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Abstract

Background and Purpose: Continued smoking after stroke is associated with a high risk of
stroke recurrence and other cardiovascular disease. We sought to comprehensively understand the
epidemiology of smoking cessation in stroke survivors in the United States. Further, we compared
smoking cessation in stroke and cancer survivors because cancer is another smoking-related
condition in which smoking cessation is prioritized.

Methods: We performed a cross-sectional analysis of data from the Centers for Disease Control
and Prevention Behavioral Risk Factor Surveillance System, an annual, nationally representative
health survey. Using pooled data from 2013-2019, we identified stroke and cancer survivors with
a history of smoking. We used survey procedures to estimate frequencies and summarize quit
ratios with attention to demographic and geographic (state-wise and rural-urban) factors for stroke
survivors. The quit ratio is conventionally defined as the proportion of ever-smokers who have
quit. Then, we used multivariable logistic regression to compare quit ratios in stroke and cancer
survivors, while adjusting for demographics and smoking-related comorbidities.

Results: Among 4,434,604 Americans with a history of stroke and smoking, the median age

was 68 years (IQR, 59-76), and 45.4% were women. The overall quit ratio was 60.8% (95%

Cl, 60.1-61.6%). Quit ratios varied by age group, gender, race/ethnicity, and several geographic
factors. There was marked geographic variation in quit ratios, ranging from 48.3% in Kentucky

to 71.5% in California. Further, compared to cancer survivors, stroke survivors were less likely to
have quit smoking (OR, 0.72; 95% Cl, 0.67-0.79) after accounting for differences in demographics
and smoking-related comorbidities.

Conclusion: There were considerable demographic and geographic disparities in smoking quit
ratios in stroke survivors, who were less likely to have quit smoking than cancer survivors. A
targeted initiative is needed to improve smoking cessation for stroke survivors.
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One in four strokes in the United States is a recurrent stroke, and approximately 13% of
patients with minor stroke/T1A face recurrent stroke, heart attack, or cardiovascular death
within 5 years.: 2 Recurrent strokes are generally more disabling than initial strokes.3

These considerations highlight the need to improve secondary prevention by targeting stroke
risk factors. Tobacco smoking is a behavioral risk factor for stroke, and there is amassing
evidence that people who quit smoking after a stroke/TI1A have a lower risk of recurrent
stroke and cardiovascular disease.* ® The importance of smoking cessation after stroke is
widely acknowledged.® The importance of smoking cessation is also understood for patients
with cancer, another major smoking-related illness.” In contrast to stroke survivors, cancer
survivors receive targeted interventions through a dedicated, nationwide initiative to promote
smoking cessation.8 There are few population-based data regarding smoking cessation after
stroke in the United States to inform similar public health interventions. Therefore, our first
objective was to comprehensively describe the epidemiology of smoking cessation in stroke
survivors in the United States. Second, given the substantial investment in smoking cessation
for patients with cancer,® we hypothesized that smoking-cessation rates are higher in cancer
survivors than stroke survivors.

Materials and Methods

Design

Population

We performed a retrospective cross-sectional analysis of prospectively-collected data from
the Centers for Disease Control and Prevention’s Behavioral Risk Factor Surveillance
System (BRFSS).2 We used data from 2013-2019. The BRFSS is an annual survey

that collects information regarding chronic health conditions and health-related behaviors.
The Centers for Disease Control and Prevention, in partnership with individual state
governments, administers the standardized health survey by landline and cellular telephone
while taking measures1? to mitigate bias. The BRFSS system randomly selects telephone
numbers for dialing, and a scripted Computer-Assisted Telephone Interview system is

used for data collection by trained interviewers. Calls are made 7 days per week during
both daytime and evening hours to avoid selection bias. The response rate in the most
recent year (2019) was 50%, and sample weights provided by the BRFSS account for
nonresponse rates while ensuring that resulting estimates are representative for the United
States population.11 Weights account for demographics and telephone ownership, in addition
to nonresponse. To reduce misclassification error, quality assurance protocols include direct
monitoring of live interviews and calling back respondents to verify responses. We adhered
to Strengthening the Reporting of Observational Studies in Epidemiology guidelines for
cross-sectional analyses.12 The data that support the findings of this study are publicly
available at https://www.cdc.gov/brfss/annual_data/annual_data.htm. Analytic methods will
be made available upon reasonable request from the corresponding author. The Weill Cornell
Medicine institutional review board certified these analyses of deidentified data as exempt
from review.

