ASSOCIATIONS OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE WITH ALL-CAUSE
MORTALITY IN BLACKS AND WHITES: THE ATHEROSCLEROSIS RiISK IN COMMUNITIES

(ARIC) StuDY

Objective: To determine the burden of
chronic obstructive pulmonary disease (COPD)
on all-cause mortality in Blacks and Whites
from four US communities.

Methods: We determined prospectively the
risk of death through December 2004 in
relation to baseline (1987-1989) COPD status
in 10,333 Black and White participants of the
Atherosclerosis Risk in Communities (ARIC)
study.

Results: Over a mean follow-up of 15 years
(maximum 18 years), 462 deaths occurred in
Blacks and 1221 deaths occurred in Whites.
Hazard ratios for all-cause mortality among
Blacks and Whites were similar (hazard ratio
[HR]=1.74 in Blacks and HR=1.59 in Whites),
indicating a 59%-74% greater risk of mortality
for those with COPD. However, for both those
with and without COPD, crude death rates
were approximately double in Blacks com-
pared to Whites.

Conclusions: Our findings suggest that given
COPD, Blacks and Whites have the same
proportionate increase in mortality and that
the difference in death rates between Blacks
and Whites cannot be explained by COPD
status. The public health burden of COPD is
enormous, and strategies to reduce COPD and
smoking could have a large impact on total
mortality rates of both Blacks and Whites. (Ethn
Dis. 2009;19:308-314)

Key Words: Chronic Obstructive Pulmonary
Disease, COPD, Lung Disease, Mortality

From the Division of Epidemiology and
Community Health, School of Public
Health, University of Minnesota, Minnea-
polis (AMC and ARF); Division of Epidemi-
ology, The University of Texas School of
Public Health, Houston, Texas (MBS).

Address correspondence and reprint
requests to Aaron Folsom, MD; University
of Minnesota, Division of Epidemiology and
Community Health; School of Public
Health; 1300 South 2" Street, Suite 300;
Minneapolis, MN 55454; 612-626-8862;
612-624-0315 (fax); folso00T@umn.edu

308

Alanna M. Chamberlain, MPH; Matthew B. Schabath, PhD;

INTRODUCTION

Chronic obstructive pulmonary dis-
ease (COPD), primarily chronic bron-
chitis and emphysema, is a treatable
and preventable disease state character-
ized by airflow limitation that is not
completely irreversible. The airflow
limitation is usually progressive and is
often associated with an abnormal
inflammatory response to environmen-
tal exposures, particularly cigarette
smoking.l’2 As the abnormalities in
small airways increase, pulmonary
function deteriorates progressively,
and pulmonary function tests distin-
guish patients with minimal pathologic
changes from those with normal air-
Ways.3’4 Hence, the defining clinical
physiologic characteristic of COPD is
airflow obstruction as measured by
spirometry.’

COPD is responsible for more than
2.5 million deaths worldwide each year
and is the 10 leading cause of disease
burden, accounting for 2% of the global
burden of disease.’ In the United States,
COPD is the 4® leading cause of
death.® As of 1999, COPD accounted
for 5.1% and 4.8% of deaths in the
United States in men and women,
respectively.” All-cause mortality is
higher among individuals with COPD
compared to those with normal lung
function.® Specific causes of death
among COPD patients participating in
an international multi-center trial were
as follows: respiratory (35%), cardiovas-
cular (27%), cancer (21%), and other/
unknown (18%).”

The aim of our analysis was to
describe rates and hazard ratios (HR)
for all-cause mortality among those with
and without COPD at the baseline
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We hypothesized that all-cause
mortality rates would be
higher among those with,
compared to those without,
COPD at baseline, and that
the rates and COPD hazard
ratios for death may differ
between Blacks and Whites.

examination of the Atherosclerosis Risk
in Communities (ARIC) study. Because
information on racial differences in all-
cause mortality among COPD patients
is limited, we also examined rates and
hazard ratios for death among Blacks
and Whites separately. We hypothesized
that all-cause mortality rates would be
higher among those with, compared to
those without, COPD at baseline, and
that the rates and COPD hazard ratios
for death may differ between Blacks and
Whites.

