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Abstract

Rationale: The identification of early chronic obstructive
pulmonary disease (COPD) is essential to appropriately counsel
patients regarding smoking cessation, provide symptomatic
treatment, and eventually develop disease-modifying treatments.
Disease severity in COPD is defined using race-specific
spirometry equations. These may disadvantage non-White
individuals in diagnosis and care.

Objectives: Determine the impact of race-specific equations on
African American (AA) versus non-Hispanic White individuals.

Methods: Cross-sectional analyses of the COPDGene (Genetic
Epidemiology of Chronic Obstructive Pulmonary Disease) cohort
were conducted, comparing non-Hispanic White (# = 6,766) and
AA (n=3,366) participants for COPD manifestations.

Measurements and Main Results: Spirometric classifications
using race-specific, multiethnic, and “race-reversed” prediction
equations (NHANES [National Health and Nutrition
Examination Survey] and Global Lung Function Initiative
“Other” and “Global”) were compared, as were respiratory
symptoms, 6-minute-walk distance, computed tomography
imaging, respiratory exacerbations, and St. George’s Respiratory

Questionnaire. Application of different prediction equations to
the cohort resulted in different classifications by stage, with
NHANES and Global Lung Function Initiative race-specific
equations being minimally different, but race-reversed equations
moving AA participants to more severe stages and especially
between the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) stage 0 and preserved ratio impaired spirometry
groups. Classification using the established NHANES race-
specific equations demonstrated that for each of GOLD stages
1-4, AA participants were younger, had fewer pack-years and
more current smoking, but had more exacerbations, shorter
6-minute-walk distance, greater dyspnea, and worse BODE (body
mass index, airway obstruction, dyspnea, and exercise capacity)
scores and St. George’s Respiratory Questionnaire scores.
Differences were greatest in GOLD stages 1 and 2. Race-reversed
equations reclassified 774 AA participants (43%) from GOLD
stage 0 to preserved ratio impaired spirometry.

Conclusions: Race-specific equations underestimated disease
severity among AA participants. These effects were particularly
evident in early disease and may result in late detection of COPD.
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Chronic obstructive pulmonary disease
(COPD) is a worldwide health problem
encompassing diverse populations, with
more than 392 million prevalent cases and
3.3 million deaths (1-3). Race-specific
spirometry prediction equations were
established to improve precision in assessing
lung health, including in patients with
COPD. The use of prediction equations
defined by race has come into question as
concerns about the concept of race as a social
construct rather than a biologic factor have
increased (4). Efforts to interpret raw
spirometry volumes to percentage predicted
values that define expected values for healthy
lung function have resulted in a proliferation
of prediction equations in non-White
populations around the world (5), but the
utility of these prediction equations for
predicting outcomes has been questioned
(5-7). The Global Lung Function Initiative
(GLI) has taken a lead in developing race-
specific and multiethnic (8) equations, with a
recent effort at a globalized equation (9).
However, previous studies have shown that
race-specific equations in population-based
cohorts did not predict exacerbations or
mortality for African American (AA)
individuals as well as raw spirometry values
or equations developed among non-Hispanic
White (NHW) individuals (6, 7, 10).

COPD is uniquely affected by race-
specific equations because its diagnosis and
severity classification rely on spirometric
measures, specifically Global Initiative for
Chronic Obstructive Lung Disease (GOLD)
criteria (11, 12). Although the criteria of
FEV:FVC < 0.7 for diagnosis of COPD
and percentage predicted values for severity
stages are unchanged, there has been

recognition of respiratory symptoms as an
important aspect of the disease. Prediction
equations have typically been defined in
reference to White populations, and the
major effect has been to normalize lower
non-White group values (13). That process
increases the resultant percentage predicted
values for these non-White individuals. The
question of whether spirometry is useful for
COPD diagnosis across all populations is
important for non-White people around

the world (14-17). The history of spirometry
in race-based evaluations of non-White
populations was described in detail by Braun
(18, 19), and the potential social and clinical
consequences of “adjustment” by race
linked with recognition of socioeconomic
and environmental exposures have been
discussed more recently (4). However, there
has not been a detailed assessment of the
impact of race-specific equations on COPD
and related illness. Baugh and colleagues
looked at a group of 530 AA participants
from the SPIROMICS (Study of COPD
Subgroups and Biomarkers) study but did
not distinguish groups by severity (20). We
recently reported on underdiagnosis among
AA individuals using FEV:FVC (fixed ratio)
as the criterion for COPD diagnosis (21).
But in the present analysis, we focus on the
impact of race-based prediction equations on
severity classification rather than diagnosis.
The role of spirometry in both diagnosis and
disease severity in COPD are linked and
important to properly counsel patients

and initiate the available therapies. We
evaluated the impact of these equations on
participants with definite COPD by GOLD
classification and those undiagnosed but with
potential disease from smoking exposure.

The COPDGene (Genetic Epidemiology
of Chronic Obstructive Pulmonary Disease)
study enrolled more than 3,366 AA
participants (33% of the cohort) who have
been highly characterized for respiratory
symptoms, function, and lung structure.

In the present work, we hypothesized that
race-specific prediction equations might
underestimate disease severity in AA
participants. Race-specific equations tend
to normalize lower values in non-White
groups, leading to inflated predicted
spirometry values (13). We studied the
COPDGene cohort and evaluated
participants who smoked, comparing race-
specific, multiethnic, and “race-reversed”
prediction equations from NHANES
(National Health and Nutrition Examination
Survey) and GLI for classification and
assessed clinical differences by self-reported
race within the classified groups.

