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Background

Self-identified race or ethnic group is used to determine normal reference standards 
in the prediction of pulmonary function. We conducted a study to determine whether 
the genetically determined percentage of African ancestry is associated with lung 
function and whether its use could improve predictions of lung function among per-
sons who identified themselves as African American.

Methods

We assessed the ancestry of 777 participants self-identified as African American in the 
Coronary Artery Risk Development in Young Adults (CARDIA) study and evaluated the 
relation between pulmonary function and ancestry by means of linear regression. 
We performed similar analyses of data for two independent cohorts of subjects iden-
tifying themselves as African American: 813 participants in the Health, Aging, and 
Body Composition (HABC) study and 579 participants in the Cardiovascular Health 
Study (CHS). We compared the fit of two types of models to lung-function measure-
ments: models based on the covariates used in standard prediction equations and 
models incorporating ancestry. We also evaluated the effect of the ancestry-based 
models on the classification of disease severity in two asthma-study populations.

Results

African ancestry was inversely related to forced expiratory volume in 1 second 
(FEV1) and forced vital capacity in the CARDIA cohort. These relations were also seen 
in the HABC and CHS cohorts. In predicting lung function, the ancestry-based mod-
el fit the data better than standard models. Ancestry-based models resulted in the 
reclassification of asthma severity (based on the percentage of the predicted FEV1) in 
4 to 5% of participants.

Conclusions

Current predictive equations, which rely on self-identified race alone, may misestimate 
lung function among subjects who identify themselves as African American. Incor-
porating ancestry into normative equations may improve lung-function estimates and 
more accurately categorize disease severity. (Funded by the National Institutes of 
Health and others.)
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The use of racial or ethnic classifi-
cation in medical practice and research has 
been the subject of debate.1-3 Race and eth-

nicity are complex constructs incorporating social, 
cultural, and genetic factors. Currently, pulmo-
nary-function testing is one of the few clinical 
applications in which self-reported race or ethnic 
group is used to define a normal range for a test 
outcome. Normative equations of lung function 
have been developed by testing large populations 
categorized on the basis of self-reported race or 
ethnic group.4 However, many populations are ra-
cially admixed, and self-identified racial and eth-
nic categories are crude descriptors of individual 
genetic ancestry.5-8 Use of self-reported race or 
ethnic group may misclassify persons with respect 
to the normal range for physiological measures, 
if the measures are dependent on ancestry. Such 
errors could lead to inaccuracies in evaluating in-
dividual pulmonary function and in determining 
population-specific disease prevalence and severity.

Advances in genetics have led to the develop-
ment of ancestry informative markers, which al-
low genetic ancestry to be easily and inexpensively 
estimated in admixed populations such as self-
identified African Americans and Latinos.9-11 An-
cestry may serve as a proxy for differentially dis-
tributed genetic factors that vary according to 
historical geographic separations.12 Quantitative 
traits may vary with ancestry13-15; thus, ancestry 
may have relevance to lung function, which has a 
genetic component.16-19 We hypothesized that in-
corporating measures of individual genetic ances-
try into models would improve predictions of 
pulmonary function in self-identified African 
Americans.

Me thods

Study Populations

Self-identified African-American participants from 
five independent study populations were includ-
ed in our analysis. We first analyzed data for par-
ticipants in the Coronary Artery Risk Development 
in Young Adults (CARDIA) study (ClinicalTrials 
.gov number, NCT00005130).20,21 We subsequent-
ly studied the cohorts from the Health, Aging, and 
Body Composition (HABC) study22 and the Car-
diovascular Health Study (CHS) (NCT00005133).23 
Finally, we evaluated the effect of ancestry-based 
models on the classification of disease severity in 

two study populations of participants with asth-
ma, from the Study of Asthma Phenotypes and 
Pharmacogenomic Interactions by Race–Ethnicity 
(SAPPHIRE) (NCT01142947) and the Study of Af-
rican Americans, Asthma, Genes, and Environ-
ments (SAGE).24 For the CARDIA, HABC, and CHS 
cohorts, participants who had asthma or pulmo-
nary disease at the time of the baseline examina-
tion were excluded. See the Supplementary Ap-
pendix (available with the full text of this article 
at NEJM.org) for details of these five study popu-
lations.

