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Abstract  

The 2005 guidelines of the American Thoracic Society/European Respiratory Society 

recommend the use of race and/or ethnic-specific reference standards for spirometry.  Yet, 

definitions of the key variables of race and ethnicity vary worldwide.  The purpose of this study 

was to determine whether researchers defined race and/or ethnicity in studies of lung function 

and how they explained any observed differences.  

 Using the methodology of the systematic review, we searched PubMed in July 2008 and 

screened 10,471 titles and abstracts to identify potentially eligible articles that compared 

“whites” to “other racial and ethnic groups.”    

 Of the 226 eligible articles published between 1922 and 2008, race and/or ethnicity was 

defined in 17.3%, with the proportion increasing to 70% in the 2000s for those using parallel 

controls.  Most articles (83.6%) reported that “other racial and ethnic groups” have a lower lung 

capacity compared to “whites;” 94% of articles failed to examine socioeconomic status.  In the 

189 studies that reported lower lung function in “other racial and ethnic groups,” 21.8% and 

29.4% of explanations cited inherent factors and anthropometric differences, respectively, 

whereas 23.1% of explanations cited environmental and social factors.  

 Even though researchers sought to determine differences in lung function by 

race/ethnicity, they typically failed to define their terms and frequently assumed inherent (or 

genetic) differences.  
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Introduction  

Spirometry is used to measure lung capacity in a variety of medical and public health contexts, in 

addition to specialty clinics.  Increasingly, primary care physicians worldwide employ 

spirometric evaluation in their offices and lung capacity is considered a key indicator of physical 

health [1].  Lung function values obtained with the spirometer are corrected for age, height, sex, 

and race according to information on the individual patient provided by the clinician.   

Leading medical societies have long incorporated race or ethnic “correction” or 

“adjustment” of lung capacity measurement into their guidelines, generally for people considered 

“black”.  By 1990, the application of a correction factor (generally 6-12%) or the use of 

population-specific standards, both of which could be programmed into the spirometer, were 

commonplace in pulmonary training programs in the United States [2].  

The most recent guidelines published in 2005 by the Joint Working Party of the 

American Thoracic Society/European Respiratory Society (ATS/ERS) recommend the use of 

race-and ethnic-specific reference standards, rather than an adjustment factor, using self-

identification for determining race [3].  In 2006, Kiviranta and Haahtela [4] questioned the racial 

classification systems employed in the lung capacity literature and proposed that the racial and 

ethnic groups used be revisited. Yet, race and ethnicity is defined differently in various national 

contexts [5] and the selection of appropriate reference equations in spirometry and the issue of 

“race correction” or population-specific norms remain a topic of discussion [6, 7] 

To assess the evidence contributing to the ATS/ERS guidelines on race we undertook a 

systematic review of the biomedical literature that compared lung function in different racial and 

ethnic groups published prior to and immediately after publications of the guidelines in 2005.  

Specifically the purpose of this study was to determine 1) whether spirometry researchers have 
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defined race and/or ethnicity in their studies and 2) how they explained any observed differences 

among racial and ethnic groups.  

 

Methods 

Inclusion Criteria 

Eligible articles described the results of primary research that explicitly compared lung 

function in “other race and ethnic groups” to “white” groups (i.e., used the terms “race” and/or 

“ethnicity” or “stock,” or terms, such as “Caucasian” or “Mongoloid”).  Included articles either 

made direct comparisons between groups or included comparative statements regarding group 

difference.  We excluded articles that only made within-group comparisons.  For example, 

articles that compared Indians to Europeans and specifically used the terms race and/or ethnicity 

to refer to these groups were included, whereas articles that compared Indians in different 

regions of India (e.g. North v. South) were not included.  Eligible articles described studies 

measuring forced vital capacity (FVC), vital capacity (VC), and/or forced expiratory volume in 1 

second (FEV1). Excluded articles included review articles, task force statements, and non-

English language articles.  

For our analyses, we classified the groups studied as “white” or “other race and ethnic 

groups.” Commonly used terms and groups in this literature that we classified as “white”, by 

frequency of usage were: white, Caucasian, European or European descent, American, Western, 

and several UK populations.  Additional terms and groups used infrequently specified Italian, 

occidentals, Scotch-Irish of pre-Revolutionary stock, Anglo, Scandinavian, Danish Caucasian, 

and foreigners.  We intentionally did not classify the wide range of “other race and ethnic 

groups” into conventional race and/or ethnic categories or continental groupings.  Use of the 
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terms “white” and “other race and ethnic groups” is appropriate for this particular study but does 

not imply any consistent social, historical, or biological distinctions between or uniformities 

within either of these categories.  

 

Search strategy and data extraction 

With the assistance of a science librarian, we conducted a search of PubMed on July 24, 

2008, using the search strategy outlined in Supplementary Table 1 and retrieving 10,471 articles 

(Figure 1).  LB screened the title and abstract of each article.  If the title and abstract suggested 

that the article might meet the above criteria, LB conducted a full text review (422 articles were 

identified for full text review).  MW examined a 10% sample of the 10,471 (first 10 citations in 

each group of 100 chronologically ordered citations) and identified no additional articles meeting 

our criteria.  After full text review, 165 articles met our inclusion criteria.  Through a review of 

the reference section of the 165 articles, we identified an additional 62 eligible articles.  At the 

time of abstraction, we excluded one additional article because it was not relevant to our analysis. 