Methods

Ever-Smoker Cohort

COPDGene (ClinicalTrials.gov identifier
NCT 00608764) has been previously
described (22). Briefly, 10,198 people who
had ever smoked were enrolled between
2007 and 2012 (phase 1) at 21 clinical centers
across the United States, and 10,132
participants had complete spirometry data
for this analysis. Enrollment included general
community-based recruitment and enhanced
recruitment of participants with known
COPD and planned recruitment of one-third
non-Hispanic AA participants. Participants
were enrolled, within self-reported racial
categories on the basis of a history of

60 American Journal of Respiratory and Critical Care Medicine Volume 209 Number 1 | January 1 2024


http://orcid.org/0000-0003-0624-9184
http://orcid.org/0000-0002-8309-0747
http://orcid.org/0000-0001-5037-2919
http://orcid.org/0000-0003-3172-3132
http://orcid.org/0000-0003-4111-1789
http://orcid.org/0000-0003-1702-3201
http://orcid.org/0000-0002-1854-6672
http://orcid.org/0000-0002-8353-2349
https://www.clinicaltrials.gov

At a Glance Commentary

Scientific Knowledge on the
Subject: Race-specific prediction
equations are commonly used to
interpret spirometry results. For non-
White populations, these equations
tend to normalize the lower mean
values observed in marginalized
populations that may have
experienced deprivation-associated
exposures. As a result, their percentage
predicted values are inflated. The
impact on the classification of chronic
obstructive pulmonary disease by
race-specific equations has not been
comprehensively studied in African
American (AA) relative to non-
Hispanic White (NHW) smokers.

What This Study Adds to the
Field: Race-specific prediction
equations established for AA
individuals classified AA participants
in COPDGene (Genetic Epidemiology
of Chronic Obstructive Pulmonary
Disease) into lower Global Initiative
for Chronic Obstructive Lung Disease
(GOLD) stages (healthier) than if
NHW or multiethnic equations were
used. These participants were younger
but had more exacerbations, dyspnea,
and worse St. George’s Respiratory
Questionnaire total scores than the
NHW participants in each stage. Their
raw spirometry values were lower on
average in each stage. For smoking-
exposed participants not meeting
GOLD criteria for chronic obstructive
pulmonary disease, the use of NHW
equations reclassified AA participants
into preserved ratio impaired
spirometry from the “normal
spirometry” group and was associated
with more respiratory symptoms. The
impact of these misclassifications is
important for non-White smokers
because it may affect their access to
care and treatment.

=10 pack-years of smoking and absence of
chronic lung disease, excepting COPD or a
history of asthma. The research protocol was
approved by the institutional review board at
each of the 21 clinical centers, and all
participants provided written informed

consent. Subjects returned at five-year
intervals for additional study visits, with
phase 2 occurring between 2012 and 2017.
Participants completed standardized pre-
and postbronchodilator spirometry, a
6-minute-walk test, and standardized
questionnaires of respiratory symptoms,
including St. George’s Respiratory
Questionnaire (SGRQ), the modified
Medical Research Council (mMRC) dyspnea
scale, and an inventory of comorbid diseases.
A comorbidity score was developed as a
summed value for each participant of all the
comorbid diseases that were reported from
the queried diseases in the phase 1 data
collection. One point is scored for each self-
reported physician diagnosis of any cancer,
diabetes, congestive heart failure, coronary
artery disease, high blood pressure, stroke,
blood clots, pneumothorax, gastroesophageal
reflux, stomach ulcers, and osteoporosis.
The BODE (body mass index, airway
obstruction, dyspnea, and exercise capacity)
score was calculated from body mass index,
spirometry, mMRC dyspnea scale score,

and 6-minute-walk distance (6MWD).

COPD Classification

We classified participants on the basis of
postbronchodilator spirometry values using
NHANES race-specific equations and the
2023 GOLD criteria (12). Because these
criteria address only participants with
FEV:FVC ratios <0.7, we extended the
classification to include those with FEV:FVC
ratios =0.7 and FEV% predicted = 80% as
GOLD stage 0 (23) and those with FEV:FVC
ratios =0.7 and FEV % predicted < 80% as
preserved ratio impaired spirometry (PRISm)
(24, 25). Values for FEV:FVC ratio were
calculated to two significant figures for
classification. Although neither PRISm nor
GOLD stage 0 is currently recognized as
defining COPD, evidence of symptoms and
differential progression to COPD from the
two groups make identification of these
categories and distinctions between them
important (26-28).

Comparison of Spirometry Prediction
Equations

We looked at different race-specific
prediction equations and reversed (NHW to
AA and AA to NHW) them to apply to the
opposite racial group to determine the
maximal difference for classification of
NHW and AA participants. The underlying
assumption was that reversed equations
(NHW and AA) provided the polar
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opposites for classification. For the smoker
cohort with complete spirometry results
(n=10,132), we applied eight different

sets of prediction equations to the
postbronchodilator raw spirometry results:
1) NHANES race-specific equations stratified
by self-reported race (race-specific
equations); 2) NHANES NHW equations
applied to AA participants (race-reversed
equations); 3) NHANES AA equations
applied to NHW participants (race-reversed
equations); 4) race-specific GLI equations (8)
stratified by self-reported race (race-specific
equations); 5) GLI AA equations applied to
NHW (race-reversed equations) and GLI
NHW equations applied to AA participants
(race-reversed equations); 6) GLI “Other”
equations applied to all participants
(multiethnic equations); 7) GLI “Global”
equations applied to all participants
(multiethnic equations) (9); and 8)
(FEVl/heightz) X 100 applied to all
participants (race-free) (29).

