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Abstract

Rationale: Global Lung Function Initiative (GLI) Global
spirometry reference equations were recently derived to offer a
“race-neutral” interpretation option. The impact of transitioning
from the race-specific GLI-2012 to the GLI Global reference
equations is unknown.

Objectives: Describe the direction and magnitude of changes in
predicted lung function measurements in a population of diverse
race and ethnicity using GLI Global in place of GLI-2012
reference equations.

Methods: In this multicenter cross-sectional study using a large
pulmonary function laboratory database, 109,447 spirometry tests
were reanalyzed using GLI Global reference equations and
compared with the existing GLI-2012 standard, stratified by
self-reported race and ethnicity.

Measurements and Main Results: Mean FEV1 and FVC
percent predicted increased in the White and Northeast Asian

groups and decreased in the Black, Southeast Asian, and
mixed/other race groups. The prevalence of obstruction increased
by 9.7% in the White group, and prevalences of possible
restriction increased by 51.1% and 37.1% in the Black and
Southeast Asian groups, respectively. Using GLI Global in a
population with equal representation of all five race and ethnicity
groups altered the interpretation category for 10.2% of
spirometry tests. Subjects who self-identified as Black were the
only group with a relative increase in the frequency of abnormal
spirometry test results (32.9%).

Conclusions: The use of GLI Global reference equations will
significantly impact spirometry interpretation. Although GLI
Global offers an innovative approach to transition from race-
specific reference equations, it is important to recognize the
continued need to place these data within an appropriate clinical
context.

Keywords: GLI Global; racial groups; ethnicity; spirometry; health
disparities

In 2012, the Global Lung Function Initiative
(GLI) issued four sets of “multiethnic”
spirometry reference equations derived from
data collected from 74,187 healthy nonsmokers
representing different race and ethnicity
groups (White, Black, Northeast [NE] Asian,
and Southeast [SE] Asian) (1). Unweighted

averages of these four equations were used to
derive “GLI-Other,” a reference equation to be
used for patients of other, unknown, or mixed
self-reported race and ethnicity. The variables
used to compute predicted lung function in the
GLI-2012 equations are age, sex, standing
height, and, controversially, race (1).

Importantly, the GLI-2012 equations
recognized that the relationship between lung
function and these variables is not linear and
that the standard deviation from the predicted
mean values is not constant.

Reference equations hold significant
clinical, occupational, and social importance.
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They are used to diagnose pulmonary
diseases, determine eligibility for procedures
or transplantation, evaluate the ability to
work in some industries, and establish
disability status (2, 3). The use of race- and
ethnicity-specific equations in spirometry is
based on the assumption that differences in
lung function seen in patients of various
ancestral origins can be explained by genetic
factors (4). Historical adjustments for race,
such as the 15% reduction in predicted lung
function proposed for Black individuals by
the 1978 Occupational Health and Safety
Administration Cotton Dust Standard, were
required to avoid discriminatory hiring
practices at a time when reference standards
were available only forWhite individuals
(5, 6). However, there is abundant
evidence that these assumptions are an
oversimplification of the complex factors that
impact lung function in the increasingly
multicultural communities across the globe.
Sitting height, which may more accurately
estimate chest size and reduce the observed
differences in lung volumemeasurements
between Black andWhite individuals using
standing height, for example, is impacted by
early-life nutrition and genetics (7, 8). Other
socioeconomic factors such as education,
occupation, wealth, and social determinants
of lung health, including exposure to

tobacco, respiratory infections, and air
pollution, have also been shown to
significantly impact lung function (4, 9, 10).

There are substantial concerns that
the use of race-specific equations
underestimates predicted lung function in
certain populations, perpetuates health
disparities, and may cause unintended harm
by delaying appropriate diagnoses and access
to treatment (9, 11). Recognizing that race
is a complex sociopolitical—rather than
biological—construct has led to a concerted
effort by the medical community to
eliminate race from clinical equations and
algorithms (12, 13). This included the recent
development of GLI Global, a set of sex-
stratified, “race-neutral” weighted-average
reference equations for spirometry
interpretation (14). In the development
of GLI Global, an inverse probability weight
was assigned to each data point based
on the sex-stratified proportion of the
corresponding GLI race and ethnicity group,
thereby treating each of the four race and
ethnicity groups as equal contributors to the
overall reference equations. Although the
GLI Global reference equations represent a
major step toward reducing racial bias
in pulmonary function test (PFT)
interpretation, clinicians need to understand
the impact of their adoption. The objective
of this study was to describe the frequency,
direction, andmagnitude of interpretive
changes when GLI Global reference
equations were applied to a large, real-
world population of patients of diverse race
and ethnicity referred for PFTs at multiple
sites within a large healthcare system
consisting of community and quaternary
care centers. Further analysis was conducted
to examine the modifiedMedical Research
Council (mMRC) dyspnea scale score and
lung volumemeasurements, when available,
in patients whose spirometry interpretation
had changed with the use of GLI Global
compared with GLI-2012 reference
equations. Some of the results of this study
have been previously reported in the form
of an abstract (15).

