stress and the AHAS7
in US cohorts have been published, which found
that stressful life events and past-year stress were
related to lower odds of achieving ideal cardiovascu-
lar health, according to the AHAS7. One study was
in an exclusively Black population'? and found that
sex did not significantly modify the association be-
tween stress and the AHAS?. The other study used
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only a single question to assess presence of past-
year stress,'® and observed in stratified analyses that
past-year stress influenced adherence to the AHASY
in both women and men.

To better understand the psychosocial determi-
nants of the AHAS7 in women, studies with more de-
tailed assessments of specific stressors are needed.
Women in midlife can occupy multiple social roles,
including employee, caregiver, parent, and spouse,
which they may perceive as stressful, but also reward-
ing. These social roles, as well as how a woman per-
ceives her roles, may influence her health behaviors
and risk factors for cardiovascular disease. There have
been few studies of social role-specific (ie, job-related)
stress and the AHAS7 in non-US settings with mixed
findings.'*~'6 In addition, no studies of the relationship
between rewarding social roles and the AHAS7 have
been published.

The objective of this study was to assess the relation-
ship between social role-related stress and reward and
the AHASY (smoking, BMI, physical activity, diet, choles-
terol, blood pressure, and glucose) in a cohort of women
transitioning through menopause. We hypothesized that
women who rated their social roles as more stressful
would achieve fewer ideal AHAS7 components, and that
greater ratings of social role reward would be related to
more ideal AHAS7 components. A secondary aim was
to examine the relationships between average social
role stress and reward and the odds of achieving ideal
levels of each individual component. Understanding
which specific components of the AHAS? are affected
by social role qualities may help guide interventions to
improve cardiovascular disease health.

METHODS

Transparency and Reproducibility

Data collected during the baseline and first 9 an-
nual study visits of the longitudinal SWAN (Study of
Women’s Health Across the Nation) cohort were used
in the analyses for this article. Public use SWAN data
sets from baseline through the 10th annual follow-up
visit can be accessed by visiting the SWAN web site:
http:/www.swanstudy.org/swan-research/data-ac-
cess. Some, but not all, of the data used for this analy-
sis are contained in the public use data sets. Members
of the scientific community who are interested in work-
ing with SWAN data that are not contained in the public
use data sets may apply to become a SWAN investiga-
tor on the SWAN website.

SWAN is a longitudinal cohort study that was ini-
tiated in 1996 to 1997 that recruited women at 7 US
sites with the following criteria: those aged 42 to 52
years who had a uterus and experienced a menstrual
period in the past 3 months, who had at least one
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intact ovary, and who were not taking exogenous
hormones. Women were recruited through an ini-
tial telephone survey to determine eligibility and en-
rolled at sites in California, Massachusetts, Michigan,
llinois, Pennsylvania, and New Jersey. Each site was
required to recruit a prespecified number of women
from a specific racial or ethnic minority group. The
initial cohort included 3302 women, half of whom
self-reported being a member of a racial or ethnic
minority group. Annual in-person visits included as-
sessments of physical, mental, and social health.
Data from the first 9 SWAN follow-up visits were used
in the current analyses. SWAN protocols were ap-
proved by institutional review boards at each study
site, and all participants provided written informed
consent.

Measures of Role Stress and Reward
Role-related stress and reward were calculated from a
self-administered, adapted version of the Multiple Role
Questionnaire (MRQ) by Stephens et al."” This version
of the scale was modified to accommodate 4 social
roles: employee, mother or stepmother, wife or part-
ner, and caregiver to an older or disabled adult rela-
tive. For each social role, a woman was asked if she
occupied that role, and if she occupied that role, she
was then asked to rate how stressful she perceived
that role using a Likert scale from 1 to 5, with 1 rep-
resenting “not at all” and 5 representing “extremely.”
Women were also asked to rate how rewarding that
role was using an identical Likert scale. Overall levels
of role-related stress and role-related reward were cal-
culated separately by taking the average stress and
reward ratings across all roles that a woman endorsed
at a given visit, as done in prior SWAN analyses.”® The
2 continuous scores were used as the main exposure
variables in this study. Women completed the MRQ at
visits 1 to 6 and 8. At visit 8, a third of the sample did
not complete the questionnaire because of changes to
the protocol.

Cardiovascular Risk Component
Outcomes

Data on the AHAS7 components were collected at
baseline and over the first 9 SWAN follow-up vis-
its. Three components were measured at all visits
(smoking, blood pressure, and BMI), whereas the
others were measured intermittently. A summary of
the visits with the different AHAS7 components is
presented in Table S1. We present the distribution
of the AHAS7 levels of each component at visit 5,
the only visit where all 7 were collected concurrently,
by “poor,” “intermediate,” and “ideal” levels of that
component.
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Body Mass Index

BMI was calculated from measurements of height and
weight taken without shoes and in light indoor clothing
at all study visits.

