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Abstract

Background: Acculturation is an important predictor of asthma in Latino youth, specifically,
Mexican Americans. Less is known about acculturation and pulmonary function measures.

Objective: To estimate the association of acculturation measures with asthma and pulmonary
function in Latino youth and determine whether this association varies across Latino subgroups.

Methods: We included 1,849 Latinos (302 Caribbean Spanish, 193 Central or South Americans,
1,136 Mexican Americans, 218 other Latino children) aged 8-21 years old from 4 urban regions
in the U.S. Acculturation measures include nativity status, age of immigration, language of
preference, and generation in the U.S. We used multivariable logistic and linear regression models
to quantify the association of acculturation factors with the presence of asthma (case-control
study) and pulmonary function (case-only study) adjusting for demographic, socio-environmental,
and clinical variables.

Results: For all acculturation measures (nativity status, age of immigration, language

of preference, and generation in the U.S.), higher levels of acculturation were associated

with greater odds of asthma. Among cases, high (English preference) and medium (equal
preference for Spanish and English) levels of language acculturation were associated with
decreased bronchodilator response compared with low (Spanish preference) levels (p=0.009
and 0.02, respectively). Similarly, high language acculturation was associated with increased
FEV, compared with low language acculturation (p=0.02). There was insufficient evidence of
heterogeneity for associations across Latino subgroups.

Conclusions: Acculturation was associated with diagnosed asthma and pulmonary function in
Latino children and is important factor to consider in the management of Latino youth with
asthma.

Capsule Summary:

High acculturation increases likelihood of diagnosed asthma whereas low acculturation is
associated with lower pulmonary function and increased bronchodilator response in Latinos;
cultural and behavioral practices should be considered when determining risk and managing
asthma.

Keywords
Latino; Asthma; Acculturation; Pediatric; Health Disparities; Social Determinants of Health

INTRODUCTION

In the U.S., Latinos often have better health outcomes than other minority groups of similar
low socioeconomic status [1], this difference is referred to as the Hispanic Paradox. Despite
living in areas with high exposure to indoor and outdoor pollution [2,3] and having limited
access to regular health care [4,5], childhood asthma prevalence is significantly lower
among Latinos when compared with African Americans (6.7% vs. 15.7%) and lower than
non-Hispanic Whites (7.1%) [6]. To explain this paradox, the healthy migrant effect [7,8],
cultural characteristics [9], and acculturation [10,11], have been proposed.

J Allergy Clin Immunol. Author manuscript; available in PMC 2022 June 10.
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Despite this paradox, there is high variability in asthma prevalence between Latino
subgroups: Puerto Ricans have one of the highest life-time prevalence of asthma (36.5%) in
the U.S., followed by Cuban (21.8%) and Dominican Americans (15.4%), while Mexican
Americans have the lowest (7.5%) [12-14]. Although Latino populations are aggregated
into a single ethnic group in the U.S. and are bound by the Spanish language, there is
considerable heterogeneity in their genetic makeup, cultural upbringing, and environmental
exposures [12,14]. Each Latino subgroup has a unique relationship with the U.S. that not
only differs in the types of environmental exposures but also in the process of immigration
to the U.S.[1]. These differences may translate to varying risks for asthma and related
outcomes across Latino subgroups [15,16]. Several studies have demonstrated that low
acculturation is associated with lower odds of asthma in Mexican Americans [17-19].
However, the role of acculturation in asthma may not only differ by Latino subgroups [20]
but also by how acculturation is defined. Thus, acculturation may play a role in explaining
the wide variability in asthma prevalence observed across Latino subgroups in the U.S.
[20] and may partially explain the recent trend of increasing asthma prevalence in Mexican
Americans [6].

While acculturation reflects the adoption of cultures of the dominant society, it also captures
the duration of time spent in the host country, and thus, the changes in early life exposures
to known asthma risk factors [21]. Therefore, studies have argued that the change in socio-
environmental exposures and adaption of the dominant culture’s behavioral attributes may
explain the observed association between acculturation and asthma, and more recently,
with lung function [19,22,23]. Early life exposures to environmental toxins, including air
pollution, are important factors in determining impaired lung function and asthma risk
[24]; thus, the country of birth and/or the age at which one immigrates to the U.S. may

be important factors in defining risk. In addition, behaviors associated with acculturation
(e.g., increased tobacco use and decreased breastfeeding) may increase risk for asthma and
impaired lung function [25,26]. Therefore, including attributes of acculturation that affect
changes in behaviors [21], such as language preference, would allow for deeper exploration
of acculturation.

