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Background: Chronic obstructive pulmonary disease (COPD) is a leading cause of mortality worldwide. Identifying both individual 
and community risk factors associated with higher mortality is essential to improve outcomes. Few population-based studies of 
mortality in COPD include both individual characteristics and community risk factors.
Objective: We used geocoded, patient-level data to describe the associations between individual demographics, neighborhood 
socioeconomic status, and all-cause mortality.
Methods: We performed a nationally representative retrospective cohort analysis of all patients enrolled in the Veteran Health 
Administration with at least one ICD-9 or ICD-10 code for COPD in 2016–2019. We obtained demographic characteristics, 
comorbidities, and geocoded residential address. Area Deprivation Index and rurality were classified using individual geocoded 
residential addresses. We used logistic regression models to assess the association between these characteristics and age-adjusted all- 
cause mortality.
Results: Of 1,106,163 COPD patients, 33.4% were deceased as of January 2021. In age-adjusted models, having more comorbidities, 
Black/African American race (OR 1.09 [95% CI: 1.08–1.11]), and higher neighborhood disadvantage (OR 1.30 [95% CI: 1.28–1.32]) 
were associated with all-cause mortality. Female sex (OR 0.67 [95% CI: 0.65–0.69]), Asian race (OR 0.64, [95% CI: 0.59–0.70]), and 
living in a more rural area were associated with lower odds of all-cause mortality. After adjusting for age, comorbidities, neighborhood 
socioeconomic status, and rurality, the association with Black/African American race reversed.
Conclusion: All-cause mortality in COPD patients is disproportionately higher in patients living in poorer neighborhoods and urban 
areas, suggesting the impact of social determinants of health on COPD outcomes. Black race was associated with higher age-adjusted 
all-cause mortality, but this association was abrogated after adjusting for gender, socioeconomic status, comorbidities, and urbanicity. 
Future studies should focus on exploring mechanisms by which disparities arise and developing interventions to address these.
Keywords: chronic obstructive pulmonary disease, social determinants, race, geography, socioeconomic status

Introduction
In 2019, chronic obstructive pulmonary disease (COPD) was the third leading cause of mortality worldwide.1 The 
progression of COPD displays strong heterogeneity, with some patients living decades with the disease and minimal 
symptoms, while others experience frequent exacerbations or early death. Most studies identifying predictors of COPD 
mortality are relatively small cohorts that focus on individual risk factors such as exacerbation rate, hospitalizations, lung 
function and comorbidities.2 Fewer studies are population based that include community risk factors. Identifying both 
individual and community risk factors associated with higher mortality in people with COPD is essential to improve 
outcomes.

Community risk factors such as neighborhood socioeconomic status and urbanicity have been identified as possible 
factors associated with differences in both respiratory disease severity and mortality.3 Higher COPD-specific mortality is 
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reported in rural areas; however, the variation in death rates among people with COPD has not been assessed across the 
urban–rural gradient.4 Socioeconomic status (SES) is an additional important risk factor established as influencing COPD 
outcomes.3 Whether this disparity is attributed to differences in health care access, social risk factors, or environmental 
exposures is unknown. In addition, few population-level studies relating community risk factors to COPD mortality have 
included race.

Larger studies examining factors associated with increased mortality in COPD have used population-level aggregated 
data and are prone to ecological fallacy, when individuals are assigned characteristics representing an average across 
a broader geographic region. For example, higher rates of COPD may be associated with increased rurality in counties, 
but this does not necessarily indicate an individual who died in that county lived in a rural area. Exposure misclassifica
tion using population-level sociodemographic or health data may be driving variation and bias in research findings. 
A potential solution is the exploration of mortality in COPD patients using a large population with geographically precise 
exposures and spatially refined community measures, but few large studies have access to patient-level data.

To address this gap in knowledge, we used geographically precise patient-level data from a large cohort of patients with 
COPD to describe the associations between demographic characteristics and socioeconomic status with all-cause mortality.

