Living with a Smoker and Physical Inactivity

Across Eight Years in High-Risk Medical Patients

Charles J. Holahan, Ph.D. Carole K. Holahan, Ph.D.
Department of Psychology Department of Kinesiology
University of Texas at Austin and Health Education

University of Texas at Austin

Sangdon Lim, M.A. Daniel A. Powers, Ph.D.
Department of Educational Psychology Department of Sociology
University of Texas at Austin University of Texas at Austin

Rebecca J. North, Ph.D.
Department of Psychology

University of Texas at Austin

Author for correspondence: Charles J. Holahan, Department of Psychology, 108 E. Dean
Keeton (A8000), University of Texas at Austin, Austin, TX 78712. Phone: (512) 471-3320

(office), (512) 471-6572 (FAX). Email: holahan@utexas.edu.



Living with a Smoker and Physical Inactivity
Across Eight Years in High-Risk Medical Patients
Abstract
Recent research has demonstrated a link between living with a smoker and physical inactivity.
However, no research has examined this issue in the context of recovery in medical patients. The
present study broadens research on living with a smoker by applying it to physical inactivity in a
group of high-risk medical patients with histories of cancer or cardiovascular disease compared
to a control group without histories of these conditions. In addition, this study extends the time
frame of research on living with a smoker in predicting physical inactivity to eight years.
Participants were 76,758 women between 49 and 81 years of age from the Women’s Health
Initiative Observational Study. Data on living with a smoker were collected at baseline; data on
physical activity were collected at baseline and annually from 3 to 8 years. Analyses utilized
latent growth modeling. Patient status, compared to control status, was associated with more
physical inactivity at baseline. Independent of patient status, living with a smoker predicted a
significant increase in the odds of no moderate or strenuous exercise and a significant increase in
the odds of no walking at baseline. The effect of living with a smoker on physical inactivity was
stronger than that of patient status. Moreover, the living with a smoker effect on physical
inactivity remained stable across eight years. These findings highlight an overlooked impediment
to compliance with recommendations for lifestyle change among high-risk medical patients.
Keywords: living with a smoker, secondhand smoke, physical activity, cancer,

cardiovascular disease



INTRODUCTION

The possibility that living with a smoker may predict an individual’s own health risk
behaviors other than smoking has only begun to be addressed. This novel hypothesis is based on
two discoveries. First, research investigating secondhand smoke exposure and disease outcomes,
such as lung and cardiac disease' and type 2 diabetes,” has discovered, often incidentally, an
association between secondhand smoke exposure and higher body mass index. In addition,
related research on obesity-related health risk behaviors has demonstrated a link between living
with a smoker and physical inactivity cross-sectionally® and longitudinally across three years.*

Despite the relevance of these findings to recovery in medical patients, no research has
been conducted on living with a smoker and physical inactivity among medical patients. Patients
with cancer and cardiovascular disease are emblematic of the central importance of physical
activity to rehabilitation and recovery.’ Physical activity among cancer survivors predicts
reduced cancer recurrence, lower cancer-specific mortality, and enhanced quality of life.%”’
Similarly, regular exercise is central to cardiac rehabilitation. Among patients with
cardiovascular disease, regular physical activity predicts reduced cardiac symptoms, fewer
cardiovascular events, and lower mortality.®’

In fact, however, pronounced physical inactivity among high-risk medical patients is a
significant public health concern.® Cancer survivors in the U.S. are no more likely than the
overall population to adopt a healthy lifestyle,'® and few cancer survivors adhere to physical
activity guidelines.”!" Similarly, among cardiac patients, compliance with physical activity
prescriptions is low,’ and the vast majority of cardiac patients do not participate in cardiac
rehabilitation.'? In fact, some evidence indicates that a history of cancer' and cardiovascular

disease' is associated with lower physical activity compared to the general population.



The present study broadens research on living with a smoker and obesity-related health
risk behaviors** by applying it to physical inactivity in high-risk medical patients with a history
of cancer or cardiovascular disease.>”® In addition, this study extends the time frame of research
on living with a smoker in predicting physical inactivity to eight years. The Women’s Health
Initiative (WHI) Observational Study, with its large sample size, minority representation
comparable to the U.S. population by age, and long duration,'® presents a unique opportunity to
examine living with a smoker and physical inactivity in a large sample of middle-aged and older
women with histories of cancer or cardiovascular disease. Cardiovascular disease and cancer are
the number one and number two causes of death among women in the developed world.'*!’
Moreover, physical inactivity is higher in women than men, especially among older women.®
Women, along with children, also have the greatest exposure to secondhand smoke worldwide,'
with more than a third of female non-smokers exposed to secondhand smoke."

