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Abstract

Background: Genetic variants underlying African ancestry have been suggested be
implicated in the ethnic-racial inequalities reported for asthma and allergies.
Objectives: To investigate the association between individual African ancestry and
asthma symptoms, atopic and non-atopic asthma, and atopy in children.

Methods: A cross-sectional study encompassing 1190 individuals was conducted.
African biogeographic ancestry was estimated using 370 539 genome-wide SNPs.
Serum levels of specific IgE were measured, and skin prick test (SPT) performed for
the most common local aeroallergens. Information on asthma symptoms was
obtained by applying the International Study of Allergy and Asthma in Childhood
guestionnaire. The associations between the proportion of individual African
ancestry and the outcomes investigated were analyzed through multivariate models
adjusted for socio-environmental variables, infections markers, and psychosocial
factors.

Results: Each 20% increase in the proportion of African ancestry was negatively
associated with SPT reactivity (OR: 0.79, 95%Cl: 0.66-0.96) and positively associated
with asthma symptoms in non-atopic individuals (OR: 1.40, 95%Cl: 1.03-1.89). We
estimated that socioeconomic status and number of infections mediated 28.4% of

the effect of African ancestry on SPT reactivity, while 20.2% of the effect on
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in children.
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1 | INTRODUCTION

Ethnic-racial inequalities for asthma and atopy have been extensively
reported.’? Interestingly, although different studies indicate that the
prevalence of asthma and allergies is higher in individuals of African
ancestry living in developed countries, a lower prevalence of such
outcomes is observed in African countries.® An explanatory hypothesis
for these findings is that individuals with predominant African ancestry
would have a higher frequency of pro-inflammatory genetic variants as
consequence of the evolutionary adaptation of African ancestors to an
environment with high infection burden, especially helminth infec-
tions.* Reducing exposure to pathogens due to better hygienic
conditions and westernized lifestyle would make these pro-inflamma-
tory genetic variants act as risk factors for asthma and allergies.® This
hypothesis is supported by studies that indicate that pathogen
infections were one of the major forces that shaped the genetic
makeup of current human populations.® Also, several genes undergone
to natural selection by helminth infections are also involved in
susceptibility to asthma.” Finally, different studies have reported a
higher risk for asthma and atopy with increasing proportion of
individual African ancestry.8-1°

Importantly, biogeographic ancestry also captures socioeconomic,
environmental, and psychosocial factors that are unevenly distributed
among ethnic/racial groups and that affect the health status of
individuals.'! Thus, studies that aim to study the association between
biogeographic ancestry and asthma and atopy should take into account
the influence of these important non-genetic determinants. In this
aspect, the SCAALA-Salvador project? occupies a privileged position,
having a range of information on socioeconomic status, environmental
variables, infection markers, and psychosocial factors in a cohort of a
large urban center in northeastern Brazil and with one of the highest
prevalence of asthma symptoms worldwide.'®

Although the association between African ancestry and asthma
has been previously reported, the relationship of African ancestry with
atopic and non-atopic asthma has not been studied to date. This
investigation is important since the risk factors and immunological
mechanisms involved in atopic and non-atopic asthma are probably
different from each other.** Furthermore, to our knowledge, no study
to date assessed the effect of African ancestry on asthma and atopy

mediated by socioeconomic, environmental, and psychosocial factors.

non-atopic asthma was explained by socioeconomic status and behavioral problems

Conclusions: The negative association observed between African ancestry and atopy
is most probably explained by unobserved environmental or social factors that
covariate with ancestry. For non-atopic asthma, in turn, putative genetic variants of

risk underlying African ancestry may play some role.

allergy, asthma, biogeographical ancestry, mediation, racial inequalities

Since lower socioeconomic status and indicator variables of poorer
environmental and psychosocial conditions affect the risk of atopy and

asthma in our population,*>~%”

it is reasonable to suppose that part of
the effect of African ancestry on these outcomes may be mediated by
such factors.

Thus, in the present study, we investigated the association of
African ancestry with asthma symptoms, atopic and non-atopic
asthma, and atopy in an urban and highly mixed population in Latin
America. Also, we estimated the effect of African ancestry on these
different outcomes mediated by socioeconomic status (family income
and maternal schooling), infection burden, and psychosocial factors

(behavioral problems in children).

