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Purpose: The prevalence of chronic obstructive pulmonary disease (COPD) and comorbid-
ities (eg diabetes and obesity) among Native American (NA) population are higher than
among the general US population. However, studies of COPD in NAs are scarce. Oklahoma
has the largest NA population affiliated with federally recognized tribes in the country and is
an ideal location for such research. A pilot study was designed to investigate the character-
istics of NA patients with COPD exacerbations in a tertiary academic medical center.
Patients and Methods: We conducted a retrospective exploratory study of NA adults with
COPD exacerbation hospitalizations and/or emergency department visits at the University of
Oklahoma Medical Center between July 2001 and June 2020. Medical records were
reviewed to confirm COPD exacerbation and outcomes, including death, mechanical ventila-
tion, intensive care unit (ICU) stay, home oxygen, and 30-day readmission. Additional
collected data included socio-demographics, body mass index, diabetes, other COPD comor-
bidities and clinical variables.

Results: Of 630 encounters reviewed, 159 met the inclusion criteria, representing 91
patients. Most patients were female (64%), obese or overweight (68%), and had diabetes
(42%) or hypertension (71%). Mean age was 60 years old, but women were 5 years younger
than men. Among the 76 patients with COPD hospitalizations, 31 patients (41%) had an
intensive care unit (ICU) stay and 19 (25%) were intubated in their last hospitalization.
Among 9 patients (10%) with 30-day readmissions, 8 were female. Medicare, Indian Health
Service, Tribal health service, or Medicaid were the most frequently used payment sources.
Sex, diabetes, and obesity were not associated with hospital length of stay, 30-day read-
mission or supplemental O2 use.

Conclusion: Hospitalized NA COPD patients at this tertiary care center had multiple
comorbidities. Many required ICU care and intubation. Larger studies of the risk and
mitigating factors for COPD health outcomes in NA patients are needed.
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Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by persistent
respiratory symptoms and airflow limitation that is due to airway and/or alveolar
abnormalities." COPD is a leading cause of death in the U.S.? with smoking being
by far the greatest risk factor for the disease. However, COPD patients often differ
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by comorbidity profiles, such as type 2 diabetes mellitus
(DM) and obesity, and treatment specific to each comor-
bidity profile can alter the clinical course.’

Nationwide, the US Native American (NA) population
has
smoking,* DM, and obesity,”® placing the population at

among the highest prevalence proportions of
high risk of poor outcomes for COPD. COPD prevalence
among NAs, including American Indians and Alaska
Natives, was 11% in 2011.> This rate was higher than
that among Non-Hispanic Whites (NHWs), non-Hispanic
Blacks, Asian/Pacific
Hospitalization rates for COPD among Medicare benefici-

Hispanics, or Islanders.”
aries were highest among NAs compared with other racial
or ethnic groups.” Between 1999 and 2010, while COPD
mortality was highest among NHWs, it significantly
increased among NAs, while decreasing or remaining
stable in other race/ethnic groups.”

However, description of the characteristics and out-
comes of NA patients with COPD remains elusive in the
literature. Oklahoma has a very high COPD prevalence
(6th in the nation) and mortality (2nd in the nation).’
Oklahoma also has the largest population and highest
percentage of American Indians and Alaska Natives
affiliated with federally recognized tribes in the country.®
We provide a descriptive analysis of the characteristics of
NA patients treated for COPD exacerbation at the
University of Oklahoma Medical Center (OUMC) and
explore potential risk factors associated with their health
outcomes.

Patients and Methods

Study Population and Setting

The University of Oklahoma Health Sciences Center
Institutional Review Board (IRB) approved this study
(IRB number: 10716). Waiver of informed consent was
granted due to the retrospective chart review nature of the
study. We declare that all the data which can identify the
personal information were encrypted and only de-identi-
fied data were included in the data analysis process. The
research followed the precepts established by the
Declaration of Helsinki.

The study population included NA men and women
who had visited the OUMC for COPD exacerbations.
Persons were included if they self-identified as NA during
the hospital intake process as noted in the medical records.
OUMC is the largest academic medical center and major
transfer center in Oklahoma. It has the state’s largest

intensive care unit (ICU). Approximately 25,000 COPD-
related hospitalizations took place in OUMC in the past
decade, and the pulmonary function test database has more
than 10,000 spirometry reports.

