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Genome-wide genetic ancestry
measurements to predict lung function
in European populations

To the Editor:

A number of models have been proposed to predict spirometric lung function using age, sex, height and
self-reported ethnicity [1, 2]. These models are particularly important to derive per cent predicted lung
function and establish the severity of lung diseases such as chronic obstructive pulmonary disease (COPD)
[3]. Compared to self-reported race and/or ethnicity, genetic data can provide more accurate and objective
measurements of ancestry and has the potential to alleviate some of the problems related to the lack of
consensus on the definition of race and ethnicity worldwide [4]. A recent report suggested that genetically
determined ancestry improves predicted lung-function measurements in African Americans [5]. Here, we
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test whether genetic ancestry derived from genome-wide genotyping data is useful to predict lung function
in a diverse European population.

The population used in this study is part of a lung expression quantitative trait loci (eQTL) mapping study
[6, 7]. Briefly, research participants were recruited from three academic sites: Laval University (Québec, QC,
Canada), University of British Columbia (Vancouver, BC, Canada), and Groningen University (Groningen,
the Netherlands), henceforth referred to as Laval, UBC, and Groningen, respectively. All subjects were
genotyped for ~1.2 million single nucleotide polymorphisms (SNPs) using the Illumina Human1M-Duo
BeadChip (Illumina, Inc., San Diego, CA, USA). Subjects from Laval and UBC provided written informed
consent and the study was approved by the ethics committees of the respective study sites. At Groningen,
the study protocol was consistent with the research code of the University Medical Center Groningen and
Dutch national ethical and professional guidelines (“Code of conduct; Dutch federation of biomedical
scientific societies”; http://www.federa.org). Prior to the analysis, standard genotyping quality controls and
exclusion of patients with disorders that affected lung function (other than COPD) were applied. After these
filters, the Laval cohort consisted of 399 French Canadian subjects with a mean age of 63.6 +9.8 years. The
mean pre-bronchodilator forced expiratory volume in 1 s (FEV1) for males (n=222) and females (n=177)
were 2.44+0.73 and 1.8840.56 L, respectively. 56.3% of the Laval samples were diagnosed with COPD
based on Global Initiative for Chronic Obstructive Lung Disease recommendations [3]. The Groningen
cohort included 99 subjects with a mean age of 61.5+9.8 years. 61.6% of the Groningen subjects were
males. The mean pre-bronchodilator FEV1 was 2.42 +0.87 L for males (n=61) and 1.96 +0.83 L for females
(n=38). 58 subjects (58.6%) were diagnosed with COPD. Finally, the UBC cohort was composed of 260
subjects with a mean age of 63.7+9.8 years including a similar proportion of males (52.7%) and females.
The mean pre-bronchodilator FEV1 was 2.61 +0.78 L for males and 1.86+0.63 L for females. 120 subjects
from UBC (46.2%) were afflicted with COPD. The three cohorts combined and analysed in this study
consisted of 758 individuals, all of European descent confirmed by genotyping.

The 758 subjects were used to calculate the genetic ancestry using the ADMIXTURE program [8]. SNPs
in linkage disequilibrium (r*>0.1) with any other SNP within a 50-SNP sliding window were excluded,
resulting in a set of 59,767 autosomal SNPs entered in the ADMIXTURE program. As performed by
KuMAR et al. [5], we used genotypes from unrelated HapMap European and African populations as
reference sets. HapMap reference set for Asian was also added, owing to the large proportion of this ethnic
group in Vancouver. ADMIXTURE was run with three ancestral populations (K=3). The mean percentage
of European ancestry was very high in the Laval cohort (97.440.7%). This percentage was slightly lower in
Groningen and UBC (95.84+3.7 and 95.5+3.8, respectively). Together, these cohorts gave a more
heterogeneous distribution of genetic ancestry (fig. 1a and b).

