
subsequently lead to an impaired lung function, a hallmark of
COPD. n
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Proximity to a Major Road, Vitamin D
Insufficiency, and Severe Asthma
Exacerbations in Puerto Rican Children

To the Editor:

Traffic-related air pollution (TRAP) causes asthma morbidity, and
vitamin D insufficiency (a plasma 25[OH]D level , 30 ng/ml)
is associated with severe asthma exacerbations in Puerto Rican
(PR) children (1). Because vitamin D has antioxidant effects, we
examined whether proximity to a major road (a marker of TRAP)
is associated with increased risk for severe asthma exacerbations

The authors are supported by grants HL079966 and HL117191 from
the National Institutes of Health and by an endowment from the Heinz
Foundation.

Author Contributions: G.C. and J.C.C. participated in study design and
implementation; F.R., J.M.B., E.F., K.S.K., and J.C.C. participated in data
analysis; E.A.-P. participated in data generation; F.R. and J.C.C. wrote the
initial draft of the manuscript; and all authors participated in the review of the
manuscript and approved its final version.

This letter has an online supplement, which is accessible from this issue’s
table of contents at www.atsjournals.org

CORRESPONDENCE

1190 American Journal of Respiratory and Critical Care Medicine Volume 190 Number 10 | November 15 2014

http://www.atsjournals.org/doi/suppl/10.1164/rccm.201404-0697LE/suppl_file/disclosures.pdf
http://www.atsjournals.org
http://www.atsjournals.org


in PR children and whether coexisting vitamin D insufficiency
further increases this risk.

From March 2009 to June 2010, 351 children with asthma
were chosen from randomly selected households in San Juan, Puerto
Rico, as previously described (1). Study participants completed
a protocol including questionnaires, spirometry, and allergy skin
testing. Plasma 25-hydroxy-vitamin D (hereafter referred to as
vitamin D) was measured using tandem mass spectrophotometry
(Waters Corporation, Milford, MA) (1). Written parental consent
and child’s assent was obtained for participants in the study,
which was approved by the institutional review boards of the
University of Puerto Rico in San Juan; Brigham and Women’s
Hospital in Boston, Massachusetts; and the University of
Pittsburgh in Pennsylvania.

To measure residential distance from a major road, the home
address of each participant was geocoded (linked) to a 15-digit
2000 US Census Federal Information Processing Standard 1 block
code at the University of Puerto Rico. Using the program
ArcMAP10.1 (ArcGIS 10.1, Esri, Redlands, CA), centroids were
then created by obtaining X, Y coordinates for the center of
individual census blocks based on a 2000 US Census map
for Puerto Rico (see Figure E1 in the online supplement). The
distance from the residential block centroid of a participant to the
nearest major road (defined by Esri 2012 Data and Maps major
road layer) was then calculated using the geo-processing proximity
tool “near,” which measures the nearest distance “as the crow flies”
between two features. Because of the lack of a complete home
address, one participant was excluded.

Table 1. Multivariate Analysis of Distance from a Major Roadway (by Quartiles [Model 1] and as a Continuous Variable [Model 2]) and
Severe Asthma Exacerbations in Puerto Rican Children

Covariates Model 1 Model 2

Residential distance from a major roadway By quartiles Per every 100 m
Quartile 1 (,172 m) 3.04* (1.43–6.45) —
Quartile 2 (172–209 m) 2.02* (1.01–4.06) —
Quartile 3 (210–441 m) 1.93 (0.94–3.99) —
Quartile 4 (.441 m) 1.00 (reference) —
Continuous — 1.15*† (1.05–1.27)

Vitamin D insufficiency (plasma 25[OH]D
level , 30 ng/dl)

2.46* (1.43–4.28) 2.46* (1.42–4.23)

Age, yr 0.84* (0.75–0.93) 0.87* (0.79–0.95)
Gender (male) 1.19 (0.71–1.98) 1.21 (0.73–2.01)
Annual household income . $15,000 0.81 (0.45–1.47) 0.83 (0.48–1.45)
Inhaled corticosteroid use during the last 6 mo 3.94* (2.16–7.19) 3.97* (2.19–7.19)

Data are given as odds ratio (95% confidence interval).
*P , 0.01.
†Per every 100 m closer to a major roadway, the odds of a severe exacerbation increase by z15%.