The BRFSS survey included adult respondents 18 years of age and older. For our
analyses, we excluded respondents who were pregnant (3.9%) and those who did not
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provide information about stroke (0.26%), cancer (0.23%), and smoking history (5.0%)
(Figure I; please see https://www.ahajournals.org/journal/str); we performed complete case
analysis using data for 3,029,122 respondents (representative of a weighted frequency3 of
236,118,585 adults). Then, we identified stroke and cancer survivors based on self-report
of prior stroke and cancer, respectively. Validation studies provide evidence of the validity
and reliability of self-reported data gathered in BRFSS.14 Prevalence estimates derived
from BRFSS are reliable; prevalence estimates for common conditions like diabetes, heart
disease, and stroke are very similar to data derived from in-person examinations, with
absolute differences between datasets ranging from 0.0% to 0.8%.1° Prior stroke is a
validated measure that has been used to identify stroke survivors in large epidemiological
studies.16-18 |n a United States cohort, self-reported stroke had substantial agreement with
detailed medical record data (kappa: 0.71).16 Similarly, self-reported cancer had >90%
sensitivity and specificity for true diagnosis of cancer confirmed in a cancer registry.1°

Measurements

Smoking status was self-reported in BRFSS. A prior validation study of United States
nationally representative health survey data found that self-reported smoking correlated
well with serum cotinine levels (biomarker for smoking), with low misclassification rates
(2-5%).20 An analysis of another North American health survey found that self-report only
marginally underestimated true smoking prevalence.?!

In the present analysis, the outcome of interest was smoking cessation. This was assessed
using the quit ratio, which is conventionally defined as the proportion of “ever smokers”
who have quit smoking.22 In this definition, “ever smoker” is defined as having smoked at
least 100 cigarettes in a person’s lifetime.23 The quit ratio measure and this definition of
“ever smoker” are commonly used to assess smoking cessation and persistent smoking at
the population level.23-25 The inverse of the quit ratio is the proportion of ever smokers who
continue to smoke; we report these data as well. Because the quit ratio is calculated only

for ever-smokers, we compare quit ratios across groups who may have varying ever-smoking
rates.

We tabulated quit ratios stratified across several demographic and geographic factors. These
demographic variables included age (<60 years versus =60 years), gender, race/ethnicity, and
insurance status (insured versus uninsured). Race/ethnicity was self-reported by respondents
and categorized based on BRFSS indicators as Non-Hispanic White, Non-Hispanic Black,
Hispanic, Alaskan Native or American Indian, Asian or Hawaiian or other Pacific Islander,
and multiracial or other. Geographic factors were state, Stroke Belt residence, and rurality.
Stroke Belt states were those defined by the Reasons for Geographic and Racial Differences
in Stroke study.28 We evaluated Stroke Belt states as a category because of historically
worse stroke outcomes in these states.?% Rurality was determined by applying United States
Office of Management and Budget definitions2” to Metropolitan Status Code data recorded
in BRFSS: respondents residing in a metropolitan statistical area (urban area and adjacent
integrated areas) were categorized as non-rural, and respondents outside a metropolitan
statistical area were categorized as rural.
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We tabulated additional demographics and comorbidities to characterize the study
population. Income was categorized by BRFSS as <$15,000/year, $15,000-24,999/year,
$25,000-34,999/year, $35,000-49,999/year, and >$50,000/year. Educational attainment was
categorized as less than high school completion, high school completion, some college

or technical school, and college or technical school completion. Comorbidities included
self-reported hypertension, hyperlipidemia, and diabetes, in addition to two smoking-related
conditions: pulmonary disease (asthma and chronic obstructive pulmonary disease) and
cardiovascular disease (history of myocardial infarction, angina, or coronary heart disease).

