
AMERICAN THORACIC SOCIETY
DOCUMENTS

Race and Ethnicity in Pulmonary Function Test Interpretation
An Official American Thoracic Society Statement
Nirav R. Bhakta, Christian Bime, David A. Kaminsky, Meredith C. McCormack, Neeta Thakur, Sanja Stanojevic,
Aaron D. Baugh, Lundy Braun, Stephanie Lovinsky-Desir, Rosemary Adamson, Jonathan Witonsky, Robert A. Wise,
Sean D. Levy, Robert Brown, Erick Forno, Robyn T. Cohen, Meshell Johnson, John Balmes, Yolanda Mageto,
Cathryn T. Lee, Refiloe Masekela, Daniel J. Weiner, Charlie G. Irvin, Erik R. Swenson, Margaret Rosenfeld,
Richard M. Schwartzstein, Anurag Agrawal, Enid Neptune, Juan P. Wisnivesky, Victor E. Ortega, and Peter Burney;
on behalf of the American Thoracic Society Committees on Pulmonary Function Testing and on Health Equity
and Diversity

THIS OFFICIAL STATEMENT OF THE AMERICAN THORACIC SOCIETY (ATS) WAS APPROVED BY THE ATS FEBRUARY 2023 AND ENDORSED BY THE

EUROPEAN RESPIRATORY SOCIETY MARCH 2023

Abstract

Current American Thoracic Society (ATS) standards promote the
use of race and ethnicity-specific reference equations for
pulmonary function test (PFT) interpretation. There is rising
concern that the use of race and ethnicity in PFT interpretation
contributes to a false view of fixed differences between races and
may mask the effects of differential exposures. This use of race
and ethnicity may contribute to health disparities by norming
differences in pulmonary function. In the United States and
globally, race serves as a social construct that is based on
appearance and reflects social values, structures, and practices.
Classification of people into racial and ethnic groups differs
geographically and temporally. These considerations challenge
the notion that racial and ethnic categories have biological
meaning and question the use of race in PFT interpretation. The
ATS convened a diverse group of clinicians and investigators for

a workshop in 2021 to evaluate the use of race and ethnicity in
PFT interpretation. Review of evidence published since then that
challenges current practice and continued discussion concluded
with a recommendation to replace race and ethnicity-specific
equations with race-neutral average reference equations, which
must be accompanied with a broader re-evaluation of how PFTs
are used to make clinical, employment, and insurance decisions.
There was also a call to engage key stakeholders not represented
in this workshop and a statement of caution regarding the
uncertain effects and potential harms of this change. Other
recommendations include continued research and education to
understand the impact of the change, to improve the evidence for
the use of PFTs in general, and to identify modifiable risk factors
for reduced pulmonary function.
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Overview

Current standards from the American
Thoracic Society (ATS) and other
professional societies recommend comparing
pulmonary function test (PFT) results to

expected values calculated from race and
ethnicity-specific reference equations (1).
These recommendations are based on the
observation of cross-sectional, residual
differences in measured pulmonary function
after adjustment for age, sex, and height

between some racial and ethnic groups. The
recommendations have been challenged
because race and ethnicity do not accurately
capture variation in pulmonary function
between individuals, there are harms to
perpetuating racial views, and continued use
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of race and ethnicity-specific equations may
mask the effects of social and environmental
factors including structural racism. The ATS
convened this workshop panel in 2021 to
review the use of race and ethnicity in the
interpretation of PFTs; evaluate its clinical
implications; and provide guidance so that
clinicians, investigators, and patients can
make informed decisions. The outcome of
the discussion was a lack of consensus and
concerns about potential harms. Since the
workshop, five research articles presenting
strong evidence were published, and
discussion continued, leading to the
recommendations given in the following text.
As the new evidence does not cover all uses
of PFTs for individuals in and out of the
clinical setting, and we did not undertake the
engagement of patients and leaders in
affected areas, we are approaching these
recommendations with caution. A majority
of workshop participants agreed with the
recommendations. However, significant
concerns regarding changes to practice
include an underdeveloped understanding of
the potential harms of changing to race-
neutral average reference equations and lack
of associated education and policies to
protect individual patients from these
potential harms. The limited evidence with
respect to the use of race and ethnicity in the
interpretation of diffusing capacity, lung
volumes, and other PFTs led the workshop
and its recommendations to focus on
spirometry.

Key Conclusions and
Recommendations

� PFT laboratories should adopt a race-
neutral approach to PFT interpretation
by reporting and interpreting results
using average reference equations.
Reasoning includes the following:
o The superficial appearance of race

should not be used to infer biological
characteristics. Continued use of
race in PFT interpretation risks
perpetuating false ideas that race
distinguishes people on the basis of
innate and immutable features.
Beyond the categories’ lack of
biological meaning, there is
significant heterogeneity within
these categories and lack of
consistency of the definitions across
time and geography.

o Normalization of differences with
race-specific equations in PFT
interpretation potentially contributes
to medical harms from the lack of
attention to modifiable risk factors
for reduced pulmonary function
resulting from racism. Potential
medical harms for people of color
include delaying or missing disease
diagnoses or hindering access to
therapies.

o Emerging evidence from the United
States shows that, compared with a
race-specific interpretation, use of a

single set of reference equations
better matches the relationship
between pulmonary function and
survival and incident chronic lung
disease between Black andWhite
persons. A race-neutral average
reference equation provides better or
equivalent relationships between
spirometry and symptoms, airway
structure, emphysema, and
functional capacity. Although these
studies do not show a causal link
between differences in pulmonary
function and the outcomes, and
although they do not address many
uses of pulmonary function for
individual patients in the clinical
setting, they nonetheless challenge
current practice.

� The Global Lung Function Initiative
(GLI) average equation, published as
GLI Global, is a recommended race-
neutral average reference equation.
There are important limitations and
considerations to an implementation of
GLI Global that we expect ongoing
research to address:
o GLI Global represents a weighted

average of the data included in the
original GLI ethnicity-specific
equations. The self-identified, or
researcher-allocated, racial or ethnic
group was used to inform the sample
weights, and many of the world’s
populations are still not included in
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this equation. Therefore, the GLI
Global equation is a race composite and
not truly race agnostic. “Race neutral”
refers to the equations not requiring
the selection of race for application.

o As in the construction of other
reference equations, the participants
contributing data to GLI Global have
a variety of exposures throughout
life, despite meeting a limited
definition of healthy. Therefore, GLI
Global is not immune from norming
the effects of modifiable risk factors
for reduced pulmonary function.

� The recommendation to change to a
race-neutral average reference equation
does not imply that the reference values
represent the pulmonary function for an
individual with ideal pulmonary health
across the life course. Therefore, a
change must also be accompanied with
an appreciation of the already existing
uncertainty of comparing an
individual’s PFTs with reference values
to differentiate health and disease.
Results at or near the lower limit of
normal must be interpreted cautiously
and augmented by additional history,
testing, imaging, and other diagnostics
as appropriate. PFTs and, specifically,
spirometry are measures of the size and
mechanics of the lungs and are not
sufficient to differentiate all pulmonary
function impairments and diseases.