Methods

The Mayo Clinic PFT Database
Our PFT database encompasses all testing
performed and interpreted at the clinical
pulmonary function laboratories at the
Mayo Clinic locations in Rochester, MN,
Jacksonville, FL, and Eau Claire, WI, between

January 1, 2016, andMay 31, 2022. It
includes reported PFT data, patient age, sex
at birth, self-reported race and ethnicity,
standing height, weight, andmMRC dyspnea
scale score at the time of testing. Our PFT
laboratories follow American Thoracic
Society technical standards and consensus
recommendations for quality assurance and
perform daily equipment calibration and
monthly biological quality control testing
(16, 17). Self-reported race and ethnicity was
provided by each patient through a
questionnaire completed on the day of
testing and confirmed by the pulmonary
function technician performing the test.
All spirometry and static lung volume
measurements were obtained using
Masterscreen Classic or Realtime and
Vyntus BODY or ONE testing systems
with SentrySuite v.3.10.5 software (Vyaire
Medical Inc.). Predicted spirometry values
in the database were calculated using the
race- and ethnicity-specific GLI-2012
reference equations. Predicted lung volume
measurements were calculated using GLI
reference equations for individuals of
European ancestry (18).

Interpretation of Spirometry Results
Spirometry results were divided into four
broad categories using the following
definitions: (1) normal spirometry (FEV1,
FVC, and FEV1/FVC ratio above a z-score of
21.64, which will subsequently be referred to
as the lower limit of normal [LLN]), (2)
indeterminate reduction in FEV1 (only
FEV1< LLN; FVC and FEV1/FVC
ratio. LLN), (3) obstruction (FEV1/FVC
ratio< LLN; FEV1 and FVCmay or may
not be above the LLN), and (4) possible
restriction (FVC< LLNwith FEV1/FVC
ratio. LLN; FEV1 may or may not be
above the LLN).

Sample Selection and Data Analysis
The study was approved by the Mayo Clinic
Institutional Review Board (study ID 22-
008578). The database included 335,949
spirometry tests, of which 181,287 tests were
initial measurements (i.e., without influence
from additional interventions such as
bronchodilation or bronchoprovocation).
Among these, we excluded 15,222 for the
following reasons: (1) 142 tests involved
patients aged,5 years or.95 years, which
are outside of the age range included in GLI
Global (ages 5–95 years) and GLI-2012 (ages
3–95 years) reference equations, and (2)
15,080 tests were conducted on patients who

At a Glance Commentary

Scientific Knowledge on the
Subject: Race-specific Global Lung
Function Initiative (GLI)-2012
reference equations have been the
recommended standard for
spirometry interpretation. The new
GLI Global equations offer a “race-
neutral” approach, an important step
toward eliminating racial bias in the
interpretation of lung function.

What This Study Adds to the
Field: This study evaluates the
impact of transitioning from GLI-
2012 to GLI Global equations on lung
function interpretations in a large,
diverse patient population. It shows
that this transition could significantly
alter spirometry interpretations, and
emphasizes the importance of placing
these data within an appropriate
clinical context.
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had undergone lung transplantation, in
whom donor race and ethnicity was not
known and lung function was dependent on
more complex physiologic interactions,
which could confound subsequent analysis.
After these exclusions, a total of 166,065
spirometry tests were reevaluated using GLI
Global reference equations. To minimize bias
from repeated measurements from the same
individual, only the first test performed on
each patient was included in our analysis,
resulting in a final sample of 109,447 tests
(Figure 1).

In a separate subgroup analysis
conducted on spirometry tests that met the
criteria for obstruction or possible restriction
using the GLI-2012 or GLI Global reference
equation but not the other (n=10,723), we
identified all corresponding lung volumes
measured during the same visit (n=6,720).
We limited this cohort to individuals
between ages 5 and 80 years, in line with the
age limits of the GLI lung volume reference
equations for individuals of European
ancestry (18). In total, 5,441 unique patients
were included. A comprehensive breakdown
of this sample selection process is presented
in Figure E1 in the online supplement.

JMP 14 and GraphPad Prism 9 were
used to analyze the data and create
descriptive diagrams. An ANOVAwas used

to compare means of continuous variables
across different race and ethnicity groups,
and a x2 test of independence and Fisher’s
exact test were used to compare proportions
of categorical variables with two or more
levels. An independent t test was conducted
to compare distributions of continuous
variables across spirometry tests with and
without changes in interpretation. The
statistical significance level was set at
P, 0.05.

Results

Patient Characteristics and Baseline
Lung Function Measures
Baseline patient characteristics, mMRC
scores, and lung function measurements are
summarized in Table 1 and stratified by self-
reported race and ethnicity. The mixed/other
race group had the youngest patient
population, and the Black group had the
highest proportion of mMRC scores>2
(36.7%). Absolute FEV1 and FVC were
highest in the NE Asian (2.51 and 3.19 L,
respectively) andWhite (2.47 and 3.36 L)
groups and lowest in the Black group (2.15
and 2.77L). Using GLI-2012 reference
equations, lung function measurements
consistent with obstruction were most

common in the SE Asian group (22.1%),
whereas those indicative of a possible
restriction were most common in the Black
group (21.9%).

