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Race Adjustment in Clinical Algorithms
� Race, a social construct, has been used in clinical algorithms, often as a substitute for an 
observed difference in population variation that is then assumed to be due to a genetic or 
biologic difference.

� However, race is not a reliable proxy for physiologic differences.

� There is greater genetic variation within racial groups than between them. 

� Rather, differences observed by racial/ethnic groups in diagnoses and health outcomes may be 
due to social determinants of health and structural racism.

Collins FS, et al. Science 2003.
Schluger NW, et al. Annals ATS 2021.

Sirugo G, et al. JCI 2021.
Vyas DA, et al. N Engl J Med 2020.



Background
� The spirometer was invented in 1844 by John Hutchinson to assess lung function. 

� ,Ğ�ĚĞƐĐƌŝďĞĚ�ƚŚĞ�ǀŝƚĂů�ĐĂƉĂĐŝƚǇ�ĂƐ�͞ƚŚĞ�ŐƌĞĂƚĞƐƚ�ǀŽůƵŶƚĂƌǇ�ĞǆƉŝƌĂƚŝŽŶ͕�ĨŽůůŽǁŝŶŐ�ƚŚĞ�ĚĞĞƉĞƐƚ�
ŝŶƐƉŝƌĂƚŝŽŶ͘͟

� Using a cohort of 1,923 healthy cases, he compared vital capacity to height, establishing 
͞ŶŽƌŵĂů͟�ǀĞƌƐƵƐ�͞ ĂďŶŽƌŵĂů͟�ůƵŶŐƐ͘�

� Hutchinson noted variations in average lung functions based on gender, age, occupation, and 
social class. 

Hutchinson J. Med Chir Trans 1846.
Bhakta NR et al. Chest 2021.



Background
� In 1869, a large survey found vital capacity was lower in Black individuals when compared to 
White individuals. 

� This idea had also been used to justify the conditions of slavery by Thomas Jefferson.

� Following this, much of the focus on population differences in lung function were attributed to 
race, using race as a biologic proxy rather than understanding race as a social construct that 
reflects other social and environmental factors. 

� Current spirometry reference equations are calculated based on healthy non-smoker 
populations, adjust for age, height and sex, and include a term for race/ethnicity.

� For two people with the same absolute measured lung function, of same age, sex and height, a 
Black individual will have a higher percent-predicted value compared to a White individual 
based on current equations. 

Gould BA. Pub. for U.S. sanitary commission, 1869.
Braun L., University of Minnesota Press, 2014.

Bhakta NR, et al. Chest 2021. 



Current guideline recommendations
�The American Thoracic Society currently recommends the use of the Global Lung Function 
Initiative (GLI) reference equations, developed in 2012. 

� Previously the NHANES III reference equations were used with separate equations for White, 
Black and Hispanic groups, with a correction factor of 0.88 derived later for Asian individuals. 

� GLI equations provide separate coefficients for White, African American, North East Asian and 
South East Asian race/ethnicities. 

� These are used to calculate the percent-predicted forced expiratory volume in one second 
(FEV1) and forced vital capacity (FVC).

� With the reference equations, there is higher mean percent-predicted lung volumes among 
Black compared to White adults, when holding all else constant, despite having the same 
absolute volumes measured ʹ leading to underdiagnosis of respiratory disease in Black patients.

Culver BH et al. AJRCCM 2017.
Hankinson JL, et al. AJRCCM 1999.

Hankinson JL, et al. Chest 2010.
Quanjer PH, et al. Eur Respir J 2012.



Factors that affect lung function
� Lung growth is impacted by developmental and childhood exposures, including

� Nutritional deficiencies, prematurity and low birth weight
� Childhood respiratory infections
� Second-hand smoke
� Air pollution exposure, such as PM 2.5, ozone, traffic
� Lower socioeconomic status

� There is unfair and unequal distribution of these exposures with marginalized racial and ethnic 
groups being more unfairly exposed.

� These factors have not been accounted for in race-based adjustments nor in interpretation. 
Schluger NW, et al. Annals ATS 2021.

Gaffney A, et al. Eclinical Medicine 2021.
Barker DJ, et al, BMJ 1991.

Ejike CO, et al. Am J Respir Crit Care Med 2019.
Lovasi GS, et al. Am J Epidemiol 2010.

Martinez FD. N Engl J Med 2016.
Gaffney AW et al. JAMA Internal Medicine 2021. 



Potential impacts of race adjustment
� Pulmonary Function Tests (PFTs) are used in the pre-operative evaluation for thoracic surgeries.

� PFTs are also used in pre-employment testing and disability.  