METHODS
Sample Selection

The present study uses the WHI Observational Study database. The Observational Study
examined lifestyle and health risk factors among 93,676 postmenopausal women. Baseline
enrollment ran from 1994 through 1998, with participants followed from 6 to 10 years,
depending on when they enrolled in the study. The average follow-up response rate at each wave
was over 94%. Participants were recruited through 40 clinical centers throughout the U.S.,
supported and monitored by the U.S. National Institutes of Health and the WHI Clinical
Coordinating Center. To control for competing health risks, participants were excluded at
baseline if they had any medical conditions that predicted survival of less than 3 years. To

enhance retention, participants were excluded at baseline if they had alcohol or drug dependence,



mental illness, or dementia. The inclusion of participants from racial/minority groups
proportionate to their age-group representation in the U.S. was a priority.?’ The present study
included 76,758 current non-smokers who provided data on all predictors and covariates. Current
non-smokers included 41,480 (54.0%) never smokers and 35,278 (46.0%) former smokers.
Smoking uptake was extremely rare among these older non-smokers, with only 1% of
participants reporting any smoking across the 8-year follow-up period. This study was approved
by the authors’ university institutional review board.
Measures
Living with a Smoker

At baseline, living with a smoker at the current time was indexed by responding “yes” to
both of two items. First, participants were asked, “Since age 18, have you ever lived with
someone who smoked cigarettes inside your home?”. Then, among individuals who responded
yes, participants were asked, “Does anyone living with you now smoke cigarettes inside your
home?”. Sensitivity analyses of change in living with a smoker status used follow-up data on
continued living with a smoker available at 3 and 6 years.
Physical Inactivity

At baseline and annually from 3 to 8 years, participants completed the WHI Physical
Activity Questionnaire?' on their usual everyday physical activity. Measures encompassed
exercise and walking, including their frequency and duration.?” Following previous
research,”**?* we created two binary measures, which indexed no exercise and no walking.
Exercise was defined as moderate (e.g., aerobics or jogging) or strenuous (e.g., using an exercise
machine, such as a stationary bicycle or a treadmill, or calisthenics) exercise at least once each

week, excluding walking. "No exercise" was given a score of 1 and "any exercise" was given a



score of 0. Walking was defined as average, fairly fast, or very fast walking outside the home for
more than 10 minutes without stopping at least once each month. "No walking" was given a
score of 1 and "any walking" was given a score of 0.

Patient Status

In primary analyses, patient status was defined using health history data at baseline.
Following Asfar and colleagues,” we defined patient status as participants with a history of
cancer or cardiovascular disease (patients) vs. participants without a history of either of these
conditions (controls). Participants reported history of medical conditions based on diagnosis by a
physician.?® The patient group was comprised of 8,123 (42.0%) participants with a history of
only cancer, 9,420 (48.8%) participants with a history of only cardiovascular disease, and 1,770
(9.2%) participants with a history of both cancer and cardiovascular disease. Definitions of
cancer and cardiovascular disease are described below.

Cancer. Participants were first asked: "Did a doctor ever say that you have cancer, a
malignant growth, or tumor?". Then, among individuals who responded yes, participants were
asked, "what kind of cancer did you have?" from a list of 17 common cancer sites (e.g., breast,
colon/rectum, endometrium, ovary, cervix, stomach, liver) or other cancer.?® Following Foraker
et al*” and Thraen-Borowski et al,” we indexed a history of any cancer, with the exception of
non-melanoma skin cancer.

Cardiovascular disease. Following Arnett et al,”® we defined cardiovascular disease as
atherosclerotic cardiovascular disease (including myocardial infarction, angina, coronary artery
bypass surgery or percutaneous angioplasty of the coronary arteries, stroke, transient ischemic
attack, and peripheral arterial disease), as well as heart failure and atrial fibrillation. Examples of

items are: "Did a doctor ever say that you had a heart attack? This is sometimes called a



coronary, myocardial infarction, or MI" and "Did a doctor ever say that you have angina (chest
pains from a heart problem)?".

Sensitivity analyses of change in patient status among the controls used updated
information on patient status at 8 years. Diagnoses of cancer and cardiovascular disease during
the follow-up period were indexed by local and central WHI physician adjudicators based on
medical records.””*

Covariates

In primary analyses, covariates were indexed at baseline. Following previous research on
living with a smoker and obesity-related health risk behaviors,** covariates included: age in
years, educational level, ethnic/racial group, income level, and marital status (married vs.
unmarried). Except for age in years, all covariates were categorical and dummy-coded for use in
analysis. Educational level was coded as less than high school (reference category), high school,
some school after high school, and college degree. Ethnic/racial group was coded as White-not
of Hispanic origin (reference category), Black/African American, Hispanic/Latino, Asian/Pacific
Islander, and other groups. Income level was coded as < $10,000 (reference category), $10,000
to < $20,000, $20,000 to < $35,000, $35,000 to < $50,000, $50,000 to < $75,000, and > $75,000.
Additional analyses of change in covariates used follow-up data at 6 years at which point
updated data were collected on both income level and marital status.

