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Abstract

Purpose: Despite high rates of lung disease and lung cancer among women, few studies
have focused on adverse lung health risk factors among rural Appalachian women. We
aim to describe the prevalence of demographic, behavioral, and economic characteris-
tics among a cohort of rural Appalachian women and ascertain the association between
these risk factors and lung function.

Methods: Through a cross-sectional study in two rural Appalachian Kentucky counties
(2015-2017), we collected demographics, health history/behaviors, and lung function
via pulmonary function tests. Restricting to female participants with interpretable
pulmonary function tests (N = 456), we estimated prevalence ratios of the associ-
ation between individual-level characteristics and lung function using log binomial
regression.

Findings: Reduced lung function was high among this sample, including 20.8% with
restrictive function and 18.4% with obstructive function. After adjustment, those age
65+ had 7x the prevalence of obstructive function compared to those <45 years, and
current smokers had 6x the prevalence of never-smokers. Conversely, those age 45-
64 had over 5x the prevalence of restrictive function compared to those <45 years,
and participants with an obese-classified BMI or 2+ co-morbidities had nearly 4x the
prevalence of restrictive function compared to those with normal BMI or without a
comorbid condition, respectively.

Conclusions: This study highlights the high levels of reduced lung function among rural
Appalachian women, including varying risk factors between those with restrictive and
obstructive function. The high prevalence of restrictive function among middle-aged
women with high BMI, poor cardiovascular health, and multiple comorbidities suggests

the need for culturally tailored health behavior interventions.
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INTRODUCTION

The highly rural Appalachian region has a long history of health dis-
parities, including some of the nation’s highest respiratory disease
and lung cancer burden, resulting in elevated mortality compared to
national rates.! In Appalachian Kentucky (KY), residents have notably
high smoking rates and exposures to known environmental and occu-
pational hazards. Likewise, this predominately rural region continues
to experience high unemployment and poverty rates, low educational
attainment, and limited access to health care, despite recent improve-
ments in these areas.?® Grounded in these socioeconomic challenges,
the high rates of lung conditions in this population have been con-
nected to high smoking rates and exposure to coal dust, particularly
among men.* Although lung cancer rates among men have steadily
decreased since the 1990s, declines among women have not kept pace,
and Appalachian KY has been shown to be one of the hotspots in
the country for continued, if not growing, rates of lung cancer among
women.’

A variety of factors may contribute to the high rates of lung condi-
tions among rural Appalachian women. As the leading risk factor, smok-
ing rates among women in Appalachia have not declined at the same
levels seen among men or nationwide, with over a quarter (28.7%) of
Appalachian KY women continuing to report being current smokers.®
As aresult, women increasingly bear alarger burden of tobacco-related
adverse chronic disease outcomes, including lung disease and lung
cancer.”8 Other theories focus on environmental exposures. Exist-
ing KY smoke-free ordinances have shown associations with modest
declines in smoking prevalence; however, the majority of Kentuckians
covered by an ordinance live in metropolitan areas and such ordi-
nances remain uncommon in Appalachian counties.” Identification of
contributing factors beyond tobacco remains an important area of
study. Previous studies have shown women diagnosed with chronic
obstructive pulmonary disease (COPD) have fewer smoking pack-years
and greater exacerbations (e.g., risk of hospitalization, death from res-
piratory failure) compared to men.2%11 Likewise, studies have shown
women who are never-smokers are twice as likely as men to develop
lung cancer, and Appalachian women are 3.5 times more likely to
develop non-small cell carcinoma, a form of cancer more commonly
found among never-smokers.>12:13

To date, few studies have focused directly on risk factors among
rural Appalachian women for lung disease or lung cancer.!* How-
ever, research capturing a combination of individual-, interpersonal-,
and community-level risk factors for tobacco use and other rele-
vant exposures may shed some light on avenues for improving lung
health in this population. For example, smoking among Appalachian
women has been connected to individual experiences of chronic
pain,’> mental health issues (e.g., depression, chronic stress),16:%”
early pregnancy,'® gender-based violence,’¢1? lower socioeconomic

20,21

status, and overall accumulation of health disadvantages over the

life course.2! Lung health may also be exacerbated by high-risk con-
ditions, such as alcohol use?? or HIV-risk from substance misuse.23

Additionally, broader interpersonal- and community-level factors may
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play a role in continued high levels of smoking, such as limited social
supports,'® presence of nonmarital family relationships,2* social net-
works containing higher proportions of smokers,?> cultural influences
(e.g., storytelling of health experiences, responses to health diagnoses
often labeled a “fatalism” as a coping strategy),*2%2% access to health
care or tobacco cessation programs,*® and local tobacco control
policies.?! Several recent studies on COPD and overall life expectancy
among Appalachian populations suggest these elevated rates are asso-
ciated with job risks or exposures (e.g., increased physical limitation or

risk from chemical exposures in cleaning jobs),27-28

inadequate access
to healthy foods,2? and structural exposures in the home environment
(e.g., radon, asbestos).3°

To identify possible risk factors affecting lung health among women
in the Appalachian region, we sought to better characterize poten-
tial exposures using data from one of the largest community-based
study samples of rural Appalachian residents with lung function
measurements.31:32 Specifically, we aimed to: (1) describe the preva-
lence of respiratory risk factors (e.g., demographic, behavioral, and
economic) among Appalachian KY women, and (2) ascertain the asso-
ciation among the identified respiratory risk factors with lung function
measurements. Based on the study location, we hypothesize our sam-
ple will contain a higher percentage with poor lung function than
national averages (>20%),32 which will be associated with risk factors,
such as age and smoking status, which have been documented to influ-
ence lung function.®* By further describing these exposures, we seek to
understand lung health-related patterns observed among Appalachian
women3>3¢ and identify critical social, behavioral, and economic char-
acteristics associated with obstructive and restrictive lung disease.