The CARDIA, HABC, CHS, SAPPHIRE, and 
SAGE cohorts consisted of 777, 813, 579, 698, 
and 95 study participants, respectively; the age 
ranges at baseline were 18 to 30 years, 68 to 81 
years, 65 to 93 years, 18 to 56 years, and 18 to 40 
years, respectively. In all studies, spirometry was 
performed in accordance with American Thoracic 
Society recommendations.25 All subjects provided 
written informed consent, and each study was 
approved by the institutional review boards at all 
participating institutions.

Estimation of Ancestral Admixture  
and Genotyping

To estimate the ancestral admixture in CARDIA 
participants, we used genomewide genotyping data 
from the microarray platform (Genome-Wide Hu-
man SNP Array 6.0, Affymetrix) used in the Can-
didate Gene Association Resource (CARe) study. 
We removed single-nucleotide polymorphisms 
(SNPs) with more than 5% missing values and 
those that were not in Hardy–Weinberg equilib-
rium (P<10−5) as well as SNP pairs in high link-
age disequilibrium (r2≥0.8). This left a final sam-
ple of 631,243 autosomal SNPs from which to 
estimate ancestry with the use of the Admixture 
software program26 (see the Supplementary Ap-
pendix for further details). We genotyped 1332 an-
cestry informative markers in samples obtained 
from participants in the HABC study and used 
the software program Structure to estimate the 
percent African and European ancestry,27 assum-
ing two ancestral populations.28,29 We estimated 
the percentage of African ancestry in CHS partici-
pants by using a maximum-likelihood method 
incorporating 24 ancestry informative markers,30 
and in SAPPHIRE participants by using a maxi-
mum-likelihood estimation31 and 107 previously 
described ancestry informative markers.7 We esti-
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mated the percent African ancestry in SAGE par-
ticipants by using the Structure program and 104 
ancestry informative markers.32

Statistical Analysis

In the CARDIA study, we examined the effect of 
genetic ancestry on measures of lung function 
(i.e., the forced expiratory volume in 1 second 
[FEV1], the forced vital capacity [FVC], and the 
FEV1:FVC ratio) ascertained at the baseline exami-
nation. Linear regression models, stratified on the 
basis of sex, included several covariates: percent 
African ancestry, age, lifetime pack-years of smok-
ing, body-mass index (BMI), height, square of the 
height, and study site. Age was centered at 25 years, 
by which time the majority of lung growth has 
occurred but the onset of lung-function decline in 
association with age has not.33,34 Other continu-
ous variables were centered around their study-
population means. We also examined differences 
in the effect of ancestry between the sexes, by 
adding both sex and interactions between sex and 
ancestry as covariates to a model analyzing pooled 
data for men and women.

We evaluated the association between baseline 
lung function and African ancestry in two ad-
ditional cohorts, from the HABC study and the 
CHS. We used linear regression models to assess 
the associations of genetic ancestry with mea-
sures of lung function, after controlling for age, 
sex, lifetime pack-years of smoking, BMI, height, 
square of the height, and study site.

