
[ Original Research Asthma ]
Gun Violence, African Ancestry,
and Asthma

A Case-Control Study in Puerto Rican Children

Christian Rosas-Salazar, MD, MPH; Yueh-Ying Han, PhD; John M. Brehm, MD, MPH; Erick Forno, MD, MPH;

Edna Acosta-Pérez, PhD; Michelle M. Cloutier, MD; María Alvarez, MD; Angel Colón-Semidey, MD; Glorisa Canino, PhD;

and Juan C. Celedón, MD, DrPH, FCCP
ABBREVIATIONS: ETS = envir
economic status; SNP = single
AFFILIATIONS: Division of P
monary Medicine (Dr Rosas-
Hospital at Vanderbilt, Vande
of Pediatric Pulmonary Medici
Brehm, Forno, and Celedón)
University of Pittsburgh Med
Pittsburgh, PA; Behavioral Scie
of Pediatrics (Drs Acosta-Pérez
University of Puerto Rico, San

1436 Original Research
BACKGROUND: Exposure to gun violence and African ancestry have been separately associated
with increased risk of asthma in Puerto Rican children.

OBJECTIVE: The objective of this study was to examine whether African ancestry and gun
violence interact on asthma and total IgE in school-aged Puerto Rican children.

METHODS: This is a case-control study of 747 Puerto Rican children aged 9 to 14 years living
in San Juan, Puerto Rico (n ¼ 472), and Hartford, Connecticut (n ¼ 275). Exposure to gun
violence was defined as the child’s report of hearing gunshots more than once, and the
percentage of African ancestry was estimated using genome-wide genotypic data. Asthma
was defined as parental report of physician-diagnosed asthma and wheeze in the previous
year. Serum total IgE (IU/mL) was measured in study participants. Multivariate logistic and
linear regressions were used for the analysis of asthma and total IgE, respectively.

RESULTS: In multivariate analyses, there was a significant interaction between exposure to
gun violence and African ancestry on asthma (P ¼ .001) and serum total IgE (P ¼ .04).
Among children exposed to gun violence, each quartile increase in the percentage of African
ancestry was associated with approximately 45% higher odds of asthma (95% CI, 1.15-1.84;
P ¼ .002) and an approximately 19% increment in total IgE (95% , 0.60-40.65, P ¼ .04). In
contrast, there was no significant association between African ancestry and asthma or total
IgE in children not exposed to gun violence.

CONCLUSIONS: Our results suggest that exposure to gun violence modifies the estimated effect
of African ancestry on asthma and atopy in Puerto Rican children.
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Asthma is the most common chronic disease of
childhood in the United States.1,2 In this country, the
prevalence of asthma is higher in Puerto Ricans
(16.1%) or African Americans (11.2%) than in
non-Hispanic whites (7.7%) or Mexican Americans
(5.4%).2 Both Puerto Rican children living in the
mainland United States and those living in the island of
Puerto Rico are disproportionately affected with
asthma.3 The reasons behind racial or ethnic disparities
in asthma prevalence are unclear, but likely result from
complex interactions between genetics and
environmental factors.4

Puerto Ricans and African Americans have a higher
percentage of African ancestry than non-Hispanic
whites or Mexican Americans,5-7 and previous findings
suggest that African ancestry partly explains the higher
burden of asthma in these populations.7,8 Indeed,
several studies have shown that African ancestry is
associated with an increased risk of asthma and/or
journal.publications.chestnet.org
reduced lung function in Puerto Ricans and African
Americans.7-14

Exposure to violence is common among Puerto Rican
and African American children4,15-18 and could thus
partly explain the observed link between African
ancestry and asthma. Exposure to violence is
increasingly being recognized as a potentially modifiable
risk factor for childhood asthma.17,19-23 We recently
showed that hearing gunshots (a marker of exposure to a
more severe type of violence) is associated with asthma
in Puerto Rican children.21

On the basis of these findings, we hypothesized that
African ancestry is associatedwith asthma in PuertoRican
children, but that this association would differ according
to exposure to gun violence. To test this hypothesis, we
analyzed data from a case-control study of asthma in 747
Puerto Rican children aged 9 to 14 years, living in San Juan
(Puerto Rico) and Hartford (Connecticut).
Materials and Methods
Subject Recruitment

