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Summary
Background Vitamin D deficiency may be associated with an increased risk of asthma.
Objective We studied the association between 25-hydroxy (25-OH) vitamin D deficiency
and asthma prevalence in two Peruvian populations close to the equator but with dispa-
rate degrees of urbanization.
Methods We conducted a population-based study in 1441 children in two communities in
Peru, of which 1134 (79%) provided a blood sample for 25-OH vitamin D analysis.
Results In these 1134 children, mean age was 14.8 years; 52% were boys; asthma and
atopy prevalence was 12% in Lima vs. 3% in Tumbes (P < 0.001) and 59% in Lima vs.
41% in Tumbes (P < 0.001), respectively; and, mean 25-OH vitamin D level was 20.8 ng/
mL in Lima vs. 30.1 ng/mL in Tumbes (P < 0.001). Prevalence of 25-OH vitamin D defi-
ciency (< 20 ng/mL) was 47% in Lima vs. 7% in Tumbes (P < 0.001). In multi-variable
logistic regression, we found that lower 25-OH vitamin D levels were associated with an
increased odds of asthma (OR = 1.7 per each 10 ng/mL decrease in 25-OH vitamin D
levels, 95% CI 1.2–2.6; P < 0.01). In stratified analyses, the association between lower
25-OH vitamin D levels and asthma was limited to children with atopy (OR = 2.2, 95% CI
1.3–3.6) and not in those without atopy (OR = 0.9, 95% CI 0.5–2.0). We did not find
associations between 25-OH vitamin D levels and other clinical biomarkers for asthma,
including exhaled nitric oxide, total serum IgE and pulmonary function.
Conclusion and Clinical Relevance Both asthma and 25-OH vitamin D deficiency were
common among children living in Lima (latitude = 12.0°S) but not among those in Tum-
bes (3.6°S). The relationship between 25-OH vitamin D deficiency and asthma was similar
in both sites and was limited among children with atopy. Future supplementation trials
may need to consider stratification by atopy at the time of design.
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Introduction

Asthma is a chronic lung disease that is associated with
airway inflammation, airflow limitation, bronchial hyper-
responsiveness and symptoms of episodic wheeze and
cough. Asthma prevalence has increased rapidly over the
past several decades worldwide and has emerged as one
of the most prevalent non-communicable diseases.

Asthma currently affects 300 million individuals
worldwide and is responsible for 180 thousand deaths
and 15 million DALYs lost each year [1, 2]. Asthma is a
public health problem not just in high-income
countries, but also in low- and lower-middle income
countries where over 80% of asthma-related deaths
occur [3].

The role of micronutrient deficiencies in the aetiology
of asthma has gained considerable attention in recent
years [4–6]. There is mounting evidence that vitamin D*PURA study investigators are presented in the Appendix 1.



confers a protective effect against asthma risk and
severity; however, evidence for an important relation-
ship remains controversial [7]. First, vitamin D supple-
mentation early in childhood may be associated with
increased allergy and asthma [8]. Second, a recent
analysis of a population-based study in the United
States and of a cohort of inner-city adolescents with
asthma managed prospectively with guidelines-based
therapy in the Asthma Control Evaluation did not find
an association between vitamin D and asthma [9],
Finally, several cross-sectional studies have demon-
strated an association between vitamin D deficiency
and risk of asthma [10–18], and plasma concentrations
of vitamin D may influence the effect of inhaled corti-
costeroids on lung function and airway responsiveness
[19]. Studies also suggest a link between lower maternal
vitamin D intake and higher risk of wheezing, allergic
rhinitis and eczema in childhood [20–24]. Vitamin D
may also play a role in asthma severity. One study in
Costa Rica demonstrated that lower levels of serum
vitamin D were associated with higher eosinophil count,
total serum IgE and increased airway responsiveness in
asthmatic children, while higher vitamin D levels were
associated with decreased odds of hospitalization and
use of anti-inflammatory medications in the previous
year [10]. In a multi-centre study in the United States,
vitamin D insufficiency (< 30 ng/ml) was predictive of
severe asthma exacerbations [13]. Randomized clinical
trials of vitamin D supplementation for asthma preven-
tion and control are underway and will lead insights
into the relationship between vitamin D and asthma [4].