Blood Pressure

Blood pressure was measured with readings taken
on the right arm, with the respondent seated and feet
flat on the floor for at least 5 minutes before meas-
urement. Respondents had not smoked or consumed
any caffeinated beverage within 30 minutes of blood
pressure measurement. Appropriate cuff size was de-
termined on the basis of arm circumference. A stand-
ard mercury sphygmomanometer was used to record
systolic and diastolic pressures at the first and fifth
phase Korotkoff sounds. Two sequential blood pres-
sure values were completed, with a minimum 2-min-
ute rest period between measures, and the average of
the 2 values was used. Information about medications
was collected during the in-person interview, when
women were asked if they had taken blood pressure
pills since their last study visit, and asked to provide
the name of the medication and show the container if
they brought it. Medication data were coded by trained
study personnel.

Cholesterol and Glucose

Achievement of ideal levels of total cholesterol and glu-
cose was determined from fasting blood samples and
medication data from questionnaire at baseline and
follow-up visits 1, 3, 4, 5, 6, and 7. Total cholesterol
was measured on EDTA-treated plasma using enzy-
matic methods on a Hitachi 747 analyzer (Boehringer
Mannheim Diagnostics, Indianapolis, IN). Serum glu-
cose was measured using a hexokinase-coupled re-
action on a Hitachi 747-200 (Boehringer Mannheim
Diagnostics). Cholesterol medications were obtained
when women were asked if they had taken any medi-
cations for cholesterol or “fats in your blood” since
their last study visit, and asked to provide the name of
the medication and show the container if they brought
it. Glucose medications were obtained when women
were asked if they had taken any insulin or “pills for
sugar in your blood” since their last study visit, and
asked to provide the name of the medication and show
the container if they brought it.

Physical Activity

Levels of regular physical activity were based on esti-
mates from the Kaiser Physical Activity Survey, which
asks about activity habits during the past year and
was administered at baseline and visits 3, 5, 6, and 9.
Questions about intensity, frequency, and duration of
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moderate and vigorous planned physical activity were
used to determine whether women met “ideal,” “inter-
mediate,” or “poor” levels of physical activity. To qualify
for “ideal” physical activity, women had to participate in
at least 2 hours of moderate or vigorous physical activ-
ity per week for at least 4 months of the past year. Any
other amount of moderate or vigorous physical activity
for at least 4 months was considered “intermediate,”
and a lack of participation in any sports or planned
exercise for at least 4 months was considered “poor.”

Smoking

A questionnaire asking about smoking since the last
study visit was administered at all follow-up visits.

Diet

A modified Block Food Frequency questionnaire was
administered at baseline, visit 5, and visit 9, asking
women how often they ate different food items on av-
erage during the past year.'%2° A “healthy diet score”
was calculated according to the AHA criteria for 5
components of a healthy diet: fruits and vegetables,
fiber from whole grains, sodium, fish, and sugar-sweet-
ened beverages (Table S1).

Covariates

The following variables were used as covariates in
all models: age, study site, race/ethnicity, education,
and menopause status. Level of education was de-
termined at the baseline visit using a questionnaire
and categorized by high school or less, some col-
lege, or college or more. Income data were collected
at all follow-up visits using a questionnaire and cat-
egorized by <$35 000, $35 000 to $75 000, and
>$75 000. Menopause status was based on self-
reported bleeding patterns over the past 12 months,
reported surgery (hysterectomy or bilateral oopho-
rectomy), and/or hormone use.

Exclusion Criteria

For the cross-sectional analysis, women were excluded
if they self-reported a heart attack or stroke on or before
visit 5. For the longitudinal analyses, data were excluded
if they were from visits after which women self-reported
a heart attack or stroke. Thus, if a woman had AHAS7
data for all 7 visits, but reported a cardiac event at the
third visit, only data from the first 2 visits were used in
analyses. Women who were preghant were excluded
from analyses at the visit they reported the pregnancy.

Statistical Analysis

Means, SDs, frequencies, and percentages of key
variables were used to describe the study sample.
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t-Tests and ¥? tests were used to compare demo-
graphic characteristics and the AHAS7 of women
who were included in this analysis with women who
were excluded.

For the main analysis of role-related stress and
reward and the AHAS7, we first analyzed the total
number of ideal AHAS7 components achieved as a
continuous outcome variable. Next, achievement of
the ideal level of each individual component was ex-
amined as separate outcomes (except for diet, for
which we examined the presence of any of the 5
components of a healthy diet as the outcome, as no
women achieved the AHA-defined “ideal” diet of 4-5
components).