METHODS

Study Population

The ARIC study recruited for its
prospective cohort probability samples
of adults aged 45-64 years from four
US communities: Forsyth County,
North Carolina; Jackson, Mississippi;
Minneapolis suburbs, Minnesota; and
Washington County, Maryland.'’
Blacks and Whites were recruited from
Forsyth County, only Blacks from
Jackson, Mississippi, and predominant-



ly Whites from the other two commu-
nities. A total of 15,792 participants
(8710 women) enrolled from 1987 to
1989, and completed a home interview
and clinic visit. A total of four visits
were conducted, each spaced three years
apart.

Pulmonary Function Testing

Lung function was measured via the
forced vital capacity (FVC) maneuver,
in which the maximal volume of air is
exhaled during a forced expiration
starting from a position of full inspira-
tion and ending at complete expiration.
Lung function data were only collected
at the baseline visit (1987-1989) and
first follow-up visit (1990-1992).
Forced expiratory volume in 1 second
(FEV)) is the volume of gas exhaled in
the first second of expiration, and FVC
is the total volume of gas exhaled. Lung
function was measured according to the
American Thoracic Society criteria.'!
Collins Survey II water-seal spirometers
(Collins Medical, Inc., Braintree, MA)
driven by IBM PC/XT computers and
under the control of Pulmo-Screen
software (PDS Healthcare Products,
Inc., Louisville, CO) were used to assist
the technicians with quality control,
calculation of pulmonary function var-
iables, and compilation of results for
transmission to the ARIC Pulmonary
Function Reading Center. Participants
performed the FVC maneuver undil
there were two error-free reproducible
maneuvers (FEV, and FVC within 5%)
out of three acceptable maneuvers, with
the maneuvers repeated up to eight
times if necessary.

FEV, predicted was calculated as

follows for men and women'?:

Men: FEV; predicted=0.0414(height
in cm)—0.0244(age) —2.190

Women: FEV, predicted=0.0342
(height in ¢cm)—0.0255(age) —1.578

Because Blacks have lower lung function
than Whites,'® the FEV, predictions
were multiplied by 0.88 for Blacks in
order to adjust the above lung function
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equations (developed for Whites) for
use in Blacks."*"> We calculated per-
centage of predicted values for FEV| for
a person by dividing measured FEV; by
predicted FEV/.

COPD Ciriteria

For this analysis, 3 different sets of
criteria were used to define COPD.
Spirometric COPD was defined at base-
line as having an FEV; <80% of the
predicted value and an FEV,/FVC ratio
of <70%. Participants meeting only 1
of the 2 criteria for COPD were
categorized in the no COPD referent
group for analysis. A second definition
of COPD included those that had either
COPD based on spirometry or chronic
bronchitis, defined as having chronic
cough most days of the week for at least
3 consecutive months a year for 2 years.
Finally, we identified participants with
persistent COPD, those having spirom-
etry-defined COPD at both baseline

and visit 2.

Epidemiologic and Clinical Data

Body mass index (BMI) was calcu-
lated as weight in a scrub suit (in
kilograms) divided by height (in meters)
squared. Diabetes status was determined
by fasting blood glucose =126 mg/dL,
nonfasting glucose =200 mg/dL, or
self-report of physician diagnosis or
current medication use for diabetes.
Otherwise, if fasting glucose was be-
tween 110-126 mg/dL, the participant
was categorized as having impaired
fasting glucose. Blood pressures were
measured 3 times in the sitting posi-
tion after 5 minutes of rest using a
random-zero sphygmomanometer. The
last 2 blood pressure measurements
were averaged, and hypertension was
defined as having a systolic blood
pressure of =140 mm Hg, or a dia-
stolic blood pressure of =90 mm Hg,
or self report of medication use for
high blood pressure in the previous 2
weeks. Smoking and alcohol amount
were determined by self-report. Re-
sponses to number of cigarettes
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smoked per day and duration of
smoking were used to calculate pack-
years of smoking. The sports index for
physical activity during leisure time
ranged from 1 (low) to 5 (high), and
was based on the questionnaire devel-

