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Abstract (or Executive Summary) 

Objective: This study examines the prevalence of restrictive spirometry in Eastern 

Kentucky and its association among men and women with various demographic and 

exposure (occupational and environmental) factors. 

Methods: A cross sectional, cluster sample (N = 685) of participants from Letcher and 

Harlan Counties, aged 21 and over, answered a questionnaire focused on risk factors for 

respiratory health outcomes including questions on demographic, health, occupational, and 

environmental exposures variables. Pulmonary function tests were administered to all 

participants with no significant cardiovascular or cerebrovascular events within the past 30 

days. Log-binomial regression was used to calculate prevalence ratios (PRs) adjusted for 

multiple covariates. 

Results: The prevalence of restricted spirometric pattern (RSP) among men and women 

was 24.3% and 30.6%, respectively. RSP prevalence was particularly high among men and 

women with comorbidities. Significant associations for restricted spirometry among 

women included Age35-64: adjusted prevalence (PR: 5.49, 95% CI 1.69 to 17.8, p=0.005), 

Age≥65 (PR:7.23, 95% CI 2.20 to 23.7, p=0.001), widowed, single or divorced women 

(PR: 1.78, 95% CI 1.02 to 3.10, p=0.043), one comorbidity (PR: 1.79, 95% CI: 1.14 to 

2.80) and obesity (PR: 2.21, 95% CI 1.05 to 4.64, p=0.036). Significant associations for 

restricted spirometry among men was obesity (PR: 2.68, 95% CI 1.05 to 6.80, p=0.039).  

Conclusions: The prevalence of RSP in Central Appalachia is substantially higher when 

compared with previous literature. Increased RSP in our cohort is multifactorial but may 

be due to higher prevalence of obesity and comorbid conditions, which is in line with 
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previous studies.  Occupational and environmental exposures did not show association with 

RSP despite many participants living in proximity to coal mines and mining activities.  

Keywords: pulmonary disease; restricted spirometry; restrictive spirometric pattern 
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Introduction 

Restrictive lung disease may be broadly defined as “reduced lung expansion 

expressed as a decreased total lung capacity (TLC).”1 When the TLC is not available, one 

can look at the restrictive spirometric patterns. These non-obstructive patterns are 

characterized by deficits in forced expiratory volume in one second (FEV1) and forced vital 

capacity (FVC), with FEV1/FVC ratios that are within normal limits.2 Collectively, these 

patterns may be referred to as restrictive spirometric patterns, preserved ratio-impaired 

spirometry (PRiSM), GOLD-unclassified, restrictive lung disease (RLD) patterns, or 

nonspecific patterns (when accompanied by a normal TLC).1-3 Receiver operating 

characteristics’ (ROC) curves best cut-off point for FVC detection of restrictive spirometric 

patterns is approximately 70%.4 

Restrictive spirometric patterns are associated with several risk factors, including 

defects in the chest wall, changes in the lung parenchyma, diseases of the pleura, adverse 

reaction to certain drugs or neuromuscular disorders, and cardiovascular risk factors such 

as obesity, diabetes, systemic arterial hypertension, smoking, and physical inactivity.3,5 

Besides airflow obstruction, restrictive spirometry has also been associated with 

congestive heart failure.6 

Chest wall pathology may play a major role in restrictive spirometry as it is a 

critical part of the respiratory pump, responsible for the expansion and contraction of the 

lungs and causing air to flow from the atmosphere to the alveoli and back out. Some 

diseases of the chest wall include congenital and childhood abnormalities, kyphosis and 

scoliosis, ankylosing spondylitis, traumatic and iatrogenic processes, and morbid 

obesity.7 
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Abnormal changes in lung parenchyma comprise of interstitial lung diseases 