� The recommendation to change to a
race-neutral average reference equation
also applies to PFTs beyond spirometry.
Adjustment factors for race and
ethnicity in the interpretation of lung
volumes and DLCO should not be used.
Interpretations must recognize that the
use of different reference populations
for spirometry versus DLCO and lung
volume reference equations will lead to
some individuals having discordant
results that need to be interpreted with
extra attention. The major equations
available for DLCO and lung volumes are
based on data fromWhite persons—
reference equation data combined from
more diverse populations are needed.

� The aforementioned recommendations
are paired with a call for urgent
engagement of people living with
chronic pulmonary diseases, other
professional societies, and agencies
external to medicine for continued
research and education:

o Despite limited evidence of clinical
utility, many systems external to
PFT laboratories have been created
to rely on threshold values for
decision making. The consequences
for the yet-unquantified number
of individuals with results near
decision-making thresholds, around
which results are expected to shift
after removing race from reference
equations, need to be carefully
considered and tracked.
Collaborative research is needed to
quantify the impacts of changes to
interpretation in areas within and
outside medicine as well as
approaches to mitigate potential
harms. Threshold-based decisions
that lack evidence of benefit should
be reevaluated. Studies examining
the potential impact of race-specific
equations should continue.
Nonetheless, there is a burden of
proof of benefit for any continued
use of race and ethnicity in PFT
interpretation.

o Laboratories must educate patients
and referring clinicians about the
rationale for change and the impact
on the reported and interpreted values
to anticipate consequences and to
avoid errors in trending values
indexed to reference equations.

� Further research in more diverse
populations across the world is needed
regarding the social and environmental
determinants of lung health and how
to measure these factors in a way that
could be translated to public policies
and the application of pulmonary
function testing in the clinic.

� Wemust improve PFT interpretation by:
o Taking the patient’s medical context

and social history into consideration
in the clinic. Challenges to this
include lack of validated approaches.

o Emphasizing the value of
longitudinal data as trending
pulmonary function values over time
provides clinical insight.

o Stressing the use of the ratio of FEV1

to FVC to identify obstructive
ventilatory defects found in chronic
obstructive pulmonary disease,
asthma, and other diseases
affecting the airways, because it
varies minimally by race or
ethnicity.

o Aiming to move beyond a simple
statistical description of normal
pulmonary function by examining
the association between pulmonary
function and meaningful health
outcomes in which we can intervene.
Such an approach has the potential
to remove the need for reference
equations. A larger variety of chronic
lung diseases must be included than
studied thus far.

� Thoughtfully collecting race and
ethnicity data in research remains
important to address disparities in lung
health; identify modifiable determinants
of reduced pulmonary function,
including those resulting from structural
racism; and increase the diversity of the
participants in studies that include
pulmonary function.

Introduction

In the context of pulmonary function test
(PFT) interpretation, the terms “race” and
“ethnicity” have been used interchangeably
(1–3). Some reference equations are based on
measurements taken from specific racial or
ethnic groups, whereas others, such as in
administrative policies for the assessment of
physiologic impairment for disability rating,
use “correction” or “adjustment” factors to
calculate expected pulmonary function of
persons of color from reference equations
derived fromWhite populations. There is
growing concern that race and ethnicity-
based algorithms in medicine, including
PFT interpretation, have the potential to
contribute to healthcare disparities and
support the false idea that race is a biological
variable (4, 5).

In the United States, concerns about
race and racism have risen along with
attention to its history of slavery and
discrimination. Most of the data that
challenge the use of race in PFT
interpretation come from studies on
spirometry in Black andWhite persons in
the United States. The focus of the history
andmethodology of reference equations
reviewed in this report is on the United
States. The concerns about race and PFT
interpretation, however, are far from limited
to the United States. This discussion has
global relevance. Furthermore, people who
immigrate to the United States are not
expected to have the same exposure or
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pulmonary function as residents from
multiple generations in the United States.

This workshop was convened with the
goal of bringing together experts in the field
to provide a framework for clinicians,
investigators, policy makers, and patients to
have informed discussions about the use of
race and ethnicity in PFT interpretation.
Recommendations were developed after the
workshop. Very few articles relate race
categories to lung volumes and DLCO (6–8).
Because of this insufficient evidence, most
laboratories use reference equations derived
inWhite populations for determining
predicted values for lung volumes and DLCO,
whereas a minority of laboratories apply
previously recommended race-adjustment
factors (9, 10). Thus, the discussion and
recommendations for PFTs other than
spirometry are limited in this report.

Methods

Committee Composition and Meetings
The workshop organizers included
representatives from the ATS Pulmonary
Function Testing Committee and the ATS
Health Equity and Diversity Committee.
N.R.B., C.B., N.T., M.C.McC., J.P.W., and
D.A.K. invited individuals with research and
clinical expertise from diverse geographical,
gender, race and ethnicity, and career-stage
backgrounds. Potential conflicts of interest
were managed following ATS policies.

Preworkshop
Through two virtual planning meetings and
a survey, participants refined the objectives
of the workshop and topics for discussion.
This included an agreement for all speakers
to prerecord videos of their presentations.
The videos were watched by participants
before the workshop.

Virtual Workshop
During the first day, sessions focused on the
history of race in PFT interpretation, history,
andmethodology of PFT reference
equations, and determinants of pulmonary
function. The second day was focused on the
clinical implications of race-specific reference
equations and breakouts into working
groups. The format of the virtual meetings
was as follows: Session leaders summarized
the prerecorded talks and invited the
speakers to participate in an active discussion
with all participants. For the final session,
participants were divided into three working

groups: identification of barriers to change,
current best practices, and long-term
strategies.

Document Development
After the workshop, session leaders provided
a summary of the discussions to the
workshop co-chairs (N.R.B. and C.B.), who
edited the contributions into a single
document. Multiple cycles of revision and
feedback from all workshop participants
followed. The iterative discussion and
decision making were informed by evidence
published after the workshop.

We did not achieve unanimous
consensus with all views and
recommendations. Where there was
divergence, both the majority and minority
perspectives were shared.

Historical Context: Race and
Racism in PFTs

Before the 20th Century: Conceptual
and Empirical Foundations
In 1785, Thomas Jefferson—Enlightenment
philosopher and slave-holding third U.S.
president—highlighted differences and
deficiencies in the “pulmonary apparatus” of
enslaved people in comparison withWhite
people. In the 1840s, British physician John
Hutchinson organized lung volume data
from a large number of people according to
occupational categories, a crude measure of
social class (11, 12). When Hutchinson’s
work reached North America, proslavery
Southern plantation physician Samuel
Cartwright built a spirometer and quantified
differences between groups of people. Rather
than occupation, Cartwright organized
measurements by race (11, 12). Drawing on
Jefferson’s theories, Cartwright tied labor
needs to oxygenmetabolism in ways that are
explicitly racist, claiming “the deficiency in
the negro was 20 per cent” (12, pp 28–29).
Samuel Cartwright provided Jefferson’s
speculative theories with an empirical
foundation.

Writing in the same period as
Cartwright, JamesMcCune Smith, the first
African American physician in the United
States (trained at the University of Glasgow
because of exclusion fromU.S. medical
schools), refuted racial ideologies, offering
alternative climatological explanations for
claims of Black inferiority (12).

