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Is Taiwan in Northeast 
Asia or Southeast Asia?

What’s your answer?
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Why Global Lung Function 
Initiative (GLI) is Needed

• In the past (1960), lung function reference 
values were primarily established based on 
specific populations (e.g., European 
Caucasians Male coal workers).

• For other ethnic groups, adjustments were 
commonly applied using 'correction factors.’ 

• For example, lung function values for 
African Americans were typically set 
around 15% lower than those for 
Caucasians.

Philip Quanjer 1936-2017 

In memoriam: Professor Philip H. Quanjer
Janet Stocks, Irene Steenbruggen
European Respiratory Journal 2017 50(3): 1701660
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Philip Quanjer 1936-2017 
Born in Pontianak (now 
Indonesia) -> Netherlands

In memoriam: Professor Philip H. Quanjer
Janet Stocks Irene Steenbruggen
European Respiratory Journal 2017 50(3): 1701660
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Importance of Ethnicity in Lung Function 
Interpretation

• Ethnicity significantly influences lung volumes (such 
as FVC):
• Normal lung function reference values differ among ethnic groups, impacting 

the interpretation of measurements. 
• Using inappropriate standards can result in misclassification.

• Incorrect ethnicity references lead to diagnostic 
inaccuracies:
• Applying standards derived from one ethnic group to another can falsely 

indicate lung disease (false-positive) or incorrectly suggest normal function 
(false-negative), emphasizing the necessity of ethnicity-specific standards.
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Why Precise Ethnicity-Specific Models Are 
Crucial for ILD. 
That’s my question for research! 
• Interstitial lung diseases (ILDs) rely heavily on the accurate 

interpretation of restrictive ventilatory impairments (e.g., reduced 
FVC, TLC, and DLco).

• Because normal lung volumes vary significantly by ethnicity, 
employing an inappropriate ethnic reference model can lead to 
inaccurate severity assessments.

• COPD diagnosis mainly relies on the FEV1/FVC ratio, , which is 
relatively consistent across ethnic groups
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Vocabularies

• FVC: The total amount of air 
exhaled during a forced breath-out

• FEV1: Forced expiratory volume in 
one second- the volume of air 
exhaled during the first second of a 
forced exhalation

• FVC pred: actual FVC/expected FVC

• LLN: LLN is statistically defined as 
the value below which only 5% of 
healthy, non-smoking individuals 
fall.
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Applying David Hume's law

Ought

IS Actual FVC and FEV1… 

FVC and FEV1 references 
RACE-SPECIFIC vs. RACE-NEUTRAL…

GAP

Taiwan local reference?
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Paper 1 from NEJM 
Paper 2 from AJRCCM 



Paper 1 NEJM June 13, 2024
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Background: Spirometry and the Shift to 
Race-Neutral Equations
• Spirometry is essential for diagnosing and monitoring lung diseases 

such as COPD.

• Predicted normal values are typically based on age, sex, height, and 
historically, race.

• Race-based reference equations (e.g., GLI-2012) have been criticized 
for reinforcing outdated racial assumptions and inequities.

• In 2022, the GLI-Global equations were introduced as race-neutral 
alternatives, endorsed by ATS/ERS in 2024.

• This study quantifies the clinical, social, and economic impacts.
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Method

• Study Design: Cross-sectional and retrospective analysis using 5 large 
cohorts to evaluate the impact on classification and clinical/policy 
outcomes

• Data source:
• NHANES III (1988–1994): general U.S. population

• NHANES IV (2007–2012): general U.S. population

• MESA: Multi-Ethnic Study of Atherosclerosis

• UK Biobank: large, predominantly White cohort

• OPTN: 2020 U.S. lung transplant waiting list

13



14

1

2

3

4

5

6• Lung transplant 
priority 

• Not in Table 2:

clinical outcome 
prediction (e.g., 
respiratory 
symptoms, 
hospitalization, 
new-onset 
disease, mortality) 
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7 Outcomes 