(ILDs) and are a heterogeneous group of disorders with similar pathologic, clinical, 

imaging, and physiologic findings. These abnormalities can have either known or 

unknown etiologies. The most identifiable known cause and risk factors of ILD are 

exposure to occupational and environmental agents, which include inorganic or organic 

dusts, drug-induced pulmonary toxicity, and radiation-induced lung injury. Unexplained 

causes for ILD include cryptogenic organizing pneumonia, sarcoidosis, and idiopathic 

interstitial pneumonias.8 

Occupational exposure to inorganic dust such as respirable crystalline silica is 

particularly important as it known to cause several lung diseases in susceptible hosts, 

including classic pneumoconiosis (silicosis), nodular interstitial lung disease of coal 

workers’ pneumoconiosis (CWP), and lung cancer. Crystalline silica has also been 

associated with other lung pathology not commonly recognized with restricted 

spirometry, such as chronic obstructive pulmonary disease (COPD).9,10 In regards to 

silicosis, the risk of disease appears to be higher with exposure to the more toxic, clean, 

silica dioxide (SiO2) tetrahedral form.11 Exposure to respirable crystalline silica occurs in 

a vast array of occupations and industries. It is estimated that over two million workers 

are exposed to crystalline silica with jobs in foundry, brick making, and abrasive blasting 

operations; paint, glass, china dishes, pottery, and plumbing fixture manufacturing; and in 

many construction activities such as highway repair, masonry, concrete work, rock 

drilling, and tuck pointing.9 

Previous epidemiological studies indicate the prevalence of disease among silica 

exposed workers. One cohort study comprised of 2342 individuals employed at a 
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diatomaceous earth mining facility reported substantially increased standardized 

mortality ratios (SMR) for lung cancer mortality (RR: 2.15; 95% CI 1.08 to 4.28) for 15-

year lagged exposure and non-malignant respiratory disease (SMR: 5.35; 95% CI 2.23 to 

12.8).10 A population-based case only study of 6521 individuals with lung cancer had a 

weighted prevalence of exposure to crystalline silica of 25.7% (95% CI 24.7 to 26.8) 

across all histological types of lung cancer.12 

Occupational exposure to respirable coal mine dust can lead to the development 

of restrictive or obstructive lung disease. Respirable coal dust causes coal mine dust lung 

disease (CMDLD), which encompasses mixed dust pneumoconiosis with coexistent silica 

exposure, chronic bronchitis, emphysema, and dust-related diffuse fibrosis, in addition to 

classical CWP and the severe form, complicated or progressive massive fibrosis (PMF).13 

A study of 5605 active coal miners outside of Central Appalachia, regardless of tenure, 

found a prevalence of restrictive lung disease via spirometric analysis in three different 

regions. The highest prevalence (6.3%) was among 213 coal miners in the Eastern region 

from Alabama, Maryland, Ohio, Pennsylvania and Tennessee.14 In Kentucky from 

January 2015 through August 2016, 60 active or former coal miners were found to have 

radiographic findings consistent with PMF; 56 of them (93%) were residents of four 

contiguous counties: Floyd, Knott, Letcher and Pike, which are all a part of the central 

Appalachian coalfield.15  

Pleural diseases, which can also cause restrictive spirometric patterns, affects the 

pleural space and the parietal pleura, which covers the chest wall, diaphragm, and the 

mediastinum. Almost 1.5 million people in the United States per year develop pleural 

effusions primarily due to congestive heart failure, pneumonia, and cancer.16 Asbestosis 
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is one of more common pleural diseases caused by inhaling asbestos fibers and is 

characterized by slowly progressive, diffuse pulmonary fibrosis.17 Asbestosis is also a 

form of interstitial lung disease that is indiscernible from idiopathic pulmonary fibrosis 

(IPF).18 Involvement of the pleura (pleural effusion or pleural plaques) is considered a 

hallmark sign of asbestos exposure and is unusual in other interstitial lung disorders.17 It 

demonstrates restrictive ventilatory patterns with decreased lung volumes on pulmonary 

function testing.  

