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Rationale: Individual socioeconomic status has been shown to influence the outcomes of
patients with chronic obstructive pulmonary disease (COPD). However, contextual factors
may also play a role. The objective of this study is to evaluate the association between
neighborhood socioeconomic disadvantage measured by the area deprivation index (ADI)
and COPD-related outcomes.

Methods: Residential addresses of SubPopulations and InteRmediate Outcome Measures in
COPD Study (SPIROMICS) subjects with COPD (FEV{/FVC <0.70) at baseline were
geocoded and linked to their respective ADI national ranking score at the census block
group level. The associations between the ADI and COPD-related outcomes were evaluated
by examining the contrast between participants living in the most-disadvantaged (top quin-
tile) to the least-disadvantaged (bottom quintile) neighborhood. Regression models included
adjustment for individual-level demographics, socioeconomic variables (personal income,
education), exposures (smoking status, packs per year, occupational exposures), clinical
characteristics (FEV % predicted, body mass index) and neighborhood rural status.
Results: A total of 1800 participants were included in the analysis. Participants residing in
the most-disadvantaged neighborhoods had 56% higher rate of COPD exacerbation
(P<0.001), 98% higher rate of severe COPD exacerbation (P=0.001), a 1.6 point higher
CAT score (P<0.001), 3.1 points higher SGRQ (P<0.001), and 24.6 meters less six-minute
walk distance (P=0.008) compared with participants who resided in the least disadvantaged
neighborhoods.

Conclusion: Participants with COPD who reside in more-disadvantaged neighborhoods had
worse COPD outcomes compared to those residing in less-disadvantaged neighborhoods.
Neighborhood effects were independent of individual-level socioeconomic factors, suggest-
ing that contextual factors could be used to inform intervention strategies targeting high-risk
persons with COPD.

Keywords: health disparities, COPD, area deprivation index

Introduction

Lower individual socioeconomic status (SES) has widely been accepted to be
linked to chronic disease morbidity;' however, contextual-level (specifically,
neighborhood) socioeconomic risk factors can influence health outcomes indepen-
dently of commonly measured patient-level factors.* For example, individuals
who live in both poor households and poor neighborhoods may have worse chronic
health outcomes compared to poor individuals who live in less disadvantaged
neighborhoods in the United States (US).*’ Further, when moving to less
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disadvantaged neighborhoods, without changing indivi-
dual socioeconomic factors, low-income families have
shown positive health benefits,” highlighting that neigh-
borhood disadvantage is an additional risk factor beyond
personal disadvantage. However, the effect of neighbor-
hood disadvantage on chronic obstructive pulmonary dis-
ease (COPD) outcomes in the US is unknown. While
COPD affects a significant portion of persons in the US,
is a substantial cause of morbidity and mortality, and has
known disparities in regards to disease incidence and

1011 the dearth of insight into understanding

prevalence,
the relationship between neighborhoods of the US and
COPD-related outcomes warrants investigation.

We explored whether neighborhood disadvantage is
associated with COPD-related health outcomes,

whether this relationship is independent of individual-

and

level SES factors. We used information captured in the
SubPopulations and InteRmediate Outcome Measures in
COPD Study (SPIROMICS)'? and the SPIROMICS AIR'?
study. Neighborhood disadvantage was measured by the
Area Deprivation Index (ADI), a validated, publicly avail-
able geospatial index of socioeconomic disadvantage con-
structed from US Census data and updated to incorporate
2013 American Community Survey data.'*'> A well-
established composite measure of socioeconomic disad-
vantage for all areas of the United States, it reliably drills
down to the highly discrete geographic units (block
groups) and has been associated with several chronic
health outcomes.>'>"’

We hypothesized that participants from more disadvan-
taged neighborhoods within the United States have worse
COPD-related outcomes than patients from more affluent

arcas.

Methods

Study Population

SPIROMICS is a multicenter prospective cohort study that
has enrolled geographically diverse patients with COPD,
along with smokers without COPD and non-smokers, across
12 US sites.'? Participants were aged 40 to 80 years old at
enrollment and provided current home addresses. The study
design and inclusion and exclusion criteria have been pre-
viously detailed.'” The research protocol for SPIROMICS
was approved by the institutional review boards at all parti-
cipating institutions (Supplemental File), and written

informed consents were obtained from all participants. The
study was conducted in accordance with the Declaration of

Helsinki. We analyzed data from the baseline visit of parti-
cipants with COPD, defined as post-bronchodilator FEV,/
FVC less than 0.70.