12
*P for trend 
< 0.0001
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Figure 1. Categories of residential proximity to a major roadway (living. vs.<441m away from amajor road) and vitamin D insufficiency (plasma vitamin D level,
30 ng/dl) and severe asthma exacerbations. Multivariate analysis adjusted for age, sex, household income, and use of inhaled corticosteroids in the prior 6 months.
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Our primary outcome was one or more severe asthma
exacerbations (one or more hospitalizations or visits to the
emergency department [ED] or urgent care requiring treatment with
systemic corticosteroids, or one ormore courses of systemic steroids [2])
in the previous year. Secondary outcomes included visits to the
ED/urgent care and hospitalizations for asthma in the previous year.

Logistic multivariable regression was used for the analysis
of TRAP and severe asthma exacerbations, adjusting for age, sex,
household income, vitamin D insufficiency, and use of inhaled
corticosteroids. To examine the joint effects of vitamin D
insufficiency and proximity to a major road, we created four
categories of exposure: vitamin D sufficiency and living furthest
from a major road (in the upper or fourth quartile, based on
results from a multivariate model), serving as the reference group;
vitamin D sufficiency and living closer to a major road (first to
third quartiles); vitamin D insufficiency and living furthest from
a major road; and vitamin D insufficiency and living closer to
a major road. Given nearly identical results for the two intermediate
categories, they were collapsed, resulting in three categories for
analysis: vitamin D sufficiency and living furthest from amajor road,
either living close to a major road or living farther from a road
(but not both), and both living close to a major road and having
vitamin D insufficiency.

Table E1 summarizes the characteristics of study participants:
two-thirds or more lacked private/employer-based health
insurance, nearly half were exposed to current or early-life
environmental tobacco smoke (ETS), more than 40% had
vitamin D insufficiency, slightly more than half had one or
more severe exacerbations, and most were atopic. Proximity
to a major road was significantly associated with one or more
severe asthma exacerbations in the previous year.

Table E2 shows a comparison of children who either did
or did not have one or more severe asthma exacerbations in
the prior year by residential distance to a major road and other
characteristics. Compared with children who had no severe
exacerbations, those who did were significantly more likely to be
younger and to have been exposed to ETS in early life, to have
lower lung function and vitamin D insufficiency, and to not have
used inhaled corticosteroids. There was also a trend for an inverse
association between residential distance to a major road and one
or more severe exacerbations (P = 0.05).

Table 1 shows the results of the multivariable analysis
of residential distance to a major road and severe asthma
exacerbations. Children living closer to a major road had two-
to threefold increased odds of one or more severe exacerbation
(Model 1). In this model, vitamin D insufficiency was also
associated with 2.5 times increased odds of one or more severe
exacerbations. Similar results were obtained when distance to a major
road was treated as continuous (Model 2). Moreover, our findings
were unchanged after additional adjustment for lung function
measures or ETS in our multivariate models (data not shown).

Figure 1 and Table E3 show the findings from an analysis
stratified by categories of proximity to a road and vitamin D
insufficiency. In this analysis, children who had either vitamin D
insufficiency or lived closest to a major road were 1.6 times
more likely to have had one or more severe asthma exacerbations
than those who were vitamin D sufficient and lived furthest from a
major road. Compared with children who were both vitamin D
sufficient and lived furthest from a major road, those who were both

vitamin D insufficient and lived closer to a major road were nearly five
times more likely to have had one or more severe exacerbations.
Findings for secondary outcomes were similar for ED/urgent care
visits but less significant for hospitalizations for asthma, at least partly
because of the small sample size (see Tables E4 and E5).

Distance from a centroid may under- or overestimate
residential distance from a major road, but this misclassification
would be modest and nondifferential. Although we lack data
on specific pollutants, examining TRAP by residential proximity to
a major road integrates exposure to a complex milieu of pollutants
(3), some of which (e.g., nitrogen dioxide, particulate matter and
ozone) have been implicated in the pathogenesis of asthma and
severe asthma exacerbations (4, 5). Seasonal variation has no major
effect on vitamin D levels in Puerto Rico, and our findings were
unchanged after accounting for month of sample collection or
other relevant variables measured in our study. Confounding by
unmeasured factors is a plausible but improbable explanation for our
results, given prior findings implicating vitamin D insufficiency or
TRAP as a risk factor for severe asthma exacerbations in children.