Statistical Analyses

Analyses utilized latent growth modeling with Mplus (Version 8.1)*° Models were

estimated using all available data, assuming at least missing at random (i.e., missingness may be

a function of observed predictors/covariates and observed outcomes). The choice of estimation

procedure is complex with a binary/categorical outcome in confirmatory factor analysis and



latent growth modeling, particularly in the context of missing data.’'** Because the present
sample had substantial missing data across the 8-year follow up, we used full information
maximum likelihood estimation with robust standard errors (MLR). At 8 years, 42,131 of the

baseline 76,758 participants provided outcome data, reflecting 8-year attrition of 45.1%. To
evaluate goodness of fit, we provide pseudo-R? comparing our final model to the null model

using both the commonly used McFadden measure and Horowitz's adjusted McFadden measure,
which demonstrates less dependence on sample parameters.*

Predictors were patient status and living with a smoker at baseline. Physical activity
outcomes were no exercise and no walking, which were assessed at 7 time-points across 8 years:
baseline (year 0) and annually from year 3 to year 8. To demonstrate that patient status and living
with a smoker predict subsequent health risk behaviors, in primary analyses the predictors
(patient status and living with a smoker) were indexed at baseline and the outcome (health risk
behaviors) was indexed subsequently across the 8-year follow-up. No exercise and no walking
were examined in separate models. Each model estimated two latent growth parameters
describing the trajectory of the logit of the respective outcome: baseline logit (latent intercept)
and linear change in the logit across the 8-year follow-up period (latent slope). To adjust for
additional variables likely to be associated with both living with a smoker and initial level and
change in health risk behaviors, all analyses included age, educational level, ethnic/racial group,
income level, and marital status. In addition, all analyses were restricted to current non-smokers.
Figure 1 provides a graphic depiction of the final model with patient status and living with a
smoker as simultaneous predictors of physical inactivity.

RESULTS

Sample Characteristics at Baseline



At baseline, the present sample had a mean age of 63.6 (SD = 7.36, age range = 49 to 81).
The ethnic/racial composition was 84.6% White-not of Hispanic origin, 7.4% Black/African
American, 3.5% Hispanic/Latino, 3.0% Asian/Pacific Islander, and 1.5% other groups. Median
income level was $35,000 to < $50,000; 43.3% of participants had completed college and 62.8%
were married. At baseline, 19,313 (25.2%) participants had a history of cancer or cardiovascular
disease and 4,148 (5.4%) participants were living with a smoker. At baseline, 41.2% of
participants engaged in no exercise and 39.8% of participants engaged in no walking.
Patient Status and Physical Inactivity

An initial latent growth model examined the role of patient status as a predictor of no
exercise and no walking (examined in separate models) before introducing living with a smoker
in the model. Controlling for all covariates, patient status with a history of cancer or
cardiovascular disease,' compared to control status without a history of either of these
conditions, significantly predicted increased odds (95% confidence intervals are shown in
brackets) of no exercise (OR = 1.13, CI[1.06, 1.20]) and of no walking (OR = 1.46, CI [1.37,
1.55]) at baseline. In addition, patient status, compared to control status, significantly predicted
an increase across the 8 years in the odds of no exercise (OR = 1.04, CI[1.03, 1.05]) and no
walking (OR 1.04, CI[1.03, 1.05]).
Living with a Smoker and Physical Inactivity

Next, in a final latent growth model, we examined the role of living with a smoker as a
predictor of physical inactivity, after accounting for the predictive effect of patient status. Results
of the final model with illness and living with a smoker as simultaneous predictors of no exercise
and no walking are shown in Table 1. Controlling for patient status, as well as for all covariates,

living with a smoker, in contrast to not living with a smoker, predicted a 73% increase in the
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odds of no exercise and a 96% increase in the odds of no walking at baseline. The effect of living
with a smoker on change across the 8 years was not significant for either no exercise or no
walking, indicating that the living with a smoker effect on physical inactivity remained stable
across the 8-year follow-up period. Figure 2 depicts model estimated mean probability of no
exercise (left panel) and no walking (right panel) across 8 years as a function of living with a
smoker at baseline.

For the two covariates that could change during follow up (income level and marital
status), we tested whether updated information available for both covariates at 6 years might
alter the latent slope parameter for patient status and living with a smoker. Income level data at
year 6 was available for 57,907 (75.4%) participants; marital status data at year 6 was available
for 66,144 (86.2%) participants. Specifically, we reexamined the final model for no exercise and
no walking substituting updated information at 6 years for income level and marital status when
that information was available. At 6 years, median income level was $35,000 to < $50,000, and
57.7% were married. Using updated information on income level and marital status, the latent
slope parameters and the corresponding significance levels for patient status and living with a
smoker were the same as those in the final models in predicting both no exercise and no walking.

We systematically compared the relative strength of the effects for patient status and
living with a smoker as predictors of the latent intercept for no exercise and no walking in the
final model using the initial baseline covariates. Specifically, for both no exercise and no
walking, we compared the above models where the parameters for patient status and living with
a smoker were unconstrained against alternative nested models where these two parameters were
constrained to be equal. The equivalence of the unconstrained and constrained models was tested

in chi square difference tests with 1 degree of freedom. The difference tests were statistically
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significant, indicating that the living with a smoker effect was significantly stronger than the
patient status effect for both no exercise (Ay*(1) =36.97, n = 76,758, p < .001) and no walking
(AY*(1)=19.17,n = 76,758, p < .001).