Methods
Study Design, Data Source, and Participants
We performed a nationally representative retrospective cohort analysis of patients enrolled in the Veteran Health 
Administration (VHA) which provides care to Veterans of the United States and includes over 1000 health care facilities 
across the country and its territories. Electronic health record data were obtained from the national VHA Corporate Data 
Warehouse (CDW). The VHA CDW is a system-wide electronic repository of administrative and clinical data. Mortality 
data came from the CDW, Medicare claims, the Veterans Benefits Administration, and the Social Security 
Administration. Included were all patients across the United States and its territories, aged ≥35 and less than 100 
years with at least one International Classification of Diseases, Ninth (ICD-9) or Tenth (ICD-10) Revision codes for 
COPD (ICD-9: 490–492, 496; ICD-10: J40, J41.0, J41.1, J41.8, J42, J43.0, J43.1, J43.2, J43.8, J43.9, J44.0, J44.1, J44.9) 
between 2016 and 2019. Specific age criteria were included to increase the specificity of the diagnosis of COPD. 
Demographic characteristics (age, gender, race), Charlson Comorbidity Index (CCI),5 and geocoded residential addresses 
were obtained from the CDW Patient Domain File and Vital Status Files. CCI was calculated prior to COPD diagnosis 
and therefore does not include COPD. Race and gender were self-reported. Those with a gender other than male or 
female (N=20) were excluded from analysis due to the relatively small sample size. We used patient’s residential 
addresses to spatially assign an Area Deprivation Index (ADI) percentile ranking of neighborhood-level socioeconomic 
status.6 ADI ranking is based on data from the American Community Survey which includes factors for income, 
education, and housing quality at the census block group level with 1 being the least deprived and 100 being the most 
deprived neighborhoods. Rurality is defined using the Rural–Urban Commuting Area (RUCA) codes, where “urban” are 
RUCA codes 1.0 or 1.1, “highly rural” is RUCA code 10.0, and “rural” is all others.7

Statistical Analysis
Descriptive statistics were used to summarize the demographics, comorbidities, quintile-binned ADI, and rurality of the 
cohort. We used an age-adjusted logistic regression model to assess the associations between sociodemographic and 
geographic characteristics and all-cause mortality. A second model adjusting for potential confounders including both 
biologic variables (age, sex, CCI) and socioeconomic variables (race, ADI, and rurality) was performed. Analysis was 
completed using R Statistical software (version 4.1.2).

Study Oversight
This retrospective study involved no more than minimal risk to the participants and was approved with waiver for 
informed consent by institutional review boards at the Minneapolis VA Health Care System (VAM-20-00583) and the 
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University of Minnesota (STUDY00011069). All procedures were in accordance with the ethical standards of the 
Declaration of Helsinki, and participant confidentiality was protected.

Results
Participant Characteristics
Of the 1,106,163 patients with a diagnosis of COPD, 33.4% were deceased as of January 2021. The cohort was 
predominantly male (95.5%). White (78.3%) and Black/African American (13.2%) proportions were similar to racial 
breakdowns observed in the US general population (Table 1). While most of the cohort lived in urban areas (58.8%), an 
estimated 39.5% and 1.6% lived in rural and highly rural areas, respectively, which is higher than the general US 
population.

Association of Race, ADI, and Rurality with All-Cause Mortality
In age-adjusted only models, male gender, Black/African American race, higher CCI score, higher neighborhood 
deprivation, and living in a more urban area were associated with higher odds of all-cause mortality. In contrast, females 
(aOR 0.67, [95% CI: 0.65–0.69]), Asian race (aOR 0.64, [95% CI: 0.59–0.70]), and living in a more rural area were 
associated with lower odds of all-cause mortality (Figure 1).

Table 1 Characteristics of Patients with Chronic Obstructive Pulmonary Disease (COPD)

Deceased  
(n=368,956)

Alive  
(n=737,207)

Total
N=1,106,163

Agea, years, mean±SD 73.8±10.1 65.7±9.8 68.4±10.6

Sex, N (%)
Male 361,138 (97.9) 695,751 (94.4) 1,056,889 (95.5)

Female 7818 (2.1) 41,456 (5.6) 49,274 (4.5)

Race/Ethnicity, N. (%)
American Indian/Alaska Native 3252 (0.9) 7625 (1.0) 10,877 (1.0)

Asian 833 (0.2) 2614 (0.4) 3447 (0.3)