At the end of the Civil War, the U.S.
Sanitary Commission charged Boston
astronomer Benjamin Apthorp Gould to
collect data on Black andWhite Union
soldiers. Unlike Cartwright, Gould did not
explicitly link lung capacity to human
potential. His work, therefore, appeared race
neutral and was cited as a doctrine of
difference into the 21st century (12). Gould
offered little explanation for observed
differences. There was no acknowledgment
that formerly enslaved people in the Union
Army suffered poorer nutrition, more
overcrowding in camps, and higher rates of
infectious diseases such as tuberculosis and
typhoid fever—from infancy to adulthood—
than didWhite soldiers (12, 13).

Gould’s data caught the attention of
eminent scholars, including Charles Darwin,
who included lung capacity together with
craniometry as indicators of innate racial
inferiority in hisDescent of Man and
Selection in Relation to Sex, published in
1871. Gould’s work was also adopted by
Frederick Hoffman, the chief biostatistician
of the Prudential Life Insurance Company
for 40 years. In 1896, Hoffman published
Race Traits and Tendencies of the American
Negro, recognized as a vicious diatribe that
argued that “the smaller lung capacity of the
colored race is in itself proof of an inferior
physical organism.” (12, pp 44–45).
According to Hoffman, Black persons were
unfit for freedom and, as a race, would die
out (14, 15).

Hoffman’s argument was refuted as
scientific racism by two leading Black
intellectuals, W. E. B. DuBois and Kelly
Miller. In his monograph, “A Review of
Hoffman’s Race Traits and Tendencies of
the American Negro,”Miller emphasized
that social conditions affected the lungs of
Black persons, especially given the conditions
they faced in crowded cities after
emancipation (12).

The 20th Century: The Codification
of Difference
As spirometry becamemore widespread,
explanations for differences began to expand
beyond “a racial factor” to include a wider
range of factors such as pulmonary
infections, tobacco smoke, pollution, climate,
and nutrition. In many clinical and
occupational settings, adjustment for race
was viewed as a way to avoid disparity and
discrimination. The 1978 Occupational
Health and Safety Administration cotton
dust standard proposed a 15% adjustment
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“to provide proper interpretation of
spirometry measurements for blacks without
inadvertently fostering discrimination in
hiring practices,” acknowledging that other
data suggested an 8% difference (16).
However, ideas that differences were innate
persisted (17), now framed as representing
genetics and given more credibility through
improved instrumentation and more
complex statistics.

Of particular significance was the
1974 study of asbestos workers in Louisiana
by researchers Charles Rossiter and Hans
Weill fromWales and the United States,
respectively, who developed and published a
correction factor of 13.2% to be applied
to pulmonary function measurements of
Black persons. Arguing that Black and
White workers lived and worked in similar
conditions and thus ruling out
socioeconomic factors, Rossiter andWeill
left genetics as the central framework to
explain racial difference in average lung
capacity measurements (18).

One exception to the general acceptance
of innate racial difference was the work of
South African researchers, epidemiologist
JonnyMyers and pulmonologist Neil White,
experts in the monitoring of the health of
workers in the mining and manufacturing
industries. Amid antiapartheid struggles in
the 1980 s, they argued that observed
differences were due to social factors, not to
biological differences (12). They called for a
universal standard, not race-specific values
(19, 20). Nonetheless, spirometry continued
to be seen through the lens of race, and the
notion of innate difference persisted.

The history of race and pulmonary
function is troubling. History gives insight
into the biases that contributed to race being
embedded in PFT interpretation rather than
other factors that are known to be associated
with pulmonary function such as smoking,
body mass index, and early-life events.
However, this account neither implies that
current interpretation strategies or PFT users
are individually prejudiced nor implies that
differences between groups solely reflect
structural racism. Instead, this history placed
a disproportionate emphasis on the role of
race and prevented a more robust
understanding of the determinants of
pulmonary function. A search for new data
that account for the multitude of factors that
affect pulmonary function is important to
combat structural racism inmedicine and
achieve the best scientific understanding of
pulmonary health.

History and Methodology of
Race-Specific Reference
Equations

People who smoked tobacco, workers with
toxic exposures, andmeasures taken from
substandard spirometers were often included
in early reference populations. Without the
standardization of inclusion criteria,
measurement protocols, and equipment,
comparisons between different populations
were limited by measurement error and
selection bias until the 1970s. Recognizing
these limitations, organizations began to
develop systematic protocols for lung
function measurement to improve data
collection from reference populations.

In 1999, standardized data collected
from non–tobacco-smoking individuals
without known pulmonary disease from the
population-based cross-sectional National
Health and Nutrition Examination Survey III
(NHANES III) led to reference equations for
the U.S. population aged 8–80 years (21).
Consistent with the design of NHANES and
historical practice, race and ethnicity were
used in the analysis of the pulmonary
function data. Residual differences in
measured pulmonary function after
adjustment for age, sex, and height remained
between racial and ethnic groups. Therefore,
separate equations were made forWhite
(n=2,281), African American (n=2,508),
andMexican American (n=2,639)
individuals; a later analysis found that a
single equation with an African American
coefficient would have been sufficient (22).
For populations not included in these three
groups (e.g., for Asian American
individuals), a “correction factor” was
recommended (10, 23). In 2012, the Global
Lung Function Initiative (GLI) Network was
organized to develop reference equations
from data collated from cross-sectional
studies (3). As with NHANES III, differences
in pulmonary function across racial and
ethnic groups were observed. GLI included
data frommany countries, but sufficient data
were only available to derive reference values
for four groups ages 3–95 years: White
(labeled “Caucasian”; n=57,395), African
American (n=3,545), Northeast Asian
(n=4,992), and Southeast Asian (n=8,255).
Analysis of more contemporary data found
that the Southeast Asian equation was
appropriate for the whole Chinese
population (24). The numbers of African
Americans and Asian Americans were small

relative to the number ofWhite persons
included.White populations include
Mexican Americans because no significant
difference in pulmonary function was
observed between these groups. It is
important to note that the data for Black
persons were derived from African
Americans and are probably not applicable
to Black persons from Africa and other parts
of the world (25). Continental Africa is very
genetically diverse and represents people
with very heterogeneous exposures.
Although there were data for people of other
backgrounds, none was determined to be
statistically robust enough to develop into
GLI equations, so a fifth category of “Other”
was created that used the average of the
coefficients from the four groups. In a
subsequent publication, equations labeled as
GLI Global were developed by weighting
observations to reflect differing proportions
of the four racial and ethnic groups.
Compared with GLI Other, GLI Global
yields similar mean predicted values but with
wider limits of normal (26).