METHODS
Study area and sample

The Mountain Air Project (MAP) is a community-based project
designed to identify risk factors and implement a culturally tailored
intervention to address respiratory disease. For the MAP study, data
were collected in two economically distressed counties in Appalachian
KY.37 The two selected counties, Harlan and Letcher, are classified as
rural based on US Department of Agriculture rural-urban commut-
ing area codes and have substantial underground coal and surface
mining.3® Both Harlan and Letcher counties have low median annual
household incomes ($37,198 and $40,501, respectively) and high rates
of individuals who currently smoke (27.2% and 20.1%, respectively).3?
For the overall MAP study, inclusion criteria included: being >21 years
old, residing in a target county for >3 years, and speaking English. One
adult was recruited per household with priority given to an adult with
asthma, COPD, black lung disease, lung cancer, or other respiratory
health conditions. Participants received $40 for survey completion.
Full recruitment procedures have been reported elsewhere.31:3240 The
protocol was approved as an expedited study by the [University of
Kentucky] Institutional Review Board (#48792).
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FIGURE 1 Map of selected hollows in the two
Appalachian Kentucky study counties (Harlan and
Letcher).

Study design and data collection

From November 2015 to August 2017, the study team collected
cross-sectional surveys in the two selected counties. The MAP team
used “hollows,” or local valleys characterized by 14-digit hydrologic
unit codes (HUCs), as the geographic sampling unit to reflect neigh-
borhoods, and employed a stratified cluster sampling technique to
randomly select hollows (N = 40) and sample >10 homes per hol-
low. Due to small numbers of residents in some hollows, randomly
selected replacement hollows were provided to supplement study
enrollment. See Figure 1 for a map of the selected hollows in the
study.

Prioritizing culturally sensitive research, the MAP team trained local
community health workers (CHWSs) to recruit, consent, and interview
study participants. The CHWs received 40 h of training on inter-
view collection, respiratory disease, and human subjects’ protection,
with monitoring and refreshers every 6 months as consistent with
previous work.*® The CHWs collected a 40-min survey, spirometry
measures for each household member, and the Global Positioning Sys-
tem (GPS) coordinates for each home. All data were collected on iPads
via REDCap.*! Details of HUC selection and MAP field operations are
reported elsewhere 31:3240

Variables

The CHWs administered a detailed exposure survey of demographic,
social, behavioral, and environmental risk factors. Existing comor-
bidities were assessed using established questionnaires, including
the Multi-Ethic Study of Atherosclerosis (MESA) spirometry ques-

tionnaire, which provides questions similar to the National Health
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Enrolled participants
[J None

E1 15 or fewer
[116-50

B More than 50

Interview Survey (NHIS) questions for adult asthma, and the Seat-
tle Healthy Homes | baseline questionnaire.*2-4* We utilized Social
Cognitive Theory to guide our analysis of the variables, reflecting
on the dynamic interaction of personal (e.g., demographic, economic
determinants), behavioral, and environmental factors to shape health
behaviors and outcomes.* This particular theory emphasizes the bidi-
rectional relationship between personal and environmental factors
and health outcomes, which directly reflects the potential relation-
ship between demographic, behavioral, and economic factors with lung

health behaviors and outcomes explored in this study.

Demographic, social, and economic determinants

Survey questions on demographic and social determinants of health
included the categorical variables: age (<45,45-64, >65 years), marital
status (married/partnered, divorced/separated, widowed, never mar-
ried), race/ethnicity (non-Hispanic White, Hispanic, Black or African
American, Asian/Pacific Islander), educational attainment (<high
school, high school or some college, Associate’s degree or higher),
annual household income (<$10k, $10k-$25k, >$25k), employment
status (employed full-time, employed part-time, homemaker, unem-
ployed, on disability, retired), and hours spent outside of the home per
day (0, 1-3,4-7,>8).

Health behaviors, existing health characteristics, and
environmental factors

Health behaviors were self-reported in the survey, including smok-

ing and physical activity status. Participant smoking status was
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self-reported and categorized as current, former, and never-smoker.
Likewise, participants self-reported being physically active in the
past month in binary response (yes/no). Body mass index (BMI) was
calculated using self-reported height and weight and categorized
into: underweight (<18.0 kg/m?2), normal (18-24.9 kg/m?), overweight
(25-30 kg/m?2), obese (>30 kg/m2), and unknown BMI.#¢ Participants
also self-reported health conditions such as asthma, COPD, diabetes,
cardiovascular diseases, and cancer, by selecting one of four options
(yes/no/decline/don’t know). Those who did not know or declined
to respond were excluded from analysis (n = 5). We developed a
comorbidity count by summing the non-lung related health conditions
(heart attack, type | diabetes, type Il diabetes, coronary heart disease,
stroke, kidney disease, high blood pressure, high blood cholesterol,
and cancer) into an index (0, 1, and 2+). Respondents reported if
they lived with a smoker prior to 16 years old or currently live with a
smoker, which were combined into one binary metric: ever lived with
a smoker. Other environmental factors affecting MAP participants
have been explored elsewhere.3247 Occupational data were collected
for common regional industries connected to lung exposures (e.g.,
mining, logging, milling, construction); as women are less likely to
participate in these industries, women'’s occupational information was
limited.