To our knowledge, this is the first report of joint detrimental
effects of vitamin D insufficiency and TRAP on severe asthma
exacerbations in children. Our findings suggest that airway oxidative
stress induced by air pollutants is exacerbated by vitamin D
insufficiency (6–8). Alternatively, vitamin D insufficiency and
TRAP may impair immune responses to viral infections, a major
cause of severe asthma exacerbations in childhood (9). Clinical
trials should determine whether vitamin D ameliorates the negative
effects of TRAP on asthma. n
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Native and Active Vitamin D in Intensive
Care: Who and How We Treat Is
Crucially Important

To the Editor:

We read with great interest the results of the double-blind, placebo-
controlled trial by Leaf and colleagues investigating the effects of the
active vitamin D metabolite 1,25-dihydroxyvitamin D [calcitriol,
1,25(OH)D] on short-term biochemical outcomes in adult critically
ill patients with severe sepsis (1). The authors report that a single
dose of intravenous calcitriol had no effect on plasma human
cathelicidin cationic antimicrobial protein (hCAP)-18 levels, but
hCAP-18 and interleukin 10 mRNA expression was significantly
higher in the intervention group after 24 hours. This study is very
welcome, as it is one of only a few interventional trials among
several observational studies aimed at understanding the role of
vitamin D in critical care. Although the results are intriguing,
several points need to be raised to fully appreciate the limitations
of these findings:

1. Who was treated? Vitamin D treatment makes most sense in those
with low vitamin D status. In analogy, well-known and powerful
drugs such as insulin, antibiotics, or beta blockers are only useful in
selected, not all, intensive care unit patients. In this study, low
vitamin D status was not a prerequisite for study inclusion, and
although a median 25-hydroxyvitamin D [25(OH)D] level of 16.5
ng/ml at baseline is reported in the intervention group, it is unclear
what proportion of the study cohort was vitamin D deficient. It
would have been interesting to analyze whether patients with very
low 25(OH)D levels (i.e., below median levels) responded better
to calcitriol than those with higher levels, despite the limitation
of sample size. It is also worth noting that the reported liquid
chromatography–mass spectrometry interassay coefficients of
variation for 25(OH)D (17.5%) and calcitriol (14.5%) are
surprisingly high and, as such, were a cause for some concern
regarding the conclusions drawn on this data.

2. How were the patients treated? Calcitriol is the natural active
vitamin D metabolite and has a half-life of only a few hours,
in contrast to the much longer half-life of the native vitamin D
metabolite cholecalciferol (2–3 weeks). The authors opted for a single
dose of calcitriol and at the same time appreciated reasons why local
25(OH)D might be more relevant for immunomodulatory effects
than circulating calcitriol levels (2). They eventually justified their
choice to use calcitriol by suggesting impaired conversion of 25(OH)
D to 1,25(OH)2D in critical illness based on two studies (3, 4). One
study investigated 30 patients who developed acute kidney injury
(3), and the second looked at peritoneal dialysate monocytes from
patients with end-stage renal disease (4). The current study design,
however, excluded the only patient cohort that was likely to profit
most from calcitriol treatment; namely, patients with end-stage renal
disease. There is very limited evidence that 1a-hydroxylase activity
may indeed be reduced in critical illness. In fact, circulating levels
of calcitriol and 25(OH)D have been shown to increase more than
twofold within days of high-dose cholecalciferol supplementation
in critically ill patients (5). Similar increases in 1,25(OH)2D levels
were found in a study in which 25(OH)D was given to intensive care
unit patients, and the relative increase was even larger than in the
group receiving a 2-mg calcitriol dose every second day (6).