To ascertain whether the use of data on genetic 
ancestry could improve the accuracy of pulmo-
nary-function predictions, we compared models 
based on self-identified race or ethnic group with 
models incorporating ancestry as determined by 
genetic means. To do so, we made use of the age- 
and sex-specific covariates used by Hankinson and 
colleagues4 to estimate FEV1 in persons identify-
ing themselves as African Americans. These co-
variates were selected according to their fit in the 
third National Health and Nutrition Examination 
Survey (NHANES III) study population, and the 
models that included them are referred to herein 
as standard race-based models. In other models, 
here called ancestry-based models, we used the 
age- and sex-specific covariates but also added a 
term for individual ancestry to assess whether an-
cestry remained independently associated with 
FEV1 and FVC and whether the additional covari-

ate improved the overall fit of the model. Model 
fit was assessed with the use of the mean 
squared error, the coefficient of determination 
(R2), and an adjusted coefficient of determination 
(adjusted R2). The adjusted coefficient is a mea-
sure of the proportion of variance in FEV1 ex-
plained by the model, accounting for the number 
of covariates used. We tested these models in 
the three population-based cohorts: the CARDIA, 
HABC, and CHS cohorts.

We also categorized asthma severity on the 
basis of the percentage of the predicted FEV1 cut-
off values specified in current U.S. guidelines.35 
We assessed the number of participants whose 
asthma-severity categorization differed when the 
predicted FEV1 value was obtained from models 
that incorporated genetic ancestry rather than 
from models that did not. We derived parameter 
estimates for these models from data for the 
CARDIA cohort, using the covariates from Han-
kinson et al.4 for self-identified African-American 
men 20 years of age or older and women 18 years 
of age or older. We then applied these models to 
the same age groups in the SAPPHIRE and SAGE 
cohorts.

R esult s

Study Populations

The CARDIA cohort consisted of 777 participants 
who identified themselves as African American, 

Table 1. Baseline Characteristics of CARDIA Study Participants,  
According to Sex.*

Characteristic Men (N = 309) Women (N = 468)

Age (yr) 24.5±3.7 24.4±3.9

BMI† 24.5±4.1 26.4±6.3

Education (yr) 13.1±2.0 13.2±1.8

Median income category ($) 25,000–34,999 16,000–24,999

No. of lifetime pack-years of smoking 1.8±3.4 1.7±3.5

Pulmonary function (liters)

FEV1 3.83±0.56 2.85±0.42

FVC 4.63±0.70 3.34±0.50

African ancestry (%) 85.0±10.1 85.1±9.6

*	Plus–minus values are means ±SD. CARDIA denotes the Coronary Artery Risk 
Development in Young Adults study, FEV1 forced expiratory volume in 1 sec-
ond, and FVC forced vital capacity.

†	The body-mass index (BMI) is the weight in kilograms divided by the square 
of the height in meters.

Copyright © 2010 Massachusetts Medical Society. All rights reserved. 
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with a mean age of 24.5 years at the time of en-
rollment (Table 1). The mean percentage of Afri-
can ancestry did not differ significantly between 
men and women (85.0% and 85.1%, respectively). 
Participants in the CHS and HABC cohorts were 
older (Table 2).

Relation between Ancestry and Lung 
Function

Figure 1 shows the distribution of, and consider-
able variation in, the percentage of genetically de-
termined African ancestry among male and fe-
male CARDIA participants (Panels A and B, 
respectively). Table 3 presents the results of the 
test for association between pulmonary-function 
variables (FEV1, FVC, and the FEV1:FVC ratio) and 
African ancestry among CARDIA subjects, with 
adjustment for the following potential confound-
ers: age, lifetime pack-years of smoking, BMI, 
height, square of the height, and study site. The 
coefficient for African ancestry represents the 
change in each lung-function variable for each 
percentage-point increase in African ancestry, with 
adjustment for all other variables shown. In both 
men and women, there were significant inverse 

relations between African ancestry and FEV1 and 
between African ancestry and FVC. The associa-
tion of ancestry with FEV1 among men and 
among women in the CARDIA cohort is shown 
in Figures 1C and 1D, respectively. In an analysis 
of the pooled data for men and women, interac-
tion terms for sex and ancestry neared signifi-
cance (P = 0.09 for FEV1:FVC and P = 0.07 for FVC), 
suggesting that the negative relation between an-
cestry and FVC was greater for men than for wom-
en (data not shown).