Lung function measurements

CHWs utilized an Easy One® spirometer to administer pulmonary
function tests, which included collecting three reliable spirograms for
interpretable data. Post-test bronchodilators were not used, as use
requires a physician to be present for each test, which was not fea-
sible; however, pulmonary function tests were graded for quality and
interpreted by a board-certified physician pulmonologist (DM). We cal-
culated the percent predicted values of forced expiratory volume in
one second (FEV1) and forced vital capacity (FVC), adjusting for age,
height, race, and sex, following the procedures of Hankinson et al.*®
The FEV1 and FVC percent predicted values were utilized to clas-
sify participant lung function as normal (FVC > 80.0% and FEV1/FVC
ratio > 0.70), obstructive (FEV1/FVC ratio < 0.70), or restrictive (FVC
<80.0% and FEV1/FVC ratio > 0.70).

Analysis

For these analyses, we restricted the sample to female participants
with complete data and a pulmonary function test graded as inter-
pretable. Ninety-four participants were excluded due to an unreadable
pulmonary function test (reading code of D or F), with an additional 24
excluded due to incomplete data (final N = 456). All variables were sum-
marized with counts and percentages. To estimate prevalence ratios
(PR), we used log binomial regression.*?°° We fit the multivariable
regression models for each lung function type (restrictive function

vs. normal; obstructive function vs. normal); we intentionally selected
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these comparisons to elucidate differences between each type of
reduced lung function and those without any impairment. Variables
that were statistically significant (p < 0.05) in the bivariate analyses
for either restrictive or obstructive function (age, marital status, edu-
cation, income, employment, categorized hours outside the home per
day, categorized BMI, smoking status, and ever lived with a smoker)
were evaluated for the final models. Variables were removed if they
demonstrated a variance inflation factor >4.0 indicating covariance
(e.g., employment status due to the inclusion of education).>! Variables
that did not change the effect sizes by >10% or were not statisti-
cally significant for at least one lung function type were not retained,
as we sought to compare the effects of covariates across lung func-
tion type using an appropriately parsimonious model. We then used a
stepwise backward elimination method (p < 0.10) to create our final

multivariable models.

RESULTS
Descriptive statistics

Table 1 details the prevalence of the demographic, social, and behav-
ioral risk factors identified for female MAP participants stratified by
lung function type: normal (N= 277, 60.7%), restrictive (N = 95, 20.8%),
and obstructive (N = 84, 18.4%). Overall, the sample was characterized
by low racial diversity (98.2% non-Hispanic white) and low household
income, with nearly half (47.4%) reporting an annual income of less
than $25k. Notably, less than one-third (28.9%) reported any current
employment, and those with restrictive or obstructive lung function
had even lower employment levels (19.0% and 12.0%, respectively).
Correspondingly, less than half (43.9%) reported spending >3 h outside
of the home per day. Additionally, the restrictive lung function group
had a higher percentage of individuals aged 45-64 (65.3%) and were
more frequently widowed (25.3%), compared to the overall sample
(43.6% and 16.7%, respectively). Likewise, the obstructive lung func-
tion group had a higher percentage of individuals aged 65+ (39.3%) and
were also more frequently widowed (29.8%), compared to the overall
sample.

For behavioral and health factors, 44.1% of the sample had a BMI
>30 kg/m2. Approximately half of the sample (52.4%) reported physi-
cal activity within the past month, and a third (33.3%) reported being
current smokers. Most of the sample (85.3%) reported ever living
with a smoker. Participants frequently reported diagnoses of chronic
conditions, including asthma (14.7%), COPD (18.9%), cancer (13.4%),
type Il diabetes (17.3%), coronary heart disease (11.2%), hypertension
(47.8%), and high cholesterol (33.1%), and 40.6% had multiple comor-
bidities. Significant health events included stroke (6.4%) and heart
attack (7.2%). Those with restrictive lung function had particularly
high rates of BMIs > 30 kg/m? (62.1%), chronic conditions (e.g., type
Il diabetes [32.6%], coronary heart disease [20.0%], stroke [10.5%],
hypertension [69.5%], and high cholesterol [51.6%]), and multiple
comorbidities (64.2%).
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TABLE 1 Prevalence of respiratory risk factors by lung function classification among females in the MAP study.*