Measures

Area Deprivation Index (ADI)

Participants’ addresses were used to identify their respec-
tive US Census block group, and block groups were
matched to their respective national-level ADI ranking.
The ADI reports a value from 1 (least disadvantaged) to
100 (most disadvantaged) and is freely available at www.
neighborhoodatlas.medicine.wisc.edu. The ADI is a com-

posite score constructed from 17 indicators in the domains
of income, education, housing, employment, home and
vehicle ownership, and family structure weighted by factor
score coefficients for each indicator.'>'®

Individual Socioeconomic Status (SES)

Education (more than high school vs. high school or less),
income (<$49,000, >$50,000, or Decline to answer), and
marital status (married vs. not married) were assessed by
questionnaire at baseline.

Other Covariates

Additional covariates included age, gender (female vs.
male), race (white vs. non-white), body mass index,
FEV,% predicted,'®"'® smoking status (current vs. former),
pack years, and self-report of occupational exposure to
vapor, dust, gas or fumes in the longest held job (ever
exposed vs. never exposed).?’ For about 10% of the sam-
ple who answered “don’t know” to the occupational expo-
sure question, we grouped them together with those who
answered “yes” to the question. The rural/mon-rural status
of one’s residence was also determined.*'

Outcome Measures

Functional status was measured by 6MWD.*? Respiratory
symptoms were obtained through the COPD Assessment
Test (CAT),> and dyspnea was measured by the modified
Medical Research Council (mMRC) dyspnea score.”* Cough
and sputum were measured using the total score from the
Ease of Cough and Sputum questionnaire.>> Respiratory-
specific quality of life was measured by the St. George’s
Respiratory Questionnaire (SGRQ).*® Anxiety and depres-
sion were measured using the Hospital Anxiety and
Depression Scale (HADS).?” Inspiratory and expiratory
chest CT were used to determine percentage of gas trapping
(percent —856 Hounsfield units on expiration), airway wall
thickness by the square root of wall area for a theoretical
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airway with 10mm lumen (pil0), and percentage of emphy-
sema (percent below —950 Hounsfield units at inspiration).-
28-30

COPD exacerbations following enrollment were col-
lected by quarterly phone calls and annual clinical visits
for up to 3 years. Exacerbations were self-reported by
participants based on oral antibiotic or steroid use for
worsening respiratory symptoms; severe exacerbations
were defined as worsening in respiratory symptoms lead-
ing to emergency department (ED) visit or hospitalization.
We used the total count of exacerbation (and severe
exacerbation), measured prospectively from the start of
the study, as our outcome measures.

Statistical Analysis

Variable distributions were examined and measures of
central tendency were assessed using descriptive analyses.
Participants were dichotomized into below- and above-
median for ADI national ranking. Participant characteris-
tics, ADI, and COPD outcomes were compared by #-tests
for continuous variables and chi-squared test for categori-
cal variables. To assess the associations between ADI
national ranking score and COPD outcomes, ADI was
modeled continuously and in quintiles. We ran multivari-
able regression analyses adjusting for age, sex, race, edu-
cation, income, marital status, rural status, BMI, FEV1%
predicted, smoking status, pack years, and occupational
exposure. We used generalized linear mixed model
(GLMM) with robust standard error estimator, employing
link functions for continuous and count outcomes as
appropriate, and specified clinical centers as random inter-
cept to account for clustering of observations within study
sites. For continuous ADI, we estimated the predicted
difference in outcome for one standard deviation increase
in ADI adjusting for covariates; for quintiles, we estimated
the predicted difference in outcome between the highest
quintile (the most-disadvantaged neighborhood) and the
lowest quintile (the least-disadvantaged neighborhood)
adjusting for covariates, and tested the linear trends by
modeling quintiles as an ordinal variable. As a sensitivity
analysis, we performed all our regression analyses using
study sites as fixed effect instead of random effect.