Changes in Percent Predicted FEV1

and FVC Measures with the
Application of GLI Global
When GLI Global reference equations were
used in place of GLI-2012, the mean FEV1

and FVC (% predicted) increased in the
White and NE Asian groups and decreased
in the Black, SE Asian, and mixed/other race
groups (Figure 2). The change in FEV1 %
predicted and FVC% predicted were greatest
in the Black group, decreasing by 8.4% and
8.6%, respectively. More detailed
descriptions of the distribution and change
in mean and median FEV1% predicted and
FVC% predicted across groups are displayed
in Table E1 and Figure E2.

Relative Changes in the Interpretation
of Spirometry Test Results with the
Application of GLI Global
The prevalence of obstruction increased
from 19.7% to 21.6% (a relative increase of
9.7%) in theWhite group and decreased in
all other groups (Figure 3A). The decrease
was smallest in the Black group (from 14.7%
to 14.4%, a relative decrease of 1.8%) and
greatest in the SE Asian group (from 22.1%
to 14.7%, a relative decrease of 33.7%). The
prevalence of possible restriction increased
substantially with the use of GLI Global
equations in the Black (from 21.9% to 33.1%,
a relative increase of 51.1%) and SE Asian
(from 13.9% to 19.1%, a relative increase of
37.1%) groups and decreased in all other
groups (Figure 3B). The decrease was largest
for the NEAsian group (from 19.9% to 11.9%,
a relative decrease of 40.4%), followed by
theWhite group (from 14.3% to 10.6%, a
relative decrease of 26.3%). Summaries of
the direction andmagnitude of all relative
changes are displayed in Table E2
and Figure E3.

Overall, the use of GLI Global in place
of GLI-2012 reference equations altered the
interpretation of 8,296 (7.6%) spirometry test
results in our sample (Table 2). This
alteration in interpretations increased to
10.2% when each of the five race and
ethnicity groups were represented equally.
This percentage corresponds to the average
of the individual changes observed in each
group, regardless of their size. The highest
proportion of alterations was seen in the
Black group (14.9%), whereas the lowest was

Figure 1. Of the 181,287 baseline spirometry tests considered in this analysis, 142 belonging to
63 patients outside the age ranges for Global Lung Function Initiative (GLI) reference equations
and 15,080 belonging to 1,006 lung transplant recipients were excluded. The remaining 166,065
spirometry tests were reanalyzed using the race-neutral GLI Global reference equation. To avoid
duplications, only the first test was included for patients who had undergone more than one test.
The final data set for comparison included 109,447 tests, each corresponding to a unique
patient. The resultant predicted lung function measures were compared with those previously
computed with the race- and ethnicity-based GLI-2012 reference equations.
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seen in the mixed/other race group (5.6%).
Alterations in spirometry interpretation were
slightly more common in patients identified
as female at birth and were more likely to
impact tests with measurements near the
LLN (Table E3). Figure 4 illustrates the
changes in spirometry interpretation that
would be expected with the use of GLI
Global in a population with equal
representation of all five race/ethnicity
groups.

Lung Volumes and mMRC Scores in
Spirometry Tests with Discordant
Interpretations by GLI Global versus
GLI-2012
Spirometry test results indicating obstruction
by GLI Global alone were 1.7 (95% CI,
1.2–2.5; P=0.006) times more likely to be
associated with an mMRC score>2 and 2.6
(95% CI, 1.4–5.1; P=0.003) times more
likely to present with air trapping (defined by
residual volume of at least the upper limit of

normal) than those indicating obstruction
by GLI-2012 alone (Figure 5). The
corresponding odds of hyperinflation
(defined by a total lung capacity of at least
the upper limit of normal) did not reach
statistical significance (2.7; 95% CI, 0.7–11.4).
Spirometry test results showing possible
restriction by GLI Global alone were 3.3
(95% CI, 2.7–4.2) times more likely to be
associated with a low total lung capacity
(defined as no greater than the LLN) than
those showing possible restriction by GLI-
2012 alone (P, 0.001). A detailed analysis
of the sample composition for this subgroup
is provided in Table E4.

Discussion

GLI Global offers a “race-neutral” approach
to the interpretation of lung function
measurements, motivated by efforts to
eliminate health disparities and structural
racism in medicine. The use of self-identified
race and ethnicity oversimplifies the
interplay between genetics and the myriad
socioeconomic, environmental, and other
risk factors that impact lung function
(19–23). The GLI Global authors and others
have called for careful examination of the

Table 1. Patient Characteristics and Lung Function Measures Using GLI-2012 Reference Sets Stratified by Self-Reported Race
and Ethnicity (N=109,447)

Characteristic
White Black Northeast Asian Southeast Asian Mixed/Other Total

(n=101,010) (n= 4,476) (n=236) (n= 1,472) (n=2,253) (N= 109,447)