Vitamin D deficiency is hypothesized to affect asthma
through a variety of mechanisms. Vitamin D deficiency
may weaken immunological defences against respira-
tory infections, which in turn could trigger asthma
exacerbations [25]. Vitamin D deficiency may also
affect lung development and function [26–28]. Vitamin
D has also been implicated in airway remodelling and
may influence the efficacy of anti-inflammatory treat-
ments [29]. Moreover, vitamin D stimulates innate
immunity by enhancing bacterial killing and modulates
adaptive immunity to minimize inflammation and auto-
immune disease [30]. Finally, vitamin D may also con-
fer protection against allergic sensitization and
deficiency may lead to abnormalities in the allergic
immune response, which in turn may increase asthma
risk [31].

We sought to quantify 25-hydroxy (25-OH) vitamin
D levels in a cohort of Peruvian children and determine
the association with asthma prevalence, pulmonary
function and biomarkers for asthma. As there is a cur-
rent knowledge gap in factors that may affect relation-
ship between vitamin D and asthma, we explored the
relationship between 25-OH vitamin D levels and
asthma stratified by atopic status.

Methods

Study design

The study design is described in detail elsewhere
[32, 33]. Briefly, we conducted a population-based,
cross-sectional study of asthma prevalence in two
regions in Peru. In December 2008, we selected a ran-
dom sample of children aged 13–15 years from a com-
munity census and visited them for enrolment between
April 2009 and December 2010. A total of 1441 chil-
dren were enrolled [32, 33]. The first site was Lima (lat-
itude 12.0°S), the highly urbanized capital of Peru
located at sea level and with a population of > 10 mil-
lion. We conducted our study in Pampas de San Juan
de Miraflores, a peri-urban shanty town. The second
site was rural Tumbes (latitude 3°S), also at sea level,
located in northern Peru. Summer months in Peru occur
between December to March and winter months
between June to September. Average ambient tempera-
ture in Lima ranges between 17°C and 30°C year-round,
and relative humidity ranges between 55% and 80%.
Annual precipitation in Lima is 50 mm per year. Aver-
age ambient temperature in Tumbes ranges between
25°C and 33°C, relative humidity ranges between 55%
and 80%, and precipitation is much higher, with annual
rainfall up to 2200 mm per year.

We asked participants and their caregivers about
asthma and allergy symptoms using a previously vali-
dated Spanish version of the ISAAC study [34], sociode-
mographics and environmental exposures, collected
anthropometry, a blood sample, and conducted allergy
skin test, fractional exhaled nitric oxide (FeNO) test and
spirometry before and after bronchodilators. We con-
ducted spirometry according to ATS/ERS guidelines [35]
with the portable SpiroPro (Jaeger, Hoechberg, Ger-
many). We used the handheld NIOXMINO (Aerocrine,
Solna, Sweden) to measure FeNO. We performed allergy
tests with the Multi-Test II (Lincoln Diagnostics, Decatur,
USA) using 10 common household allergens (cockroach,
a mix of 2 dust mites, cat hair, dog epithelium, mouse
epithelium and a mix of 4 moulds). Serum samples were
processed for vitamin D levels in duplicate using the
LIAISON 25-OH vitamin D total assay (DiaSorin Inc.,
Stillwater, MN, USA). Previous reports have found single
determinations of 25-OH vitamin D are reproducible and
hence are a relatively good index of deficiency [36]. The
Ethics Committees of A.B. PRISMA in Lima, Peru, and
Johns Hopkins Bloomberg School of Public Health in
Baltimore, USA, approved conduct of this study.

Definitions

We defined asthma as wheeze or use of asthma medica-
tions in the last 12 months; atopy as a positive skin
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response to any allergen specificities tested in our study
[32]; and 25-OH vitamin D deficiency as a level
< 20 ng/mL and vitamin D insufficiency as a level
< 30 ng/mL. We further categorized 25-OH vitamin D
level (4.32–19.6, 19.7–24.0, 24.1–29.8 and 29.9–77.4)
and BMI (13.9–18.9, 19–20.5, 20.6–22.7 and 22.8–39.3)
into quartiles for analysis. We calculated percent pre-
dicted values for forced expiratory volumes and FEV1/
FVC using a mixed ethnic population reference [37].