Within the context of reference
equations for pulmonary function, it is
important to differentiate a “normal”
population from a “reference” population.
The purpose of a reference population is to
describe the observed values for pulmonary
function on the basis of the distribution of
values measured in a cross-sectional sample
of healthy people. Reference equations do
not adjust for individuals’ unique exposure
histories or environmental changes across
generations that affect how pulmonary
function changes with time (27). Defining
“normal” in medicine is complex and varies
depending on whether the definition is based
on statistics, commonality, fitness, or ideal
health (28). For pulmonary function,
non–tobacco-smoking people without a
history of pulmonary symptoms or physician
diagnosis of pulmonary disease are identified
as “healthy.” As with many clinical
laboratory tests in medicine, a statistical
definition is used for PFTs where the lower
limit of normal (LLN) is conventionally, if
arbitrarily, defined as the fifth percentile.
This approach contrasts with some other
areas in medicine, such as hypertension, in
which the benefit of treating patients in
randomized controlled trials influences the
threshold chosen to define “abnormal” (29).
The LLN is defined from reference
populations and, therefore, depends on the
choice of reference equation, whether race
specific or not. The aim is to determine
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whether an individual’s result would be
unusual (e.g., less than 5% occurrence) in the
reference population with the same age, sex,
and height as the patient. Where the
reference set comprises people without any
known disease, this definition assigns 5% of
the apparently healthy reference population
to below the LLN. Results less than the
LLN are labeled “abnormal” but do not
necessarily reflect the presence of a disease
(30). Similarly, results close to the predicted
value from a reference equation do not
exclude pulmonary pathology. An important
aspect to this determination is whether the
population used as the reference is truly
healthy. The current definition of “normal”
does not capture manifestations of reduced
lung growth, development from prematurity,
or other perinatal conditions and early-life
exposures.

Until recently, reference equations
incorporating race and ethnicity were mostly
justified by presumed biological differences
in pulmonary function between populations
(10). One argument that has cited Allen’s
rule about homeothermic species (31, 32)
was that differences in leg length and chest
wall dimension between people of the same
standing height but different races explain
why Black persons have lower pulmonary
function thanWhite persons (33). However,
the focus on reference values being intrinsic
to different populations on the basis of race
or ethnicity may mask the influence of
important socioeconomic and
environmental factors that likely contribute
to these differences (34, 35). Moreover,
socioeconomic status (SES) has been
overlooked in most studies that examine
differences in pulmonary function among
people of different racial and ethnic
backgrounds (17). Fully capturing SES is
challenging. Income and education are often
used but are limited, potentially contributing
to the persistence of differences in
pulmonary function between racial and
ethnic groups after adjustment for these
factors (36, 37).

Determinants of
Pulmonary Function

There is a strong body of evidence that in
utero and early-life factors affect lung growth
trajectories andmay increase the risk of
chronic obstructive pulmonary disease
(COPD) and other pulmonary diseases

later in life (Figure 1) (38–41). Genetic
determinants and genomic interactions
with the environment contribute to
interindividual variability in pulmonary
function.

In Utero and Early-Life Exposures that
Influence Pulmonary Function
Prematurity and its consequences (e.g.,
perinatal hypoxia, bronchopulmonary
dysplasia, and failure to thrive) can affect
lung development such that structure and
function are impacted (42, 43) (Figure 1).
Maternal smoking during pregnancy, a
recognized risk factor for poor lung growth,
is more prevalent in some racial and ethnic
groups and individuals of lower SES (44).
Multiple social determinants of health have
been associated with higher risk of
preterm labor, including discriminatory
policies, SES, immigration status, and living
in neighborhoods with higher police contact
rates (45, 46). Harmful early-life exposures
affect lung growth health throughout life,
including secondhand smoke, poor air
quality, and infections (47). Undernutrition,
as well as obesity, is associated with social
determinants of health and reduced
pulmonary function (47, 48).

Lower respiratory tract infections
in early life are associated with lower
pulmonary function in childhood, as well as
respiratory morbidity later in life (49).
Respiratory syncytial virus infection and
severe bronchiolitis are more frequent in
those of lower SES, owing perhaps to
crowding, smoke exposure, higher risk of
prematurity, and other factors (50).

Socioenvironmental Determinants of
Lung Function
Deeply connected to systemic
discrimination, people who live in lower SES
neighborhoods are at increased risk of
exposure to poor indoor and outdoor air
quality (51–53). Air quality is an
independent, andmodifiable, factor for
reduced pulmonary function (54). Reducing
pollution exposure leads to improvement in
lung growth (55) and attenuates pulmonary
function decline (56). In the United States,
people of color are more likely to live in
neighborhoods with poor outdoor air
quality (57). People who live in poverty are
more likely to live in areas with poor indoor
air quality and be exposed to secondhand
tobacco smoke (58, 59). Globally, indoor
air quality and use of biomass fuels for

heat and cooking may be important
contributors to poor lung growth and
development.

A meta-analysis reported that youths
from “disadvantaged socioeconomic
circumstances” have lower FEV1, regardless
of how such a disadvantage was measured
(60). There is increased attention to the
potential interaction between environmental
exposures and psychosocial stress that likely
plays a role in how social determinants
impact health (61–63). Stressors including
prenatal intimate partner violence,
community violence and parental verbal
conflict, and exposure to hostility in young
adults are associated with worse pulmonary
function andmay increase susceptibility to
the pulmonary effects of air pollution
(63–67).

The variability in results, definitions,
andmeasurement instruments makes it
challenging to quantify the environmental
effects on pulmonary function. Meta-
analyses and systematic reviews inWhite
populations give quantitative estimates for
the effects of broad measures of social status.
Ameta-analysis by Steinberg and Becklake in
1986 and one performed by Rocha and
colleagues in 2019 suggest a socioeconomic
effect on FEV1 of about 400ml for children
and young adults (60, 68). A multicohort
study found an SES effect equivalent to aging
in terms of pulmonary function decline of
about 4 years in older adults (69). A review
by Hegewald and Crapo in 2007 of 14 studies
estimated an SES effect on FEV1 at.300ml.
A smaller number of studies have attempted
to quantify the environmental contributions
to average differences in pulmonary function
between racial and ethnic categories. In 1996,
Goldin and colleagues found, in a study of
White and Black bank workers in South
Africa, that a measure of adult social status
(income1 rank1 number of dependents1
home fuel type1 home ownership)
explained as much variability in pulmonary
function as race (35). In contrast, studies of
NHANES data by Harik-Khan and
colleagues in 2001 and 2004 found that
poverty index and education accounted for
about 10% of the racial differences in
pulmonary function between Black and
White persons (36, 70). A systematic review
reported that the proportion of differences in
pulmonary function between Black and
White persons attributable to SES factors
ranged from 2% to 43% for FEV1 and from
4% to 42% for FVC (33).
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Genetic Determinants of
Pulmonary Function
Across the genome, single nucleotide
polymorphism heritability of pulmonary
function is estimated to be 20.7% (SE=1.5%)
for FEV1, 19.9% (SE=1.4%) for FVC, and
17.5% (SE=1.4%) for FEV1/FVC (71).
Limiting single nucleotide polymorphisms to
those with genomewide significance in
genomewide association studies has
identified more than 250 independent loci
that together contribute to as much as 9% of
the observed variability in FEV1 (72).
Ancestry-specific or multiethnic meta-
analyses that included minority populations
have identified over 50 additional loci that
have not shown significance in European
White descent populations, which have been
the focus of most studies thus far (71).
Continental genetic ancestry, the cumulative
measure of population or individual
differences in allele frequencies for variants
across the genome, is associated with
pulmonary function variation (73–75).
However, continental genetic ancestry is
based on limited reference populations and
does not specifically include genetic variants

linked to pulmonary function or disease (76).
Genetic ancestry also aligns with historic,
geographic, cultural, and experiential factors
that might influence epigenetic and other
alterations to then impact pulmonary
function. An example of such a relationship
not concerning pulmonary function is the
finding that the association between higher
African ancestry among children and
increased risk of readmission for asthma was
mediated by family hardship (77).

