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Purpose: Race-based correction is widely utilized in clinical practice, but may contribute to overestimation of lung function, 
underdiagnoses in minority groups, and exclusion of minority groups from research trials. The aim of this systematic review is to 
examine the usage of race-based correction in pulmonary function testing (PFT) within chronic obstructive lung disease (COPD) 
research and its impact on the exclusion of minority groups from research trials.
Methods: We systematically searched Medline from 2010 to 2022 to identify randomized controlled trials (RCTs) that examine 
inhaler therapy for COPD. Article screening, critical appraisal, and data extraction were completed in duplicate by independent 
reviewers. Data regarding study design, inclusion criteria, demographics, and race-based correction were extracted and synthesized 
narratively.
Results: Of the 774 screened articles, we included 21 RCTs in the review, which were multinational trials involving 70696 study 
participants. All studies had an inclusion criteria of an FEV1 cutoff of 50% to 80%. Racial minorities remained underrepresented in the 
trials, with the proportion of black participants ranging from <1% to 4.7%. Four studies directly mentioned race-based correction, 
while the remainder of the studies did not provide any explicit details. After obtaining additional information by contacting authors and 
reviewing the citations, 15 were estimated to utilize race-based correction.
Conclusion: Race-based correction may be frequently utilized in major COPD RCTs, but there remains inconsistent reporting 
regarding the usage of race-based correction. This may contribute to the exclusion of racialized populations from research trials as 
there remains significant underrepresentation of racialized populations from research.
Keywords: chronic obstructive lung disease, pulmonary function testing, race-based correction, racial disparities, ethnic 
representation in research

Introduction
Chronic obstructive lung disease (COPD) is a lung condition characterized by progressive obstructive airflow limitation, 
affecting around 400 million people worldwide and associated with significant morbidity and mortality.1,2 Among patients 
with COPD, there are substantial disparities in health outcomes across racial groups.3 Black COPD patients are at higher risk 
of COPD exacerbations, lower quality of life, and even mortality.4–6 Many socioeconomic factors contribute to these 
disparities and there remains significant gaps in clinical care provided for racialized populations, including higher rates of 
undiagnosed COPD in African Americans.7 Despite the gaps and the need for additional research in this area, racial minority 
groups remain underrepresented not only in COPD research trials but across all areas of clinical research.8,9

Race-based correction has been widely used in pulmonary function testing for COPD, encompassing both fixed correction 
factors for race as well as race-specific equations for percent predicted values. While previously recommended by the Joint 
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Working Group of the American Thoracic Society (ATS) and European Thoracic Society (ETS), a statement was released in 
2023 currently recommending the usage of race-neutral equations in pulmonary function testing.10–12 The diagnosis of COPD 
is based upon pulmonary function testing, according to criteria defined by the Global Initiative for Chronic Obstructive Lung 
Disease.1 The assessment of the severity of COPD is graded by the percent predicted values of forced expiratory volume in 
1 second (FEV1) through spirometry.1 With the usage of race-specific equations, predicted values of lung function, such as 
FEV1 and forced vital capacity (FVC) in milliliters, vary by 4–6% for Asian individuals and 10–15% for Black individuals 
compared to White individuals.10 Race-specific equations have been increasingly called into question within the literature for 
representing implicit bias and potentially resulting in the underdiagnosis of lung disease in racial groups.13

Using race-based correction to estimate lung function has significant implications for the diagnosis, management, and 
monitoring of COPD.14 With race-based corrections, racial minorities require lower absolute lung function values for their 
lung disease to be considered equally severe, which may result in underdiagnosis, undertreatment, and underrepresentation 
of racial populations in research. Recent studies have shown that race-based correction in spirometry did not improve the 
prediction of clinical events versus race-neutral equations.15 Race is a social construct, with a diverse range of genetic 
differences and phenotypes within each racial population; as such, identifying an individual by appearances or skin colour 
does not serve as an adequate proxy for biologic differences.16 When early differences in lung function were identified 
between white and non-white groups, it was noted that socioeconomic factors, such as air pollution, exercise, respiratory 
illnesses, may have resulted in these measured differences.17 The majority of studies used to develop modern race-based 
correction equations did not adjust for these social factors.18 Despite historical analyses suggesting that race-based 
correction had origins and underpinnings in colonialism and racism, the narrative of innate differences between racial 
groups persists.17,19,20 Currently, there is an emerging body of literature surrounding race-based correction, however there 
remains limited evidence-based data on the impact of race-based correction in clinical research trials.