COPD Disease Score

To characterize participants in COPDGene
without relying solely on spirometry and
identify the heterogeneity in COPD, we
implemented a COPD disease score, derived
from our published work, which also
includes structural changes, symptoms,

and functional limitation (30). This score
included spirometry ([FEV;(milliliters)/
height (meters)?] X 100 < 80%), as described
by Checkley and colleagues (29). We
quantified three additional measures of
disease severity: 1) symptoms (report of any
of mMRC dyspnea scale score = 2, chronic
bronchitis, or history of severe exacerbation
in the prior year); 2) structural changes on
computed tomography scan (emphysema
[=5% low-attenuation area < —950
Hounsfield units], gas trapping [=20%
low-attenuation area at —856 Hounsfield
units], and average airway wall thickness
normalized to a theoretical airway lumen of
10-mm inner perimeter > 2.2 units, a marker
of airway disease [>95th percentile for never
smoker group]); and 3) reduced function
(6MWD < 1,150 ft). For each criterion, we
scored 1 point for having the disease finding
and then summed values to obtain an
individual’s disease score.

GOLD Stage 0 and PRISm
Reclassification with Race-reversed
Prediction Equations

We evaluated the effect of NHANES race-
specific equations when assigning GOLD
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NHW-specific equations on AA participants

and A A-specific equations on NHW

reversed prediction equations (NHANES
participants). This process identified

stage 0 (23) and PRISm groups, by using

participants who changed classification from
GOLD stage 0 to PRISm on the basis of an
FEV, percentage predicted cutoff of 80%.
We compared the characteristics of the

reclassified participants with those in their

original groups.
Statistical Analysis

Participant characteristics are summarized
as mean and SD for continuous variables
and as count and percentage for categorical
variables. Differences between groups

were evaluated using a two-tailed  test for
continuous variables and the chi-square
test for categorical variables. Ordinal or
nonnormally distributed variables were

P value <0.05. Data were analyzed using JMP
16 (SAS Institute) and R Statistical Software

Significant differences were identified with a
(v4.2.2.) (https://www.R-project.org/).

evaluated using the Wilcoxon rank sum test.

Results

At enrollment, among all ever-smoking

participants with complete spirometry
(n=10,132), the proportions of NHW

Cohort Characteristics by Self-

described Race

3,366) participants

differed across the extended GOLD stages

(Tables 1 and 2); percentages AA were as

6,766) and AA (n

(n=

follows: GOLD stage 1, 23%; GOLD stage 2,
25%; GOLD stage 3, 21%; GOLD stage 4,

19%; PRISm, 43%; and GOLD stage 0, 41%.
In each GOLD stage, the AA participants

and more dyspnea; and had shorter 6 MWDs,

were younger; were more likely to be current
smokers; reported more severe exacerbations
worse SGRQ total scores, higher BODE

scores, higher COPD disease scores, and

When stratified by GOLD stage,

bronchitis and the overall comorbidity score.
respiratory symptoms and exercise capacity

lower FEV, and FVC. Pack-years were lower

in AA participants, as were chronic

reported severe exacerbations in the previous
year. PRISm, as a category of spirometry that

differed by race (Figure 1), with consistently
worse results among AA participants for
SGRQ total score (higher scores are worse),
6MWD, mMRC dyspnea scale score = 2,
and the percentage of participants who

‘obejusoiad Jo (QS) uesw se passaldxe aie ejeQq
‘areuUOnsany) Alojelidsay s,061005 15 =DYOS JuBdlUBISUOU = GN {|IoUN0D YdJeasay [BOIPSIA Palipow = DYINW ‘aseasig BunT
BAIIONAISCQ 21UOCIYD JO} dAlBRIU| [egOD = 10D ‘8seasiq Aleuow|nd 8AIONISqQO dluoIy) Jo ABojoiwspidg onausn) = ausndO) ‘esessip Aleuow|nd 8AIlONIISO OlU0IYD = 40D

‘aseasIp Alape Aleuolod = qyQ ‘Aloeded asioiexe pue ‘eaudsAp ‘UolIONAISo ABMIIR ‘Xapul SSBu Apog = 3004 9oUBISIP Ylem-alnuiw-9 = MING SUoHBINSIQQE JO uoiuyed

€000°0 %995 %G'1G 100 %8'LL %69 SN %9°G8 %698 50000 %9901 %2 0L peloipaid %OAd
SN %L'22 %6’ L2 SN %1 0¥ %8°0F SN %679 %¥'S9 SN %9°06 %0’ L6 peoipaid % A3
L00000>  (1'0) k€0 (L'0) ¥€'0 L0000> (60°0) E¥'0  (60°0) L¥'0 L000D'0> (80°0) 850 (£0°0) 09°0 SN (+00) 590 (¥0°0) 590 OAS:*ATA
10000> (£90)22 (£90)8 L 10000> (22°0) 222 (89°0) 12 L0000> (/80)ece (820)962 +0000> (LO'L)€gy (£80) 12€ 1 ‘ONd
2000 61°0)99'0 (02'0) 09°0 L000°0> (62°0)9L'L (62°0) 90k L000°0> (IG'0)26 L (6¥°0)92°L 1L000°0> (L'0)ZL¢C (09'0) Ov'2 7 *A34
200 (8'SH) ¥'sS  (221) ¥6S5 2000 (9'8L) oSy (6°02) €67 LO00'0> (802)SIe (€€2) 928 €1000 (691) 0Lk (961) 612 81008 [e10] DHHS
SN (6'0) 29 (0'1) g9 SN (e vs (¥'1) 9°'S 90000 (971) 8¢ vy 1000  (82'1) 8} (vg1) 922 2100s aseasip dd0D
€000 (1) 29 (8'1) 22 10000> (1) 9P (6'1)2s 10000> (91) L} (8'1) G2 10000> (670)S0 (€1 vok 2100s 3009
¢ = ©100S 9|eds
SN %56 %06 SN %8/ %28 1000'0> %Ly %19 1L000"0> %61 %EE eaudsAp OHNW
9J00Ss 9|eds