We included both hospitalizations and emergency
department (ED) encounters between July 2001 and June
2020. Some participants have only one hospitalization or
ED encounter in the time frame, others have multiple
hospitalizations or ED encounters. Most analyses pre-
sented herein represent characteristics at the last wvisit
unless otherwise specified. Persons discharged from the
ED or hospital with any diagnosis of COPD defined by
International Classification of Diseases (ICD) codes (ICD-
9: 490, 491, 494, 496, ICD-10: J41-44) and treated for
COPD-related acute events, such as worsening shortness
of breath and acute respiratory failure, were included.
Encounters for patients who had stable COPD but were
admitted for management of another condition or for other
chronic respiratory diseases management, such as intersti-
tial lung disease, bronchiectasis, and lung transplantation,
were excluded.

Data Collection

Both primary (chart review) and secondary (administra-
tive) data were obtained from the electronic health records
(EHR). Trained research staff reviewed every chart to
confirm participants’ treatment for COPD exacerbation
and to audit the administrative data. If the primary data
did not match the administrative data, the primary data
was included for final data analysis. The project principal
investigator reviewed more than 20% of the charts
abstracted by research staff for quality control purpose.

The data collected from the medical record included
age at last encounter, sex, smoking history, encounter type
(ED-only vs hospitalization), insurance information, date
of visit, height, weight, comorbidities (described below),
use of home oxygen, history of prior OUMC visit for
COPD exacerbation and pulmonary function test results.
The COPD health outcome variables include hospital
length of stay, ICU stay, mechanical ventilator use, supple-
mental O2 use on discharge, discharge disposition (home
with self-care, home with home health, rehab facility,
long-term acute care, skilled nursing, and others), 30-day
readmission and death.

Comorbidities included cardiovascular diseases (coronary
artery disease, heart failure, hypertension, peripheral vascular
disease, arrhythmias, and stroke), metabolic diseases (DM
and dyslipidemia), pulmonary and sleep disorders (asthma,
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lung cancer, and obstructive sleep apnea), and others (obesity,
osteoporosis, anxiety/depression, gastroesophageal reflux,
chronic kidney disease and anemia). Obesity was defined by
standard categories of the body mass index (BMI; weight in
kilograms divided by the square of the height in meters). BMI
was classified into six categories: underweight (BMI <18.5),
normal (BMI 18.5-24.99), overweight (BMI 25.0-29.99),
obesity class I (BMI 30.0-34.99), class II (BMI 35.0—
39.99), and class IIT (BMI of 40.0 or higher).

The payment sources were classified as Indian health
(including Indian Health Service, Tribal health program, or
Urban Indian health program), Medicare, Medicaid, com-
mercial insurance, self-pay, charity and others. One patient
may have more than one payment source.

Data Analysis
Data analysis was performed using STATA 16 software
(StataCorp LLC, College Station, Texas).

Continuous variables are expressed as mean + SD, or
median, while discrete variables are shown as percentages.
Between group comparisons are made using independent
t-test (for 2 groups) or ANOVA (for >2 groups). Chi-
squared tests are used to evaluate the relationship of two

/ Records identified through database \
using ICD-9: 490, 491, 494, 496,

ICD-10: J41-44,

Race = American Indian

Year = Jul, 2000- Jun, 2020

Encounters = 630

N\

v

Chart review

A4

Records included for analysis

91 patients, 159 encounters

Figure | Selection of patients.

categorical variables. A two-tailed p value <0.05 is con-
sidered statistically significant. Linear regression and
logistic regression analyses are performed to determine
the association between COPD health outcomes (hospital
length of stay, readmission, and home oxygen use) and
age, sex, DM, obesity, and other variables.

Results

A total of 630 encounters were identified by ICD codes.
After reviewing the EHR by research staff, 91 patients (159
encounters) met the inclusion criteria and were included for
data analysis (Figure 1). Only 5 encounters occurred before
2010. A marked increase in the number of encounters was
observed in last 10 years with an upward trend.