In clinical research, race-based correction may contribute to the exclusion of certain racial groups from participat
ing in research studies, given the FEV1 inclusion criteria required to participate in COPD trials. Racialized populations 
remain underrepresented in clinical trials in pulmonary medicine, with current COPD treatments predominantly 
evaluated in white and male populations.21,22 It is currently unknown the degree to which race-based corrections are 
utilized in clinical research and whether they are contributing to the exclusion of racialized populations in clinical 
trials. Therefore, the purpose of this study was to examine the usage of race-based correction within major COPD 
randomized control trials (RCT) and determine whether its usage led to the exclusion of racialized participants from 
clinical trials.

Methods
This study was reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines (see Additional File 1 for the PRISMA checklist). A protocol was developed a priori and published 
on the Open Science Framework registration.23

Study Eligibility
This systematic review included randomized controlled trials evaluating inhaler therapy in patients with COPD. The 
randomized controlled trials were included if their inclusion criteria for study participants involved pulmonary function 
testing criteria (which included a formal diagnosis of COPD) and the use of FEV1 as an outcome measure. The study was 
limited to RCTs with a sample size of 1500 or more to focus the analysis on large inhaler trials within COPD research, 
given the large number of COPD trials. Secondary or pooled analyses of RCTs, cost-effectiveness trials, protocols, or 
abstracts were excluded.

Search Strategy and Study Screening
Medline was searched from Jan 1, 2010, to June 23, 2022, for articles pertaining to COPD and inhaler therapy. Details 
regarding the search strategy can be found in the registered protocol.23 All the studies were screened in duplicate both at 
the title and abstract as well as the full-text screening phases. Disagreements were resolved by discussion between the 
two reviewers, and remaining conflicts after discussion were resolved by a third independent reviewer.
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Data Extraction and Critical Appraisal
All RCTs included in the review were analyzed using a standardized data extraction form, which included key details such as 
study bibliographic details, study design and methods, outcomes, study population demographics, pulmonary function testing 
values, usage of race-based correction, and funding sources. Data was collected from the full text, supplementary files, and 
protocols of the articles. Corresponding authors for the studies were contacted for additional information regarding race- 
based correction if insufficient details were published. Critical appraisal was performed using the Cochrane Risk of Bias Tool 
for Randomized Trials, a tool validated for use in randomized controlled trials.24 Studies were reported as unknown, low, 
medium, or high risk of bias according to the Cochrane critical appraisal tool. Data extraction and critical appraisal were both 
performed independently in duplicate, with conflicts resolved via discussion between reviewers.

Data Analysis and Synthesis
Cohen’s kappa statistic was applied to assess interrater reliability during the full text and article screening phases. The 
proportion of studies that reported details regarding race-based spirometry were analyzed, including the applied race 
correction factor. If the study did not explicitly provide any details regarding race-based correction, data was gathered 
regarding whether the study cited that they performed spirometry according to ATS or ERS guidelines that recommend 
race-based pulmonary function testing. Patient demographics including ethnicity and pulmonary function testing data 
were also assessed. The extracted data was analyzed using narrative synthesis and descriptive analysis. There was 
insufficient data to perform statistical analysis given the heterogeneity between studies and limited publicly reported data 
regarding race-based correction.

Results
Characteristics of Included Studies
The search yielded 774 records, of which 738 articles were excluded at the title and abstract review stage with 36 records 
reviewed at the full-text review stage (see Figure 1). After full-text review, 21 articles met the study eligibility criteria 
and were included in the systematic review.25–45 There was a total of 70,626 study participants across all included 
studies. The flow diagram and reasons for exclusion of articles were reported in Figure 1. All studies reported an 
inclusion criterion of an FEV1 of less than 50% to less than 80% (see Table 1). The full characteristics of the studies are 
listed in Additional File 2.

At the title and abstract screening phase, the percent agreement was 96.8% with a Cohen’s Kappa of 0.70 [95% CI 
0.58–0.81]. During full-text review, there was a 94.4% observed agreement with Cohen’s Kappa of 0.88 [95% CI 
0.73–1.0]. Interpretation of these kappa values represent substantial and almost perfect agreement.