2 | METHODS

2.1 | Study population

A cross-sectional study involving 1190 children enrolled in the
SCAALA program (Social Change in Asthma and Allergies in Latin
America) in the city of Salvador (State of Bahia, Brazil). The study
population comprises a cohort recruited from poor neighborhoods of
the city, originally accompanied to assess the impact of a sanitation
program on health conditions in childhood.'? This first study followed
three separate cohorts of children aged 0-3 years recruited from 24
small geographical areas selected to represent the population without
sanitation in Salvador, called sentinel-areas.'® These cohorts were
recruited in 1997, 2001, and 2003, respectively, totaling about 3000
children. A random selection of children living in sentinel-areas was
performed during the recruitment of each of the three cohorts. The
remaining children of these three original cohorts who were aged 4-11
years in the year 2005 and had complete follow-up information
(n = 1,445) were selected for the SCAALA-Salvador cohort. The data
used in the present study were obtained through questionnaires
applied to the parents or guardians between 1997 and 2006, and the
outcomes and most of the variables were collected in 2005 when the
children were between 4 and 11 years of age. The free and informed
consent form was signed by the parents or guardians of each of the
children, and the study was approved by the Research Ethics
Committee of the UFBA Institute of Public Health, under registry
number 003-05/CEP-ISC.
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2.2 | Instruments and data collection

A questionnaire translated and adapted from the International Study of
Asthma and Allergy in Childhood (ISAAC) which has been validated

1'2 was used to identify asthma

internationally as well in Brazi
symptoms, family history of allergies, exposure to allergens, and
presence of smokers in the home.

Psychosocial factors were measured by the application of
different internationally validated instruments. More details on the
instruments used and the criteria applied for the classification of
individuals are given in the supplementary Methods section (see online
data supplement).

A questionnaire was applied to assess variables such as maternal
schooling, family income, basic sanitation, and housing conditions,
exposure to dirt and demographic characteristics. Infection (or
pathogen exposure) was defined by the presence of positive results
in serological tests for seven pathogens (Toxocara spp, Toxoplasma
gondii, Helicobacter pylori, and hepatitis A, herpes simplex, herpes
zoster, and Epstein-Barr viruses) and the presence of intestinal
helminth eggs in stool samples (Ascaris lumbricoides and Trichiuris
trichiura). A threshold of three infections or less was used to distinguish
light from heavy infection, as previously reported.'® Details about the
anthropometric measurements are given in the supplementary

Methods section (see online data supplement).

2.3 | Genotyping and estimative of African ancestry

The proportion of individual African ancestry was estimated using
ADMIXTURE software. Briefly, a tri-hybrid model was used in the
unsupervised analyses performed in ADMIXTURE.Y As external
panels samples of African and European individuals from the HapMap
project and 93 Native American of the Human Genome Diversity
(HGDP) project were used. A total of 370 539 SNPs shared by samples
from the HapMap, HGDP and the study population were used for
biogeographical ancestry estimate. More details on genotyping and
biogeographical ancestry estimate are given in the supplementary

Methods section in the online data supplement.

2.4 | Outcomes and covariates

The occurrence of asthma symptoms in children was defined as the
presence of wheezing in the last 12 months in addition to one of the
following conditions: clinical diagnosis of asthma ever, wheezing after
exercise in the last 12 months, 4 or more episodes of wheezing in the
last 12 months, and wake up at night because of wheezing in the last
12 months.

Skin prick tests (SPTs) were done with seven common aeroaller-
gens (Dermatophagoides pteronyssinus, Blomia tropicalis, Blattella
germanica, Periplaneta americana, fungi, and cat and dog dander).
Saline and 10 mg/mL histamine solution were used as negative and
positive controls, respectively. Reactions were read after 15 min, and a
mean wheal size of at least 3 mm greater than that elicited by the

negative control was considered positive. Determination of specific
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IgE serum concentrations was performed for four allergens (D.
pteronyssinus, B. tropicalis, B. germanica, and P. americana). Children
with 0.70 kU/L or greater of specific IgE for any allergen tested were
considered to have positive results.