From March 2009 to June 2010, children were chosen from randomly
selected households in San Juan. As previously described,24 households
in the metropolitan area of San Juan were selected by a multistage
probability sampling design. Primary sampling units were randomly
selected neighborhood clusters based on the 2000 US census, and
secondary sampling units were randomly selected households within
each primary sampling unit. A household was eligible if $ 1 resident
was a child aged 6 to 14 years old. In households with > 1 eligible
child, only one child was randomly selected for screening. On the
basis of the sampling design, 7,073 households were selected and
6,401 (90.5%) were contacted. Of these 6,401 households, 1,111
had $ 1 child within the age range of the study who met other
eligibility criteria (see the following section). In an effort to reach a
target sample size of approximately 700 children, we attempted to
enroll a random sample (n ¼ 783) of these 1,111 children. Parents
of 105 of these 783 eligible households refused to participate or
could not be reached. There were no significant differences in age,
sex, or area of residence between eligible children who did (n ¼ 678
[86.6%]) and did not (n ¼ 105 [13.4%]) agree to participate. Of the
592 participants from whom blood samples were collected, 583
(98.5%) had sufficient DNA for genotyping (e-Fig 1).

From September 2003 to July 2008, children were recruited from 15
public elementary and middle schools in Hartford (a US city with a
relatively large Puerto Rican population) that enrolled a significant
proportion (42%-94%) of Puerto Rican children.25 As previously
described,7 informational flyers with a study description were
distributed to all parents of children in grades kindergarten to 8 in
participating schools by mail (n ¼ 10,881) or in person during
different school activities (n ¼ 885). Parents of 640 children
completed a screening questionnaire. Of these children, 585 (91.4%)
were eligible for inclusion (see the following section). Parents of 136
of these 585 eligible children refused to participate or could not be
reached. There were no significant differences in age, sex, or area of
residence between eligible children who did (n ¼ 449 [76.8%]) and
did not (n ¼ 136 [23.2%]) agree to participate. Of the 425
participating children in whom blood samples were collected, 416
(97.9%) had sufficient DNA for genotyping (e-Fig 2).

At both study sites, the main recruitment tool was a screening
questionnaire given to parents of children aged 6 to 14 years to
obtain information about the child’s general and respiratory health
and the birthplace of his or her grandparents. We selected as cases
children who had parental report of physician-diagnosed asthma and
wheeze in the previous year. We selected as control subjects children
who had neither parental report of physician-diagnosed asthma nor
wheeze in the prior year. All study participants had to have four
Puerto Rican grandparents to ensure their Puerto Rican descent.
Children who were aged 9 years and older (and thus completed the
Exposure to Violence Survey, see the following section) were
included in the current analysis (composing a total of 747
participants or 74.8% of the 999 participants with DNA for
genotyping at both sites).

Study Procedures

At both study sites, participants completed a protocol that included
questionnaires and collection of blood samples (for DNA extraction
and measurement of serum total IgE). One of the child’s parents
(usually [> 93%] the mother) completed a questionnaire that was
slightly modified from the one used in the Collaborative Study of the
Genetics of Asthma.26 This questionnaire was used to obtain
information about the child’s general and respiratory health,
sociodemographic characteristics, and maternal history of asthma.

Exposure to gun violence was assessed by the child’s response to the
question: “Have you ever heard a gunshot?” and (if so) “never,”
“once,” or “more than once.” A positive exposure to gun violence
was defined as hearing a gunshot more than once during the child’s
lifetime, as previously described.21 This question was administered to
participating children aged 9 years and older as part of the Exposure
to Violence Survey.19,27-29 Internal consistency, test-retest reliability,
and validity have been established for the English and Spanish
versions of the Exposure to Violence Survey.27
1437
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Genotyping of approximately 2.5 million markers was conducted in
DNA from study subjects using the HumanOmni2.5 BeadChip
(Illumina, Inc.), as previously described.7 We removed single-
nucleotide polymorphisms (SNPs) that were not in Hardy-Weinberg
equilibrium (P < 10-6) and had minor allele frequency lower than
1% or a failure rate greater than 2%. Ancestry was estimated using
the Local Ancestry in adMixed Populations method and
software.30,31 The analysis was restricted to SNPs that were present
in all three ancestral populations and that were not in tight linkage
disequilibrium (using the software default of r2 $ 0.1), leaving a
final sample of 85,059 SNPs. The algorithm uses ancestral
proportions from prior studies (in this case, Tang et al32) and data
from reference panels to estimate ancestral proportions for racially
admixed populations. Puerto Ricans are an admixture of European,
African, and Native Americans populations.7 To approximate this
admixture, we used reference panels from HapMap33 for Europeans
(Utah residents from Western and Central Europe and Tuscans) and
Africans (Yorubans from West Africa) as well as from the Human
Genome Diversity Project34 for Native Americans.