Age, yr 59.5618.5 52.0618.1 53.9620.9 51.9619.6 48.76 21.1 58.9618.7
Female sex 52,089 (51.6) 2,624 (58.6) 129 (54.7) 779 (52.9) 1,151 (51.1) 56,772 (51.9)
Height, cm 168.56 11.3 167.1611.8 162.5610.9 160.4611.6 164.2613.7 168.26 11.4
Weight, kg 84.0624.1 86.7625.9 64.4614.9 66.3618.0 76.16 24.5 83.7624.2
BMI, kg/m2 29.46 7.4 30.868.2 24.264.4 25.565.6 27.767.3 29.36 7.4
mMRC score,* n (%)
0 31,618 (35.9) 1,640 (40.9) 96 (50.8) 562 (45.8) 639 (35.0) 34,555 (36.2)
1 27,151 (30.8) 898 (22.4) 57 (30.2) 371 (30.2) 576 (31.6) 29,053 (30.5)
2 13,897 (15.8) 557 (13.9) 18 (9.5) 130 (10.6) 281 (15.4) 14,883 (15.6)
3 10,370 (11.8) 548 (13.7) 11 (5.8) 103 (8.4) 193 (10.6) 11,225 (11.8)
4 4,964 (5.6) 360 (9.0) 7 (3.7) 58 (4.7) 132 (7.2) 5,521 (5.8)

Lung function (GLI-2012)
FEV1, L 2.4760.97 2.1560.81 2.5160.89 2.2160.86 2.416 0.95 2.4560.96
FVC, L 3.3661.15 2.7760.98 3.1961.08 2.8561.04 3.126 1.17 3.3261.15
FEV1/FVC ratio 72.9612.3 77.7611.0 78.869.54 77.4610.5 77.36 11.2 73.2612.2
Normal 63,798 (63.2) 2,756 (61.6) 159 (67.4) 903 (61.3) 1,361 (60.4) 68,977 (63.0)
Indeterminate #FEV1 2,857 (2.8) 84 (1.9) 1 (0.4) 28 (2.6) 41 (1.8) 3,021 (2.8)
Obstruction 19,901 (19.7) 657 (14.7) 29 (12.3) 326 (22.1) 424 (18.8) 21,337 (19.5)
Possible restriction 14,454 (14.3) 979 (21.9) 47 (20.0) 205 (13.9) 427 (19.0) 16,112 (14.7)

Definition of abbreviations: #= reduced; GLI=Global Lung Function Initiative; mMRC=modified Medical Research Council.
Variables are reported as mean6 standard deviation where applicable. Values in parentheses are percentages. Differences in distribution and
percentages across all self-reported race and ethnicity groups were statistically significant (P,0.001).
*Discrepancies between the sum of tests and column total may be attributed to missing variables. mMRC data were missing for 14,210 patients.
All other variables were available for all patients.

Figure 2. Absolute change in mean (A) FEV1% predicted and (B) FVC% predicted values
using Global Lung Function Initiative (GLI)-2012 and GLI Global reference equations. In White
and NE Asian groups, mean FEV1% predicted increased by 3.6% and 2.4% predicted and
mean FVC% predicted increased by 4.5% and 2.6% predicted, respectively. In Black, SE
Asian, and mixed/other groups, mean FEV1% predicted decreased by 8.4%, 4.2%, and 1.7%
predicted and mean FVC% predicted decreased by 8.6%, 6.1%, and 2.1% predicted,
respectively. NE=northeast; SE= southeast.
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use of these reference equations in real-world
populations to better understand the
resulting impact in spirometry
interpretation (14, 24).

Our study demonstrated that the
application of GLI Global in place of the
race- and ethnicity-specific GLI-2012
equations resulted in a different
interpretation of nearly 1 of every 13
spirometry tests in our sample. This change
would be larger in centers with greater
demographic representation of individuals
who self-identify as Black or SE Asian and
does not include additional changes in the
severity of impairment (i.e., mild to
moderate obstruction). Changes in
interpretation were more likely to occur in
patients whose measurements were near the
LLN, emphasizing the need for clinicians to
recognize the uncertainty around such
diagnostic thresholds and the impact of the
reference equation that is used.

The highest percentage of lung function
interpretation changes was seen in Black
patients, with a 32.9% relative increase in the
prevalence of abnormal results. These
changes were primarily driven by a
proportional decrease in mean FEV1%

predicted and FVC% predicted, resulting in
an increase in possible restriction. In fact, this
significant decrease in mean FEV1%
predicted among Black subjects aligns with
concerns that race-specific reference
equations might underestimate the severity
of COPD in Black individuals (25). Patients
who self-identified as Black had a similar
percentage of normal spirometry test results
by GLI-2012 as all other race and ethnicity
groups except the NE Asian group, while also
having the lowest absolute measures of FEV1

and FVC and the highest proportion of
mMRC scores>2.

Spirometry interpretations in patients
who identified as SE Asian demonstrated a
significant decrease in obstruction and
increase in possible restriction using GLI
Global, leading to comparable prevalences of
both abnormalities. White individuals were
the only group in whom the use of GLI
Global was associated with an increase in the
frequency of obstruction, albeit with an
expected decrease in its severity graded using
FEV1% predicted. The GLI-2012
mixed/other race reference values are an
unweighted racial composite that, not
surprisingly, exhibited the least change

compared with GLI Global weighted
composite values. It is important to note that
changes in the % predicted values are driven
by shifts in the LLN when using GLI Global.
Decreases in % predicted values correspond
to increases in the LLN and vice versa. This is
particularly relevant because the
determination of abnormalities is based on
these LLN values.