1. Ventilator impairment 
a. Obstructive: asthma/COPD

b. Non-obstructive

2. COPD severity grading 

3. Occupational eligibility 

4. Medical impairment ratings 

5. Disability compensation 

6. Lung transplant priority 

7. Associations with respiratory outcomes 
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Statistical Analysis

• Calculated predicted values & LLN using GLI-2012 and GLI-
Global

• Derived % predicted

• Used NHANES IV weights for national projections

• Assessed predictive accuracy using Harrell’s C-statistic

• Conducted secondary analyses of sensitivity/specificity at z = 
−1.645 (5th percentile)
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Results
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Results-2

1
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Results-3

32
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Results-4

54
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Results-5
In terms of numbers affected; national projections based on NHANES data with survey weights
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Results-6

Higher priority for 
Black candidates 
from GLI 2012 to GLI 
Global

6



23

7

Results-7



Discussion-1

• Reclassification affects real-world decisions
• Switching to race-neutral equations (GLI-Global) leads to major 

reclassifications of lung impairment, which can influence medical, 
occupational, and financial outcomes

• Race-neutral vs. race-specific impact varies by group
• Black participants were more likely to be classified as impaired or severely 

impaired.

• Trade-offs between sensitivity and specificity
• Using GLI-Global increased sensitivity (more true positives) among Black 

individuals but also increased false positives. Overall discriminative accuracy 
(C-statistic) remained similar (Table 4)
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Discussion-2

• Population-level impact could obscure or reveal disparities
• Race-based equations may "normalize" lower lung function in Black and Asian 

populations, potentially hiding subclinical disease. 

• Race-neutral models might uncover these disparities, but also risk overdiagnosis

• Consequences extend beyond diagnosis
• Reclassifications can influence COPD trial eligibility, insurance premiums, worker 

compensation, transplant waiting lists, and surgery decisions. 

• —they have broad policy and ethical implications

• Removing race helps move beyond outdated biological assumptions, but 
deeper inequities in healthcare access, social conditions, and 
environmental exposure remain unaddressed
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Limitations 

• Physiologic data only, not full clinical assessment

• Lung allocation model may not apply to current practice
• “Lung allocation score modeling (for transplant) used 2020 data; newer 

systems (since 2021) do not rely on spirometry”

• U.S.-centric outcome projections
• international generalizability may be limited

• No gold standard to validate reclassification accuracy

• GLI datasets may embed racial biases
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Paper 2 Blue Journal AJRCCM Jan 1, 2024
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Background

• The GLI Global equations were developed to reduce bias and move 
away from race-based spirometry interpretation.

• Previous GLI-2012 equations may underestimate lung impairment in 
non-White populations and delay therapy or referral.

• Race-neutral models aim to reduce inequality, but may lead to new 
challenges, such as overdiagnosis, occupational disqualification, or 
insurance issues.

• The 2023 ATS statement recommends minimizing the use of race and 
emphasizes the importance of careful implementation of new 
standards.
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Method

• Study Design
• Retrospective cross-sectional analysis using data from the Mayo Clinic PFT database 

(2016–2022)
• Evaluated changes in spirometry interpretation across self-reported race/ethnicity 

groups

• Data & Definitions
• Collected age, sex, height, weight, race/ethnicity, mMRC dyspnea scores
• Spirometry interpretation categorized into:

• Normal
• Indeterminate reduction in FEV1
• Obstruction
• Possible restriction

• Statistical comparisons were performed using ANOVA, chi-square tests, and 
t-tests, with significance set at P < 0.05.
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Not Just 7.6% — It’s 10.2% When Everyone 
Counts Equally
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10.2% change to a 
population of equal 
representation of all 
five race groups
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Patients with obstruction on spirometry by GLI 
Global alone were 1.7 (95% CI, 1.2–2.5; P =0.006) 
times more likely