Potential Moderators of Living with a Smoker

Patient Status. We conducted additional analyses to test the potential interaction between
patient status and living with a smoker in predicting both the latent intercept and latent slope of
physical inactivity. The interaction between patient status and living with a smoker was not
associated with the latent intercept of either no exercise (interaction OR = 0.82, CI=0.63, 1.07)
or no walking (interaction OR = 0.80, C/ = 0.62, 1.04). In addition, the interaction between
patient status and living with a smoker was not associated with the latent slope for either no
exercise (interaction OR = 0.99, CI = 0.94, 1.03) or no walking (interaction OR = 0.001, CI =
0.96, 1.05). That is, the predictive effects of living with a smoker on the latent intercept and
latent slope of physical inactivity did not differ by patient vs. control status.

Former Smoker Status. We conducted additional analyses to test the potential interaction
between former smoker status (never smoker = 0, former smoker = 1) and living with a smoker
in predicting both the latent intercept and latent slope of physical inactivity. The interaction
between former smoker status and living with a smoker was not associated with the latent
intercept of either no exercise (interaction OR = 0.98, CI = 0.80, 1.25) or no walking (interaction
OR =0.97, CI=0.77, 1.23). In addition, the interaction between former smoker status and living
with a smoker was not associated with the latent slope for either no exercise (interaction OR =
1.01, CI=0.97, 1.05) or no walking (interaction OR = 0.99, CI = 0.95, 1.03). That is, the
predictive effects of living with a smoker on the latent intercept and latent slope of physical

inactivity did not differ by former smoker status.
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Evaluation of Model Fit

We evaluated the goodness of fit of the final model for no exercise and no walking,
removing the non-significant interactions between patient status and living with a smoker and
between former smoker status and living with a smoker. Specifically, we calculated pseudo-R>
comparing the final models for no exercise and no walking to the respective null models with

both the McFadden and Horowitz measures.** The pseudo-R? was .23 for the final model

predicting no exercise and .24 for the final model predicting no walking for both the McFadden

and Horowitz's measures. Based on recommended benchmark values with sample size > 200,
these pseudo-R? values indicate good model fit for both the McFadden measure (benchmark for

good fit = .15-.32) and the Horowitz measure (benchmark for good fit = .11-.28).
Change in Predictors During Follow Up

We conducted two sensitivity analyses to examine the final models in the context of
change during the follow-up period in the patient status and living with a smoker predictors.

Change in patient status. We conducted sensitivity analyses to exclude the potential

influence of diagnoses of cancer or cardiovascular disease during the follow-up period among
the controls. Specifically, we reexamined the final model excluding participants from the control
group who received diagnoses of cancer or cardiovascular disease during the follow-up period.
New diagnoses of cancer or cardiovascular disease occurred for 8,465 (14.7%) of controls.
Compared to the final model reported above, the odds ratio for patient status predicting the latent
intercept increased only slightly for no exercise (from 1.13 to 1.16) and no walking (from 1.45 to
1.52). The odds ratio for patient status predicting the latent slope was identical to those in the
final model reported above for both no exercise and no walking. All significance levels remained

the same.
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Change in living with a smoker. We also conducted sensitivity analyses to examine the
effect of change in living with a smoker after baseline. Specifically, we indexed no longer living
with a smoker after baseline (score = 0) vs. continued living with a smoker at either 3 or 6 years
(score = 1). Among participants living with a smoker at baseline, 55.5% continued living with a
smoker. We added continued living with a smoker to the final model described above, with
baseline living with a smoker and continued living with a smoker controlling for one another (n
=71,987). To reflect the influence of both baseline and follow-up predictors, we set the latent
intercept at the study midpoint of 4 years.

Both baseline living with a smoker (OR = 1.45, CI=1.29, 1.62) and continued living
with a smoker (OR = 1.44, CI=1.27, 1.62) positively and independently predicted (p <.001) the
latent intercept for no exercise. Both baseline living with a smoker (OR = 1.55, CI=1.39, 1.80)
and continued living with a smoker (OR = 1.49, CI=1.32, 1.75) also positively and
independently (p < .001) predicted the latent intercept for no walking. For the latent slope
parameter, the only significant effect was for continued living with a smoker, which predicted a
small increase (p < .05) in the latent slope for no exercise (OR =1.03, CI=1.01, 1.06).

DISCUSSION

The present findings integrate research on living with a smoker and obesity-related health

risk behaviors*™* with research on physical inactivity in high-risk medical patients.>”® Consistent

with previous studies,"*!*

we found that high-risk medical patients with histories of cancer or
cardiovascular disease were more physically inactive than controls without histories of these
conditions. Patient status also predicted an increase in physical inactivity across the 8 years.

