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Airflow obstruction is assessed by estimating
“normal” lung function using population-
derived reference equations and measuring
deviations from it using Z-scores (1). In 2023,
the American Thoracic Society recommended
replacing race-specific Global Lung Function
Initiative (GLI)-2012 reference equations
with race-weighted GLI-Global equations to
address concerns about perpetuating race-
based medicine and normalizing lower lung
function in underserved populations (2).

Several studies refer to race-neutral
Z-scores or percent predicted values (3-6).
However, the definition of race neutrality
is often unclear. We propose a more
structured framework to define race
neutrality and evaluate the statistical
properties of spirometric values from
different equations.

Race neutrality of spirometric values
can be defined in at least three ways:
1) eliminating the collection of race
information for spirometry (race-
agnostic encounters), 2) ensuring that
spirometric values have the same prognostic
implications regardless of race (race-agnostic
interpretability), and 3) ensuring that values
do not vary statistically between racial
groups and cannot predict race (race-
unawareness). Criteria 2 and 3 align with
notions of sufficiency and independence in
algorithmic fairness literature, respectively
(7). We demonstrate that no commonly
used spirometry outputs can simultaneously
satisfy all definitions of race neutrality and
that the applicable definition depends on
the context.

What Race Information Do
Lung Function Metrics
Contain?

We evaluated different definitions of race
neutrality for lung function measures in the
National Health and Nutrition Examination
Survey 2007-2012. We included 10,410
self-identified Black and White participants
with valid height and spirometry results

meeting American Thoracic Society standards.

To illustrate race-agnostic interpretability for
a clinical outcome, we calculated marginal
10-year survival probabilities for Black and
White 49-year-old females using a Cox
proportional hazards model. For survival
analysis, we included 7,867 participants
with linked mortality follow-up through
December 31, 2019. We compared race
awareness of lung function metrics by
examining how well they predicted
self-identified race.

Figure 1 shows that none of the
evaluated measures of lung function
met all definitions of race neutrality. Black
and White individuals with the same raw
FEV, or the same FEV; Z-scores from
GLI-Global equations had similar 10-year
survival probabilities. FEV; Z-scores from
GLI-Global could predict race with an area
under the curve of 0.76. Z-scores from
GLI-2012 had poor discriminative accuracy
for predicting race, with an area under the
curve of 0.53.

To summarize, FEV; and FEV,
Z-scores from GLI-Global met the race-
agnostic encounters and race-agnostic

interpretation criteria but not the race-
unawareness criterion. In contrast, Z-scores
from race-specific GLI-2012 only met the
race-unawareness criterion. FVC Z-scores
and FEV; and FVC percent predicted values
exhibited patterns similar to FEV; Z-scores
(results not shown).

Race-agnostic interpretability of raw
lung function and Z-scores from GLI-Global
is consistent with previous studies (8-10).
Z-scores are generally unaware of any
variable adjusted for in the reference
equation. The decision to include a factor
in reference equations should be based
on the consequences of propagating those
differences into decision making. For example,
although, on average, females have lower lung
function than males, these differences do
not inherently represent differential lung
health. Therefore, we ensure that Z-scores
are sex unaware by adjusting for biological
sex in reference equations.

Fairness Implications

Z-scores from GLI-Global achieve race-
agnostic encounters and race-agnostic
interpretability, whereas those from GLI-
2012 meet the race-unawareness criterion.
Achieving race-agnostic interpretability
requires reference equations that do not
adjust for race, which compromises race
unawareness. This observation is related to
the broader impossibility theorem, which
proves that intuitive statistical fairness
criteria cannot be concurrently satisfied
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Figure 1. Race-neutrality of lung function measures among self-identified Black and White individuals.® *Race-agnostic encounters criterion

means that obtaining the spirometric value does not require collecting the individual’s self-identified race. TA metric meets race-agnostic

interpretability if it carries the same predictive information for a clinically relevant outcome (10-yr survival in this example). Predicted survival