Thus we included 226 articles in our systematic review (see Supplementary Bibliography for full 

list of papers). 

The primary investigator (LB), MW, and two research assistants abstracted key data, 

including the populations compared and whether investigators included a description of the 

procedures they employed to assign individuals to a race or ethnic group in the Methods section 

of the paper; whether FVC, vital capacity (VC), and FEV1 were measured; and whether racial 

and /or ethnic differences in lung function were observed between study groups. Explanations for 

any differences observed were extracted word for word. We also recorded year of article 

publication; country and discipline of the corresponding author, or first author when no 
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corresponding author was indicated; age and sex of study participants; sample size, defined as 

the number of people on whom lung function was measured in the study; type of comparison 

group; use of the term Caucasian; and whether socioeconomic status was assessed in conjunction 

with race and/or ethnicity.   

  The identified articles were sorted by publication year.  LB and MW used pre-set coding 

rules to code independently the first 40 articles’ explanations for observed difference and 

compared their results by discussion, resolving any differences.  LB and MW then independently 

coded explanations provided in the remaining 186 articles.  The few minor differences were 

resolved by discussion.   

Coding rules for all other abstracted data items were finalized after testing and 

verification by KD, who examined an approximately 10% sequential random sample of articles 

from each decade (total n=26).  LB independently examined and coded the same 26 articles, KD 

and LB compared their coding and resolved disagreements regarding the coding rules, and 

coding rules were finalized. Data items were abstracted by one person (LB or MW) and verified 

by LB.  Once the abstraction and coding process was completed, LB re-reviewed all data for 

accuracy.  Data were initially entered into Microsoft Excel 2004 and subsequently analyzed 

using SAS software, Version 9.2 (SAS Institute Inc., Cary, NC). 

 

Explanations for difference 

Explanations for observed racial/ethnic differences in lung capacity that we abstracted included 

both explanations provided by the authors and explanations provided by others if they were cited 

in the Results or Discussion sections of included articles.  We coded explanations into one of 

seven categories:  1) inherent differences between racial/ethnic groups; 2) anthropometric 
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differences; 3) environmental and social factors; 4) mechanical factors; 5) technical factors; 6) 

other; or 7) no explanation (Supplementary Table 2). With the exception of anthropometric 

difference, categories were mutually exclusive.  We created category 2, anthropometric 

differences, because some investigators considered anthropometric difference (e.g., height) as a 

“fixed” or inherent biological feature of individuals or groups and others as changeable in 

response to environmental (e.g., nutritional) or social factors.     

We categorized the comparison populations as either a “parallel” comparison group (i.e., 

a population drawn concurrently and compared with the study population by the authors), or as a 

“historical” comparison group. Historical comparisons included: 1) data collected on a 

population in a previous study by the same investigators (“cohort from the same investigator”); 

2) data from one or more “literature comparison groups with presentation of data” (e.g., one or 

more studies by different investigators), and displayed in the study article’s figures or tables; and 

3) information from one or more “literature comparison groups without presentation of data”, 

(e.g., information about other populations, presented in the Results or Discussion section of the 

study article).  We subsequently combined the literature comparison groups described in 2) and 

3) into one group (“literature comparison group”).  

  

Results 

Characteristics of articles identified for systematic review 

The 226 eligible articles were published between 1922 and 2008, with a marked increase 

beginning in the 1960s (Table 1).  Corresponding authors were from 39 countries, with the 

highest proportion from the United States (68/226; 30.1%), followed by India (31/226; 13.7%), 

and the United Kingdom (26/226; 11.5%). 
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Only one third (33.2%) of the studies included a parallel comparison group, with about 

two thirds of the studies comparing the population under study to an historical group from 

another “cohort from the same investigators” (3.5%), or “from the literature” (63.3%).  Study 

sample sizes ranged from 13 to 65,086, with the majority (59.3%) including 100 to 999 

participants (does not include data presented in either of the literature comparison groups).  

About one quarter of all studies involved children only (23.9%) or males only (27.0%) (Table 2) 

 

Definitions of race and/or ethnicity 

We found that 39/226 (17.3%) of the included articles defined race and/or ethnicity and the 

proportion of articles providing a definition increased over time.  In articles published before 

1980, 10/87 (11.5%) defined race and/or ethnicity, whereas in articles published in 1980 and 

after, 29/139 (21%) provided a definition.  Considering only studies with stronger study designs 

(i.e., parallel controls), 7/10 (70%) of articles in the 2000s stated how race was defined as 

compared to 5/10 (50%) and 4/9 (44%) studies conducted during the 1980s and 1990s, 

respectively (Figure 2). 

In the 39 articles in our study that did define race, methods used to classify a study 

participant’s race and/or ethnicity varied, including “participant self-identification” (13/39) or 

“variations on classification by the investigator-observers” (visual inspection, surname, 

“lineage”, records, language, tribal membership, birthplace, residence, or a combination of 

participant and observer identification) (26/39).  Authors frequently used the terms “race” and 

“ethnicity” to group individuals with a shared country or region of birth or residence (e.g., 

northern or southern Indians), a putatively common culture, a common language, and a particular 
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skin color. In our study sample, the term “Caucasian” was used commonly to represent the 

“white” or European population (97/226 papers; 42.9%).   