Statistical Analyses

Results

We merged data from the 2013-2019 BRFSS annual surveys into a pooled dataset.

BRFSS is a population-based survey that uses honrandom sampling design to ensure
representation of population subgroups and assign sample weights to respondents to account
for nonresponse and stratification. We used survey-specific SAS functions to account for
survey design, survey strata, and sampling weights when calculating population-weighted
frequencies and proportions. We used the Rao-Scott chi-squared test, a chi-squared test

for survey data, to assess differences in quit ratios among strata (e.g., age <60 years

versus =60 years). Then, we used multivariable logistic regression models to compare the
odds of having quit smoking in stroke versus cancer survivors. Models were incrementally
adjusted for demographics (age, gender, race/ethnicity, income level, educational attainment,
health insurance, and rurality) and then smoking-related health conditions (pulmonary and
cardiovascular disease). In a sensitivity analysis, we additionally adjusted for hypertension,
hyperlipidemia, and diabetes; this analysis was restricted to 2013, 2015, 2017, and 2019 as
full comorbidity data were collected by BRFSS only in these years. In a post hoc sensitivity
analysis, we further adjusted this sensitivity analysis model for Stroke Belt residence. Last,
a formal Wald test of interaction was performed to assess if the relationship of smoking
cessation by disease type (stroke versus cancer) changed over time, and trends in quit ratios
were separately evaluated for each condition while adjusting for demographics and smoking-
related health conditions.28 Statistical analyses were performed using SAS software, version
9.4 (SAS Institute Inc., Cary, NC). State-wise quit ratios were visualized using R 4.0.5 (R
Core Team, Vienna, Austria). The threshold of statistical significance was set at a. = 0.05.

Among 7,538,044 stroke survivors in the United States, 58.8% (95% confidence interval
[CI], 58.2-59.1%) had any history of smoking cigarettes. The median age was 68 years
(interquartile range [IQR], 55-76), 45.4% were women, and 69.9% identified as Non-
Hispanic White, 15.0% as Non-Hispanic Black, 8.9% as Hispanic, 1.4% as Asian or
Hawaiian or other Pacific Islander, 2.2% as Alaskan native or American Indian, and 2.5%
as multiracial or other. Approximately 19.1% were Stroke Belt residents, and 22.9% lived in
rural locations. In addition, we identified 16,030,219 cancer survivors, among whom 52.9%
had any history of smoking cigarettes. Stroke survivors were more often men and had more
cardiovascular risk factors and disease than cancer survivors (Table 1).
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The quit ratio in the overall population of people with a smoking history was 59.5% (95%
Cl, 59.3-59.7%). The quit ratio for stroke survivors was 60.8% (95% ClI, 60.1-61.6%);
39.2% of stroke survivors continue to be active smokers. Quit ratios varied across
demographic and geographic factors (Table 2). Stroke survivors <60 years old were less
likely to have quit than those =60 years old (43.3% vs 74.6%; P<0.0001). Men were

more likely to have quit smoking than women (63.4% vs 57.8%; P<0.0001), and variation
by race/ethnicity was observed (P<0.0001), with higher quit ratios among Non-Hispanic
White, Hispanic, and Asian or Hawaiian or other Pacific Islander stroke survivors than
Non-Hispanic Black stroke survivors. Considerable geographic variability was also noted.
First, the quit ratio varied between states, ranging from 48.3% in Kentucky to 71.5% in
California (Figure; Table I - please see https://www.ahajournals.org/journal/str). Second, the
quit ratio was lower in the Stroke Belt than in other states (55.7% vs 62.0%, P<0.0001).
Last, the quit ratio was also lower for rural than non-rural stroke survivors (62.7% vs 69.5%,
P<0.0001).