SN (11 ee (Lo) 1e €00 @) ve (€e'1)92 10000> (F1)S (5'1) 6+ 20000 (1'1) 20 &) el eaudsAp OHNW
100 (8¥c) 888 (09g) 962 +000°0> (bSE) €v'L  (92/€) 096 L000'0> (6vE) 95€‘L  (9/€) LSLL L0000> (12€) 2bS't  (B1€) 89E‘L B ‘aming
SN %L} %E 2000 %02 %Lk 20000 A %01 SN %E %0k avo
SN %6 %1 9000 %l %12 SN %k %G1 SN %8 %8 sejeqelq
SN ot (e gt S0°0 (5181 (e 9L 10000> (121 eet SN et et 8100s Aypigiowo)
L000°0> %EE %8S L000°0> %ET %6E L000°0> %E L %E2 SN %t %9 SUONEQISOEXS 8IONSS
2000 %0€ %91 1000 %2E %ET €00 %82 %ET SN %91 %G siyouo.q dluoIyd
10000> (262) 009 (9°S2) G2y L0000> (082 ¥'2S (S22 S¥y L000D0> (¥'22)6'€S (822 T\ 200 (eve)ooy (9G2) eIy sieaf-yoed
SN %22 %E2 1000°0> %8 %2S 1000°0> %2t %EL 1000°0> %9t %88 Bupjows jusun)y
SN %P %6E SN %2y %GY SN %9t %Ly SN %Ly %9Y (erewsy %) sopusn
10000> (22) 2v9  (22) S09 L0000> (1'8) ¥'S9 (1'8) 809 1000°0> (9'8) 1'+9 (0'8) 226 10000> (8'8) 2€9 (z'8) 6'95 K ‘eby
— o4 i — 026 44 — 44" 414 — 609 8.1 JequinN

anjep SNUM ueonawy anjep SUUM ueoLawy anjep 9UUM ueonawy  anjep 9UUM ueoldwy

d ojuedsiH-uoN uedly d ojuedsiH-uoN uedy d oluedSIH-UON  uedLY d ojuedsiH-uoN  uealy
¥ abeis @109 ¢ abeis @109 ¢ 9beis @109 1 8beis a1o0o

abeis 109

pue sorY paquosap-jos Aq ‘suonenb3 uonoipald oyoedg-eoey Buisn sisoubeiq AdOD Yim siuedonied suenadO) Jo sonsueoeley) suljeseq | ajgeLl

American Journal of Respiratory and Critical Care Medicine Volume 209 Number 1 | January 1 2024

62


https://www.R-project.org/

9S]0J9X8 pue ‘BaudSAp ‘UOIONJISO ABMmIle ‘Xopul ssew Apog =3JQOg Xxepul ssew Apoq =

"suofenbe oyosds-e0el SINVHN,

‘dnolb vy 0 abels 10D [eulbuo syl yim pasedwod dnoib palisselosal auyy Jo uosledulod sy} Joj payodal ale senjea aouedlubis,
‘obejusolad Jo (QS) uesw se passaldxe ale eleQq
‘alleuuonsan) Alojeuidsay s,eb1085) 1S =DYOS ‘Ajewoids paliedw onel panlesaid = WSIHd ‘Jueollubisuou = SN

“BIUYM Olueds|H-uou = M\HN ‘ASAING uoljeUILBXT UOIINN PUB YlBaH [BuOlEN = SINVHN :10UN0D Yo4easay [EQIPSIA PalIPOW = DYINW ‘oseasiq Bun aAioniasqo
ol1UOIYD 10} BAITRNIU| [BQOID = 10D ‘@seasiq Aleuow|ng aAoNIsqQ oluoiy) o ABojoiwepid3 dnsusn) = suandO) ‘osessip Areuownd aA110NIISqo O1U0IYO = Jd0D ‘Aloeded