By design, our review examined articles that compared at least two populations, one of 

which was “white.”  The “other race and ethnic groups” represented 94 groups from many 

countries (Supplementary Table 3).   Of the 226 articles examined, 189 (83.6%) claimed that 

“other race and ethnic groups” had lower spirometric values, 13/226 (5.8%) had no 

difference/similar, 10/226 (4.4%) had higher, and 14/226 (6.2%) had variable spirometric values 

of lung capacity as compared to “white” groups (Table 3).  Only 14/226 (6.1%) of the articles 

examined socioeconomic status in conjunction with race and/or ethnicity, and we did not observe 

any meaningful changes over time. 

 

Explaining racial and ethnic difference in lung capacity 

We found a wide range of proposed explanations for racial and ethnic differences in lung 

capacity (Table 4).  Of the 189 articles in which “other race and ethnic groups” were reported to 

have lower lung function than “whites,” the most common explanations suggested were 

anthropometric differences (93/316; 29.4% of explanations), followed by environmental 

differences (73/316; 23.1%), and inherent differences (69/316; 21.8% ) (authors could provide 

more than one explanation).  In 46/189 (24.3%) articles, investigators provided no explanation 

for the differences observed (Figure 3.) 

Explanations for racial/ethnic differences reported varied over time and place, and 

included inherent and anthropometric differences, environmental and social factors, technical 

factors, and others (see Supplementary Table 2 for examples of each). Authors of 4/7 articles 

published in the 1920s suggested that differences were simply due to “a racial factor” (coded as 
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inherent difference) (8-11]; one article suggested anthropometric difference [12] and another 

provided no explanation [13].  McCloy [14], on the other hand, found “whites” and Chinese to 

be similar. McCloy’s explanation for similarity was complex, pointing to changing levels of 

physical activity among Chinese students and noting that any difference would be eliminated if 

lung function was interpreted in relation to surface area.   

Authors of some articles published between 1930 and 1944 and conducted in India 

questioned the racial/ethnic paradigm established in the 1920s, providing environmental 

explanations for difference, such as climate and “modes of life and habits” [15].  By the 1960s, 

most researchers included a long list of potential explanations, such as “environment” or 

nutrition, in addition to or in conjunction with biological or genetic factors.  Some investigators 

raised environmental explanations only to rule them out.  Schoenberg et al [16], for example, 

stated that “the lower FVC and FEV1 values among blacks are related to genetic rather than to 

environmental variables.”  On the other hand, Myers of South Africa [17] concluded that “the 

available evidence does not support a clear thesis of racial or ethnic differences in spirometric 

lung functions.”  Some authors viewed anthropometric difference as a changeable factor over 

time, yet others viewed it as fixed.  The most recently article in our study emphasized 

anthropometric difference along with social factors.  “Differences in upper body segment 

explained more of the ethnic differences in lung function than SH [standing height], particularly 

among Black Caribbean/African subjects.  Social correlates had a smaller but significant impact” 

[18].  As indicated in Figure 3, inherent difference remains an explanation for racial/ethnic 

differences in lung function to the present day.  
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Discussion 

In this paper, we used the methodology of the systematic review to address two questions 

fundamental to biomedical research on racial/ethnicity and lung function:  1) how was race 

and/or ethnicity defined in the literature? and 2) how were differences explained and interpreted 

over time?   The interpretation of race and ethnicity in research depends on their appropriate 

definition in the original research study. Our systematic review found that only 17.3% of articles 

defined race and/or ethnicity.  Over time, there was a clear increase in the proportion of studies 

defining race and/or ethnicity in the methods section.  Yet, even in the 2000s, when the current 

guidelines regarding “ethnic adjustment” of spirometry data were published, only 29.4% of 

studies defined race and/or ethnicity.   

Despite this lack of definition, 67.2% of the studies reporting lower lung capacity in 

“other race and ethnic groups” as compared to “whites” suggested inherent or anthropometric 

characteristics as explanations for difference.  This was a consistent finding from the earliest 

years.  For example, in explaining that their “findings suggest a possible racial factor…Poverty, 

environment and social status, with the ensuring advantages and disadvantages…do not seem to 

influence of the lung capacity of children,” the earliest paper in our review, published in 1922, 

laid the foundation for inherent difference [8].  Importantly, studies of all designs and from 

earlier decades continue to be cited in the contemporary literature as evidence of racial difference 

[19].  

Kiviranta and Haahtela note that “the term Caucasian…is solely a historical term in 

anthropological science.” [4] In our study, authors' use of the 18th century racial term 

“Caucasian” was common, even after 1994, when its use was proscribed by the Council of 

Biology Editors [20].   Our review also found that about two thirds of the articles examining 
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racial/ethnic differences in lung function used literature comparison groups from different times 

and places, a weak study design for demonstrating a reliable association.   

Over the decades, pulmonologists have discussed extensively the myriad technical and 

interpretive issues related to proposed racial/ethnic differences in spirometry test results. Yet, 

until recently few researchers have explicitly considered the underlying assumptions about race 

and ethnicity that informed pulmonary research.  Notable exceptions were South African 

scientists Myers [17] and White [21] and more recently Kiviranta and Haahtela [4].  Our study is 

the first to examine the complex history of how race and ethnicity were defined in studies of lung 

function and how the differences reported were interpreted, both of which have influenced the 

current policy of “race correction.” 

Our objective in this review was not to determine whether the association between race 

and/or ethnicity and lung function is valid.  Indeed, validity is difficult to assess accurately, given 

the lack of definition of race and ethnicity in the literature and their different meanings in various 

national contexts.  Moreover, selective publication of research findings (reporting biases), or a 

deliberate selection of a “literature comparison group” which provides the desired contrast, could 

have influenced our findings. We also recognize that not all aspects of our systematic review 

follow methodological standards suggested by, for example, the Cochrane Collaboration [22].  