The overall quit ratio in cancer survivors was 71.3% (95% Cl, 70.9-71.8%); 28.7% of
cancer survivors remain active smokers. Compared to cancer survivors, stroke survivors
were less likely to have quit (odds ratio [OR], 0.59; 95% Cl, 0.56-0.61) (Table 3). This
remained the case after accounting for differences in demographics, rurality, and smoking-
related comorbidities (OR, 0.72; 95% Cl, 0.67-0.79). Results were consistent in a sensitivity
analysis adjusted for additional comorbidities. Trends analyses adjusted for demographics
and comorbidities suggested that the gap between stroke and cancer survivors’ quit ratios
worsened over time (P=0.006 for interaction by time). The odds of having quit among
cancer survivors decreased each year (OR, 0.95; 95% ClI, 0.93-0.97) but not among stroke
survivors (OR, 1.00; 95% ClI, 0.97-1.03) in adjusted models. However, raw quit ratios
appeared stable over time for stroke and cancer survivors (Table I1; please see https://
www.ahajournals.org/journal/str).

Discussion

In this analysis of nationally representative U.S. health survey data, we estimated the
smoking quit ratio among stroke survivors to be approximately 61%; approximately two
out of five stroke survivors with a history of smoking remain active smokers. The quit ratio
varied considerably with respect to demographic and geographic factors, and the quit ratio
was lower among stroke survivors than cancer survivors.

Our analysis provides a contemporary benchmark quit ratio estimate based on a large,
nationally representative sample of stroke survivors. These self-reported data are consistent
with a prior estimate based on biochemical measures of cigarette smoking from the National
Health and Nutrition Examination Survey;2° however, the small sample size of stroke
survivors (n=658) precluded analyses of demographic and geographic factors. Other prior
data focused on active smoking rates as opposed to quit ratios.30: 31 Active smoking
prevalence rates are influenced by smoking initiation rates. In contrast, quit ratios are
calculated only for persons with a history of smoking and thus reflect smoking cessation and
its alternative, persistent smoking. Accordingly, quit ratios are better suited for evaluating
smoking cessation in the secondary prevention realm.
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Prior studies have investigated factors associated with smoking cessation in stroke survivors.
However, apart from neuroanatomical considerations, such as lesion location,32-34 data
regarding the impact of sociodemographic factors are conflicting in part because of small
sample sizes and use of outdated data from cohorts that predate the introduction of smoking-
cessation pharmacotherapies.29: 31 34-39 Our analysis of a large, recent dataset spanning

7 years revealed that quit ratios were lower among stroke survivors who were under 60
years old, women, uninsured, and those identifying as Non-Hispanic Black. Race/ethnic
disparities in quit ratios have also been observed in the general population, with lower quit
ratios in Non-Hispanic Black individuals attributed to menthol cigarette use, lower access

to cessation treatment, psychosocial stressors, and marketing exposure.23: 2540 Additionally,
we noted lower quit ratios in rural areas and in the Stroke Belt, consistent with observations
of disparities in stroke care and outcomes in these areas.?% 41 These data may inform the
development and dissemination of smoking-cessation interventions for stroke survivors.

Smoking cessation in cancer has become a priority for oncologists, as reflected in the
National Cancer Institute Cancer Moonshot Program’s establishment of the Cancer Center
Cessation Initiative.8 This commitment is consistent with our observation that quit ratios are
higher in cancer survivors than stroke survivors. Indeed, smoking cessation has increased
in cancer survivors since 200042 whereas the prevalence of active smoking in stroke
survivors has not decreased in this time period.3% In our data, the quit ratio among stroke
survivors was similar to that of the general population, while cancer survivors had a
significantly higher quit rate. Improving smoking cessation in individuals with medical
comorbidities requires attention to unique aspects of each condition.*3 Efforts akin to the
Cancer Center Cessation Initiative may be needed to identify and implement treatment
strategies specifically for stroke survivors.