Moreover, living with a smoker significantly predicted increased physical inactivity

independent of patient status. The effect for living with a smoker on inactivity was stronger than
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that for patient status. Controlling for patient status and sociodemographic factors, living with a
smoker predicted a 73% increase in the odds of no moderate or strenuous exercise and a 96%
increase in the odds of no walking at baseline. In addition, extending the time frame of research
on living with a smoker and physical inactivity, the living with a smoker effect on physical
inactivity remained stable across eight years. Additional analyses examining change in living
with a smoker demonstrated that both baseline living with a smoker and continued living with a
smoker independently contributed to increased physical inactivity during the follow-up period.
Consistent with contextual models of health,* these findings highlight an overlooked
social contextual impediment to compliance with recommendations for lifestyle change among
high-risk medical patients. Choi and colleagues®’” systematically reviewed research on correlates
of physical activity. Although an individual's own smoking was addressed, smoking by others in
the household was not considered. Tobacco smoking is linked to the co-occurrence of other
health risk behaviors among smokers.***° Unhealthy lifestyle behaviors may spread from
smokers to other household members through behavior modeling and shared health norms.*
Previous investigators have considered "contagion" of the same health behavior between
individuals in close relationships, including physical activity*' and smoking,** and "clustering" of
different health behaviors within an individual.**** However, research has not focused on social
influences that operate across different persons as well as across different behavioral domains.
Such cross-domain contagion in health behaviors may play an important role in health behavior
acquisition and change. A fuller understanding of social influences across different health
domains can substantially broaden the reach and effectiveness of health promotion efforts.
When a smoker is in the household, an initial step in physical activity interventions might

be addressing a ban on smoking in the home. Escoffery and colleagues* describe an intervention
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to promote a home smoking ban involving educational mailings and a motivational phone call
that could be integrated with other interventions with minimal burden. Correspondingly, in the
presence of household smoking, primary care physician guidelines for recommending physical
activity to patients*® might be broadened to include smoking-cessation educational material for
household members who smoke.*” The finding that continued living with a smoker
independently contributed to increased physical inactivity beyond the effect of baseline living
with a smoker highlights the potential benefit of interventions among individuals already living
with a smoker.

Strengths of this study are a novel hypothesis, a large national sample of over 75,000
middle-aged and older women, and an 8-year longitudinal perspective. A limitation of the study
is its reliance on self-report measures of medical history and physical activity. Many large cohort
studies have used self-reported medical history based on a doctor's diagnosis*® and self-reported
everyday physical activity.*’ Nevertheless, objective data on medical history (e.g., medical
records or disease-specific medications) and physical activity (e.g., accelerometer-based records)
would substantially strengthen these results. In addition, although we controlled for key
sociodemographic factors, there may be other variables associated with health behaviors that
were uncontrolled and measurement error in the variables we did control leaves room for

residual confounding. Further, a limitation of the MLR estimation procedure is the inability to
provide conventional structural equation modeling fit indices. Pseudo-R? is not equivalent to

R-square in ordinary least squares regression and should be interpreted with caution.
CONCLUSIONS
19,50

Substantial evidence supports the direct health risks of secondhand smoke exposure.

Moreover, high-risk medical patients, who do not smoke themselves, have exposure to



secondhand smoke comparable to the broader population.”® We broaden these public health
concerns in a novel conceptualization linking findings on lifestyle risks associated with living
with a smoker®* to physical inactivity in high-risk medical patients.’ These findings also have
relevance to health disparities. Social disadvantage is linked to increased risk of secondhand

smoke exposure’' and higher prevalence of negative health behaviors.*

16
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Footnote
! Among participants with a history of cancer, 42.4% and 42.3% of participants engaged in no
exercise and no walking, respectively, at baseline; among participants with a history of

cardiovascular disease, 45.2% and 48.1% of participants engaged in no exercise and no walking,

respectively, at baseline.



18

Acknowledgments
This study was supported by a grant from the National Cancer Institute (RO3CA215947). This
manuscript was prepared using WHI Observational Study Research Materials obtained from the
National Heart, Lung, and Blood Institute (NHLBI) Biologic Specimen and Data Repository
Information Coordinating Center and does not necessarily reflect the opinions or views of the
WHI Observational Study, the NHLBI, or the National Institutes of Health.*?
Declaration of Interest Statement

The authors declare that they have no financial or non-financial competing interests to report.