We only searched one electronic database, included only English language articles, used a single 

person to review titles and abstracts and full length articles, and used a single abstractor for most 

data items. However, we did employ sampling, to check on the reliability of our classifications, 

and standardized definitions, developed through consultation with all authors.  It is possible that 

we may have missed some studies that would affect our estimates of prevalence.  For our 

findings to be invalidated, however, we would have had to have missed a large number of 



 13

articles with parallel comparisons, with definitions of race and/or ethnicity and examination of 

socioeconomic status, and showing no evidence of association between race and/or ethnicity and 

lung function, all of which we believe is unlikely based on our findings.  We also recognize that 

by giving each mention of an explanation equal weight in our count of explanation frequency, we 

may not have captured the full meaning and/or intent of authors’ explanations.  

 Finally, in keeping the classification of anthropometric differences separate from 

inherent difference, we may have under-estimated the extent to which researchers considered 

lung function differences among groups to be inherent.  In the literature we reviewed, 

anthropometric measures, such as difference in the sitting height to standing height ratio (a 

commonly used explanation for racial and ethnic difference), were frequently considered fixed 

(inherent) characteristics of individuals and groups (Table 4). On the other hand, some 

investigators were clear in considering anthropometric data, such as height (and thus differences 

in height), as changeable factors in individuals and populations (e.g., due to improved nutrition) 

[14].  Other authors’ meaning was not possible to discern.  

Almost 94% of the studies we examined failed to consider race and/or ethnicity in the 

context of socioeconomic status, even in recent years.  Socioeconomic status has variable 

meanings within and across time periods, and its examination in the context of a research study 

is limited by the dataset.  Given that lower lung function is associated with lower socioeconomic 

status [23], descriptors of socioeconomic status should be taken into account when analyzing 

lung function. Using data from the Third National Health and Nutritional Examination Survey 

(NHANES III), a recent analysis of the contribution of socioeconomic status to racial difference 

in lung function found that high school completion was associated with increases in lung 

function values that were racially patterned [24].   
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Our study found that since the 1920s and 1930s, some researchers explained racial 

difference as environmental.  Recent studies confirm the view that environmental exposures, 

such as air pollution affect lung function and respiratory health [25].  Moreover, racial and ethnic 

minorities are exposed to higher levels of environmental, including respiratory, pollutants.  It is 

thus critical that environmental differences and socioeconomic factors be examined in more 

detail as possible explanations for difference.  

Our data indicate that in the 2000s studies were more rigorously designed and they 

defined race and/or ethnicity more often.  Nevertheless, only some journal editors require that 

race be defined in articles using the term and there is no consensus on how to do this [26].  We 

found that most studies in the 2000s that defined race and/or ethnicity used self-identification to 

assign a participant’s race/ethnicity.  Self-identification will likely continue to be the norm as 

long as it is recommended by the ATS/ERS.   Self-identification, however, changes over time 

and place, in part because the categories offered to respondents change.  In the United States 

census, influential in health research, racial categories are fluid, changing every decade since 

census-taking began in 1790 [5, 27, 28].  The changing nature of race over time provides 

compelling evidence that race is a social category.  While self-identification of race and ethnicity 

is appropriate for understanding social experiences in certain research contexts, it is inappropriate 

for genetic causality studies.  Thus, there remains a disconnect in the lung function literature 

between the use of the social definition of self-report and genetic explanations for difference.  

Nor does the recent turn to racial “ancestry” circumvent the problems associated with defining 

and interpreting racial and ethnic difference [29].  Ancestry itself is not consistently defined and 

in the case of lung function the use of ancestry is built on traditional race-based models [30-32].  
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The concept of race, particularly as it pertains to causal explanations for racial and ethnic 

difference and disparity in disease, is currently a topic of a vibrant international debate.   The 

debate taking place in the scholarly literature, including arguments for greater emphasis on 

understanding social determinants of disease, often reflects views of race from the perspective of 

the US [29, 31-38], even though the issue is broadly relevant.  The present study contributes to 

the debate by showing that the majority of the literature comparing lung function in whites to 

other racial groups has generally ignored the importance of socioeconomic factors.  

The studies we reviewed included 94 groups from very different social contexts. The fact 

that the key variable of race and/or ethnicity used to frame comparative studies on lung capacity 

was rarely defined over a period of nearly 90 years should at the very least raise questions about 

the reliability of research that reports an association between inherent or genetic racial difference 

and lung function and the scientific evidence that underpins the practice of “race correction.” 

While the view that races and ethnic groups differ in the capacity of their lungs is widely 

accepted in pulmonary medicine [39], the continued practice of explaining racial and ethnic 

difference in lung function as rooted in inherent and fixed anthropometric difference has 

important health policy implications. Importantly, it could divert attention from much-needed 

research into the physiological mechanisms by which specific social and physical environments 

influence lung function.  Of note in this regard is recent work by Burney and Hooper [7] which 

raises questions about the “normality” of lower lung function in African Americans and argues 

against the use of ethnic-specific norms for prognosis.   