Black/African American 41,566 (11.3) 104,519 (14.2) 146,085 (13.2)
Native Hawaiian/Pacific Islander 2693 (0.7) 5324 (0.7) 8017 (0.7)

White 292,386 (79.2) 573,223 (77.8) 865,609 (78.3)

Unknown/Declined 28,226 (7.7) 43,902 (6.0) 72,128 (6.5)
Charlson Comorbidity Indexb, N (%)

0 208,040 (56.4) 468,130 (63.5) 676,170 (61.1)

1–2 99,465 (27.0) 205,751 (27.9) 305,216 (27.6)
≥3 61,451 (16.7) 63,326 (8.6) 124,777 (11.3)

Area Deprivation Indexc, N (%)

Quintile 1 28,216 (7.6) 52,468 (7.1) 80,684 (7.3)
Quintile 2 61,705 (16.7) 127,566 (17.3) 189,271 (17.1)

Quintile 3 88,866 (24.1) 183,198 (24.9) 272,064 (24.6)

Quintile 4 98,673 (26.7) 196,860 (26.7) 295,533 (26.7)
Quintile 5 91,496 (24.8) 177,115 (24.0) 268,611 (24.3)

Ruralityd, N (%)

Highly rural 6189 (1.7) 12,052 (1.6) 18,241 (1.6)
Rural 144,327 (39.1) 293,031 (39.7) 437,358 (39.5)

Urban 218,440 (59.2) 432,124 (58.6) 650,564 (58.8)

Notes: aAge at the start of the study period (January 1, 2016). bCharlson Comorbidity Index assigns a weighted score to multiple 
comorbid conditions based on the relative risk of 1-year mortality. CCI was calculated prior to COPD diagnosis and does not 
include COPD. Scores range between 0 and 33 with higher scores indicating higher risk.7 cArea Deprivation Index allows for 
ranking of neighborhoods by socioeconomic disadvantage by census block groups and includes factors for income, education, 
employment, and housing quality (percentile ranged from 1 to 100, with higher scores indicating higher levels of socioeconomic 
disadvantage).8 Less than 5% of the cohort has missing values for ADI and were excluded from analyses. dRurality was based on 
the Rural–Urban Commuting Area (RUCA) codes where “urban” are RUCA codes 1.0 or 1.1, “highly rural” is RUCA code 10.0, 
and “rural” as all others.
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Figure 1 Odds ratios for all-cause mortality in COPD patients. Age-adjusted logistic models (A) and model adjusting for all other covariates (age, sex, race, CCI, ADI, 
rurality; (B)). Higher ADI indicates higher neighborhood disadvantage. Error bars denote 95% confidence intervals. 
Abbreviations: ref, reference; ADI, Area Deprivation Index; CCI, Charlson Comorbidity Index.
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Black/African American race was associated with 9% higher odds of all-cause mortality (95% confidence interval 
(CI): 1.08–1.11) compared to White race. The odds of all-cause mortality steadily increased with higher ADI quintile 
(greater neighborhood disadvantage). Compared to patients in ADI quintile 1, patients in ADI quintile 5 had aOR 1.30 
[95% CI: 1.28–1.32] for all-cause mortality. Patients living in highly rural areas (aOR 0.92, [95% CI: 0.89–0.95]) had 
lower odds of all-cause mortality compared to patients living in urban areas.

After adjusting for age, CCI, race, ADI, and urbanicity, the odds of all-cause mortality associated with Black/African 
American race reversed from aOR 1.09 [95% CI: 1.08–1.11] to aOR 0.98 [95% CI: 0.96–0.99] and was associated with 
decreased odds of mortality. The odds of all-cause mortality with all other covariates remained similar in both models.

Discussion
The goal of this study was to identify risk factors associated with all-cause mortality in a large, diverse population of 
patients with COPD. This cohort is diverse by geography, socioeconomic status, and race. Like other studies, we found 
a significant association of all-cause mortality with co-morbidities and male sex.2 In our age-adjusted model, Black/ 
African American race was also associated with increased mortality. In addition to individual characteristics, we found 
that higher neighborhood disadvantage and urbanicity were associated with a higher age-adjusted all-cause mortality. 
Interestingly, when we controlled for all covariates, the association of Black/African American race with all-cause 
mortality was abrogated.

