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To the Editor:

It has been observed historically that lung function
varies by race and ethnicity, even after accounting for
differences in height, sex, and age. Until recently,
guidelines have recommended using race-specific
reference values to interpret pulmonary function test
(PFT) results.1 Many potential confounding factors
contribute to population differences in lung function
that transcend race, including socioeconomic status and
environmental exposures.2,3 Furthermore, because race
is a social construct, the use of race-based
interpretation strategies runs the risk of perpetuating
structural health care disparities.4,5 Although the
limitations of using race-based reference equations
increasingly are recognized, potential risks of not
including race in interpretative strategies for PFT
results also exist,6 and the best alternative approach
currently is not clear.7 In an effort to balance these
risks and benefits and to avoid perpetuating systemic
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racism, the American Thoracic Society recently
shed guidelines recommending a transition to
composite reference equation use in interpretation
T findings.

lobal Lung Initiative (GLI) established reference
PFT equations from healthy participants of multiple
races and ethnicities who did not use tobacco.8 One
approach to performing race-neutral PFT results
interpretation is to use a composite of reference values
from all the included racial and ethnic groups, also
known as GLI Other (GLI-O). The usefulness of GLI-O
recently was examined in two articles. First, McCormack
et al9 reanalyzed data from the Third National Health
and Nutrition Examination Survey (NHANES III)
survey and found that the use of FEV1 z scores derived
from GLI-O predicted mortality similarly to race-based
approaches. Second, Baugh et al10 reanalyzed data from
the Subpopulations and Intermediate Outcome
Measures in COPD Study (SPIROMICS) and concluded
that FEV1 % predicted calculated using GLI-O more
consistently identifies Black patients at high risk,
including those with previously unidentified COPD.
These studies demonstrated that low lung function
(especially FEV1) in Black patients should not be
considered normal from an epidemiologic perspective.
Methods

This study was designed to help understand how the use of race-
composite reference equations may impact the usefulness of
spirometry as a diagnostic tool. We analyzed PFTs performed at the
University of Rochester Medical Center between 1991 and 2020
using GLI race-specific reference equations (as recommended
previously) and GLI-O reference equations. PFT records from White
and Black patients aged 12 to 70 years were included in this analysis.
In this study, race was determined by self-report documented at the
time PFTs originally were performed. Twelve thousand two hundred
six PFT results were reanalyzed, 11,322 from White patients and 884
from Black patients. This study was approved by the University of
Rochester Medical Center Institutional Review Board. We compared
the number of White and Black patients with normal and abnormal
z scores for FEV1, FVC, and FEV1 to FVC ratio (defined as z $

–1.645 and z < –1.645, respectively). An obstructive defect was
defined as FEV1 to FVC ratio z score of < –1.645, and a potential
restrictive defect was defined as FVC z score of < –1.645 with FEV1

to FVC ratio z score of $ –1.645.
Results
A summary of demographic data for all included
patients is provided in Table 1. No Black patients were
found to have PFT findings consistent with obstruction
only when using race-specific reference values.
Additionally, only two Black patients were found to have
PFT results suggestive of potential restriction when
using only race-specific reference values. As a result,
although four groups of White patients are presented in
Table 1, only three groups of Black patients are
presented. Note that White patients whose FEV1 results
were abnormally low (z < –1.645) using both race-
specific and GLI-O reference equations were older and
taller in comparison with White patients with
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TABLE 1 ] Patient Demographic Features

Variable

Black Patients White Patients

All
Agreed

Normality
GLI-O

Abnormal Only
Agreed

Abnormality All
Agreed

Normality
GLI-O

Abnormal Only
Race-Specific
Abnormal Only

Agreed
Abnormality

FEV1 n ¼ 884 n ¼ 444 n ¼ 108 n ¼ 331 n ¼ 11,322 n ¼ 6,561 n ¼ 145 n ¼ 589 n ¼ 4,027

Age, y 51.8 � 18.1 50.7 �19.4 49.8 �19.1 53.9 � 15.6 61.7 � 17.0 60.0 � 18.4 64.4 � 9.8 62.6 � 18.5 64.2 � 14.0

Sex, % male 41.2 34.9 41.7 49.5 45.7 43.2 57.9 41.6 50.0

Height, cm 167.2 � 9.6 166.5 � 9.4 167.3 � 10.3 168.3 � 9.5 167.7 � 11.7 167.6 � 9.9 174.3 � 9.2 166.2 � 10.5 167.8 � 14.2

Absolute FEV1, L 2.1 � 0.8 2.5 � 0.7 2.1 � 0.6 1.4 � 0.5 2.2 � 1.0 2.7 � 0.9 2.4 � 0.5 2.0 � 0.6 1.4 � 0.6

