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Genetics and epigenetics affect body frame, accounting for lung function differences between
Europeans and Africans http://ow.ly/LUIff

It has long been known [1] that, when comparing subjects of the same age and height, African ancestry is
associated with 12–20% smaller forced expiratory volume in 1 s (FEV1) and forced vital capacity (FVC)
than European ancestry. Both smaller and larger differences have been reported in studies of other ethnic
groups. This has led to numerous efforts to explain the underlying reason for these ethnic differences. In
this issue of the European Respiratory Journal, MENEZES et al. [2] present the results of a detailed and
carefully conducted study that significantly advances our understanding. Because of the complexity of the
problem and the large number of relevant publications, the references below are inevitably selective.

When assessing lung volumes, adjustment is conventionally made for standing height. As long as
individuals have the same body frame, stature is a convenient and valid proxy for estimating lung volume.
However, ethnicity affects body proportions: the Cormic index, i.e. the ratio of sitting height (a proxy for
thoracic dimensions) and stature, differs systematically between ethnic groups [3]. Hence, ethnic
differences in pulmonary function may be due to differences in body habitus. Indeed, most studies carried
out in different ethnic groups confirm differences in lung volumes are associated with sitting height or
Cormic index [4–12]. However, they explain only 41–53% of the disparity between white and African
Americans [9, 13]. Therefore, these anthropometric differences play a role but do not fully explain ethnic
differences in lung volumes.

Exploring the possible genetic basis for the differences, skin colour or self-reported ethnicity is a poor
indicator of African ancestry, because there is considerable ancestral admixture with genes from Europeans
[14]. KUMAR et al. [15] were the first to investigate how much genetic ancestry contributes to differences in
pulmonary function among self-identified African Americans. The degree of African ancestry was
quantified by genotyping. Adjusting for age, height, sex, smoking and body mass index, they found a
significant relationship between African ancestry and spirometry in adults; compared to 100% European
ancestry, for each extra percentage point of African ancestry, the FEV1 and FVC were lower by 8 and 12 mL
in males, and 6 and 5 mL in females. This appears to confirm the contribution of a genetic component to
the disparity between African American and European ventilatory function, but there is a snag.

Ever since the pioneering work of Louis-René Villermé, the founding father of social epidemiology, there
has been overwhelming evidence of the relationship between socioeconomic conditions (SEC) and growth
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as well as mortality [16, 17]. Against that background, the association between smaller lung volumes and
lower SEC in African Americans is usually interpreted as evidence of “impaired” or “poor” lung function.
Therefore, it has been suggested that the level of respiratory disadvantage and risk of mortality should be
gauged by using spirometry prediction equations for people of European ancestry rather than
ethnic-specific equations [18], on the basis that, if the SEC were to be the same, ethnic differences in lung
volumes would vanish. This is in line with one perspective, i.e. that ethnicity is a sociopolitical construct
that suggests genetic heterogeneity between groups [19]; alternatively, an opposing view is that there is still
a role for genetics in explaining differences in lung function [15].

BREHM et al. [20] extended the study by KUMAR et al. [15] in Puerto Rican children by including an
extensive panel of potential confounders. Using genome-wide genotypic data, they concluded that African
ancestry is associated with reduced FEV1 and FVC in Puerto Rican children independently of indicators of
socioeconomic status, healthcare access or key environmental/lifestyle exposures. Genetic variants,
early-life environmental/lifestyle factors or both, correlated with African ancestry, might influence lung
development and growth during childhood in Puerto Rican subjects.

Because of the interrelations between ethnic group, SEC, physical growth and the effect of childhood
disease on body development, it is difficult to untie this Gordian knot. MENEZES et al. [2] now extend the
study by BREHM et al. [20], which did not address differences in body habitus, by measuring stature, the
Cormic index and chest circumference in 2869 Brazilians aged 30 years [2]. African ancestry was
quantified by genotyping and a large panel of potential confounders were adjusted for. With the exception
of chest circumference, anthropometric indices were inversely associated with African ancestry. In a subset
of 1870 subjects, ethnic differences in FEV1 and FVC between subjects were more than halved after taking
anthropometric variables into account; remaining differences still correlated negatively with the extent of
African ancestry but were barely affected by SEC and other confounders, even though these were
unfavourable for those with a higher proportion of African ancestry.

In humans, there is a cephalocaudal gradient of growth and development so that the limbs grow faster
than other body segments from birth to about 10–12 years, making them vulnerable to adverse conditions
in early childhood. Therefore, relatively short legs are a marker of adverse conditions in childhood in
relation to factors such as SEC, infections, healthcare, nutrition and antioxidants [21]. However,
paleontological findings show that as mankind moved out of sub-Saharan Africa, leg length relative to
stature decreased in early Europeans [22]. African Americans still have relatively longer legs than their
white counterparts [3]; this cannot be explained by a more favourable socioeconomic position and has
been shown to have a genetic basis [23]. The findings of MENEZES et al. [2] reveal a pattern of genetic
differences in body frame: the more completely body habitus is explained, the smaller the association of
ethnic differences in lung volumes with SEC and lifestyle/health variables. HARIK-KHAN et al. [9] found
that adjustment for sitting height rather than stature reduced the ethnic difference in FEV1 from 14% to
8% in girls, and from 14% to 6% in boys, with further reductions of 1% and 2%, respectively, adjusting for
SEC and other confounders. BREHM et al. [20] adjusted only for height; a household income <$15000 was
associated with a 3% smaller FEV1 and 4% smaller FVC. In the study by MENEZES et al. [2], only −10 to
+30 mL were accounted for by SEC and other confounders after adjustment for height, sitting height,
chest circumference and percentage African ancestry.