There is no simple solution to the problem of an established practice, such as race 

correction.  There is, however, much to be learned about the concept of race, how its historical 

use in biomedicine shapes current scientific research design, and how white US and European 
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norms came to be the standard of “normal”.  The idea of racial difference in lung capacity stems 

from the work of US southern plantation physician Samuel Cartwright [40].  This was later 

affirmed in the work of Benjamin A Gould in an anthropometric study of soldiers in the Union 

Army at the end of the Civil War [41] and followed up by Frederick Hoffman in Race Traits and 

Tendencies of the American Negro [42].  There are many problems with this early research [39] , 

one of which is its failure to allow for differences between blacks and whites in height, age, or 

socioeconomic status.  Yet, researchers continue to cite Gould’s article uncritically [6].  

Despite the challenges, continued dialogue in biomedical journals and at conferences on 

how underlying assumptions about race and ethnicity shape design and interpretation of research 

is of great importance.  To this end, we suggest that an international workshop comprising 

pulmonologists who use this technology and historians, anthropologists, and sociologists who 

study the concepts of race and ethnicity from the global North and South, be convened to assess 

past research on lung function as it pertains to racial and ethnic disparities, to explore how and 

why outdated assumptions about race persist in the scientific literature, and to develop 

methodologies to guide future research.  Such a conference would build upon the questions we 

and others pose about race correction and provide a less Anglo-American perspective on race.  

For example, while Indian researchers have compared lung function among regional groups 

within India, Indian researchers have historically drawn more extensively on environmental 

explanations.  Only through continued dialogue will we gain clarity on the relationship of lung 

function measurements to race, ethnicity, and socioeconomic indicators. 

  

 

 



 17

Acknowledgments:  We give special thanks to David Kern who has provided expert advice on 

this project, Duana Fullwilley for helpful discussions on Ancestry Informative Markers, and Phil 

Brown and Rina Bliss for their thoughtful suggestions.  We also thank Melissa Gerdes and 

Katherine Saxton for their help in abstracting articles, Martha Catherine Trimbur for extensive 

library work, Janet Crager from the Brown University Sciences Library for her expert assistance 

in using PubMed, and Bart Hollingsworth, Jill Wood, and Elizabeth Coogan for their assistance 

and patience in fulfilling our numerous interlibrary loan requests.  We also are grateful to 

anonymous reviewers for their helpful comments. 

This work was supported by a National Science Foundation Scholar Award [SES-

0846552] to Lundy Braun.  Lundy Braun was independent from the funding agency.  The 

funding agency had no role in study design, data collection and analysis, decision to publish, or 

preparation of the manuscript. 



 18

References 

1. UK Biobank.  www.ukbiobank.ac.uk/.  Accessed August 3, 2011 

2. Ghio AJ, Crapo, RO, Elliott, CG. Reference equations used to predict pulmonary function: 

Survey at institutions with respiratory disease training programs in the United States and 

Canada. Chest 1990; 97:400-403. 

3. Pellegrino R, Viegi, G, Brusasco, V, Crapo RO, Burgos F, Casaburi R, Coates A, van der 

Grinten CP, Gustafsson P, Hankinson J, Jensen R, Johnson DC, MacIntyre N, McKay R, 

Miller MR, Navajas D, Pedersen OF, Wanger.  Interpretative strategies for lung function 

tests. Eur Respir J 2005; 26:948-968. 

4. Kiviranta K, Haahtela, T. Caucasian race and lung function: time to revisit the racial groups 

used in reference values. Eur Respir J 2006; 28:1280-1291. 

5.  Morning A.  Ethnic classification in global perspective:  A cross-national survey of the 2000 

census round.  Popul Res Policy Rev 2008; 27: 239-272. 

6. Scanlon PD, Shriver, MD. “Race correction” in pulmonary-function testing. NEJM 2011; 

363:385-386. 

7. Burney PGJ, Hooper RL.  The use of ethnically specific norms for ventilatory function in 

African-American and white populations.  Internatl J Epi 2012, Mar 19 [Epub ahead of print] 

8. Wilson MG, Edwards, DJ: Diagnostic value of determining vital capacity of lungs of 

children.  JAMA 1922; 78:1107-1109. 

9. Foster JH, Hsieh, PL. The vital capacity of the Chinese: An occupational study. Arch Int Med 

1923; 32:335-342. 

10. Smillie WG, Augustine DL. Vital capacity of Negro race. JAMA 1926; 87:2055-2058.  

11. Bhatia S. The vital capacity of the lungs. Indian Med Gazette 1929; 64:519-521.  



 19

12. Roberts FL, Crabtree, JA. Vital capacity of the negro child. JAMA 1927; 88: 1950-1952. 

13. Foster J. A study of the vital capacity in Chinese. Chinese Med J 1924; 38:285-294.  

14. McCloy CH. Vital capacity of Chinese students. Arch Int Med 1927; 40:686-700.  

15. Krishnan BT, Vareed, C. The vital capacity of 103 male medical students in South India. 

Indian J Med Res 1932; 19:1165-1183. 

16. Schoenberg JB, Beck, GJ, Bouhuys, A. Growth and decay of pulmonary function in healthy 

blacks and whites. Respir Physio 1978; 33:367-393. 

17. Myers JE. Differential ethnic standards for lung functions, or one standard for all. S Afr Med 

J 1984; 65:768-772. 

18. Whitrow MJ Harding S. Ethnic differences in adolescent lung function: anthropometric, 

socioeconomic, and psychosocial factors. Am J Respir Crit Care Med 2008; 177:1262-1267. 