Total Normal function Restrictive function’ Obstructive function*
N =456 (100%) N =277 (60.7%) N =95(20.8%) N =84(18.4%)
Demographic/social characteristics
Age group
<45 years 163(35.7) 133(48.0) 12(12.6) 18(21.4)
45-64 years 199 (43.6) 104 (37.5) 62 (65.3) 33(39.3)
>65 years 94 (20.6) 40 (14.4) 21(22.1) 33(39.3)
Marital status
Married or partnered 247 (54.2) 171(61.7) 44 (46.3) 32(38.1)
Divorced or separated 90(19.7) 53(19.1) 18(18.9) 19(22.6)
Widowed 76(16.7) 27(9.7) 24(25.3) 25(29.8)
Never married 43(9.4) 26(9.4) 9(9.5) 8(9.5)
Race/ethnicity
Non-Hispanic White 448 (98.2) 270(97.5) 94 (98.9) 84(100.0)
Hispanic 7(1.5) 6(2.2) 1(1.1) 0(0.0)
Black or African American 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Asian/Pacific Islander 1(0.2) 1(0.2) 0(0.0) 0(0.0)
Educational attainment
<High school 91(20.0) 45(16.2) 23(24.2) 23(27.4)
High school or some college 129 (28.3) 72(26.0) 32(33.7) 25(29.8)
Associate degree or higher 236(51.8) 160(57.8) 40(42.1) 36(42.9)
Annual household income
<$10k 129(28.3) 69 (24.9) 29(30.5) 31(36.9)
$10k-$25k 87(19.1) 49(17.7) 21(22.1) 17(20.2)
>$25k 126 (27.6) 91(32.9) 16 (16.8) 19 (22.6)
Missing 114 (25.0) 68 (24.5) 29(30.5) 17(20.2)
Employment status
Employed full-time 31(6.8) 21(7.6) 5(5.3) 5(6.0)
Employed part-time 101 (22.1) 83(30.0) 13(13.7) 5(6.0)
Homemaker 148 (32.5) 90(32.5) 29(30.5) 29(34.5)
Unemployed 47(10.3) 31(11.2) 8(8.4) 8(9.5)
On disability 63(13.8) 23(8.3) 22(23.2) 18(21.4)
Retired 66 (14.5) 29(10.5) 18(18.9) 19(22.6)
Hours outside of home per day
0 99(21.7) 47 (17.0) 30(31.6) 22(26.2)
il=8 157 (34.4) 82(29.6) 37(38.9) 38(45.2)
4-7 78(17.1) 49(17.7) 14(14.7) 15(17.9)
>8 122 (26.8) 99(35.7) 14(14.7) 9(10.7)
Behavioral characteristics
BMI
<18.5 kg/m? (underweight) 9(2.0) 4(1.4) 3(3.2) 2(2.4)
18.5 to 24.9 kg/m? (normal) 98 (21.5) 8(20.9) 7(7.4) 33(39.3)
25.0t0 29.9 kg/m? (overweight) 115(25.2) 72 (26.0) 17 (17.9) 26(31.0)
>30.0 kg/m? (obese) 201 (44.1) 120(43.3) 59(62.1) 22(26.2)
Missing 33(7.2) 23(8.3) 9(9.5) 1(1.2)

(Continues)
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TABLE 1 (Continued)

Total Normal function Restrictive function! Obstructive function®
N =456 (100%) N =277 (60.7%) N =95 (20.8%) N =84 (18.4%)

Physical activity in the past month

No 217 (47.6) 127 (45.8) 47 (49.5) 43(51.2)

Yes 239(52.4) 150(54.2) 48 (50.5) 41(48.8)
Smoking status

Never 208 (45.6) 150(54.2) 38(40.0) 20(23.8)

Former 96(21.1) 48(17.3) 23(24.2) 25(29.8)

Current 152(33.3) 79 (28.5) 34(35.8) 39 (46.4)
Ever lived with a smoker

No 67 (14.7) 55(19.9) 8(8.4) 4(4.8)

Yes 389(85.3) 222(80.1) 87(91.6) 80(95.2)
Diagnosed health conditions
Asthma

No 389(85.3) 244 (88.1) 80(84.2) 65(77.4)

Yes 67 (14.7) 33(11.9) 15(15.8) 19 (22.6)
COPD

No 370(81.1) 252(91.0) 66(69.5) 52(61.9)

Yes 86(18.9) 25(9.0) 29(30.5) 32(38.1)
Type 1 diabetes

No 446 (97.8) 273(98.6) 91(95.8) 82(97.6)

Yes 10(2.2) 4(1.4) 4(4.2) 2(2.4)
Type 2 diabetes

No 377(82.7) 241(87.0) 64(67.4) 72(85.7)

Yes 79(17.3) 36(13.0%) 31(32.6) 12(14.3)
Heart attack

No 423(92.8) 265(95.7) 84(88.4) 74(88.1)

Yes 33(7.2) 12 (4.3) 11(11.6) 10(11.9)
Coronary heart disease

No 405 (88.8) 253(91.3) 76(80.0) 76(90.5)

Yes 51(11.2) 24(8.7) 19(20.0) 8(9.5)
Stroke

No 427 (93.6) 265(95.7) 85(89.5) 77(91.7)

Yes 29(6.4) 12 (4.3) 10(10.5) 7(8.3)
Kidney disease

No 440 (96.5) 267(96.4) 91(95.8) 82(97.6)

Yes 16 (3.5) 10(3.6) 4(4.2) 2(2.4)
High blood pressure/hypertension

No 238(52.2) 170(61.4) 29(30.5) 39(46.4)

Yes 218(47.8) 107 (38.6) 66 (69.5) 45 (53.6)
High blood cholesterol

No 305 (66.9) 204 (73.6) 46 (48.4) 55(65.5)

Yes 151(33.1) 73(26.4) 49(51.6) 29(34.5)
Cancer

No 395 (86.6) 246 (88.8) 82(86.3) 67(79.8)

Yes 61(13.4) 31(11.2) 13(13.7) 17 (20.2)

(Continues)
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TABLE 1 (Continued)

Total Normal function
N =277 (60.7%)

N =456 (100%)

Number of co-morbid conditions
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Obstructive function*
N =84(18.4%)

Restrictive function?
N =95 (20.8%)

0 150(32.9) 117 (42.2) 12(12.6) 21(25.0)
1 121(26.5) 77 (27.8) 22(23.2) 22(26.2)
>2 185 (40.6) 83(30.0) 61(64.2) 41(48.8)

*Only participants with pulmonary function tests graded as interpretable (C or better) were classified and included in analyses.

fRestrictive lung function: FVC <80.0%.
*Obstructive lung function: FEV1/FVC ratio <0.70.