Atopic and non-atopic asthma were defined by the presence of
asthma symptoms, as defined above, in the presence or absence,
respectively, of a positive result for SPT and/or specific IgE for at least
one of the aeroallergens tested.

The covariates considered in the present study were: sex and age
of the child, maternal schooling, family income, birth weight, BMI
Z-scores, exposure to smoke in the home, attendance at day care
center, reported presence of rodents at home, exposure to mold at
home, street paving, presence of tap water, infection burden, T.
trichiura infection up to 3 years of age, racial discrimination reported by
parents or guardians, minor psychiatric disorders in parents or
guardians, and behavioral problems in children. Most of these variables
have been associated with asthma and atopy in different studies and
are also potentially associated with the proportion of individual African

ancestry.

2.5 | Statistical analysis

The associations between the proportion of individual African ancestry
and asthma symptoms, SPT, and specific IgE for aeroallergens were
analyzed using multivariate binary logistic regression models. The
association of African ancestry with asthma atopic and non-atopic
asthma was analyzed by multivariate polytomic logistic regression, as
previously described.*® The variables nominally associated with the
investigated outcomes were introduced in the multivariate models
using the backward method, and the variables statistically significant
remained in the final models. Variables usually referred in the literature
of asthma and atopy as potential confounders, in addition to sex and
age, were also maintained in the final models, regardless of statistical
significance. Odds Ratio (OR) measures and their respective 95%
confidence intervals were calculated to measure the chance of the
investigated outcomes for each 20% increase in the proportion of
individual African ancestry. Mediation analyses were performed in the
SPSS 20.0 (IBM Corp., Armonk, NY) PROCESS module?® to evaluate
the effect of African ancestry on SPT explained by socioeconomic
factors and infection burden, as well the effect of African ancestry on
non-atopic asthma explained by socioeconomic status and behavioral
problems in children. All statistical analyses were performed on Stata
version 12.0 (Stata Corporation, College Station, TX). Since the
different outcomes evaluated are not independent of each other, no

correction for multiple tests was performed.

3 | RESULTS

The selection criteria of the study population are shown in Figure 1.
Except for sex, rodents in home and tap water, no significant
differences were observed between children included and excluded

from the study (Table S1 in online data supplement). The prevalence
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SCAALA Cohort Salvador- Information concerning respiratory problems and
socio-demographic data
n = 1445

|

Information concerning respiratory problems, atopy, sociodemographic
data and psychosocial factors
n=1364

|

Participants successfully genotyped by the Illumina Omni 2.5M array
n=1310

l

Exclusion of closely related individuals (half-sibling and any
closer pair of relatives)
n=1246

1

Participants with complete data for African ancestry and
covariates
n=1190

FIGURE 1 Selection of study population

of investigated outcomes are shown in Table S2 and the
demographic and clinical characteristics of the different groups
compared in the study are shown in Table S3 (online data
supplement). The median of African ancestry in the general
population was 50.59% (interquartile range: 41.0-60.25%). The

distribution of the proportion of individual African ancestry in the
study population is shown in Supplementary Figure S1.

The results of the association between the proportion of individual
African ancestry and the different outcomes investigated are
presented in Table 1. In the models adjusted for the sex and age the

TABLE 1 Odds Ratio of sIgE, SPT, atopy and asthma symptoms according to the increased proportion of individual African ancestry (n = 1190)

Outcomes Cases/Non-cases Model 1 OR (95%Cl)
slgE>0.70 451/739

% African ancestry 0.84 (0.70-0.99) P =0.047
SPT + 360/830

% African ancestry 0.71 (0.59-0.85) P < 0.001
Atopy (slgE + SPT +) 512/678

% African ancestry 0.80 (0.68-0.95) P =0.013
Asthma symptoms 272/918

% African ancestry

1.23 (1.01-1.49) P =0.042 =

Model 3 OR (95%Cl)

Model 2 OR (95%Cl)