19. Sylvester KP, Milligan P, Patey RA, Rafferty GF, Greenough A.  Lung volumes in healthy 

Afro-Caribbean children aged 4-17 years. Pediatr Pulmonol 2005; 40: 109-112.  

20. Council of Biology Editors, Style Manual Committee.  Scientific style and format:  The CBE 

manual for authors, editors, and publishers. 6th edition.  Cambridge University Press,  

Cambridge, 1994. 

21. White N. ʻEthnic discountingʼ and spirometry. Respir Med 1995; 89:312-313. 

22. Higgins JG, Green S (eds): Cochrane handbook for systematic reviews of interventions. 

Wiley-Blackwell, Hoboken, NJ, 2008. 

23. Hegewald MJ, Crapo, RO. Socioeconomic status and lung function. Chest 2007; 132:1608-

1614. 

24. Van Sickle D, Magzamen S, Mullahy J.  Understanding socioeconomic and racial differences 

in adult lung function.  Am J Respir Crit Care Med 2011; 184: 521-527. 



 20

25. Gauderman WJ, McConnell R, Gilliland F, London S, Thomas D, Avol E, Vora H, Berhane 

K, Rappaport EB, Lurmann F, Margolis HG, Peters J.  Association between air pollution and 

lung function growth in Southern California children.  Am J Respir Crit Care Med 2000; 

162:1383-1390. 

26. Outram SM, Ellison GTH.  Improving the use of race and ethnicity in genetic research:  A 

survey of instructions to authors in genetics journals.  Science Editor 2006; 29: 78-81. 

27. Nobles M. Shades of citizenship: Race and the census in modern politics. Stanford 

University Press, Palo Alto, 2002.  

28. Prenner AM, Saperstein A.  How social status shapes race.  PNAS 2008; 105: 19628-19630. 

29. Bolchick DA, Fullwilley D, Duster T, Cooper RS, Fujimura JH, Kahn J, Kaufman JS, Marks 

J, Morning A, Nelson A, Ossorio P, Reardon J, Reverby SM, Tallbear K.  Genetics.  The 

science and business of genetic ancestry testing.  Science 2007; 318: 399-400. 

30. Kumar R, Seibold MA, Aldrich MC, Williams K, Riner AP, Colangelo L, Galanter J, 

Gignoux C, Hu D, Sen S, Choudhry S, Peterson EL, Rodriguez-Santana J, Rodriguez-Cintron 

W, Nalls MA, Leak TS, O'Meara E, Meibohm B, Kritchevsky SB, Li R, Harris TB, Nickerson 

DA, Fornage M, Enright P, Ziv E, Smith LJ, Liu K, Burchard EG. Genetic ancestry in lung-

function predictions.  N Engl J Med 2010; 363:321-330. 

31.  Fullwilley D. The biologistical construction of race:  ‘Admixture’ technology and the new 

genetic medicine.  Soc Stud Sci 2008; 38(5), 695-735. 

32. Weiss KM, Long JC.  Non-Darwinian estimation:  My ancestors, my genes’ ancestors.  

Genome Res 2009; 19: 703-710. 

33. Risch N, Burchard E, Ziv E, Tang H. Categorization of humans in biomedical research:  

genes, race and disease.  Genome Bio 2002;3:1-12. 



 21

34. Sankar P, Cho MK, Condit CM, Hunt IM, Koenig B, Marshall P et al. Genetic research and 

health disparities.  JAMA 2004;291:2985-9. 

35. Duster T. Race and reification in science. Science 2005;307:1050-1. 

36. Krieger N.  Stormy weather:  Race, gene expression, and the science of health disparities. Am 

J Pub Health 2005; 95: 2155-60. 

37. Braun L, Fausto-Sterling A, Fullwiley D, Hammonds EM, Nelson A, Quivers W et al. Racial 

categories in medical practice:  How useful are they?. PLOS Med 2007;4:e271.  

38. Roberts D.  Debating the cause of health disparities.  Cambridge Quar Healthcare Ethics 

2012; 21: 332-341. 

39. Braun L. Spirometry, measurement, and race in the nineteenth century.  J His Med Allied Sci 

2005; 60:135-169. 

40. Cartwright S. Report on the diseases and physical peculiarities of the Negro race. New 

Orleans Medical and Surgical Journal 1851;7: 691-715. 

41. Gould BA. Investigations in the Military and Anthropological Statistics of American 

Soldiers. Arno Press, New York, 1979. 

42. Hoffman FL. Race Traits and Tendencies of the American Negro.  American Economic 

Association, New York, 1896. 

43. Hearn CE. Bagassosis: an epidemiological, environmental, and clinical survey. Br J Ind Med 

1968; 25:267-282. 

44. Lin FL, Kelso, JM. Pulmonary function studies in healthy Filipino adults residing in the 

United States. J Allergy Clin Immunol 1999; 104:338-340. 

45. Chiang ST, Chen, JYH. Total lung capacity among healthy Chinese adult males. Lancet 

1962; 7:691-715. 



 22

46. Binder RE, Mitchell, CA, Schoenberg, JB, Bouhuys, A. Lung function among black and 

white children. Am Rev of Respir Dis 1976; 114:955-959. 

47. Fulambarker A CA, Javet A, Jere S. Reference values for pulmonary function in Asian 

Indians living in the United States. Chest 2004; 126:1225-1233. 

48. Jain SK, Ramiah, TJ. Normal standards of pulmonary function tests for healthy Indian men 

15-40 years old: comparison of different regression equations (prediction formulae). Indian J 

Med Res 1969; 57:1453-1466.  

