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Changes in dietary patterns may partly explain the epidemic of asthma in industrialized countries. The objective
of this study was to examine the relationship between dietary patterns and lung function and asthma exacer-
bations in Puerto Rican children. This is a case—control study of 678 Puerto Rican children (ages 6—14 years) in
San Juan (Puerto Rico). All participants completed a respiratory health questionnaire and a 75-item food
frequency questionnaire. Food items were aggregated into 7 groups: fruits, vegetables, grains, protein, dairy,
fats, and sweets. Logistic regression was used to evaluate consumption frequency of each group and asthma.
Based on the results, a dietary score was created [range from —2 (unhealthy diet: high consumption of dairy and
sweets, low consumption of vegetables and grains) to 2 (healthy diet: high consumption of vegetables and
grains and low consumption of dairy and sweet)]. Multivariable linear or logistic regression was used to assess
the relationship between dietary score and lung function or asthma exacerbations. After adjustment for cov-
ariates, a healthier diet (each 1-point increment in dietary score) was associated with significantly higher
Yopredicted forced expiratory volume in the first second (FEV) and %predicted forced vital capacity (FVC) in
control subjects. Dietary pattern alone was not associated with asthma exacerbations, but children with an
unhealthy diet and vitamin D insufficiency (plasma 25(OH)D <30ng/mL) had higher odds of =1 severe asthma
exacerbation [odds ratio (OR)=3.4, 95% confidence interval (CI)=1.5-7.5] or =1 hospitalization due to asthma
(OR=3.9,95% CI=1.6-9.8, OR=3.4,95% CI=1.5-7.5) than children who ate a healthy diet and were vitamin D
sufficient. A healthy diet, with frequent consumption of vegetables and grains and low consumption of dairy
products and sweets, was associated with higher lung function (as measured by FEV,; and FVC). Vitamin D
insufficiency, together with an unhealthy diet, may have detrimental effects on asthma exacerbations in children.
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Introduction

ASTHMA IS ONE OF THE most common respiratory dis-
eases among children worldwide." Whereas the prev-
alence of asthma in industrialized countries has reached a
relative plateau (after a sharp rise from the 1960s to the
1990s), such prevalence has continued to increase in low
and middle income countries.” Changes in dietary patterns
or nutrient intake could partly exPIain this ‘“‘asthma epi-
demic” over the past few decades.”

Recent studies of the diet—disease link have shifted their
focus from single nutrients to dietary patterns. An unbalanced
diet, such as that having excessive intake of calories and
saturated fat but deficient intake of micronutrients or vitamins
from fruits and vegetables, can modulate allergic airway in-
flammation by affecting both innate and adaptive immune

responses.” A “Mediterranean diet” (characterized by high
consumption of fruits, vegetables, and olive oil, but low in-
take of refined grains and saturated fats) may protect against
the develospment of asthma or asthma symptoms during
childhood.>® In contrast, a “Western” diet (low in fruits and
vegetables, but high in refined grains and saturated fats) could
increase the risk of asthma in children.” Frequent consump-
tion of sugar-added drinks® or total excess free fructose’ has
also been associated with childhood asthma.

In the United States, Puerto Rican children share a dis-
proportionate burden of asthma.'®!! Unhealthy dietary habits
have been reported among Puerto Rican adolescents, in-
cluding low intake of fruits or vegetables but high con-
sumption of sweetened drinks.'> We previously reported that
frequent consumption of vegetables or grains was associated
with lower odds of asthma, whereas frequent consumption of
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dairy products or sweets was associated with higher odds of
asthma in Puerto Rican children, and that such findings may
be partly explained by dietary effects on interleukin (IL)-17F-
dependent pathways.'® Thus, we hypothesized that such di-
etary patterns may affect lung function and asthma attacks
among these children. We examined whether dietary patterns
are associated with lung function and asthma exacerbations in
Puerto Rican children. Because vitamin D insufficiency (a
plasma 25(OH)D <30ng/mL) has been linked to asthma ex-
acerbations in Puerto Rican children, the second aim is to
assess potential synergistic effects of an unhealthy diet and
vitamin D insufficiency on asthma exacerbations in the study
participants.'*