Serum total IgE (IU/mL) was measured using the UniCAP 100 system
(Pharmacia & Upjohn). Levels were then transformed to a log10 scale
for data analysis.

Written parental consent was obtained for participating children, from
whom written assent was also obtained. The study was approved by the
Institutional Review Boards of Connecticut Children’s Medical Center
(Hartford, CT; protocol #03-011), the University of Puerto Rico (San
Juan, PR; protocol #0160507), Brigham and Women’s Hospital
(Boston, MA; protocol #2007-P-001174/9), and the University of
Pittsburgh (Pittsburgh, PA; protocol #PRO-10030498).

Statistical Analysis

Our exposure and effect modifier of interest were the percentage of
African ancestry and exposure to gun violence, respectively. Our main
outcome of interest was asthma (defined as physician-diagnosed
1438 Original Research
asthma and wheeze in the previous year). We analyzed serum
total IgE as a secondary outcome, given that atopy is common
in Puerto Rican children with asthma.7,35

Because of sample size and statistical power, the analysis of African
ancestry and asthma or total IgE was first conducted for the combined
cohort and then conducted separately for each study site. Bivariate
analyses were conducted using Student t test or one-way analysis of
variance for continuous variables, and Pearson c2 test or Cochran-
Armitage trend for categorical variables. For the multivariate analysis,
we used a stepwise approach to build the logistic (for asthma) or linear
(for total IgE) regression models. Because of their previously
established association with the exposure or outcomes of interest, all
models included age,2 sex,36 household income (< vs $ $15,000/y
[near the median income for households in Puerto Rico in 2008-
200937]),38 maternal history of asthma,39 early-life exposure (in utero
or before 2 years of age) to environmental tobacco smoke (ETS),40

exposure to gun violence,21 and (for the analysis of the combined
cohort) study site.3 The model for total IgE was further adjusted for
case-control status. The following covariates were also included in the
initial multivariate models if they were associated with asthma or total
IgE at P # .20 in bivariate analyses: BMI as a z score (based on 2000
US Centers for Disease Control and Prevention growth charts41),
obesity (defined as a BMI $ 95th percentile for age and sex [ie, a
z score$ 1.96]), breastfeeding, prematurity, low birth weight (< 2,500 g),
mode of delivery (cesarean vs vaginal birth), current exposure to ETS,
parental education ($ 1 parent completed high school vs none), and
type of health insurance (private or employer-based health insurance
vs others). These additional covariates remained in the final models if
they were associated with asthma at P < .05 or changed the parameter
estimate (b) by $ 10%. After the final models were built, we tested
for a first-order interaction between African ancestry and exposure
to gun violence. Statistical significance was defined as a P < .05.
All statistical analyses were performed using SAS, version 9.3 (SAS
Institute).
Results
The baseline characteristics of study participants are
summarized in Table 1. At each study site and in the
combined cohort, cases were significantly more likely to
have current exposure to ETS, a maternal history of
asthma, and a higher serum total IgE. Compared with
control subjects in the combined cohort, cases were also
significantly more likely to be obese and to have early-life
exposure to ETS, a higher BMI, a history of prematurity,
lower parental education, no private or employer-based
health insurance, and exposure to gun violence.

Table 2 shows the baseline characteristics of study
participants across quartiles of percentage of African
ancestry. In this analysis, childrenwith a higher proportion
of African ancestry were more likely to have a lower
household income, to lack private or employer-based
health insurance, or to have been exposed to gun violence,
but less likely to have been born by cesarean section.