oped by Baecke et al.'®

Ascertainment of Deaths

Deaths among cohort participants
were identified through December 2004
via annual telephone calls and by
surveillance of local death certificates
and obituaries. If a participant was lost
to telephone follow-up, a National
Death Index search was conducted; this
identified less than 4% of deaths in our
cohort. Underlying causes of deaths
were classified by state health depart-
ments according to the International
Classification of Diseases, 9th Revision
(ICD-9) for those occurring before
1999 and I/CD-10 for those occurring
in 1999 or later.

Statistical Analysis

All analyses were conducted using
SAS version 8.2 (SAS Institute, Cary,
NC). Of the 15,792 ARIC participants,
we excluded those who were not White
or Black (#=103) or who had missing
or unacceptable lung function tests
(n=4195). As an attempt to account
for individuals with a possibly reversible
disease, we also excluded individuals
with a self-reported history of asthma
(n=1161).

Race-specific mortality rates for age
groups (45-54, 55—64) were computed,
along with age-adjusted mortality rates
for additional participant characteristics
using Poisson regression. Crude death
rates based on COPD status were also
calculated among total Blacks, total
Whites, and subgroups of Whites
stratified by age and sex using Poisson
regression models. Life table methods
were used to plot the cumulative
probability of survival during 18 years
of follow-up stratified by race and
spirometric COPD status at baseline.
Race-specific hazard ratios for death
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among those with COPD at baseline,
compared to those without COPD,
were estimated using Cox regression
models after adjustment for age (con-
tinuous), sex, center (Forsyth County,
NGC; Jackson, MS; Minneapolis sub-
urbs, MN; Washington County, MD),
BMI (<25, 25 to <30, =30 kg/m?),
pack-years of smoking (continuous),
smoking status (never, former, current),
drinking status (never, former, current),
diabetes (no, yes), hypertension (no,
yes), sports index (ordinal, 1-5), and
educational attainment (=high school,
>high school). Hazard ratios for sub-
groups of participants were estimated in
a similar manner. Multiplicative inter-
actions between COPD and baseline
smoking status on risk of death were
tested by examining the chi-square
statistic for the cross product terms.
The log-log survival curves were plotted
to show that the proportional hazards
assumption was met for our Cox
regression models.

RESULTS

After exclusions, 10,333 participants
(2,047 Blacks and 8,286 Whites) re-
mained for analysis. We included indi-
viduals with a self-reported history of
cancer or coronary heart disease at
baseline, because the results were un-
changed when they were removed (data
not shown). Blacks compared to Whites
had on average more mortality-related
risk factors: obesity, diabetes, hyperten-
sion, current smoking, non-drinking,
physical inactivity, and less education
(all P values<<.0001) (Table 1). Addi-
tionally, mortality rates were nearly two-
fold higher among Blacks than Whites
for all of the baseline characteristics,
except for individuals who completed
education beyond high school.