Two sets of analyses were conducted on the
basis of the availability of the data: (1) cross-sectional
analyses using data from SWAN visit 5 (the only visit
where all components of the AHAS7 and MRQ were
collected concurrently) and (2) longitudinal analyses,
using adjacent visit data when a component was
missing because of study design (eg, the physical
activity questionnaire was not collected at visit 1,
and thus baseline data were used for that visit). See
Table S1 for a summary of how data were carried
forward for longitudinal analyses. Participants who
did not have complete AHAS7 data at visit 5 were in-
cluded in longitudinal analyses if data were available
for other visits.

In cross-sectional analyses, multivariate linear re-
gression was used to model the number of ideal
AHAS7 components a woman achieved as the out-
come. Average role-related stress and reward ratings
were tested as independent variables in separate mod-
els, then were included in the same model to adjust
for each other. Interactions were tested one at a time
between stress and reward, stress and race/ethnicity,
and reward and race/ethnicity by including the product
terms of those variables in the models. Logistic regres-
sion was used to model the odds ratio (OR) of achiev-
ing an “ideal” level of each component associated with
role stress and reward. Because no women had an
“ideal” diet, the odds of having any component of a
healthy diet was the outcome in those models. In addi-
tion, because obesity was prevalent in the population,
the odds of having a BMI <30 kg/m? was modeled as
an outcome.

In longitudinal analyses using data over time, the
concurrent  relationship between role-stress and
role-reward scores was examined using the number
of ideal components as the dependent variable in lin-
ear mixed effects regression models with a random
intercept to account for within-woman correlation. For
individual component analyses over time, the odds of
an ideal level of individual components were the de-
pendent variable in generalized linear mixed effects
models with a logit link and random intercept.
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SAS version 9.4 was used for analyses, and P<0.05
was considered statistically significant in the reporting
of findings.

RESULTS

Of the original cohort of SWAN women (n=3302), 2764
had data from at least one visit with the AHAS7 and
social role-related stress and reward. Women who
were excluded from all analyses because of missing
data were more likely to be ethnic minorities, were
less likely to have a college degree, were more likely
to have a household income <$35 000, and were less
likely to be married or in a committed relationship or
employed for pay at baseline. Excluded women were
also more likely to have poor levels of glucose, blood
pressure, BMI, and smoking at baseline (Table 1).

Descriptive Statistics at Visit 5

At visit 5, the included women (n=1694) had an aver-
age age of 51 years. Of the 4 social roles, the most
common role was mother (83%), followed by job
(82%), relationship (76%), and caregiver (13%). Over
half of the cohort occupied 3 roles, and 6.7% oc-
cupied all 4 roles. The average role stress rating was
2.8 (SD, 0.84), and the average role reward rating
was 3.9 (SD, 0.74).

The average AHAS7 score at visit 5 (range, 0-13)
was 7.9, with an SD of 2.2. No women had ideal levels
of all AHAS7 components, as no women had a healthy
diet at visit 5, according to AHA criteria. Of the 1694
women at visit 5 with data on all AHAS7 components,
320 (18%) had 5 to 6 ideal components, 897 (50%)
had 3 to 4 components, and 572 (32%) had 0 to 2
components, and the average number of ideal com-
ponents was 3.2 (SD, 1.9). Over 90% of women had
ideal smoking behaviors, and close to 50% of women
had ideal levels of cholesterol, BMI, and physical ac-
tivity and 51% met the criteria for ideal blood pressure
(Figure). At this visit, 6.6% of the women included in the
analysis were on antilipid medication (6.2% were on a
statin), 24% were on an antihypertensive medication,
and 4.7% were on an antidiabetic.

Cross-Sectional Analyses of Role Stress,
Reward, and AHAS7

Number of Ideal Components

Average role-related stress and reward scores were
associated with the number of ideal AHAS7 compo-
nents at visit 5. A greater overall role-related stress
score was associated with achieving fewer ideal
AHAS7 components, and greater role-related re-
wards score was associated with achieving more
(Table 2). Furthermore, when stress and reward were
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in the same model, both were independently related
to the number of ideal AHAS7 components. No sta-
tistically significant interactions between stress and
reward, or between stress and race/ethnicity or re-
ward and race/ethnicity, were observed in cross-
sectional analyses.