Table 3 shows the results of the multivariate analysis of
African ancestry and asthma. In this analysis, there was
significant modification of the estimated effect of
African ancestry on asthma by exposure to gun violence
(P for the interaction term ¼ .001). Thus, we repeated
the multivariate analysis after stratification by exposure
to gun violence. In this stratified analysis, each quartile
increment in the percentage of African ancestry was
significantly associated with 45% increased odds of
asthma in children exposed to gun violence (95% CI for
OR, 1.15-1.84; P ¼ .002). In contrast, there was no
significant association between African ancestry and
asthma in children not exposed to gun violence (OR,
0.80; 95% CI, 0.62-1.03; P ¼ .08) (Fig 1).

We then conducted a multivariate analysis of African
ancestry and total IgE. In this analysis, there was
significant modification of the estimated effect of
African ancestry on total IgE by exposure to gun
violence (P for interaction term ¼ .04). Thus, we
conducted a multivariate analysis after stratification for
exposure gun violence, obtaining similar results to those
for African ancestry and asthma (ie, significant results in
children exposed to gun violence but nonsignificant
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TABLE 1 ] Baseline Characteristics of Participating Puerto Rican Children According to Study Site and Case-Control Status

Covariate

San Juan (n ¼ 472) Hartford (n ¼ 275) Combined (n ¼ 747)

Control Cases
(n ¼ 235)

Cases
(n ¼ 237)

Control Cases
(n ¼ 108)

Cases
(n ¼ 167)

Control Cases
(n ¼ 343)

Cases
(n ¼ 404)

Age, y 11.8 (1.9) 11.5 (1.8)a 11.5 (2.3) 11.6 (2.3) 11.7 (2.0) 11.5 (2.0)

Female 126 (53.4%) 103 (43.5%)a 57 (52.8%) 89 (53.3%) 183 (53.4%) 192 (47.5%)

BMI (z score) 0.5 (1.0) 0.7 (1.1) 0.7 (1.3) 1.0 (1.2) 0.6 (1.1) 0.9 (1.2)a

Obesityb 18 (8.4%) 31 (14.7%)a 24 (22.2%) 41 (24.7%) 42 (13.0%) 72 (19.1%)a

Current exposure to ETS 78 (33.2%) 101 (42.6%)a 44 (41.1%) 88 (54.0%)a 122 (35.7%) 189 (47.3%)a

Exposure to ETS in utero or before 2 years of age 91 (38.9%) 116 (49.0%)a 54 (50.5%) 99 (60.7%) 145 (42.5%) 215 (53.8%)a

Household income < $15,000/y 131 (57.5%) 149 (63.7%) 66 (71.7%) 92 (62.6%) 197 (61.6%) 241 (63.3%)

Neither parent graduated from high school 38 (16.2%) 41 (17.3%) 25 (23.2%) 57 (34.3%)a 63 (18.4%) 98 (24.3%)a

No private or employer-based health insurance 134 (57.0%) 160 (67.5%)a 74 (81.3%) 109 (76.8%) 208 (63.8%) 269 (71.0%)a

Maternal history of asthma 50 (21.6%) 117 (49.6%)a 33 (30.8%) 75 (45.5%)a 83 (24.5%) 192 (47.9%)a

Any breastfeeding 129 (55.6%) 127 (53.6%) 46 (43.0%) 74 (45.4%) 175 (51.6%) 201 (50.3%)

Prematurity 11 (4.8%) 22 (9.4%) 5 (4.7%) 12 (7.4%) 16 (4.8%) 34 (8.5%)a

Low birth weight (< 2500 g) 10 (4.5%) 16 (6.8%) 7 (6.7%) 5 (3.2%) 17 (5.2%) 21 (5.3%)

Birth by cesarean section 66 (28.6%) 85 (35.9%) 17 (21.8%) 25 (21.4%) 83 (26.9%) 110 (31.1%)

Percentage of African ancestry 24.7 (12.4) 25.4 (11.8) 21.1 (10.0) 22.1 (8.3) 23.6 (11.8) 24.0 (10.6)