The prevalence of spirometric
COPD was 13.1% in Black males,
4.9% in Black females, 15.2% in White
males, and 7.4% in White females.
Over a mean follow-up of 15 years
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Table 1.
Adjusted Death Rates, ARIC

Race-Specific Prevalence of Baseline Characteristics and Subsequent Age-

Blacks (n=2047)

Whites (n=8286)

Prevalence at

Death Rate per

Prevalence at Death Rate per

Baseline (%) 1000 p-yrs Baseline (%) 1000 p-yrs

Age Group

45-54 yrs 60.2 9.3 52.7 5.3

55-64 yrs 39.8 26.2 47.3 14.7
Sex

Male 40.5 19.9 47.4 10.1

Female 59.5 11.5 52.6 6.1
Center

Forsyth 12.1 13.3 29.8 7.3

Jackson 87.9 15.0 0 -

Minneapolis 0 - 36.0 7.7

Washington 0 - 34.2 8.8
BMI, kg/m®

<25 21.8 19.6 36.9 7.1

25 to <30 37.9 13.2 40.4 7.3

=30 40.4 139 22.7 10.6
Diabetes

No 81.7 12.7 91.7 7.2

Yes 18.3 25.9 8.3 17.2
Hypertension

No 45.6 11.0 73.3 6.9

Yes 54.4 17.8 26.7 10.9
Smoking Status

Never 44.7 9.2 39.9 4.6

Former 24.8 14.6 36.1 7.6

Current 30.5 241 24.0 14.3
Drinking Status

Never 44.5 11.5 17.0 6.1

Former 23.1 20.8 17.1 11.4

Current 32.4 15.7 65.9 7.6
Sport Index

1.0-2.5 77.1 14.2 54.9 6.8

>2.5-5.0 229 14.9 45.1 8.9
Education

=High School 58.3 18.3 50.0 8.8

>High School 41.7 9.8 50.0 7.1

(maximum 18 years), there were 462
deaths in Blacks and 1221 in Whites.
The proportion of deaths with underly-
ing cause coded as respiratory, cancer,
cardiovascular disease, and other were
6.5%, 39.9%, 36.3%, and 17.3%,
respectively. The percentage of deaths
due to respiratory disease was 16.5% in
those with baseline COPD and 3.3% in
those without (data not shown). Fig-
ure 1 depicts that individuals with
spirometric COPD had lower survival
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than those who did not have spirometric
COPD at baseline. Whites had better
survival than Blacks.

Death rates and hazard ratios are
provided for total Blacks and total
Whites, as well as subgroups of Whites,
in whom a significant 3-way interaction
between spirometric COPD, sex, and
age group (45-54, 55-64) was found
(P<.01) (Table 2). The adjusted hazard
ratios for all-cause mortality were sim-

ilar among Blacks (HR=1.74) and
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Whites (HR=1.59), indicating a 59—
1.00 . .
74% greater risk of mortality for those
with spirometric COPD. However,

consistent with the survival curves,

e
~
@

crude death rates were nearly double
in Blacks compared to Whites within
COPD categorization. When the
Whites were stratified, the hazard ratios

o
8

for mortality in relation to spirometric
COPD ranged from 1.31 in older
White men to 2.76 in younger White
1 women (Table 2).

We additionally estimated hazard

©
&

Survival Dishi‘buyﬂnn Function

ratios and death rates in total Blacks and
total Whites, including 1) those self-
reporting symptoms of chronic bron-
chitis in the COPD category; and 2) for
STRaTA —— Dicks COPD —— Blacks No COPD those with persistent COPD, defined as

Whites COPD Whites No COPD having COPD at both visits 1 and 2
based on spirometry (Table 3). Rates
Fig 1. Survival curves by race and COPD status* at baseline during up to 18 years of were lower for COPD including chron-
follow-up in the Atherosclerosis Risk in Communities (ARIC) study. ic bronchitis and for persistent COPD,
*COPD defined by spirometry at baseline, as having an FEV;<80% of the predicted
value and an FEV,/FVC ratio <70%.
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while hazard ratios were similar, com-
pared with COPD defined by spirom-
etry at baseline. Again, hazard ratios for
COPD were similar in Whites and

Table 2. Race-Specific Death Rates and Hazard Ratios for Death by COPD Status*, ARIC

Number of Deaths Person-years Death Ratet Hazard Ratiot 95% ClI

Total Blacks

No COPD 379 27792 13.6 1.00 Ref.