We additionally assessed—based on a priori hypoth-
esis—whether residing in rural areas (vs. non-rural areas)
modified the association between the continuous ADI and
COPD-outcomes. We ran two-way interaction regression
analyses with the multiplicative interaction term between
ADI and rural status specified. We evaluated the direction

and statistical significance of the interaction term, and
obtained the effect estimates of the continuous ADI at
rural and non-rural areas using linear combination tests.
As a sensitivity analysis, we ran stratified analysis by
rural status, and tested the constant covariate effect
assumption across rural status.
Standard regression diagnostics were performed,
including testing of linearity assumption by fractional
polynomial model approach, normality assumption by Q—
Q plots of residuals, heteroscedasticity with Breusch—
Pagan test, and model fit by log-likelihood ratio tests and
Akaike and Bayesian Information Criteria. All analyses
were completed using STATA version 15.1 (College
Station, TX). Statistical significance was defined as
P<0.05 for main effects and P<0.10 for interactions.

Missing values were not imputed.

Results

Participant Characteristics

Of the 1829 subjects with COPD, 30 participants had a
missing ADI, resulting in 1799 participants included in
this cohort for analysis. The mean (standard deviation,
+SD) ADI national ranking was 41.0 + 29.4 (range, 1 to
100), and the median was 37 (interquartile range 47).
Across different levels of our covariates, ADI showed its
full range of distribution (Figure 1). Cohort characteristics
are further broken down by ADI quintile (Table 1).
Participants residing in more disadvantaged neighbor-
hoods had lower education, less income, and were less
likely to be married compared to those residing in less
disadvantaged neighborhood; they were also younger, and
more likely to be females, non-white, current smokers, and
live in urban areas. There was no ADI difference for BMI
or pack years.

Multivariable Regression

Quintiles ADI

In multivariable regression analyses (adjusting for age,
sex, race, education, income, marital status, rural status,
BMI, FEV1% Predicted, smoking status, pack years, and
occupational exposure to gas/dust/fumes) (Table 2), those
residing in the highest quintiles ADI (the most-disadvan-
taged neighborhoods) had 56% higher rate of COPD
exacerbation (P<0.001, P<0.001 for linear trend) and
98% higher rate of severe COPD exacerbation (P=0.001,
P<0.001 for linear trend) than those living in the lowest
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Figure | Distribution of ADI national rank by covariate levels. For continuous covariates (age, BMI, FEV 1% predicted, pack years), the variables were dichotomized in the

way it is described in the legends.

quintiles ADI (the least-disadvantaged neighborhoods)
(Figure 2).

After adjusting for covariates, similar results of worse
COPD outcomes among those residing in disadvantaged
neighborhoods were shown with respect to quality of life,
respiratory symptoms, and exercise capacity (e.g., 6(MWD).
Further, health differences between the highest quintile
compared to the lowest quintile neighborhoods approached
the minimal clinical important difference (MCID) for the
respective outcomes. Specifically, individuals with COPD
residing in the highest quintile ADI had a 1.6 higher CAT
score (P<0.001, P=0.001 for linear trend), 3.1 points higher
SGRQ (P=0.005, P=0.014 for linear trend), 24.6 meters less
six-minute walk distance (P=0.003, P=0.002 for linear
trend), and 1.1 worse Ease of Cough and Sputum score
(P<0.001, P<0.001 for linear trend) compared with partici-
pants who resided in the lowest quintile ADI. For dyspnea,
there was significant association with quantile ADI in the
unadjusted model, but when adjusting for covariates, there
was no longer a significant association.

In terms of chest CT measures, participants residing in
the highest quintile ADI showed higher airway wall thick-
ness (pil0) (p=1.24 x107? in multivariate models; P=0.003)
than those residing in the lowest quantile. There were no

significant differences in gas trapping and emphysema across
the quintiles of ADI in both unadjusted and adjusted models.

Continuous ADI

In the multivariable regression analyses in which ADI was
modeled as continuous, results were consistent with the
quintile analysis, in that, a higher ADI national ranking
was associated with higher rate of prospective exacerba-
tions, adjusting for covariates. Specifically, a one SD
increase in ADI was associated with a 15% higher rate
of COPD exacerbations (IRR=1.15, P=0.002) and 26%
higher rate of severe COPD exacerbations (IRR=1.26,
P<0.001) (Supplemental Figure 1; Table 3). Similarly,
one standard deviation (SD) increase in ADI national

ranking score was associated with higher CAT (=0.6,
P<0.001), higher SGRQ (p=0.9, P=0.031), a lower
6MWD (B=—11.0 meters, P<0.001) and worse Ease of
Cough and Sputum score (=0.4, P<0.001). In terms of
chest CT metric, a higher ADI was associated with higher
airway wall thickness (B=3.3x10>, P=0.03). ADI was not
statistically significantly associated with dyspnea after
adjustment with covariates but was associated with the
unadjusted model. ADI was not associated with either
gas trapping or emphysema in both unadjusted and
adjusted models.
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Table | Patient Characteristics by ADI Quintile