Quality of Included Studies
The overall quality of the included studies involved 17 (81%) studies with a low risk-of bias, three (14%) studies with 
some concern for bias and one (5%) with a high concern for bias, as determined by the Cochrane RoB2 tool (see 
Figure 2). The most prevalent domain of bias was bias due to the selection of reported results, with two (10%) of studies 
having some concern for bias and two (10%) studies having a high concern for bias.

Baseline Data on Race and Ethnicity
Of the 21 included studies, 15 reported data on race within baseline demographics. Nine studies (43%) had a study 
population comprising greater than 85% of white individuals (see Table 2). Two studies (Ferguson 2018a and Lipworth 
2018) were predominantly based in Asia and the remainder were multinational studies spanning across multiple 
continents with a large proportion of participants from the US, Canada, and Europe. The studies predominantly based 
in Asia had approximately 50% white and 40% Asian participants, and the remainder of RCTs (61.9%) had 77 to 97% of 
white individuals. The proportion of black study participants within the RCTs ranged from <1% to 4.7%. There were 
limited data on other ethnic groups such as American Indian or Alaska Native groups. No studies specifically reported the 
proportion of Hispanic/Latino participants. These other racial groups were reported as <6% of the study population.
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Race-Based Correction Usage Within Clinical Trials
Four RCTs explicitly mentioned whether race-based correction was utilized, and the remainder of the studies did not 
report any details on whether race-based correction was utilized for pulmonary function testing. The corresponding 
authors of the articles were contacted for additional information regarding race-based correction and additional details 
were obtained for six articles (see Table 2). With this information, eight of nine studies were confirmed to have utilized 
race-based correction and one study did not utilize race-based correction. Note that there was one discrepancy between 
author reported information and the publicly available data.46 There were 12 studies with unknown data regarding 
whether race-based correction was utilized. Among studies with unknown data, seven studies cited that spirometry was 
performed according to previous ATS or ERS guidelines, which recommend and endorse the usage of race-based 
correction. Assuming that studies who cited the previous ATS or ERS guidelines utilized race-based correction, 15 
studies were estimated to have utilized race-based correction, one study did not utilize race-based correction and five 
studies remaining with unknown data.

The studies cited three main references for race-based correction (see Table 2).47–49 In the study published by 
Hankinson et al, race-specific equations were proposed, where percent predicted values varied in comparison to White 
individuals of up to 12% to 15% for African-Americans and Black individuals and 6% for Asian individuals.48,50 

Hankinson published an update to these reference values in 2010, where a correction factor of around 12% was utilized 
for Asian populations and other reference values were maintained consistent.49 Quanjer et al examined multi-ethnic 
values within a global population.47,50 They proposed race-specific equations with variations in percent predicted lung 

Figure 1 CONSORT diagram of article screening and inclusion.
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Table 1 Inclusion/Exclusion Criteria and Pulmonary Function Testing Values of the Randomized Control Trials

Author Year Inclusion 
Criteria for  

FEV1% 
Predicted

Other Major Inclusion Criteria FEV1 

(mL)
FEV1% 

Predicted
FVC 
(mL)

FEV1/ 
FVC 

ratio (%)

Funding 
Source

Abrahams 201325 <80% Adults ≥40 years, FEV1/FVC <70%, smoking history of ≥10 pack years 1180 43 Pharma

Bateman 201026 <60% Adults ≥40 years, FEV1/FVC <70%, smoking history of ≥10 pack years, 1110 40 2354 47.0 Pharma

Buhl 201137 ≥30% and <80% Adults ≥40 years, FEV1/FVC <70%, smoking history of ≥10 pack years 1520–1530† 54.3–54.6† 51.0–51.2† Pharma

D’Urzo 201439 ≥30% and <80% Adults ≥40 years, FEV1/FVC <70%, smoking history of ≥10 pack years 1370 53.5 Pharma

Dahl 201040 ≥30% and <80% Adults ≥40 years, FEV1/FVC <70%, smoking history of ≥20 pack years 1288 51.7 51.2 Pharma

Decramer 201341 ≥30% and <50% Adults ≥40 years, FEV1/FVC <70%, smoking history of ≥10 pack years, documented history 

of one or more moderate or severe exacerbations in the previous 12 months

1136 40.5 46.3 Pharma

Donohue 201342 ≤70% Adults ≥40 years, FEV1/FVC <70%, smoking history of ≥10 pack-years, MRC of ≥2 47.1 47.0 Pharma