Materials and Methods
Study population

Subject recruitment and study procedures have been
previously described in detail."”>'® In brief, study partici-
pants were recruited from randomly selected households in
the metropolitan area of San Juan (Puerto Rico) from March
2009 through June 2010. Households were selected by a
multistage probability sampling design. Primary sampling
units were randomly selected neighborhood clusters based
on the 2000 U.S. census, and secondary units were randomly
selected households within each primary sampling unit. A
household was eligible if at least 1 resident was a child 6-14
years old. Of the 7,073 selected households, 6,401 (~91%)
were contacted. Of these 6,401 households, 1,111 had at
least 1 child aged 6-14 years who met other inclusion cri-
teria (4 Puerto Rican grandparents and residence in the same
household for at least 1 year). Of these 1,111 households,
438 (39.4%) had at least 1 eligible child with asthma (a case,
defined as parental report of having physician-diagnosed
asthma and at least 1 episode of wheeze in the previous
year). From these 438 households, 1 child with asthma was
selected (at random if there was more than 1 eligible child).
Similarly, only 1 child without asthma (a control, defined as
parental report of having neither physician-diagnosed asth-
ma nor wheeze in the previous year) was randomly selected
from the remaining 673 households. To reach a target
sample of ~700 children, the study attempted to enroll a
random sample (n=783) of these 1,111 children. Parents of
105 of these 783 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=678 (86.6%)] and did not [n=105 (13.4%)] participate.

Written parental consent and assent were obtained for
participating children. The study was approved by the insti-
tutional review boards of the University of Puerto Rico (San
Juan, Puerto Rico) Brigham, and Women’s Hospital (Boston,
MA), and the University of Pittsburgh (Pittsburgh, PA).

Study procedures

One of the child’s caretakers (usually the mother) completed
a questionnaire slightly modified from that used in the Colla-
borative Study of the Genetics of Asthma,'” containing questions
about demographics, the child’s general and respiratory health,
family history of asthma, breastfeeding, second-hand tobacco
smoke, and outdoor physical activity. Height and weight were
measured to the nearest centimeter and kilogram, respectively.
Dietary data were collected using a semiquantitative food

frequency questionnaire (FFQ) adapted from that developed and
validated to measure intake of 75 food items in a Hispanic
population (Costa Ricans).'®

Spirometry was conducted with an EasyOne spirometer
(NDD Medical Technologies, Andover, MA), following
American Thoracic Society recommendations for chil-
dren."” The best forced expiratory volume in the first second
(FEV,) and forced vital capacity (FVC) were selected for
data analysis. Serum levels of total immunoglobulin E (IgE)
and IgEs specific to common allergens [dust mite (Der p 1),
cockroach (Bla g 2), cat dander (Fel d 1), dog dander (Can f
1), and mouse urinary protein (Mus m 1)] were determined
using the UniCAP 100 system (Pharmacia & Upjohn, Ka-
lamazoo, MI). For data analysis, total serum IgE was con-
verted to a logq scale; for each allergen, an IgE >0.35 IU/
mL was considered positive. Vitamin D (25(OH)D) was
measured using the Waters high-performance liquid chro-
matography system with tandem mass spectrophotometry
(Waters Corporation, Milford, MA). Plasma IL-17F was
measured using the Bio-Plex Pro Human Tyl7 cytokine
panel on the BioPlex HTF system (Bio-Rad Laboratories,
Inc., Hercules, CA), as previously describedlS; levels are
presented as pg/mL. Undetectable IL-17F levels were as-
signed a constant (half the lowest limit of detection), and IL-
17F levels were then log-transformed for data analysis.

Dietary score

The dietary score was defined by frequency of food
group consumption, as previously described.'® Based on a
food guidance system developed by the U.S. Department of
Agriculture (USDA) Center for Nutrition Policy and Pro-
motion,?® each of the 75 FFQ items was assigned to 1 of
6 food groups: fruits, vegetables, grains, proteins, dairy, and
fats. A seventh group (sweets, soda, and snacks) was added
for completeness. Multivariate logistic regression was then
used to analyze quartiles of food group consumption and
asthma, and a dietary score was created including food
groups that were significantly associated with increased
(vegetables and grains, healthy food groups) or decreased
(dairy and sweets, unhealthy food groups) odds of asthma.
Because fruits, proteins, and fats were not associated with
asthma, these 3 groups were not considered in the dietary
score.'? Study participants were assigned a score of +1 for
high consumption of healthy food groups or —1 for con-
sumption of unhealthy food groups. Thus, the dietary score
ranges from -2 (most ‘‘unhealthy diet’”) to +2 (most
“healthy diet”).