Absolute FVC, L 2.8 � 0.9 3.2 � 0.9 2.8 � 0.8 2.3 � 0.7 3.1 � 1.1 3.6 � 1.1 3.3 � 0.8 2.8 � 0.9 2.4 � 0.8

Obstruction n ¼ 884 n ¼ 611 n ¼ 17 n ¼ 256 n ¼ 11,322 n ¼ 7,691 n ¼ 390 n ¼ 2 n ¼ 3,239

Age, y 51.8 � 18.1 52.9 � 17.3 42.2 � 23.5 49.8 � 19.3 61.7 � 17.0 61.0 � 17.5 60.0 � 19.5 49.0 � 1.4 63.5 � 15.3

Sex, % male 41.2 35.7 35.3 54.7 45.7 45.4 42.3 100.0 46.9

Height, cm 167.2 � 9.6 166.8 � 9.7 169.4 � 6.5 168.1 � 9.4 167.7 � 11.7 167.7 � 10.1 167.4 � 10.0 169.9 � 0.5 167.5 � 14.9

Absolute FEV1, L 2.1 � 0.8 2.3 � 0.8 2.2 � 0.8 1.6 � 0.7 2.2 � 1.0 2.5 � 0.9 2.2 � 0.9 1.8 � 0.3 1.5 � 0.8

Absolute FVC, L 2.8 � 0.9 2.9 � 0.9 3.1 � 1.0 2.7 � 0.9 3.1 � 1.1 3.3 � 1.1 3.2 � 1.2 2.7 � 0.4 2.8 � 1.1

Potential restriction n ¼ 611 n ¼ 393 n ¼ 91 n ¼ 125 n ¼ 7,691 n ¼ 5,719 n ¼ 242 n ¼ 299 n ¼ 1,431

Age, y 52.9 � 17.3 54.7 � 15.7 51.3 � 17.6 55.7 � 13.4 61.0 � 17.5 60.2 � 18.1 66.4 � 9.7 60.8 � 17.2 63.4 � 15.5

Sex, % male 35.7 35.4 34.1 38.4 45.4 42.0 55.4 50.5 56.5

Height, cm 166.8 � 9.7 166.8 � 9.5 166.7 � 10.1 167.1 � 10.2 167.7 � 10.1 167.5 � 10.0 170.2 � 10.0 167.9 � 10.0 168.4 � 10.6

Absolute FEV1, L 2.3 � 0.8 2.6 � 0.7 2.0 � 0.6 1.6 � 0.5 2.5 � 0.9 2.8 � 0.9 2.2 � 0.6 2.1 � 0.6 1.7 � 0.6

Absolute FVC, L 2.9 � 0.9 3.2 � 0.9 2.5 � 0.7 2.0 � 0.6 3.3 � 1.1 3.6 � 1.0 2.9 � 0.7 2.7 � 0.7 2.2 � 0.7

Data are presented as No. or mean � SD, unless otherwise indicated. GLI-O ¼ Global Lung Initiative Other.
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consistently normal FEV1 z scores using both race-
specific and GLI-O reference equations. Demographic
features among Black patients were comparable among
the three FEV1 classification groups, except that patients
with abnormal FEV1 z scores using either race-specific
or GLI-O reference equations were more likely to be
male.

Table 2 compares PFT values obtained using GLI race-
specific references (in rows) vs race-composite GLI-O (in
columns) for the PFT results of White and Black patients.
The same data are shown in Figure 1 for ease of
comparison. For FEV1, 93.5% agreement was found
between the two approaches in the PFT results of White
patients, whereas the agreement was 87.6% in the PFT
results of Black patients. The k statistic 95% CI
comparing FEV1 z scores of White and Black patients did
not overlap, indicating that the percent agreement using
the two approaches was significantly higher for the PFT
results of White patients than those of Black patients.
Using GLI-O resulted in 5.2% of the FEV1 values of
White patients being reclassified as normal and
1.3% being reclassified as abnormally low. Using GLI-O
resulted in 12.2% of FEV1 results of Black patients being
reclassified as abnormal and the FEV1 results of only 1
patient as normal.

The percent agreement for FEV1 to FVC ratio was
better.8 For the PFT results of White and Black patients,
the agreement between race-specific and GLI-O was
96.5% and 98.1%, respectively. Using race-specific
reference equations, 28.6% of White patients’ PFT
results were found to be consistent with an obstructive
pattern in comparison with 32.1% using GLI-O. For
Black patients’ PFT results, 29.0% were consistent with
an obstructive pattern using race-specific reference
equations compared with 30.9% using GLI-O.