We used linear regression, stratified by sex, to evaluate the association between lung function and European
ancestry. Lung function tested includes FEV1, forced vital capacity (FVC), and FEV1/FVC ratio. The lung
function values were adjusted for the study sites using linear regression. Residuals were then tested for
association with the percentage of European ancestry. There was no significant association with lung
function and the percentage of European ancestry (for FEV1, r*=0.004 and p=0.35 for males; and r*=0.001
and p=0.71 for females).

Two models were compared to assess whether genetic ancestry influences the pulmonary function
predictions. The first, labelled the standard model, included only variables used by HANKINSON ef al. [1] and
the study site (i.e. lung function~age+age*+height*+study site). The second, labelled ancestry-based model,
included all the same variables with one additional term for individual genetic European ancestry (i.e. lung
function~age+age*+height*+study site+European ancestry). Analyses were performed separately for males
and females. Figure 1c shows the differences between the two models in males that range from -277.8 mL to
37.7 mL with a mean absolute difference of 13.3+22.4 mL. In females (fig. 1d), the differences between
models range from -13.7 mL to 155.8 mL with a mean absolute difference of 6.0+ 12.4 mL. The adjusted
coefficients of determination (adjusted R*) measuring the proportion of variance in FEV1 explained by the
two models was not different (males: 0.175 for the standard model compared to 0.175 for ancestry-based
model; females: 0.259 for the standard model compared to 0.261 for ancestry-based model). These results
suggest that genetically determined ancestry does not influence the predicted lung function measurements
in this diverse European population. We then evaluated the number of subjects whose COPD severity
classification [3] changed when predicted FEV1 was obtained from a standard model compared to an
ancestry-based model. For the 389 subjects having COPD, only two subjects were reclassified (0.51%) into
lower severity stages (stage 2 to stage 1) using the ancestry-based model.

This study does not demonstrate the utility of genome-wide genetic ancestry to predict lung function in
European populations. The mean absolute differences in predicted FEV1 observed between models with or
without European ancestry were smaller than those observed in African Americans [5]. The French
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FIGURE 1 Genetically determined ancestry distribution and differences in predicted forced expiratory volume in 1 s
(FEV1) between the standard and ancestry-based models in males and females of European origins. a) and b) show the
percentage of European ancestry in males (n=420) and females (n=338), respectively. ¢) and d) show the difference in
predicted FEV1 between the standard model and the ancestry-based model in males and females, respectively.

Canadian population is known to have less genetic heterogeneity than most general European populations
[9]. Although more variability in genetic ancestry was observed in Groningen and UBC, the influence
of genetic markers on lung function prediction was still minor. The smaller range of genetic ancestry
(fig. 1a and b) observed in our study may explain the lack of association between this term and both FEV1

and FVC as well as the practically null effect of the ancestry-based prediction model on classification
of COPD severity.

This study was based on European patients undergoing lung surgery. Although we excluded patients with
disorders that affected lung function, this population does not represent healthy individuals and the results
cannot be directly extrapolated to the general population. However the results may be applicable to a large
number of patients seen in respiratory units. The low variability in the percentage of European ancestry
observed in this study, especially among French Canadians, suggests that measures of individual genetic
ancestry based on genetic markers are unlikely to have a major impact, if any, on lung function prediction
and classification of disease severity in this population. A greater role of genetics is likely to occur in
Central/Southern and Western Europe populations compared to our populations living or originating from
Northern European populations. Accordingly, further evaluations of genetically determined ancestry to
predict lung function are warranted in healthy and more admixed European populations in order to
confirm or infirm the negligible impact of genetic data to estimate lung function observed in this study.
Notwithstanding, it was suggested that self-identification of race and ethnicity is inappropriate to
implement recommended guidelines for spirometry [4]. Genetically determined ancestry will thus be an
effective alternative to self-reported ethnicity in some populations.
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In conclusion, based on current evidence, it would be premature to integrate genome-wide genotyping data
as part of routine evaluation of lung function in European populations. Whether the same genomic data can
be leveraged to predict response to medications and to personalise the management of patients with
respiratory diseases are currently important research areas.
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