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Objectives. To estimate county-level cigarette smoking prevalence in Virginia and examine cigarette use

disparities by rurality, Appalachian status, and county-level social vulnerability.

Methods.We used 2011–2019 Virginia Behavioral Risk Factor Surveillance System proprietary data

with geographical information to estimate county-level cigarette smoking prevalence using small area

estimation. We used the Centers for Disease Control and Prevention’s social vulnerability index to

quantify social vulnerability. We used the 2-sample statistical t test to determine the differences in

cigarette smoking prevalence and social vulnerability between counties by rurality and Appalachian

status.

Results. The absolute difference in smoking prevalence was 6.16 percentage points higher in rural

versus urban counties and 7.52 percentage points higher in Appalachian versus non-Appalachian

counties in Virginia (P< .001). Adjusting for county characteristics, a higher social vulnerability index is

associated with increased cigarette use. Rural Appalachian counties had 7.41% higher cigarette use

rates than did urban non-Appalachian areas. Tobacco agriculture and a shortage of health care

providers were significantly associated with higher cigarette use prevalence.

Conclusions. Rural Appalachia and socially vulnerable counties in Virginia have alarmingly high rates of

cigarette use. Implementation of targeted intervention strategies could reduce cigarette use, ultimately

reducing tobacco-related health disparities. (Am J Public Health. 2023;113(7):811–814. https://doi.org/

10.2105/AJPH.2023.307298)

C igarette smoking remains the lead-

ing cause of preventable morbidity

and mortality in the United States.1

Although the prevalence of current

cigarette smoking among US adults

has decreased over the past several

decades to 13.7% in 2018,2 this de-

crease has not been as pronounced in

rural areas,3 such as rural Appalachia

(as high as 33% in some counties).4

The Appalachian region, which extends

across 13 states, has historically been

characterized by its mountainous ter-

rain, poverty, limited health care access,

and reliance on tobacco agriculture

and coal mining, which may contribute

to elevated smoking rates. Smokers liv-

ing in rural Appalachia are more likely

to smoke earlier in life and to smoke

more heavily, and they are less likely to

successfully quit.3,4 Consequently,

smokers in Appalachia are dispropor-

tionately affected by smoking-related

illnesses.5

Although individual (e.g., attitudes,

beliefs) and socioeconomic (e.g., educa-

tion, income, occupation) factors have

been used to explain smoking patterns

across the United States,6 much less is

known about environmental factors. The

Centers for Disease Control and Preven-

tion developed the social vulnerability in-

dex (SVI), which evaluates 4 spheres of

influence on health: (1) socioeconomic

status, (2) household composition and

disability, (3) minority status and
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language, and (4) housing type and

transportation. These components are

closely tied to a population’s health care

access and adherence to health guide-

lines, which may affect the effectiveness

of tobacco control initiatives in rural

areas with scarce resources or areas

with a high SVI. Although the SVI has

been studied extensively with natural

disasters and disease outbreaks, we are

not aware of any studies that have inves-

tigated the association between SVI and

cigarette use and how it differs by rurali-

ty and Appalachian status.

Disentangling predictors and drivers of

tobacco use disparities is a vital step to-

ward promoting tobacco-related health

equity. We aimed to fill this gap by exam-

ining and comparing county-level dis-

parities in cigarette smoking prevalence

by rurality, Appalachian status, and SVI

score in Virginia. Specifically, we hypothe-

sized that rural counties, Appalachian

counties, and counties with higher SVI

scores would have higher cigarette use

prevalence. Furthermore, we hypothe-

sized that rural Appalachian counties

with a higher SVI score would have the

highest prevalence rate.

METHODS

We estimated county-level cigarette

smoking prevalence using Virginia Be-

havioral Risk Factor Surveillance System

(BRFSS) data, which surveyed approxi-

mately 8832 respondents, representing

the approximately 7 million Virginian

adults, annually between 2011 and

2019. BRFSS is designed to produce re-

liable estimates at the state level; how-

ever, sample sizes for counties are too

small to provide representative area-

level estimates. Therefore, to estimate

smoking prevalence rates at the county

level, we used the small area estimation

method.7 To obtain reliable estimates

for counties with missing or small

sample sizes, we followed standard

procedure and combined BRFSS data

from 2011 to 2019 into 3 periods of

3 years each (2011–2013, 2014–2016,

2017–2019). We incorporated survey

weights into all analyses.

We defined smokers as adults who

reported having smoked more than

100 cigarettes in their lifetime and a

current smoking frequency of “every

day” or “some days.” We classified

counties using the 2013 rural–urban

continuum codes, with code values 1

to 3 classified as urban and code values

4 to 9 classified as rural.8 We determined

whether a county was Appalachian or

non-Appalachian based on the Appala-

chian Regional Commission database.9

We used the SVI to identify counties’

social vulnerability levels10 through 15

social factors across 4 dimensions of vul-

nerability (range50–1, with higher values

indicating more vulnerability). We com-

pared current smoking prevalence be-

tween rural versus urban and between

Appalachian versus non-Appalachian

counties using the 2-sample t test. We

analyzed the impact of SVI level and the

combination of rurality with Appalachian

status on county-level cigarette smoking

prevalence, controlling for factors such

as coal mining, tobacco agriculture, and

health care provider shortages using

multivariate regression analysis with ro-

bust SEs. We mapped SVI with estimated

current smoking prevalence along with

rural identifiers on Virginia counties using

Census shape data files. We performed

analyses and mapping in Stata version 16

(StataCorp LP, College Station, TX).