� Black patients are less likely to be listed for lung transplantation.
� In a study of patients with idiopathic pulmonary fibrosis, Black and Hispanic patients were 

found to have increased risk of death compared to White patients after being listed for lung 
transplant.

� Black, Hispanic, and American Indian or Alaska Native individuals have had higher risk of COVID-
19 infection compared to White individuals.
� Use of current equations could lead to underdiagnosis of restrictive disease in follow-up PFTs 

for COVID-19 patients.

Schluger NW et al. Annals of ATS [In press] 2021. 
Lederer et al. Am J Transplant 2006.

CDC 2021.
Anderson MA, et al. Lancet Resp Med 2021.



Racial disparities in COPD
� Delayed diagnosis of pulmonary diseases: 

� Black individuals are less likely to have a prior diagnosis of COPD when compared to White 
individuals.

� At UPenn, in an analysis of 14,080 Black patients who had undergone PFTs, use of White 
race/ethnic-based reference equations led to an additional diagnosis of obstructive lung 
disease by 1.7% and of restrictive disease by 4.7%. 

� Black patients with COPD are less likely to be on treatment, and to participate in guideline-
recommended pulmonary rehabilitation programs. 

� Black patients with COPD have higher rates of ED visits and hospitalizations. 

Moffett  A, et al. AJRCCM [Abstract] 2021.
Bhakta NR, et al. Chest 2021.

Martinez CH, et al. Ann Am Thorac Soc 2015.
Han MK, et al. Chest 2011.

Martin A, et al. Br J Gen Pract 2012.
Spitzer KA, et al. Chest 2020.

Ejike CO, et al. AJRCCM 2019.



Underestimation of symptoms in COPD
� In a study of 2,652 current or former smokers from SPIROMICS with or at risk for COPD, 
comparing NHANES race-specific, NHANES White-race, and GLI-Other reference equations, they 
found:
� Correlation between percent-predicted FEV1 and respiratory symptoms differed between 

Black and White participants with the use of race-adjusted equations but were identical when 
no race-adjustment used. 

� The use of universally-applied White-race equations or GLI Other equations performed better 
ŝŶ�ƌĞĨůĞĐƚŝŶŐ�ƐǇŵƉƚŽŵ�ďƵƌĚĞŶ�ŽŶ��KW���ƐƐĞƐƐŵĞŶƚ�dĞƐƚ�;��dͿ�ĂŶĚ�̂ ƚ�'ĞŽƌŐĞ Ɛ͛�ZĞƐƉŝƌĂƚŽƌǇ�
Questionnaire (SGRQ) scores, 6-minute walk test for functional outcomes, and radiographic 
airway disease. 

� The inclusion of an adversity opportunity index, neighborhood deprivation, smoking pack-
years, asthma, and BMI reduced the effect size of the race term in a multivariable model of 
lung function. 

� Race adjustment can underestimate impaired lung function and symptoms in Black 
patients. 

.
Baugh A, et al. AJRCCM 2021.



Consequences of race-adjustment in spirometry 
interpretation on mortality

Burney  PGJ, Hooper R. Thorax 2011.

� This shows the distribution of the 
percent-predicted forced vital capacity 
(FVC) for Black and White men with the 
use of the NHANES III race-specific 
equations 

� This shows the mortality rates based on 
the calculated percent-predicted FVC, 
and the mortality rate among Black 
men is higher at any given value of 
percent-predicted FVC compared to 
White men.



Consequences of race-adjustment in spirometry 
interpretation on mortality

Burney  PGJ, Hooper R. Thorax 2011.

� This shows the distribution of the 
percent-predicted FVC for Black and 
White men with the use of the 
NHANES III race-neutral equation

� This shows the mortality rates based 
on the calculated percent-predicted 
FVC, and while the mortality rate 
among Black men is still higher, the 
mortality rates increase linearly as 
FVC decreases.



Follow up studies
� After adjusting for age, sex, and height, Black and White individuals with the same FVC in liters 
have similar mortality rates.

� Thus, it suggested that predicted values from current race-adjusted reference equations 
underestimate the risk of mortality in Black patients. 

� Two new studies published in 2021 to further investigate the Black-White differences in FVC.
� In an analysis of 9,034 White and Black participants ages 20 ʹ 80

� Calculated percent-predicted FVC among Black and White participants with: 
- The NHANES III race-specific prediction equations;
- The NHANES III White prediction equation applied to all persons.

Burney PGJ, Hooper R. Thorax 2011.
Gaffney A, et al. E Clinical Medicine 2021.

McCormack M, et al. AJRCCM 2021.