We also performed a post hoc analysis in the 
CARDIA cohort, incorporating additional mea-
sures of smoking exposure, including smoking 
status (current smoker, former smoker, or never 
smoked), the number of cigarettes smoked per day, 
and the number of years of smoking. The effect 
size and the significance of the association be-
tween ancestry and lung function were not sub-
stantively changed in this analysis (data not 
shown).

We evaluated the difference in the CARDIA co-
hort between the predicted FEV1 estimated from 
the ancestry-based models (Table 3) and the pre-
dicted FEV1 estimated from the standard race-
based models, which do not include genetically 
determined ancestry (Table 1 in the Supplemen-
tary Appendix). Figure 1 shows the differences in 
predicted FEV1 between the standard race-based 
and ancestry-based models for men and women 
(Panels E and F, respectively). The mean (±SD) 
absolute difference in predicted FEV1 between the 
two models for each participant was 55.5±58.3 ml 
for men and 34.1±36.9 ml for women.

Analyses of Additional Cohorts

We did not observe a significant interaction be-
tween sex and ancestry with respect to the effect 
on lung-function outcomes in either the HABC 
cohort or the CHS cohort (data not shown). There-
fore, in each cohort, we analyzed the data for men 
and women together. In both cohorts, we found 
that African ancestry was significantly associated 
with both FEV1 and FVC (Table 4). For each per-
centage-point increase in African ancestry, the as-
sociated changes in FEV1 and FVC were −3.99 ml 
and −5.50 ml, respectively, among HABC partici-
pants, and −2.39 ml and −3.46 ml, respectively, 
among CHS participants. We performed an ad-
ditional analysis of the HABC data wherein the 
height while seated was used in lieu of the height 
while standing. There was minimal attenuation 

Table 2. Characteristics of the CHS and HABC Study Participants.*

Characteristic CHS (N = 579) HABC (N = 813)

Age — yr

Mean 72.5 73.8

Range 65–93 68–81

Female sex — no. (%) 367 (63.4) 435 (53.5)

BMI† 28.4±5.0 28.5±5.2

Education — yr 13.0±5.2 11.6±3.5

Median income category — $ 12,000–15,999 10,000–25,000

Smoking status — no./total no. (%)

Current smoker 81/576 (14.1) 126/811 (15.5)

Former smoker 209 (36.3) 336 (41.4)

Never smoked 286 (49.7) 349 (43.0)

Pulmonary function — liters

FEV1 1.79±0.6 2.0±0.6

FVC 2.52±0.8 2.7±0.7

African ancestry — % 72.8±20.7 78.0±12.8

*	Plus–minus values are means ±SD. CHS denotes the Cardiovascular Heart 
Study, FEV1 forced expiratory volume in 1 second, FVC forced vital capacity, 
and HABC the Health, Aging, and Body Composition study.

†	The body-mass index (BMI) is the weight in kilograms divided by the square 
of the height in meters.
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Figure 1. Ancestry, Forced Expiratory Volume in 1 Second (FEV1), and Differences in Predicted FEV1 among CARDIA 
Study Participants.

The percentage of African ancestry, as estimated by means of genetic markers, in men and women who identified 
themselves as African American is shown in Panels A and B, respectively. The relation between African ancestry and 
FEV1 (indicated as a solid curve, with 95% confidence intervals as dashed curves) is also shown for men and wom-
en, in Panels C and D, respectively. The extent and distribution of the differences in predicted FEV1 between the an-
cestry-based models and the standard race-based models (not including ancestry) in men and women are shown in 
Panels E and F, respectively.
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in the relation between African ancestry and the 
lung-function variables FEV1 and FVC, and these 
associations remained significant (Table 2 in the 
Supplementary Appendix).