Statistical analysis

Our outcomes of interest were lung function measures
(FEV,, FVC, and FEV,/FVC) and asthma exacerbation
outcomes >1 severe exacerbation [defined as a visit to the
ED/urgent care or a hospitalization for asthma, requiring
treatment with systemic corticosteroids (oral, intramuscular,
or intravenous) for at least 3 days] and =1 hospitalization for
asthma in the previous year. Secondary outcomes included
total IgE, atopy (=1 positive allergen-specific IgE), and IL-
17F level. FEV,, FVC, and FEV/FVC z-scores and per-
centage (%) predicted FEV, and FVC were calculated using
Global Lung Initiative equations that account for age, sex,
race/ethnicity, and height.*' The %predicted values of lung
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function were used as the primary outcomes and z-scores
were used in a confirmatory analysis.

Data analysis was first conducted in all subjects, and then
separately in cases and control subjects. Bivariate analyses
were performed using 2-sample #-tests (for pairs of binary
and continuous variables) or ;{2 tests (for categorical vari-
ables). Linear or logistic regression was used for the mul-
tivariable analysis of dietary score or dietary pattern and the
outcomes of interest. Covariates included in the regression
models were age, sex, annual household income (<$15,000
or >$15,000, the median annual household income in Puerto
Rico in 2008-2009), health insurance (private or employer-
based versus others), parental history of asthma, early life
(in utero or before 2 years of age) exposure to second-hand
smoke (SHS), body mass index (BMI) z-score, outdoor
physical activity (moderate to intense versus none to mini-
mal), breastfeeding (never, <6 months, or >6 months), and
(for the analysis in all subjects) case—control status.

Because we previously showed that vitamin D insuffi-
ciency (defined as a serum 25(OH)D level <30ng/mL) is
associated with severe asthma exacerbations in Puerto Rican
children,14 we tested for an interaction between dietary
score (dichotomized—for ease of exposition) as healthy
(a dietary score =1) or unhealthy (a dietary score <0) and
vitamin D insufficiency on severe asthma exacerbations.
Given a significant interaction, we next conducted an anal-
ysis of the binary dietary score (as mentioned) and asthma
exacerbations, stratified by vitamin D insufficiency. Since
we previously reported that vitamin D insufficiency has a
stronger effect on disease exacerbations in children with
nonatopic asthma than in those with atopic asthma,'* we
repeated this stratified analysis separately in children with
asthma and 21 positive IgE to allergens (atopic asthma) and
in those with asthma but no positive IgE to any allergen
(nonatopic asthma)

All statistical analyses were conducted using SAS 9.3
software (SAS Institute, Inc., Cary, NC).

Results

Table 1 shows the main characteristics of participating
children. Compared with children without asthma (n=327),
those with asthma (n=351) were slightly younger, more
likely to be male and atopic, and to have a parental history of
asthma, early life exposure to SHS, lower dietary score and
lung function measures (FEV, and FEV/FVC), and higher
levels of total IgE and IL-17F. Most asthmatic children (96%)
had mild to moderate airflow obstruction (FEV1/FVC >60%,
data not shown).

The bivariate analysis of dietary score and %predicted
FEV, and FVC, conducted separately in cases and in control
subjects, is illustrated in Figure 1. Dietary score was posi-
tively associated with FEV, (P for trend=0.01) and FVC
(P for trend=0.09) in control subjects, but not in cases.
After adjustment for relevant covariates, dietary score was
significantly associated with higher FEV, [ per each 1-
point increment in dietary score=2.79%, 95% confidence
interval (CI) 0.83-4.76], higher FVC (B per each 1-point
increment in dietary score =2.43%, 95% CI 0.32—4.54), and
lower IL-17F levels (B per each 1-point increment in dietary
score=—0.26, 95% CI —0.39 to —0.13) in control subjects,
but not in cases (Table 2). Similar results were obtained
when lung function measures were analyzed as z-scores.