A systematic review summarizing the association between immigration status with asthma
and allergic disease in diverse populations found that, in general, asthma prevalence was
lower in immigrants compared with the host population and, among immigrants, lower

in first generation compared with second generation immigrants [27]. However, of the 54
articles included in this review, only seven focused on acculturation and Latinos, and of
which, two were focused in Mexican American populations[28,29], two in Puerto Rican and
Dominican populations [16,30], and three in Latinos in aggregate[31-33]; of these, only one
assessed pulmonary function [33]. Since the publication of this review, additional studies
have examined the relationship between acculturation and asthma in the Mexican American
population and found conflicting results. We previously demonstrated that acculturation
(defined as generation in the U.S) partially explains the association observed between high
socioeconomic status and diagnosed asthma in Mexican American children living in the

San Francisco Bay Area [34]. Grineski et al. demonstrated that high acculturation, derived
from an abbreviated version of the Cultural Life Style Inventory, was significantly associated
with asthma in Hispanic youth from El Paso, TX [35] even after considering neighborhood

J Allergy Clin Immunol. Author manuscript; available in PMC 2022 June 10.
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factors [36]; however, after accounting for undiagnosed asthma this association no longer
persisted [37]. Another study, after accounting for Native genetic ancestry, also failed to
demonstrate an association between acculturation and asthma [38]. Given this evidence,
further examination of the relationship between acculturation and asthma is warranted to
best understand how this potentially important risk factor operates within and across Latino
subgroups.

These studies stress the importance of examining different domains of acculturation and
including measures that may co-occur or change with acculturation and provide a better
understanding of how acculturation relates to various asthma outcomes across Latino
subgroups. In the present study, we include the Genes-Environment & Admixture in
Latino Americans (GALA 1) study [39] participants and will leverage the ethnic diversity
across study sites to 1) examine the association between several acculturation measures
with reported asthma diagnosis and with lung function among Latino youth; 2) determine
whether the association remains after consideration of socio-environmental factors; and 3)
whether this association varies according to Latino subgroup.

METHODS

Study Population

GALA Il is a case-control study of asthma in Latino children and adolescents designed to
examine the complex genetic and socio-environmental contributors to asthma prevalence,
control, and severity. The study was initiated in 2006 and participants were sampled
through community- and clinic-based recruitment at health maintenance organizations and
community health clinics from five urban study centers across the mainland U.S. and Puerto
Rico (see Table E1 in the Online Repository). The current analysis was limited to the four
urban centers in the mainland U.S.

All participants were 8-21 years old and had no history of other lung or chronic

ilinesses (other than atopy and allergy related diseases in the cases). Within each

study center, controls were frequency matched by hospital or community clinic site.
Those in the third trimester of pregnancy, with =10 pack-year smoking history,

and current smokers were not eligible (Table E2). Trained bilingual interviewers
administered comprehensive questionnaires to the parents/caretakers of the participants

to collect socio-demographic information, medical histories, and environmental exposure-
related information. Interviewers were recruited from the same communities of

potential participants and trained to respectfully ascertain sensitive information through
questionnaires. Written, age-appropriate informed consent/assent was obtained from all
participants and their legal guardians. The University of California, San Francisco and
each study site institutional review board (IRB) approved the GALA Il protocol (GALA 11
UCSF-IRB# 10-00889, Reference#164561).

Ascertainment of Ethnicity

The parents and all four grandparents of the participants must have self-identified as Latino
to be eligible for the study. Ethnicity was collected through the question “Do you consider

J Allergy Clin Immunol. Author manuscript; available in PMC 2022 June 10.
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yourself Spanish/Hispanic/Latino?” with a “Yes/No” choice (if yes, please specify: Mexican,
Mexican American, Chicano; Spanish, Hispanic, Latino; Dominican; Cuban, and so forth).
Multiple selections were allowed. The participant (or the participant’s parents) selected

the appropriate answers to all questions for the participant, parents, and grandparents.
Responses were used to categorize participants as per their Nationality or country of origin
subgroup.

Outcome Assessment

Asthma status was based on physician diagnosis and report of symptoms and medication use
within two years prior to recruitment. Eligible controls had no reported history of asthma,
lung disease or chronic illness, and no reported symptoms of wheezing or shortness of
breath when not sick (see Table EIl). Spirometry testing was conducted with a KoKo® PFT
Spirometer (nSpire Health Inc., Louisville, CO) according to American Thoracic Society
recommendations [40]. All asthma medications were withheld for at least 8 hours before
testing.