Table 1 shows characteristics of the 91 patients at the
time of their most recent ED or hospital visit. There were
more females (64%) than males (36%). Female patients
were 5 years younger than male patients (58.7 = 10.4, 63.5
+ 10.7, p = 0.04). The majority (68%) of patients were
overweight or obese. Nearly half of patients had the diag-
nosis of DM. Most patients had ever smoked. Most
patients (96%) had medical comorbidities, with hyperten-
sion, obesity, and DM being the most common (Figure 2).

Excluded:

Non-ED Ambulatory encounters
No COPD exacerbation
Incomplete medical records

Encounters = 471
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Table | Baseline Characteristics of Patients with COPD 2 years. Of these, 9 patients were re-hospitalized for
Exacerbation (91 Patients) COPD within 30 days. Among these 9 patients, 8 (89%)
Patient Characteristics N=91 patients were female, and all 9 had at least 3 comorbid-
Age. yr3 ities. Neither DM nor obesity was associated with one
ge, yr 60 = 11
versus multiple COPD hospitalizations, or for 30-day read-
sex. % o4 mission. The majority (63%) of hospitalized patients were
Smoking history, no. (%) discharged to home with self-care. Others included long-
Current smoker 53 (38) term acute care, skilled nursing facility, rehabilitation
Ex smoker 33 (36) facility or death. A total of 5 patients (4 females, 1 male)
Never smoked 5(5) . . . . .
died during the hospital stay. All 5 patients presented with
Obesity categories, no. (%)° first COPD hospitalization at OUMC. Some had other
Underweight > ©) hospitalizations, but those hospitalizations were not related
Normal 24 (26) .
Overweight 20 (22) to COPD exacerbations.
Obesity class | 15 (17) Among 76 hospitalized patients, 45 (59%) had Medicare,
Obesity class I (12 21 (28%) had Indian health, and 21 (28%) had Medicaid.
Obesity class Il 16 (18) Nine patients used Indian health as the single payment source
Diabetes, no. (%) 38 (42) for their hospitalizations. All these 9 patients had only one
- . COPD hospitalization at OUMC, including 6 who received
Patients ever had COPD hospitalizations, no. (%) 76 (84) . . . . .
ICU care. Of these, 3 patients required intubation and inva-
Spirometry sive mechanical ventilatory support.
FEVI, % pred (no.=19) 6522 Linear and Logistic regression were conducted to look
FVC, % pred (no.= 19) 80 + 22 ) o )
for potential association between risk factors and COPD

Notes: *According to last encounter. Body mass index (BMI) was classified into six
categories: underweight (BMI <18.5), normal (BMI 18.5-24.99), overweight (BMI
25.0-29.99), obesity class | (BMI 30.0-34.99), class Il (BMI 35.0-39.99), and class IlI
(BMI of 40.0 or higher).

Abbreviations: FEVI, forced expiratory volume in | second; FVC, forced vital
capacity.

Sixty-four patients (70%) had three or more COPD comor-
bidities. There was no difference in the number of comor-
bidities by sex (male 3.5 + 1.9, female 4.1 + 2.3, p = 0.28).
Seventy-six patients had at least one COPD hospitali-
zation; 15 had COPD ED visits only. In univariate ana-
lyses, the hospitalized patients were 12 years older than
patients with ED-only visit (62.0 + 9.7, 49.6 + 9.2 p
<0.0001). Neither DM nor obesity was associated with
ED-only compared to hospitalized encounters. However,
hospitalized patients had more comorbidities than patients
who had only ED visits (4.3 + 2.1, 1.7 £ 0.9, p<0.001).
Among the 76 patients with hospitalization encounters,
median length of stay for the more recent encounter was 5
days; 53% of the lengths of stay were between 3 and 9
days. There was no difference in length of stay by sex.
Thirty-one (41%) had an ICU stay (age 62 + 9 years), 19
(25%) were intubated and 27 (36%) required supplemental
oxygen use on discharge. Twenty-seven (36%) patients
had more than one COPD hospitalization, including 25
patients with COPD rehospitalizations within the previous

health outcomes (hospital length of stay, 30-day readmis-
sion and discharge with supplemental O2) (Tables 2 and
Table 3). Only age was associated with oxygen use on
discharge. Sex, diabetes, obesity or other comorbidities,
history of multiple readmissions, ICU care and invasive
mechanical ventilator use were not associated with health
outcomes.

Only 19 of the 91 (21%) individual patients had spiro-
metry reports in our health system. This sample is too
small for meaningful analyses.