Genetic associations with pulmonary
function do not provide evidence for the use
of race or ethnicity in PFT interpretation.
The description of genetic variation among
Africans and the African diaspora is
suboptimal when considering the immense
variation in these populations, thereby limiting
conclusions about genetic determinants of
pulmonary function within and between
populations. A gradient of genetic variation
and genetic overlap exists between people
categorized on the basis of race (78). Genetic
variation within a race or ethnicity category
exceeds the genetic variation found between
these categories. Genetic associations are
confounded by shared environments.

Nonetheless, further investigation of genetic
contributions to pulmonary function overall
will improve our understanding of health and
disease. For example, the study of people
adapted to high altitudes could show a genetic
selection toward higher lung volumes. It is
important to note that the burden of proof has
not beenmet for a biological meaning to the
sociopolitical constructs of race or ethnicity
labels.

Challenging Questions Raised during
the Workshop
Workshop discussion led to the unveiling of
critical research questions that are necessary
to improve our understanding of the
determinants of pulmonary function. These
included the following: What is the full,
healthy pulmonary function potential at a
given age, body size, and sex in the absence
of exposure to any early-life risk factors? In
the research setting, do White-specific
equations have value as an unadjusted
benchmark that we expect someone who
does not experience the myriad effects
linked to racism to achieve? Is there a
measure of body size that best captures

Figure 1. Influence of environmental exposures on lung growth and aging depending on the time of life when exposure occurred. Examples of
early-life events affecting lung growth are prematurity and its consequences, as well as exposure to secondhand smoke, poor air quality, and
infections. Discrimination is associated with differential risk of prematurity and exposures. Reprinted by permission from reference (42).
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expected, healthy lung volume and that is
minimally affected by adverse early-life
exposures so as not to normalize modifiable
differences in pulmonary function? How do
genetic and environmental determinants
influence lung volumes, whether through
alveolarization, chest wall development and
thoracic size (31, 32), distensibility of these
tissues, or muscle strength (79)? How does
the environment influence gene expression
through epigenetic modifications (80)?
Might further insight into genetic and
environmental contributors to pulmonary
function come from the study of the Inuit
and indigenous populations living at high
altitudes who, because they have shorter
legs in relation to standing height than
White individuals, appear to have
supranormal lung function, despite some
markers of low SES (81–83)?

Clinical Implications of Race-
Specific Pulmonary Function
Prediction Equations

There are many areas within and outside
medicine in which pulmonary function
results above or below a threshold trigger
important decisions. Regardless of the
reference equation used, patients with results
close to these thresholds require careful
consideration. Examples of patients whose
results cross decision-making thresholds
with a switch in reference equation are
shown in Table 1. Race-specific reference
equations yield predicted values that are
lower for most groups of color compared
withWhite populations. For example,
consider a 40-year-old man who is 6 feet tall
and whose predicted FEV1 is 4.50 L (fifth
percentile, 3.56 L) by GLIWhite and 3.84 L
(fifth percentile, 2.95 L) by GLI African
American. If this individual’s measured FEV1

is 3.50 L, it is 91% of predicted and above the
fifth percentile by GLI African American but
78% of predicted and below the fifth
percentile by GLIWhite. The differences
between reference equations vary depending
on age, sex, and height. An average reference
equation formed by combining populations,
such as GLI Global, is expected to yield
predicted values for FEV1 and FVC that are
lower compared withWhite and higher
compared with Black and Asian reference
equations. The ratio of FEV1 to FVC is
similar across race and ethnicity in both
children and adults (3).

Concerns with Not Using Race in PFT
Interpretation
Changing from race-specific equations to GLI
Global for PFT interpretation may increase
the proportion of persons of color deemed to
be unfit for certain occupations, including
firefighting or commercial diving, working
around coal mine and cotton dust, and
serving in the military; it may also increase the
proportion of persons of color charged higher
premiums for life and health insurance. Given
the lower mean values for spirometry in Black
persons versusWhite persons (17), a Black
personmay be at disproportionate risk for
these consequences in a system that did not
consider race in its predicted values. One
recommendation that reduces the concern
about more persons of color being deemed
unfit for employment if race-specific
equations are not used is to use other means
of assessing risk in individuals with results
near a threshold. Another counterpoint to the
concern about shifting results of persons of
color from above to below the safety
threshold is that policies can change to allow
employment coupled with increased
monitoring and protective measures. It is
uncertain whether the lower mean spirometry
values in Black persons are associated with
more occupational risk. Data are not available
to answer these questions. Attention to
obtaining baseline preexposure PFTs would
avoid potential harm from interpreting
subsequent results during employment for
those at risk for a decline in lung function
caused by occupational hazards.

There is also concern that a switch to an
average reference equation will lead tomore
difficulty for persons of color with results near
thresholds tomeet criteria for surgical
resection of lung cancer. Notably, although a
change to GLI Global is expected to influence
this concern through FEV1, the current lack of
use of race-specific values for DLCOmeans that
this key parameter for assessing eligibility is
based on data fromWhite persons and at risk
of biasing against persons of color. Patients
who do not meet eligibility criteria by FEV1 or
DLCO are recommended to undergo further
evaluation with other tests to determine safety
for resection. Data are unavailable to inform
whether patients with results near thresholds
would have equivalent, worse, or better
outcomes from lung cancer with a change to
an average reference equation.

A change to an average reference
equation will increase the number of persons
of color with values below the LLN and
decrease the number ofWhite persons below

the LLN. Thus, there is a concern that
persons of color might undergo further
testing to work up a restrictive ventilatory
defect suggested by an FVC less than the
LLN and an FEV1/FVC within the range of
normal. In balance with the concerns for
making this group of patients potentially
undergo unnecessary testing and experience
anxiety is the potential for a reduced chance
of delayed or missed diagnoses. Among
White persons, fewer might undergo a
further workup after a change to an average
reference equation because of a shift in
results close to the LLN from below to above
this threshold. In balance with this concern is
the need to appreciate the uncertainty in
making decisions on the basis of a threshold,
to include the broader clinical context, and to
consider trending against future results to
calibrate suspicion for disease.

Data and Concerns that Challenge the
Use of Race-Specific Equations
Multiple studies of people in the United
States show improvements or noninferiority
of a single reference equation compared with
race-specific equations for associations of
pulmonary function with clinical outcomes
in both cross-sectional population and
cohort studies. Mortality is more similar
between Black andWhite persons at every
percent predicted value if a single reference
equation is used rather than race-specific
equations (Figure 2) (84–87). Two of these
studies onmortality compared race-specific
equations with aWhite reference equation,
and the other two used a race-neutral average
reference equation. These studies have
argued that, because using a single reference
equation leads to matched survival at similar
pulmonary function in mixed populations,
the single reference equation approach is
superior to using race-specific equations.
However, because lung disease is not a
significant cause of the difference in
mortality between Black andWhite persons
and the use of a single reference equation will
improve the lung function results forWhite
persons relative to Black persons, the
observed improved fit for survival may be
coincidental and not causal. Similarly,
a race-neutral average reference equation
performed as well as race-specific equations
to predict incident chronic pulmonary
disease in a population-based cohort (87).
These studies suggest that, for making a
prognosis, a single reference equation is
superior to race-specific equations. A cross-
sectional analysis of people with a history of
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smoking tobacco showed that a race-neutral
average reference equation improved the fit
between pulmonary function and symptoms
(Figure 3), airway structure, and functional
capacity compared with a race-specific
equation (88). In a COPD cohort, pulmonary
function measurements that are not indexed
to age, sex, or race performed as well as
values indexed to race-specific reference
equations for predicting symptoms, functional
capacity, and emphysema (89). A population-
based cohort study found that the prevalence
of emphysema in specific ranges of percent
predicted FEV1 was better matched between
Black andWhite persons with use of a race-
neutral average rather than race-specific
reference equations (90). These studies
suggest that race-specific equations mask
differential exposures and risk for lung
disease. However, the studies do not prove a
causal link between pulmonary function and
the outcomes. The results show improved fit
of associations that remain weak with
significant variability of the data and are
difficult to apply to individual patients. Except