Pulmonary function, including forced expiratory volume in one second (FEV1) and
bronchodilator response, was assessed only in asthma cases. Forced expiratory volume

in one second (FEV1) was collected as a standard measurement of airway obstruction.
Predicted pulmonary function was calculated based on Hankinson’s formulas for Mexican
Americans for all Latino participants [41]. After completing baseline measurements,
participants were given four puffs of albuterol (90 pg per puff) through a metered-dose
inhaler with a spacer, and spirometry was repeated after 15 minutes. Spirometry was
repeated a third time after a second dosage of albuterol (two puffs if < 16 years old or four
puffs if > 16 years old). We assessed the maximal bronchodilator response by measuring
the percent change in measured FEV; before and after albuterol administration, using the
post-bronchodilator measurement with the greatest change. That is, bronchodilator response
(% change in FEV) = (Post-FEV — Pre-FEV{)/Pre-FEV * 100.

Exposure Assessment

Acculturation was specified using four variables: nativity status, age at immigration to the
U.S., language acculturation, and generational status (16, 30, 31). Nativity status classified
participants as whether or not they were born in the U.S. To account for length of time

in the U.S., “age at immigration to the U.S.” was specified as: “U.S. Born,” “Ages 0-3,”
“Ages 4-9,” and “Ages 10+” [42]. Language acculturation was specified as low, medium,
and high to reflect the preferred language spoken at home by the mother and child, and the
degree of discordance between their preferences: Low indicates that the child and mother
both preferred Spanish; Medium was used when either the child or mother preferred Spanish
or neither preferred a primary language; and High classified instances when one person
from a mother/child pair preferred English while the other person had a preference to speak
English or had no preference. Generational status is a measure based on the participant’s and
the parents’ country of birth. Participants born outside of the U.S. were classified as first
generation or foreign-born, regardless of parents’ country of birth; children born in the U.S.
whose parents were both born outside of the U.S. were classified as second generation; and
children born in the U.S. who had at least one parent born in the U.S. were classified as

J Allergy Clin Immunol. Author manuscript; available in PMC 2022 June 10.
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third generation (Table EIlll). We created a composite acculturation index based on language
preference and generation in the US whereas participants were categorized as having a high
index if they had either high language acculturation or were third generation; medium if they
had medium language acculturation and were second generation; and low if they did not fit
the above categories (Table EIV).

Covariate Selection

Informed by previous studies, age [6], maternal age at birth [43], sex [44], socioeconomic
status [34,45], environmental exposures [46-50], birthweight [51,52], global genetic
ancestry [53,54] were considered potential confounders in the analyses. The socioeconomic
indicators included were maternal educational attainment and insurance status. Maternal
education, considered a stable measure of SES [55], was ascertained as the highest grade
level or year completed by the mother and categorized as high/low based on high school
graduate status. Health insurance status, a marker of access to healthcare services [56], was
ascertained through questionnaire data and categorized as no health insurance, government
subsidized insurance, or privately-owned health insurance. Environmental exposures include
in-utero tobacco exposure and report of mold and cockroach exposure; these exposures
were collected as present or absent. Low birthweight was a binary variable used to indicate
whether participants were less than 5.5 pounds at birth [57]. Participants were genotyped
using the LAT1 array (World Array 4, Affymetrix, Santa Clara, CA [53]). Estimates of
global Native and African genetic ancestry were obtained using an unsupervised analysis in
ADMIXTURE assuming three ancestral populations. For participants with asthma, the brief
medication questionnaire [58] was used to ascertain reported use of controller medications.
The use of controller medication was defined as the report of inhaled corticosteroid,
leukotriene inhibitor, and/or long-acting-beta agonist in the two weeks prior to recruitment.

By July 2014, there were 4,702 participants in GALA I1. Of those, 2,578 participants lived
in mainland U.S. and, thus, eligible for the current analysis. Participants were excluded from
the analysis if a participant had missing data for child or parent country of birth (n = 1),
self-reported maternal educational level (n = 35), insurance status (n = 29), mold exposure
(n = 27), birthweight (n = 356), and/or additional covariate or demographic information (n =
281). Excluded participants were more likely to be older, female, born outside the U.S., have
no health insurance, and did not report mold exposure (p-values <0.05). Our analytical size
included 1,849 participants (1,136 Mexican Americans, 193 Central or South Americans,
302 Caribbean Spanish, and 218 other Latino children). The case-only analytic sample used
for the lung function analysis included 928 participants.

