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CONCLUSION

1. ‘Normalize’ lower lung function, 
risking underdiagnosis in 
underrepresented groups 

3. Mask the effects of social, 
environmental, and biological 
factors

2. Do not reflect a diverse or 
multiracial population

● Race Stratification in Clinical Equations: Increasing scrutiny on race-stratified clinical algorithms for 

kidney function, lung function equations, and cardiovascular disease among other areas has led to 

interest in race-free alternatives1, 2

● Pulmonary Function Tests (PFTs): PFTs assist in diagnosis and evaluation of lung diseases by 

comparing observed spirometry values to expected reference values, historically stratified by race3, 4

● Implications of Race Stratification: Race stratification in PFTs projects an expected 20% ↓ in lung 

function among Black individuals and a 4-6% ↓ in Asians4, leading to significant disparities in medical 

diagnoses, lung transplant priority, preoperative evaluation, insurance premiums, and disability 

compensation 5, 6

● Limitations with ATS Guideline: In 2022, the American Thoracic Society (ATS) recommended 

GLI-Global, race-neutral equations trained with equally weighted groups; however, these equations 

do not capture the underlying cause of lung-function variation among populations7, 8  
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● Sitting Height, not height, significantly explained reference FVC difference across populations 

○ Height: UKBioBank: 30% (Asian), 31% (Other), 10% (Black); NHANES: 43% (Asian, Other), 81% (Hispanic)

○ Sitting Height: UKBioBank: 5% Black, 3% (Asian, Other); NHANES:  18% (Black), 9% (Hispanic), 7% (Asian), 5% (Other)

● ARC outperformed GLI-Global in reference FVC 

prediction across cohorts

○ Additional features improve performance for all 

groups, despite no inverse probability weights

● Anthropometrics, not sociodemographics, improved 

FVC prediction across cohorts

○ Sitting height 3% ↓ MAE 3% (UK Biobank) and 12% 

(NHANES)

○ Waist circumference: 16% ↓ Black MAE (NHANES)

○ Native-born: 9% ↓ MAE (UKB); ↑ MAE (NHANES)

● Performance gap ↓ between Non-White and White 

subgroups

○ GLI-Global: 44% (UKBiobank) and 35% (NHANES)

○ + Sitting height:  39% (UK Biobank) and 26% 

(NHANES)

○ + Waist circumference: 39% (UK Biobank) and 8% 

(NHANES)

● Race-neutral model outperformed race-based models 

in external validation, showcasing robustness to 

domain shift
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Figure 1: Effect size of anthropometric, exposure, and sociodemographic variables in NHANES and UK BioBank. a) The effect of 
race on the adjusted racial difference in FVC (mL) with respect to the White population. b) The effect of anthropometrics on the FVC 
(mL). c) The effect of sociodemographics on FVC (mL). d) The effect of air exposures on the FVC (mL)

Figure 2: Differences in the Fitted Race Coefficient (Relative to White Race) with Incremental Inclusion of Anthropometric, Sociodemographic, and Exposure Variables. Error bars represent 
standard deviations of the coefficients.

Figure 3: Performance of Race-Free and Race-Based Models for Predicting FVC (mL) on 
asymptomatic individuals. GLI-Global and five XGBoost models were trained using 80:20 split of UK 
Biobank. Each model is adjusted by age and sex. Features were added incrementally to each model and 
were evaluated on UKB test and NHANES. Hispanic was encoded as “Other”. 
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Approach: We developed ARC, an algorithmic approach to replace 

race correction in clinical equations, which systematically identifies 

factors that may explain race-related variation and utilizes such 

features to promote fairness, accuracy, and robustness.

Limitations with Race Correction
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PFT ~ f(Age, Sex, Height, 

Race, Covariates)
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Figure 4: Discriminative Accuracy of Reference-Adjusted Spirometry for Predicting Risk of Mortality from Lower Chronic Respiratory Disease within 10 Years in NHANES III.