Regression analyses

In Table 2, we display the bivariate binomial regression model results
for restrictive and obstructive lung function with our included covari-
ates. Our final multivariable analysis included the covariates: age,
marital status, educational attainment, BMI classification, physical
activity in the past month, smoking status, and number of co-morbid
health conditions. When adjusting for these covariates, several notable

effects remained, which can be seen in Table 3.

Restrictive lung function

In bivariate analyses, age was a significant factor for those with restric-
tive lung function, with those age 45-64 having over 6x the prevalence
of restrictive function of those <45 years old (PR = 6.61, 95% CI
[3.38, 12.90]). Participants who are widowed had 3x the prevalence
of restrictive function compared to those who are married or part-
nered (PR = 3.45, 95% CI [1.82, 6.56]), those with an income of less
than $10k had twice the prevalence of those with an income of >$25k
(PR = 2.39,95% CI [1.20, 4.75]), those on disability had 4x the preva-
lence of those employed full-time (PR = 4.02, 95% CI[1.29, 12.52]),
and those who spend 1-3 h outside of the home per day had 3x the
prevalence of those who spend >8 h outside of the home (PR = 3.19,
95% Cl [1.61, 6.30]). The latter appeared to have a potential dose-
response with 4.5x the prevalence of restrictive function among those
who reported spending O h outside of the home per day (PR=4.51,95%
Cl[1.29,12.52)).

For behavioral and health factors in the bivariate analyses, partici-
pants with a BMI classified as obese (>30 kg/m2) had 4x the prevalence
of restrictive function compared to those with normal BMI (PR = 4.07,
95% Cl [1.75, 9.47]) and those who have ever lived with a smoker
had over 2.5x the prevalence of those who have never lived with a
smoker (PR = 2.69, 95% Cl [1.23, 5.89]). For health outcomes, partic-
ipants who reported having a diagnosis of COPD (PR = 4.43, 95% ClI
[2.43, 8.07]), type Il diabetes (PR = 3.24, 95% CI [1.86, 5.64]), heart
attack (PR = 2.89, 95% CI [1.23, 6.79]), coronary heart disease (PR
= 2.64, 95% CI [1.37, 5.07]), stroke (PR = 2.60, 95% CI [1.08, 6.23]),
hypertension (PR = 3.62, 95% Cl [2.19, 5.96]), and high cholesterol
(PR = 2.98, 95% CI [1.84, 4.83]) all had higher prevalence of restric-

tive function compared to those without these diagnoses. Those with
a single comorbidity (PR = 2.79, 95% CI [1.30, 5.96]) had nearly 3x
the prevalence of restrictive function compared to those without any
reported comorbid conditions, and those with 2+ comorbidities had
an even higher prevalence of restrictive function (PR = 7.17, 95% ClI
[3.63,14.14]).

In the multivariable model, those in the 45-64 age group (PR =5.66,
95% Cl [2.56, 12.48]), with an obese-classified BMI (PR = 3.75, 95%
Cl [1.46, 9.61]), and with presence of multiple co-morbidities (PR =
3.83, 95% CI [1.71, 8.55]) retained a significantly higher prevalence of
restrictive function, after adjustment. We also saw a modest increase
in the prevalence of restrictive function among current smokers (PR
= 2.86, 95% Cl [1.46, 5.62]) compared to never-smokers. A few previ-
ously significant effects in the bivariate analyses no longer remained,
including the higher prevalence of restrictive function among those
widowed or with a single comorbid condition.

Obstructive lung function

In the bivariate analyses, age was also a significant factor for those with
obstructive lung function, with those in the 65+ age group having 6x
the prevalence of obstructive function compared to those <45 years
old (PR = 6.10, 95% CI [3.11, 11.96)). Likewise, participants who are
widowed had nearly 5x the prevalence of obstructive function com-
pared to those who are married or partnered (PR = 4.95, 95% Cl [2.55,
9.59]), and those on disability had over 3x the prevalence compared to
those employed full-time (PR = 3.29, 95% CI [1.04, 10.42]). Like with
restrictive lung function, there was a potential dose response in the
association between disease and time spent outside the home; those
who spend O h outside of the home per day had 5x the prevalence of
obstructive function compared those who spend >8 h outside of the
home (PR =5.15,95% Cl1[2.20, 12.04]).

For behavioral and health factor bivariate analyses, participants
with an obese-classified BMI had a significantly reduced prevalence
of obstructive function compared those with normal BMI (PR = 0.32,
95% Cl [0.17, 0.60]). Additionally, current (PR = 3.70, 95% CI [2.02,
6.77]) and former smokers (PR = 3.91, 95% CI [2.00, 7.65]) both had
nearly 4x the prevalence of obstructive function compared to never-

smokers. Similar to restrictive function but to a greater extent, those
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TABLE 2 Bivariate association of respiratory risk factors among females in the MAP study by lung function classification.