Statistical Analysis

We used chi-squared, t-test, and Kruskal-Wallis statistics to determine significant
associations of each covariate with case-control status. Using multivariable logistic
regression, we first examined for an association between measures of acculturation and
asthma diagnosis before and after controlling for age, sex, child’s Latino subgroup, region
of recruitment, and Native and African ancestry (Model 1). In the second model, we
additionally adjusted for maternal education, maternal age at birth, insurance status, /n
uterotobacco exposure, birth weight, breastfeeding, and report of household mold and

J Allergy Clin Immunol. Author manuscript; available in PMC 2022 June 10.
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cockroaches. Pulmonary function models were additionally adjusted for current smokers in
the household. Because previous research showed the prevalence of asthma varies across
Latino ethnic groups [6,14], we included an interaction term between each measure of
acculturation and Latino subgroup in the final models. Among children with asthma,

we use linear regression to assess the association of lung function measurements (FEV,
and bronchodilator response) with the acculturation measures. We then complete two sub-
analyses: first, we limited the analysis to U.S. born participants to determine if the observed
acculturation effects persist; and, second, we examined if the effects of acculturation
differed by atopy status. This second sub-analysis was informed by the finding that the risk
factors for atopic versus non-atopic asthma differ and may even have opposing associations
dependent on atopy status [34]. We used a total IgE of 100 IU/mL or greater as a proxy for
atopic status. All analyses were performed with R 3.3.0 [59].

Characteristics of the children and adolescents included in the study are displayed in Table
1. When compared with healthy controls, participants with asthma were younger, more
likely to be male, had mothers with higher levels of education and with older maternal age
at birth, were less likely to be uninsured, were less likely to have been breastfed, and more
likely to have mothers who smoked during pregnancy (p-values < 0.05). Moreover, asthma
cases were more likely to report exposure of household mold, had lower global Native
genetic ancestry and higher African genetic ancestry, less likely to be born outside of the
U.S., have immigrated to the U.S. at an older age, have low language acculturation, and be
first generation in the U.S. compared with participants without asthma (p-values<0.001).

Clinical Outcomes

Asthma Status—Higher levels of acculturation across all four variables (nativity status,
age at immigration to the U.S., language preference, and generational status) were
associated with increased odds of asthma when compared with the lowest category, even
after adjusting for socio-environmental factors (Table 2, Figure 1). In the fully adjusted
model, U.S. born participants were 2.10 (95% CI:1.60-2.77) times more likely to have
asthma compared with those born outside the U.S. Similarly, child-mother dyads who
preferred English as their primary language had 2.20 (95% CI:1.54-3.14) greater odds

of asthma compared with those that preferred Spanish. In addition, U.S. born had 2.47
(95%Cl:1.46-4.33) times the odds of asthma compared with individuals who moved to the
U.S. after the age of 10. No significant association was observed among participants who
immigrated to the U.S. at an age younger than 10 years. We found 1.94 (95%CI:1.47-2.57)
and 2.94 (95%ClI: 2.06—4.22) higher odds of asthma among second and third generation
participants, respectively, compared with first generation individuals. When we examined
the relationship using a composite measure of acculturation, we found 1.49 (95%Cl:1.17-
1.92) and 2.43 (95%CI:1.78-3.34) higher odds of asthma in those with a medium and high
acculturation index score, respectively, compared with those with a low index score. No
significant changes were observed when analyses were adjusted for total IgE in participants
with available data (Table EV) nor was a significant interaction observed with high/low total
IgE (all p’s >0. 14). Lastly, when associations were limited to U.S. born participants, higher

J Allergy Clin Immunol. Author manuscript; available in PMC 2022 June 10.
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levels of acculturation were associated with asthma diagnosis compared with children with
low acculturation (Table EVI). We did not find evidence for these associations to vary by
self-reported Latino subgroup, as each of the interaction terms between each acculturation
variable and Latino subgroup were not significant (p-values =0.09, Table EVII).