Obstruction and possible restriction
using GLI Global equations more strongly
correlated with air trapping and reduced
total lung capacity on lung volume
measurements, respectively, compared with
GLI-2012. Although these findings may seem
to affirm that GLI Global more accurately
stratifies patients by their underlying lung
physiology, we caution that they are far from
definitive. Because the database used for the
present study provides no “gold standard”
for the presence of disease, further research is
necessary to explore the correlation of these
findings with more standardized clinical
measures and outcomes (11, 26).

The pursuit by Bowerman and
colleagues to produce race-neutral GLI
Global reference equations that aim to
reduce the risk of systematic bias is a

Figure 3. Relative change in lung function measure interpretations by self-declared race and ethnicity. (A) Changes relating to obstruction
defined as FEV1/FVC< lower limit of normal (LLN). “No” denotes no obstruction whereas “yes” indicates the presence of obstruction. (B)
Changes relating to possible restriction defined as FVC< LLN with FEV1/FVC ratio. LLN. “No” denotes no restriction, whereas “yes” indicates
the presence of possible restriction. For instance, there was a relative decrease of 33.7% in obstruction in the Southeast Asian group with the
use of GLI Global in place of GLI-2012, whereas there was a relative increase in possible restriction of 51.1% in the Black group.
NE=northeast; SE=southeast.
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laudable goal (14). Burney and Hooper
demonstrated that White individuals had a
better survival rate than Black individuals
with the same FVC% predicted using race-
specific equations, but that this survival
differential was eliminated with the use of
absolute measures of FVC (in liters) and/or
race-neutral reference equations (27).
Concern for the continued use of GLI-2012
equations has focused on the risk of
underestimating lung function impairment
in individuals who identify as a race or
ethnicity other thanWhite and the
consequent withholding of important
therapies or early referral to lung
transplantation compared withWhite
individuals with similar absolute lung
function (28–30). Conversely, moving away
fromGLI-2012 equations may affect the
eligibility of persons of different race or
ethnicity for specific occupations (e.g.,
military, firefighting), lead to higher
insurance premiums, or limit eligibility
for lung cancer resection surgery (11).
Understanding the real-world implications
of these changes will help inform the
complex discussions regarding the most
appropriate selection and use of normative
spirometry values. The intricacies regarding
the inclusion of self-reported race and
ethnicity are discussed more fully in the
recent American Thoracic Society statement,
“Race and Ethnicity in Pulmonary Function
Test Interpretation” (11).

GLI Global is not entirely devoid of
racial and ethnic influences, but rather aims
to minimize the impact of race/ethnicity on
spirometry interpretation. As the developers
of GLI Global have noted, no reference
equation is ideal, and many questions
regarding the best approach to measure lung
function in our diverse global population
remain unanswered. There is somemerit to
using locally derived reference standards that
are region-specific. However, this requires
well-conducted and regularly updated
epidemiological studies that can be difficult
to perform (31). Moreover, such local
reference values are unlikely to perform well
in diverse, multiethnic communities in
which there are high rates of migration, both
national and international. Although the GLI
offers the best normative data set to date, it
still lacks representation frommany
important world populations. The absence of
an objective gold standard for disease still
underlines the importance of careful clinical
assessment to clarify the uncertainty that
persists with lung function categorizationT

ab
le

2.
F
re
qu

en
cy

of
C
ha

ng
e
in

Lu
ng

F
un

ct
io
n
In
te
rp
re
ta
tio

ns
an

d
R
el
at
iv
e
C
ha

ng
e
in

A
bn

or
m
al

In
te
rp
re
ta
tio

ns
by

R
ac

e
an

d
E
th
ni
ci
ty

R
ac

e
an

d
E
th
n
ic
it
y

C
h
an

g
e
in

L
u
n
g

F
u
n
ct
io
n
In
te
rp

re
ta
ti
o
n
*

C
h
an

g
e
in

A
b
n
o
rm

al
In
te
rp

re
ta
ti
o
n

(O
b
st
ru

ct
io
n
,
P
o
ss

ib
le

R
es

tr
ic
ti
o
n
,
#F

E
V
1
)†

A
b
n
o
rm

al
b
y

G
L
I-
20

12
A
b
n
o
rm

al
b
y

G
L
I
G
lo
b
al

R
el
at
iv
e
C
h
an

g
e,

%

W
hi
te

(n
=
10

1,
01

0)
7,
30

5
(7
.2
)

37
,2
12

34
,4
18

2
7.
5

B
la
ck

(n
=
4,
47

6)
66

7
(1
4.
9)

1,
72

0
2,
28

6
1
32

.9
N
or
th
ea

st
A
si
an

(n
=
23

6)
27

(1
1.
4)