Exposure to gun violencec 122 (52.1%) 156 (67.2%)a 25 (32.9%) 46 (42.2%) 147 (47.4%) 202 (59.2%)a

Serum total IgE (IU/mL) 158.5 (5.0) 316.2 (5.0)a 63.1 (4.0) 125.9 (5.0)a 125.9 (5.0) 199.5 (5.0)a

Data presented as No. (%) for binary variables or mean (SD) for continuous variables (other than serum total IgE, shown as geometric mean [SD]). Percentages were calculated for children with complete data.
ETS ¼ Environmental tobacco smoke.
aP < .05 for linear trend.
bObesity defined as a BMI $ 95th percentile for age and sex.
cHeard a gunshot more than once during his or her lifetime.
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TABLE 2 ] Baseline Characteristics of Participating Puerto Rican Children According to African Ancestry

Covariate

Quartiles of Percentage of African Ancestry

Q1 (0.1%-15.7%) Q2 (15.8%-21.2%) Q3 (21.3%-29.8%) Q4 (29.9%-67.7%)

Age (y) 11.8 (2.0) 11.7 (2.0) 11.3 (2.0) 11.4 (1.9)

Female 78 (49.7%) 69 (44.0%) 83 (53.2%) 79 (51.0%)

BMI (z score) 0.7 (1.1) 0.8 (1.2) 0.8 (1.2) 0.6 (1.2)

Obesityb 24 (15.3%) 24 (15.3%) 33 (21.2%) 22 (14.3%)

Current exposure to ETS 62 (39.5%) 59 (37.8%) 78 (50.3%) 69 (44.5%)

Exposure to ETS in utero
or before 2 years of age

74 (47.1%) 79 (50.6%) 82 (53.3%) 68 (43.9%)

Household income
< $15,000/y

80 (54.5%) 91 (62.3%) 97 (65.5%) 114 (75.0%)a

Neither parent graduated
from high school

31 (19.8%) 34 (21.7%) 36 (23.1%) 38 (24.5%)

No private or employer-
based health insurance

88 (59.1%) 103 (68.2%) 111 (73.5%) 116 (75.3%)a

Maternal history of asthma 61 (39.4%) 57 (36.5%) 63 (41.2%) 50 (32.3%)

Any breastfeeding 83 (52.9%) 74 (47.7%) 76 (49.7%) 76 (49.0%)

Prematurity 10 (6.4%) 20 (12.9%) 7 (4.6%) 8 (5.2%)

Low birth weight (< 2500 g) 9 (5.8%) 10 (6.8%) 5 (3.3%) 9 (6.0%)

Birth by cesarean section 52 (36.4%) 43 (30.1%) 40 (28.8%) 31 (20.7%)a

Exposure to gun violencec 66 (46.5%) 69 (49.3%) 70 (50.4%) 92 (63.9%)a

Asthma 77 (49.0%) 87 (55.4%) 90 (57.7%) 87 (56.1%)

Serum total IgE (IU/mL) 158.5 (5.0) 125.9 (5.0) 199.5 (5.0) 199.5 (5.0)

Data presented as No. (%) for binary variables or mean (SD) for continuous variables (other than serum total IgE, shown as geometric mean [SD]).
Percentages were calculated for children with complete data. See Table 1 legend for expansion of abbreviation.
aP < .05 for linear trend.
bObesity defined as a BMI $ 95th percentile for age and sex.
cHeard a gunshot more than once during his or her lifetime.
results in unexposed children [Fig 2]). In a multivariate
analysis adjusted for age, sex, early-life exposure to ETS,
household income, maternal asthma, case-control status,
and study site, each quartile increment in the percentage
TABLE 3 ] Analysis of African Ancestry and Asthma in Part

Unadjusted

Each quartile increase in the percentage of African ancestry

Adjustedb,c

Each quartile increase in the percentage of African ancestry

Exposure to gun violenced

Exposure to ETS in utero or before 2 years of age

Household income < $15,000/year

See Table 1 legend for expansion of abbreviation.
aAsthma defined as parental report of physician-diagnosed asthma and wheez
bMultivariate models were adjusted for age, sex, maternal asthma, and study
cThere was a significant interaction between African ancestry and exposure to
dHeard a gunshot more than once during his or her lifetime.