Predicting FEV1 with the Use of Standard 
Race-Based Models and Ancestry-Based 
Models

To determine whether the inclusion of ancestry 
improves the fit of predictive models of pulmo-
nary function, we regressed data for FEV1 on the 
covariates used in the standard race-based mod-
els (i.e., those used elsewhere4 for self-identified 
African-American women ≥18 years of age and 
men ≥20 years of age) in the three population-
based cohorts (CARDIA, HABC, and CHS). We also 
used ancestry-based models containing the age-, 
sex-, and race-specific covariates as well as an 

additional term for individual genetic African an-
cestry. The term for ancestry was significantly 
associated with both FVC and FEV1 in all groups, 
with the exception of men in the CHS cohort 
(Tables 3 and 4 in the Supplementary Appendix). 
The ancestry-based models explained more of the 
variance than the standard race-based models 
(except for FEV1 among women in the CHS co-
hort), even after we had accounted for the num-
ber of variables included in the model (reflected 
in the adjusted R2).

Classifying Asthma Severity

We assessed the severity of asthma in 698  
SAPPHIRE participants and 95 SAGE partici-
pants. Severity was categorized according to the 
percent of the predicted FEV1 cutoff values speci-
fied in current U.S. guidelines,35 and these per-

Table 3. Associations between Lung Function and Covariates of Ancestry-Based Models among Participants  
in the CARDIA Study, According to Sex.*

Covariate Men (N = 309) Women (N = 468)

FEV1 FVC FEV1:FVC FEV1 FVC FEV1:FVC

milliliters milliliters

Intercept† 3885.6 4763.9 81.8 2892.0 3368.4 86.1

Age (per yr)‡ 3.75 20.57 −0.29 −9.55 0.23 −0.31

African ancestry (per percentage 
point)§

−8.14 −12.12 0.04 −5.54 −5.41 −0.03

Lifetime smoking (per pack-yr)¶ −9.13 −7.82 0.00 −14.95 −8.72 −0.22

BMI (per unit)‖ 9.11 20.17 −0.15 −0.69 −0.12 −0.03

Height (per cm)** 38.53 53.70 −0.12 33.62 42.58 −0.07

Square of height (per cm2)†† −0.37 0.06 −0.01 0.004 0.16 −0.01

Study site

Chicago‡‡ −91.64 −206.26 1.61 4.12 60.64 −1.67

Minnesota 56.15 −22.97 1.46 −56.82 −57.75 −0.18

Oakland§§ −44.11 −193.85 2.29 −58.77 −91.08 0.57

*		 The data are the milliliters (for forced expiratory volume in 1 second [FEV1] and forced vital capacity [FVC]) or ratios 
(for FEV1:FVC) associated with each listed covariate, after adjustment for all other covariates listed. The intercept val-
ue is added to the covariate value (after appropriate weighting) to obtain the lung-function estimate. Bold type indi-
cates a significant association (P<0.05). CARDIA denotes the Coronary Artery Risk Development in Young Adults 
study.

†		 P<0.001 for all coefficients for intercept.
‡		 For coefficients for age, P = 0.03 and P = 0.007 for FVC and FEV1:FVC among men, respectively, and P = 0.03 and 

P<0.001 for FEV1 and FEV1:FVC among women, respectively.
§		  For coefficients for African ancestry, P = 0.004 and P<0.001 for FEV1 and FVC among men, respectively, and P = 0.001 

and P = 0.007 for FEV1 and FVC among women, respectively.
¶		 For coefficients for pack-years of smoking, P = 0.003 and P = 0.004 for FEV1 and FEV1:FVC among women, respectively.
‖		 The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters. For the coeffi-

cient for BMI, P = 0.01 for FVC among men.
**	 For coefficients for height, P<0.001 for FEV1 and FVC among men and women, and P = 0.03 and P = 0.04 for FEV1:FVC 