77
54

2
29

.9
S
ou

th
ea

st
A
si
an

(n
=
1,
47

2)
17

3
(1
1.
8)

56
9

53
9

2
5.
3

M
ix
ed

/o
th
er

(n
=
2,
25

3)
12

4
(5
.6
)

89
2

84
6

2
5.
2

T
ot
al

(N
=
10

9,
44

7)
8,
29

6
(7
.6
)

40
,4
70

38
,1
43

2
5.
8

E
qu

al
ly

w
ei
gh

ed
sa

m
pl
e‡

N
A
(1
0.
2)

N
A

N
A

2
3.
0

D
e
fin

iti
o
n
o
f
a
b
b
re
vi
a
tio

n
s:

#=
re
d
u
c
e
d
;
G
L
I=

G
lo
b
a
l
L
u
n
g
F
u
n
c
tio

n
In
iti
a
tiv
e
;
N
A
=
n
o
t
a
p
p
lic
a
b
le
.

V
a
lu
e
s
in

p
a
re
n
th
e
se

s
a
re

p
e
rc
e
n
ta
g
e
s.

*“
C
h
a
n
g
e
in

L
u
n
g
F
u
n
c
tio

n
In
te
rp
re
ta
tio

n
”
d
e
sc

ri
b
e
s
th
e
n
u
m
b
e
r
a
n
d
fr
e
q
u
e
n
c
y
o
f
sp

ir
o
m
e
tr
y
te
st
s
w
ith

c
h
a
n
g
e
in

c
a
te
g
o
ri
za

tio
n
w
ith

th
e
sw

itc
h
fr
o
m

G
L
I-
2
0
1
2
to

G
L
I
G
lo
b
a
l.

†
“C

h
a
n
g
e
in

a
b
n
o
rm

a
l
in
te
rp
re
ta
tio

n
”
re
p
re
se

n
ts

th
e
n
u
m
b
e
r
o
f
a
b
n
o
rm

a
l
in
te
rp
re
ta
tio

n
s
fa
lli
n
g
in
to

o
n
e
o
f
th
re
e
c
a
te
g
o
ri
e
s:

o
b
st
ru
c
tio

n
,
p
o
ss

ib
le

re
st
ri
c
tio

n
,
a
n
d
in
d
e
te
rm

in
a
te

re
d
u
c
tio

n
in

F
E
V
1
.
R
e
la
tiv
e
c
h
a
n
g
e
is

c
a
lc
u
la
te
d
a
s
([
G
L
I
G
lo
b
a
l
va

lu
e
–
G
L
I-
2
0
1
2
va

lu
e
]/
G
L
I-
2
0
1
2
va

lu
e
)3

1
0
0
%
.

‡
“E
q
u
a
lly

w
e
ig
h
e
d
sa

m
p
le
”
re
fe
rs

to
a
sa

m
p
le

in
w
h
ic
h
a
ll
fiv
e
ra
c
e
a
n
d
e
th
n
ic
ity

g
ro
u
p
s
(B
la
c
k,

W
h
ite

,
N
o
rt
h
e
a
st

A
si
a
n
,
S
o
u
th
e
a
st

A
si
a
n
,
a
n
d
m
ix
e
d
/o
th
e
r)
a
re

re
p
re
se

n
te
d
in

e
q
u
a
l
p
ro
p
o
rt
io
n
s.

T
h
e
p
e
rc
e
n
ta
g
e
s
c
o
rr
e
sp

o
n
d
to

th
e
a
ve

ra
g
e
o
f
th
e
in
d
iv
id
u
a
l
fr
e
q
u
e
n
c
ie
s/
c
h
a
n
g
e
s
o
b
se

rv
e
d
in

e
a
c
h
g
ro
u
p
re
g
a
rd
le
ss

o
f
th
e
ir
si
ze

.

ORIGINAL ARTICLE

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



near the LLN. This highlights the urgent
need for further research examining the
impact of the transition to GLI Global
reference values on patient-centered clinical
outcomes, including symptom burden,
quality of life, healthcare utilization, and
mortality (32). Perhaps most importantly,

even though race-neutral equations may
increase the sensitivity of disease detection
for individuals of certain ancestral origins—
albeit at the expense of potential “false-
positive” results—it will do nothing to
eliminate racial disparities in access to and
quality of health care and insurance.

Differences in socioeconomic and
environmental factors that impact health will
also persist or become even more stark as
providers pursue further evaluation to
explain abnormal PFT findings. Solving these
problems remains fundamental to
meaningful progress toward healthcare
equity.

Our study has limitations. Our database
included a relatively small number of
individuals who identified as NE Asian,
despite encompassing more than 6 years of
data from three medical centers in our health
system. As such, caution should be exercised
when generalizing these results to individuals
who identify with this demographic group.
Furthermore, our subgroup analysis, while
informative, addresses a smaller proportion
of patients and is influenced by the racial
composition of our sample. It should also be
noted that the reference equations used for
lung volumes were derived exclusively from
individuals of White race, and the
implications for their applicability to other
racial or ethnic groups remain unclear.
Although our study offers valuable insights
into the use of GLI Global for spirometry
interpretation, further research is necessary
to ascertain whether the changes in
spirometry interpretations correlate with
patient symptoms, other objective testing
abnormalities, and clinical diagnoses at the
time of testing. As it stands, the clinical
significance of the observed changes in
interpretation using GLI Global remains to
be determined.