Donohue 201043 ≥30% and <80% Adults ≥40 years, FEV1/FVC <70%, smoking history of ≥ 20 pack-years 3620 55.6 52.9 Pharma

Ferguson 201844 ≥25% and <80% Aged 40–80 years, FEV1/FVC <70%, smoking history of ≥10 pack years; with CAT>10 

despite receiving two or more inhaled maintenance therapies for at least 6 weeks before 

screening

50.3 Pharma

Ferguson 201845 ≥30% and <80% Aged 40–80 years, FEV1/FVC <70%, smoking history of ≥10 pack years, (CAT score ≥10) 

despite treatment with one or more inhaled bronchodilator as COPD maintenance therapy 
for ≥6 weeks

1539 52.93* Pharma

Lipson 201728 < 50% or 50–80% Adults ≥40 years, FEV1/FVC <70%, COPD GOLD D (FEV1 < 50% and CAT ≥ 10, or FEV1 ≥ 
50% to < 80% and CAT ≥ 10. Either at least two moderate exacerbations or at least one 

severe exacerbation in the past year

1344 45.3 Pharma

Lipson 201827 <50% or 50 to 

80%

Adults ≥40 years, FEV1/FVC <70%, symptomatic COPD (with CAT ≥10), FEV1<50% with 

one moderate exacerbation 

OR FEV1 of 50 to 80% with at least two moderate exacerbations or one severe 
exacerbation

45.5 Pharma

Lipworth 201829 <80% Aged 40–80 years, FEV1/FVC <0.70, ≥10 pack-years smoking history Pharma

Magnussen 201430 <50% Adults ≥40 years, FEV1/FVC <0.70, ≥10 pack-years smoking history, history of at least one 

documented exacerbation in the 12 months before screening

980 34.2
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Table 1 (Continued). 

Author Year Inclusion 
Criteria for  

FEV1% 
Predicted

Other Major Inclusion Criteria FEV1 

(mL)
FEV1% 

Predicted
FVC 
(mL)

FEV1/ 
FVC 

ratio (%)

Funding 
Source

Maltais 201931 ≥30 and ≤80% Adults ≥40 years, FEV1/FVC <0.70, ≥10 pack-years smoking, CAT ≥ 10, ≤1 moderate 
exacerbation and no severe exacerbations in the previous year

1595 55.4% 52 Pharma

Papi 201732 ≤50% Adults ≥40 years, FEV1/FVC <0.70, ≥10 pack-year smoking history, at least 1 moderate or 
severe COPD exacerbation in the last 12 months (requiring systemic corticosteroids and/ 

or antibiotics and/or hospitalization), and a minimum 10 pack-year smoking history

35.6–35.9† 41.4–42.3† Pharma

Singh 201433 ≥30% but <80% Adults ≥40 years, FEV1/FVC <70%, ≥10 pack-year smoking history 1410 54.3 Pharma

Vestbo 201734 <50% Adults ≥40 years, FEV1/FVC <70%, CAT>10 had at least one moderate or severe COPD 
exacerbation in the last 12 months; and used an ICS plus LABA, or ICS plus LAMA, or 

LABA/LAMA, or LAMA

1100 36.6 2700 40 Pharma

Vestbo 201635 >50% and < 70% Aged 40–80 years, FEV1/FVC <70%, ≥10-pack-year history, mMRC ≥2, a history of or at 

increased risk of cardiovascular disease

1700 59.7 Pharma

Vogelmeier 201736 ≥50% and <80% Adults ≥40 years, FEV1/FVC <70%, ≥10 pack-year smoking history, mMRC score≥1, stable 

dose of baseline treatment with any SABA and/or SAMA or LABA or LAMA or LABA + ICS 

for at least 3 months before screening

1786 63.7 Pharma

Wedzicha 201338 <50% Adults ≥40 years, FEV1/FVC <70%, 10 pack-year smoking history, GOLD Stage III or IV, 

a history of at least one exacerbation in the previous 12 months requiring systemic 
corticosteroids and/or antibiotics.