Individual Components

In models for achieving ideal levels of each com-
ponent, greater role-related stress was related to a
lower odds of ideal blood pressure and having any
component of a healthy diet (Table 2). Although
greater role-related stress was not related to ideal
BMI (ie, <25 kg/m?), greater stress was related to
lower odds of a BMI <30 kg/m? in the model with
stress only (OR, 0.79; 95% CI, 0.69-0.91) and when
role rewards were included (OR, 0.82; 95% CI, 0.71-
0.94). A 1-point greater role stress score was related
to 10% reduced odds of achieving ideal physical ac-
tivity, but this was not observed when role-related
rewards were included in the model.

Role-related rewards were consistently related to
significantly greater odds of physical activity and non-
smoking. At visit 5, for each point increase in average
role-related rewards, women had 58% higher odds of
ideal physical activity. At visit 5, women who had more
rewarding roles had 30% higher odds of having healthy
smoking habits.

Interactions

There were borderline statistically significant interac-
tions between stress and reward in models of the odds
of any component of the healthy diet score (P=0.049)
and ideal blood pressure (P=0.071). After stratifying on
high versus low reward (on the basis of a cut point of
a score of >4 for average role rewards), the continu-
ous role stress score was significantly or nearly signifi-
cantly related to lower odds of having any component
of the healthy diet score (OR, 0.68; 95% Cl, 0.55-0.85)
and ideal blood pressure (OR, 0.82; 95% Cl, 0.67-1.01)
among women who had low role-related rewards but
was not among women who had high role-related re-
wards (diet OR, 0.94 [95% ClI, 0.79-1.12]; blood pres-
sure OR, 0.92 [95% ClI, 0.78-1.1]).

Longitudinal Analyses of Role Stress,
Reward, and AHAS7

Number of Ideal Components

In longitudinal models of the number of ideal AHASY
components over time, role-related stress was related
to achieving fewer components, and role-related re-
wards were related to more ideal components. In mod-
els with both role-related stress and reward included,
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Table 1. Comparison of Baseline Characteristics of SWAN
Women Included in Analysis and Excluded From Any
Analyses
Characteristic Excluded Included
No. 538 2764
Age, mean (SD), y 46.18 (2.63) 46.37 (2.7)
Race/ethnicity, n (%)
White 197 (36.6) 1354 (49)
Black 193 (35.9) 741 (26.8)
Hispanic 112 (20.8) 174 (6.3)
Chinese 12 (2.2) 238 (8.6)
Japanese 24 (4.5) 257 (9.3)
Education, n (%)
High school or less 204 (38.4) 615 (22.4)
Some college 176 (33.1) 875 (31.9)
College or postgraduate school 151 (28.4) 1250(45.6)
Income, n (%)
<$35 000 243 (46.6) 761 (28.9)
$35 000-$75 000 170 (32.6) 1138 (42.3)
>$75 000 108 (20.7) 792 (29.4)
Marital status, n (%)
Not married or committed relationship 161 (30) 595 (21.6)
Currently married or living as married 375 (70) 2166 (78.4)
Menopause status, n (%)
Early perimenopause 259 (49.1) 1234 (45.2)
Premenopause 267 (50.6) 1494 (54.7)
Unknown attributable to hormone use 2(0.4) 4(0.1)
Hormone use, ever, n (%) 2(0.4) 4(0.1)
Employed for pay, n (%) 392 (73.4) 2251 (81.6)
Cholesterol score, n (%)
Poor 63 (11.8) 280 (10.2)
Intermediate 165 (30.9) 844 (30.7)
Ideal 306 (57.3) 1621 (59.1)
Glucose score, n (%)
Poor 51 (10.4) 126 (4.8)
Intermediate 91 (18.6) 480 (18.3)
Ideal 347 (71) 2024 (77)
BP score, n (%)
Poor 45 (8.4) 189 (6.9)
Intermediate 274 (51) 1143 (41.5)
Ideal 218 (40.6) 1425 (51.7)
BMI score, n (%)
Poor 208 (39.7) 868 (31.7)
Intermediate 153 (29.2) 723 (26.4)
Ideal 163 (31.1) 1145 (41.8)
Activity score, n (%)
Poor 476 (89.8) 2244 (82)
Intermediate 12 (2.3) 13 (4.1)
Ideal 42 (7.9 381 (13.9)
Diet score, n (%)
(Continued)
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Table 1. Continued

Characteristic Excluded Included
Poor 130 (79.3) 2342 (84.7)
Intermediate 34 (20.7) 422 (15.39)

Smoking score, n (%)
Poor 156 (29.5) 413 (15.1)
Intermediate 8 (1.5) 46 (1.7)
Ideal 364 (68.9) | 2283 (83.3)

BMI indicates body mass index; BP, blood pressure; and SWAN, Study of
Women'’s Health Across the Nation.

stress but not reward was statistically significantly re-
lated to the AHASY (Table 3).