1440 Original Research
of African ancestry was significantly associated with
higher total IgE (b ¼ 18.95 IU/mL; 95% CI, 0.60-40.65
IU/mL; P ¼ .04) in children exposed to gun violence. In
contrast, there was no significant association between
icipating Puerto Rican Childrena

OR (95% CI), P Value

1.10 (0.96-1.27), .2

1.10 (0.93-1.29), .3

1.84 (1.25-2.71), .002

1.81 (1.24-2.63), .002

1.34 (0.90-1.99), .1

e in the previous year.
site in addition to the covariates listed in the first column.
gun violence on asthma in this model (P for interaction term ¼ .001).
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Not exposed to
gun violence

Exposed to
gun violence

0.5 0.8 1 1.4
Odds ratio and 95% CI

2

Figure 1 – Results of the multivariate logistic regression analysis of
African ancestry and asthma in participating Puerto Rican children
after stratification by exposure to gun violence (defined as child’s report
of hearing a gunshot more than once during his or her lifetime).
Multivariate models were adjusted for age, sex, exposure to environ-
mental tobacco smoke in utero or before 2 years of age, household in-
come, maternal asthma, and study site.
African ancestry and total IgE in children not exposed to
gun violence (b ¼ �16.88 IU/mL; 95% CI, �33.38 to
3.72 IU/mL; P ¼ .10).

As a final step, we repeated the multivariate analyses of
African ancestry and asthma or total IgE, stratified by
exposure to gun violence, separately for the San Juan
and Hartford study sites. At both study sites, African
ancestry was significantly associated with asthma in
children exposed to gun violence but not in children
unexposed to gun violence (e-Table 1). Although the
observed association between African ancestry and total
IgE in children exposed to violence was not statistically
significant at either study site, they were of similar
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Figure 2 – Box plots of predicted serum total IgE according to quartiles of perc
(B) exposure to gun violence. Exposure to gun violence was defined as child’s
Estimates obtained from multivariate models adjusted for age, sex, exposure
household income, maternal asthma, case-control status, and study site. Serum
were back transformed for ease of interpretation.
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magnitude and in the same direction across study sites
(e-Table 2).
Discussion
We show that exposure to gun violence (a preventable
factor) modifies the estimated effect of African ancestry
on asthma or total IgE in Puerto Rican children (an
ethnic group with high prevalence of asthma).2,4 Among
children exposed to gun violence, African ancestry was
significantly associated with asthma and total IgE. In
contrast, we found no significant association between
African ancestry and asthma or total IgE in children
unexposed to gun violence.

African ancestry has been previously associated with
asthma or asthma-related outcomes in Puerto Ricans and
non-Puerto Ricans.7-13 In a recent study of 5,493Hispanic
children and adults (including Puerto Ricans), each
20% increment in African ancestry increased the odds of
asthma by 40% (95% CI, 1.14-1.72; P ¼ .001).8 Similar
associations have been demonstrated in African
American, Colombian, and Brazilian adults.9-11 For
example, each 10% increment in African ancestry was
associatedwith a 16% increment in the odds of asthma in a
case-control study of 796 African American adults
(95%CI, 1.06-1.28; P¼ .002).11 African ancestry has been
associated with higher total or allergen-specific IgEs in
some but not all previous reports.7,9,10,42 Of note, none of
the studies referenced previously examined whether
exposure to violence explains or modifies the observed
association between African ancestry and asthma.
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entage of African ancestry in Puerto Rican children with (A) and without
report of hearing a gunshot more than once during his or her lifetime.
to environmental tobacco smoke in utero or before 2 years of age,
total IgE transformed to a logarithmic (log10) scale for analyses. Results
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Exposure to violence (either at the individual or
community level) has been linked to asthma, particularly
in populations of African descent.17,19-23 In a prior study
of 1,213 Puerto Rican children, we reported that a history
of child abuse was associated with 2.5 times increased
odds of asthma (95% CI, 1.27-5.00; P ¼ .009).20 These
findings were later replicated in a large longitudinal
cohort of adult African American women.22 In a more
recent case-control study of 466 children in Puerto Rico,
we found that exposure to gun violence increases the odds
of asthma by 80% (95% CI, 1.10-2.70; P ¼ .01).21