● Anthropometrics, Sociodemographics, 
and Exposures Associated With Lung 
Function
○  100% and 91% of variables 

significantly correlated with FVC in 
UKB and NHANES, respectively

● Expected FVC Difference with White as 
Reference Group: 
○ Black: UKBiobank -871 ± 14 mL, 

NHANES -687 ± 27 mL
○ Asian: UKBiobank -1,014 ± 11 mL, 

NHANES -867 ± 65 mL
○ Hispanic (NHANES): -417 ± 25 mL
○ Other: UKBiobank -445 ± 13 mL, 

NHANES -695 ± 51 mL

UKBioBank
n=150k

NHANES
n=3k

Train
UK BioBank

Test
UK BioBank

Test
NHANES

White Black Hispanic

NRI + 0.24 (0.21, 0.52) 0.04 (-0.52, 0.06) -0.07 (-0.40, 0.13)

NRI - -0.06 (-0.08, -0.03) 0.01 (-0.03, 0.01) 0.01 (-0.03, 0.04)  

Pr(Up | Case) 0.39 (0.32, 0.70) 0.10 (0.02, 0.28) 0.02 (0.00, 0.13) 

Pr(Down | Case) 0.16 (0.09, 0.17)  0.06 (0.05, 0.67) 0.09 (0.00, 0.40) 

Pr(Down | Ctrl) 0.03 (0.02, 0.04) 0.02 (0.00, 0.02)  0.03 (0.01, 0.07)

Pr(Up | Ctrl) 0.09 (0.06, 0.11) 0.02 (0.01, 0.05) 0.02 (0.00, 0.07) 
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Implications

Race-Based Difference 
Explained

Race-based differences in FVC are better explained 
by anthropometric factors. Exposures failed to 

explain differences, possibly due to having a larger 
impact on baseline lung function during 

development.  

Race-Neutral Model Robust
to Domain Shift

Race-neutral models outperforms GLI-Global and 
race-based methods across cohorts. Sitting height 

and waist circumference measures improve PFT 
prediction and reduce performance disparities 

between racial groups. 

● Survival Analysis: Increased AUC in 

predicting mortality risk from Chronic 

Lower Respiratory Disease among 

White population using the 

anthropometric model vs. GLI-Global

● Net Reclassification Index:  Mortality 

risk increased for White but not 

significantly for Black and Hispanics 

compared to GLI-Global.

Improved Prediction of 
Death from Asthma or COPD

Using anthropometric model, net reclassification 
for mortality risk increased for White individuals 
and did not significantly change for Black and 

Hispanic individuals compared to the GLI-Global 
model.

Beyond 
Pulmonary Function Tests

The ARC method expands into different clinical 
areas where race has been historically influential, 

potentially providing more precise and fair 
equations across multiple organ systems.
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ARC: ALGORITHMIC APPROACH TO REPLACING RACE CORRECTION GLI-GLOBAL 2022: 
INVERSE PROBABILITY WEIGHTING

WORKFLOWS FOR REMOVING RACE IN PULMONARY FUNCTION TESTS

VS

Traditionally, PFTs have incorporated factors such as 
age, sex, height, and race to predict lung function, 

based on long-standing observations

An international effort was initiated to gather large-scale 
spirometry data from diverse populations 

Data from minority groups was upsampled to ensure 
they are adequately represented in the model 

Feature Selection

Global Task Force 

Inverse Probability Weighting (IPW)

While replacing race with IPW helps maintain similarly accuracy for all 
demographics, it has an averaging effect and negatively impacted 
outcomes on majority populations

Table 1: Net Reclassification Index (NRI) for Mortality Risk from Chronic Lower Respiratory Disease When Transitioning from 
GLI-Global to XGBoost Model Using Age, Sex, Height, and Sitting Height as Predictors of Pulmonary Function Test (PFT) 
Z-Scores. Survival analysis was conducted over a 30-year prediction period, and net reclassification was performed using cut-offs of 
0.2 and 0.4. 

Deployment in Global Cohort
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ARC: ALGORITHMIC APPROACH TO REPLACING RACE CORRECTION 
GLI-GLOBAL 2022: 

INVERSE PROBABILITY WEIGHTING

VS

Traditionally, PFTs have incorporated factors such as 
age, sex, height, and race to predict lung function, 

based on long-standing observations

An international effort was initiated to gather 
large-scale spirometry data from diverse populations 

Data from minority groups was upsampled to ensure 
they are adequately represented in the model 

Feature Selection

Global Task Force 

Inverse Probability Weighting (IPW)

While replacing race with IPW helps maintain similarly accuracy for all 
demographics, it has an averaging effect and negatively impacted 
outcomes on majority populations
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