Pulmonary Function—When we examined the association between each acculturation
variable and pulmonary function measures (FEV4 and bronchodilator response), we found
higher FEV1 % in child-mother dyads that preferred English compared with child-mother
dyads who preferred Spanish (3.70%, 95%CI: 0.56, 6.84). A high acculturation index

was also associated with higher FEV, % when compared with a low acculturation index
(3.59%, 95%CI: 0.77, 6.41; Table 3). Compared with child-mother dyads who preferred
Spanish exclusively, we observed lower bronchodilator response among dyads discordant
for language preference (-1.98%, 95%Cl: —0.34, —3.62) and dyads that preferred English
(—3.05%, 95%CIl: -1.05, —5.06; Table 4). We also found a lower bronchodilator response
among participants with a high acculturation index (—3.23%, 95%CI: —1.44, -5.03)
compared with those with a low acculturation index. Nativity status, age moved to U.S.

and generation status in the U.S. were not associated with pulmonary function measures. No
significant changes were observed when analyses were adjusted for total IgE in participants
with available data (Table EV) nor was a significant interaction observed with high/low total
IgE (p-values >0.36). Among U.S. born participants, the significant associations between
acculturation measures and diagnosed asthma persisted, additionally, we observed that
language acculturation, generation in the U.S., and the composite acculturation index to

be associated with higher FEV (Table EVI).

DISCUSSION

Our findings show that regardless of acculturation definition, we consistently observed

that higher acculturation (i.e., U.S. born, moving to U.S. at an earlier age, English
language preference, and third generation in the U.S.) was associated with higher odds

of asthma. These findings remained robust even after adjusting for social (socioeconomic
status, history of breastfeeding, birthweight), environmental (/n utero tobacco and reported
mold and cockroach exposure), and genetic factors that have been postulated to explain
this association. Our findings are consistent with past research examining the role of
acculturation in Mexican Americans [17-19] and in other ethnic groups [14,42], as well

as builds upon the findings demonstrating that with increased length of stay in the U.S., the
odds of asthma in Latino populations also increases.

Low acculturation in Latino populations has been consistently associated with better
health for several outcomes [11,60], suggesting certain cultural and behavioral practices,
community networks, leading to increased disease risk. For instance, obesity, low birth
weight, smoking, and reduction in breastfeeding are more common among highly
acculturated individuals compared with recent immigrant individuals [25,26,60-62], each
of these factors being an independent risk factor for asthma [48,49,51,52,63].

This study is one of few studies to examine the association between acculturation and
pulmonary function measurements in Latinos. Across most measures of acculturation,

J Allergy Clin Immunol. Author manuscript; available in PMC 2022 June 10.
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we did not observe a significant association with bronchodilator response or FEV1.

An exception was with language preference, where we observed that higher levels of
language acculturation were associated lower bronchodilator response and higher FEV1.
These findings raise two potential hypotheses: The first, aligning with our findings that
higher levels of acculturation were associated with higher odds of asthma, is that the
psychosocial stress related to acculturation may not only increase risk for disease but
also may decrease drug response to traditional asthma therapies. Language preference
may better reflect the cultural and behavioral aspects of acculturation than the other
measures used in this study. Past research suggests that acculturative stress may manifest
physiologically with psychosomatic symptoms [64]. This finding of lower bronchodilator
response is consistent with previous research associating high stress levels with lower
bronchodilator response [65]. However, this would not account for the finding of higher
FEV1 in the more acculturated groups. A second hypothesis, contrary to our case-control
findings, is that English language preference results in improved asthma control manifesting
as decreased bronchodilator response [66] (already at personal best) and higher FEVq
compared with children with low language acculturation. This is consistent with previous
studies demonstrating that high language concurrence with medical provider results in
improved asthma control in Latinos [67,68]. However, these findings warrant further
investigation.

Our study has several limitations and the results should be interpreted within the context of
these limitations. The sample sizes for non-Mexican American populations in our study are
small. While we did not observe an interaction, the overall results should be interpreted with
caution. Second, is the lack of consideration of obesity as a potential explanatory pathway
for the association between asthma and higher acculturation [60,69]. We were unable to
assess this relationship as body mass index information was missing on over 40% of healthy
controls. The lack of controlling for BMI may have attenuated our results. We were also
unable to account for air pollution effects due to a lack of accurate estimates for participants
born outside of the U.S. (in total, missing data for 35% of study population). However, we
were able to account for indoor air pollutant sources including reports of mold, cockroaches,
and /n-utero tobacco smoke exposure.