Individual Components

In component-specific longitudinal models, results for
role stress were consistent with the cross-sectional find-
ings for BMI <30 kg/m?, diet, and smoking. In addition,
anincrease in 1 point of the stress score was significantly
associated with 11% reduced odds of ideal glucose, 10%
reduced odds of ideal BMI, and 33% reduced odds of
ideal physical activity (Table 3). There were also 33% in-
creased odds of achieving ideal levels of physical activity
for each point increase in the role rewards score.

Interactions

There were no statistically significant interactions be-
tween stress and reward in the longitudinal analyses.
However, there was a statistically significant interaction
between reward and race on the number of ideal com-
ponents (P=0.032). On stratification by race/ethnicity,
role rewards were positively related to number of ideal
AHASY7 in White women, and the effect of rewarding
roles was negative (but not statistically significant) in
Black and Hispanic women (Table 4).

When race by reward interactions were tested for
individual AHAS7 components, there was a statis-
tically significant interaction only in models of ideal
blood pressure (P=0.009). On stratification, greater
role rewards were significantly related to lower odds
of achieving ideal blood pressure in Black women (OR,
0.84; 95% ClI, 0.72-0.98) and Hispanic women (OR,
0.73; 95% Cl, 0.57-0.94) and were unrelated among
White, Chinese, and Japanese women.

DISCUSSION

In this study of midlife women, women who rated their
social roles as more stressful and less rewarding on av-
erage achieved fewer ideal AHAS7 components, after
adjusting for age, race, site, education, and meno-
pause status. When individual components were exam-
ined, role stress was associated with decreased odds
of achieving ideal levels of blood pressure, smoking,
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Table 2. Relationship Between Role-Related Stress and Reward and the AHAS7 Components at SWAN Visit 5

Variable

Stress and Reward in Separate Models

Stress and Reward in the Same Model

Stress (3 (95% Cl)

Reward [3 (95% Cl)

Stress (3 (95% Cl)

Reward (3 (95% Cl)

No. of AHAS? ideal components

~0.11 (-0.19 to —0.04)

0.16 (0.08 t0 0.24)

~0.09 (~0.16 to —0.01)

0.14 (0.06 t0 0.22)

AHAS7 component*

Stress OR (95% Cl)

Reward OR (95% Cl)

Stress OR (95% Cl)

Reward OR (95% CiI)

Glucose

0.89 (0.77 t0 1.03

1.15 (0.97 1o 1.35)

0.91 (0.78 to 1.06)

112 (0.95 1o 1.33)

Cholesterol

0.97 (0.86 to 1.09

1,07 (0.93 10 1.22)

0.98 (0.87 to 1.11)

1.06 (0.93 to 1.22)

Blood pressure

0.87 (0.76 10 0.98

1.08 (0.94 to 1.24)

0.87 (0.77 to 0.995)

1.05(0.91 to 1.21

BMI

113 (0.97 to 1.32)

)
0.9 (0.78 to 1.04) 1.10 (0.94 to 1.29)

(
Physical activity 0.90 (0.76 to 1.06

1.59 (1.29 to 1.94)

0.99 (0.83 to 1.17) 1.58 (1.28 t0 1.95

)
)
)
0.89 (0.77 to 1.02)
)
)

Any healthy diet 0.84 (0.73t0 0.95

0.96 (0.83 to 1.11)

Smoking 0.83 (0.69 to 0.99)

1.34 (1.1 to 1.64)

( )
0.82 (0.72 t0 0.94) 0.91 (0.78 to 1.06)
0.88 (0.73 to 1.06) 1.30 (1.06 to 1.59)

All analyses done for women with nonmissing data for all 7 components. All models are adjusted for age, race, site, education, and menopause status.
AHASY indicates American Heart Association Life’s Simple 7; BMI, body mass index; OR, odds ratio; and SWAN, Study of Women’s Health Across the Nation.
*Represents an ideal level for all components, except for diet, which represents the presence of any healthy diet component.