Restrictive (N = 95) vs. normal (N = 277) Obstructive (N = 84) vs. normal (N = 277)

PR (95% CI) p-value* PR (95% CI) p-value*
Demographic/social characteristics
Age group
<45 years Ref. Ref.
45-64 years 6.61(3.38,12.90) <0.01 2.34(1.25,4.40) <0.01
>65 years 5.82(2.63,12.85) <0.01 6.10(3.11,11.96) <0.01
Marital status
Married or partnered Ref. Ref.
Divorced or separated 1.32(0.70, 2.48) 0.38 1.92(1.00, 3.65) 0.04
Widowed 3.45(1.82,6.56) <0.01 4.95(2.55,9.59) <0.01
Never married 1.35(0.59, 3.08) 0.48 1.64 (0.68, 3.96) 0.26
Educational attainment
<High school 1.15(0.60, 2.21) 0.68 1.47(0.75, 2.90) 0.26
High school or some college Ref. Ref.
Associate degree or higher 0.56 (0.33,0.97) 0.04 0.65(0.36,1.16) 0.14
Annual household income
<$10k 2.39(1.20,4.75) 0.02 2.15(1.12,4.13) 0.02
$10k-$25k 2.44(1.17,5.10) 0.02 1.66(0.79,3.49) 0.18
>$25k Ref. Ref.
Missing 2.43(1.22,4.82) <0.01 1.20(0.58,2.47) 0.62
Employment status
Employed full-time Ref. Ref.
Employed part-time 0.66(0.21, 2.05) 0.48 0.25 (0.07,0.96) 0.04
Not employed 1.08(0.31,3.77) 0.90 1.08(0.31,3.77) 0.58
Homemaker 1.35(0.47,3.91) 0.58 1.35(0.47,3.91) 0.58
Retired 2.61(0.83,8.14) 0.10 2.75(0.89,8.55) 0.08
On disability 4.02(1.29,12.52) 0.02 3.29(1.04,10.42)
Hours outside of home per day
0 4.51(2.19,9.30) <0.01 5.15(2.20, 12.04) <0.01
1-3 3.19(1.61, 6.30) <0.01 5.10(2.33,11.16) <0.01
4-7 2.02(0.89,4.57) 0.10 3.37(1.38,8.24) <0.01
>8 Ref. Ref.
Behavioral characteristics
BMI
<18.5 kg/m? (underweight) 1.38(0.95, 2.00) 0.10 0.88(0.15, 5.06) 0.88
18.5 to 24.9 kg/m? (normal) Ref. Ref.
25.0t0 29.9 kg/m? (overweight) 1.96(0.76,5.04) 0.16 0.63(0.34,1.18) 0.16
>30.0 kg/m? (obese) 4.07 (1.75,9.47) <0.01 0.32(0.17,0.60) <0.01
Physical activity in the past month
No Ref. Ref.
Yes 0.86(0.54, 1.38) 0.54 0.81(0.50, 1.32) 0.40
Smoking status
Current 1.70(0.99,2.91) 0.06 3.70(2.02,6.77) <0.01
Former 1.89(1.03,3.49) 0.04 3.91(2.00,7.65) <0.01
Never Ref. Ref.

(Continues)
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TABLE 2 (Continued)

Restrictive (N = 95) vs. normal (N = 277) Obstructive (N = 84) vs. normal (N = 277)

PR (95% ClI) p-value* PR (95% ClI) p-value*

Ever lived with a smoker

No Ref. Ref.

Yes 2.69(1.23,5.89) 0.02 4.95(1.74,14.11) <0.01
Diagnosed health conditions
Asthma

No Ref. Ref.

Yes 1.39(0.72,2.68) 0.34 2.16(1.15,4.05) 0.02
COPD

No Ref. Ref.

Yes 4.43(2.43,8.07) <0.01 6.20(3.40,11.33) <0.01
Type 1 diabetes

No Ref. Ref.

Yes 3.00(0.74,12.24) 0.12 1.66(0.30, 9.25) 0.56
Type 2 diabetes

No Ref. Ref.

Yes 3.24(1.86,5.64) <0.01 1.12(0.55,2.26) 0.76
Heart attack

No Ref. Ref.

Yes 2.89(1.23,6.79) 0.02 2.98(1.24,7.18) 0.02
Coronary heart disease

No Ref. Ref.

Yes 2.64(1.37,5.07) <0.01 1.11(0.48,2.57) 0.80
Stroke

No Ref. Ref.

Yes 2.60(1.08,6.23) 0.04 2.01(0.76,5.28) 0.20
Kidney disease

No Ref. Ref.

Yes 1.17(0.36,3.83) 0.80 0.65(0.14,3.03) 0.58
High blood pressure/hypertension

No Ref. Ref.

Yes 3.62(2.19,5.96) <0.01 1.83(1.12,3.00) 0.02
High cholesterol

No Ref. Ref.

Yes 2.98(1.84,4.83) <0.01 1.47(0.87,2.49) 0.14
Cancer

No Ref. Ref.

Yes 1.26(0.63,2.52) 0.52 2.01(1.05,3.86) 0.04
Number of co-morbid conditions

0 Ref. Ref.

1 2.79(1.30,5.96) <0.01 1.59(0.82,3.09) 0.16

>2 7.17 (3.63,14.14) <0.01 2.75(1.52,5.00) <0.01

*p-value of p < 0.05 utilized to determine significance.
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TABLE 3 Multivariable association of respiratory risk factors among females in the MAP study by lung function classification.

Restrictive (N = 95) vs. normal (N = 277)

Obstructive (N = 84) vs. normal (N = 277)

PR (95% Cl)

Demographic/social characteristics

Age group
<45 vyears Ref.
45-64 years 5.66(2.56,12.48)
>65 years 4.17 (1.48,11.76)

Marital status
Married or partnered
Divorced or separated
Widowed
Never married

Educational attainment
<High school
High school or some college
Associate degree or higher

Behavioral characteristics

BMI
<18.5 kg/m? (underweight)
18.5 to 24.9 kg/m? (normal)

25.0t0 29.9 kg/m? (overweight)

Ref.