Another limitation may be under-diagnosis among our healthy control population.
Individuals with low educational attainment, especially immigrant Latinos, have a poor rate
of enrollment in insurance programs [70]. The Latino population is underinsured compared
to other racial/ethnic groups. For example, Mexican American children age 18 or younger
have a 16% uninsured rate compared to the national average of 10% [71]. Because minority
health is often shaped by language barriers, access to preventive care, and lack of health
insurance, limiting ability to navigate the healthcare system and poor patient-provider
communication, underdiagnoses cannot be ruled out in this population [37,72]. Outcome
misclassification was minimized in our study by carefully screening healthy controls for any
asthma-related symptoms using the questions following the International Study of Asthma
and Allergies in Childhood (ISAAC) screening tool; however, we acknowledge that terms
such as “wheezing” and “whistling” may get lost in translation.

J Allergy Clin Immunol. Author manuscript; available in PMC 2022 June 10.
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We found that the odds of asthma increase as acculturation increases for Latino children,
regardless of how acculturation was defined. The direction of this association remained
robust for all national subgroups, raising its importance as a risk factor that necessitates
future study to identify important, modifiable risks for asthma in this high-risk population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Messages:

. Regardless of acculturation measure, we observed lower odds of asthma
with lower acculturation (i.e., born outside the U.S., moving to U.S. at an
older age, language preference, and first generation in the U.S.), even after
adjustment for important socio-environmental factors.

. Among children with asthma, Spanish language preference was associated
with lower forced expiratory volume in one second and increased
bronchodilator response, an important indicator of asthma control.
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Figure 1. Adjusted odds of having asthma with Acculturation Measure (Nativity Status, Age
Moved to U.S., Language Preference, and Generational Status) for participants from the GALA
11: 2006-2014.

Models adjusted for age, sex, /in uterotobacco exposure, maternal education, maternal
age at birth, insurance status, report of household mold and cockroaches, breastfeeding,
birthweight, study site, global African and Native genetic ancestry, and child’s Latino
subgroup.
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Selected Characteristics of Participants in the GALA 11 Study, 2006-2014

Table 1.

N

Age, median (IQR)

Sex, male

Ethnicity Sub-group
Caribbean Spanish
Central American
Mexican American

South American

other LatinoA
Mother’s Education
Lower than high school grad
High school grad or greater
Insurance status
None
Government-subsidized
Private Insurance
Maternal age at birth, median (IQR)
Ever breastfed, Yes
< 5.5 pounds at birth, Yes
In Utero Tobacco Exposure, Yes
Current smokersin household
None
One
Two or more
Missing
Report of Mold Exposure, Yes
Report of Cockroach Exposure, Yes
Nativity Status
Born outside of the U.S.

Language Acculturation #
Low (Spanish-Spanish)
Medium (Spanish-English)
High (English-English)

Age at immigration
Ages 10 and older
Ages 4-9
Ages 0-3
US Born

Generation in the United States

J Allergy Clin Immunol. Author manuscript; available in PMC 2022 June 10.

Healthy Control
897
13.0 (10.6-15.7)
382 (42.6)

126 (14.0)
92 (10.3)

578 (64.4)
15 (1.7)
86 (9.6)

496 (55.3)
401 (44.7)

76 (8.5)
704 (78.5)
117 (13.0)

23.0 (20.0-28.0)
704 (78.5)
64 (7.1)

26 (2.9)

675 (75.3)
144 (16.1)
44 (4.9)
34(3.8)
243 (27.1)
335 (37.3)
240 (26.8)

226 (25.2)
523 (58.3)
148 (16.5)

63 (7.0)
107 (11.9)
70 (7.8)
657 (73.2)

Asthma Case
952
12.0 (9.9-14.5)
540 (56.7)

176 (18.5)
75(7.9)
558 (58.6)
11(1.2)
132 (13.9)

473 (49.7)
479 (50.3)

36 (3.8)
747 (78.5)
169 (17.8)

25.0 (21.0-29.0)
653 (68.6)
78(8.2)

47 (4.9)

740 (77.7)
145 (15.2)
46 (4.8)
21(2.2)
352 (37.0)
349 (36.7)
110 (11.6)

170 (17.9)
490 (51.5)
292 (30.7)

21(2.2)

54 (5.7)

35(3.7)
842 (88.4)

p-value
<0.001

<0.001
0.001

0.016

<0.001

<0.001

<0.001
0.393
0.024
0.796

<0.001
0.760
<0.001

<0.001

<0.001

<0.001

Page 17
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Healthy Control ~ Asthma Case p-value

N 897 952

15t Generation 240 (26.8) 110 (11.6)

2" Generation 521 (58.1) 563 (59.1)