The key strengths of this analysis are our use of a large, nationally representative health
survey dataset spanning 7 years, and our use of standard epidemiological measures

of smoking. Our results should be interpreted taking into consideration the following
limitations. First, these data are cross-sectional. Second, BRFSS reaches people who can
participate; our study does not account for institutionalized stroke survivors, institutionalized
cancer survivors, and people who died. As such, temporality between medical events and
smoking cessation cannot be assessed, and generalization beyond community-dwelling
stroke survivors is unsupported. However, our use of the quit ratio, which by definition is
only calculated for people who qualify as ever-smokers, allows us to assess smoking among
stroke survivors across demographic and geographic groups despite possible differences in
prevalence of ever-smoking between these groups. Thus, these limitations do not detract
from the key findings of our descriptive analysis, wherein the proportion of ever-smoker
stroke survivors who has quit, and conversely continues to actively smoke, varies across
demographic and geographic factors and is higher among stroke survivors than cancer
survivors. Third, survey data do not specify whether the prior stroke was ischemic or
hemorrhagic, so we cannot determine whether smoking behavior differs by stroke type.
Fourth, self-reported quit ratios may modestly overestimate true quit ratios, in which

case there may be greater need to address smoking cessation than indicated by these

data. Regardless, these data support the need for interventions to address the substantial
proportion of stroke survivors with a smoking history who continues to smoke.
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Conclusion

Substantial population-level variation in smoking quit ratios in stroke survivors highlights
the need to optimize smoking-cessation interventions for this at-risk population.
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Figure. Quit ratiosin stroke survivorsin the United States.
This map shows the variability in cigarette smoking quit ratios among stroke survivors in the

United States, based on data from the Behavioral Risk Factor Surveillance System. The quit
ratio is defined by convention as the proportion of people with a history of smoking who
have quit.
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Table 1.

Study Population Characteristics * of Stroke and Cancer Survivors in the United States with a History of

Cigarette Smoking !

Stroke Survivors  Cancer Survivors

Respondents, raw unweighted frequency 74,400 155,693
Respondents, US weighted frequency 4,434,604 8,488,386
Age, years (median, interquartile range) 68 (59-76) 69 (60-76)
Women 45 (45-56) 56 (55-56)
Race/ethnicity§
Non-Hispanic White 70 (70-71) 81 (80-81)
Non-Hispanic Black 15 (14-16) 9 (8-9)
Hispanic 9 (8-10) 6 (6-6)
Asian or Hawaiian or other Pacific Islander 1(1-2) 1(1-1)
Alaskan Native or American Indian 2(2-2) 11-1)
Multiracial or other 3(2-3) 2(2-2)
Education
Did not finish high school 26 (25-27) 16 (16-17)
Graduated high school 32 (32-33) 31(30-31)
Some college/technical school 29 (29-30) 33 (33-34)
Completed college/technical school 12 (12-12) 20 (20-21)

Annual household income category

<$15,000 25 (24-26) 14 (14-15)
$15,000-24,999 28 (27-29) 20 (20-21)
$25,000-34,999 13 (12-13) 12 (12-13)
$35,000-49,999 12 (12-13) 15 (14-15)
>$50,000 22 (21-22) 38 (37-38)

Rural residence” 23 (22-24) 20 (19-20)

Stroke Belt Residence” 19 (19-20) 16 (15-16)

Lacking health insurance” 8(8-9) 6(6-6)

Hypertension ™* 73 (72-74) 56 (55-56)

Hyperlipidemia ** 64 (63-65) 53 (52-54)

Diabetes 32 (31-32) 21 (20-21)

Heart disease 39 (38-40) 19 (18-19)

Pulmonary disease 41 (40-41) 33(32-33)

*
Data are presented as percentage (95% confidence interval of percentage) unless otherwise specified. Percentages for any given characteristic may
not sum to 100% because figures reflect weighted estimates.

fA history of cigarette smoking is defined as self-report of having smoked at least 100 cigarettes.