for two studies (86, 89), the results are biased
by the use of the percentage of predicted
pulmonary function rather than z-scores or
percentiles. Although this bias is not expected
to change the conclusions, themagnitude of
the results should be interpreted with caution.

People of color currently face decreased
odds of receiving a lung transplant (91).
Although there are multiple reasons for this,
the choice of PFT prediction equation
influences referral rates for transplantation
consideration, as percent predicted threshold
values are commonly used. Although
pulmonary function is not used in the lung
allocation score, the timing and listing for
lung transplantation depends on—although it
is not exclusively dependent on—FEV1

(for COPD, cystic fibrosis, and
lymphangioleiomyomatosis) and FVC (for
interstitial lung disease) as a percentage of the
predicted value (92). The timing of lung
transplantation represents a balance of risks
and benefits of the current disease process
versus those of transplantation. The use of an
average reference equation wouldmake the

percent predicted pulmonary function of
Black persons lower (93) andmore likely to
trigger a referral compared with race-specific
equations (Table 1).We do not knowwhether
increasing access to transplantation for Black
persons in all cases will lead to better survival,
nor has the potential for delayed referral and
listing forWhite persons been considered.

The decision to use race-specific
equations to rate impairment for disability
evaluations occurs outside of clinical practice.
We recognize that ATS statements can heavily
influence these organizations and legal
proceedings. PFT interpretation in claims
against employers for lack of proper
protections may aim to optimally predict a
person’s pulmonary function in the absence of
occupational exposures, whereas assessment
of impairment for disability ratingmay not be
concerned about why the pulmonary function
is reduced. State disability offices are known to
use race-specific equations or adjustments in
PFT interpretation. Many workers’
compensation insurers use the American
Medical Association Guide scales, which

Table 1 Examples of Results Close to Thresholds for Which Decisions Change Depending on the Choice of Pulmonary Function
Reference Equations

Clinical Context

Black Reference
Equation

White Reference
Equation

“Other” Average
Reference Equation

FEV1 FVC FEV1 FVC FEV1 FVC

Life insurance evaluation (female: age, 54 yr;
height, 166 cm; FEV1=1.44 L)*

60% 52% 56%

Evaluation for interstitial disease (male: age,
54 yr; height, 190 cm; FVC=3.90 L)†

81% 68% 74%

Determining need for noninvasive ventilatory
support for neuromuscular weakness (male:
age, 60 yr; height, 176 cm; FVC=2.2 L)‡

57% 49% 53%

Threshold for lung transplantation evaluation
for ILD (male: age, 60 yr; height, 176 cm;
FVC=1.6 L)§

42% 35% 38%

Fitness for surgical lung cancer resection
(male: age, 60 yr; height, 176 cm;
FEV1=1.1 L; planned RUL)jj

31% (ppo) 26% (ppo) 28% (ppo)

Definition of abbreviations: ILD= interstitial lung disease; RUL= right upper lobectomy.
The hypothetical patients need not be assigned to, or self-identify with, a race or ethnicity. Measurements are shown as percentages of
predicted pulmonary function. Values indicated in green meet the threshold for policy or clinical action; those indicated in red do not. Values are
reported as percentages of predicted from Global Lung Function Initiative reference equations. The examples show currently used thresholds of
percentage of predicted pulmonary function based on reference values. However, the examples are not intended to endorse the use of
percentage of predicted, given the associated age, sex, and height biases addressed by using percentiles (or z-scores) (1, 3). Threshold
determines the status given in each footnote.
*Patient is in the “mild pulmonary disease” risk pool (FEV1= 60–80%), paying a lower premium than in “moderate pulmonary disease” risk pool
(FEV1=50–60%); https://www.quotacy.com/.
†Patient is marked for further evaluation.
‡Patient meets American Academy of Neurology criteria for ventilator support (FVC,50%) (115).
§Patient should be referred to evaluation by transplant team (FVC, 40%) (93).
jjPatient requires cardiopulmonary exercise test before surgery (predicted postoperative FEV1 percentage of predicted ,30%) (112).
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recommend the NHANES III race-specific
equations (94). In contrast, for the rating of
impairment for assessment of overall
disability, the Social Security Administration
uses a single standard (95). The assumptions
underlying the current system of race-specific
equations can prevent or delay determinations
of disability (94). For 7years, an administrative
ruling required that worker’s compensation
claims related to asbestos exposure use race
adjustment in pulmonary function tests, until
it was overturned (96). The subsequent use of
a single reference equation is expected to lead
to more persons of color being eligible for
compensation in disability cases.

Working Groups

Clarifying the Problems
The purposes of spirometry must be
considered when evaluating potential

strategies to address the use of race and
ethnicity in PFT interpretation. Discussion
took place on whether a model using race-
specific values may be preferable to avoid
unnecessary exclusion of some groups
from occupations as noted above. For
epidemiological studies of population
health disparities and disease prognosis, a
different set of reference values may be
more appropriate than those used to care
for individual patients. Although one
approach is to allow use of different
reference equations for each particular
context, many workshop participants
expressed concern that complexity and
susceptibility to bias are barriers for
real-world application.

Some workshop participants noted that
the already common use of reference
equations for DLCO on the basis of data
collected only fromWhite persons, and
variability in whether laboratories adjust for

hemoglobin when reporting and interpreting
DLCO, are accepted uncertainties that can
make the perception of increased uncertainty
with regard to changing to an average
reference equation for spirometry more
acceptable.

It is uncertain how to counsel a patient
with pulmonary function near thresholds,
switching from normal to abnormal on the
basis of the choice of reference equations.
Without further diagnostic evaluation, it is
unclear whether such a finding reflects lung
disease and what clinical action should be
taken. The strong relationship between FEV1

and survival is well described (97, 98), but the
interventions that the clinician should take in
the absence of a pulmonary diagnosis are
unclear (99, 100). Many of the determinants
of pulmonary function, such as early-life
exposures and genetics, are unable to be
intervened upon by clinicians caring for
adults.