COPD 83 1990 41.7 1.74 (1.34-2.25)
Total Whites

No COPD 898 114467 7.8 1.00 Ref.

COPD 323 12897 25.0 1.59 (1.37-1.84)
White Men 45-54

No COPD 154 27852 5.5 1.00 Ref.

COPD 51 2807 18.2 1.79 (1.24-2.58)
White Women 45-54

No COPD 131 36446 3.6 1.00 Ref.

COPD 29 1951 14.9 2.76 (1.78-4.33)
White Men 55-64

No COPD 361 23109 15.6 1.00 Ref.

COPD 173 5474 31.6 1.31 (1.06-1.60)
White Women 55-64

No COPD 252 27061 9.3 1.00 Ref.

COPD 70 2665 26.3 1.81 (1.34-2.45)

* COPD defined by spirometry at baseline, as having an FEV; <80% of the predicted value and an FEV;/FVC ratio <70%.

t Crude death rates per 1000 person-years.

t Hazard ratios are adjusted for age, center, BMI, pack-years of smoking, smoking status, drinking status, diabetes, hypertension, sports index, and education. Hazard ratios
for total Blacks and total Whites are additionally adjusted for sex.

A 3-way interaction between COPD, sex, and age group was significant among Whites only; therefore, estimates are also given for Whites stratified on sex and age group.
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Table 3. Race-Specific Death Rates and Hazard Ratios for Death by COPD with Chronic Bronchitis and Persistent COPD, ARIC
Number of Deaths Person-years Death Rate* Hazard Ratiot 95% Cl
COPD including Chronic Bronchitist
Blacks
No COPD 354 26167 13.5 1.00 Ref.
COPD 108 3615 29.9 1.50 (1.19-1.90)
Whites
No COPD 781 103615 7.5 1.00 Ref.
COPD 440 23749 18.5 1.42 (1.25-1.62)
Persistent COPD$
Blacks
No COPD 197 15099 13.0 1.00 Ref.
COPD 16 511 31.3 1.31 (0.75-2.30)
Whites
No COPD 614 77566 7.9 1.00 Ref.
COPD 173 6674 25.9 1.58 (1.30-1.91)

* Crude death rates per 1000 person-years.

t Hazard ratios are adjusted for age, gender, center, BMI, pack-years of smoking, smoking status, drinking status, diabetes, hypertension, sports index, and education.
$ COPD based on spirometry and/or those with self-reported chronic bronchitis (having chronic cough most days of the week for at least 3 consecutive months a year for 2

years).

§ Participants who met the definition of COPD based on spirometry at both the baseline and second examinations.

Blacks for these additional categoriza-
tions of COPD, but absolute death rates
were higher in Blacks. Among those with
COPD including chronic bronchitis, the
death rates were 29.9 in Blacks and 18.5
per 1000 person-years in Whites; among
those with persistent COPD, the death
rates were 31.3 in Blacks and 25.9 per
1000 person-years in Whites.

The interaction between spirometric
COPD and baseline smoking status on
risk of death was not statistically
significant for both Blacks and Whites
(data not shown, P>.20 for both races).
Among current-smokers, both Blacks
(HR=2.18, 95%CI 1.57-3.04) and
Whites (HR=1.73, 95% CI 1.42—
2.10) with spirometric COPD had an
increased risk of death compared to
those without spirometry-defined
COPD. In former-smokers, the in-
creased risk of mortality with spiromet-
ric COPD remained statistically signif-
icant in Whites (HR=1.49, 95% CI
1.17-1.89), but not Blacks (HR=1.29,
95% CI 0.72-2.24). The association of
increased risk of death among those
with COPD did not hold among never-
smokers at baseline (HR=1.16, 95% CI
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0.56-2.41 for Blacks and HR=1.12,
95% CI 0.58-2.20 for Whites). How-
ever, this may be due to the small
number of never-smoking participants
who had COPD at baseline.

