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Abstract

Purpose—Limited evidence in the US suggests that among patients with chronic obstructive
pulmonary disease (COPD), rural residence is associated with higher hospitalization rates and
increased mortality. However, little is known about the reasons for these disparities. This study’s
purpose was to describe the health status of rural vs urban residence among patients with COPD
and to examine factors associated with differences between these 2 locations.

Methods—This was a cross-sectional study of baseline data from a representative sample of
patients with COPD enrolled in a clinical trial. Rural-urban residence was determined from zip
code. Health status was measured using the SF-12 and health care utilization. Independent sample
Etests, chi-square tests, and multiple linear and logistic regressions were performed to examine
differences between rural and urban patients.

Findings—Rural residence was associated with poorer health status and higher health care
utilization. Among rural patients unadjusted physical functioning scores were lower on the SF-12
(30.22 vs 33.49; P=.005) that persisted after adjustment for potential confounders (B = -2.35; P
=.04). However, after further adjustment for social and psychological factors only the Body-Mass
index, Airflow obstruction, Dyspnea, and Exercise (BODE) Index was significantly associated
with health status.

Conclusions—In this representative sample of patients with COPD rural residence was
associated with worse health status, primarily associated with greater impairment as measured by
BODE index. While rural patients reported a higher dose of smoking, a number of other
unmeasured factors associated with rural residence may contribute to these disparities.
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Examination of geographic variation in disease occurrence and other disease measures
provides a method for detection of gaps in quality of public health activities and clinical
health care services.! Moreover, regional variations in health care costs and outcomes have
focused attention on the need and opportunity for improvements in delivery of health care in
the US.2 These analyses have largely been conducted using administrative databases of
specific pgpulations including Medicare,3 Medicaid, Veterans Administration*® (VA), and
hospitals.

Regional and system-level variation for a number of chronic obstructive pulmonary disease
(COPD)-related measures has been found in the US and worldwide. The populations studied
in the US have largely included health and hospital systems with variations found in use of
diagnostic spirometry,’ health status,® exacerbation/hospitalization rates,3*9-12 quality of
care,® and mortality.13 Of these studies 2 have focused on rural-urban differences in
mortality in the VAL3 and hospitalization rates among Texas hospitals.10-11 While these
studies provide evidence for substantial variation in a number of outcomes, limited evidence
is available on factors to explain these regional variations.

In Texas, Jackson et al. found higher rates of hospitalization for COPD in non-metropolitan
counties!! Regional differences in the distribution of racial and ethnic groups, and indices of
regional isolation including concentration of non-metropolitan counties, hospitals, and
pulmonary specialists were all associated with higher hospitalization rates.19 However, this
analysis was limited because of inherent limitations of administrative data, which lacks data
on clinical characteristics and other potential determinants of health outcomes. To further
examine reasons for these regional differences in COPD hospitalization rates we used
detailed patient-specific data from a clinical trial to examine the relationships between rural
vs urban residence location and outcomes including patient-reported health status and health
care utilization among patients with COPD.

Study Design and Population

Patients were recruited from clinics of the University of Texas Health Science Center-Tyler,
located in a region with a large rural population.1* Patients > 45 years of age with physician-
diagnosed COPD were recruited as part of a clinical trial'® using 2 methods: provider
referrals and patient registry using the International Classification of Disease 9th revision
(ICD-9) codes 491, 492, and 496 with standardized eligibility criteria (Table 1). The
Institutional Review Board of the University of Texas Health Science Center approved the
study (IRB# 855).

Measurements

Data collected at baseline for the trial were used in this analysis. The data components
included demographics, clinical characteristics, and health status. Specific data items were
chosen based upon well-established determinants of health outcomes among patients with
COPD. Rural-urban status was classified according to Rural Urban Commuting Area
codes, 6 a census tract-level scheme that is based on the Bureau of Census Urbanized Area
and Urban Cluster definitions.