19

REFERENCES

1. Reed MR, Dransfield TM, Eberlein M, Miller M, Netzer G, Pavlovich M, et al. Gender
differences in first and secondhand smoke exposure, spirometric lung function and
cardiometabolic health in the old order Amish: A novel population without female
smoking. PLoS One. 2017;12:¢0174354. doi: 10.1371/journal.pone.0174354

2. Kermah D, Shaheen M, Pan D, Friedman TC. Association between secondhand smoke and
obesity and glucose abnormalities: Data from the National Health and Nutrition
Examination Survey (NHANES 1999-2010). BMJ Open Diabetes Res Care.
2017;5:¢000324. doi: 10.1136/bmjdrc-2016-000324

3. Holahan CJ, Holahan CK, Lim S, Powers DA. Living with a smoker, health risk behaviors,
and adiposity: An analysis with middle-aged and older women [published online ahead of
print September 18, 2019]. J Behav Med. doi: 10.1007/s10865-019-00098-1

4. Holahan CJ, Holahan CK, Lim S, Powers DA. Living with a smoker and multiple health risk
behaviors [published online ahead of print August 20, 2020]. Ann Behav Med. doi:
10.1093/abm/kaaa059

5. Bullard T, Mengmeng J, Ruopeng A, Trinh L, Mackenzie M, Mullen SP. A systematic review
and meta-analysis of adherence to physical activity interventions among three chronic
conditions: cancer, cardiovascular disease, and diabetes. BMC Public Health.
2019;19:636. doi: 10.1186/s12889-019-6877-z

6. Brown JC, Ligibel JA. The role of physical activity in oncology care. Journal Natl Cancer Inst

Monogr. 2017;2017:41-42. doi: 1 0.1093/jncimonographs/1gx017



20

7. Thraen-Borowski KM, Gennuso KP, Cadmus-Bertram L. Accelerometer-derived physical
activity and sedentary time by cancer type in the United States. PLoS One. 2017;11:
€0182554. doi: 10.1371/journal.pone.0182554

8. Fletcher GF, Landolfo C, Niebauer J, Ozemek C, Arena R, Lavie CJ. Promoting physical
activity and exercise: JACC health promotion series. J Am Coll Cardiol.
2018;72:1622-1639. doi: 10.1016/j.jacc.2018.08.2141

9. Winzer EB, Woitek F, Linke A. Physical activity in the prevention and treatment of coronary
artery disease. J Am Heart Assoc. 2018;e007725. Feb 8 2018. doi:
10.1161/JAHA.117.007725

10. Mowls DS, Brame LS, Martinez SA, Beebe LA. Lifestyle behaviors among US cancer
survivors. J Cancer Surviv. 2016;10:692-698. doi: 10.1007/s11764-016-0515-x

11. Blanchard CM, Courneya KS, Stein K. Cancer survivors’ adherence to lifestyle behavior
recommendations and associations with health-related quality of life: Results from the
American Cancer Society’s SCS-II. J Clin Oncol. 2008;126:2198-2204. doi:
10.1200/JC0O.2007.14.6217

12. Loprinzi PD, Addoh O. The effects of free-living physical activity on mortality after
coronary artery disease diagnosis. Clin Cardiol. 2016;39:165-169. doi: 10.1002/clc.22508

13. Newsom JT, Huguet N, McCarthy MJ, Ramage-Morin P, Kaplan, MS, Bernier J, et al. Health
behavior change following chronic illness in middle and later life. J Gerontol B Psychol
Sci Soc Sci. 2012;67:279-288. doi: 10.1093/geronb/gbr103

14. Jones SA, Wen F, Herring AH, Evenson KR. Correlates of US adult physical activity and
sedentary behavior patterns. J Sci Med Sport. 2016;19:1020-1027. doi:

0.1016/j.sams.2016.03.009



21

15. Langer RD, White E, Lewis CE, Kotchen JM, Hendrix SL, Trevisan M. The Women’s Health
Initiative Observational Study: Baseline characteristics of participants and reliability of
baseline measures. Ann Epidemiol. 2003;13:S107-S121. doi:
10.1016/s1047-2797(03)00047-4

16. Okunrintemi V, Benson E-MA, Tibuakuu M, Zhao D, Ogunmoroti O, Valero-Elizondo J, et
al. Trends and costs associated with suboptimal physical activity among US women with
cardiovascular disease. JAMA Netw Open. 2019;2:¢191977. doi:
10.1001/jamanetworkopen.2019.1977

17. Torre LA, Islami F, Siegel RL, Ward EM, Jemal A. Global cancer in women: Burden and
trends. Cancer Epidemiol Biomarkers Prev. 2017;26:444-457. Epub 2017 Feb 21. doi:
10.1158/1055-9965.EPI-16-0858

18. Samet JM, Yoon S-Y. (Eds.). Gender, women, and the tobacco epidemic. Geneva,
Switzerland: World Health Organization; 2010.

19. Oberg M, Jaakkola MS, Woodward A, Peruga A, Pruss-Ustun A. Worldwide burden of
disease from exposure to second-hand smoke: A retrospective analysis of data from 192
countries. Lancet. 2011;377:139-146. doi: 10.1016/s0140-6736(10)61388-8

20. Hays J, Hunt JR, Hubbell FA., Anderson GL, Limacher M, Allen C, et al. The Women’s
Health Initiative recruitment methods and results. Ann Epidemiol. 2003;13:S18-S77. doi:
10.1016/s1047-2797(03)00042-5

21. Meyer AM, Everson KR, Morimoto L, Siscovick D, White E. Test-retest reliability of the
Women’s Health Initiative physical activity questionnaire. Med Sci Sports Exerc.