Biostatistical methods

We used chi-square tests or Fisher’s exact tests to com-
pare proportions between subgroups, and t-tests (for 2
groups) or analysis of variance (for 3 or more groups)
to compare means between subgroups, as appropriate.
We used multi-variable linear regressions for the entire
cohort and stratified by site to identify variables associ-
ated with 25-OH vitamin D level in our study popula-
tion. We included all important covariates identified in
this stage (i.e. BMI, sex, household income, personal
history of tobacco smoke, site and calendar quarter at
the time of blood draw) to adjust for potential con-
founding in subsequent analyses. We used multi-vari-
able logistic regression to model the association
between 25-OH vitamin D levels and asthma in the
entire cohort adjusted for BMI, sex, household income,
personal history of tobacco smoke, site and calendar
month at the time of blood draw. We do not control for
atopy in our regression models because 25-OH vitamin
D may be in the causal pathway between atopy and
asthma. Instead, we stratified our analysis by atopic sta-
tus (i.e. separate regressions for atopics and non-atop-
ics, respectively). We used penalized logistic regression
to address small sample sizes when appropriate [38].
We also stratified our analysis of 25-OH vitamin D lev-
els and asthma by site. We then tested for an interac-
tion effect between 25-OH vitamin D level and site to
determine whether the relationship between asthma
prevalence and 25-OH vitamin D levels by site was het-
erogeneous. In the subset of non-asthmatics, we used
multi-variable logistic regression to model the associa-
tion between 25-OH vitamin D insufficiency and atopy
in the entire cohort adjusted for BMI, sex, household
income, personal history of tobacco smoke, site and
calendar month at the time of blood draw. We used
multi-variable linear regression to model the associa-
tion between 25-OH vitamin D levels and either pre-
bronchodilator FEV1/FVC or percent predicted FEV1 (%
FEV1) for the entire cohort and stratified by site. We
log-transformed FeNO and total serum IgE values for
analyses and used multi-variable linear regressions to
model the association with 25-OH vitamin D levels for
the entire cohort and also stratified by site. We con-
ducted all analyses in R (www.r-project.org).

Results

Characteristics of the study population

Of 1441 children who were enrolled into the study, 1134
(79%) had blood available for 25-OH vitamin D analysis
(Fig. 1). There were no differences observed in age
(P = 0.96), sex (P = 0.64), prevalence of asthma
(P = 0.61) or atopy (P = 0.09), pre-FEV1/FVC (P = 0.78),
exhaled nitric oxide (P = 0.30), body mass index
(P = 0.42), income (P = 0.57), maternal education
(P = 0.67) and site (P = 0.20) between participants with
and without a blood sample for 25-OH vitamin D
analysis. Among the 1134 children, mean age at
enrolment was 14.8 years (SD = 0.9), 52% were boys,
49% lived in Lima, average height was 162 cm (SD = 8)
in boys and 153 cm (SD = 6) in girls (P < 0.001 after
adjusting for site differences) and average BMI was
20.6 kg/m2 (SD = 3.0) in boys and 21.8 kg/m2 (SD = 3.3)
in girls (P < 0.001 after adjusting for site differences).
The prevalence of atopy was 59% in Lima and 41%
in Tumbes (P < 0.001). The prevalence of asthma was
12% (69/560) in Lima and 3% (17/574) in Tumbes
(P < 0.001).

Distribution and predictors of 25-OH vitamin D levels in
our study population

Average 25-OH vitamin D level in our study population
was 25.5 ng/mL (SD = 8.9). Of the 1134 children, 26%
had 25-OH vitamin D deficiency and 75% met criteria
for 25-OH vitamin D insufficiency. There were impor-
tant differences in 25-OH vitamin D levels by study site
(Fig. 2). Children who lived in Lima had an average
level of 20.8 ng/mL (range 4.3–39.5 ng/mL), whereas
those who lived in Tumbes had an average level of
30.1 ng/mL (range 8.9–77.4 ng/mL; P < 0.001 between
sites). The prevalence of 25-OH vitamin D deficiency
was 47% in Lima and 7% of children in Tumbes
(P < 0.001).

We summarize single variable associations between
possible predictors and 25-OH vitamin D levels by
study site in Table 1. BMI was not associated with
lower levels of 25 OH vitamin D (Fig. S1). We found an
association between 25-OH vitamin D levels and BMI in
Lima (-2.1 ng/mL per 10 kg/m2 increase in BMI;
P < 0.01) but not in Tumbes (P = 0.88). Other variables
that were associated with 25-OH vitamin D level
include site (9.2 ng/mL higher in children who live in
Tumbes vs. Lima; P < 0.001), sex (2.6 ng/mL lower in
girls vs. boys; P < 0.001), personal history of tobacco
smoke (2.4 ng/mL higher in smokers vs. non-smokers;
P = 0.03) and calendar quarter at time of blood draw
(P < 0.001). When stratified by site, low household
income (< 175 USD/month) was associated with having
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a higher 25-OH vitamin D level in Tumbes (1.7 ng/mL
vs. a higher household income; P = 0.04).