Clinical characteristics known to affect health outcomes included smoking status, severity of
impairment, co-morbid illnesses, medication adherence, activation level, and self-efficacy.
Smoking status included current, former, and never; and total pack-years. Severity of
impairment was measured with spirometry, BODE (body mass index, airflow obstruction,
dyspnea, and exercise capacity) Index,1” and Chronic Respiratory Questionnaire-SA
(CRQ).18-20 gpirometry and 6-minute walk (6MW) were conducted according to American
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Thoracic Society criteria.?1:22 Severity of spirometric impairment was classified using the
global initiative for chronic obstructive lung disease (GOLD) criteria.23 Co-morbid
conditions were measured using the Charlson co-morbidity index (CCl).2* Depressive
symptoms2® were measured with the Geriatric Depression Scale (GDS).26 Medication
adherence was defined according to severity of Forced Expiratory Volume in 1 second
(FEV) impairment.2 Standardized instruments were used to measure level of patient
activation?® and COPD self-efficacy.2?

Health Outcomes

Health outcomes included SF-12 physical and mental component scores (PCS and MCS)
and self-reported health care utilization in the past 6 months.30-33 Self-reports of health care
utilization were assessed for lung and non-lung-related reasons comprising visits to a
physician, nurse, nurse practitioner, or physician assistant; hospitalizations; visits to urgent
care or emergency room; and use of home health services.

Statistical Analysis

RESULTS

Frequencies and means (+ SD) were used to summarize categorical and continuous
variables, respectively. Rural-urban comparisons were conducted using independent samples
ttests, Mann-Whitney U test, and chi-square tests.

Two regression models were constructed to examine independent effect of residence on
SF-12 adjusting for confounders. In the regression models, SF-12 PCS and MCS were the
dependent variables, and rural-urban classification was the primary explanatory variable.
The first model consisted of rural-urban residence, age, gender, race, smoking status, pack-
years, GOLD stage, 6MW classification, GDS score, and BODE index. To examine
differences in health status independent of social, psychological, co-morbidity, and
management factors the second model further adjusted for marital status, education, income,
CCI, medication adherence, level of activation, and self-efficacy. The variables chosen a
priorifor inclusion in the models were based on literature review.

Logistic regressions were performed to determine the odds of health care utilization
adjusting for gender, race, smoking status, 6MW, BODE index, and CCI. These variables
were included to account for exacerbation proclivity, exercise capacity, COPD specific
severity, and general disease complexity. Results were considered statistically significant at
the 0.05 level. Analysis was performed using SAS v.9.3 (SAS Institute Inc., Cary, North
Carolina).

Patient Characteristics

Of 217 patients enrolled, 50.7% were rural residents. The average age of the entire sample
was 68 years, with 50.2% female and 91.2% Non-Hispanic White (Table 2). Among rural
residents there were a number of statistically significant differences compared to urban
residents including a higher proportion of males (58.2% vs 41.1%; P =.015), greater median
number of pack-years (54.0 vs 46.9; P=.019), and higher BODE index (4.8 vs 4.1; P=.
013), indicating more severe impairment. Moreover, the higher BODE index among rural
residents was associated with more severe spirometric impairment, higher dyspnea levels,
and shorter 6-minute walk distance.

Health Status

Overall, rural residents had worse health status and higher health care utilization compared
to urban residents (Table 3). The SF-12 PCS was lower among rural patients (30.2)
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compared to urban patients (33.5), which is significantly different statistically (= .005) and
clinically. The minimal clinically important difference in PCS and MCS is 3 and 3.5,
respectively.30:34 However, there were no observed rural-urban differences in MCS.

For health care utilization, rural residents reported a higher prevalence of service use (Table
3). However, outpatient visits for lung disease was the only service use that was statistically
different (80.0% vs 68.2%; P =.05). Other utilization of services that were higher but not
statistically different among rural residents compared to urban residents were outpatient
visits for non-lung diseases, hospitalizations for lung diseases, and urgent care or emergency
room visits for lung disease.