Discussion

COPD is a common chronic respiratory disease in many
NA communities. However, COPD studies among NAs
are scarce, and may be hampered by inaccurate data on
race.” Despite efforts to increase the availability and qual-

ity of health disparities data collection,'® '

many studies
have insufficient sample sizes to describe racial disparities
in administrative and EHR data, particularly for NAs."?
Although it is very rare for non-NA patients to be identified
as NA, NAs are often reported as other races,'* often
leading to undercounts of major diseases.'> '’ Indeed,
only a few encounters before 2010 were collected in our
study. The hospital implemented strategies to help identify

NA patients in last 10 years, likely leading to the large
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Figure 2 COPD comorbidities distribution (91 patients).

increase in numbers of NA COPD patients reported in this
study, rather than a marked increase in COPD itself.

In this pilot study, the mean age of 60 years is much
younger than the ages reported in prior large COPD stu-
dies of hospitalized patients of other races.'®'® There were
more female than male patients in the present study. The
differences in COPD between women and men are con-
troversial. COPD has been considered to affect mostly
older men with a history of smoking. However, a large
cohort study showed the risk and annual rate of moderate
or severe exacerbations were greater in women than in
men."” Although no association between sex and health

Table 2 Linear Regression Analysis for COPD Length of Stay
and Clinical Variables

Variables Coefficient p value
(95% CI)

Age 0.17 (-0.16-0.49) 0.31
Sex, female 3.19 (-3.55-9.94) 0.35
Diabetes —1.02 (-8.65-6.61) 0.79
Obesity 1.70 (-0.51-3.91) 0.13
Number of comorbidities -0.72 (-2.51-1.07) 0.43
Number of COPD hospitalizations —0.04 (—2.19-2.11) 0.97
History of ICU care 4.26 (—4.45-12.98) 033
History of mechanic ventilator 6.72 (—3.06 —16.49) 0.18
support

Abbreviation: Cl, confidence interval.

outcomes was identified in this small sample size study,
notably, female patients were younger than male patients,
yet the majority (89%) of patients with 30-day readmis-
sions were women. Although 4 out of 5 deaths were
females, the number of deaths is too small for meaningful
analysis. These results highlight the unmet need for larger
studies to identify the unique risk factors and barriers and
develop appropriate intervention programs for younger
NA women with COPD.

The prevalence of comorbidities is higher in COPD
patients than in the general population.”® In our pilot
study, the number of comorbidities in hospitalized
patients was higher than in patients who had only an
ED visit (4.3 vs 1.7 conditions). Hypertension, obesity,
and diabetes were the three most common comorbid-
ities. The larger number of comorbid conditions in hos-
pitalized patients could reflect in part the higher age of
the hospitalized patients, as well as the additive risk for
COPD exacerbations and worse health outcomes com-
pared to the patients who had an ED visit alone. The
sample of patients with ED-only visit was too small for
further analyses by age or sex.

Forty-three percent of our patients were obese, which
is higher than reported for other races in a COPD epide-
miology study.”' Thirty-eight percent of the patients had
DM, a much higher proportion than reported for non-
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Table 3 Logistic Regression Analyses for COPD Health Outcome Variables

Variables OR (95% CI)
30-Day p value Discharge with O2 p value
Readmission

Age 0.94 (0.85—1.04) 0.24 0.93 (0.87-0.99) 0.02
Sex, female 0.23 (0.02-3.08) 0.27 2.24 (0.72-7.03) 0.17
Diabetes 1.38 (0.20-9.48) 0.74 0.81 (0.22-3.01) 0.75
Obesity 1.33 (0.65-2.74) 0.43 0.94 (0.63-1.40) 0.77
Number of comorbidities 0.71 (0.45-1.14) 0.16 0.99 (0.73-1.35) 0.96
Number of COPD hospitalizations 0.69 (0.43-1.10) 0.12 0.72 (0.50-1.03) 0.07
History of ICU care 0.50 (0.034-6.64) 0.60 1.96 (0.49-7.82) 0.34
History of mechanic ventilator support 1.00 (0.05-21.54) 1.00 0.55 (0.11-2.65) 0.46

Abbreviations: OR, odds ratio; Cl, confidence interval.