Conclusions
Although GLI Global provides innovative
“race-neutral” reference equations aimed at
reducing systematic bias, our findings reveal
that transitioning to these equations
significantly changes interpretation within a
large, diverse, multicenter PFT database.
These changes are likely to be greater in
communities with greater racial diversity
than was seen in our cohort. It is crucial to
consider the intended use of spirometry
interpretation and acknowledge the
continued importance of placing these data
within an appropriate clinical context. More
research is needed to understand the clinical
implications of the changes in interpretation
we observe using the GLI Global reference
equations.�

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

Figure 4. The application of Global Lung Function Initiative (GLI) Global to a population with
equal representation of all five race and ethnicity groups (Black, White, Northeast Asian,
Southeast Asian, and mixed/other) resulted in a change in interpretation in 10.2% of tests
performed. The displayed changes in lung function interpretation represent the relative (or
percent) change in categorization with the switch from GLI-2012 to GLI Global.

Figure 5. (A) Patients with obstruction on spirometry by Global Lung Function Initiative (GLI)
Global alone were 1.7 (95% CI, 1.2–2.5; P=0.006) times more likely to present with a modified
Medical Research Council score >2 and 2.6 (95% CI, 1.4–5.1) times more likely to exhibit air
trapping (defined as residual volume at least at the upper limit of normal) compared with those
with obstruction by GLI-2012 alone. (B) Patients with possible restriction on spirometry by GLI
Global alone were 3.3 (95% CI, 2.7–4.2) times more likely to exhibit low total lung capacity
(defined as at or lower than the LLN) compared with those with possible restriction by GLI-
2012 alone. LLN= lower limit of normal; mMRC=modified Medical Research Council;
RV= residual volume; TLC= total lung capacity; ULN=upper limit of normal.

ORIGINAL ARTICLE

Kanj, Scanlon, Yadav, et al.: Application of GLI Global in a Population of Diverse Race and Ethnicity 89

http://www.atsjournals.org/doi/suppl/10.1164/rccm.202303-0613OC/suppl_file/disclosures.pdf
http://www.atsjournals.org


References

1. Quanjer PH, Stanojevic S, Cole TJ, Baur X, Hall GL, Culver BH, et al.;
ERS Global Lung Function Initiative. Multi-ethnic reference values for
spirometry for the 3-95-yr age range: the Global Lung Function 2012
equations. Eur Respir J 2012;40:1324–1343.

2. Colice GL, Shafazand S, Griffin JP, Keenan R, Bolliger CT; American
College of Chest Physicians. Physiologic evaluation of the patient with
lung cancer being considered for resectional surgery: ACCP evidenced-
based clinical practice guidelines (2nd edition). Chest 2007;132(suppl):
161S–177S.

3. Sorror ML, Maris MB, Storb R, Baron F, Sandmaier BM, Maloney DG,
et al. Hematopoietic cell transplantation (HCT)-specific comorbidity
index: a new tool for risk assessment before allogeneic HCT. Blood
2005;106:2912–2919.

4. Braun L, Wolfgang M, Dickersin K. Defining race/ethnicity and explaining
difference in research studies on lung function. Eur Respir J 2013;41:
1362–1370.

5. Occupational Safety and Health Administration (OSHA). Transcript of
Proceedings, United States Department of Labor Occupational Safety
and Health Administration Informal Public Hearing on Proposed
Standard for Exposure to Cotton Dust. 1977 [accessed 2023 Jun 12].
Available from: https://www.regulations.gov/document/OSHA-H052-
2006-0901-1264.

6. Townsend MC, Cowl CT. U.S. occupational historical perspective on race
and lung function. Am J Respir Crit Care Med 2022;206:789–790.

7. Harik-Khan RI, Muller DC, Wise RA. Racial difference in lung function in
African-American and White children: effect of anthropometric,
socioeconomic, nutritional, and environmental factors. Am J Epidemiol
2004;160:893–900.

8. Quanjer PH. Lung function, genetics and socioeconomic conditions. Eur
Respir J 2015;45:1529–1533.

9. Beaverson S, Ngo VM, Pahuja M, Dow A, Nana-Sinkam P, Schefft M.
Things we do for no reasonTM: race adjustments in calculating lung
function from spirometry measurements. J Hosp Med 2023;18:845–847.

10. Bhakta NR, Kaminsky DA, Bime C, Thakur N, Hall GL, McCormack MC,
et al. Addressing race in pulmonary function testing by aligning intent
and evidence with practice and perception. Chest 2022;161:288–297.

11. Bhakta NR, Bime C, Kaminsky DA, McCormack MC, Thakur N,
Stanojevic S, et al. Race and ethnicity in pulmonary function test
interpretation: an official American Thoracic Society statement. Am J
Respir Crit Care Med 2023;207:978–995.