NG ‘UeOLIBWY UBOUJY =YY ‘90UBISID YemM-81nuIW-9 = QMIND SUOHEBIABIQQE JO UOIIUEd

€000°0=d ‘(ZE}) 12} 1000°0> (1) v¥1 (5271) eoe 1000°0> (g8°0) L¥'0 (zz'1) 10
9000°0=d ‘(v&'}) G8't 1000°0> (51 ve (1) 672 1000 0> (1) 60 v
1000°0>d ‘(59'9) 88 SN (8'8) L1L (26) €12 1000°0> (L11) vee (221) 286
L0000>d ‘(€¥) 6°/8 ¥00°0 (0'8) 802 (6'8) ¥'69 1000°0> (6'01) 2796 (Let) v's6
€0°0=d ‘(150°0) 6620 1000°0> (50°0) 9270 (50°0) 8270 1000°0> (s0°0) 8270 (s0°0) 08°0
L000'0>d ‘(89°0) 60°€ 1000°0> (2970) 282 (99°0) €52 1000°0> (06'0) 28°€ (¥8°0) 1S'€
L0000>d ‘(15°0) ¥¥'2 S000°0 (s0)ele (50) 96°t S000°0 (69°0) 962 (s90) 6272
$0000=d ‘(v'12) L'¥e 1000°0> (gee) 5.2 (9'g2) 6'2€ 1000°0> (9's1) 8'¢et (0'02) G512
L0'0=d ‘%02 1000°0> %2E %YE 1000°0> %2l %91
£000°0=d ‘%t €00°0 %EY %2G 1000°0> %91 %G¢E
2000°0=d ‘(y'}) 2t 1000°0> (¥1) 9gt (CHNFIN! 1000 0> (68°0) 9570 ) v
S00°0=d Emv Lee’l 1000°0> (99¢) 2ee’tL (99¢€) 061°1 1000°0> (gz2e) 945°t1 (16€) €2€°tL
200=d ‘(2’'1) s6°0 1000°0> (51) 29t (1) 8zt 1000 0> e v @1 e
600=d ‘%8 SN %L1 %L1 1000°0> %€ %9
§20=d ‘%l SN %61 %91 SN %E L %2l
S6°0=d ‘(9°02) 2'9¢ 1000°0> (e'02) 8°2¢ (0'02) 1L'9¢ 1000°0> (e'ge) 29t (9'1e) 8'2¢
1000°0=d (9'9) +0€ SN (02) 6'}€ (82) 6'LE LE0 (979) 882 (1'9) 062
S0°0=d ‘(2'6) ¥"0LL 1000°0> (¥'6) ¥'691 (o) 27121 1000°0> (¥'6) 2691 (KA VA
190=d ‘%/8 1000 0> %6Y %E8 L000 0> %0P %.8
€00°0=d ‘%05 1000°0> %0G %LS 1000°0> %05 %15
190=d ‘%S. 1000°0> %1€ %L9 1000°0> %9¢ %2L
G9°0=d ‘(8'9) 925 1000°0> (9'8) 009 (09) 55 1000 0> (2'8) €65 (09) 225
(vv 0 8beis 109 0 %eY) v2.2 12 LS 0852 108}
Lsuonenbg anjeA d MHN ueoLWY anjeA d MHN ueoLdWYy
SINVHN MHN Aq ueauyy ueaLyy
0 abe1s @109
wouj ws|yd o}
paiisse|day vy
pauisseday ws|dd 0 abe1s @109

8109s 30049

21090s aseasip Ad0D
pawIpaid %OAH

pejoIpald %+ A3

ONd: F>m_n_

7 °ONd

7 *A34

9103s [e]0} DHHOS
suonedipaw Alojesidsal jualin)
2 = 9109s 9|eos eaudsAp DYNW
9109s 9|eds eaudsAp DY\W
Y ‘aming

2100s A)pIgiowon)
SUOI}EQI9OBXD 8I9NSS
SIIYoUOIg 21U0IYD

sleak- “oed

Jw/By lINg

Qo “ubreH

Bunjows uauny

(a1ew 94,) Jopuan)

(%) 186unoA 1o JIAGg

IA ‘eby

JaquinN

suoienb3 uonoipaid ouoedg-soey Buisn AdOD BuineH se paiissel) 10N siuedidiued susnadO) J0 sonsusiorIey) duljesey g alqel

63

Regan, Lowe, Make, et al.: Early Evidence of COPD



A SGRQ Total Score B — 6-Minute-Walk Distance
80+ i . Hl NHW
. 1500 E 2 H AA
60 * H AA *
* -
] * E, 1000 0.01
8 40 NS
w
* NS 500
20
0- o0 & o 9o 9 ©
S & N \ ;] L 4 & v v > v
9 & © 9 9 9 S & & &S S
N N Vv WV N
& & & & &SP
C MMRC Dyspnea Greater than or Equal to 2 D severe Respiratory Event /[Exacerbation
100 0.04 80
NS Hl NHW Hl NHW
80 B AA - * B AA
t 60 0.003 € *
8 S 40
@ 40-* 4 N
* . NS
20- 20
* NS
0- 0-
o & N % %) 0 o N 0 & &
< ) < < < <> & <> < < <
Nd g N W O W W N W N
S & & &SP S & F & &£
*P < 0.0001 NS = nonsignificant numerical value = P value

Figure 1. Disease characteristics of smokers in COPDGene phase 1 by self-reported race and disease severity derived from race-specific
prediction equations. In each category of disease severity (using a modified Global Initiative for Chronic Obstructive Lung Disease [GOLD]
stage classification that adds GOLD stage 0 and preserved ratio impaired spirometry [PRISm]), African American (AA) participants have worse
symptoms, function, and quality of life. The effects are more pronounced in the early disease groups but persist across all stages. Spirometry
prediction equations for classification in this figure are the NHANES race-specific equations. PRISm generally shows worse characteristics in
each measure than GOLD stage 0 or GOLD stage 1 and is more similar to GOLD stage 2 for St. George’s Respiratory Questionnaire (SGRQ)
score, modified Medical Research Council (MMRC) dyspnea scale score, and 6MWD. (A) SGRQ total score, a disease-specific quality-of-life
measure. SGRQ score increases across GOLD stages 1-4 but also demonstrates that there are measurable effects in the GOLD and PRISm
groups and differences between AA and NHW participants across each group. (B) Reduced physical function on the 6-minute-walk test with
advancing GOLD stage and significant reductions in each group for AA participants. (C) Significantly greater reports of dyspnea as defined by
the MMRC dyspnea scale score =2 in AA participants except in GOLD stage 4. This is particularly notable in the GOLD stage 0 group. (D)
Although severe respiratory events or exacerbations are reported across all groups, they are more common in advanced disease and
significantly increased in AA participants in all GOLD stages except PRISm and GOLD stage 1. 6BMWD = 6-minute-walk distance;

COPDGene = Genetic Epidemiology of Chronic Obstructive Pulmonary Disease; NHANES = National Health and Nutrition Examination Survey;

NHW = non-Hispanic White. *P<0.0001.

includes a disproportionate number of AA
individuals, also stands out as demonstrating
worse quality of life, shorter walk distance,
greater dyspnea, and more exacerbations
than GOLD stage 1.