among men and among women, respectively.
††	For the coefficient for the square of height, P = 0.051 for FEV1:FVC among women.
‡‡	For the coefficients for Chicago, P = 0.03 for FVC among men and P = 0.02 for FEV1:FVC among women.
§§	 For the coefficients for Oakland, P = 0.02 for FVC and for FEV1:FVC among men.
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centages were derived from predicted FEV1 values 
from models with and those without a term for 
genetic African ancestry. A total of 28 participants 
(4.0%) in SAPPHIRE and 5 (5.3%) in SAGE would 
have had a change in their asthma-severity cate-
gory had ancestry been included in the model 
used to predict the FEV1. Specifically, the asthma 
would have been classified as less severe in 14 
(2.0%) and more severe in 14 (2.0%) of SAPPHIRE 
participants, with corresponding reclassifications 
in 1 (1.1%) and 4 (4.2%) of SAGE participants.

Discussion

We found an association between genetic ances-
try and lung function among subjects who iden-
tified themselves as African American; specifi-

cally, the percentage of African ancestry was 
inversely associated with lung function in three 
independent cohorts across a wide range of ages. 
However, there were differences in the magni-
tude of the effect across the cohorts, possibly be-
cause of the older age of subjects in the HABC 
and CHS cohorts. The relative contribution of ge-
netic ancestry is likely to be smaller among older 
persons who have had a greater cumulative expo-
sure to environmental factors that adversely af-
fect lung function.

Extrapolation of the distribution of percentage 
of African ancestry among the men and women 
in the CARDIA study to persons of the same sex 
and age group (18 to 34 years) suggests that for 
approximately 6.4% of persons in the United States 
who identify themselves as African Americans 

Table 4. Associations between Lung Function and Covariates of Ancestry-Based Models among Participants in the CHS 
and HABC Studies.*

Covariate CHS (N = 579) HABC (N = 813)

FEV1 FVC FEV1:FVC FEV1 FVC FEV1:FVC

milliliters milliliters

Intercept† 2050.7 2902.2 70.3 2165.8 2755.3 77.8

Age (per yr)‡ −19.78 −22.71 −0.09 −17.27 −19.86 −0.13

Sex§ −398.04 −640.25 3.24 −348.66 −442.68 −0.29

African ancestry (per percentage 
point)¶

−2.39 −3.46 0.02 −3.99 −5.50 0.01

Lifetime smoking (per pack-yr)‖ −3.66 −1.75 −0.09 −4.80 −3.45 −0.06

BMI (per unit)** −1.46 −4.56 0.06 −1.36 −10.25 0.21

Height (per cm) †† 19.73 28.94 −0.01 21.12 33.96 −0.07

Square of height (per cm2) 0.07 0.02 0.01 −0.15 0.09 −0.004

Study site

Site 1‡‡ 26.74 54.55 −0.12 65.86 121.31 −0.28

Site 2 54.33 50.67 1.13

Site 3 59.88 71.89 0.53

*		 The data are the milliliters (for forced expiratory volume in 1 second [FEV1] and forced vital capacity [FVC]) or ratios 
(for FEV1:FVC) associated with each listed covariate, after adjustment for all other covariates listed. The intercept val-
ue is added to the covariate value (after appropriate weighting) to obtain the lung-function estimate. Bold type indi-
cates a significant association (P<0.05). CHS denotes the Cardiovascular Heart Study, and HABC the Health, Aging, 
and Body Composition study.

†		 P<0.001 for all coefficients for intercept.
‡		 For coefficients for age, P<0.001 for FEV1 and FVC in the CHS and HABC cohorts.
§		  For coefficients for sex, P<0.001 for FEV1 and FVC in the CHS and HABC cohorts, and P = 0.01 for FEV1:FVC in the 

CHS cohort.
¶		 For coefficients for African ancestry, P = 0.009 and P = 0.004 for FEV1 and FVC in the CHS cohort, respectively, and 

P<0.001 for FEV1 and FVC in the HABC cohort.
‖		 P<0.001 for coefficients for pack-years of smoking for FEV1 and FEV1:FVC in the CHS cohort and for FEV1, FVC, and 