Participant Characteristics All Patients ADI National Ranking by Quintile P-value
Ql Q2 Q3 Q4 Qs
N=375 N=349 N=366 N=360 N=349

Age (y) 65.15 + 8.07 6839 +7.18 66.13 £ 7.54 64.33 £ 787 63.92 £ 822 62.82 + 833 <0.001
Female (%) 766 (42.6%) 154 (41.1%) 123 (35.2%) I51 (41.3%) 169 (46.9%) 169 (48.4%) 0.003
White/Caucasian (%) 1458 (81.0%) 332 (88.5%) 296 (84.8%) 315 (86.1%) 302 (83.9%) 213 (61.0%) <0.001
More than high school (%) 1096 (61.1%) 295 (79.3%) 227 (65.2%) 222 (60.7%) 194 (53.9%) 158 (45.3%) <0.001

Income <0.001
< $49,999 913 (51.2%) 126 (34.1%) 142 (41.0%) 196 (53.8%) 212 (59.4%) 237 (68.5%)
2$50,000 552 (31.0%) 170 (45.9%) 145 (41.9%) 108 (29.7%) 88 (24.6%) 41 (11.8%)

Declined to Answer 318 (17.8%) 74 (20.0%) 59 (17.1%) 60 (16.5%) 57 (16.0%) 68 (19.7%)

Married (%) 886 (49.3%) 189 (50.7%) 203 (58.2%) 181 (49.6%) 183 (50.8%) 130 (37.2%) <0.001
Lives in urban areas (%)* 1579 (87.8%) 360 (96.0%) 318 (91.1%) 311 (85.0%) 279 (77.5%) 311 (89.1%) <0.001
Body mass index 2737 £ 532 27.25 + 4.99 2725 +5.18 27.62 + 5.03 27.36 £5.72 27.38 £ 5.66 0.877
Current smoker (%) 607 (34.3%) 82 (22.2%) 91 (26.6%) 156 (43.6%) 123 (34.6%) 155 (44.9%) <0.001
Pack years 52.75 £ 27.66 53.12 £ 26.48 53.16 £ 23.70 51.53 £22.74 52.68 + 33.07 53.32 £ 31.03 0.910

Occupational Exposure (%)° <0.001
No 882 (49.6%) 225 (60.5%) 166 (48.0%) 172 (47.8%) 161 (45.0%) 158 (45.9%)

Yes 725 (40.7%) 106 (28.5%) 139 (40.2%) 153 (42.5%) 170 (47.5%) 157 (45.6%)
Do not Know 173 (9.7%) 41 (11.0%) 41 (11.8%) 35 (9.7%) 27 (7.5%) 29 (8.4%)

Lung Function
FEVI1% predicted 60.96 + 23.06 67.50 * 25.15 61.21 £24.18 60.15 £ 21.24 57.66 £ 22.11 57.96 + 20.93 <0.001

COPD-Related Variables

Quality of Life and Respiratory

Symptoms
CAT 1544 + 7.99 12.38 + 7.21 14.52 + 7.24 15.79 + 8.08 16.47 + 8.03 18.39 + 8.13 <0.001
SGRQ 37.93 £ 19.80 3038 £ 17.72 36.18 £ 19.59 37.75 £ 19.77 41.11 £20.10 44.72 + 18.89 <0.001
MRC 1.26 + 1.04 1.10 £ 0.99 1.20 + 1.03 1.26 + 1.03 1.35  1.07 1.41 + 1.04 0.001
6-minute walk distance (m) 392.88 + 128.14 | 409.24 = |13.15 | 406.12 + 121.14 | 393.14 = 135.92 | 373.90 + 126.92 | 38l.61 = 139.48 | 0.001
Ease of cough and sputum 9.62 + 3.47 847 +293 941 +332 9.76 + 3.54 9.84 + 34| 10.67 + 3.76 <0.001

CT Imaging
Airway wall thickness 3.72 £ 0.08 3.71 £0.08 3.73 £ 0.08 3.73 £ 0.09 3.71 £0.08 3.72 £ 0.09 0.001
Percentage emphysema 1121 + 11.32 10.84 + 10.66 12.73 + 12.12 10.63 + 11.24 11.55 £ 11.29 10.34 + 11.20 0.041
Percentage gas trapping 33.76 £ 2091 33.47 £ 20.63 35.89 + 21.03 32.64 £ 20.14 3437 £ 21.44 3248 +21.29 0.180