1040 18.3 39.3 Pharma

Notes: †Data was provided in treatment groups and not available for entire study population. *Blank values denotes that the data was not listed in the paper.
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function compared to White individuals of approximately 13–15% for Black individuals, 1–3% for North East Asians 
(Korea and China north of the Huaihe River and Qinling Mountains), and 12–13% for South East Asians (Thailand, 
Japan, and the remainder of China).

Impact of Race-Based Correction on Inclusion of Minority Groups
All of the studies utilized FEV1 cutoffs to include participants into trials based on their COPD severity. Seven of twenty- 
one studies utilized some clinical markers of COPD severity to determine study eligibility such as COPD exacerbations, 
the modified Medical Research Council Dyspnea Scale (mMRC), COPD Assessment Test (CAT). The studies reported 
FEV1 cutoffs of 80% or lower to include participants in clinical trials (see Table 1). With race-based corrections of 15% 
for Black individuals, this would require a 15% lower absolute value in FEV1 in milliliters in order to be included within 
the trial. This may contribute to the low proportions of black participants in the trials as study eligibility. The correction 
for Asian participants ranged from 3% to 13% in the RCTs. There were varying rates of Asian participants in clinical 
trials, with around 10–16% in most clinical trials and upwards of 50% when the trials were predominantly based in Asia. 
There was minimal reporting on other ethnic groups. Given only one study did not utilize race-based correction as well as 
the heterogeneity between studies, there was insufficient data to perform a statistical analysis for the differences between 
groups.

Discussion
This systematic review presents novel data regarding the usage of race-based correction among major COPD trials. 
Firstly, race-based correction may be frequently used in COPD clinical research trials, but there remains inconsistent 
reporting surrounding data on ethnicity and race-based correction. There was limited reporting within clinical trials on 
whether race-based correction was utilized, with only four studies mentioning race-based correction and six studies 
providing no ethnicity data regarding study participants. After gathering additional data by contacting the authors or by 
examining their citations of ATS/ERS guidelines, the majority of articles were found to employ race-based correction 
even when not explicitly reported. Furthermore, minority groups remain underrepresented, with black study participants 
representing <5% of the study participants and other racial minorities representing <6% of the study population. Given 

Randomization 
Process

Deviations from 
Intended 

Interventions

Bias due to 
Missing Outcome 

Data

Bias due to 
Measurement of 

Outcome

Bias due to 
Selection of 

Reported Results
Overall Bias

Abrahams 201325 - - - - - -
Bateman 201026 - - - - - -
Buhl 201137 - - - - + +/-
D'Urzo 201439 - - - - - -
Dahl 201040 - - - - +/- +/-
Decramer 201341 - - - - - -
Donohue 201342 - - - - - -
Donohue 201043 - - - - - -
Ferguson 201844 - - - - - -
Ferguson 201845 - - - - + +
Lipson 201728 - - - - - -
Lipson 201827 - - - - - -
Lipworth 201829 - - - - +/- +/-
Magnussen 201430 - - - - - -
Maltais 201931 - - - - - -
Papi 201732 - - - - - -
Singh 201433 - - - - - -
Vestbo 201734 - - - - - -
Vestbo 201635 - - - - - -
Vogelmeier 201736 - +/- - + - +
Wedzicha 201338 - - - - - -

Figure 2 Risk of Bias Assessment of included Randomized Control Trials. Low concern for bias: (-). Some concern for bias: (±). High concern for bias: (+).
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Table 2 Race-Based Correction and Ethnicity Data

Author 
Year

Sample 
Size

Sex Was Race-based Correction Used? Race-specific Equation, 
Variation Compared to 