Jobs with potential exposure to asbestosis include electrical workers, power plant 

employees, aircraft mechanics and manufacturers, telephone lineman, shipyard workers, 

building supply manufacturers, operational navy and coast guard personnel, power plant 

employees, railroad and sheet metal workers, and asbestosis mining and transport.19,20 

Prevalence of asbestos exposure is demonstrated in a population-based case only study of 

6521 individuals with lung cancer by El Zoghbi et al12, where they reported a weighted 

prevalence of exposure to asbestos of 33.9% (95% CI: 32.8 to 35.1), according to 

histological types of lung cancer. There was no statistically significant difference in the 

weighted prevalence of exposure when looking at the different types of histological lung 

cancer. 

Adverse reactions to certain drugs or physical agents are another potential cause 

of restrictive spirometry. Farmers were found them to have a substantial reduction in 

FVC and FEV1 with normal FEV1/FVC ratios on pulmonary function tests after 

occupational exposure to low levels of organophosphates.21 Drugs potentially linked to 

restrictive lung disease include--but are not limited to--amiodarone, methotrexate, and 

nitrofurantoin.3  
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Heavy metals may also be linked to restrictive spirometry. A cross sectional study of 

2460 individuals examined the association of spirometric parameters, RLD, obstructive 

lung disease (OLD) and spirometric defined COPD, with the urinary levels of 23 nutrient 

elements and heavy metals. They found urinary zinc (Zn) to be dose-dependently 

associated with increased RLD risk after adjusting for age, gender, height, smoking 

status, pack-years of smoking, alcohol status, body mass index (BMI), exercise and 

urinary creatinine. Individuals with urinary copper (Cu) levels in the highest quartile 

(>10.86 µg/L), had significantly increased RLD risk (OR: 1.4; 95% CI 1.018 to 1.909) 

compared with those in the lowest quartile (<5.2 µg/L), after adjusting for the 

aforementioned confounders, but there was a lack of a dose-response trend.22 Beryllium 

is also linked with restricted spirometry as it causes granulomas in the lung and 

diminished diffusing capacity for CO (DLCO).23  

Neuromuscular disorders may lead to significant disability and progressive 

respiratory failure as a consequence of resultant functional limitations.24 For example, 

Duchenne’s muscular dystrophy is characterized by progressive loss of muscle function 

with the inevitable respiratory muscle weakness causing ineffective cough and decreased 

ventilation. This leads to atelectasis, and respiratory insufficiency and patients often 

progress to musculoskeletal deformities such as kyphosis, which is also associated with 

restricted spirometry.25 

Several large studies have identified the prevalence of restrictive spirometry. A 

longitudinal population study of 5542 individuals found restrictive spirometric patterns 

among 8.8% of the men and 9.6% of the women.26 Another longitudinal population study 

of 15,440 individuals found a prevalence of restrictive spirometry of 7.1% among all 
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participants.27 A cross-sectional study of 121,965 French adults presenting for regular 

evaluations found a prevalence of 4.6% among all participants.28  

Studies have shown that within the general population, between 7% to 13% of adults 

have FVCs <80% of expected for their gender, age, and height in the presence of normal 

FEV1/FVC ratios, indicating a restrictive spirometric pattern. Individuals showing 

restricted spirometry have increased risk for all-cause, and cardiovascular mortality.29 

Restrictive spirometric patterns have also been shown to be associated with various 

comorbid conditions including diabetes, metabolic syndrome, hypertension, stroke, and 

cardiovascular disease.29 Metabolic syndrome specifically, is characterized by a 

constellation of metabolically related cardiovascular risk factors, including insulin 

resistance, hyperlipidemia, hypertension, and central obesity. Low FVC is substantially 

associated with increasing prevalence of metabolic syndrome along with increasing 

mortality.2,30   

Restrictive spirometry is particularly important to individuals who live and work 

in the central Appalachian regions of Eastern Kentucky. After adaptation of the Coal 

Workers’ Health Surveillance Program (CWHSP) in the late 1960s, which was used to 

identify coal worker pneumoconiosis (CWP) and prevent its progression, the rate of CWP 

amongst coal miners dropped sharply in the 1970s.31 By the 1990s, the prevalence of 