Rate of Exacerbations
Any (count/year)® 0.60 = 1.00 0.36 = 0.67 0.54 + 0.87 0.65 % .14 0.69 = 1.08 077 = 1.14 <0.001
Severe (count/year)® 0.21 £ 0.59 0.11 £0.34 0.12 £ 0.30 0.23 £0.72 0.21 £ 0.55 0.36 £ 0.82 <0.001

Psychosocial Wellbeing
Depressive symptom score 4.69 + 3.52 3.90 £ 3.04 427 +3.39 451 +3.58 5.48 + 3.8l 537 349 <0.001
Anxiety symptom score 5.62 378 4.89 + 3.52 527 +371 5.67 + 3.67 6.10 £ 3.90 6.21 +3.94 <0.001

Area Deprivation Index
ADI (National Ranking) 41.00 = 29.40 5.18 £3.25 19.84 + 5.01 37.75 £ 554 57.40 + 6.35 87.14 £ 10.00

Notes: *Urban areas are non-rural areas as classified by US Census 2010. The definition is based on US Census classification of rural versus non-rural. ®"Those who
answered “Don’t know” (n=173) were counted as ever exposed. “Rate of exacerbation defined as the total number of oral antibiotics or steroid use due to worsening
respiratory symptoms divided by the total number of days in the study and multiplied by 365. Rate of severe exacerbation defined as the total number of hospitalization due
to worsening respiratory symptoms divided by the total number of days in the study and multiplied by 365.
Abbreviations: CAT, COPD assessment test; SGQR, St. George’s Respiratory Questionnaire; MRC, Medical Research Council Dyspnea Score.

International Journal of Chronic Obstructive Puimonary Disease 2020:15

submit your manuscript

Dove

985


http://www.dovepress.com
http://www.dovepress.com

Galiatsatos et al

Dove

Table 2 Regression of COPD-Related Outcomes on Quintile ADI

COPD-Related | Unadjusted Adjusted

Outcome
Predicted Difference p- p-value for the Predicted Difference p- p-value for the
(95% CI) Between value | Linear Trend of | (95% CI) Between value | Linear Trend of
Quintile 5 vs. Quintile | Quintiles Quintile 5 vs. Quintile | Quintiles

Quality of Life/Respiratory Symptoms

CAT 429 <0.001 | <0.001 1.59 <0.001 | 0.002
(2.54, 6.04) (0.74, 2.44)

SGRQ 10.10 <0.00!1 | <0.001 3.13 0.006 0.016
(5.08, 15.13) (0.88, 5.37)

MRC 0.19 0.004 0.004 —0.05 0416 0.556
(0.06, 0.32) (-0.16, 0.07)

6-minute walk —45.12 <0.00!1 | <0.001 —24.69 0.003 0.002

distance (meters) | (—61.02, —29.21) (—41.05, —8.32)

Ease of cough and | 2.06 <0.001 | <0.001 .12 <0.001 | <0.001

sputum (1.63, 2.49) (0.62, 1.63)

Chest CT Imaging

Airway thickness | 2.24 <0.001 | <0.001 1.25 0.003 0.017

(x1072) (1.64, 2.85) (0.44, 2.06)

Percent -2.10 0.043 0.077 =111 0.178 0.089

emphysema (—4.14, —0.07) (-2.73, 0.51)

Percent gas -2.96 0.093 0.159 —-1.14 0.210 0.227

trapping (—6.41, 0.49) (-2.92, 0.64)

Rate of Exacerbations

Any 1.63 <0.001 | 0.001 1.56 <0.001 | <0.001

exacerbations (1.25,2.14) (1.32,1.84)

(IRR)?

Severe 2.76 <0.001 | <0.001 2.02 <0.00!1 | <0.001

exacerbations (1.65,4.61) (1.36,2.98)

(IRR)?