0.87 (0.73-1.04) P=0.086 -

0.79 (0.66-0.96) P = 0.005 =

0.84 (0.71-0.99) P =0.027 =

1.18 (0.95-1.45) P=0.130

Model 1: adjusted by sex and age. Model 2: adjusted by sex, age, family income, infection burden, T. trichiuri infection up to 3 years, attendance at day care,
presence of rodents at home, tap water and street paving. Model 3: adjusted by gender, age, mother education, smoke in the home, birth weight, BMI
Z-scores, minor psychiatric disorders in parents and behavioral problems in children
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increase of the proportion of individual African ancestry was
negatively associated with specific IgE>0.70 kU/L for at least one
aeroallergen (OR: 0.84, 95%Cl: 0.70-0.99), SPT positive for at least one
aeroallergen (OR: 0.71, 95%Cl: 0.59-0.85), and positivity for at least
one of these allergy markers (OR: 0.80, 95%Cl: 0.68-0.95). A positive
association, on the other hand, was observed between the proportion
of African ancestry and asthma symptoms (OR: 1.23; 95%Cl: 1.01-
1.49). In the analyzes adjusted for potential confounders of the
association between African ancestry and these outcomes, however,
only the results for positive SPT (OR: 0.79, 95%Cl: 0.66-0.96) and
positivity for sIgE and SPT (OR: 0.84, 95%Cl: 0.71-0.99) remained
statistically significant. For asthma symptoms (OR: 1.18, 95%Cl: 0.95-
1.45) and slgE (OR: 0.87, 95%Cl: 0.73-1.04) the associations lacked
statistical significance. These results were practically unchanged in the
models that retained only the potential confounders statistically
associated with the considered outcomes (data not shown).

Table 2 shows the results of the polytomic regression for the
atopic and non-atopic asthma. In the adjusted analyzes for sex and age
the increase in the proportion of African ancestry was positively
associated with asthma symptoms in non-atopic individuals (OR: 1.47;
95%Cl: 1.10-1.95). These associations remained statistically signifi-
cant after adjusting for potential confounders (OR: 1.40; 95%Cl: 1.03-
1.89). On the other hand, no significant association was observed
between individual African ancestry and asthma symptoms in atopic
individuals.

Mediation analyzes were performed to quantify the proportion of
the total effect of African ancestry on SPT mediated by family monthly
income and number of infections (Figure 2A), as well as the proportion
of the total effect of African ancestry on non-atopic asthma mediated
through maternal education and behavioral problems in children
(Figure 2B). In both models, proxy variables for socioeconomic status
are considered as distal causes (or fundamental causes) that originate
the proximal causes represented by infection burden (for SPT
reactivity outcome) and behavioral problems in children (for non-
atopic asthma outcome).?! The choice of the mediators for each of the
conceptual models tested was based on the reported effect of these
variables on both SPT reactivity and non-atopic asthma in studies
conducted in our population and elsewhere.'*” As shown in Table 3,
family income and number of infections mediated 28.4% of the effect
of African ancestry on SPT reactivity. For non-atopic asthma, in turn, a
lower proportion of the indirect effect was observed, with only 20.2%
of the total effect of African ancestry being explained by maternal

schooling and behavioral problems in children.

W LE Y- |~

4 | DISCUSSION

In the present study, we report a negative association between
individual African ancestry and atopy, and we also describe for the first
time the association between African ancestry and atopic and non-
atopic asthma, observing a positive relation with non-atopic asthma.
To our knowledge, this is the largest and one of the first studies to
investigate the association between African ancestry and asthma
symptoms, atopic and non-atopic asthma and atopy in a Latin
American population.

Positive associations between individual African ancestry and
asthma independent of atopy status have previously been reported for

10.23 3nd US Latino populations.? In

African-American,®?? Caribbean,
our population, in models adjusted for sex and age only, a positive
association between African ancestry and asthma symptoms was also
observed. However, this association lacked significance in multivariate
models, which is in agreement with that reported by other authors.2* It
is noteworthy, however, that African ancestry was independently
associated with the risk of asthma in studies that considered the
influence of socioeconomic status® as well as variables related to
several environmental exposures in prenatal and early childhood.??
Also, in the largest study conducted so far and that has taken into
account the influence of socioeconomic, environmental, and psycho-
social factors, African ancestry was positively and significantly
associated with asthma.” These results suggest that part of this
association may be explained by underlying genetic factors, although
residual confounding should not be completely ruled out.