White Individuals

Race

M (%) With Data 
Published 

Publicly in the 
Article

Including Data 
Obtained by 

Emailing 
Authors

Including Data 
Citing ATS/ 

ERS 
Guidelines

White Asian Black or 
African 

American

American 
Indian or 

Alaska 
Native

Other*

Abrahams 

201325

2080 64.5% Not reported Not reported Yes 88.5%

Bateman 

201026

3991 77.5% Not reported Not reported Not reported

Buhl 201137 1598 68.4% Not reported Not reported Yes 95%

D’Urzo 

201439

1692 53.1% Not reported Not reported Yes 93.2%

Dahl 

201040

1732 79.7% Not reported Not reported Not reported

Decramer 

201341

3444 77.0% Not reported Not reported Yes 77% 16% 0.3% 2% 5%

Donohue 

201342

1536 70.2% Yes Yes Yes Hankinson 1999 and 2010, 

12–15% for Blacks 

12% for Asians

Donohue 

201043

2059 62.8% Not reported Not reported Yes

Ferguson 

201844**

1902 71.2% Yes Yes Yes Hankinson 1999 and 2010, 

12–15% for Blacks 
12% for Asians

50.1% 44.9% 4.7% 0.2%

Ferguson 
201845

2389 60.5% Not reported Yes Yes 96.6% 3% 0.4%

Lipson 

201728

1810 74.1% Not reported Yes Yes Quanjer 2012, 

13–15% for Blacks 

3–13% for Asians
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Lipson 
201827**

10,355 66.3% Not reported Yes Yes Quanjer 2012, 
13–15% for Blacks 

3–13% for Asians

78% 16% 3% 2% <1%

Lipworth 

201829

1756 74.1% Yes Yes Yes 56.7% 40.2% 3.0% <0.1%

Magnussen 

201430

2485 82.5% Not reported Not reported Yes 81.4% 12.4% 0.4%

Maltais 

201931

2431 59.3% Not reported Not reported Not reported 95% <1% 3% 2% <1%

Papi 201732 1765 72.6–75.9% Not reported Not reported Not reported 95.9–98.1%

Singh 

201433

1729 67.6% Not reported Not reported Not reported 94.9%

Vestbo 

201734

2691 76.4% Not reported No No 99.3% <1% <1%

Vestbo 

201635

16,568 74.5% Yes No Not reported 81.0% 16.5% 2.4%

Vogelmeier 

201736

4389 65.1% Not reported Yes Yes Quanjer 2012, 

13–15% for Blacks 

3–13% for Asians

Wedzicha 

201338

2224 74.8% Not reported Not reported Yes 82.1% 11.8% 0.7% 5.3%

Notes: An empty cell denotes that the data was not provided or unavailable. *Other includes studies that specified other, unknown, native Hawaiian or pacific islander. There were no studies that reported Hispanic/latino. **Note that 
Lipson 2018 and Ferguson 2018a were predominantly based in Asia. All other studies were multinational across several continents and based predominantly in US, Canada and Europe.

International Journal of C
hronic O

bstructive Pulm
onary D

isease 2024:19                                                
https://doi.org/10.2147/C

O
P

D
.S475875                                                                                                                                                                                                                       

D
o

v
e

P
r
e

s
s
                                                                                                                       

2293

D
o

v
e

p
r
e

s
s
                                                                                                                                                            

W
ang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


the frequent usage of FEV1 criteria to determine study eligibility, race-based correction may contribute to the exclusion 
of minority groups within COPD research trials.

Three main sets of lung function reference and race-based correction values were cited by the included RCTs, all of 
which apply correction factors to Asian and Black populations that assume that these populations have lower lung 
function and may result in the overestimation of lung function. Recent re-analyses of these race-based correction 
formulas on new datasets suggest there is no improvement in prediction of clinical outcomes such as mortality and 
chronic lower respiratory disease events, with usage of race-based corrections.15 The early studies did not report 
correction for socioeconomic factors when developing these algorithms. In one of the studies examining these race- 
based corrections, they showed a 4% range of error when applying the correction factor for African-Americans.48

In light of the emerging research regarding the impact of race-specific equations, the ATS released a statement 
recommending the usage of race-neutral equations in pulmonary function testing.12 One analysis which was performed 
on a Pennsylvania cohort demonstrated that removal of race-based corrections led to a 20% increase in the number of 
lung disease diagnoses in Black patients.51 A scoping review demonstrated the estimated severity of lung disease in 
African Americans was decreased with race-specific equations, resulting in the misclassification of COPD in this 
population, however was not associated with improved prediction of clinical outcomes.52 White individuals were 
found to have increased severity of lung disease with race-specific equations.52 This raises questions regarding the 
validity of the COPD severity classification itself in the context of race-based correction. Furthermore, race is a social 
construct, one which is applied and defined differently based upon the context. Previous literature demonstrates that the 
majority of studies examining lung function and race provide no definition for each racial group, which raises concern 
given the significant variability in defining racial groups as well as persons in mixed racial groups.18 Our results were 
consistent with this, given the limited reporting around definitions of racial groups. There is a limited biological basis for 
these race-based corrections, with no biological mechanism regarding the difference in lung function between groups, 
adjusting for social factors such as income, socioeconomic status, and other factors.