Psychosocial Wellbeing

Depressive 0.95 0.025 0.004 —0.05 0.887 0.477

symptom score .12, 1.78) (-0.70, 0.60)

Anxiety symptom | 1.06 <0.001 | <0.001 0.13 0.495 0.264

score (0.52, 1.59) (-0.25, 0.52)

Notes: In all analyses, generalized linear mixed model with robust standard error estimator was used. For continuous outcomes (quality of life/respiratory symptoms and chest
CT imaging), Gaussian family distribution and identity link function were employed; and, the predicted difference represented the difference in the level of the outcome between
the highest and the lowest quintile ADI. For count outcomes (exacerbations), negative binomial family distribution and log link function were employed, along with adjustment
for the number of days in the study as an offset; and, the predicted difference represented the incidence rate ratio for the highest quintile ADI in comparison to the lowest
quintile ADI. Adjusted model adjusted for age, sex, race, education, income, marital status, rural status, BMI, FEV1% Predicted, smoking status, pack years, and occupational
exposure. “For regression analysis, airway thickness was rescaled by a factor of 100 in order that the effect estimates would represent the estimates at the hundredth level.

ADI Associations by Rural Status

Adjusting for covariates, the continuous ADI’s association
with COPD-outcomes varied by rural status for SGRQ
(P;»=0.055), dyspnea (P;,=0.038), and 6-minute walk

distance (P;,=0.012). In all three outcomes, the associa-
tion between ADI and outcomes was more adverse for
those who reside in rural areas than those residing in

non-rural areas (Figure 3). For example, one SD increase
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Figure 2 Average predicted difference between top and bottom quantile ADI national rank: the most-disadvantaged vs the least-disadvantaged neighborhoods. *Six-minute
walk was rescaled by a factor of one-tenth (e.g, the value —2 meters indicates —20 meters). “For exacerbation variables only, Y-axis indicates the rate ratio (e.g., the value of
2 would indicate the rate of exacerbation that is twice as great for the most disadvantaged neighborhood than that for the least disadvantaged).Notes: Y-axis represents the
regression coefficient for the most-disadvantaged 20th percentile (with the least-disadvantaged 20th percentile as the reference category) in the fully adjusted regression of

outcomes on quintile ADI.

in ADI was associated with 36.2 fewer meters walked in
6MWD for those residing in rural areas (f=—36.2,
P=0.001) while only 8.8 fewer meters walked for those
residing in non-rural areas (p=—8.8, P=0.008). A one stan-
dard deviation increase in ADI was associated with a 3.8
increase of the SGRQ score (P=0.014) among hose resid-
ing in rural areas, but no association was shown for those
residing in non-rural areas (f=0.7, P=0.125). In the case of
dyspnea, the difference in the association by rural status
(i.e., interaction) was significant with a trend towards
worse dyspnea with increasing ADI ($=0.159, p=0.060)
only among those in rural areas. There was no significant
ADI-rural status interaction for CAT, Ease of Cough and
Sputum, chest CT outcomes, and exacerbation outcomes.

Discussion

Neighborhood disadvantage has been linked with health
disparities in other diseases,’'? but studies in pulmonary
disease, specifically COPD, have been limited. Our results
show that living in a disadvantaged neighborhood—as
measured by the Area Deprivation Index (ADI), a neigh-
borhood-level composite socioeconomic score—is asso-
ciated with worse COPD-related outcomes, including
exacerbation risk in addition to respiratory symptoms,
functional capacity, quality of life, and airway wall thick-
ness on CT imaging. This effect is retained after account-
ing for measured individual socioeconomic variables,
tobacco use, and occupational exposure to vapor, dust,
gas or fumes. Our findings suggest the need for interven-
tions that target neighborhood-level socioeconomic factors

in addition to individual-level efforts designed to promote
health equity in people with COPD.

Despite an increased scientific interest in the role of
socio-environmental factors for COPD outcomes, few stu-
dies have investigated the role of neighborhood level fac-
tors on respiratory disease outcomes. Kind et al showed
that persons in the United States living in the most dis-
advantaged neighborhoods, measured by ADI, had higher
rates of chronic pulmonary disease when compared to
persons living in less disadvantaged neighborhoods;'®
however, whether individuals with COPD in the US living
in disadvantaged neighborhoods have worse respiratory
outcomes are unknown. Previous results in the United
Kingdom (UK) suggest that the socioeconomic gradient
of communities has adverse consequences on patients with
COPD.**73* Specifically, persons with COPD who lived in
disadvantaged communities, measured using the English
Index of Multiple Deprivation (IMD) score, had greater
health care use (e.g. admissions to the emergency depart-
ment and/or hospital), costs, and 1-year mortality com-
pared to persons residing in more affluent
neighborhoods.*® To our knowledge, our study is the first
to investigate the association of neighborhood disadvan-
tage (the ADI) and COPD outcomes for persons living in
the United States and our findings extend existing knowl-
edge by exploring the association of neighborhood disad-
vantage with several measures of COPD morbidity,
including respiratory symptoms, functional status, respira-
tory-specific quality of life and exacerbation risk.