We defined potential restrictive defect as a reduced FVC
with preserved FEV1 to FVC ratio. Using race-specific
reference equations, 22.5% of White patients’ PFT results
and 20.8% of Black patients’ PFT results were consistent
with potential restriction. When using race-composite
GLI-O, fewer PFT results (21.8%) of White patients but
more PFT results (35.4%) of Black patients were classified
as consistent with potential restrictive defects. This
represents an absolute decrease of 0.7% in White patients’
PFT results and an absolute increase of 14.6% in Black
patients’ PFT results. The percent agreement in
diagnosing potential restriction was significantly lower for
Black patients’ PFT results (89.5%; k ¼ 0.63) compared
with White patients’ PFT results (93.0%; k ¼ 0.80).
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Discussion
Adopting the race-composite GLI-O reference would
result in reasonable agreement with race-specific
reference equations for the diagnosis of obstructive
ventilatory defects by spirometry. In contrast, about
15% more PFT results of Black patients would be
reclassified as having potential restrictive defects. These
results are not surprising because the FEV1 to FVC ratio
did not differ significantly by race or ethnicity, whereas
Black patients have lower FVC on average than White
patients in the race-specific GLI reference equations.8

Because health care outcomes for the reclassified groups
currently are not known, the clinical implications of this
reclassification remain to be determined. Extrapolating
from recent studies,9,10 it seems premature to conclude
that this group with new diagnoses with potential
restriction should be dismissed as a new normal.

Differences in classification of PFT results among White
patients were significantly less frequent when using GLI-
O compared with race-specific reference equations. Of
note, a small but significant number of White patients
were found to have FEV1 z scores of < –1.645 using
GLI-O reference equations only. This finding was
unexpected because in most cases, White patients with
normal z scores calculated using race-specific reference
equations also would be predicted to have normal z
scores using GLI-O reference equations. Patients in this
group were found to have borderline lung function with
z score near the cutoff value of –1.645. Demographic
characteristics of patients in this group were not
significantly different in comparison with demographics
of the overall study population. Further research will be
needed to explore characteristics of this group in greater
detail. Overall, less than 5% of White patients’ PFT
results were classified differently with regard to
obstruction or potential restriction. This is an important
finding because the high agreement shown suggests low
risk of harm related to underdiagnosis or overdiagnosis
using different reference equations among White
patients.

Our results confirm and extend the recent report from
Kitazawa et al.11 These investigators analyzed PFT
results from 406 participants tested between 2018 and
2021. Similar to the findings of our study, the authors
found an overall concordance rate of 87% when
comparing interpretation of FEV1 as normal or
abnormal using race-specific Canadian, race-specific
GLI, and race-composite GLI-O reference values. The
most significant differences were noted comparing
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TABLE 2 ] PFT Results Classification Using Race-Specific vs Race Neutral (GLI-O) Interpretation

FEV1 White Patients (n ¼ 11,322) FEV1 Black Patients (n ¼ 884)

FEV1 GLI-O z <

–1.645 (n ¼ 4,172)
FEV1 GLI-O z $ –1.645
(n ¼ 7,150)

FEV1 GLI-O z <

–1.645 (n ¼ 439)
FEV1 GLI-O z $ –1.645
(n ¼ 445)

FEV1 race-specific z < –1.645
(n ¼ 4,616)

4,027 (35.6) 589 (5.2) FEV1 race-specific z < –1.645
(n ¼ 332)

331 (37.4) 1 (0.1)

FEV1 race-specific z $ –1.645
(n ¼ 6,706)

145 (1.3) 6,561 (57.9) FEV1 race-specific z $ –1.645
(n ¼ 552)

108 (12.2) 444 (50.2)

Agreement 93.5% Agreement 87.6%

k (95% CI) 0.86 (0.85-0.87) k (95% CI) 0.75 (0.71-0.80)

Obstructiona White Patients (n ¼ 11,322) Black patients (n ¼ 884)

GLI-O Obstructive
(n ¼ 3,629)

GLI-O Normal (n ¼ 7,693) GLI-O Obstructive
(n ¼ 273)

GLI-O Normal (n ¼ 611)

Race-specific obstructive
(n ¼ 3,241)

3,239 (28.6) 2 (0.0) Race-specific obstructive
(n ¼ 256)

256 (29.0) 0 (0.0)

Race-specific normal
(n ¼ 8,081)

390 (3.4) 7,691 (67.9) Race-specific normal
(n ¼ 628)

17 (1.9) 611 (69.1)