glucose, BMI, and any component of a healthy diet,
whereas role rewards were associated with increased
odds of achieving ideal physical activity and nonsmok-
ing. Rewarding roles may have “buffered” the effects
of stress on diet and blood pressure in cross-sectional
analyses, such that women who rated their roles as less
rewarding experienced a negative effect of stress on
these outcomes, but not among women who rated their
roles as highly rewarding. In analyses incorporating data
from multiple study visits, stress and reward did not sig-
nificantly interact, but role rewards did interact signifi-
cantly with race/ethnicity. In particular, rewarding social
roles appeared to be related to lower odds of achieving
ideal blood pressure in Black and Hispanic women.
There were marked differences in the achieve-
ment of ideal levels of the 7 individual components in
our study, and when compared with other studies in

older and middle-aged women. At the one SWAN visit
with data on all 7 components, about half of women
achieved ideal levels of blood pressure, glucose, and
cholesterol, but only a third had an ideal BMI and none
achieved a healthy diet. The estimates of prevalence of
AHAS7 components in our cohort are consistent with
estimates for the US population based on National
Health and Nutrition Examination Survey data,?' except
for physical activity. In National Health and Nutrition
Examination Survey, 40% of middle-aged women re-
ported ideal physical activity, whereas <20% of our co-
hort achieved those levels. This could be attributable
to differences in the questionnaires used to estimate
activity in the different studies. Similarly, in the WHS
(Women’s Health Study) cohort, the average number
of ideal AHAS7 components was between 4.1 and
5.0 when stratified by race, compared with 3.2 in our

Table 3. Relationship Between Role-Related Stress and Reward and the AHAS7 Components at SWAN From Longitudinal

SWAN Data

Stress and Reward in Separate Models

Stress and Reward in the Same Model

Variable

Stress 3 (95% Cl)

Reward (3 (95% CI)

Stress (3 (95% Cl)

Reward (3 (95% Cl)

No. of AHAS? ideal
components

~0.05 (~0.08 to -0.02)

0.04 (0.01 0 0.08)

—-0.04 (-0.07 to -0.01)

0.03 (-0.001 to 0.07)

AHAS7 component*

Stress OR (95% Cl)

Reward OR (95% ClI)

Stress OR (95% ClI)

Reward OR (95% Cl)

Glucose

0.89 (0.81 10 0.97)

1.06 (0.96 to 1.18)

0.89 (0.82 to 0.98)

1.04 (0.93 to 1.15)

Cholesterol

0.95 (0.88 t0 1.03)

1.00 (0.92 to0 1.09

0.95 (0.88 t0 1.03)

0.99 (0.91 to 1.08)

Blood pressure

0.94 (0.87 to0 1.004)

( )
0.94 (0.87 10 1.02)

0.93 (0.86 to 0.99)

0.93 (0.85 to 1.01

BMI

0.89 (0.81 t0 0.99)

110 (0.98 to 1.23

0.90 (0.82 t0 0.998)

1.08 (0.96 to 1.21

Physical activity

0.83 (0.75 10 0.9)

0.87 (0.8 t0 0.96)

Any healthy diet

0.92 (0.85 to 0.99)

1.05(0.97 to 1.15

0.92 (0.86 to 0.996)

1.03(0.94 to 1.12

Smoking

0.90 (0.81 t0 0.99)

)
1.38 (1.24 to 1.53)
)
)

110 (0.98t0 1.23

0.91 (0.82 to 1.002)

)
)
1.33 (119 to 1.48)
)
)

1.08 (0.96to 1.21

All models adjusted for age, race, site, education, and menopause status. Overall AHAS7 model uses data from visits with all 7 factors. Component-specific
models use all available data from all possible visits. See Table S1 for data availability. AHAS7 indicates American Heart Association Life’s Simple 7; BMI, body
mass index; OR, odds ratio; and SWAN, Study of Women'’s Health Across the Nation.

*Represents an ideal level for all components, except for diet, which represents the presence of any healthy diet component.
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Table 4. Effect of Role-Related Rewards on the Number
of Ideal AHAS7 Components Over Time, Stratified by Race/
Ethnicity

Race/Ethnicity No. Reward, (3 (95% CI)*
White 1347 0.08 (0.03 to 0.13)
Black 729 —-0.03 (-0.09 to 0.04)
Hispanic 172 -0.08 (-0.23 to 0.08)
Chinese 238 —-0.00083 (-0.11 to 0.11)
Japanese 256 0.1 (-0.005 to 0.20)

All models adjusted for age, race, site, education, and menopause status
and restricted to women with data for all 7 components. AHAS? indicates
American Heart Association Life’s Simple 7.

*B Value corresponds to the effect of a 1-point difference in role-related
reward.

study.?? In that study, 73.8% to 88.6% of women were
classified as having ideal physical activity levels. This
difference could be attributable to differences in the
classification. In our study, women were considered as
having “regular” physical activity if they reported an ac-
tivity for >4 months of the year. In addition, in the WHS,
psychosocial stress (including measures of work-family
stress, relationship stress, and work stress) had a small
but statistically significant correlation with the number
of ideal AHA components, and psychosocial stress did
not explain racial differences in number of ideal AHAS?.