HAN ET AL.

TABLE 1. CHARACTERISTICS OF STUDY PARTICIPANTS

Control Case
Covariate (n=327) (n=351)
Age (years) 10.5 2.7) 10.0 (2.6)*
Sex (male) 159 (48.6) 201 (57.3)*
BMI, z-score 0.5 (1.1) 0.7 (1.2)
Annual household income 196 (62.8) 225 (65.4)
<$15,000

No private or employer-based 205 (62.7) 239 (68.1)
health insurance

Breastfed
Never 142 (44.4) 159 (45.6)
<6 months 152 (47.5) 144 (41.3)
>6 months 26 (8.1) 46 (13.2)
Parental asthma 103 (31.7) 232 (66.3)*
Early life exposure to SHS 131 (41.9) 174 (51.6)*
Outdoor activity® 240 (73.4) 268 (76.4)
Vitamin D insufficiency 136 (46.4) 135 (43.4)
(25[OH]D <30 ng/mL)
Dietary score 09 (1.0)* 0.6 (1.0)*

Atopy (=1 positive
allergen-specific IgE)

Total IgE (IU/mL)

Interleukin-17F"

Prebronchodilator FEV, (L)

143 (49.8) 210 (68.9)*

2.2 (0.7)
0.8 (1.1)

2.5 (0.9)*
1.1 (1.0)*

Y%Predicted 97.8 (15.0) 92.9 (15.3)**
z-Score —0.17 (1.25) —0.58 (1.25)**
Prebronchodilator FVC (L)
Y%Predicted 104.8 (18.0) 102.1 (15.8)
z-Score 0.40 (1.56) 0.17 (1.38)
Prebronchodilator FEV/FVC
Ratio (%) 83.5 (9.0) 80.9 (9.0)**
z-Score -0.82 (1.27) —1.19 (1.16)**
At least 1 severe asthma 96 (27.4)
exacerbation in the
prior year
At least 1 hospitalization for 75 (21.4)

asthma in the prior year

Data are presented as number (percentage) for binary variables or
mean (SD) for continuous variables. Percentages were calculated
for children with complete data.

4At least a moderate amount of outdoor activity including
playing, practicing sports, and walking.

Data were logo transformed.

*P <0.05; *#P<0.01 for the comparison between control and case
groups (conducted using 2-sample r-tests or ° tests, as appropriate).

BMI, body mass index; FEV|, forced expiratory volume in the
first second; FVC, forced vital capacity; SD, standard deviation;
SHS, second-hand smoke.

Dietary score was not significantly associated with FEV,/
FVC, total IgE, or 21 positive allergen-specific IgE in cases
or control subjects.

Dietary pattern alone was not significantly associated
with asthma exacerbations (eg, OR 1.55, 95% CI 0.92-2.63
for =21 severe asthma exacerbation). Next, we tested whether
vitamin D insufficiency modifies the estimated effect of diet
on asthma exacerbation outcomes. Since we found a sig-
nificant interaction between vitamin D insufficiency and
dietary score (P=0.04, data not shown) in a multivariable
model, we repeated the analysis after stratification by vita-
min D insufficiency (Fig. 2). In this analysis, children with
an unhealthy diet and vitamin D insufficiency had signifi-
cantly higher odds of =1 hospitalization for asthma (OR
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TABLE 2. MULTIVARIATE ANALYSIS OF DIETARY SCORE AND LUNG FUNCTION AND OTHER OUTCOMES
Dietary score®
Outcome All subjects Controls only Cases only
Prebronchodilator FEV,
%Predicted 1.82 (0.50 to 3.14)** 2.79 (0.83 to 4.76)** 0.88 (—0.91 to 2.67)
z-Score 0.15 (0.04 to 0.26)** 0.23 (0.07 to 0.40)** 0.07 (—0.08 to 0.22)
Prebronchodilator FVC
%Predicted 1.85 (0.47 to 3.22)** 2.43 (0.32 to 4.54)* .27 (-0.54 to 3.08)
z-Score 0.16 (0.04 to 0.28)** 0.22 (0.03 to 0.40)* 0.11 (—0.05 to 0.27)