The association between individual African ancestry and atopy has
been less extensively investigated, but some results were previously
reported. A positive association with allergen-specific IgE has been
described among asthmatics from an admixed population in the Canary
Islands.?* Positive associations between the proportion of African
ancestry and total IgE were also reported for Caribbean popula-
tions.®2% However in regions where helminthiasis is endemic the
usefulness of total IgE as a marker of allergies is limited,?> and these
studies do not provide estimates adjusted for helminth infections.
Kumar et al?® in turn, reported a positive association of African
ancestry with specific IgE for food allergens in an ethnically
heterogeneous United State population, which remained significant
after adjustments for potential confounders. In the present study,
however, we found an inverse association between the proportion of
individual African ancestry and atopy, especially when measured by

SPT reactivity. These results are in disagreement with the hypothesis

TABLE 2 Odds Ratio of non-atopic asthma and atopic asthma according to the increased proportion of individual African ancestry (n = 1190)

Asthma phenotypes

Non-atopic asthma (vs non-atopic and non-asthmatic) 129/549
% African ancestry
Atopic asthma (vs atopic and non asthmatic) 143/369

% African ancestry

Cases/Non-cases

Model 1 OR (95%Cl) Model 2 OR (95%Cl)

1.47 (1.10-1.95) P=0.008 1.40 (1.03-1.89) P=0.031

1.11 (0.84-1.46) P=0.463 1.07 (0.80-1.43) P=0.656

Model 1: adjusted by sex and age. Model 2: adjusted by sex, gender, age, maternal education, presence of mold at home, smoke in the home, birth weight, BMI
Z-scores, minor psychiatric disorders in parents, behavioral problems in children and attendance at day care
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A

Family income

Number of
infections

a
d
African ancestry
B
Maternal
education
a
d

/

Behavioral
problems in
children

S Non-atopic

African ancestry

asthma

FIGURE 2 Conceptual models for SPT reactivity (A) and non-atopic asthma (B). Indirect effect: abc + dc + ae; Direct effect: f; Total effect:

abc+dc+ae+f

that African ancestry could act as a proxy for pro-inflammatory
genetic variants which would predispose to development of allergic
symptoms.*

Furthermore, although in our population the association between
African ancestry and atopy has remained significant in multivariate
models, the direction of this association is more likely to be explained
by the influence of unmeasured environmental or social exposures that
covariate with ancestry. It has been shown, for instance, that both
lower socioeconomic status and exposure to poorer hygienic-sanitary
conditions, factors that are directly related to the proportion of
African ancestry, are negatively associated with atopy.*>?” Indeed, in
mediation analyses, we estimated that family income and infection
burden mediated the effect of African ancestry on SPT reactivity
in almost 30%. Also, some authors have suggested that location of

residence may be a proxy for environmental variables capable of

TABLE 3 Total and indirect effect of individual African ancestry on
SPT and non-atopic asthma in the study population

% African ancestry

Effect size Coeficient (95%Cl)
SPT

Total effect -1.738 (-2.644 - -0.831)
-0-493 (-0.750 - -0.286)

Indirect effect/Total effect (%) 28.4

Indirect effect

Non-atopic asthma
Total effect 2.091 (0.592-3.591)
0.422 (0.084-0.759)

Indirect effect/Total effect (%) 20.2

Indirect effect

overcoming the possible influence of risk genetic factors for atopy
underlying African ancestry.?®

To our knowledge, this is the first study to evaluate the association
between individual African ancestry and atopic and non-atopic
asthma. Our results indicate that African ancestry is more relevant
for non-atopic asthma, with no association being verified for atopic
asthma. This is not surprising when we consider the relative
dissociation between atopy and asthma symptoms, especially in Latin
America, where only a small fraction of the population prevalence of
asthma is attributable to atopy.?’ Also, these results are consistent
with the observation that in our population the main risk factors
associated with non-atopic asthma are those related to poverty,
exposure to dirt, infections in early childhood, and psychosocial
problems, all potentially associated with individual African ances-
try.2417 Indeed, the association between lower socioeconomic status
and non-atopic asthma has been reported for other populations.*®

However, unlike the observed association of African ancestry with
asthma symptoms in general, the association with non-atopic asthma
remained significant in multivariate analyzes. Also, mediation analyses
demonstrated that maternal education and behavioral problems in
children mediated only 20% of the effect of African ancestry on asthma
symptoms in non-atopic individuals. Although the presence of residual
confounding should not be ruled out, these results may also suggest
the existence of a more complex pattern between African ancestry and
non-atopic asthma.