CWP and PMF had fallen to 5% and 0.5%, respectively, compared to a prevalence of 

CWP and PMF in the 1970s among long tenured (≥ 25 years) underground coal miners of 

30% and 3.5%.31 However, during the 2000s, there has been a resurgence of CWP in 

central Appalachian regions in Kentucky, Virginia, and West Virginia. By 2015, the 

prevalence of PMF among long tenured miners had reached 5% in central Appalachia, 
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which was the highest percentage ever recorded.31 Increases in this prevalence has been 

linked to increased coal mine dust levels, longer working hours, especially at the face of 

the mine, increased exposure to silica, and employment in smaller mines.13 These 

individuals face a future of severe and disabling disease.31 

The objectives of this cross-sectional study were to assess the prevalence of 

restrictive spirometry among residents of two Eastern Kentucky counties and evaluate 

how the prevalence differs by men and women across various demographic factors, and 

by occupation and environmental exposure differences. Understanding how various 

exposure parameters may be associated with the prevalence of restrictive spirometry, may 

guide implementation of preventive measures to reduce the prevalence of disease and 

associated morbidity and mortality. 

Methods 

The Mountain Air Project (MAP) is a cross-sectional epidemiologic study with a 

primary goal of applying an environmental public health action strategy (EPHAS) to 

address community priorities regarding respiratory health. The project enhanced the 

identification of persons with respiratory disease and obtained a wide range of 

information regarding community-identified exposures of concern. The study was also 

designed to obtain individual-level exposure data to assess the association between 

putative mining and environmental exposures and respiratory health outcomes which had 

been reported in previous ecologic studies.   

Study Area and Population 

Our study focused on two Appalachian Kentucky counties (Letcher and Harlan) 

with long histories of coal mining and economic disadvantage. This area has the nation’s 
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highest burden of respiratory disease, as well as environmental justice concerns stemming 

from air-borne contaminant exposures.  The study area was selected based on the 

presence of extractive industries, marked disparities in respiratory disease, community 

concerns regarding the health impacts of mining, and infrastructure for mobilizing the 

project from previous community-based health research. Community stakeholders 

suggested using “hollows” as the most relevant geographic unit for defining 

“neighborhoods” for the cross-sectional study and for ambient air sampling. This 

approach is discussed further in a previous publication by May et al.32  The study was 

approved by the University of Kentucky Institutional Review Board and written informed 

consent was obtained from all participants.   

Eligibility  

Inclusion criteria included non-institutionalized, English-speaking adults age 21 

or older, of any race or ethnicity, residing within an eligible household in either Letcher 

or Harlan counties. Eligible households consisted of single-family residences, apartment 

housing, or mobile homes. One adult participant was recruited per household. If an adult 

in the household reported having asthma, COPD, black lung or other respiratory health 

condition, he or she was encouraged to serve as the participant for that household.  If the 

person with respiratory disease declined to participate and another adult household 

member without a respiratory condition was eligible, then that person was recruited for 

the study.     

Geographic Site and Enrollment of Study Participants 

We used an adaptive stratified cluster sampling technique to select small 

geographic areas in Harlan and Letcher counties to be the sampling units. We defined 
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candidate ‘hollows’ using GIS map layers representing the boundaries of 14-digit 

hydrologic unit codes (HUCs).  These are the smallest hydrologic units available and 

often coincide with residential development patterns in the study region, since streets and 

homes are often ordered in linear fashion along narrow valleys. We calculated the 

following metrics to characterize each HUC in ArcGIS: 1) surface mining, as a percent of 

HUC total surface area; 2) underground mining, as a percent of HUC total surface area; 

3) road miles per square mile; 4) coal haul route miles per square mile; and 5) oil and gas 

wells per square mile. We then summed these ordinal values to create an index of overall 

environmental risk to respiratory health. The index was divided into tertiles of high, 

medium, and low presumptive exposure levels to the five sources of airborne particulates 

above. The final set of around 30 HUCs (hollows) was selected in each county. 