Agreement 96.5% Agreement 98.1%

k (95% CI) 0.92 (0.91-0.93) k (95% CI) 0.95 (0.93-0.98)

Potential restrictionb White Patients (n ¼ 7,691) Black patients (n ¼ 611)

GLI-O potential
restriction
(n¼1,673)

GLI-O not suggestive of
restriction (n ¼ 6,018)

GLI-O potential
restriction
(n ¼ 216)

GLI-O not suggestive of
restriction (n ¼ 395)

Race-specific potential
restriction (n ¼ 1,730)

1,431 (18.6) 299 (3.9) Race-specific Potential
Restriction (n ¼ 127)

125 (20.5) 2 (0.3)

Race-specific not suggestive
of restriction (n ¼ 5,961)

242 (3.1) 5,719 (74.4) Race-specific not suggestive
of restriction (n ¼ 484)

91 (14.9) 393 (64.3)

Agreement 93.0% Agreement 89.5%

k (95% CI) 0.80 (0.78-0.81) k (95% CI) 0.63 (0.57-0.70)

Data are presented as No. (%), unless otherwise indicated. GLI-O ¼ Global Lung Initiative Other; PFT ¼ pulmonary function test.
aDefined as FEV1 to FVC ratio z score < –1.645.
bDefined as FVC z score < –1.645. All patients included here have normal FEV1 to FVC ratio defined as FEV1 to FVC ratio z score of $ –1.645. Patients with abnormal FEV1 to FVC ratio were excluded in this group.
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Figure 1 – A-C, Bar graphs showing observed change in pulmonary function test results classification with transition to race-neutral interpretation.
Spirometry results were obtained using race-specific vs race-neutral reference equations and are shown for White patients and Black patients. A,
Percentage of patients with an abnormally low FEV1 (defined as z < –1.645). B, Percentage of patients with an obstructive defect (defined as FEV1 to
FVC ratio, z < –1.645). C, Percentage of patients with a potential restrictive defect (FVC z score < –1.645 with preserved FEV1 to FVC ratio). The
figure depicts absolute proportions obtained using the different approaches, so no error bars are warranted.
Canadian with race-specific GLI reference values among
Black patients where FEV1 was more likely to be
considered normal using race-specific GLI reference
values. The report from Kitazawa et al11 primarily
focuses on comparing race-specific GLI and GLI-O with
Canadian reference equations. Our study increased
generalizability to PFTs performed in the United States
by focusing more on a comparison of currently used
race-specific GLI reference equations with GLI-O
reference equations.

Our study has both strengths and limitations.
Strengths include a large number of tests from a
clinical database of patients referred for PFTs.
Additionally, this study used GLI-O reference
equations that have been proposed as a race-
composite alternative to race-specific reference
equations. It seems likely that our results will reflect
real-world experience in other centers in the United
States, although the percent agreement will vary based
on patient demographic features and prevalence of
specific disease states. Limitations include that this
was a single-center retrospective study incorporating a
relatively small proportion of Black patients, the
cohort was heterogeneous with respect to diagnoses,
GLI-O is limited in its representation of all racial and
ethnic groups, and clinical outcomes data currently
are not available for the current patients. Additionally,
recent publications have proposed use of GLI Global
reference equations rather than GLI-O equations.
Because the GLI Global reference equations were
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released very recently, clear consensus on the best
equation to use in race-neutral PFT results
interpretation does not yet exist. However,
reinterpretation of PFT results using GLI Global
reference equations may be beneficial in future
research. Finally, this study was limited to evaluation
of the impact of change in reference equations on
White and Black populations only because of limited
data available from patients of other racial and ethnic
backgrounds. To gain a more comprehensive
understanding of the impact of transition to race-
neutral reference equations, additional analyses
incorporating patient data for individuals from a
variety of racial and ethnic backgrounds and clarifying
clinical characteristics of patients will be needed.

We hope the findings from our study will help
clinicians understand the implications of using race-
specific vs race-composite interpretation strategies for
PFT results. Classification of PFT results comprises
only one portion of clinical decision-making and
importantly must be incorporated into a broader
understanding of an individual patient’s history,
symptoms, and other diagnostic testing. Still,
reclassification of PFT results is likely to impact clinical
decision-making including recommendations for
disability or activity and job restrictions, additional
diagnostic testing, and medication prescription. More
research focused on the impact of race-neutral
approaches on the usefulness of PFT findings in the
diagnosis and management of lung diseases is urgently
[ 1 6 4 # 5 CHES T NO V EM B E R 2 0 2 3 ]



needed. This research will be crucial in identifying the
best PFT interpretation strategy with the most
important clinical goal of accurately identifying
patients impacted by abnormal lung function.
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