A sensitivity analysis was conducted
including those with either FEV,
<80% of the predicted value or
FEV,/FVC ratio <70%, but not both
criteria, in the referent no spirometric
COPD category. The hazard ratios did
not differ from those in Table 2 (data
not shown).

In this population-based
prospective study with up to
18 years of follow-up, we
found 59%—74% higher
mortality rates among
individuals with spirometric
COPD compared to those
without spirometric COPD. ..
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DISCUSSION

In this population-based prospective
study with up to 18 years of follow-up,
we found 59%-74% higher mortality
rates among individuals with spiromet-
ric COPD compared to those without
spirometric COPD, and this hazard
ratio was similar for Blacks and Whites.
In contrast, for both those with and
without COPD, death rates were ap-
proximately double in Blacks compared
to Whites.

Although it is well-established that
COPD is a risk factor for premature
mortality, data are limited on whether
COPD carries comparable relative risks
of all-cause mortality in Blacks and
Whites. Our findings suggest that given
COPD, Blacks and Whites have the
same proportionate increase in mortal-
ity, with a 59%-74% increase in
mortality for individuals with COPD
compared to those without COPD. The
public health burden of COPD is
enormous, and strategies to reduce
COPD and smoking could have a large
impact on total mortality rates of both
Blacks and Whites. Our data suggest



that reducing the burden of COPD may
have a similar mortality impact on both
race/ethnic groups.

A higher all-cause mortality rate in
Blacks compared to Whites is well
known'”° and in our study this was
also observed regardless of COPD
status. This ethnic disparity is undoubt-
edly attributable to lifestyle factors,
comorbidities, access to care, and socio-
economic status. In our sample, a larger
proportion of Blacks were overweight,
inactive, diabetic, hypertensive, and less
well educated than Whites. Less access
to medical care among Blacks compared
to Whites®' is also a likely key factor in
the increased mortality among Blacks in
our cohort compared to Whites. Yet,
our data suggest that the difference in
death rates between Blacks and Whites
cannot be explained by COPD status.

Our study included a large commu-
nity-based sample of Blacks and Whites.
However, there were some limitations
to this study. First, in the ARIC cohort,
the Blacks were all from Jackson, MS or
Forsyth County, NC, whereas the
Whites were from Forsyth County,
NC, Minneapolis suburbs, MN, and
Washington County, MD. Thus, geog-
raphy and ethnicity are confounded in
ARIC and our results should not be
generalized to the whole United States.
Second, we excluded a large number of
participants who had missing or unac-
ceptable lung function tests (2=4195).
Not unexpectedly, these excluded par-
ticipants were less healthy than the
remaining cohort. Those excluded were
more likely to be Black, female, older,
less physically active, and had more
diabetes and hypertension than the
participants remaining in our analysis
(data not shown). Additionally, those
excluded also had higher crude rates of
death, by approximately 4 per 1000
person-years, than those in our analysis
(data not shown). Therefore, it is
possible that the race-specific associa-
tions between COPD and mortality
would have been somewhat different
had acceptable lung function tests been
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obtained from these participants. Third,
we defined our exposure as the presence
or absence of COPD. There were too
few individuals with moderate to severe
COPD in our dataset to stratify based
on COPD severity. Had we been able to
further stratify on COPD severity, we
may have been able to determine if the
shape of the COPD severity curve with
mortality differed for Blacks and
Whites. Finally, there may have been
some misclassification based on our
secondary COPD definition using self-
reported symptoms of chronic bronchi-
tis.

In conclusion, although death rates
were 2-fold higher in Blacks compared
to Whites regardless of COPD status,
the increased hazard ratio of death in
relation to COPD was similar in Blacks
and Whites. Thus, COPD does not
seem to convey greater risk of death in
one race/ethnic group than the other.
The prevention of COPD, particularly
through decreasing smoking, should be
viewed as equally important in reducing
mortality in both Blacks and Whites.
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