Classification of COPD Severity by
Various Prediction Equations

The impact of different prediction equations
on diagnostic classification is shown in
Table 3 and Figures 2 and 3. There were
consistent shifts of AA participants from
less severe to more severe stages using
prediction equations that were not race
specific. In GOLD stages 1 to 4, AA
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participants moved into higher (worse)
GOLD stages with GLI Other, GLI Global,
and race-reversed NHW equations. The
largest number of reclassifications occurred
in the race-reversed comparison. For the
COPD-undiagnosed AA participants, large
shifts were seen from GOLD stage 0 to
PRISm classification. Applying the
NHANES AA equations or the GLI AA
equations to NHW participants had the
opposite effect on the classification of
COPD, moving NHW participants to less
severe categories, but fewer participants
were affected (see Figures E2 and E3 in the
online supplement; Table 3). GLI Global

equations (9) had a greater effect than the
GLI Other equations but did not show as
large an impact as the race-reversed
NHANES equations.

Figure 3 graphically illustrates the
shifting seen with NHW prediction
equations (Figure 3A) compared with AA
equations (Figure 3B) and also illustrates an
apparent impact of the problematic fixed-
ratio criteria limiting the movement of AA
participants above and below the
FEV:FVC < 0.7 line (21). The figure
demonstrates larger proportions of AA
participants in PRISm who might have a
similar disease status to those in GOLD stage
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Table 3. Effect of Different Prediction Equations on Disease Severity Classification in COPDGene Participants

Multiethnic prediction equations
1.NHANES race-specific (reference)
2.NHANES AA applied to NHW
3.GLI race-specific (NHW)
4.GLI AA applied to NHW
5.GLI Other applied
6.GLI Global applied
1.NHANES race-specific (reference)
2.NHANES NHW applied to AA
3.GLI race-specific (AA)
4.GLI NHW applied to AA
5.GLI Other applied
6.GLI Global applied

Race-free (neutral) prediction equations
% Predicted by (FEV4/height2) X 100
% Predicted by (FEV/height?) X 100

GOLD GOLD

Race Stage 0 PRISm Stage 1
NHW 2,515 695 674
NHW 3,023 187 1,289
NHW 2,571 639 698
NHW 3,023 187 1,267
NHW 2,843 367 955
NHW 2,774 436 859
AA 1,791 525 194
AA 1,017 1,299 63
AA 1,747 569 185
AA 1,046 1,270 64
AA 1,416 900 105
AA 1,319 997 93
NHW 2,515 695 757
AA 1,518 798 145

GOLD GOLD GOLD
Stage 2 Stage 3 Stage 4
1,468 922 492
1,194 743 330
1,454 912 492
1,221 743 325
1,359 824 418
1,405 855 437
495 245 116
485 331 171
492 258 115
490 328 168
519 286 140
515 291 151
1,311 960 528
436 301 168

Definition of abbreviations: AA = African American; COPDGene = Genetic Epidemiology of Chronic Obstructive Pulmonary Disease; GLI = Global
Lung Function Initiative; GOLD = Global Initiative for Chronic Obstructive Lung Disease; NHANES = National Health and Nutrition Examination
Survey; NHW = non-Hispanic white; PRISm = preserved ratio impaired spirometry.

2 or 3 and fewer AA participants in GOLD
stage 1, because of limited movement across
the fixed ratio. Conversely, application of the
AA equations to NHW participants shifts the
population strongly to the right (less severe
disease) for both groups (Figure 3).

Early COPD-like Disease: GOLD Stage
0 and PRISm Reclassification with
Race-reversed Equations

The use of race-reversed prediction
equations resulted in reclassification of 774
(43%) AA participants from GOLD stage 0
to PRISm (reclassified percentage predicted
FEV, less than 80%). The results of the
baseline GOLD stage 0 and PRISm groups by
race are summarized in Table 2. The last
column in Table 2 shows the characteristics
of the reclassified participants from GOLD
stage 0 to PRISm and identifies significant
differences between the reclassified AA
participants and the original group of AA
participants in GOLD stage 0. The COPD
disease scores (initial GOLD stage 0=1.13 vs.
reclassified to PRISm participants = 1.85;

P <0.001), and BODE scores (initial GOLD
stage 0 =0.66 vs. reclassified to PRISm = 1.21;
P < 0.0001) of these reclassified AA
participants were significantly higher
(indicating worse disease) than the original
GOLD stage 0 group means. Other key
findings in the reclassified group included
20% using respiratory medications
(compared with 14% in the original GOLD
stage 0 group), increased mean values for

mMRC dyspnea scale score, and shorter
6MWD. The younger mean age of 52.6 years
for these AA participants suggests that there
could be an impact of misclassification on
early disease diagnosis.