Distribution of FVC among participants by the 
different equations

Gaffney A, et al. E Clinical Medicine 2021.



Regression analysis based on percent-predicted 
FVC by different equations

� During 184,206 person-years of follow-up, 3064 deaths occurred.

� The average age at death was 66.4 years among Black individuals and 74.5 years among White 
individuals.

- �ůĂĐŬ�ƉĂƌƚŝĐŝƉĂŶƚƐ͛�ĂŐĞ�ĂŶĚ�ƐĞǆ�ĂĚũƵƐƚĞĚ�ŵŽƌƚĂůŝƚǇ�ǁĂƐ�ŐƌĞĂƚĞƌ�ƚŚĂŶ�tŚŝƚĞ�ƉĂƌƚŝĐŝƉĂŶƚƐ͘
- But, with the use of percent-predicted White equations for everyone, Black race was no 

longer independently predictive of mortality. 
- Again, with race-specific equations, Black race showed increased mortality hazard. 

Gaffney A, et al. E Clinical Medicine 2021.



Similar results with the GLI equations 
� In an analysis of 12,770 Black or White individuals from NHANES III

� Calculated percent-predicted FEV1, FVC and Z scores among Black and White participants 
with: 
ම The GLI race-ethnic specific equations;
ම dŚĞ�'>/�͞KƚŚĞƌ͟�ĞƋƵĂƚŝŽŶ�ĂƉƉůŝĞĚ�ƚŽ�Ăůů�ƉĞƌƐŽŶƐ͘

� Again, race-specific equations led to lower predicted survival for Black participants at a given 
&�sϭ���ƐĐŽƌĞ͘�,ŽǁĞǀĞƌ͕ �ƚŚŝƐ�ĚŝŵŝŶŝƐŚĞĚ�ǁŝƚŚ�ƚŚĞ�ƵƐĞ�ŽĨ�ƚŚĞ�͞KƚŚĞƌ͟�ĞƋƵĂƚŝŽŶ͕�ĨŝŶĚŝŶŐ�ƐŝŵŝůĂƌ�
mortality risk between groups. 

� The lower average lung function in Black compared to White individuals, with which the race-
ƐƉĞĐŝĨŝĐ�ĞƋƵĂƚŝŽŶƐ�ŝƐ�͞ ŶŽƌŵĂůŝǌĞĚ͕͟ �͞ƌĞŝŶĨŽƌĐĞƐ�Ă�ĨĂůƐĞ�ĂƐƐƵŵƉƚŝŽŶ�ĂďŽƵƚ�͞ŶŽƌŵĂů͟�ůƵŶŐ�ǀŽůƵŵĞƐ�
ŝŶ��ůĂĐŬ�ƉŽƉƵůĂƚŝŽŶƐ�ĂŶĚ�ƚŚĞ�ŚĞĂůƚŚ�ŝŵƉůŝĐĂƚŝŽŶƐ͘͟ �

Burney PGJ, Hooper R. Thorax 2011.
Gaffney A, et al. E Clinical Medicine 2021.

McCormack M, et al. AJRCCM 2021.



GLI spirometry reference equations
�GLI equations for males and females are: 

Predicted value of FEV1 or FVC = exp(E0 + E1log(height) + E2log(age) + spline(age) + E3(Black) + 
E4(North East Asian) + E5(South East Asian)) 

� dŚĞ�'>/�͞KƚŚĞƌ͟��ƋƵĂƚŝŽŶƐ�;Žƌ�͞DŝǆĞĚ��ƚŚŶŝĐ�KƌŝŐŝŶ͟Ϳ͕�ĂŶ�ĂǀĞƌĂŐĞ�ŽĨ�ƚŚĞ�ĂǀĂŝůĂďůĞ�ĚĂƚĂ�ĨƌŽŵ�ƚŚĞ�
four racial/ethnic groups above.
� Has been proposed as a universal approach, but limitations include that it does not fully 

represent the global population. 

Schluger NW, et al. Annals ATS 2021.
Quanjer PH, et al. Eur Respir J 2012..



WĞƌĨŽƌŵĂŶĐĞ�ŽĨ�'>/�͞KƚŚĞƌ͟�ĞƋƵĂƚŝŽŶ
� In an analysis of 3,344 participants from the  Multi-Ethnic Study of Atherosclerosis (MESA) Lung 
Study, a prospective, population-based cohort of White, Black, Hispanic and Asian participants 
from 6 US communities:

� Calculated percent-predicted FEV1, FVC among all participants with: 
ම dŚĞ�'>/�͞KƚŚĞƌ͟�ĞƋƵĂƚŝŽŶ�ĂƉƉůŝĞĚ�ƚŽ�Ăůů�ƉĞƌƐŽŶƐ�;ƌĞĨĞƌƌĞĚ�ƚŽ�ĂƐ�ƚŚĞ�͞ƌĂĐĞͬĞƚŚŶŝĐ-neutral 
ĞƋƵĂƚŝŽŶƐ͟Ϳ͖

ම The GLI race/ethnic specific reference equations.
� Tested associations between predicted values and the occurrence of chronic lower 

respiratory disease events and all cause mortality

Elmaleh-Sachs A, et al. AJRCCM 2021. 