Hispanic White and African American COPD patients in a
prior study.*> However, given our small NA sample size,
we could not further explore the association between obe-
sity, DM, and COPD outcomes. Large studies are needed
to further elucidate the relationship in NA population.

Needing ICU care and intubation are serious events for
COPD patients. Our pilot study showed 41% of the hospi-
talized patients had ICU care, and 25% were intubated in
last hospitalization. These are much higher than reported
in other studies.*>** One study that enrolled 354 hospita-
lized COPD patients reported 23 (6.5%) of patients
required critical care and 6 (1.7%) patients were intubated
after admission.”> A study that enrolled 305 ICU patients
with COPD exacerbations revealed the patient mean age
was 67.4 years.”> Our patients who had ICU care were
much younger.

While further research is needed to look for the risk
factors of the poor health outcomes in NA populations,
some patients in our study may have been referred from
Indian health care facilities for a higher level of care due
to the severity of their illness. The Indian Health Service
(IHS) is funded by the federal government to deliver
health care to NAs and also provides funds for tribal and
urban Indian health programs to administer their own
healthcare facilities.”® When the health services cannot
be provided in its own facilities, IHS as well as tribal
and urban programs must refer patients to outside health
facilities such as the OUMC. In our study, 21% of the
patients used IHS to cover the healthcare cost. Nine
patients had IHS as the only payment source. All of
these patients had only one COPD hospitalization in our
institution, and 6 had a poor health outcome (ICU care,

intubation, or death). The availability of specialty

pulmonary care and services such as spirometry and pul-
monary rehabilitation is beyond the means of many, if not
most, Indian health care programs. While details regarding
outpatient management and control of COPD are beyond
the scope of this study, the poor outcomes raise the con-
cern of financial and health access issues. Additional fed-
eral assistance may be needed to improve NA community
respiratory healthcare to prevent severe COPD exacerba-
tions and death.

Spirometry is an important tool for COPD diagnosis
and severity evaluation. Our study revealed that few of the
NA COPD patients had spirometry data available in our
system. While most patients were discharged home with
self-care, sicker patients who needed supplemental oxygen
or were discharged to other health facilities did not have
spirometry data available. Such data would be of use for
outpatient management of COPD, but formal spirometry is
often unattainable in the hospital setting. Further, the pro-
portion of NA respiratory patients who have ever had
spirometric testing is unknown in general.

This study has some limitations. It is an exploratory
study with small sample size, and is subject to the known
limitations of chart review, including incomplete case
ascertainment and lack of systematically applied defini-
tions of disease and comorbidities. OUMC is a tertiary
transfer center. Less sick patients may be treated in com-
munity hospitals in rural areas. Findings cannot be gener-
alized to the population of NA adults in the state or US.
However, very few studies of COPD among NA popula-
tions exist, and this study provides preliminary data as the
basis for future larger research. Race was determined by
EHR demographic documentation. Racial misclassification
is a particular problem for many NA studies that rely on
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administrative data,”’*° and our data may not have iden-

tified all NA COPD patients. The diagnosis of COPD
exacerbation in this study was based on physician docu-
mentation and coding. Only a small portion of the partici-
pants had available spirometry data, which are required for
accurate diagnosis of COPD.' Indeed, misdiagnosis is
common in clinic-based studies of COPD.*® OUMC serves
as a tertiary care facility for much of the state, including
for patients too ill to be cared for at community hospitals,
or Indian Health Service and Tribal health facilities. This
likely skewed the NA COPD patient population toward
more severe disease. Some outcomes, such as death and
30-day readmission, occurred too infrequently for mean-
ingful analysis. The usage of COPD medications at home
was not available in EHR for older encounters. Again,
larger studies are needed to clarify the risk factors and
barriers of poor COPD health outcomes.

Conclusions

COPD is a common chronic respiratory disease among
NAs. Hospitalized NA COPD patients had multiple
comorbidities, especially hypertension, diabetes, and obe-
sity. Many required ICU care and intubation. More
younger women were affected with severe outcomes,
which was unexpected. Along with strategies to improve
health disparities data collection, clinical research using
large samples of NA COPD patients is needed to better
understand the risk factors for poor COPD health out-
comes. Such information would be useful for NA health
systems to develop implementation plan to mitigate poor
COPD outcomes for NA communities.
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