FEV1:FVC in the HABC cohort.
**	 The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters. For coefficients 

for BMI, P = 0.002 and P<0.001 for FVC and FEV1:FVC in the HABC cohort, respectively.
††	For coefficients for height, P<0.001 for FEV1 and FVC in the CHS cohort and the HABC cohort, and P = 0.045 for 

FEV1:FVC in the HABC cohort.
‡‡	For coefficients for site 1, P = 0.03 for FEV1 and P<0.001 for FVC in the HABC cohort.
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(i.e., 0.65 million persons, according to 2008 U.S. 
Census estimates)36 the percentage of African an-
cestry would be 15% higher or lower than the 
mean, suggesting they would be misrepresented by 
the use of standard race-based models. In these 
persons, the degree of misestimation of FEV1 
could be greater than 122.1 ml in men and 83.1 ml 
in women, the equivalent of an age-associated loss 
of lung function of approximately 15 ml per year 
over a 5-to-8-year period.4

The inverse association between lung function 
and African ancestry may be especially impor-
tant when predicted lung-function values are used 
to assess the severity of lung disease.35,37,38 Cur-
rent clinical practice guidelines use the FEV1:FVC 
ratio or percentages of predicted lung function 
in the assessment of the severity of chronic ob-
structive pulmonary disease (COPD),39,40 the se-
verity of asthma,35 and the degree of overall lung 
impairment.41 Accordingly, inaccurate estimates 
of percentages of predicted lung function may 
result in the misclassification of disease severity 
and impairment.41 For example, an estimated 2.1 
million self-identified African Americans have 
asthma.42 On the basis of the percentage of the 
predicted FEV1 value, the severity of the asthma 
would be misclassified for approximately 4% of 
these patients (i.e., 84,000 patients), were ances-
try not taken into account. Misclassification of 
severity might affect even more patients with 
COPD, a condition more common than asthma. 
An improvement in the accuracy of predicted lung 
function may lead to more appropriate treatment 
for the level of impairment, resulting in more ef-
fective and efficient care.

There are some important limitations of our 
study. First, our analysis does not address popu-
lation groups other than self-identified African 
Americans, such as Latinos, who have more com-
plex patterns of ancestral admixture. Second, the 
association between lung function and ancestry 
found in our study may be the result of factors 
other than genetic variation, such as premature 
birth, prenatal nutrition, socioeconomic status, 
and other environmental factors.43,44 Third, we did 
not study a replication population with the same 
age range as that of the CARDIA cohort. Thus, we 
may have overestimated the association between 
ancestry and lung function in the CARDIA par-
ticipants, who were young adults. Finally, some 
researcher groups used different statistical ap-
proaches to estimate ancestry in their respective 

study populations. We have found previously, 
however, that different approaches (e.g., Markov 
models and maximum-likelihood estimation) 
produce highly correlated results from the same 
set of markers.8,45 The consistency of our find-
ings across three cohorts, despite the different 
methods for estimating ancestry, underscores the 
robustness of the association with ancestry.

In conclusion, our study shows that incorpo-
rating measures of individual genetic ancestry 
into normative equations of lung function in per-
sons who identify themselves as African Ameri-
cans may provide more accurate predictions than 
formulas based on self-reported ancestry alone. 
The same argument may apply to other ances-
trally defined groups; further studies in this area 
are necessary. Further studies are also needed to 
determine whether estimates informed by genetic 
ancestry are associated with health outcomes. It 
remains to be seen whether differences associ-
ated with race or ethnic group in the response 
to medications that control asthma46,47 are more 
tightly associated with estimates of ancestry. Al-
though measures of individual genetic ancestry 
may foster the development of personalized med-
icine, large clinical trials and cohort studies that 
include assessments of genetic ancestry are need-
ed to determine whether measures of ancestry 
are more useful clinically than a reliance on self-
identified race alone.
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