Discussion

Our analysis of COPDGene, a diverse
national cohort of people who have smoked,
showed that current race-specific spirometry
equations underestimate COPD severity
among AA individuals by multiple metrics.
NHANES and GLI race-specific equations
for NHW and AA participants resulted in
higher percentage predicted spirometry
values and less severe group classifications of
AA participants across the GOLD groups
compared with race-free, multiethnic, and
race-reversed equations. We demonstrate
that within each GOLD stage defined by
race-based equations, AA participants
clinically appeared to be worse, with shorter
6MWD, more dyspnea, and worse quality of
life. By contrast, applying NHW equations to
the AA participants, or the use of either GLI
Other or “Global” prediction equations,
reclassified many GOLD stages 1 and 2 AA
participants into GOLD stage 3 or 4. The
effect was strongest with the use of the race-
reversed NHW equations, followed by the
GLI Global and Other equations. Because
such “down-staging” of individuals with
COPD can affect determinations of disability
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and access to lung volume reduction
procedures or lung transplantation, the
current use of race-based spirometric
equations likely maintains a serious health
inequity.

However, the numerically greater effect
of race-based spirometric equations may be
on AA individuals in early COPD-like
disease (GOLD stage 0 and PRISm groups),
a large and relatively young group of
people who have smoked and are at risk for
progressive lung disease. We show that the
application of NHW prediction equations
to AA participants resulted in a striking
reclassification of many AA participants
from GOLD stage 0 to PRISm. Misclassifying
appropriate severity for AA individuals
represents a lost opportunity to identify and
inform individuals of the consequences of
their smoking.

Neither the GOLD stage 0 nor the
PRISm group is currently designated as
having COPD, but in the COPDGene study,
both groups have sizable numbers of
participants with symptoms and structural
changes that imply actual lung disease.

They also have been shown to have some
progression of lung disease over time,

with segments of the GOLD stage 0 group
typically progressing to PRISm, GOLD stage
1, or GOLD stage 2 over five years and
PRISm participants progressing to higher
GOLD stages (28). Thus, these categories
contain crucial individuals to identify for
preventive strategies and early interventions.
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Figure 2. Reclassification of African American (AA) participants with chronic obstructive pulmonary disease (COPD) and undiagnosed
participants using different prediction equations. (A7-A3) Each panel demonstrates the shifts of participants from the reference NHANES
(National Health and Nutrition Examination Survey) AA race-specific classification to an alternative prediction equation (Global Lung Function
Initiative [GLI] Other, GLI Global, and the NHANES non-Hispanic White (NHW) race-specific “race-reversed”). The overall pattern shows that the
AA race-specific equations classify individuals as less severely diseased compared with other equations. GLI Other and GLI Global are similar,
but there were slightly more reclassifications under GLI Global (198 vs. 210 out of a total of 1,050 AA participants classified as having COPD
[approximately 20%]). (A7) GLI Other classifications, whereby 89 AA participants were reclassified in Global Initiative for Chronic Obstructive
Lung Disease (GOLD) stage 2. Similar reclassification occurred at each GOLD stage, and in all cases, participants were reclassified to worse
disease stages. (A2) GLI Global equations and their impact on classification, with 101 participants reclassified from GOLD stage 1 to GOLD
stage 2. (A3) The greatest impact was noted using race-reversed equations and applying the NHW NHANES equations to AA participants. In
this scenario, 131 of the initial 191 GOLD stage 1 participants were reclassified to GOLD stage 2. The trend continued with a large number of
AA participants reclassified from GOLD stage 2 to GOLD stage 3, while the reclassifications to more advanced disease from GOLD stage 3 to
GOLD stage 4 were fewer. (B1-B3). The proportion of AA participants (70%) who did not meet the fixed-ratio criteria (FEV;:FVC <0.7) for COPD
was greater than that of NHW (49%) in the COPDGene cohort and was consequent to the effect of lower FVC values in a portion of the AA
group, as previously reported (21). Thus, these participants could not be reclassified into any of the GOLD stages on the basis of different race-
specific equations and could only move between preserved ratio impaired spirometry (PRISm) and GOLD stage 0 groups, as described in our
extended classification. As for the COPD-diagnosed participants, the different prediction equations resulted in large numbers of participants
being reclassified as sicker (moving to PRISm), with the GLI Other equations (B7) having the fewest (n=375) reclassified to PRISm; GLI Global
equations had 472 participants reclassified to PRISm (B2), and race-reversed NHANES equations had 774 participants (43% of the GOLD stage
0 AA participants) reclassified to PRISm. COPDGene = Genetic Epidemiology of Chronic Obstructive Pulmonary Disease.
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Figure 3. Extended Global Initiative for Chronic Obstructive Lung Disease (GOLD) classifications for non-Hispanic White (NHW) and African
American (AA) participants in COPDGene using alternative prediction equations. This provides a visual comparison of differences between AA
and NHW participants using different prediction equations and emphasizes the potential impact of the fixed-ratio discrepancy for AA individuals
with an inability to move into GOLD stages, as noted in the legend for Figure 2. This is characterized by the large number of PRISm-classified
AA participants and fewer GOLD stage 1 participants. GLI = Global Lung Function Initiative; NHANES = National Health and Nutrition
Examination Survey; PRISm = preserved ratio impaired spirometry.

Importantly, using reversed race-specific
equations, we demonstrated that AA GOLD
stage 0 subjects who were reclassified into
the PRISm group were indeed sicker than
the GOLD stage 0 group as a whole. Race-
specific equations for these participants with
early-stage disease minimized the severity of
illness and hindered the recognition of
early disease.