Figure 2. Influence of race-specific equations compared with a single reference equation in the interpretation of pulmonary function and the
association with survival. The predicted survival for a 55-year-old, non–tobacco-smoking woman living at two times the federal income-poverty ratio is
displayed for Black and White participants using each approach (top). Histograms demonstrate the distribution of FEV1 z-scores applying race-specific
equations compared with a single reference equation (Global Lung Function Initiative reference equations) (bottom). Reprinted from reference (86).
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Recommendation for PFT Reporting
and Interpretation
Amajority (30/33) of workshop participants
recommend using a race-neutral average
reference equation instead of race-specific
equations in PFT laboratories and clinical
practice. The majority cited limitations and
problems with classifying individuals by race,
the lack of evidence for benefit of race-
specific equations, and the growing scientific
evidence that supports both the use of a
single reference equation and the concerns
about norming social and environmental risk
factors for reduced pulmonary function.
Among the three who disagreed, one cited
the harms in not comparing a person’s
results to those of other people who self-
identify with the same race or ethnicity, as
well as the recommendation’s conflict with

their view of heritable differences in body
proportions between people that were set by
different ancestral climates. Another
participant did not approve of the use of race
and ethnicity in the construction of GLI
Global but agreed with not using race-
specific equations. One participant was
concerned about lack of precision by not
using race-specific equations.

Other Potential Approaches to
Improve PFT Reporting and
Interpretation
Table 2 summarizes short-term and long-
term approaches to report and interpret
PFTs. Many options have the potential to
reduce potential harms of using an average
reference equation, and some better reflect
the underlying uncertainty in the clinical

application of PFTs. For example, if
spirometry around the age of maximal lung
size were available, results obtained when
there is concern for disease can be compared
with the patient’s own baseline, with
adjustment for the known effects of baseline
function, aging, and height on trends (3).
Another possible option in the short term is
the reporting of multiple predicted values to
give more choice to clinicians on how to
apply the patient’s results, especially where
current practice is to compare with a
prespecified threshold for decision making.

Other approaches give hope for
substantial improvements to interpretation
pending additional investigation.
Standardizing FEV1 to powers of standing
height yielded values that perform as well or
better than the percentage of predicted or

Figure 3. Pulmonary function versus symptoms in the Sub-Populations and InteRmediate Outcome Measures In Chronic Obstructive Pulmonary
Disease (COPD) Study. For each patient-reported outcome (St. George’s Respiratory Questionnaire and COPD Assessment Test), participants’
scores are plotted against percent predicted FEV1. Separate univariable linear regressions for each self-identified racial group are
superimposed. The relationships between symptoms and pulmonary function are more consistent with a universally applied single reference
equation (GLI Other). AA=African American; GLI=Global Lung Function Initiative; NHW=non-Hispanic White. Reprinted from reference (88).
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Table 2. Approaches and Concerns Discussed in Working Groups

Approach Potential Benefits Concerns and Barriers

Short-term changes
Continue with race-specific equations but

report strengths and limitations of
incorporating race and ethnicity
alongside PFT results to aid
interpretation

Recognizes that race and ethnicity are
not biological variables, are variably
defined, and are not stable over
time

Stops short of acting on the recognition
of the limitations and evidence
against race; risks medical
harms

Change to reporting and interpreting
PFTs with an average reference
equation

– Consistent with scientific evidence
supporting an average reference
standard for mortality, incident lower
pulmonary disease, and symptoms and
lung structure in COPD

– Potential for reduced medical harms;
more persons of color with results near
thresholds would be:
– Further evaluated for pulmonary

disease
– Eligible for:

– Pulmonary rehabilitation
– Noninvasive ventilatory support
– Earlier referral and listing for lung

transplantation
– Lung volume reduction surgery

– Uncertain effects and potential harms for
persons of color with results near
decision-making thresholds:
– Persons of color with results near

thresholds may have:
– Reduced employment opportunity
– More evaluation to be considered

for surgical resection of lung cancer
– Higher life insurance premiums in

setting of chronic lung disease
– Unknown if expected increased

access to lung transplantation would
increase harm for some patients

– Uncertain effects and potential harms for
White persons with results near decision-
making thresholds:
– Potential for underdiagnosis
– Decreased eligibility for:

– Pulmonary rehabilitation
– Noninvasive ventilation

– More easily meet eligibility criteria for
lung cancer resection, employment,
and lower life insurance premiums

– Limitations of the proposed average
reference equations, GLI Global

– The number of potentially affected
persons is unknown.

Report multiple predicted values – Emphasizes the uncertainty inherent in
applying reference equations

– Allows choice of sensitivity and
specificity for the clinical question

– Option to report values from locally
applicable race-specific equations, e.g.,
without race labels

– More burden on physicians
– Challenging to make a choice without an

adequate evidence base
– Challenging to communicate results to

ordering physicians and patients
– Local predicted values may mask the

impact of modifiable social and
environmental factors on reduced
pulmonary function

Report multiple LLNs (e.g., 2.5th, 5th,
and 10th percentiles)

Measure pulmonary function in everyone
between ages 20 and 25

– Baseline value for comparison if
concern for pulmonary disease develops

– Less dependence on choice of
reference equation

– Cost
– Conflict of interest, as laboratories and

clinicians can make more money from
more testing

Obtain more longitudinal data – Detect a change within the expected
range, detect disease sooner

Long-term changes
Develop a gray zone of uncertainty

around the LLN
– Values lower than the lower bound of

the gray zone more likely to be
associated with disease

– Values within the gray zone will be
marked for the need to interpret with
more caution and context

– No validated placement of the bounds of
the gray zone

– Values above the upper limit of the
bound may still be found in disease if
maximal attained pulmonary function in
life is very high

– An additional boundary to navigate is
created

(Continued)
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z-scores derived from reference equations to
predict all-cause mortality and features of
COPD (89, 101–104). Expressing FEV1 in
increments of a sex-specific absolute lung
volume defined by the first percentile value
found in people and patients with abnormal
lung function, termed FEV1Q, led to an age-
and height-independent measure that

outperformed all of the aforementioned
measures to predict COPD exacerbations
and all-cause mortality (101, 102, 104). These
new concepts for interpreting FEV1 need
further study in multiple pulmonary
conditions and in more diverse populations.
FEV1Q does not give a determination of
whether a result is unusual for a particular

individual. Data on the effect of including
sitting height to understand differences in
pulmonary function between Black and
White persons is inconsistent (33, 99,
105). More study of chest dimensions in
larger and more diverse datasets is needed
to inform use. A move from standing
height to measures of chest size requires

Table 2. (Continued)

Approach Potential Benefits Concerns and Barriers

Use absolute FEV1, absolute FEV1
standardized to a power of height, or
FEV1Q instead of reference equations

– Absolute FEV1 and FEV1 standardized
to height equivalently classified
ventilatory impairment in COPD without
using race or age, compared with using
predicted values (89)

– Better prediction of survival (102–104)
and COPD exacerbations (101)

– Similar to the Social Security
Administration’s use of PFTs for
assessment of disability (95)

– Need data on performance beyond
predicting mortality and in COPD,
ventilatory impairment, and exacerbations

– Limited diversity of populations studied
– Clinicians do not have experience using

these
– Not applicable to pediatrics
– FEV1Q derived from European Coal and

Steel Community reference equations
and should be validated in GLI

Use of sitting height, trunk:limb ratio
(Cormic index), or other measures of
chest size and limb length

– More precise expected values: sitting
height explained up to 40% of the
residual variation in lung size in one
study (36)

– May perform better in some applications
such as detecting pathology arising after
lung development

– Sensitive to socioenvironmental
exposures (116–118)