In this cohort, we found an increase in association with all-cause mortality with increasing neighborhood disadvan
tage. Lower individual socioeconomic status has widely been accepted to be associated with poorer outcomes in chronic 
disease. In a systematic review by Gershon et al, five studies described an inverse association of socioeconomic status 
with COPD mortality.8 All these studies explore socioeconomic status based on individual characteristics, such as 
occupation, education and income, with one study containing over two million individuals. None were based on 
community or neighborhood socioeconomic status, as we used for this study. The causal factors of socioeconomic status 
with increased mortality are not fully understood. Gaps in health equity are associated with socioeconomic status. For 
example, lower SES has been associated with lower influenza vaccination rate, the latter is associated with higher COPD 
mortality.9 For our population, all patients were enrolled in the VA Health Care System suggesting financial barriers to 
healthcare (eg, lack of insurance or high copays) were less likely significant contributors. However, many other factors 
associated with lower neighborhood SES, including poor air quality and deficient housing, need to be considered.

In our VA patient cohort, we found urban areas to be associated with higher all-cause mortality in people with COPD. 
This is notable because population studies observe people living in rural areas have higher rates of COPD-related 
mortality compared to people living in urban areas.4 This difference is likely secondary to a higher baseline prevalence of 
COPD in rural areas. Urban areas are associated with higher levels of air pollution, as measured by PM2.5, in part due to 
the proximity to high volume roadways. Living in proximity to major roadways is associated with increased COPD and 
cardiovascular mortality.10 Measurements of air pollution and/or proximity to major roadways may help define the 
association of urbanicity with mortality.

An interesting finding in our study was the association of all-cause mortality with race. In our analysis, we found 
Asian race was associated with lower odds and Black/African American race was associated with a higher odds of all- 
cause mortality in our age-adjusted model. However, this reversed for Black/African American when adjusted for all 
covariates including age, CCI, race, ADI, and urbanicity. This implies that race alone is not a determinant in all-cause 
mortality and that other factors included in our model, such as socioeconomic status, co-morbidities and urbanicity, 
influence the outcome. Further studies are necessary to evaluate the factors that contribute most to mortality in Black/ 
African Americans with COPD.

The strength of our study includes a large and geographically broad cohort with patient-level data and precise 
residential geocodes to support spatially accurate assignments of neighborhood characteristics. Unlike other studies, this 
VA study is not subject to the geographic or age limitations found in insurance or Medicare datasets and supports the 
investigation of individuals with a pre-existing condition, such as COPD. The choice of all-cause mortality reduces 
biases in the attribution of the cause of death. The exact cause of death can be imprecise, particularly in people with 
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multiple comorbidities, including chronic respiratory diseases where people often die from cardiovascular causes rather 
than respiratory failure.

Limitations include a predominantly male population and aggregated RUCA codes, with some suburbs being 
classified as rural. Since our population is limited to those seeking care in the Veterans Hospital Administration, our 
service-based cohort is biased towards males and limits our capacity to make conclusions for female populations. As is 
true in medical practice, the diagnosis of COPD in this study may not be accurate. We have chosen to define COPD as 
having at least a single encounter with COPD ICD code and age ≥35, rather than multiple encounters or a COPD 
hospitalization. Prior studies show that although COPD is frequently over-diagnosed, it is also under-diagnosed in 
a significant proportion of cases.10 One factor contributing to misdiagnosis is underutilization of spirometry which is also 
a limitation in this observational study. Unexplored environmental exposures and comorbidities may additionally 
contribute to our associations. Exposure during military deployment may contribute to COPD progression and outcomes, 
although the long duration between service and COPD in our older population makes this less likely. In addition, 
smoking status was not available and is a known contributor to COPD outcomes. Air pollution was not explored but is 
another important contributor to early death and increased cardiovascular events.10

In conclusion, all-cause mortality in patients with diagnosis of COPD is disproportionately higher in patients living in 
poorer neighborhoods and urban areas, suggesting the impact of social determinants of health on COPD outcomes. Black 
race was associated with higher age-adjusted all-cause mortality, but this association was abrogated after adjusting for 
gender, socioeconomic status, comorbidities, and urbanicity. Future studies should focus on exploring mechanisms by 
which disparities arise and developing interventions to address these.
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