We strongly believe that native vitamin D, and in particular
cholecalciferol (vitamin D3), remains the best and most physiologic
vitamin D metabolite to correct low 25(OH)D levels in critically
ill patients with or without sepsis. Active vitamin D analogs may be
useful as adjunctive agents in the small subgroup of patients with
advanced acute or chronic renal failure. Regarding the question posed
by Leaf and colleagues of whether calcitriol increases circulating hCAP-
18 levels in humans with severe sepsis, it seems the data from this
study are unable to provide adequate answers, because we doubt that
either the chosen target population or the single calcitriol treatment
regimen was optimal. To accurately determine whether vitamin D
may play a beneficial role in the treatment of septic patients, future
studies are needed, carefully choosing the target population, type of
vitamin D supplementation, route/frequency/dose of administration,
and methods used to quantify pertinent biomarkers. n
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METHODS 24 

Study population 25 

From March of 2009 to June of 2010, children in San Juan (Puerto Rico) were chosen from 26 

randomly selected households, as previously described (1). In brief, households in the 27 

metropolitan area of San Juan were selected by a multistage probability sample design. Primary 28 

sampling units were randomly selected neighborhood clusters based on the 2000 United States 29 

census and secondary sampling units were randomly selected households within each individual 30 

primary sampling unit. A household was eligible if ≥1 resident was a child 6-14 years old. A 31 

total of 6,401 households selected for inclusion were contacted. Of these, 1,111 households had 32 

≥1 child who met inclusion criteria other than age (four Puerto Rican grandparents and residence 33 

in the same household for ≥1 year). Of these 1,111 households, 438 (39.4%) had ≥1 eligible 34 

child with asthma (defined as having physician-diagnosed asthma and wheeze in the prior year). 35 

From these 438 households, one child with asthma was selected (at random if there was more 36 

than one such child). Similarly, only one child without asthma was randomly selected from the 37 

remaining 673 households. In order to reach our target sample size (~700 children), we 38 

attempted to enroll 783 of the 1,111 eligible children selected for inclusion. Parents of 105 39 

(13.4%) of these 783 children refused to participate or could not be reached, leaving 678 study 40 

participants (351 cases and 327 control subjects); there were no significant differences in age, 41 

gender, or area of residence between children who did and did not agree to participate. Because 42 

we focused on severe asthma exacerbations, only children with asthma (n=351) were included in 43 

this analysis.  44 

 45 

Study Procedures 46 

E2



Study participants completed a protocol that included administration of questionnaires, 47 

spirometry, and collection of blood samples (for measurement of plasma vitamin D). The child’s 48 

parents completed a questionnaire used in the Genetics of Asthma in Costa Rica Study, which 49 

was slightly modified from one used in the Collaborative Study of the Genetics of Asthma (2).  50 

This questionnaire was used to obtain information about the child’s general and respiratory 51 

health, socio-demographic characteristics, family history, environmental tobacco smoke (ETS) 52 

and use of inhaled corticosteroids (ICS) in the previous 6 months.   53 

 54 

Height and weight were measured to the nearest centimeter and pound, respectively. Spirometry 55 

was conducted with an EasyOne spirometer (NDD Medical Technologies, Andover, MA). All 56 

subjects had to be free of respiratory illnesses for ≥4 weeks before spirometry, and they were 57 

also instructed (when possible) to avoid use of inhaled short- and long-acting bronchodilators for 58 

≥4 and ≥12 hours before testing, respectively. Forced expiratory maneuvers were judged to be 59 

acceptable if they met or exceeded American Thoracic Society criteria modified for children (3). 60 

The best forced expiratory volume in 1 second (FEV1) and forced vital capacity (FVC) were 61 

selected for data analysis.  62 

 63 

Plasma 25-hydroxy-vitamin D levels (hereafter referred to as vitamin D) were measured using 64 

tandem mass spectrophotometry (Waters Corporation, Milford) as previously described (1). Skin 65 

test reactivity (STR) to aeroallergens, histamine and saline diluent, was assessed using a Multi 66 

Test device (Lincoln Diagnostics, Decatur, IL) on the skin of the forearm (in a site free of 67 

eczema). Aeroallergens tested included house dust mites (D. pteronyssinus and D. farinae), B. 68 

tropicalis, German cockroach (B. germanica), mouse pelt, dog dander, cat dander, mold mix, 69 