In this study, stressful roles were related to lower
odds of achieving ideal blood pressure, glucose, and
BMI. These results are consistent with the hypothesis
that chronic stress results in elevated hypothalamic-pi-
tuitary axis activity and cortisol secretion and a dysreg-
ulated physiologic response (including increased blood

Social Roles and Cardiovascular Disease Risk in Midlife Women

pressure and glucose secretion), resulting in metabolic
dysfunction and increased adiposity.?®?* In addition,
the fact that stress was associated with diet is consis-
tent with prior research in Hispanic Americans®® and
Australian women in economically deprived areas,?®
and consistent with the hypothesis that stress influ-
ences diet quality by increasing appetite for calo-
rie-dense, high-fat food.?” The findings of this study
contribute to the substantial existing literature on the
health effects of stress, and extend it by using a spe-
cific measure of role-related stress, rather than general
life stress or stressors.

A novel finding from this study was a strong and
consistent relationship between rewarding social roles
and higher odds of achieving ideal levels of physical
activity in this cohort of midlife women. The research
on social role quality and physical activity in women
has mainly focused on demanding roles as a barrier to
activity, with limited findings. In 2 studies of Australian
women aged <45 years, role overload was weakly re-
lated to leisure-time physical activity,?® and family bar-
riers were correlated with leisure-time physical activity
in cross-sectional analyses, but did not predict future
activity.?® These studies did not concurrently examine
positive aspects of social roles or family dynamics that
might facilitate participation in physical activity, such as
social support. Social support for physical activity has
been extensively studied as a predictor of physical ac-
tivity participation and improvement,®%3" with support
from certain social relationships (such as family mem-
bers) appearing to be more important for older adults,3
but not in middle-aged women from racial or ethnic mi-
norities, who are more likely to exercise whether they
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Figure 1.

Distribution of poor, intermediate, and ideal levels of each American Heart Association

Life’s Simple 7 component at SWAN (Study of Women’s Health Across the Nation) visit 5 (definitions

of each level in Table S1).
BMI indicates body mass index.
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report support from friends or family members,*® or
have a friend who is highly active.®* Rewarding roles
may provide a woman with social support for physical
activity or encourage her to maintain her physical health
through physical activity to preserve the relationships.

Because the present study was cross-sectional and
observational, it is possible that reverse causation ac-
counts for the observed relationship between rewarding
roles and physical activity, such that women who are
more physically active are able to engage more in their
social roles and in consequence perceive their social
roles to be more rewarding. Physical activity may improve
life satisfaction in middle-aged and older adults,®®3¢ by
improving functioning and health. The finding that women
who report more rewarding social roles also have higher
odds of achieving ideal levels of physical activity is a novel
finding that should be explored in future research.

The interaction between race and reward on the
AHAS7 in longitudinal analyses was an interesting
finding, particularly because it demonstrated a null or
negative effect of role-related rewards on the health of
women of racial or ethnic minorities. Women in these
groups may have a different perception of rewarding so-
cial roles or have additional stressors that outweigh the
impact of reward on their health. They also may have
additional social roles to the 4 in the MRQ, which may
provide more significant stress or reward. Additional re-
search is needed on the quality of social roles in diverse
populations and their impact on health and well-being.

This study had several strengths. First, our sample
focused exclusively on women. Few prior studies of
social risk or stress on AHAS7 conducted sex-stratified
analyses or tested interactions, even though the preva-
lence of risk factors differs by sex.?' Midlife women are
a unique population that may be undergoing significant
changes to their social roles that can impact behaviors
and health. Understanding perception of these social
roles and their relationship with AHAS7 can provide in-
sight for intervention design to improve these factors
across populations. Next, our cohort had represen-
tation from multiple racial and ethnic minority groups,
and we were able to test for interaction and conduct
stratified analyses for these groups. Finally, the data
from this study were collected over time, resulting in re-
peated measures available for analysis, whereas most
prior studies of stress and the AHAS7 have been lim-
ited to data collected at a single time point.

There are some methodological limitations to this
study. First, physical activity, diet, and smoking were
measured with questionnaires, which increases the
possibility of measurement error. Second, not all
AHAS7 components were collected at every SWAN
visit. To use as many visits with social role stress and
reward data as possible, we used data from adjacent
visits (or, in the case of diet for visit 3, from the base-
line visit) when possible, carrying observations for the

J Am Heart Assoc. 2020;9:e017489. DOI: 10.1161/JAHA.120.017489
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AHASY forward (in the case of visit 7, glucose, choles-
terol, and baseline diet and physical activity) or back-
ward (in the case of visit 9, diet and physical activity).
Although diet and physical activity behaviors are rela-
tively stable over midlife, this could have reduced our
ability to see significant relationships between stress
and reward and these behaviors. This could also be
the reason why the magnitude of the relationship
between social role quality and the AHAS7 was de-
creased in longitudinal analyses compared with the
cross-sectional analyses.