Prebronchodilator FEV /FVC
Ratio (%)b
z-Score

Interleukin-17F°

Total IgE®

>1 positive allergen-specific IgE"

0.26 (=0.52 to 1.04)
0.03 (~0.08 to 0.13)

~0.15 (=0.24 to —0.06)**
0.02 (~0.04 to 0.07)
0.03 (=0.01 to 0.07)

0.54 (~0.60 to 1.68)
0.07 (=0.08 to 0.25)

—-0.26 (=0.39 to —0.13)**

0.04 (~0.05 to 0.12)
0.03 (=0.04 to 0.09)

0.09 (~1.01 to 1.19)
~0.03 (=0.17 to 0.12)

~0.05 (~0.18 to 0.07)
~0.01 (=0.09 to 0.08)
0.04 (~0.01 to 0.10)

Data are presented as 3 (95% confidence interval).
All models were adjusted for annual household income, parental history of asthma, BMI z-score, breastfeeding, outdoor physical activity,
early life exposure to SHS, and case—control status (for all subjects).
“Dietary score ranges from —2 for the most “‘unhealthy diet” to 2 for the most ‘‘healthy diet.”

In addition adjusting for age and sex.
*P<0.05; **P<0.01.
IgE, immunoglobulin E.



Downloaded by BIBLIOSAN remote cilea clas from www.liebertpub.com at 10/16/18. For personal use only.

206

Asthma exacerbation in the prior year

HAN ET AL.

Odds ratio
[95% Confidence Interval]

at least one hospitalization for asthma

Healthy diet, no vitamin D insufficiency (ref.)

Unhealthy diet, no vitamin D insufficiency 1.19[0.51,2.78]
Healthy diet, with vitamin D insufficiency* | 2.59[1.10,6.12]
Unhealthy diet, with vitamin D insufficiency** I + { 3.91[1.56,9.80]
at least one severe asthma exacerbation

Healthy diet, no vitamin D insufficiency (ref.)

Unhealthy diet, no vitamin D insufficiency |—-—| 096[047,1.99]
Healthy diet, with vitamin D insufficiency |—o—| 1.11[0.52,2.38]
Unhealthy diet, with vitamin D insufficiency™* ’ - { 3.37[1.50,7.54]

| T T T T 1
0.00 2.00 4.00 6.00 8.00 10.00

QOdds ratio of asthma exacerbation

FIG. 2. Multivariate analysis of asthma exacerbation by dietary pattern and vitamin D status. All models were compared
with children with healthy diet without vitamin D insufficiency (reference group) and adjusted for age, sex, annual
household income, parental history of asthma, BMI z-score, breastfeeding, outdoor physical activity, and early life exposure
to second-hand smoke. Dietary pattern: healthy diet (dietary score =1) as compared with unhealthy diet (dietary score <0).

*P<0.05; **P<0.01. BMI, body mass index.

3.91, 95% CI 1.56-9.80) or >1 severe asthma exacerbation
(OR 3.37,95% CI 1.50-7.54) in the previous year than those
who ate a healthy diet and had sufficient vitamin D levels.
Similar results were obtained when the analysis was addi-
tionally adjusted for season of collection of the blood
sample for vitamin D measurement.

We then conducted an exploratory analysis of vitamin D
insufficiency and the binary dietary score, separately in
children with atopic asthma and those with nonatopic
asthma (Supplementary Table S1; Supplementary materials
are available online at www.liebertpub.com/ped). In this
analysis, an unhealthy diet and vitamin D insufficiency were
significantly associated with increased odds of =1 hospital-
ization for asthma in the previous year, both in children with
atopic asthma and in children with nonatopic asthma.
However, the magnitude of the observed association was
~9-fold stronger in children with nonatopic asthma than in
those with atopic asthma. Whereas similar findings were
obtained for =1 severe exacerbation among children with
atopic asthma, nonsignificant results were obtained for
nonatopic asthma.