1.07(0.52,2.22)
1.97(0.88, 4.40)
1.29(0.48,3.52)

0.74(0.34, 1.60)
Ref.
0.77 (0.41,1.42)

5.60(0.76,41.48)
Ref.
1.90(0.68, 5.34)

>30.0 kg/m? (obese) 3.75(1.46,9.61)
Physical activity in the past month

No Ref.

Yes 1.63(0.93,2.87)

Smoking status

Current 2.86(1.46,5.62)
Former 1.16 (0.58, 2.33)
Never Ref

Diagnosed health conditions

Number of co-morbid conditions

0 Ref.
1 1.41(0.60, 3.34)
>2 3.83(1.71,8.55)

*p-value of p < 0.05 utilized to determine significance.

who ever lived with a smoker had 5x the prevalence of obstructive
function to those who have never lived with a smoker (PR = 4.95, 95
% Cl [1.74, 14.11]). Participants who reported having a diagnosis of
asthma (PR = 2.16, 95% ClI [1.15, 4.05]), COPD (PR = 6.20, 95% Cl
[3.40, 11.33]), heart attack (PRR = 2.98, 95% Cl [1.24, 7.18]), hyper-
tension (PR = 1.83, 95% ClI [1.12, 3.00]), and cancer (PR = 2.01, 95%
Cl[1.05, 3.86)) all had a higher prevalence of obstructive function com-
pared to those without the diagnoses. Although less pronounced than

restrictive function, those with 2+ comorbidities had nearly 3x the

p-value* PR (95% CI) p-value*
<0.0 Ref. <0.01
<0.01 3.12(1.40, 6.95) <0.01
<0.01 7.27 (2.61, 20.28) <0.01
Ref.
0.84 1.53(0.73,3.19) 0.26
0.10 2.12(0.94, 4.80) 0.08
0.62 2.04(0.72,5.74) 0.18
0.44 0.97 (0.44, 2.16) 0.94
Ref.
0.40 0.95(0.49, 1.87) 0.90
0.10 0.61(0.08,4.89) 0.64
Ref. 0
0.22 0.74(0.36, 1.52) 0.42
<0.01 0.41(0.20,0.87) 0.02
0 Ref.
0.08 1.05(0.57,1.91) 0.88
<0.01 5.98(2.76, 12.94) <0.01
0.68 3.09 (1.44, 6.65) <0.01
Ref.
Ref.
0.44 0.93(0.42,2.08) 0.86
<0.01 1.46(0.68, 3.14) 0.32

prevalence of obstructive function compared to those with no comor-
bid conditions (PR = 2.75, 95% CI [1.52, 5.00]).

In the multivariable model, we found, after adjustment, participants
retained a higher associated prevalence of obstructive function among
those age 65+ (PR = 7.27, 95% ClI [2.61, 20.28]) along with current
(PR =5.98,95% Cl [2.76, 12.94]) and former (PR = 3.09, 95% Cl [1.44,
6.65]) smoking status. Likewise, the BMI effects also remained, as those
with an obese-classified BMI had a lower prevalence of obstructive
function (PR = 0.41, 95% ClI [0.20, 0.87]). The previously significant
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higher prevalence among those with multiple comorbid conditions no
longer remained.

DISCUSSION

Overall, the Appalachian female participants in the MAP study, as
hypothesized, have high levels of poor lung function (20.8% with
restrictive and 18.4% with obstructive function, compared to rates
of 6.5% and 13.5% nationally)33 and represent a largely low socioe-
conomic status group, with less than a quarter currently employed
and nearly half with an annual income less than $25k. Corresponding
to low levels of employment, the participants reported spending the
majority of their waking hours inside the home. Our sample also had
higher rates of numerous risk factors and co-morbidities compared to
national rates. Current smoking rates were almost 3x higher (33.3%,
12.5% nationally),”2 reported physical inactivity rates nearly 2x higher
(47.6%, 25.3% nationally),”® and although BMlIs >30 kg/m? were only
slightly higher than national rates (44.1%, 41.9% nationally), those
with restrictive lung function had 1.5x higher rates of obese-classified
BMIs (62.1%).>* The high prevalence rates of economic and behavioral
risk factors were mirrored by higher-than-national prevalence rates
of reported health conditions in this sample. Although higher levels
of diagnoses related to obstructive lung function (e.g., COPD, asthma)
would be expected in this sample, we further observed type Il diabetes

5556 rates of hypertension 1.5x

and heart disease at rates 3x higher,
higher,>” and rates of high cholesterol 4x higher among those with
restrictive lung function compared to national averages.”® The over-
all rate of multiple comorbidities in our sample (40.6%) is similar to
national rates,? but over 60% of those with restrictive lung function
reported multiple comorbidities.