probabilities are for hypothetical 49-year-old females with different degrees of observed lung function, calculated separately for self-identified
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Figure 1. (Continued). Black and White persons. Survival was modeled in 7,867 participants eligible for mortality follow-up, using Cox
proportional hazards with covariates for age, sex, race, and lung function as represented in each row. *A metric is race unaware if its value
cannot be used to predict race. AUCs shown in this column are for predicting binary race using the lung function metric. SAll results were
calculated using appropriate survey weights to account for complex survey design. Replacing FEV; with FVC, Z-scores with percent predicted
values, or GLI-Global with GLI-2012-Other did not affect race-neutrality interpretations (results not shown). IPredicted FEV, is the immediate
output of the reference equations and shows the predicted healthy lung function, expressed in liters. AUC = area under the curve; GLI = Global

Lung Function Initiative.

outside special cases (7). As long as racial
disparities in lung function exist, it is
mathematically impossible to achieve
race unawareness and race-agnostic
interpretability of Z-scores simultaneously.

Which definition of race neutrality
should be prioritized? In each context,
one must choose either race-agnostic
interpretability or race unawareness as the
primary criterion. Race-agnostic encounters
are always desirable because they avoid
inadequate race categories (11) and
mistrust concerns (12). However, race-
agnostic encounters do not ensure fairness,
because algorithms can still cause racially
disproportionate harm without explicitly
considering race (13, 14).

In risk-based clinical decisions, such
as in chronic obstructive pulmonary disease
management, the goal is to achieve the
most accurate assessment of a patient’s risk,
regardless of whether it stems from biological
factors or complex exposures. Race-agnostic
interpretable metrics such as Z-scores from
GLI-Global might be preferable in this
context, because they avoid normalizing
racial disparities that impact health and
have consistent prognostic implications.
Race-agnostic interpretability is also
desirable when determining the lowest
FEV, thresholds for safe lung resection,
ensuring equal risk across all patients.

Spirometry has other applications
beyond clinical encounters, and a one-size-
fits-all solution may not exist. For example,
when determining occupational eligibility,
different societal values may apply. To
protect individuals with adverse exposures
from additional occupational risks, race-
aware Z-scores from equations such as
GLI-Global that do not adjust for race
may be suitable. However, this could
inadvertently perpetuate racial discrimination
in hiring (15).

Conversely, to prevent racial
discrimination in hiring and life insurance
premiums, race-unaware Z-scores may be
preferred. In contexts involving access to
limited resources or economic opportunities,
race-unaware Z-scores help ensure that
individuals affected by structural racism do
not face further disadvantages because of it.
Currently, this requires race-specific reference
equations. Indeed, race adjustment in
spirometry was initially mandated in the
1978 Cotton Dust Standard to prevent
hiring discrimination (16). This standard
successfully reduced exposure and byssinosis
rates (17), although the differential impact of
race-based spirometry standards on workers’
health remains unclear. Because race is often
a proxy for social determinants of health,
one underexplored potential alternative
is adjustment for deprivation indices, as

shown with PREVENT (predicting risk of
cardiovascular disease events) equations (18).
This approach achieves race-agnostic
encounters in addition to race unawareness
and indicates a focus on addressing
structural inequalities. Although several
countries have official deprivation indices
(19), these scores must be scrutinized for
their potential to introduce new biases.

Race unfortunately remains a
determinant of health. As police brutality,
apartheid, and ethnic cleansing remind us,
racism has serious health consequences.
Because racial inequality affects health in
complex ways, fairness through unawareness
can sometimes cause additional harm. What
makes an algorithm fair is not whether it
includes race but how it handles it. We echo
calls for ongoing nuanced, careful, and
context-specific assessments of the fairness
consequences of different algorithms.
Committing to fairness in clinical decision
making requires continuous effort and a
willingness to learn, relearn, and question
long-standing and emerging orthodoxies.
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