Homes were enumerated on-the-ground within the HUCs by field staff.  Within each 

hollow, homes were sampled by dividing the total number of homes by an appropriate 

fraction to yield at least 10 homes per hollow for the study. Eligible homes were selected 

using a random starting point and systematic sample of every nth home. Each selected 

home had its GPS coordinates logged using a QStarz GPS data logger. The GPS data 

were linked with the household survey data and the environmental sampling data so that 

we were able to develop maps and integrate other datasets with the final epidemiologic 

files. 

HUCs with insufficient residences to yield at least 10 eligible households were 

eliminated from the sample and randomly selected replacement HUCs were provided to 

the field staff. Nine replacement HUCs were identified through a two-step process that 

included random selection followed by rooftop survey using Google satellite imagery.   
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Data Collection 

Community Health Workers (CHW), most with previous experience in 

community-based research, were hired for recruiting and data collection. CHWs recruited 

selected households for the study. Household contact forms which collected demographic 

information and respiratory health status for each member of the household were entered 

into a database for tracking of response and participation rates. Details of the field 

operations for the MAP study are described in May et al.32 One CHW was responsible for 

recruiting, obtaining informed consent, and using GPS to locate the home. Others were 

assigned to recruited households to administer the questionnaire and collect spirometry. 

Data were collected on iPads using the Redcap survey software. Participants received $40 

for survey completion. Interviewers used REDCap for all data collection. The REDCap 

database, stored and backed up on servers, was exported to SAS datasets. 

The survey, which took approximately 40 minutes to administer, focused on established 

and potential risk factors for respiratory health outcomes, and obtained data on current 

and past symptoms of respiratory health over the past 2 to 12 months before the survey. 

Questions were drawn primarily from established questionnaires, including the ISAAC 

questionnaire on wheezing and asthma, the Medical Research Council symptom-based 

questionnaire, and the Seattle Healthy Homes I baseline questionnaire.33-37 Family history 

of respiratory disease, allergies, chronic conditions, and eczema was obtained. We 

assessed chemical and biological environmental triggers, focusing on environmental 

tobacco smoke (ETS), pesticides, VOCs, dust mites, molds, rodent and cockroach feces, 

and animal dander; home heating (wood, coal, gas, space heaters, etc.), home cooking 

(electric, wood, gas, oil), indoor smoking, pets, molds, and dampness. Detailed 
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information was obtained on demographic and lifestyle factors (education, marital status, 

employment status, occupational exposures, dietary intake, alcohol consumption, and 

tobacco use). At the time of the interview, pulmonary function tests were also 

administered to all participants who did not report a stroke or myocardial infarction in the 

past 30 days. At a later date, a convenience subsample of 72 participants received indoor 

air quality and exposure assessment to quantify fine particulates and record in-home and 

outdoor exposure sources. For the analysis in this paper, we deleted the subjects with 

obstructed spirometry, defined as the presence of an FEV1/FVC ratio less than 0.70. 

Spirometry testing was completed for all participants using the Easy On PC® 

Spirometer, ndd Medical Technologies Inc., Andover, MA. NHANES prediction 

equations, which are programmed into the Easy On PC spirometers (ndd), were used to 

calculate the percent predicted lung function levels. These require the input of age, 

height, and race/ethnicity (White, Black, Hispanic). Spirometry results were sent for 

central review for quality control assurance and adjudication of results. Study participants 

performed three to eight efforts, with appropriate coaching by the research coordinators. 

Every spirometric effort was assessed and the initial quality assessment was over read by 

the central reader. Only results with quality grades of A, B, C, and D were used in the 

data analysis. Importantly, the presence of obstruction on spirometry was determined by 

the presence of an FEV1/FVC ratio less than 0.70. Presence of restriction was determined 

by the presence of an FEV1/FVC ratio greater than or equal to 0.70 with an FEV1 less 

than 80% of the predicted value. 
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Statistical Analysis 

Frequency distributions of the demographic characteristics of our sample of 

respondents were calculated using SAS v9.6 (SAS Institute, Inc.). The health outcome 

variable, restricted spirometry, was highly prevalent (>10%) in our sample. 