Multivariable Models

Multiple linear regression was used to examine the independent effect of rural residence on
health status measured by SF-12 PCS and MCS (Table 4). Model 1 consisted of rural-urban
status as the primary explanatory variable adjusting for age, gender, race, smoking status,
pack-years, GDS score, GOLD stage, 6MW classification, and BODE index. Model 2
comprised all of the variables in model 1, but it also adjusted for marital status, education,
income, CCI, medication adherence, level of activation, and self-efficacy.

Rural residents had a predicted SF-12 PCS that was 2.38 points lower than urban residents
after adjusting for age, gender, race, smoking status, and GOLD stage (Table 4, Model 1).
This difference was statistically significant but did not meet the minimal clinically important
difference threshold of 3. After further adjustment for other covariates in Model 2, only
BODE index continued to be significantly associated with PCS. For the BODE index, a 1-
point increase was associated with a 1.8 decrease in PCS. The adjusted R2 was 0.24 for
Model 1 and 0.26 for Model 2, suggesting that the additional variables in Model 2 provided
little to further explain the variation in the data.

While there were no statistically or clinically significant differences between rural and urban
residents for SF-12 MCS in Models 1 or 2, there were a number of other factors associated
with the MCS (Table 4). These factors included smoking status, depressive symptoms, and
self-efficacy. The adjusted RZ was 0.32 for Model 1 and 0.43 for Model 2, suggesting that
the addition of self-efficacy and measures of social support such as marital status and
education may be important measures contributing to the variation in MCS.

Multiple logistic regression was used to examine the independent effect of rural residence on
health care utilization (Table 5). After adjusting for gender, race, smoking status, 6MW
classification, BODE index, and CCI there were positive associations for lung-related
utilization, but there were no statistically significant differences in utilization between the 2
groups.

DISCUSSION

In this sample of patients with COPD we found that rural residence was associated with
poorer health status and higher levels of utilization of selected health care services compared
to urban residents. However, after adjustment for multiple determinants of health status and
health care utilization, rural residence was not independently associated with either outcome.
The major factor associated with poorer health status was greater severity of physical
impairment as measured by BODE index. In contrast, factors associated with mental health
(ie, MCS) were largely demographic, social, self-efficacy, and psychological factors.

The relationship between residence location and health status is complex and not consistent,
with a number of factors that may contribute to the inconsistency including variations in
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lifestyle, environmental and occupational exposures, and differences in access to health
care.3® The higher number of pack-years of smoking among our sample of rural residents
suggests that longer duration of smoking may have contributed to greater impairment of
lung function. While we did not collect data on exposures other than smoking, rural
residence may be associated with exposures to other environmental and occupational risk
factors for COPD such as fuel-fired power plants36 and agricultural work.37-39

Differences between rural and urban residence in health care needs and access to health care
may result from variations in population characteristics, in the number of physicians and
other health care providers, in the quality of health care delivery, and in the distributions of
persons with health insurance. Rural communities are heterogeneous, differing in population
density, remoteness from urban areas, and economic and social characteristics.40 Because
rural communities have a higher proportion of older residents, there is a higher demand for
health care services for chronic conditions. Moreover, in the US the majority of rural
counties are designated as physician shortage areas.*! While evidence regarding health care
quality in rural areas is sparse,*0 delay in diagnosis may result from underutilization of
spirometry among patients with COPD, which varies regionally.” Health insurance is a
major determinant of access to health care and while nearly all patients in our sample had
health insurance because of age and disability (data not shown), rural residents may not have
had health insurance at younger ages,*? which may have limited access to preventive
services and delayed diagnosis and treatment until impairment and disease were more
advanced.