Our findings raise questions about
the use of spirometry alone for diagnosis
of COPD and reliance on race-specific
equations for defining severity of disease.
The long history of identifying lower
mean values for spirometry measures in
perceived non-White “racial” groups led
to an assumption that those individuals
could not be compared against an NHW
population (despite extensive overlap in
measurement distributions) and that their
spirometric values needed to be adjusted
for group or race. These adjustments are
based on measuring mean values for the
selected non-White population and then
“normalizing” the lower mean for that
subgroup. This allows a lower value to be
“normal” for the subgroup member and
gives a higher percentage predicted value
than the same measurement would provide
for an NHW participant. This creates a
different standard of disease, suggesting

better lung health at a given measured
volume for the non-White individuals.
Burney and Hooper (31) and others (6, 7, 32)
found that raw FVC was a better predictor of
mortality and recommended that ethnic
adjustments not be used for prognosis.

An important consideration is that
spirometry has substantial variance within an
individual beyond the basic categories of age,
sex, and height, which makes it more difficult
to reliably define clinical disease at a single
time point. The extensive within-group
variability for spirometry further affects its
reproducibility. This leads to questions about
the necessity of separating race as a “distinct”
group needing specific equations (31, 33). At
the same time, perhaps in part because of the
historical role of spirometry in medical
racism (19), there has been a long-standing
awareness that AA and other populations
had lower measured values for spirometry,
and yet the clinical implications of those
measured differences were not established in
terms of health or clinical disease.

This is an important area for additional
study given that occupational health
metrics founded on spirometry would lead
to a conclusion of disease, if individuals
manifesting lower values of FEV,; and
FVC were measured against only NHW
population values (32, 34). Better information
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is needed on all sides of this issue to decide
whether percentage predicted values from
spirometry provide an adequate assessment of
lung health or disease across subpopulations.
With substantial and growing admixture in
the world, as well as understanding that race is
a social construct without a precise biologic
meaning (16), race-specific equations will be
difficult to implement accurately, lead to
underclassification of disease in vulnerable
populations, and overstate the impact of lower
spirometry values in healthy individuals.
Strengths of this study include a large
AA population with a broad spectrum of
disease and smoking exposure and very
detailed characterization of symptoms and
function. Limitations include the cohort
structure of an exposure and disease cohort,
unlike balanced recruitment in a randomized
trial, which may result in confounding. The
use of reversed race-specific equations is
provided to demonstrate the maximum
effect of differential race-specific equations
on classification. It is also possible that the
reclassification of GOLD stage 0 participants
to PRISm represents overdiagnosis of
disease, although the symptom burden in
this population suggests real disease. One
study looked at symptomatic versus
asymptomatic tobacco-exposed people,
finding no difference in progression between
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the two, so symptoms without other metrics
may not be adequate to define the risk

of progression (35). Our previous work
suggested that risk of progression in patients
with established COPD is multifactorial (36).
Further studies are needed to address the
issue of disease progression in these
individuals. Early disease identification is

a key goal for managing the worldwide
problem of COPD (37). An important
limitation in our analysis is the current
diagnostic structure for COPD, which is
linked to the fixed FEV:FVC ratio of 0.7

for COPD diagnosis and affects AA as well
as race-specific equations, so we cannot
fully define the effect of spirometry on
diagnosis and early disease. There are
currently no disease-modifying treatments
for COPD. The tissue loss driving structural
changes of emphysema and pruning of
small airways and vasculature (38) make it
is unlikely that tissue restoration treatments
can be identified and trialed in more
advanced disease. To effectively test disease-
modifying treatments, there needs to be
consensus on the characteristics of very early
disease and a search for treatments that
interrupt the pathologic tissue destruction.

Limiting the description of COPD to
spirometric criteria may hamper forward
progress in treatment.

Conclusions

Our data indicate that assigning COPD
severity solely on the basis of race-specific
prediction equations fails to accurately reflect
disease symptoms and may not provide
correct representation of disease in AA
individuals. The impacts of these prediction
equations go beyond the United States to
worldwide populations and to the issue of
health versus disease within variable human
morphology. We question the assumption
that spirometry can function as the sole
predictor of clinical lung disease and
suggest that consideration should be given
to incorporating broader metrics of disease
for COPD and developing criteria for early
disease to facilitate testing disease-modifying
treatments. We advocate developing usable
criteria for early disease across all subgroups
to facilitate testing disease-modifying
treatments. Symptoms and structural
changes may be equally as important as
spirometry in assessing COPD. In the
future, criteria for early disease, and COPD

diagnosis, especially if they include
spirometry, should be carefully evaluated in
all populations before implementation.

A recent American Thoracic Society
statement on race and pulmonary function
testing has identified concerns about the use
of race, and we concur with those concerns
(39). Solutions are more difficult. Previous
responses to these issues were first to
eliminate “standard adjustments” for AA
spirometry in favor of stratified race-specific
equations. Now, these stratifications are
appearing inadequate and unfair. We believe
that we should be meticulous in removing
medical practices that harm individuals or
groups in our society. This holds especially
true for those who are already affected by
health disparities. Although additional study
is needed to improve understanding of
COPD initiation, manifestations, and
progression, the use of race-specific
equations should be eliminated and race-free
or multiethnic alternatives substituted while
better methodology for COPD diagnosis
is developed.

Author disclosures are available with the
text of this article at www.atsjournals.org.
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