Consequently, log-binomial regression, a generalized linear method with a link function, 

to calculate prevalence ratios (PRs) adjusted for multiple covariates.  

Results 

Table 1 shows the prevalence of restricted spirometric pattern by selected 

characteristics of the study participants stratified by gender. A total of 685 individuals 

participated in the study comprising 424 women and 261 men with a prevalence in 

restricted spirometry of 24.3% and 30.6%, respectively. Age appears to be a factor 

significantly affecting the prevalence of restricted spirometry for both men and women. 

Hence, the prevalence of restricted spirometry among women age 35 to 64 was 23.9%, and 

there was a 65% increase in the prevalence (PR: 1.65, 95% CI: 1.20-2.29) of restricted 

spirometry compared to women aged 18 to 34 years. The prevalence of restricted 

spirometry among men age 35 to 64 years was 31.4%, and there was greater than 2.5-fold 

increase in the prevalence (PR: 2.52, 95% CI 1.06 to 5.95) of restricted spirometry 

compared to men aged 18 to 34 years. Age group ≥65 continued to be significant for 

restricted spirometry risk for both genders, but much more significant for women as the 

prevalence (PR: 10.9, 95% CI 3.5 to 33.9) increased more than 10-fold with a 39.5% 

prevalence compared to women 18 to 34 years.  

Marriage or living as married appeared to be protective for women having restricted 

spirometry, but no such association was seen for men. In this population, there was no 
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strong association between socioeconomic factors such as education level or household 

annual income, although lower prevalences were observed among the more highly 

educated. Obesity (BMI: 30+ kg/m2) appears to be significantly associated with restricted 

spirometry risk for both women (PR: 2.91, 95% CI 1.47 to 5.76) and men (PR: 3.04, 95% 

CI 1.30 to 7.12) when compared to people in the normal BMI ranges. Several 

comorbidities, such as coronary artery disease (CAD) or ever having a heart attack, were 

also significantly related to having restricted spirometry for both men and women. 

Particularly with women, two or more comorbid conditions appear to be significant for 

restricted spirometry risk as the prevalence (PR: 2.62, 95% CI 1.74 to 3.94) increased 360% 

when compared to women who had no comorbidities. Other characteristics in Table 1 did 

not appear to have any statistically significant effect with restricted spirometry.  

 Table 2 shows the effect of environmental and occupational factors on restricted 

spirometry prevalence. Women and men who were disabled had the highest prevalence of 

restricted spirometry at 48.0% and 37.9%, respectively. The prevalence of restricted lung 

dysfunction of women who spent no time outside the home each day was 37.2%, and there 

was a 3.5-fold increase in the prevalence (PR: 3.42, 95% CI 1.93 to 5.99) compared to 

women who spent ≥ 8 hrs outside the home each day. In addition, the prevalence of 

restricted lung dysfunction of women who spent 1 to 3 hours outside the home each day 

was 30.4% and there was a 1.8 fold increase in the prevalence (PR: 2.77, 95% CI 1.59 to 

4.84) compared to women who spent ≥ 8 hrs outside the home each day.  

The prevalence of restricted spirometry was elevated amongst women who had a history 

of working in underground and surface coal mining. Although only four women had ever 

worked as underground coal miners, three of them had restricted spirometry, a prevalence 
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of 75% (PR: 3.15, 95% CI 1.74 to 5.68). The prevalence of restricted spirometry among 

the very few women who had ever worked in logging, roadway construction, and building 

was also increased, significantly so for the 2 out of 3 women who had worked in roadway 

construction. However, the prevalence of restricted spirometry was actually decreased for 

men who had worked in these trades. 

 Overall, there was no significant association with the environmental parameters 

studied and restricted spirometry, except for men in the middle quartile of abandoned 

underground mining, % HUC area, who had a prevalence of 39.6% with a prevalence ratio 

of 1.72 (95% CI 1.09 to 2.73) when compared to the lowest quartile of abandoned 

underground mining, % HUC area. 