There is much evidence that, in healthy subjects, ethnic differences in lung volumes are proportional rather
than functional, as first suggested by Jere Mead [24]. Whereas the FEV1, FVC, residual volume (RV) and
total lung capacity (TLC) differ between ethnic groups, there is no systematic difference in the FEV1/FVC
ratio [4, 15, 24–27] or RV/TLC ratio [4, 25, 27]. Similarly, the transfer factor of the lung for carbon
monoxide (TLCO)/alveolar volume (VA) ratio does not differ between Europeans and East-Asians [28], nor
are lung elastic properties different [29]. Although there are clear differences in FEV1 and FVC related to
SEC, and between urban and rural populations, there is no such pattern for the FEV1/FVC ratio [30, 31].
Reports on differences in chest circumference are inconclusive, possibly because this index is highly
associated with body mass and also, possibly, because of heterogeneity in measurement protocols. DAMON

[24] reported a 20% smaller chest expansion in African than European Americans. Radiographic
measurements show that internal chest dimensions differ proportionally between Europeans and Nigerians
[32]; similar differences have been reported by others [29, 33, 34]. Remarkably, pulmonary function in
Malagasy and Nigerian individuals does not differ from that of African Americans [35–37] in spite of a
10-fold difference in the gross national income per capita based on purchasing power parity: Madagascar,
$1370; Nigeria, $5360; USA, $53750 (data for 2013 from [38]). Finally, Africans frequently outperform
athletes with European ancestry in competitive sports, emphasising that their smaller lungs can meet the
highest metabolic demands. Primates share a scalable lung design that even accommodates individuals with
achondroplasia [39].
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From the evidence above, it appears that genetic make-up and adverse conditions in early life affect the
body frame and, hence, the relationship between anthropometric variables and lung volumes: the lung
may be smaller than in Europeans but it is fully functional. Accounting for height, Cormic index and
chest circumference in the study by MENEZES et al. [2] did not fully explain the association of FEV1 and
FVC with African ancestry, possibly because these indices do not fully account for the dimensions of the
thoracic cage.

This does not explain the well-known association between low lung volumes, morbidity and mortality.
Adverse conditions during early life lead to gene–environment interaction, inducing epigenetic changes.
The fetus can be affected in utero; transgenerational inheritance occurs if that individual, or an adult male
in whom that change is induced, transmits the epigenetic change to its germline [40]. Evidence of
epigenetic changes was found in 50-year-old subjects whose mothers conceived during the 1944–1945
Dutch famine during the Second World War: there was more coronary heart disease, raised lipids, altered
clotting and more obesity in those exposed to famine in early gestation compared to those not exposed;
exposure in mid-gestation was associated with obstructive airway disease, microalbuminuria and reduced
creatinine clearance; and in late gestation, with decreased glucose tolerance. This suggests that effects of
malnutrition have an organ-specific time window during gestation [41]. In accordance with this, the
association between a low FEV1 and mortality is most closely related to inflammatory mediators (21%),
coronary heart disease, stroke and diabetes (12%), and lifestyle factors (10%), with only a small
contribution from SEC (<3%) [42]. It therefore seems that genetic factors as well as conditions in early life
lead to differences in body frame, affecting the relationship between stature and lung volumes, which are
proportionally reduced. In addition, adverse conditions in early life are associated with morbidity and
mortality, independently of conditions during adulthood. A putative representation of the interplay
between the various factors is shown in figure 1.

As regards clinical interpretation of lung function test results, broadly, the following lessons can be
learned. Due to genetic differences in body frame, prediction equations for Europeans should not be
applied to either African Americans or other non-European ethnic groups. Extensive human migration
and intermarriage has led to ethnic admixture, which can lead to significant inaccuracies in predicted lung
volumes based on self-reported ethnicity. However, because lung volumes differ proportionally between
ethnic groups, this does not affect volume-adjusted indices, such as FEV1/FVC, RV/TLC and TLCO/VA. In
countries where SEC, healthcare and nutrition are changing appreciably over time, body proportions will
change in successive cohorts [3, 21], so that prediction equations for that region will need periodic
updating [43]. When interpreting test results for subjects of mixed ethnicity, clinical decision making
should prevail over strict reliance on the predicted limits of normal for lung volumes.
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to a propensity to the development of disease. Adverse environmental conditions (e.g. malnutrition) may directly affect
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