Inthis sense, the putative proinflammatory genetic predispositionin
individuals with a higher proportion of African ancestry, which would
also involve genes related to innate immunity,>* would be eliceted
by environmental factors that would lead to the development of

non-allergic airway inflammation. An example would be exposure to
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airway irritants, such as endotoxins and particulate matter from
pollution, which would be more common in individuals subjected to
poorer living conditions and housing, especially in large urban centers in
Latin America.®2 Such compounds could act as triggers for inflammatory
processes that would result in the development of non-atopic asthma, >3
with a higher risk in those individuals with a more pro-inflammatory
immune response profile. Environmental triggers of another nature but
also linked to lower socioeconomic status, such as exposure to gun
violence, could also interact with African ancestry in the risk of asthma,
as recently reported.®* This hypothesis is supported by the observation
made in a large study that African Americans children were at higher
asthma risk than European Americans children only among that very
poor.3® This suggests that genetic factors underlying African ethnicity
would be more important for the development of asthma in low-income
and underprivileged populations, such as the analyzed in the present
study. However, this hypothesis needs to be further explored in larger
studies and with more power to perform interaction analyzes between
biogeographic ancestry and socioeconomic status for asthma risk,
especially non-atopic asthma. Alternatively, nutritional factors such as
vitamin D deficiency, which is more common in individuals of African
origin,®® may also explain the observed results. Indeed, different
observational studies and clinical trials have demonstrated the role of
vitamin D in asthma morbidity,®” and vitamin D supplementation has
been associated with reduced eosinophilic airway inflammation in
patients with nonatopic asthma.3®

The present study has some limitations. First, the diagnosis of
asthma was based on self-reported information. Nevertheless, we
have tried to minimize eventual bias by using more accurate definition
for asthma (presence of wheezing in the last 12 months plus
symptoms). However, the likely heterogeneity resulting from non-use
of clinical criteria for the definition of asthma cases may have
contributed to the lack of study power. Second, asthma is difficult to
diagnose before age 6 years, and a considerable portion of the children
evaluated were aged between 4 and 5 years. Indeed, when analyzes
were restricted to children older than 5 years, the association of
African ancestry with non-atopic asthma lacked statistical significance
(Table S3 in online data supplement). Interestingly, in children aged
5 years or less this association remained significant, which may suggest
a modifying effect of age (Table S4 in online data supplement). On the
other hand, the association observed in younger children may reflect a
greater influence of African ancestry on transient wheezing, which has
not been related to an atopic predisposition.2? However, this needs to
be confirmed in further studies. Third, because it was a cross-sectional
study, the time-dependent effects of some exposures (such as
infection burden and behavioral problems) could not be adequately
measured. Fourth, although a correction for multiple tests has not been
adopted because of the dependence between the different outcomes
analyzed (for instance: asthma symptoms and atopy), the possibility of
some results being due to chance should not be rules out. Finally, due
to relatively small sample size, the study lacks power mainly for the
analysis of association between individual African ancestry and asthma
symptoms in atopic and non-atopic individuals, which suggests caution
in the interpretation of the results presented here. Indeed, for both

W LE Y |~

atopic as well as non-atopic asthma the study shows a power of 45%
only to detect a modest effect (OR = 1.20) according to the continuous
variation of African ancestry (Table S5 in online data supplement).

In summary, we found that individual African ancestry was
negatively associated with atopy and positively associated with
non-atopic asthma in a highly mixed and low-income urban population
of Latin America. Although these results have remained significant in
multivariate analysis, the pattern of association of African ancestry
with these outcomes mimics that observed for the lower socioeco-
nomic status. However, while the findings for atopy indicate that
possible genetic factors underlying African ancestry are likely less
important than non-genetic determinants, in the case of non-atopic
asthma such genetic variants may play some role, especially in
interaction with environmental factors. Further studies will be needed
to clarify these complex relationships between biogeographical

ancestry, atopic and non-atopic asthma, and atopy.
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