Results of our investigation of rural-urban differences with detailed clinical information may
help explain previous findings using administrative data of increased hospitalizations and
mortality among patients with COPD.19:13 |n Texas, using 2007 hospital discharge data,
Jackson et al® found that a higher level of rurality (ie, lower concentration of hospitals and
pulmonary specialists) was associated with higher hospitalization rates. Similarly, higher
mortality among veterans living in isolated rural areas was described by Abrams and
colleagues.13 These higher rates of hospitalization and mortality associated with rural
residence may be partly explained by the higher dose of smoking and greater severity of
impairment found among rural residents in our study population.

Several limitations must be considered in the interpretation of the findings. The results
should be generalized with caution because the data were collected at a single center.
However, the patients were enrolled from both primary and specialty care and represent a
broad spectrum of patients with COPD. Moreover, because this is a cross-sectional study,
causal inferences cannot be established between rural residence, disease severity, and health
status. However, in previous longitudinal studies, BODE index has been associated with
increased hospitalization and mortality.17:43 Residence location was limited to current
residence, which may have resulted in misclassification and underestimation of the effects of
rural residence. Finally, the power to detect differences in selected components of health
care utilization may have been limited by the small number of occurrences.

In conclusion, these results add to the growing literature on geographic disparities among
patients with COPD and provide evidence that partly explains the higher hospitalization
rates for patients with COPD in rural areas of Texas! and other areas of the southern US.3
Moreover, the finding of greater severity of impairment as measured by the BODE index
emphasizes the need for effective interventions targeting rural communities to prevent these
disparities.*4
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Inclusion and Exclusion Criteria for Patients Interviewed With COPD

Inclusion

Table 1

Exclusion

Age = 45 years

physician diagnosis of COPD
FEV/FVC<70% and FEV1<70%

MMRC dyspnea score = 2

Participation in pulmonary
rehabilitation program with 12
months

Nursing home resident
Uncontrolled hypertension, angina,
heart failure

Unstable EKG findings (eg,
uncontrolled dysrhythmia, active
ischemia)

Dementia, uncontrolled psychiatric
illness

Life expectancy < 12 months

Resting oxygen saturation < 90% and
inability to obtain supplemental
oxygen

6 minute walk < 110 m

Other safety concerns with
participating in physical activity

FEV1=forced expiratory volume in one second, FVC=forced vital capacity, MMRC=modified Medical Research Council
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Table 2
Demographic and Health Characteristics of Rural and Urban COPD Patients

Variables Rural (n=110) Urban (n=107) P

Age (years), mean (SD) 67.9 (10.14) 68.19 (9.18) .822
Gender, n(%)

Male 64 (58.18) 44 (41.12) 0154

Female 46 (41.82) 63 (58.88)
Race/Ethnicity, n(%)

Hispanic 1 (0.91) 2 (1.87) 152

NH White 105 (95.45) 93 (86.92)

NH Black 4 (3.64) 11 (10.28)

NH Other 0 (0) 1 (0.93)

Insurance status (n,%)b

Medicare 89 (80.91) 86 (80.37) 591

Medicaid 20 (18.19) 15 (14.01) 553

Private/Other 49 (44.56) 48 (44.86) 769

Uninsured 6 (5.45) 7 (6.54) .736
Smoking Status, n(%)

Current Smoker 27 (24.55) 24 (22.43)  .907

Ex-Smoker 73 (66.36) 74 (69.16)

Never smoker 10 (9.09) 9 (8.41)
Pack-Years, Mean(SD) 64 (36.7) 54.7 (36.2) .077
Pack-Years, median(IQR) 54 (40.0, 82.0) 46.9 (31.2,65.1) 0194

Currently using oxygen, n(%)