Differences at clinically relevant thresholds 
comparing equations

White Black Hispanic Asian
Percent-predicted FEV1 <80%

Race/ethnic-based equations,  % 17% 18% 16% 26%

Race/ethnic-neutral equations, % 11% 33% 8% 18%

Percent-predicted FVC 80%

Race/ethnic-based equations, % 12% 14% 11% 19%

Race/ethnic-neutral equations, % 6% 27% 6% 13%

Moderate-severe airflow limitation

Race/ethnic-based equations, % 10% 8% 6% 8%

Race/ethnic-neutral equations, % 7% 12% 4% 7%
Elmaleh-Sachs A, et al. AJRCCM 2021. 



Discriminative accuracy of percent-predicted lung 
function comparing equations

Percent-
predicted 

lung function

Harrell C-statistic P-value

Race/ethnic-
based equations

Race/ethnic-neutral 
equations

Difference between 
Race/ethnic-based and 

Race/ethnic- neutral 
equations

Chronic Lower Respiratory Disease events

FEV1 0.71 0.72 0.22

FVC 0.61 0.62 0.03

All-cause mortality

FEV1 0.57 0.57 0.44

FVC 0.53 0.54 0.14
Elmaleh-Sachs A, et al. AJRCCM 2021. 



Conclusions
� Use of race-based equations in pulmonary function tests is associated has the potential to delay 
diagnosis and treatment of chronic lung diseases, as well as restrict access to disability, 
rehabilitation programs and lung transplantation for Black patients.

� Use of race-based equations in pulmonary function tests underestimates mortality for Black 
patients. 

� Current equations also do not take capture racially disparate exposures such as environmental 
and social mechanisms that are likely related to structural racism and can contribute to lower 
lung function.  

� Given the harms of continued use of race-ďĂƐĞĚ�ĞƋƵĂƚŝŽŶƐ͕�ƚŚĞ�ƵƐĞ�ŽĨ�ƚŚĞ�'>/�͞KƚŚĞƌ͟�ƌĞĨĞƌĞŶĐĞ�
equation could be applied to all patients. It is already available to everyone and could remove 
barriers to care and underdiagnosis of lung disease.  

� There have not yet been any guideline recommendations changes from the American Thoracic 
Society.

Elmaleh-Sachs A, et al. AJRCCM 2021. 
Schluger NW, et al.  Annals ATS 2021.

Bhakta NR et al. Chest 2021.



References
- Anderson MA, Malhotra A, Non AL. Could routine race-adjustment of spirometers exacerbate racial disparities in COVID-19 recovery? Lancet Respir Med. 2021;9(2):124-125.
- Barker DJ, Godfrey KM, Fall C, Osmond C, Winter PD, Shaheen SO. Relation of birth weight and childhood respiratory infection to adult lung function and death from chronic obstructive ai rways 

disease. BMJ. 1991;303(6804):671-675.
- Baugh AD, Shiboski S, Hansel NN, et al. Reconsidering the Utility of Race-Specific Lung Function Prediction Equations. Am J Respir Crit Care Med. 2021.
- Bhakta NR, Kaminsky DA, Bime C, et al. Addressing Race in Pulmonary Function Testing by Aligning Intent and Evidence With Practice and Perception. Chest. 2021.
- Braun L. Breathing race into the machine : the surprising career of the spirometer from plantation to genetics. Minneapolis: University of Minnesota Press; 2014.
- Burney PG, Hooper R. Forced vital capacity, airway obstruction and survival in a general population sample from the USA. Thorax. 2011;66(1):49-54.
- Collins Fs, Morgan M, Patrinos A. The Human Genome Project: lessons from large-scale biology. Science 2003;300:286ʹ90.
- Culver BH, Graham BL, Coates AL, et al. Recommendations for a Standardized Pulmonary Function Report. An Official American Thoracic Society Technical Statement. Am J Respir Crit Care Med. 