RESULTS

Virginia comprises 133 counties, includ-

ing 80 (60.15%) urban and 53 (39.85%)

rural counties, of which 25 (18.8%) are

in the Appalachian region (including 17

rural Appalachian and 8 urban Appala-

chian). Average SVI level in Virginia was

0.49, whereas average SVI level in rural

areas was 0.63 compared with 0.40 in

urban areas (P< .001). We found no

statistically significant difference in SVI

score between Appalachian and non-

Appalachian counties (0.51 vs 0.50).

However, average SVI score in rural

Appalachian counties was higher than

in urban Appalachian counties (0.58 vs

0.35; P< .001).

Overall cigarette smoking prevalence

in Virginia was 14.80%, whereas ciga-

rette use prevalence among rural coun-

ties was 19.38% compared with 13.20%

in urban counties (difference56.16

percentage points; P< .001). Moreover,

cigarette use was significantly higher in

Appalachian (20.89%) compared with

non-Appalachian (13.37%) counties

(difference57.52 percentage points;

P < .001). Overall, the highest

cigarette smoking prevalence was

seen in rural Appalachian counties

(mean5 22.47%). There were 28 coun-

ties in Virginia with a cigarette smoking

prevalence higher than 20% and an

average SVI score of 0.62 (located in

the third quartile of SVI distribution). Of

these, the majority were classified as

rural (71.43% rural and 35.80% rural

Appalachian).

Figure 1 demonstrates the associa-

tion of high SVI level with high cigarette

smoking rates in counties across Vir-

ginia for the period of 2017 to 2019.

Adjusting for county characteristics,

a higher SVI level is associated with in-

creased cigarette use. Rural Appala-

chian counties had 7.41 percentage

points higher cigarette use rates than

did urban non-Appalachian areas. To-

bacco agriculture and a shortage of

health care providers were also signifi-

cantly associated with higher SVI level
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and being an Appalachian county

(Tables A and B, available as a supple-

ment to the online version of this article

at http://www.ajph.org).

DISCUSSION

Current cigarette smoking rates in Virgin-

ia were close to the national average11;

however, rates are much higher in rural

counties, especially in rural Appalachian

counties, signaling the heightened need

for action in those areas. Furthermore,

rural counties had the highest SVI scores,

which also corresponded with higher

smoking prevalence. Despite rural Appa-

lachian counties having the highest ciga-

rette smoking rates in Virginia, they did

not have the highest SVI levels. We found

that tobacco agriculture and lack of

health care providers were significantly

associated with cigarette smoking preva-

lence. Further research is needed to ex-

amine whether other factors, such as

pro-tobacco culture, or multidimensional

indexes, such as social deprivation index,

also play roles in the high cigarette use

rates in rural Appalachia.

Furthermore, it is also possible that

the SVI level does not adequately

capture the unique social vulnerability

characteristics of rural Appalachia. For

instance, despite it having a high level

of poverty, 84% of the population is

non-Hispanic White, and multiunit

housing is not common in this region.12

Because these factors make up 2

dimensions of the SVI, the association

of SVI score with smoking prevalence

by rurality and Appalachian status in

our study warrants further investigation

to identify the role each dimension of

the SVI plays in the elevated smoking

prevalence in rural Appalachia. Our

findings further underscore the need

for both smoking prevention and ces-

sation programs in the rural Appala-

chian counties of Virginia.

PUBLIC HEALTH
IMPLICATIONS

Although smoking has been decreasing

over the past decade, residents in rural

Appalachian counties of Virginia exhibit

alarmingly high rates of cigarette smok-

ing, which likely will result in remarkable

and yet preventable health and econom-

ic consequences. Implementation of tar-

geted, evidence-based interventions is

warranted to reduce tobacco-related dis-

ease faced by rural Appalachian resi-

dents. Strategies should provide incen-

tives to farmers to grow economically

sustainable alternatives to tobacco, in-

crease access to cessation resources in

counties with health care shortages, and

target campaigns for rural communities

on the dangers of tobacco.5
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FIGURE 1— Association of Smoking Prevalence and Social Vulnerability by Rurality and Appalachian Status: Virginia
Counties, 2017–2019

Note. We estimated current cigarette smoking prevalence using the small area estimation method. The US Centers for Disease Control and Prevention
developed the social vulnerability index; a higher social vulnerability index refers to higher vulnerability. We based urban–rural classifications on the 2013
urban–rural continuum codes developed by the Department of Agriculture and the Rural Health Research Center.8 Counties with code values of 1–3 are
classified as urban, and those with code values of 4–9 are considered as rural. We obtained county centroid locations from US Census Bureau shapefiles.
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