There is a possibility that the race-neutral approach could result in lower lung function estimates in racial populations and 
perhaps affect the lower limit of FEV1 inclusion into trials. It is unclear whether patients would be excluded because their 
lung function is estimated to be too low for inclusion, although the cut-off for many of these included trials is very low and 
unlikely be restrictive. Further research in this area is required to examine this effect, which requires clinical trials to gather 
valuable data regarding the excluded participants from trials including their race and socioeconomic factors.

Representation of Minority Groups in Research
The topic of representation of minority groups in research is complex and there are a multitude of factors contributing, 
including recruitment processes, language, lack of time and financial resources, stigma, and other socioeconomic 
barriers.53 While race-based correction may not be the only factor resulting in these differences, this study is the first 
to examine race-based correction as a potential contributor. Given significant gaps in representation and difficulties in 
recruitment strategies for racial minorities, even a minor contribution of race-based correction in exclusion of minority 
groups warrants examination and research into this area.

Strengths and Limitations of the Review
This review was a high-quality systematic review in which study selection, data extraction, and critical appraisal was 
performed rigorously in duplicate. There was excellent agreement between reviewers as highlighted by the Cohen’s 
kappa values during screening. One of the limitations was that only one database was searched, however this review was 
designed to provide an overview of major COPD trials guiding clinical practice rather than a comprehensive review of all 
trials. Furthermore, given the vast realm of COPD research, this review was focused on large-scale COPD bronchodilator 
trials in order to conduct a relevant and feasible review. However, COPD research also includes many forms including 
epidemiologic, qualitative and translational research, and thus future research can consider examining the impact of race- 
based correction in other areas of COPD research. There was minimal reporting regarding the usage of race-based 
correction within the published and thus a limitation of this study was that data was retrieved from other authors 
regarding usage of race-based correction which was not included in the protocol a priori. Limited data was available to 
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analyze the proportion of individuals who would be excluded due to race-based correction. FEV1 was included as an 
outcome in the inclusion/exclusion criteria to allow assessment of the effect of race-based correction on the number of 
participants labelled as “responders” and “non-responders”. However, due to the lack of data reporting, there was 
insufficient data to assess this. We attempted to contact the authors on further data on excluded populations including 
race and their pulmonary function testing data, however this data was unavailable.

Implications for Future Research, Policy and Practice
This review highlights the need for standard reporting guidelines to increase transparency surrounding the use of race- 
based correction within clinical trials. In this study, we demonstrate that that race-based correction may be frequently 
used within current research and propose race-based correction as a potential contributor to the exclusion of these 
populations from major COPD research studies. The majority of articles did not report any details regarding race-based 
correction, despite using it within their pulmonary function testing. Furthermore, we attempted to contact authors of 
clinical trials to gather data on parameters such as race and lung function of excluded participants, however this was not 
collected or available. This review therefore calls for improved data collection on race in clinical trials, to consider 
parameters of race in excluded participants for future analyses. Future research can also examine the usage of race-based 
correction within clinical applications to assess its impact on misdiagnoses or delayed diagnoses as well as clinical 
outcomes in patients with COPD.

The ATS recently released a statement in 2023 supporting the use of race-neutral equations in clinical practice. 
Alongside the release of the 2023 statement, this review establishes the baseline usage of race-based correction in current 
research and highlights the need to develop standard reporting guidelines to increase transparency surrounding its usage 
clinical trials. While guideline recommendations often take time to translate into clinical practice, standardized reporting 
will allow future research to analyze the number of studies following society recommendations as well as to quantify the 
effect of race-based correction of on inclusion of racial minorities in clinical trials.

In summary, this systematic review presents novel findings regarding race-based correction in pulmonary function 
testing within major COPD clinical trials. There remains inconsistent reporting surrounding the usage of race-based 
correction within randomized controlled trials and when details are provided, the majority of clinical trials utilize race- 
based correction. The proportion of racial minority groups remains low across clinical trials in COPD. This systematic 
review suggests that race-based correction may be one of the contributing factors to the exclusion of minority groups in 
clinical trials.
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