 Table 3 shows the adjusted restricted spirometry prevalence by selected variables. 

Among women age 35-64, there was more than a 5-fold increase in the adjusted prevalence 

(PR: 5.49, 1.69 to 17.8, p=0.005) for restrictive spirometry compared to women age 18 – 

34 years. With women over age 65, there was more than a 7-fold increase in the adjusted 

prevalence (PR: 7.23, 2.20 to 23.7, p=0.001) for restricted spirometry compared to women 

age 18 – 34 years. There was no statistically significant difference in the prevalence for 

men cross the three age groups. With single, widowed, or divorced women, there was 1.8 

times increase in the adjusted prevalence (PR: 1.78, 95% CI 1.02 to 3.10, p=0.043) for 

restrictive spirometry, but there was no association for this variable in men. In the adjusted 

model, obesity continued to show significance with restricted spirometry for both women 

and men. Obese women had over a two-fold increase in the adjusted prevalence ratio 

(women PR: 2.21, 95% CI 1.05 to 4.64, p=0.036) of restricted spirometry compared to 

women with normal. Obese men had a 1.7-fold increase in the adjusted prevalence ratio 
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(PR: 2.68, 95% CI 1.05 to 6.80, p=0.039) of restricted spirometry compared to men with 

normal BMI. One and two or more comorbidities in women continued to be significant for 

restrictive spirometry, but not in men. There were no strong associations between 

occupation or environmental exposure categories, for either men or women, and restrictive 

spirometry. Table 4 provides the final adjusted model for the most important variables 

associated with restricted spirometry. 

Discussion 

This is the first known study that primarily focuses on determining the prevalence 

of restricted spirometry patterns in Appalachian regions of eastern Kentucky and evaluates 

how the prevalence differs in gender by various demographic, occupational, and 

environmental exposure factors. Nearly 1000 people participated in this cross-sectional 

study (n=972), which was the target population size, but a larger cohort would have 

provided greater power to evaluate associations between respiratory patterns and 

occupational and environmental exposure categories. The number of participants in this 

paper was 685 however, because persons with obstructed spirometry patterns were deleted 

and the subject of a separate manuscript. 

This study found a high prevalence (26.7%) of restricted spirometry among the 

participants in this study, who were drawn from the Appalachian region of eastern 

Kentucky which is noted to have among the highest prevalence of lung disease in the U.S. 

This prevalence of restricted spirometry may be compared to the Burden of Lung Disease 

(BOLD) cross sectional study by Mannino et al38 which found a restricted spirometry 

prevalence of 11.7% in men (546/4664) and 16.4% in women (836/5098). Another cross 

sectional study by Eriksson et al39 with a comparable sample size (n=642), also found a 
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restricted spirometry prevalence of only 3.1% in men (10/321) and 2.8% in women (9/321). 

Other aforementioned epidemiological studies that assessed restricted spirometry 

prevalence also had substantially lower prevalence among men and women.12,13  

The reason for the much higher restricted spirometry prevalence in eastern 

Appalachian regions is likely multifactorial. In our study, participants also had high 

prevalence of cardiovascular disease, diabetes, and obesity. As the literature indicates, 

these conditions are strongly associated with restricted spirometry patterns.38,40 The 

etiology of cardiovascular diseases leading to restricted spirometry may be associated with 

inflammatory conditions that cause endothelial dysfunction with reduced airflow in the 

lung and lung capacity. An association between restricted spirometry patterns and diabetes 

may be associated with its association with obesity, vascular disease, and neuromuscular 

weakness. Increased waist circumference from large amounts of visceral and subcutaneous 

fat around the central body region can decrease lung volume by reducing diaphragm and 

thoracic cage mobility.40 However, in the Third National Health and Nutrition to 

Examination Survey (NHANES), only 9% of individuals in the obese category (BMI: 30+ 

kg/m2) were found to have restricted spirometry.41 Therefore, the increased prevalence of 

restricted spirometry patterns in this population from two counties in Eastern Kentucky is 

likely to be due at least in part to the high prevalence of obesity, and comorbid conditions.  