Yes 50 (45.45) 38 (35.51) 136
No 60 (54.55) 69 (64.49)
Medication Adherent, n(%) 15 (13.64) 8 (7.55) 141
Charlson comorbidity index, mean(SD)  2.87 (1.95) 3.03 (2.02)  .563
Activation Level, n(%)
Active 55 (50.00) 57 (53.27) 592
High effort 15 (13.64) 11 (10.28)
Complacent 33 (30.00) 28 (26.17)
Passive 7 (6.36) 11 (10.28)
Geriatric Depression Scale
No Depression 82 (74.55) 78 (72.90) .783
Depression 28 (25.45) 29 (27.10)
Self Efficacy
Negative Affect 2.54 (0.93) 2.52 (0.85)  .907
Emotional Arousal 2.38 (0.84) 2.38 (0.79)  .983
Physical Exertion 3.03 (0.99) 297 (0.92)  .600
Weather/Environment 2.76 (0.84) 2.75 (0.83)  .965
Behavior 2.76 (0.95) 2.64 (0.89)  .320
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a . S
Indicates statistical significance at the 0.05 level

b . . . . . .
Levels of insurance status are not mutually exclusive; patients may have multiple providers, therefore the total is not equal to 217; percentages are
out of the total 217 subjects

Pvalues are based on independent sample t-tests, chi-square tests, and Mann Whitney U test

SD=Standard Deviation; IQR=Interquartile range; NH=Non hispanic
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Table 3

Clinical Measurements and Health Care Utilization of Rural and Urban COPD Patients

Variables Rural (n=110) Urban (n=107) P
BODE index, mean(SD) 4.75 (1.87)  4.10 (1.92) .0134
Body Mass Index 28.92 (6.84) 28.97 (6.62) .946
FEV1% 44.24 (13.29) 47.40 (12.9) 077
MRC dyspnea scale 2.02 (0.89) 1.68 (0.96) .0084
6MWD(m) 334.0 (99.26) 3523 (94.00)  .164
6MWD(m), median(IQR) 34540 (253.1,396.5) 366.0 (291.3,427.0) .215
Chronic Respiratory Questionnaire, mean(SD)
Dyspnea 4.27 (1.31) 446 (1.34) 284
Fatigue 3.60 (107 372 (131) 619
Emotional Functioning 451 (0.88) 4.54 (0.91) .829
Mastery 4.28 (0.79) 431 (0.72) 745
GOLD Stage, n(%)
Stage Il: Moderate 43 (39.09) 54 (50.47) 217
Stage Il1: Severe 48 (43.64) 40 (37.38)
Stage IV: Very Severe 19 (17.27) 13 (12.15)

SF-12, mean(SD)
PCS 30.22 (8.32) 33.49 (8.72) .0054
MCS 51.09 (11.63)  49.09 (11.14) 198
Health Care Utilization n(%)

1.) Visited a physician/nurse/nurse
practitioner/physician assistant for Lung disease. 88 (80.00) 73 (68.22) .0484

2.) Visited a physician/nurse/nurse
practitioner/physician assistant’s visits for
non-lung disease. 80 (72.73) 71 (66.98)  .357

3.) Hospitalized for lung disease. 20 (18.18) 13 (12.15)  .216

4.) Hospitalized for health problems other
than lung disease. 8 (7.27) 10 (9.35) 579

5.) Visited an urgent care or emergency
room for lung disease and were not hospitalized. 9 (8.18) 7 (6.54) 644

6.) Visited an urgent care or emergency
room for health problems other than lung disease
and were not hospitalized. 13 (11.82) 16 (14.95) 497

7.) Used any home health services. 12 (10.92) 12 (11.21)  .943

a . e
indicates statistical significance at the 0.05 level
Pvalues are based on independent sample #tests and chi-square tests

SD=Standard Deviation; PCS=Physical Composite Score; MCS=Mental Composite Score; 6MWD=6 minute walk distance GOLD=Global
Initiative for Chronic Obstructive Lung Disease; MRC=Medical Research Council
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Table 4