§Race/ethnicity is self-reported in the Behavioral Risk Factor Surveillance System survey.
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Respondents were assigned Metropolitan Status Codes based on their landline data; respondents residing in a metropolitan statistical area (urban
area and adjacent integrated areas) were categorized as non-rural, and respondents not in a metropolitan statistical area were categorized as rural.
Stroke Belt residence was conventionally defined.

Patients without public or private health insurance were categorized as uninsured.

*:

In BRFSS, respondents were asked of hypertension or hyperlipidemia in 2013, 2015, 2017, 2019; reported percentages are for years in which
those data were collected.
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Table 2.

Demographic/Geographic Factors and Cigarette Smoking Quit Ratios among Stroke Survivors with a History

of Cigarette Smoking

Factor

Quit Ratio® (95% CI)

P value

Age
<60 years old
260 years old

43.3 (42.0-44.6)
74.6 (73.8-75.4)

<0.0001

Gender
Women

Men

57.8 (56.7-58.8)
63.4 (62.3-64.4)

<0.0001

Race/ethnicity 4
Non-Hispanic White
Non-Hispanic Black
Hispanic
Asian or Hawaiian or other Pacific Islander
Alaskan Native or American Indian

Multiracial or other

63.4 (62.6-62.4)
51.8 (49.5-54.0)
61.0 (57.3-64.7)
72.5 (62.4-80.9)
45.7 (41.4-50.0)
50.4 (46.1-54.7)

<0.0001

Health insurance§

Insured

Uninsured

62.9 (62.1-63.6)
38.6 (35.7-41.5)

<0.0001

Stroke Belt//
Stroke Belt residence

Non-Stroke Belt residence

55.7 (54.2-57.1)
62.0 (61.2-62.9)

<0.0001

Rurality//
Rural

Non-rural

62.7 (61.0-64.4)
69.5 (68.4-70.5)

<0.0001

Abbreviations: Cl, confidence interval.

*
Quit ratios (proportion of former smokers among ever-smokers) compared across strata using the Rao-Scott chi-squared test of proportions.

fRace/ethnicity is self-reported in the Behavioral Risk Factor Surveillance System survey.

§Patients without public or private health insurance were categorized as uninsured.

Stroke Belt residence was conventionally defined. Respondents were assigned Metropolitan Status Codes based on their landline data; respondents
residing in a metropolitan statistical area (urban area and adjacent integrated areas) were categorized as non-rural, and respondents not in a

metropolitan statistical area were categorized as rural.
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Table 3.

Odds * of Having Quit Smoking among Stroke Survivors versus Cancer Survivors in the United States.

Model OddsRatio (95% CI)

Unadjusted 0.59 (0.56-0.61)
0.72 (0.67-0.77)

Adjusted for demographics f

Adjusted for demographics, comorbidities’t 0.72(0.67-0.79)

Sensitivity analysis§ 0.68 (0.61-0.75)

Post hoc sensitivity analysis”/ 0.68 (0.61-0.75)

Abbreviations: Cl, confidence interval.

*
Association reported as odds ratio (95% confidence interval) of having quit smoking in respondents with a history of smoking, comparing stroke
Versus cancer survivors.

fAdjusted for age, gender, race/ethnicity, income level, educational attainment, health insurance, and rurality.

iAdditionaIIy adjusted for smoking-related comorbidities: pulmonary disease (asthma and chronic obstructive pulmonary disease) and
cardiovascular disease (myocardial infarction and coronary heart disease).

§Additional|y adjusted for hypertension, hyperlipidemia, and diabetes using data from only 2013, 2015, 2017, and 2019, based on data availability
in these years.

”The post hoc sensitivity analysis represents the most adjusted model, adjusted for demographics, smoking-related comorbidities, geographic
factors (Stroke Belt residence in addition to rurality), and hypertension, hyperlipidemia, and diabetes.
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