2009;41:530-538. doi: 10.1249/MSS.0b013e31818ace55



22

22. Chomistek AK, Manson JE, Stefanick ML, et al. Relationship of sedentary behavior and
physical activity to incident cardiovascular disease: Results from the Women's Health
Initiative. J Am Coll Cardiol. 2013;61:2346-2354. doi: 10.1016/j.jacc.2013.03.03

23. Ford ES, Zhao G, Tsai J, Li C. Low-risk lifestyle behaviors and all-cause mortality: Findings
from the National Health and Nutrition Examination Survey III Mortality Study. 4m J
Public Health. 2011;101:1922-1929. doi: 10.2105/AJPH.2011.300167

24. Kvaavik E, Batty D, Ursin G, Huxley R, Gale C. Influence of individual and combined health
behaviors on total and cause-specific mortality in men and women: The United Kingdom
health and lifestyle survey. Arch Intern Med. 2010;170:711-718. doi:
10.1001/archinternmed.2010.76

25. Asfar T, Koru-Sengul T, Ruano-Herreria EC, Sierra D, Lee DJ, Arheart KL. Secondhand
smoke exposure among high-risk patients in the United States (NHANES 2001-2012):
implications for clinical practice. Nicotine Tob Res. 2019;21:551-556. doi:
10.1093/ntr/nty060

26. Anderson GL, Manson J, Wallace R, Lund B, Hall D, Davis S, et al. Implementation of the
Women’s Health Initiative Study design. Ann Epidemiol. 2003;13,S5-S17. doi:
10.1016/S1047-2797(03)00043-7

27. Foraker RE, Abdel-Rasoul M, Kuller LH, Jackson RB, Van Horn L, Seguin RA et al.
Cardiovascular health and incident cardiovascular disease and cancer: The Women’s
Health Initiative. Am J Prev Med. 2016;50:236-240. doi: 10.1016/j.amerpre.2015.07.039

28. Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn EJ et al.
ACC/AHA guideline on the primary prevention of cardiovascular disease: A report of the

American College of Cardiology/American Heart Association Task Force on Clinical



29.

30.

31.

32.

33.

34.

35.

23

Practice Guidelines. Circulation. 2019;140:€596-e646. doi:
10.1161/CIR.0000000000000678

Curb JD, Mctiernan A, Heckbert SR, Kooperberg C, Stanford J., Nevitt M, et al. Outcomes
ascertainment and adjudication methods in the Women’s Health Initiative. Ann
Epidemiol.2003;13:S122-S128. doi:10.1016/S1047-2797(03)00048-6

Muthén LK, Muthén BO. Mplus statistical analysis with latent variables: User s guide. 2nd
ed.). Los Angeles: Muthén & Muthén; 2017.

Li C-H. Confirmatory factor analysis with ordinal data: Comparing robust maximum
likelihood and diagonally weighted least squares. Beh Res.2016;48:936-949. doi:
10.3758/s13428-015-0619-7

Muthén B, Muthén L, Asparouhov T. Estimator choices with categorical outcomes. March
24, 2015. https://www.statmodel.com/download/EstimatorChoices.pdf

Salari M, Kazemnejad A, Zayeri F, Daneshvar R. Comparison of different estimation
methods in growth curve models for categorical data: A simulation study.
Communications in Statistics—Simulation and Computation.2018;47(6):1811-1830.doi:
10.1080/03610918.2017.1324982

Su-Young K, Huh D, Zhou Z, Mun E-Y. A comparison of Bayesian to maximum likelihood
estimation for latent growth models in the presence of a binary outcome. International
Journal of Behavioral Development.2020;44(5):447-457. doi:
10.1177/0165025419894730

Hemmert GAJ, Schons LM, Wieseke J, Schimmelpfennig H. Log-likelihood-based
pseudo-R? in logistic regression: Deriving sample-sensitive benchmarks. Sociological

Methods & Research.2018;47(3):507-531. doi: 10.1177/0049124116638107



36.

37.

38.

39.

40.

41.

42.

43.

24

Morris P, Halkitis, PN. The influence of context on health. Behav Med. 2015;41:77-79. doi:
10.1080/08964289.2015.1063869.

Choi J, Lee M, Lee J-K, Kang D, Choi J-Y. Correlates associated with participation in
physical activity among adults: A systematic review of reviews and update. BMC Public
Health. 2017;17:356. doi: 10.1186/s12889-017-4255-2

Choi SH, Stommel M, Ling J, Noonan D, Chung J. The impact of smoking and multiple
health behaviors on all-cause mortality [published online ahead of print July 23, 2020].
Behav Med. doi:10. 1080/08964289.2020.1796570.

Noble N, Paul C, Turon H, Oldmeadow C. Which modifiable health risk behaviours are
related? A systematic review of the clustering of smoking, nutrition, alcohol and physical
activity ('SNAP") health risk factors. Prev Med. 2015;81:16-41. doi:
10.1016/j.ypmed.2015.07.003

Latkin CA, Knowlton AR. Social network assessments and interventions for health behavior
change: A critical review. Behav Med. 2015;41:90-97. doi:
10.1080/08964289.2015.1034645.