E3



Alternaria tenuis, mixed tree pollen, mixed grass pollen, mugwort sage, and ragweed (Alk-70 

Abello, Round Rock, TX). A skin test was considered positive if the maximum wheal diameter 71 

exceeded the diluent wheal diameter by ≥3 mm.    72 

 73 

Written parental consent was obtained for participating children, from whom written assent was 74 

also obtained. The study was approved by Institutional Review Boards of the University of 75 

Puerto Rico (San Juan, PR), Brigham and Women’s Hospital (Boston, MA), and the University 76 

of Pittsburgh (Pittsburgh, PA). 77 

 78 

Statistical Analysis 79 

To measure residential proximity to a major roadway, the home address of each study participant 80 

was geocoded (linked) to a 15-digit 2000 US Census Federal Information Processing Standard 81 

(FIPS) + block code at the University of Puerto Rico. Using the program ArcMAP10.1 (ArcGIS 82 

10.1, Esri, Redlands, CA), centroids were then created by obtaining X, Y coordinates for the 83 

center of individual census blocks based on a 2000 US Census map for Puerto Rico. The distance 84 

from the residential block centroid of a study participant to the nearest major roadway (defined 85 

by Esri 2012 Data and Maps major road layer, which include data for interstates, inter-86 

metropolitan area and intra-state highways and other major roads) was then calculated using the 87 

geoprocessing proximity tool “near”, which measures the nearest distance “as the crow flies” 88 

between two features.  Because of inability to derive a geocode (due to an incomplete home 89 

address), one of the 351 study participants was excluded from this analysis. 90 

 91 

Our primary outcome was at least one severe asthma exacerbation (defined as at least one 92 

hospitalization or visit to the Emergency Department (ED) or Urgent Care for asthma that led to treatment 93 

E4



with systemic (oral, intramuscular or intravenous) corticosteroids, or at least one course of systemic 94 

steroids for asthma (4)) in the previous year. Secondary outcomes included core measures of 95 

asthma exacerbations in the previous year, including visits to the ED or urgent care for asthma 96 

and hospitalizations for asthma. 97 

98 

Because of their potential correlation with residential address and severe asthma exacerbations, 99 

the following covariates were examined in bivariate analyses: age, sex, household income ( less 100 

than vs. equal or greater than $15,000 per year [near the median income for Puerto Rican 101 

households in 2008-09) (5)]; type of health insurance (private or employer-based vs. others), use 102 

of ICS in the previous 6 months, early-life exposure to ETS (either in utero or in the first two 103 

years of life) (6); current exposure to ETS (7, 8); body mass index (BMI) as a z score (9) (based 104 

on 2000 Centers for Disease Control and Prevention growth charts (10)); forced expiratory 105 

volume in 1 second (FEV1), and  FEV1/FVC ratio; and atopy (defined as having at least one 106 

positive skin test to allergens).  107 

 108 

Logistic regression was used for the multivariate analysis of residential proximity to a major 109 

roadway and severe asthma exacerbations. All multivariate models included age, gender, 110 

household income, vitamin D insufficiency and use of ICS in the previous six months. Other 111 

covariates (see above) were included in the initial models if they were associated with severe 112 

aasthma exacerbations at P<0.25 in bivariate analyses, and then subjected to removal in a step-113 

wise fashion. At each step of model building, the variable with the largest P value was excluded; 114 

the procedure stopped when all variables not forced into the model had P <0.05.  115 

116 
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To examine the joint effects of vitamin D insufficiency and proximity to a major roadway on 117 

severe asthma exacerbations, we then  created four categories of exposure: vitamin D sufficiency 118 

and living furthest from a major road (in the upper quartile, based on the results of the main 119 

model), serving as the reference group; vitamin D sufficiency and living closer to a major road 120 

(in the first [lowest] to third quartiles); vitamin D insufficiency and living furthest from a major 121 

road; and vitamin D insufficiency and living closer to a major road. Since nearly identical results 122 

for the two intermediate categories were obtained in a multivariate analysis, they were collapsed, 123 

and we thus analyzed three categories of exposure:  vitamin D sufficiency and living furthest 124 

from a major road, either living close to a major road or  living farther from a road(but not both), 125 

and both living close to a major road and having vitamin D insufficiency. All analyses were 126 

performed using SAS version 9.3 (SAS Institute, Cary, NC).  127 

128 

129 

130 

131 

132 

133 

134 

135 
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Table E1. Characteristics of study participants, overall and by residential distance to a major roadway 
By distance (in meters) to a major roadway 