Discussion

This study provides evidence that a healthy diet—with
frequent consumption of vegetables and grains and low
consumption of dairy products and sweets—is associated
with higher lung function in Puerto Rican children and ad-
olescents without asthma. Moreover, our findings suggest
that an unhealthy diet—Ilow in vegetables and grains and

high in dairy and sweets—has synergistic detrimental ef-
fects with vitamin D insufficiency on severe disease exac-
erbations in Puerto Rican children with asthma.

A diet derived from fruit and vegetables, rich in antiox-
idants (vitamins A, C, and E) and ®-3 and ®-6 polyunsat-
urated fatty acids, has been shown to have favorable effects
on pulmonary health.*? Similarly, 2 population-based stud-
ies in adults demonstrated that high fiber intake was posi-
tively associated with FEV, and FVC,?® and that a diet high
in processed products (high energy intake from fat, snacks,
bread, and fast food, but low in micronutrients and fiber)
was associated with a lower FEV,; and FvC.2* Moreover,
dietary patterns high in refined foods (fat, salty snacks, high-
sugar beverages, and low intake of vegetables, fruit, and
whole grain) have been associated with an accelerated
longitudinal decline in FEV,.> Data from the Hertfordshire
Cohort Study showed that a “‘prudent’ dietary pattern (high
consumption of fruit, vegetables, oily fish, and whole-meal
cereals) and dietary ‘‘total antioxidant capacity’’ (TAC) are
positively associated with lung function, whereas higher
processed meat consumption was associated with lower lung
function, particularly in men who also consumed less fruits
and vegetables or had low dietary TAC.>® Among adult
smokers without respiratory disease, a Westernized diet was
associated with impaired lung function, whereas a Medi-
terranean diet was linked to preserved lung function.”’

The effect of dietary patterns on lung function or asthma
control in children is less clear. Because asthmatic children
typically have lower lung function and greater airway inflam-
mation, dietary intake might affect lung function differently
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among asthmatic and nonasthmatic children. We report that
higher dietary score did not affect FEV,; and FVC among asth-
matic children, who have airway inflammation and in whom
diet alone may not suffice to improve lung function. On the
contrary, higher intake of fruit and vegetables, as well as a
Mediterranean diet, has been positively associated with FEV,
and FVC, but inversely associated with IL-8 levels in nasal la-
vage in asthmatic children, but not in healthy controls.”® Such
discrepant findings may be explained by different definitions of
dietary patterns across studies, and potential residual con-
founding (eg, by air pollution) in our study. A higher Mediter-
ranean diet score, defined by high frequent consumption of
pro-Mediterranean food and low frequent consumption of anti-
Mediterranean food, has been associated with lower odds of
asthma but not with asthma control or FEV| among children with
asthma.?® In a separate study, a dietary pattern with “high fat,
sugar, and salt”” was associated with 23% higher odds of emer-
gency visits for asthma, whereas a dietary pattern rich in “fish,
fruit, and vegetables” was associated with 16% lower odds of
current use of asthma medications.*® To our knowledge, this
study is the first to report combined detrimental effects of an
unhealthy diet and vitamin D insufficiency on asthma exacer-
bations, highlighting potential synergistic effect of diverse nu-
trients and dietary patterns on asthma outcomes. Our findings
require validation in larger studies that also examine potential
underlying mechanisms.

Dietary components can modulate immune function by
regulating T-helper (Th)l and Th2 (proallergic) immune
responses that lead to airway and systematic inflammation,*
but we found no significant association between a dietary
score and total or allergen-specific IgE. Animal models
show that a diet rich in saturated fatty acids and cholesterol
can facilitate airway inflammation mediated by IL-17,*'
whereas a diet rich in unsaturated fatty acids, vitamins, and
fiber can attenuate airway inflammation by promoting Th2
cell responses.** Epidemiologic studies also show associa-
tions between diet, inflammation markers, and lung func-
tion. Consumption of a healthy, plant food-based diet has
been associated with a significant reduction in C-reactive
protein.*® The dietary inflammatory index (DII), a score that
categorizes individual diet on a continuum from most anti-
inflammatory to most proinflammatory based on FFQs, has
been found to be higher in subjects with asthma than in
healthy controls. Moreover, higher DII score has been as-
sociated with increased odds of asthma and increased IL-6
levels, but decreased FEV,.>* Likewise, we report that di-
etary score is inversely associated with reduced plasma IL-
17F, particularly in healthy controls. We previously reported
that a healthier diet (high in vegetables and grains and low
in dairy and sweet) is associated with decreased odds of
asthma and lower levels of IL-17F in Puerto Rican children,
indicating that diet could have beneficial effects by down-
regulating Th-17 cytokines.'® Of interest, the estimated ef-
fect of combined vitamin D insufficiency and an unhealthy
diet on hospitalizations for asthma was stronger in children
with nonatopic asthma than in children with atopic asthma,
further suggesting nonallergic mechanisms (eg, immune
modulation of viral illness) for our findings. However, these
results must be cautiously interpreted, given small sample
size and the exploratory nature of the analysis.