Similar to the study in the UK,*® we found higher odds

of reporting COPD exacerbations requiring antibiotics or
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Table 3 Regression of COPD-Related Outcomes on Continuous ADI

COPD-Related Outcome Unadjusted Adjusted
Predicted Difference (95% CI) p-value Predicted Difference (95% CI) p-value

Quality of Life/Respiratory Symptoms

CAT 1.46 <0.001 0.57 <0.001
(0.87, 2.04) (0.25, 0.88)

SGRQ 3.36 <0.001 0.94 0.034
(1.63, 5.08) (0.07, 1.81)

MRC 0.07 0.006 —0.01 0.722
(0.02, 0.13) (-0.06, 0.04)

6-minute walk distance (meters) —-18.21 <0.001 —-11.04 <0.001
(-25.59, —10.84) (-16.98, —5.10)

Ease of cough and sputum 0.63 <0.001 0.35 <0.001
(0.47, 0.78) (0.18, 0.52)

Chest CT Imaging

Airway thickness (x107?) 0.63 <0.001 0.33 0.029
(0.37, 0.89) (0.03, 0.63)

Percent emphysema —0.85 0.080 —0.56 0.066
(-1.81,0.10) (—1.16, 0.04)

Percent gas trapping -1.12 0.165 —0.57 0.119
(-2.69, 0.46) (-=1.29, 0.15)

Rate of Exacerbations

Any exacerbations (IRR)? .17 0.005 1.15 0.002
(1.05,1.31) (1.05,1.25)

Severe exacerbations (IRR)* 1.44 <0.001 1.28 <0.001
(1.24,1.67) (1.15,1.42)

Psychosocial Wellbeing

Depressive symptom score 0.44 0.005 0.10 0.386
(0.13, 0.75) (-0.12, 0.31)

Anxiety symptom score 0.38 <0.001 0.04 0.543
(0.23, 0.54) (-0.09, 0.17)

Notes: In all analyses, generalized linear mixed model with robust standard error estimator was used. For continuous outcomes (quality of life/respiratory symptoms and
chest CT imaging), Gaussian family distribution and identity link function were employed; and, the predicted difference represented the difference in the level of the outcome
for one standard deviation increase in ADI national rank. For count outcomes (exacerbations), negative binomial family distribution and log link function were employed,
along with adjustment for the number of days in the study as an offset; and, the predicted difference represented the incidence rate ratio for the one standard deviation
increase in ADI national rank. Adjusted model adjusted for age, sex, race, education, income, marital status, rural status, BMI, FEV % Predicted, smoking status, pack years,
and occupational exposure. *For regression analysis, airway thickness was rescaled by a factor of 100 in order that the effect estimates would represent the estimates at the

hundredth level.

steroids as well as higher odds of reporting severe COPD
exacerbations requiring acute health care utilization occur-
ring in patients living in more disadvantaged areas in the
US. Specifically, those residing in the most disadvantaged
neighborhoods had 98% higher rate of severe COPD
exacerbation compared to those in the most affluent neigh-
borhood quintile, even after adjusting for individual

socioeconomic variables, tobacco use, and occupational
exposure. COPD exacerbations are costly to persons with
COPD and to the healthcare system.’” Given the clinical
and economic significance of exacerbations, identifying
factors associated with exacerbation risk is vital for alloca-
tion of adequate resources for prevention and treatment. In

addition, our results extend current knowledge, by
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highlighting that neighborhood disadvantage is associated
with several COPD morbidity measures. For instance, we
show that higher neighborhood disadvantage by ADI is
linked with worse respiratory-specific quality of life,
worse health status as measured by higher CAT score,
increased cough and sputum production, and lower func-
tional status as measured by 6WMD. Given these findings,
our data underscore the importance of neighborhood
socioeconomic environment for COPD outcomes across
several domains that impact the daily life of individuals
with COPD.