3rd Generation 136 (15.2) 279 (29.3)
Composite Acculturation Measure 2 347 (38.7) 226 (23.7) <0.001

Low 379 (42.3) 387 (40.7)

Medium 171 (19.1) 339 (35.6)

High
Study Site 0.192

Chicago 217 (24.2) 233 (24.5)

New York 220 (24.5) 245 (25.7)

San Francisco 337 (37.6) 318 (33.4)

Texas 123 (13.7) 156 (16.4)
Native Ancestry, %, median (IQR) 53.9(38.2-71.2) 489 (25.3-61.4) <0.001
African Ancestry, %, median (IQR) 5.0 (3.0-9.0) 5.8 (3.6-13.1) <0.001
Spirometry, mean (SD)

FEV4, % predicted 94.2 (14.5)

Missing, n(%) 22 (2.3)

Bronchodilator Response, % Change 9.5(8.8)

Missing, n(%) 24 (2.5)
Controller Medication Use, Yes 396 (41.6%)

Results are presented as n (%) unless otherwise noted; P-values are from chi-square and Kruskal-Wallis tests

Definition of abbreviations: IQR= Interquartile Range; FEV1 = Forced Expiratory Volume in one second; FVC = Forced Expiratory Volume
N
Includes those that identify as more than one Latino subgroup or as Spanish

# . . . .
Language acculturation describes the concordance between the mother and child’s language preference. If both prefer Spanish, they have low
language acculturation and if both prefer English, they have high language acculturation.

*
Controller medication include yes/no to luketriene Inhibitor, inhaled corticosteroids, long-acting bronchodilator or combination therapy

1duosnuey Joyiny

1duosnuep Joyiny
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Estimated Odds Ratios and 95% Confidence Intervals (Cl) of Diagnosed Asthma for Acculturation Measures
in the GALA 11 Study, 2006-2014

Born in the U.S.
Language Acculturation
Low (Spanish-Spanish)
Medium (Spanish-English)
High (English-English)
Age at immigration
Ages 10 and older
Ages 4-9
Ages 0-3
U.S. Born
Generation in the U.S.
15t Generation
2"d Generation
314 Generation
Acculturation index
Low
Medium

High

2.80 (2.19, 3.59)

Ref
1.25 (0.99, 1.58)
2.62 (1.98, 3.48)

Ref
1.51 (0.85, 2.78)
1.50 (0.80, 2.87)
3.84 (2.36, 6.51)

Ref
2.36 (1.83, 3.05)
4.48 (3.31, 6.09)

Ref
1.57 (1.26, 1.95)
3.04 (2.38, 3.91)

2.38 (1.84, 3.10)

Ref
1.34 (1.04, 1.73)
2.32(1.68, 3.23)

Ref
1.24 (0.68, 2.31)
1.16 (0.60, 2.28)
2.76 (1.66, 4.77)

Ref
2.19 (1.68, 2.87)
3.37 (2.40, 4.76)

Ref
1.68 (1.32, 2.13)
2.68 (2.00, 3.60)

U(ggg/i”é‘f)d Model 12 Model 2b
(95% ClI) (95% ClI)
Acculturation Measure
Nativity
Not born in the U.S. Ref Ref Ref

2.10 (1.60, 2.77)

Ref
1.26 (0.97, 1.65)
2.20 (1.54, 3.14)

Ref
1.26 (0.68, 2.38)
1.19 (0.61, 2.36)
2.47 (1.46, 4.33)

Ref
1.94 (1.47, 2.57)
2.94 (2.06, 4.22)

Ref
1.49 (1.17, 1.92)
2.43 (1.78, 3.34)

aModeI 1 adjusted for age sex, child’s Latino subgroup, Native and African ancestry, and study site

Model 2: Model 1 additionally adjusted for maternal education, maternal age at birth, insurance status, /n7 utero tobacco exposure, breastfeeding,

birthweight, report of mold, and report of cockroaches
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Table 3:

Page 20

Estimated FEV 1= % Predicted Mean Difference and 95% Confidence Intervals for Acculturation Measures in
Participants with Asthma from the GALA |1 Study, 2006-2014 (n=931)

Unadjusted Mean difference

Model 1% Mean difference

Model Zb Mean difference

Born in the U.S.
Language Acculturation
Low (Spanish-Spanish)
Medium (Spanish-English)
High (English-English)
Age at immigration
Ages 10 and older
Ages 4-9
Ages 0-3
U.S. Born
Generation in the U.S.
15t Generation
2"d Generation
314 Generation
Acculturation index
Low
Medium