Longitudinal studies or whole-diet interventions are still
lacking. Current studies of dietary interventions or weight
loss and asthma control have mostly focused on ‘‘obese

asthma,””*>*® but our findings for lung function and asthma
exacerbations were independent of obesity. Although a 16-
week randomized control trial of vegetable and fruit con-
centrates, fish oil, and probiotics significantly improved lung
function and reduced the use of asthma medications in
school-aged children,®” prospective studies are still needed
to evaluate whether change of diet toward healthier pattern
improves asthma control and disease outcomes.

This study has considerable strengths, including a study
sample representative of children in Puerto Rico, detailed
and objective measurement of pertinent phenotypes, and the
ability to account for several socioeconomic and lifestyle
confounders. We also acknowledge several limitations.
First, we cannot determine temporal relationship between
dietary patterns and lung function or asthma exacerbations
in our cross-sectional study. However, it is unlikely that
children with worse lung function or asthma exacerbations
would adopt an unhealthy dietary pattern. Second, recall
bias and social desirability bias may introduce misclassifi-
cation of food frequency consumption by the participants’
parents. Nonetheless, parental report of FFQ or dietary
patterns among young children has been shown to be ac-
curate.®® Third, unmeasured or residual confounding (eg, by
air pollution and the gut microbiota) may have affected our
results. Confounding by socioeconomic status (SES) is un-
likely, as our results were unchanged after adjustment for
household income and remained similar in models adjusting
for other SES indicators (parental education and type of
health insurance). Lastly, the generalizability of our findings
in Puerto Ricans to children in other underserved racial or
ethnic groups would require further investigation.

In summary, our study in Puerto Rico suggests beneficial
effects of healthy dietary patterns on lung function in chil-
dren without asthma, as well as synergistic detrimental ef-
fects of an unhealthy diet and vitamin D insufficiency on
severe exacerbations in children with asthma. These results
further support the general benefits of a healthy diet in un-
derserved children such as Puerto Ricans.
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SUPPLEMENTARY TABLE S1. MULTIVARIATE ANALYSIS OF DIETARY PATTERN AND ASTHMA EXACERBATION

Asthma exacerbation in the prior year

Atopic asthma (n=210)

Nonatopic asthma (n=295)

Odds ratio (95% confidence interval)

At least one hospitalization for asthma
Healthy diet, no vitamin D insufficiency
Unhealthy diet, no vitamin D insufficiency
Healthy diet, with vitamin D insufficiency
Unhealthy diet, with vitamin D insufficiency

At least one severe asthma exacerbation
Healthy diet, no vitamin D insufficiency
Unhealthy diet, no vitamin D insufficiency
Healthy diet, with vitamin D insufficiency
Unhealthy diet, with vitamin D insufficiency

1.0
1.16 (0.46-2.91)
1.30 (0.49-3.43)
3.13 (1.16-8.50)*

1.0
1.02 (0.46-2.30)
1.25 (0.54-2.81)
3.86 (1.57-9.51)%*

1.0
1.62 (0.11-24.60)
28.29 (1.42-564.11)*
28.25 (1.32-604.35)*

1.0

1.30 (0.16-10.81)
3.82 (0.39-37.95)
5.91 (0.60-58.57)

All models were adjusted for age, sex, household income, and parental history of asthma. Dietary pattern:

as compared with unhealthy diet (dietary score <0).
*P<0.05; **P<0.01.

healthy diet (dietary score >1)
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