Next, the SWAN women who were excluded from any
analysis were significantly different than included women
on sociodemographic characteristics (race/ethnicity, ed-
ucation, marital status, and employment) and AHAS?
components at baseline; thus, our findings are not gen-
eralizable to these women, and may have been different
had these women been included in the analyses.

Finally, the MRQ, although a better estimate of
role-related stress than single-role instruments,
may not capture all relevant social roles, particularly
among racial and ethnic minorities, who are more
likely to care for grandchildren, and experience det-
rimental effects on their health related to this care-
giving.%” Prior research in the NHS (Nurse’s Health
Study) found an increased risk of coronary heart
disease among women who provided care for nonill
grandchildren for =9 hours per week.3® The omission
of caregiving for grandchildren from the questionnaire
on role-related stress may underestimate the amount
of stress experienced by women, and the impact of
role-related stress on health.

CONCLUSIONS

In conclusion, women’s social role quality influ-
ences their achievement of the AHA’s recommen-
dations for ideal cardiovascular health in midlife.
Social roles in midlife may have consequences for
later-life cardiovascular health, possibly through
their effect on midlife levels of risk factors. Stress
associated with social roles in midlife was related
to fewer ideal components of cardiovascular health,
and rewarding social roles were related to achieving
more components. Role-related stress was related
to different components of the AHAS7 than role-
related rewards. More research is needed to deter-
mine whether having more rewarding social roles
increases physical activity, or if women with more
physically active social roles perceive them to be
more rewarding. Future interventions targeting im-
provement in women'’s health behaviors in midlife, in
particular physical activity, may benefit from consid-
ering the impact of both positive and negative quali-
ties of social roles. In clinical practice, healthcare
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practitioners should take into account women’s so-
cial role experiences and their potential for increas-
ing motivation for physical activity and other healthy
behaviors.
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Table S1. American Heart Association Life's simple 7 criteria for ideal cardiovascular health.

Metric Method SWAN visits | Poor Intermediate Ideal
with data
Glucose Blood testand | BL, 1, 3,4,5, | Fastingserum | FSG 100-125 <100 mg/dL, no
medication data | 6, 7 glucose (FSG) | mg/dL or treated medication
>126 mg/dL to < 100 mg/dL
Cholesterol Blood testand | BL, 1, 3,4,5, | Total 200-239 mg/dL or | <200 mg/dL, no
medication data | 6, 7" cholesterol > treated to <200 medication
240 mg/dL mg/dL
BMI Anthropometric | BL, 1, 2, 3,4, | >30 kg/m? 25-30 kg/m? <25 kg/m?
measurements | 5, 6, 8
Blood pressure | Anthropometric | BL, 1, 2, 3,4, | >140 SBP or 120-139 SPB or <120/<80, no
measurements | 5, 6, 8 >90 DBP 80-89 DBP or medication
and medication treated to
data <120/<80
Physical Kaiser Physical | BL™", 3,5,6, | Inactive 1-149 min/wk >150 MVPA or
activity Activity Survey | 9°" MVPA or 1-75 >75 min/wk
min/wk vigorous | vigorous
(exercising >1x (exercising >1x
week for 0-2 week, for > 2
hours, for >4 hrs/week, for
months of the past | more than 4
year, with a months of the
moderate to past year, with a
vigorous increase | moderate to
in heart rate) vigorous
increase in heart
rate)
Diett Modified Block | BL™", 5, 9™" 0-1 2-3 components 4-5 components
food frequency components
guestionnaire
Smoking Questionnaire | BL, 1, 2, 3,4, | Current Former <12 Never or quit
56,8 months >12 months

A=data from this visit carried forward (or backwards) for calculation of AHA S7 score, number of ideal components

outcomes

*= data from this visit carried forward (or backwards) for component-specific analyses
+5 components: fruits & vegetables > 4.5 cups per day, fish > 2 servings per week, fiber-rich whole grains >3
servings/day, sodium<1500 mg/day, sugar-sweetened beverages <450 kcal/day

Note: The Multiple Role Questionnaire was administered at SWAN visits 1, 2, 3, 4, 5, 6, and 8
Acronyms: BL: baseline; FSG: Fasting serum glucose; SBP: systolic blood pressure; DBP: diastolic blood
pressure; MVPA: Moderate to vigorous physical activity; SWAN: Study of Women’s Health Across the Nation