While our findings emphasize the association between
neighborhood socioeconomic status through the area depri-
vation index and COPD-related outcomes, it is notable that
the impact of neighborhood deprivation on some COPD
outcomes is worse for rural areas versus non-rural. Though
Raju et al recently showed that residing in rural areas is a risk
factor for developing COPD,?' a finding that is consistent in
other studies,' it is unclear as to why neighborhood socio-
economic status may have greater adverse associations in
rural areas. We do not have available information on several
factors, such as distance to health care, which may help
further clarify this difference by urban/rural status, but
deserves further consideration. For example, it is possible

that higher cigarette exposure and lack of resources, such as
for smoking cessation initiatives, are more pronounced in
low-income rural areas compared to urban areas.'® Overall,
assessing the feasibility of prioritizing high-risk rural popu-
lations for COPD-related morbidity for allocation of health-
care resources may attenuate such disparities and should be a
public health priority.

There are several plausible explanations for the observed
association between neighborhood disadvantage and COPD
outcomes. First, neighborhood disadvantage may be a surro-
gate for the hardships and struggles of everyday life that
affect disease management.*® For instance, ADI may reflect
the prevalence of stressors (e.g. violence) that negatively
impact COPD health in the same manner reported in other
diseases.**** Conversely, the positive impact of community
resources”' and social support*? may be attenuated in more
disadvantaged neighborhoods,* leading to worse COPD
outcomes. Second, disadvantaged neighborhoods may have
a clustering of risk factors that worsen COPD morbidity, such
as tobacco smoke exposure, indoor and outdoor air quality,
substandard housing, limited access to nutritious foods, and
promotion of healthy diet.***" For example, access to
tobacco is greater in low-income neighborhoods, and high
density of tobacco stores is associated with worse general
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health outcomes.**** In addition, neighborhood disadvan-
tage may impact access to care, including transportation
challenges*® and fewer health care specialists.*’
Importantly, our results show that neighborhood fac-
tors, independent of individual SES factors, which have
previously been linked to worse quality of life and func-

5051 are associated with COPD outcomes.

tional status
Therefore, our conclusions underscore the relevance of
neighborhoods for COPD and suggest that attempts to
solely change socioeconomic variables at the individual
level may not be adequate. The results of our study sug-
gest that strategies to promote health equity in COPD may
be more effective if they address both individual and
contextual socioeconomic factors. Area-level measures
may be a clinically useful tool for identifying high-risk
COPD npatients and expanding health records to include
spatial data may be considered to drive targeted prevention
and treatment strategies for COPD.

Some limitations must be noted. The SPIROMICS data
were linked to the ADI from residential addresses recorded at
the baseline visit without taking into account the duration of
residence at that location or subsequent changes in residence.
Therefore, we cannot determine if length of time in a specific
ADI impacts a person’s outcome, and whether a relocation to
a neighborhood with a different ADI ranking impacts COPD
outcomes. Health benefits have been noted when persons
move from disadvantaged to more affluent neighborhoods.*’
An additional exploration, a limitation of this study, is to see
if there is an impact on survival on patients with COPD and
their respective ADI. Given that the ADI is a composite
score,'” we cannot identify which component is the predo-
minant driver of COPD-related outcomes. However, all com-
ponents that make up the index are intertwined, and policy
efforts targeting one (i.e. unemployment) will likely impact
others (i.e. housing). Additional research is needed to under-
stand the role of these non-biological factors for COPD
disease progression and morbidity. It should be noted that
the mean/median ADI scores of our sample were below the
mean/median ADI scores for the general US population,
suggesting that a portion of our cohort resides in more
affluent neighborhoods than the general US population.
Therefore, our findings may be conservative estimates of
the true population effects of neighborhood disadvantage
for COPD contextual relationship between neighborhood
and persons with COPD. Finally, there was significant miss-
ing data regarding individual income in the SPIROMICS
dataset, which likely limits the effectiveness of the

adjustment.

For the first time in a US population, we report that
persons with COPD who reside in disadvantaged neigh-
borhoods have worse outcomes related to COPD clinical
status, quality of life, exacerbation risk, and airway wall
thickness on CT, independent of individual SES factors.
Understanding how COPD disease severity and outcomes
aggregate geographically is warranted in order to identify
proximal socioeconomic exposures and risk factors that
can be addressed in an effort to improve COPD morbidity.
Finally, further research is warranted to understand how
the identification of the ADI in a person with COPD can
be utilized for creating and targeting novel and equitable
health strategies in the clinical setting.
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