High

0.63 (~2.28, 3.54)

Ref
0.63 (-1.92, 3.18)
-1.82 (-4.59, 0.94)

Ref
0.99 (-6.33, 8.30)
1.89 (~6.05, 9.83)
1.70 (-4.59, 7.98)

Ref
1.77 (-1.20, 4.75)
-1.68 (-4.90, 1.53)

Ref
0.20 (-2.20, 2.61)
-1.94 (-4.40, 0.53)

2.37 (-0.42, 5.16)

Ref
2.13(-0.38, 4.63)
3.52 (0.60, 6.44)

Ref
0.33 (-6.53, 7.20)
-0.22 (-7.71, 7.26)
2.47 (-3.49, 8.43)

Ref
2.15 (-0.69, 4.99)
3.06 (-0.21, 6.32)

Ref
1.65 (=0.70, 3.99)
3.50 (0.85, 6.14)

(95% ClI) (95% CI) (95% Cl)
Acculturation Measure
Nativity
Not born in the U.S. Ref Ref Ref

2.35 (-0.51, 5.22)

Ref
1.73 (-0.84, 4.31)
3.70 (0.56, 6.84)

Ref
0.06 (-6.89, 7.01)
-0.72 (-8.27, 6.84)
2.16 (-3.86, 8.17)

Ref
2.11 (-0.82, 5.03)
3.10 (-0.28, 6.48)

Ref
1.30 (-1.12, 3.71)
3.59 (0.77, 6.41)

a . . . _— . - .
Model 1 adjusted for age sex, child’s Latino subgroup, controller medication use, Native and African ancestry, and study site

Model 2: Model 1 additionally adjusted for maternal education, maternal age at birth, insurance status, /n7 utero tobacco exposure, current smokers
in household, breastfeeding, birthweight, and report of mold, and report of cockroaches

Definition of abbreviations: FEV1 = Forced Expiratory Volume in one second
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Table 4:
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Estimated Bronchodilator Response (%) Mean Difference and 95% Confidence Intervals for Acculturation
Measures in Participants with Asthma from the GALA |1 Study, 2006-2014 (n=931)

Unadjusted Mean difference

Model 1% Mean difference

Model Zb Mean difference

Born in the U.S.
Language Acculturation
Low (Spanish-Spanish)
Medium (Spanish-English)
High (English-English)
Age at immigration
Ages 10 and older
Ages 4-9
Ages 0-3
U.S. Born
Generation in the U.S.
15t Generation
2"d Generation
314 Generation
Acculturation index
Low
Medium

High

0.05 (-1.72, 1.82)

Ref
-2.32 (-3.87, -0.77)
-2.44 (-4.12, -0.76)

Ref
3.55 (<0.91, 8.00)
1.89 (-2.94, 6.73)
2.40 (-1.43, 6.23)

Ref
0.21 (-1.62, 2.03)
-0.27 (-2.25, 1.70)

Ref
-1.81 (-3.27, -0.34)
-2.14 (-3.64, -0.64)

-0.47 (-2.26, 1.32)

Ref
-2.20 (-3.80, -0.60)
-3.41 (-5.27, -1.55)

Ref
3.31 (-1.09, 7.70)
1.66 (-3.13, 6.45)
1.69 (-2.12, 5.51)

Ref
-0.02 (-1.83, 1.80)
-1.89 (-3.98, 0.20)

Ref
-1.83 (-3.32, -0.33)
-3.59 (-5.27, -1.90)

(95% ClI) (95% CI) (95% CI)
Acculturation Measure
Nativity
Not born in the U.S. Ref Ref Ref

-0.05 (~1.89, 1.78)

Ref
-1.98 (-3.62, -0.34)
-3.05 (-5.06, -1.05)

Ref
3.24 (-1.21, 7.68)
1.65 (-3.19, 6.48)
2.05 (-1.79, 5.90)

Ref
0.38 (~1.49, 2.25)
-1.39 (-3.55, 0.77)

Ref
-1.54 (-3.08, 0.00)
-3.23 (-5.03, -1.44)

a . . . _— . - .
Model 1 adjusted for age sex, child’s Latino subgroup, controller medication use, Native and African ancestry, and study site

Model 2: Model 1 additionally adjusted for maternal education, maternal age at birth, insurance status, /n7 utero tobacco exposure, current smokers
in household, breastfeeding, birthweight, and report of mold, and report of cockroaches
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