Overall 
Quartile 1 
(<172m) 

Quartile 2 
(172 - 209m) 

Quartile 3 
(210m - 441m) 

Quartile 4 
(>441m) 

p value 
trend 

n=350 n=77 (22%) n=103 (29%) n=81 (23%) n= 89 (25%) 

Age 10.0 (2.6) 10.0 (2.3) 10.1 (2.7) 9.8 (2.6) 10.2 (2.7) 0.84 

Gender (%male) 200 (57) 42 (55) 62 (60) 52 (64) 44 (49) 0.55 
Annual household income 
>$15,000  119 (34.7) 27 (36) 13 (13) 48 (59) 31 (35) 0.05 

Private or employer health 
insurance  111 (32) 26 (34) 12 (12) 49 (61) 24 (27) 0.16 

ETS exposure in early life 173 (49) 37 (48) 58 (56) 28 (35) 50 (56) 0.92 

ETS exposure, current 155 (44) 36 (47) 57 (55) 23 (28) 39 (44) 0.13 

BMI z-score 0.67 (1.2) 0.88 (1.2) 0.59 (1.2) 0.80 (1.1) 0.49 (1.2) 0.17 

Insufficient Vitamin D 
(<30ng/dL)  135 (44) 25 (38) 48 (51) 30 (40) 32 (42) 0.87 

≥1 positive skin test to 
allergens 234 (81) 53 (90) 63 (72) 58 (82) 60 (83) 0.90 

Use of ICS, last 6 months 114 (33) 20 (26) 22 (21) 40 (49) 32 (36) 0.01 

FVC (L) 2.3 (0.8) 2.2 (0.8) 2.3(0.8) 2.4 (0.8) 2.4 (0.8) 0.31 

FEV1 (L) 1.9 (0.7) 1.8 (0.7) 1.9 (0.7) 1.9 (0.7) 2.0 (0.7) 0.46 

FEV1/FVC ratio 0.81 (0.09) 0.83 (0.09) 0.80 (0.09) 0.80 (0.10) 0.81 (0.09) 0.37 

≥1 severe asthma exacerbation 
in previous year 183 (52) 45 (58) 56 (54) 46 (57) 36 (40) 0.03 

≥1 ED/urgent care visit for 
asthma in previous year 176 (50) 45 (58) 55 (53) 43 (53) 33 (37) 0.01 

≥1 hospitalization for asthma 
in previous year 75 (21) 13 (17) 31 (30) 15 (19) 16 (18) 0.58 

Results presented as mean (sd) for continuous variables and n (%) for categorical 
ETS= environmental tobacco smoke 



Table E2. Comparison of baseline characteristic between asthmatics with 
a severe asthma exacerbation in the last year and those without. 

Severe asthma exacerbation 
in the last yeara 

No Yes P valueb 
n=167 n=183 

Age (year) 10.5 (2.6) 9.6 (2.5) 0.001 
Distance from major 
roadway (m) 378 (299) 300 (237) 0.05 

Gender (%male) 91 (54) 109 (60) 0.34 

Annual household income 
>$15,000  59 (36) 60 (34) 0.63 

Private or employer health 
insurance  53 (32) 58 (32) 0.99 

ETS exposure in early life 73 (44) 100 (55) 0.04 

ETS exposure, current 71 (43) 84 (46) 0.52 

Use of ICS in the last 6 
months 34 (20) 80 (44) <0.0001 

BMI z-score 0.58 (1.2) 0.75 (1.1) 0.21 

Pre FVC (L) 2.5 (0.8) 2.2 (0.8) 0.003 

Pre FEV1 (L) 2.0 (0.7) 1.8 (0.7) 0.003 

FEV1/FVC ratio 0.81 (0.1) 0.81 (0.1) 0.98 

Insufficient Vitamin D 
(<30ng/dL) 51 (36) 84 (50) 0.01 

≥1 positive skin test to 
allergens 112 (82) 122 (79) 0.50 
aResults displayed as mean (sd) for continuous variables and n (%) for categorical 
variables 
bp value from ttest or Wilcoxon as appropriate based on normality or chi square for 
categorical variables 