Individuals age 35 – 64 and ≥ 65 years were more likely to have an increased restricted 

spirometry prevalence compared with individuals age 18 – 34 years of age. Although, 

results were only statistically significant for women age 35 - 64 and ≥ 65, they reflect 

previous literature.38,42 Women married or living as married served as a protective factor 

for restricted spirometry and was statistically significant. We suspect that being married 
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may be associated with better overall health outcomes or better controlled risk factors 

associated with restricted spirometry. This suspicion is supported by Waldrone et al43 who 

reported lower morbidity and mortality rates among married couples, along with better 

physical and mental health compared with individuals who were not married.  

Higher educational attainment also served as a protective factor for restricted 

spirometry in both women and men which has been found in other studies.5,42 In NHANES 

1988 – 1994, individuals who had at least some college education were significantly less 

likely to have a restricted spirometry pattern (OR: 0.62, 95% CI: 0.42 to 0.90).42 Sperandio 

et al5 also reported a substantially lower prevalence of respiratory lung disease in 

individuals with restrictive patterns on spirometry who reported yes to higher education 

completion compared with individuals with restrictive patterns on spirometry who reported 

no to higher education completion. We suspect individuals with higher educational 

attainment are less likely to have the potential risk factors (e.g., CVD, obesity, hazardous 

occupational exposure, etc.) that may be associated with restricted spirometry.     

 One of our more compelling findings was that smoking did not have a strong effect 

on restricted spirometry prevalence; this finding is not congruent with the literature. For 

example, current smokers from NHANES 1988 -1994 were 31% more likely to have a 

restricted spirometry pattern compared to never smokers (OR: 1.31, 95% CI: 1.04 – 1.65).42 

In addition, current smokers from NHANES 1998 – 1994 were 89% more likely to have 

moderate to more severe restrictive patterns (FVC < lower limits of normal (LLN), 

FEV1/FVC > LLN, FEV1 < 70%) compared to never smokers from 1988 – 1994 (OR: 1.89, 

95% CI: 1.24 – 2.86).42 Schoenberg et al44 reported women and men from Appalachian 

Kentucky smoke cigarettes at rates 1.8 times and 1.6 times higher, respectively, compared 
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to their national counterparts. Therefore, we would expect a higher restricted spirometry 

prevalence in Letcher and Harlan counties associated with a higher prevalence of cigarette 

smoking.  

Importantly, our study is subject to limitations. Selection bias was introduced into 

our study when we encouraged individuals with underlying respiratory disease (e.g., 

asthma etc.) to serve as the participants representing the household. So, our cohort may not 

be representative of Letcher or Harlan County as it may undermine external validity. It may 

have also overestimated RSP prevalence. Spirometry is a useful test in occupational health 

evaluations to rule out restrictive lung patterns with acceptable accuracy.4 However, it is 

incapable of determining TLC which is performed by lung plethysmography and known to 

be the gold standard for determining RSPs.4  

The primary hypotheses in our study were that the prevalence of lung diseases 

among participants in these two Eastern Kentucky counties would be associated with 

environmental exposures, mainly living near coal mines or mining activities. However, no 

statistically significant associations with either selected environmental, or occupational, 

exposure factors with restricted spirometry prevalence was found. Regarding our 

occupational exposure factors, this in line with previous literature. The NHANES 2007 – 

2010 also found no statistically significant associations between occupational exposure 

factors and restricted lung disease prevalence (OR:1.05, 95% CI: 0.81 – 1.35).42 The lack 

of low adjusted RSP prevalence mean estimates in our study with occupational and 

environmental factors may reflect employers, health officials, and workers in Appalachian 

Kentucky adopting and adhering to appropriate preventative measures (e.g., strict 

compliance of OSHA safety and health standards, appropriate personal protective 
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equipment etc.). Further research looking at occupational and environmental factors are 

needed to further classify their relationship with RSP.  
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