49. Mukhopadhyay S, Macleod, KA, Ong, TJ, Ogston, SA. ʻEthnicʼ variation in childhood lung 

function may relate to preventable nutritional deficiency. Acta Paediatrica 2001; 90:1299-

1303.  

50. Coultas DB, Howard, CA, Skipper, BJ, & Samet, JM. Spirometric prediction equations for 

Hispanic children and adults in New Mexico. Am Rev Respir Dis 1988; 138:1386-1392.  

51. Benatar SR. Pulmonary function in normal children aged 11-15 years. S Afr Med J 1978; 

53:543-546.  

52. Harik-Khan RI, Fleg, JL, Muller, DC, Wise, RA. The effect of anthropometric and 

socioeconomic factors on the racial difference in lung function. Am J Respir Crit Care Med 

2001 25:267-282. 

 
 

 



 23

Figure Legends 

 

Figure 1.  Flow chart of search of PubMed and sequence of determination of article eligibility 

 

 

Figure 2.  Percent of 226 Articles That Provided Definitions of Race and/or Ethnicity by Type of 

Comparison Group and Decade of Publication  
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Figure 3. Explanations For Lower Lung Capacity Observed Between “Whites “and “Other 

Racial and Ethnic Groups” in 189 Articles by Decade of Article Publication. N above each bar 

refers to the total number of studies in each decade.  Articles could include more than one 

explanation.   
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Table 1. Characteristics of Articles by Type of Comparison Group. 

   Historical Comparisons  

 
 Parallel 

Comparison  

n (%) 

Own   
Cohort  

n (%) 

From 
Literature 

n (%) 

Total  

n (%) 

Total Studies  75 (33.2) 8 (3.5) 143 (63.3) 226 (100.0) 

Decade of Article 1920s 5 (2.2) 0 (0.0) 2 (0.9) 7 (3.1) 

 1930s 0 (0.0) 0 (0.0) 7 (3.1) 7 (3.1) 

 1940s 0 (0.0) 0 (0.0) 2 (0.9) 2 (0.9) 

 1950s 0 (0.0) 0 (0.0) 2 (0.9) 2 (0.9) 

 1960s 4 (1.8) 0 (0.0) 15 (6.6) 19 (8.4) 

 1970s 18 (8.0) 2 (0.9) 30 (13.3) 50 (22.1) 

 1980s 20 (8.9) 2 (0.9) 31 (13.7) 53 (23.5) 

 1990s 18 (8.0) 3 (1.3) 31 (13.7) 52 (23.0) 

 2000s 10 (4.4) 1 (0.4) 23 (10.2) 34 (15.0) 

Country of Corresponding Author USA 46 (20.4) 4 (1.8) 18 (8.0) 68 (30.1) 

 UK 11 (4.9) 1 (0.4) 14 (6.2) 26 (11.5) 

 Australia 2 (0.9) 1 (0.4) 6 (2.7) 9 (4.0) 

 India 0 (0.0) 0 (0.0) 31 (13.7) 31 (13.7) 

 Malaysia 0 (0.0) 0 (0.0) 9 (4.0) 9 (4.0) 

 Nigeria 0 (0.0) 0 (0.0) 12 (5.3) 12 (5.3) 

 Singapore 0 (0.0) 0 (0.0) 6 (2.7) 6 (2.7) 

 South Africa 5 (2.2) 1 (0.4) 6 (2.7) 12 (5.3) 

 Other 11 (4.9) 1 (0.4) 41 (18.1) 53 (23.4) 
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Table 2 Characteristics of Studies in Articles Analyzed. 
 

 

 
 

  No. studies 

n (%) 

Total studies  226 (100.0) 

Sample size  1-49 14 (6.2) 

 50-99 14 (6.2) 

 100-999 134 (59.3) 

 1000+ 64 (28.3) 

Age of participants Adults 85 (37.6) 

 Children 54 (23.9) 

 Both 87 (38.5) 

Sex of participants Male only 61 (27.0) 

 Female only 6 (2.7) 

 Both 159 (70.3) 
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Table 3. Claims of “White“-“Other Race/Ethnic Group” Difference in Lung Function by Decade of  
Publication 
 

Decade 

Other 
Higher 
n (%) 

No Difference/ 

Similar 

n (%) 

Other 
Lower 

n (%) 

Variable1 

n (%) 

Totals 

n (%) 

1920s 0 (0.0) 1 (14.3) 6 (85.7) 0 (0.0) 7 (100.0) 

1930s 1 (14.3) 0 (0.0) 6 (85.7) 0 (0.0) 7 (100.0) 

1940s 0 (0.0) 0 (0.0) 2 (100.0) 0 (0.0) 2 (100.0) 

1950s 0 (0.0) 0 (0.0) 2 (100.0) 0 (0.0) 2 (100.0) 

1960s 1 (5.3) 0 (0.0) 16 (84.2) 2 (10.5) 19 (100.0) 

1970s 2 (4.0) 1 (2.0) 46 (92.0) 1 (2.0) 50 (100.0) 

1980s 3 (5.7) 3 (5.7) 42 (79.2) 5 (9.4) 53 (100.0) 

1990s 0 (0.0) 5 (9.6) 43 (82.7) 4 (7.7) 52 (100.0) 

2000s 3 (8.8) 3 (8.8) 26 (76.5) 2 (5.9) 34 (100.0) 