Adding depth to the prevalence measures, our regression analy-
ses indicate that risk factors vary for restrictive and obstructive lung
function outcomes. Adjusting for covariates in the multivariable mod-
els, our findings indicate that, as hypothesized, those age 65+ had a
significantly higher prevalence of obstructive lung function; however,
those with restrictive lung function had a higher prevalence among
younger individuals (age 45-64). Also as hypothesized, current or
former smoking rates were associated with significantly higher preva-
lence rates of obstructive function.?© Less expectedly, after adjusting
for covariates, obese-classified BMIs and multiple co-morbidities were
associated with significantly higher prevalence of restrictive function,
along with a higher prevalence among those reporting cardiovascu-
lar and metabolic health conditions. On the other hand, those with
obese-classified BMIs had significantly lower rates of obstructive func-
tion, which supports further exploration of the complex and potentially
protective relationship between obesity and COPD.6! These findings
also suggest the need for proactive intervention on metabolic and car-
diovascular risk factors for restrictive lung function among women,
particularly those in middle age. Current evidence suggests obesity
may directly affect the chest wall and lungs and cause inflammatory
changes in lung function,®2 which may be important to study for women

with restrictive function in particular.
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These data also support consideration of the role economic and
behavioral factors, such as low levels of employment and metabolic
risks, may play in lung cancer rates among women in rural and
Appalachian communities. Both restrictive and obstructive lung func-
tion are associated with increased lung cancer risk, with notable
associations found between COPD and lung cancer independent of
smoking exposure,®3¢ although much of this data has been collected
among male or combined samples and remains understudied among
women.®® Considering that lung cancer among never-smokers is more

13 our findings underscore the crit-

common among women than men,
ical need to identify and understand the distinctive factors critical for
female lung health.

Environmental exposures for women also remain an important area
of study. For example, a high proportion of women in this study
(85.3%) have lived with a smoker, indicating a potentially significant
role from passive smoking. In addition to household exposures, few
municipalities in this region have adopted smoke-free policies for pub-
lic spaces, and there is no statewide law.? Recent data, including other
findings from the MAP study, also suggest environmental respira-
tory exposures, such as particulates from roadways in high density
HUCs, may also contribute to adverse lung function and warrant fur-
ther exploration among women.3247 One novel finding pertains to the
association between waking hours spent at home and the prevalence
of lung conditions. Some exposures may be particularly salient and
deleterious for rural women who may have reduced access to trans-
portation, employment, or other gathering spaces. Likewise, the variety
of social and cultural factors that can affect or co-occur with lung-
related health conditions, such as chronic stress, violence, and pain
management,>~17 suggests future research to measure co-occurrence
and potential interactions with lung function.

Although notable strengths exist in this study design, key limita-
tions affect our ability to draw inference and require further study.
Our use of cross-sectional data and the focused recruitment of indi-
viduals with known lung diseases may have resulted in a sample that
is sicker than the general population and, thus, limits our ability to infer
causality among co-morbidities and lung disease. We also acknowledge
limitations in the use of self-reported behavioral and binary comorbid-
ity counts, restricting our ability to provide a more nuanced exploration
of these factors. Similarly, creating isolated categories for restrictive
and obstructive function precludes analysis of those individuals with
concomitant forms of reduced function, likely high in this sample as
30% of our restrictive function participants reported a COPD diagno-
sis. Due to this overlap, we did not draw analytic comparisons between
our restrictive and obstructive function groups but, rather, compared
them to individuals with normal function to isolate any specific trends
for each type of classification. Future analyses may also gain a benefit
from the comparison of the severity of reduced function not per-
formed in this study. Further, due to the low levels of employment
among study participants and the collection of information on common
regional industries connected to lung exposures (e.g., mining, logging,
milling, construction), which have largely employed men, we are unable
to assess the impact of exposures associated with predominately

female occupations.®® Notable health behaviors and health care access
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information such as vaping, distance and frequency of health care
visits, childhood exposures, or genetic data were also not collected.
Additionally, we also acknowledge challenges in our analytic approach.
We selected a regression model with a log link to increase the prac-
tical interpretation of the coefficients with a cross-sectional study
despite the potential of biased estimates from multiplicative relation-
ships between variables. Likewise, by retaining variables that arose in
the selection process for both sets of analyses (restrictive vs. normal
or obstructive vs. normal), we augmented the narrowing of model vari-
ables through a stepwise approach in order to increase likelihood of
including the best variable set in the model.¢”

As previously mentioned,31:3240 we sought to minimize potential
selection bias through the use of randomized HUCs; however, the use
of local CHWs in recruitment may bias participant selection based
on their local knowledge. Grounded in past success using community-
based recruitment strategies in rural Appalachian communities,®8:¢?
we believe individuals were more likely to participate in data collec-
tion conducted by a trusted community member, making the sample
more representative overall. Information bias, due to CHW recruit-
ment, may have occurred as more sensitive data, such as income or
weight may be misreported. However, if participants underreported
weight or overreported income, our findings related to these variables
may have stronger associations than currently suggested. We also
acknowledge that the study did not collect gender identity and relied
on sex information collected for the lung function measurements. We
recognize the limitations of conflating these terms, and future studies
should record both gender and sex to address how social constructs
may play arole in lung health. Finally, this study only collects data from
two specific Appalachian communities and may not be generalizable to
the broader Appalachian region; however, we do include a sample with
challenges found throughout the region, such as low-income levels and
high smoking rates.

CONCLUSIONS

Overall, this study furthers understanding of factors associated with
lung function for rural Appalachian women. Tobacco exposure remains
a primary risk factor, with 85% of women having ever lived with a
smoker and a high prevalence of obstructive function among both cur-
rent and former smokers. The high prevalence of restrictive function
among women aged 45-64 with high BMI, poor cardiovascular health,
and multiple comorbidities suggests the need for culturally tailored
health behavior interventions. Next steps include additional research
to better capture occupational and environmental exposures pertinent
to women, including home-based exposures. Likewise, future studies
should explore lung health among women throughout the Appalachian
region to expand knowledge of chronic disease risk, such as lung dis-
ease and lung cancer, which have been traditionally described from a
male-dominated lens. Specifically, future work should identify risk fac-
tors in residential, occupational, and environmental contexts relevant

towomen in rural and Appalachian communities.
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