Association of Rural-Urban Status With Quality of Life as Measured by the SF-12

Health Outcome

Physical Composite Score

SF-12

Mental Composite Score

Variables Model 1  Model 2  Model 1P Model 2€
Rural(ref=Urban) -2384 -2.30 0.45 0.85
Age 0.06 0.05 0.16 0.17
Female (ref=Male) -0.10 0.43 -0.93 -0.29
Smoker (ref=Ex/Never) -0.56 -0.13 3724 3.694
Pack-Years 0.02 0.02 0.01 0.02
Depression(ref=No depression) -2.74 -2.04 -1384 -9.734
GOLD stage 3/4 (ref=stage 2) 1.72 0.95 0.38 -0.49
6MW (ref=< 350m) 2.61 2.99 -2.07 -1.53
BODE index -1804 -1354 -0.19 0.04
marital status 1.37 -0.30
education -0.08 -2.68
income 1.63 1.38
Charlson comorbidity index -0.52 0.17
Medication adherence 0.05 1.50
Level of Activation 0.33 0.47
Negative Affect 0.95 -3.894
Emotional Arousal 1.24 -2.02
Physical Exertion -1.73 -1.72
Weather -0.96 7194
Behavior -0.51 -1.78

aindicates P<0.05

bModeI 1 adjusted for Urbanicity, Age, gender, race, smoking status, pack-years of smoking, GOLD stage, and 6MW

DModeI 2 further adjusts for marital status, income, CCI, Medication adherence, level of activation, and COPD self efficacy

6MW=6 minute walk; BODE=Body mass index, FEV1, dyspnea, and exercise capacity
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Table 5

Odds Ratios for the Adjusted Relationships for Health Care Utilization

Variables

Physician Visitsfor Lung

Disease
95%

OR LCL 95%UCL

Hospitalized for Lung
Disease
95%

OR LCL 95%UCL

ER Visitsfor Lung Disease
0,

5%

OR LCL 95%UCL

Rural(ref=Urban)
Female(ref=Male)
Smoker(ref=Ex/Never)
6MW/(ref=< 350m)
BODE Index

CCl

187 084 3.42
0.83  0.40 1.69
0.46 0.20 1.04

236 0.98 571
1.638 127 2.09
133 1.04 1.69

155 0.65 3.71
153 0.65 3.61
143 051 4.01

0.184 0.06 0.58
114 0.88 1.49
113 094 1.36

1.10 0.37 3.28
0.84 0.29 2.44
1.59 0.48 5.27

0.66 0.18 2.44
1.07 0.76 1.52
1.24 1.02 1.52

Variables

Physician visits for non
Lung Disease
95%

OR LCL  95%UCL

Hospitalized for non Lung

Disease
95%

OR LCL  95%UCL

ER visits for non Lung
disease
95%

OR LCL  95%UCL

Rural(ref=Urban)
Female(ref=Male)
Smoker(ref=Ex/Never)
6MW(ref=LT 350m)
BODE Index

CCl

133 070 2.55
0.87 0.6 1.65
0.76  0.36 1.58
095 044 2.05
098 0.80 1.20
116  0.96 1.40

064 022 1.82
117 042 3.24
1.20 0.38 3.83
2.15 0.59 7.87
1.404 1.00 1.97
1.16 0.95 1.42

114 0.47 2.77

3804 144 10.01

2.45 0.96 6.24

0.744 025 2.16
0.714 052 0.96
1.23 0.99 1.51

Variables

Used any Home Health
Services
95%

OR LCL  95%UCL

Rural(ref=Urban)
Female(ref=Male)
Smoker(ref=Ex/Never)
6MW (ref=LT 350m)
BODE Index

ccl

135 051 3.57
160 0.62 4.17
110 0.36 3.37
038 0.11 1.26
1.01 075 1.37

1374 113 1.66

a . T,
indicates statistical significance, £<0.05

Page 14

The model adjusts for Urbanicity, age, gender, race, smoking status, 6 minute walk distance, BODE index, and Charlson comorbidity index
6MW=6 minute walk; CCl=Charlson co-morbidity index; ER=Emergency room; OR=0dds Ratio; LCL=Lower confidence limit; UCL=Upper

confidence limit
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