2017;196(11):1463-1472.
- Ejike CO, Dransfield MT, Hansel NN, et al. Chronic Obstructive Pulmonary Disease in America's Black Population. Am J Respir Crit Care Med. 2019;200(4):423-430.
- Elmaleh-Sachs A, Balte P, Oelsner EC, et al. Race/Ethnicity, Spirometry Reference Equations and Prediction of Incident Clinical Events: The Multi-Ethnic Study of Atherosclerosis (MESA) Lung Study. 

Am J Respir Crit Care Med. 2021.
- Gaffney AW, McCormick D, Woolhandler S, Christiani DC, Himmelstein DU. Prognostic implications of differences in forced vital capacity in black and white US adults: Findings from NHANES III with 

long-term mortality follow-up. EClinicalMedicine. 2021;39:101073.
- Gaffney AW, Himmelstein DU, Christiani DC, WoolhandlerS. Socioeconomic Inequality in Respiratory Health in the US From 1959 to 2018. JAMA Intern Med. 2021;181(7):968-976.
- Gould BA. Investigations in the military and anthropological statistics of American soldiers. New York,: Pub. for U.S. sanitary commission, by Hurd and Houghton; 1869.
- Han MK, Curran-Everett D, Dransfield MT, et al. Racial differences in quality of life in patients with COPD. Chest. 2011;140(5):1169-1176.
- Hankinson JL, Odencrantz JR, Fedan KB. Spirometric reference values from a sample of the general U.S. population. Am J Respir Crit Care Med. 1999;159(1):179-187.



References
- Hankinson JL, Kawut SM, Shahar E, Smith LJ, Stukovsky KH, Barr RG. Performance of American Thoracic Society-recommended spirometry reference values in a multiethnic sample of adults: 

the multi-ethnic study of atherosclerosis (MESA) lung study. Chest. 2010;137(1):138-145.
- Hutchinson J. On the capacity of the lungs, and on the respiratory functions, with a view of establishing a precise and easy method of detecting disease by the spirometer. Med Chir Trans. 

1846;29:137-252.
- Lederer DJ, Caplan-Shaw CE, O'Shea MK, et al. Racial and ethnic disparities in survival in lung transplant candidates with idiopathic pulmonary fibrosis. Am J Transplant. 2006;6(2):398-403.
- Lovasi GS, Diez Roux AV, Hoffman EA, Kawut SM, Jacobs DR, Jr., Barr RG. Association of environmental tobacco smoke exposure in childhood with early emphysema in adulthood among 

nonsmokers: the MESA-lung study. Am J Epidemiol. 2010;171(1):54-62.
- Martin A, Badrick E, Mathur R, Hull S. Effect of ethnicity on the prevalence, severity, and management of COPD in general practice. Br J Gen Pract. 2012;62(595):e76-81.
- Martinez CH, Mannino DM, Jaimes FA, et al. Undiagnosed Obstructive Lung Disease in the United States. Associated Factors and Long-term Mortality. Ann Am ThoracSoc. 2015;12(12):1788-

1795.
- Martinez FD. Early-Life Origins of Chronic Obstructive Pulmonary Disease. N Engl J Med. 2016;375(9):871-878.
- McCormack MC, Balasubramanian A, Matsui EC, Peng R, Wise RA, Keet CA. Race, Lung Function and Long-term Mortality in the National Health and Examination Survey III. Am J Respir Crit Care 

Med. 2021.
- Moffett AT EN, Halpern SD, Weissman GE. A1030- The Impact of Race Correction on the Interpretation of Pulmonary Function Testing Among Black Patients [Abstract]. Am J Resp Crit Care Med 

2021;203:A1030
- Quanjer PH, Stanojevic S, Cole TJ, et al. Multi-ethnic reference values for spirometry for the 3-95-yr age range: the global lung function 2012 equations. Eur Respir J. 2012;40(6):1324-1343.
- Schluger NW, Dozor AJ, Jung YEG. Rethinking the Race Adjustment in Pulmonary Function Testing. Ann Am Thorac Soc. 2021.
- Sirugo G, Tishkoff SA, Williams SM. The quagmire of race, genetic ancestry, and health disparities. J Clin Invest. 2021;131(11).
- Spitzer KA, Stefan MS, Priya A, et al. A Geographic Analysis of Racial Disparities in Use of Pulmonary Rehabilitation After Hospitalization for COPD Exacerbation. Chest. 2020;157(5):1130-1137.
- Vyas DA, Eisenstein LG, Jones DS. Hidden in Plain Sight - Reconsidering the Use of Race Correction in Clinical Algorithms. N Engl J Med. 2020;383(9):874-882.



Thank you! 
Acknowledgments: 

� MESA-Lung Team 

� R Graham Barr, MD, DrPH

Questions or comments?