12. Vyas DA, Eisenstein LG, Jones DS. Hidden in plain sight—reconsidering
the use of race correction in clinical algorithms. N Engl J Med 2020;
383:874–882.

13. Elmaleh-Sachs A, Balte P, Oelsner EC, Allen NB, Baugh A, Bertoni AG,
et al. Race/ethnicity, spirometry reference equations, and prediction of
incident clinical events: the Multi-Ethnic Study of Atherosclerosis
(MESA) lung study. Am J Respir Crit Care Med 2022;205:700–710.

14. Bowerman C, Bhakta NR, Brazzale D, Cooper BR, Cooper J, Gochicoa-
Rangel L, et al. A race-neutral approach to the interpretation of lung
function measurements. Am J Respir Crit Care Med 2023;207:
768–774.

15. Kanj A, Scanlon PD, Bungum A, Poliszuk D, Fick E, Smith WT, et al.
Application of GLI Global spirometry reference equations to a large
population across a multi-site academic healthcare system [abstract].
Am J Respir Crit Care Med 2023;207:A3008.

16. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A,
et al.; ATS/ERS Task Force. Standardisation of spirometry. Eur Respir
J 2005;26:319–338.

17. Graham BL, Steenbruggen I, Miller MR, Barjaktarevic IZ, Cooper BG,
Hall GL, et al. Standardization of spirometry 2019 update. An Official
American Thoracic Society and European Respiratory Society technical
statement. Am J Respir Crit Care Med 2019;200:e70–e88.

18. Hall GL, Filipow N, Ruppel G, Okitika T, Thompson B, Kirkby J, et al.;
contributing GLI Network members. Official ERS technical standard:
Global Lung Function Initiative reference values for static lung volumes
in individuals of European ancestry. Eur Respir J 2021;57:2000289.

19. Gaffney AW, McCormick D, Woolhandler S, Christiani DC, Himmelstein DU.
Prognostic implications of differences in forced vital capacity in Black and
White US adults: findings from NHANES III with long-term mortality
follow-up. EClinicalMedicine 2021;39:101073.

20. Di Q, Wang Y, Zanobetti A, Wang Y, Koutrakis P, Choirat C, et al. Air
pollution and mortality in the Medicare population. N Engl J Med 2017;
376:2513–2522.

21. Tsai J, Homa DM, Gentzke AS, Mahoney M, Sharapova SR, Sosnoff CS,
et al. Exposure to secondhand smoke among nonsmokers—United
States, 1988-2014. MMWR Morb Mortal Wkly Rep 2018;67:
1342–1346.

22. Iwane MK, Chaves SS, Szilagyi PG, Edwards KM, Hall CB, Staat MA,
et al. Disparities between black and white children in hospitalizations
associated with acute respiratory illness and laboratory-confirmed
influenza and respiratory syncytial virus in 3 US counties—2002-2009.
Am J Epidemiol 2013;177:656–665.

23. Kershaw KN, Osypuk TL, Do DP, De Chavez PJ, Diez Roux AV.
Neighborhood-level racial/ethnic residential segregation and incident
cardiovascular disease: the multi-ethnic study of atherosclerosis.
Circulation 2015;131:141–148.

24. Mannino DM, Townsend MC. Spirometry in 2022: is a single set of
prediction equations for all the best path forward? Am J Respir Crit
Care Med 2023;207:659–661.

25. Baugh AD, Shiboski S, Hansel NN, Ortega V, Barjaktarevic I, Barr RG,
et al. Reconsidering the utility of race-specific lung function prediction
equations. Am J Respir Crit Care Med 2022;205:819–829.

26. Marciniuk DD, Becker EA, Kaminsky DA, McCormack MC, Stanojevic S,
Bhakta NR, et al. Effect of race and ethnicity on pulmonary function
testing interpretation: a CHEST/AARC/ATS/CTS evidence review and
research statement. Chest 2023;164:461–475.

27. Burney PG, Hooper RL. The use of ethnically specific norms for
ventilatory function in African-American and white populations. Int J
Epidemiol 2012;41:782–790.

28. Hill NS. Pulmonary rehabilitation. Proc Am Thorac Soc 2006;3:66–74.
29. Kaminsky DA. Is there a role for using race-specific reference equations?

Yes and no. Am J Respir Crit Care Med 2022;205:746–748.
30. McCormack MC, Balasubramanian A, Matsui EC, Peng RD, Wise RA,

Keet CA. Race, lung function, and long-term mortality in the national
Health and Nutrition Examination Survey III. Am J Respir Crit Care
Med 2022;205:723–724.

31. American Thoracic Society. Lung function testing: selection of reference
values and interpretative strategies. Am Rev Respir Dis 1991;144:
1202–1218.

32. Ekstr€om M, Mannino D. Research race-specific reference values and
lung function impairment, breathlessness and prognosis: analysis of
NHANES 2007-2012. Respir Res 2022;23:271.

ORIGINAL ARTICLE

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

https://www.regulations.gov/document/OSHA-H052-2006-0901-1264
https://www.regulations.gov/document/OSHA-H052-2006-0901-1264