All 
years 

10 (4.4) 13 (5.8) 189 (83.6) 14 (6.2) 226 (100.0) 

1 The difference detected was found to be variable by age, gender, race/ethnicity, equation, spirometry method,  
   or percentage. 
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Table 4.  Sample Explanation by Coding Scheme 
 

Year of Study          Site of Study          Explanation 
 
Inherent Difference 
 
1922 US These findings suggest a possible racial factor…Poverty, 

environment and social status, with the ensuing advantages and 
disadvantages…do not seem to influence the lung capacity of 
children.” (8 pp.1109-1110) 

1968 Trinidad Results “underline the relative importance of inherited racial 
characteristics rather than acquired physical attributes.”  (32, p. 279  

1978 US “The agreement between the two studies suggests that the lower 
FVC and FEV1 values among blacks are related to genetic rather 
than to environmental variables.” (16, p. 391)  

1999 US “There are known to be differences in normal lung volumes 
among various ethnic or racial groups.  For example, lung 
volumes (FVC and FEV1) are about 12% lower in black subjects 
compared with white subjects.  Similarly, normal values for 
several Asian populations have been shown to be lower than 
those for white subjects…Various explanation, such as body 
habitus, have been proposed for these differences, but race or 
ethnicity itself seems to be the determinant factors.” (33, p. 339)  

 
 
Anthropometric difference 
1962 Taiwan “Perhaps the daily habitual posture, especially the sitting habit, of 

Chinese makes the position of the diaphragm lower, which in turn 
affects the lung volume.  Further studies may be indicated for 
proper explanation of this theory.” (34,  p. 333)  

1976 US “It seems unlikely that differences in socioeconomic status would 
explain such consistent observations from all locations.  It is also 
unlikely that socioeconomic factors affecting growth influenced 
the data because there were no significant differences in height or 
weight between the black and white children…In part, the racial 
differences in lung size may be explained by the smaller ratio of 
sitting height to standing height in blacks compared to whites.” 
(35, p. 957) 

2004 US “The reasons for these racial differences are not well defined. 
Differences in thoracic height and body stature have been shown 
to affect spirometric volumes.  Orientals have been shown to 
have smaller lung volumes and larger sitting-to-total-height ratios 
than whites of the same age and height.” (36, p.1230)  

 
 
Environmental and social factors  
 
1969 
 

India “Milledge et al…attributed the smaller lung volumes in Indians to 
climatic conditions.” (37, p. 1459)  
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1984 South Africa “When subject to scrutiny, the available evidence does not 
support a clear thesis of racial or ethnic differences in spirometric 
lung functions. Moreover, fixed percentage discounting from 
White normal values for Blacks cannot be substantiated. Studies 
purporting to find ethnic determinants of FVC have generally not 
controlled for social confounding factors known to be strongly 
associated with nutritional status, respiratory morbidity and 
occupational exposures.  Predicted values within the same ethnic 
group vary as widely as predicted values between groups. This 
variability of FVC values in the different Black populations 
studies implies that factors other than race are operative.”(17, p. 772)  

2001  India “This paper presents evidence to suggest that a well-defined 
component of ‘racial’ or ‘ethnic’ variation between Caucasian 
and Asian children may be unrelated to race per se, and could be 
potentially regulatable by therapeutic (dietary supplementation) 
or socioeconomic interventions, lending support to the hypothesis 
that other areas of comparative physiological disadvantage in 
populations  should not be ascribed to racial differences, without 
the exclusion of poverty or health care-related, potentially 
treatable, aetiological mechanisms.” (38, p. 1303) 

 
 
Technical factors 
 
1988 US “With the sample sizes typically available for developing 

prediction equations, sampling variation will remain an 
explanation for all but extreme differences.” (Coultas et al., p. 1391)  

 
 
 
Other 
 
1993 Israel “Anthropometric measurements could not explain interethnic 

variability in spirometric values; could be due to growth velocity. 
(39,p. 908) 
 

 
 
Mixed explanations 
 
1927 China “It may prove that there is a larger variability in nationals of one 

country, caused by climate, activity and bodily build than is 
found between nations or races.” [14, p. 669) 

1978 South Africa "The reasons for ethnic differences in ventilatory function are not 
clear, but could relate to differences in lung elastic recoil, or to 
the smaller sittingto-standing height ratio in Blacks compared 
with Caucasians.  The differences in FEV1 and FVC between 
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Coloureds and Caucasians in this study are considered to be 
ethnic, despite the difference in physical characteristics between 
the two groups, since covariance takes such physical 
characteristics into account....there is no evidence to suggest that 
malnutrition disproportionately reduces lung growth.” ( 40, p 546) 

2001 US “Sitting height accounted for 35-39% of the race difference in 
both sexes. Poverty index accounted for about 7.5% and 2.5% of 
the racial difference in men and women, respectively, whereas 
the effect of education accounted for about 2% in women and 
4.7% in men. With further adjustment for BMI, we could account 
for only about half of the racial difference in FEV1 and FVC. We 
conclude that the racial difference in lung function is only 
partially explained by a shorter upper body segment in African-
Americans. Although low socioeconomic indicators are related to 
lower lung function, they explain only a small proportion of this 
racial difference…The main finding of this analysis is that we 
can explain only about half of the racial difference in FEV1 and 
FVC between white individuals and African-Americans by 
accounting for sitting height, BMI, and socioeconomic indices 
such as poverty index or education.” (41, p. 1647-1651)  

 
 
 

 
 
 