To our knowledge, this is the first study to present the
separate effects of African ancestry on childhood
asthma or total IgE according to exposure to a severe
type of violence. In a prior case-control study of 291
Puerto Rican children and adults, there was an
interaction between African ancestry and
socioeconomic status (SES).6 In models stratified by
SES, African ancestry was only associated with asthma
among individuals with a high SES. In contrast, we
found no significant interaction between African
ancestry and SES (assessed by household income,
parental education, or type of health insurance). The
discrepant results between our study and those of the
prior report may be explained by differences in study
design (as participants in the prior study were selected
from health-care centers), study population (both
children and adults participated in the prior study), and
nonassessment of certain covariates in the prior study
(including exposure to gun violence, early-life exposure
to ETS, and maternal asthma).

The mechanisms underlying the link between African
ancestry or exposure to violence and asthma are
incompletely understood. Inherited alleles or haplotypes
may have been protective against certain infectious
diseases among Africans living in Africa, but could now
increase the risk of allergic airway inflammation in
westernized populations of African descent.8,43 Exposure
to violence may lead to childhood asthma through
increased psychosocial stress, which could cause
dysregulation of the hypothalamic-pituitary-
adrenocortical axis, enhanced Th2 immune responses,
autonomic nervous system dysfunction, and/or abnormal
expression of asthma-susceptibility genes.16,17,44,45

Gun violence is an important and modifiable public
health problem among all children in the United States,
regardless of race or ethnicity. Prior studies have shown
that Puerto Ricans are particularly susceptible to the
detrimental effects of traumatic events such as
1442 Original Research
violence.46,47 Our findings suggest that a Puerto Rican
child with high African ancestry may be more
susceptible to the detrimental effects of gun violence
than a Puerto Rican child with lower African ancestry. If
our results are confirmed in longitudinal studies, further
examination of genetic variation or environmental
exposures correlated with African ancestry could offer
novel insights into the pathogenesis of asthma,
particularly stress-related asthma.

Our study has considerable strengths such as sample
size, availability of data on ancestry and gun violence,
and a predefined approach to formally test for
interaction between African ancestry and asthma or
total IgE (thus reducing the risk of obtaining spurious
results). However, we also recognize several limitations
to our findings. First, we cannot infer causality or
temporal relationships because of the cross sectional
design of our observational study. Second, selection bias
is possible in any observational study such as ours.
However, the participation rates among all eligible
children in Hartford and San Juan were approximately
77% and approximately 87%, respectively, which are
high for a study of an ethnic minority group in the
United States. Third, our results for total IgE were not
significant at each individual site (likely from insufficient
power). However, our findings were consistent in
direction and magnitude across sites, despite differences
in recruitment approach and sample size. Fourth, there
could be residual confounding by SES or unmeasured
variables (such as child abuse, intimate partner violence,
or type of gun violence [eg, at the individual, family, or
community level]). Nonetheless, our analysis was
adjusted for household income, and we obtained similar
results when the analysis was adjusted for other
indicators of SES (parental education or type of health
insurance; data not shown). Child abuse is also an
unlikely major confounder of our analysis because it was
relatively uncommon in a prior study in Puerto Rican
children.20 Fifth, recall bias is a potential but improbable
explanation for our results, because misclassification of
exposure to gun violence by participating children
would likely be nondifferential regarding case-control
status (and thus bias our results toward the null
hypothesis). Moreover, we obtained almost identical
results when defining exposure to violence as hearing a
gunshot at least once instead of at least twice (data not
shown). Last, our results may not be generalizable to
non-Puerto Rican children but are likely to be relevant
to members of racial or ethnic groups that are often
exposed to gun violence.
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In conclusion, our results suggest that exposure to gun
violence modifies the estimated effect of African
ancestry on asthma and atopy in Puerto Rican children.
Our findings merit replication in longitudinal studies of
journal.publications.chestnet.org
Puerto Rican children and in children from other racial
or ethnic groups with a high proportion of African
ancestry and frequent exposure to gun violence (such
as African Americans).
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