Table E3. Proximity to a major roadway, vitamin D insufficiency and severe 
asthma exacerbations in Puerto Rican children with asthma 

      Model 1                         
Odds ratio 
(95%CI) 

Model 2 

Living >441m from a major 
road, with sufficient vitamin 

D 
(category 1) 

1.0 
(reference) 

Living (>441m from a major 
road, with insufficient 

vitamin D OR living <441m 
with sufficient vitamin D 

(category 2) 

1.6 
(0.8-3.3) 

Living <441m and 
insufficient vitamin D 

(category 3) 

4.8* 
(2.1-10.7) 

Moving from one category to 
the next (e.g. from 1 to 2 , or 

from 2 to 3) 

2.3** 
(1.6-3.5) 

Models adjusted for age, gender, annual household 
income, and ICS use.  
*p value= 0.0002
**p value <0.0001 



Table E4. Multivariate analysis of at least one ED or Urgent Care visit for asthma in the last 12 
months and distance from a major roadway (by quartiles [Model 1] and as a continuous variable 
[Model 2]) in Puerto Rican children with asthma 

Covariates Model 1a Model 2a 

Residential distance from a major roadway By quartiles Per every 100 meters 

Quartile 1 2.62** 
(1.29, 5.33) 

Quartile 2 2.16* 
(1.12, 4.16) 

Quartile 3 2.15* 
(1.08, 4.29) 

Quartile 4 1.00 
(reference) 

-- 1.14** b 
(1.04, 1.25) 

Vitamin D insufficiency (plasma 25(OH)D 
<30ng/dL) 

1.27 
(0.77, 2.10) 

1.27 
(0.77, 2.10) 

Age (years) 0.96 
(0.87, 1.06) 

0.96 
(0.87, 1.06) 

Gender (male) 1.00 
(0.62, 1.62) 

1.03 
(0.64, 1.67) 

Annual household income >$15,000 0.47** 
(0.26, 0.82) 

0.48** 
(0.28, 0.81) 

Inhaled corticosteroid use, last 6 mos. 2.05* 
(1.18, 3.57) 

2.09** 
(1.21, 3.61) 

aResults shown as  odds ratio (95% confidence interval); 
b For every 100 meters closer to a major roadway, the odds of a severe asthma exacerbation increases by ~15%. 
* p<0.05 ** p<0.01



Table E5. Multivariate analysis of at least one hospitalization for asthma in the last 12 months 
and distance from a major roadway (by quartiles [Model 1] and as a continuous variable [Model 
2]) in Puerto Rican children with asthma 

Covariates Model 1a Model 2a 

Residential distance from a major roadway By quartiles Per every 100 meters 

Quartile 1 1.23 
(0.48, 3.17) 

Quartile 2 2.17 
(0.96, 4.89) 

Quartile 3 1.57 
(0.63, 3.90) 

Quartile 4 1.00 
(reference) 

-- 
1.10b 

(0.98, 1.23) 
 Vitamin D insufficiency (plasma 25(OH)D 

<30ng/dL) 
2.48** 

(1.32, 4.66) 
2.56**

(1.37, 4.8) 

Age (years) 0.87* 
(0.77, 0.99) 

0.88* 
(0.78, 0.99) 

Gender (male) 0.93 
(0.51, 1.70) 

0.95 
(0.53, 1.73) 

Annual household income >$15,000 0.20** 
(0.09, 0.47) 

0.19** 
(0.08, 0.42) 

Inhaled corticosteroid use, last 6 mos. 2.45** 
(1.26, 4.75) 

2.47** 
(1.29, 4.73) 

aResults shown as  odds ratio (95% confidence interval); 
b For every 100 meters closer to a major roadway, the odds of a severe asthma exacerbation increases by ~10%. 
* p<0.05 ** p<0.01



Figure E1: Area of study  in Puerto Rico, with centroids and major roadways 
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