– Might normalize the effects of
experiencing a harmful environment
during lung growth

– Variable results from studies with some
finding body proportions are much less
explanatory of racial differences in
pulmonary function (33, 99, 105)

– Larger and more diverse datasets with
multiple measures of chest size have yet
to be collected to determine whether they
can be used to improve precision

Cessation of labeling individual results
as “normal” or “abnormal” to convey
the personalized approach necessary
in PFT interpretation

– Use of individual z-scores within a
continuous distribution of pulmonary
function may be more helpful than
binary “normal” and “abnormal” labels

– Encourage development of models that
combine PFTs and other data to predict
specific outcomes

– May remove need for reference equations

– Data and models to guide a personalized
approach are lacking

– Complex models built with machine
learning algorithms risk perpetuating
biases

Reference equations informed by genetic
variants found to influence pulmonary
function

– More precision for calculating expected
pulmonary function

– Privacy, cost, blood collection
– Increased precision has potential to

lessen focus on clinical context in
interpretation

– Based on correlation and may not be
causative

Adjust expected values on the basis of
social and environmental factors

– More precision for calculating expected
pulmonary function

– Understanding of potentially modifiable
risk factors in the population

– Demographic and socioeconomic
characteristics need to be collected in a
standardized way on a global level

– Even when such data are available, their
impact on pulmonary function and
interactions with genetics need to be
determined

– If pulmonary function were adjusted for
SES, this has the potential to obscure
drivers of health disparities and could
inappropriately normalize pulmonary
function among those with adverse
exposures

Definition of abbreviations: COPD=chronic obstructive pulmonary disease; FEV1Q=FEV1 in increments of a sex-specific absolute lung volume
defined by the first percentile value found in people and patients with abnormal lung function; GLI =Global Lung Function Initiative; LLN= lower
limit of normal; PFT=pulmonary function test; SES=socioeconomic status.
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careful consideration because of the risk of
normalizing the effects of adverse
exposures during lung growth. Chest size
and environmental factors are not
exclusive determinants of pulmonary
function. Instead, variation in chest size is
one consequence of the effects of the
environment on lung development and is
related to pulmonary function. Using
data-driven approaches to compute and
report the likelihood of specific patient-
relevant outcomes by considering
determinants of maximal lung growth,
exposures, and the broader clinical
context is aspirational.

Education
There needs to be greater education within
the medical community that race is based on
appearance and, because of its imbued
sociopolitical meanings, should not be taken
as an unbiased reflection of genetic difference
(106–109). The history of how race was
embedded into PFT interpretation should be
taught to avoid similar biases as PFT
interpretation evolves. More education is
needed about how nongenetic determinants
of pulmonary function, particularly
disadvantaged socioeconomic environments,
can contribute to racial differences in lung
growth and functional decline. Wemust use
the correct terminology: 1) “race-specific” (or
“from a similar population”) is distinct from
“race-adjusted” or “race-corrected,” and 2)
reference equations provide predicted (or
expected) values, not a diagnostic threshold to
identify disease. Some workshop participants
noted that the methodological distinction
between race-specific and “race-adjusted” or
“race-corrected” is not important because the
clinical implications are the same.

Wemust stress the uncertainty around
making clinical diagnoses on the basis of
comparison to predicted values. The use of
thresholds of pulmonary function on the
basis of reference values does not take
account of the low correlation between PFTs
and pulmonary symptoms and outcomes
(110, 111).

Working with Nonpulmonary Groups
on Changing PFT Interpretation
Changing the approach to PFT
interpretation will affect decisions about
eligibility for work andmedical disability.
This can financially impact institutions and
their individual members in opposing
directions, and they may resist change if the
impact is likely to be negative. For rule-

making bodies such as insurance companies
and organizations that recommend
standards for safety and hiring, strict
thresholds for PFT values should not be used
without offering an alternative means of
assessment. The use of exercise testing in
thoracic surgery guidelines is one example of
assessing risk through additional
examinations to resolve uncertainty (112).
Performance of the thresholds in ensuring
safety from occupational hazards, and with
use of respirators, should be studied. We
must invite broad collaboration.

Best Practices
This panel recommends the inclusion of
standardized scripts on PFT reports, with
results in the electronic health record, and on
laboratory websites to communicate a
change to an average reference equation and
its anticipated consequences. Example text is
provided in an online supplement. Patients
should be informed that a change in their
results may trigger important thresholds for
evaluation or treatment. Patients should be
informed that PFTs are incomplete measures
of lung health, need to be interpreted in the
clinical context, and are not surrogates for
fitness.

Prior and future testing should be
obtained and examined for trends that may
correlate with the clinical concern.
Comparing results within an individual over
time is an ATS/European Respiratory Society
standard and represents one way to sidestep
the challenges of selecting and using reference
values (1). Interpretation can stress the use of
the ratio of FEV1 to FVC, which is used to
identify obstructive ventilatory defects found
in COPD, asthma, and other diseases affecting
the airways, and it varies minimally by race or
ethnicity in the NHANES III and GLI
reference equations.

Collecting race and ethnicity data in
research is important to identify modifiable
determinants of reduced pulmonary
function, including those resulting from
structural racism (113). Race and ethnicity
data are often characterized by absence of
information, inconsistent methods of
ascertainment, and internal disagreement
within a single patient’s records (114). There
is a mismatch between self-identified race
and phenotypic appearance. We need to
increase the diversity of the participants in
studies that include pulmonary function (2).
Our current understanding of pulmonary
function, health, and disease is based on
studies in which the world’s diversity is

underrepresented. Attention to race and
ethnicity in research studies is one way to
ensure equity in the development of precision
medicine (113). One workshop participant
did not agree that categorizing people by race
or ethnicity was necessary tomake research
results broadly applicable and equitable.

Conclusions

This workshop was conducted inMay 2021
after meetings in 2020–2021 programmed
sessions on the history of race and ethnicity in
PFT interpretation, a review of the known
determinants of pulmonary function, and the
clinical implications of using or not using race
and ethnicity in PFT interpretation. The
workshop ended with a discussion of
potential changes to current practice through
working groups on barriers to change, best
practices, and long-term strategies. Despite
the lack of consensus to give
recommendations at the end of the
workshop, many participants continued to
engage together on this topic. This
ongoing discussion, along with the
publication of new evidence, gave this report
an opportunity to make recommendations
paired with cautions and countering views.
The recommendation to use an average
reference equation instead of race-specific
equations in PFT laboratories and clinical
practice represents an evolution in thought
since the most recent technical standards
were published. There is an urgent need to
collaborate with leaders outside of
the expertise of this workshop panel such
as in thoracic surgery, occupational medicine,
disability and insurance programs, medical
insurance coverage, and lung transplantation.
Further study on the consequences of
adopting the recommendations is imperative.
This panel recognizes the need for
research studies to increase population
diversity, the variety of pulmonary diseases,
and PFTs beyond spirometry. In the
United States, Native Americans and Asian
Americans are examples of groups who are
underrepresented in studies. The engagement
of investigators in many parts of Africa
is required to improve on the limited
representation of heterogeneity among Black
persons in existing data that are dominated
by African Americans primarily ofWest
African ancestry. The field should continue to
study the determinants of pulmonary
function and generate evidence-based
approaches to using PFTs.�
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