2.6 (95% CI, 1.4–5.1) times more likely to 
exhibit air trapping 3.3 (95% CI, 2.7–4.2) times more likely 

to exhibit low total lung capacity



Discussion

• GLI Global offers a “race-neutral” approach
• Aimed at reducing health disparities and structural racism in medicine
• Recognizes that self-identified race oversimplifies the complex interplay between 

genetics, environment, and social factors

• Reclassification affected nearly 1 in 13 tests
• Greatest change seen in Black and Southeast Asian populations
• Black patients had a 32.9% relative increase in abnormal interpretation, largely due 

to decreased % predicted values from higher LLN thresholds

• GLI Global correlates better with clinical findings

• Clinical significance still uncertain
• No gold standard diagnosis included in the dataset

• Broader disparities in SES remain unresolved for lung health
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Limitation

• Limited representation of Northeast Asian participants

• Subgroup analysis limitations

• Reference equations for lung volumes were based only on White 
individuals

• No gold standard clinical diagnosis

• Uncertain clinical significance of interpretation changes
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Research Aspect Paper 1 (NEJM, 2024) Paper 2 (AJRCCM, 2024)

Sample size
369,077 participants (from five 
large cohorts)

109,447 participants (Mayo 
Clinic pulmonary labs)

Population

General population, clinical 
patients, transplant candidates; 
cohorts include NHANES, UK 
Biobank, MESA, OPTN

Clinical patients undergoing 
spirometry at Mayo Clinic 
(multiple centers)

Methods
Retrospective analysis comparing 
GLI-2012 vs. GLI-Global lung 
function equations

Retrospective analysis 
comparing GLI-2012 vs. GLI-
Global lung function equations

Comparison of Research Design



Comparison of Research Design
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Outcome measurements

Focuses on broader clinical, social, and 
policy-level outcomes, such as 
eligibility for employment, medical 
compensation, transplant 
prioritization, and mortality prediction.

Focuses on direct diagnostic 
impacts, including changes in 
spirometry interpretation, 
symptom burden (mMRC score), 
and physiologic validation 
through lung volume 
measurements.

Statistical analysis

Concordance statistics (C-statistics), 
ROC curves, survey-weighted national 
projections, linear models for 
transplant prioritization
Grouped Bar, paired line plot

ANOVA, Chi-square tests, 
Fisher’s exact test, independent 
t-tests for group comparisons, 
descriptive statistics
Paired line plot; Sankey plot

Research Aspect Paper 1 (NEJM, 2024) Paper 2 (AJRCCM, 2024)



Confounding bias
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Paper 1 (NEJM, 2024) Paper 2 (AJRCCM, 2024)

• Multiple datasets with different 
inclusion criteria (e.g., NHANES, 
transplant list)

• Potential variation in 
socioeconomic status, 
comorbidities, access to care 
not fully adjusted

• Single health system
• Differences in referral reasons, 

disease severity, and 
race/ethnicity may confound 
results

Strategies for future studies:
 Use propensity score adjustment or inverse probability weighting
 Stratify or match on key covariates (e.g., SES, comorbidity)
 Include longitudinal outcomes (e.g., symptom progression, hospitalization)



Selection bias
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Paper 1 (NEJM, 2024) Paper 2 (AJRCCM, 2024)

• Populations drawn from large 
cohort studies, but may not be 
representative of general 
clinical populations

• Selective inclusion (e.g., 
transplant candidates)

• Only includes patients who were 
referred for PFTs, may 
overrepresent symptomatic or 
high-risk individuals

• Racial/ethnic representation is 
imbalanced

Use population-based sampling or random sampling of PFTs 
Ensure proportional representation across race/ethnicity groups
Prospectively recruit diverse and unselected participants

Cost?



Conclusion: from GLI 2012 to GLI global

• Paper 1 in NEJM showed that race-neutral equations can reclassify 
lung function and may impact medical decisions like COPD grading 
and transplant eligibility.

• Paper 2 in AJRCCM found that switching to race-neutral equations 
significantly changes spirometry interpretation, especially in diverse 
populations.

• Both studies highlight the need for further research to confirm 
whether these changes reflect true disease or lead to misclassification.

• I think the local data is very important. Taiwan is not part of the US.
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