Cobb LK, Godino JG, Selvin E, Kucharska-Newton A, Coresh J, Koton S. Spousal influence
on physical activity in middle-aged and older adults: The ARIC Study. Am J Epidemiol.
2016;183:444-451. doi: 10.1093/aje/kwv104

Blok DJ, de Vlas SJ, van Empelen P, van Lenthe FJ. The role of smoking in social networks
on smoking cessation and relapse among adults: A longitudinal study. Prev Med.
2017;99:105-110. doi: 10.1016/j.ypmed.2017.02.012

Geller K, Lippke S, Nigg CR. Future directions of multiple behavior change research. J

Behav Med. 2017;40:194-202. doi: 10.1007/s10865-016-9809-8



44,

45.

46.

47.

48.

49.

50.

25

Prochaska JJ, Prochaska JO. A review of multiple health behavior change interventions for
primary prevention. Am J Lifestyle Med. 2011;5:208-221. doi:
10.1177/1559827610391883

Escoffery C, Bundy L, Haardoerfer R, Berg CJ, Savas LS, Williams RS, et al. A process
evaluation of an intervention to promote home smoking bans among low income
households. Eval Program Plann. 2016;55:120-125. doi:
10.1016/evalprogplan.2015.12.008

Thompson PD, Eijsvogels TMH. New Physical Activity Guidelines: A call to activity for
clinicians and patients. JAMA. 2018;320:1983-1984. doi: 10.1001/jama.2018.16070

Bartsch, A-L, Harter M., Niedrich J, Brutt AL, Buchholz A. A systematic literature review of
self-reported smoking cessation counseling by primary care physicians. PLoS ONE.
2016;11:¢0168482. doi: 10.1371/journal.pone.0168482

Lucke T, Herrera R, Wacker M, Holle R, Biertz F, Nowak D, et al. & members of the
COSYCONET-Consortium. Systematic analysis of self-reported comorbidities in large
cohort studies—a novel stepwise approach by evaluation of medication. PLoS One.
2016;11:e0163408. doi: 10.1371/journal.pone.01663408

Silfee VJ, Haughton CF, Jake-Schoffman DE, Lopez-Cepero A, May, CN, Sreedhara M, et
al. Objective measurement of physical activity outcomes in lifestyle interventions among
adults: A systematic review. Prev Med Rep. 2018;11:74-80. doi:
org/10.1016/j.pmedr.2018.05.003

Richiardi L, Vizzini L, Merletti F, Barone-Adesi F. Cardiovascular benefits of smoking
regulations: The effect of decreased exposure to passive smoking. Prev Med.

2009;48:167-172. doi: 10.1016/j.ypmed.2008.11.013



26

51. Gan W, Mannino D, Jemal A. Socioeconomic disparities in secondhand smoke exposure
among US never-smoking adults: The National Health and Nutrition Examination Survey
1988-2010. Tob Control. 2015;24:568-573. doi: 10.1136/tobaccocontrol-2014-051660

52. [Data set] Women’s Health Initiative Study (1993-2005). National Heart, Lung, and Blood
Institute, National Institutes of Health, Biologic Specimen and Data Repository

Information Coordinating Center. https://biolincc.nhlbi.nih.gov/studies/whios/



27

Figure Captions
Figure 1. Latent growth model with patient status and living with a smoker as predictors of the
latent intercept and latent slope of physical inactivity. Covariates included age, educational level,
ethnic/racial group, income level, and marital status.
Figure 2. Model estimated probability of no exercise (left panel) and no walking (right panel)
across 8 years as a function of living with a smoker at baseline, controlling for patient status and

all covariates.
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Table 1. Results of final latent growth model with illness and living with a smoker at baseline as
simultaneous predictors of no exercise and no walking (examined in separate models) across
eight years, adjusting for all covariates (N = 76,758). Covariates included age, educational level,
ethnic/racial group, income level, and marital status.

No Exercise

Intercept Slope
Predictor at Baseline OR 95% CI OR 95% CI
Ilness 1.13%* [1.06, 1.20] 1.04%* [1.03, 1.05]
Living with Smoker 1.73%%* [1.53, 1.95] 1.00 [0.98, 1.02]
“p <.001

No Walking

Intercept Slope
Predictor at Baseline OR 95% CI OR 95% CI
Illness 1.45%* [1.37,1.55] 1.04%* [1.03, 1.05]
Living with Smoker 1.96%* [1.74,2.20] 0.99 [0.97,1.01]

“p<.001



NN

Covariates

Patient
Status

Living with
a Smoker

Physical
Inactivity

Physical
Inactivity

Baseline Year 3 Year 4 Year § Year 6 Year7 Year 8
Physical Physical Physical Physical Physical Physical Physical
Inactivity Inactivity Inactivity Inactivity Inactivity Inactivity Inactivity
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