We also summarize single variable associations
between asthma and allergy outcomes and 25-OH
vitamin D levels by study site in Table 2. Single
variable analyses suggested a positive relationship
between 25-OH vitamin D levels and atopy; however,

in multi-variable logistic regression, we did not find an
important relationship between 25-OH vitamin D levels
and atopy (P = 0.54) in the subset of non-asthmatics.
In analyses stratified by site, we did not find an impor-
tant relationship between 25-OH vitamin D levels and
atopy in either Lima (P = 0.14) or Tumbes (P = 0.82).

25-OH vitamin D levels and asthma

A higher prevalence of asthma was associated with lower
25-OH vitamin D levels for the overall cohort and when
stratified by site (Fig. 3). In unadjusted analysis, children
with 25-OH vitamin D deficiency were about five times
more likely to have asthma vs. those with normal levels
of 25-OH vitamin D (OR = 4.7, 95% CI 2.2–10.3); and
children who met criteria for insufficiency but not defi-
ciency (20–29 ng/mL) were about three times more likely
to have asthma vs. those with normal levels of 25-OH
vitamin D (OR = 2.7, 95% CI 1.2–5.8). There were too few
children in Tumbes with either 25-OH vitamin D defi-
ciency or asthma to conduct an analysis of 25-OH vita-
min D deficiency and asthma stratified by site. Hence, we
conducted an adjusted analysis using continuous values
of 25-OH vitamin D levels instead. In multi-variable
logistic regression, we found that lower 25-OH vitamin D
levels were associated with an increased odds of asthma
(OR = 1.7 per each 10 ng/mL decrease in 25-OH vitamin
D levels, 95% CI 1.2–2.6; P < 0.01) after adjusting for
BMI, sex, personal history of tobacco smoke, low

Fig. 2. Box-percentile plots of the distribution of serum 25-OH vita-

min D levels in two Peruvian populations; 2009–2010. We display the

distribution and percentiles (5%, 10%, 25%, 50%, 75%, 90%, 95%) of

serum vitamin D levels stratified by study site.

Fig. 1. Flow diagram of recruitment, questionnaires and procedures in Lima and Tumbes, Peru; 2009–2010.
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household income, site and calendar quarter at the time
of blood draw. When stratified by site, we found that
lower 25-OH vitamin D levels were associated with an
increased odds of asthma in Lima (OR = 1.8, 95% CI 1.1–
3.8; P = 0.02); in Tumbes, we found an effect size similar
in magnitude and direction that was marginally signifi-
cant likely because of the few numbers of asthmatics at
this site (OR = 1.7, 95% CI 0.9–3.4; P = 0.12). Moreover,
we did not find an interaction between 25-OH vitamin D

levels and site on asthma prevalence (P = 0.61), suggest-
ing that the relationship between asthma prevalence and
vitamin D levels was homogenous across sites. When
stratified by atopic status (Table 3), lower 25-OH vitamin
D levels were associated with an increased odds of
asthma in children with atopy (OR = 2.2 per each 10 ng/
mL decrease in 25-OH vitamin D levels, 95% CI 1.3–3.6;
P < 0.01) but not in those without atopy (OR = 0.9, 95%
CI 0.5–2.0; P = 0.87). We present sample size and

Table 1. Predictors of serum 25-OH vitamin D levels in two Peruvian populations; 2009–2010

25-OH vitamin D concentration (ng/mL) in Lima 25-OH vitamin D concentration (ng/mL) in Tumbes

< 20 20– 29 ≥ 30 P < 20 20–29 ≥ 30 P

Sample size 263 258 39 39 296 239

Demographics

Age in years, mean (SD) 14.8 (0.9) 14.9 (0.9) 15.0 (0.8) 0.50 14.6 (0.8) 14.9 (0.9) 14.9 (0.9) 0.08

n (%) boys 123 (47%) 136 (53%) 22 (56%) 0.29 11 (72%) 134 (55%) 166 (31%) < 0.001

Height in cm, mean (SD) 156.6 (7.3) 157.6 (8.4) 159.2 (9.2) 0.09 157.2 (8.1) 158.3 (7.4) 160.9 (9.0) < 0.001

BMI in kg/m2, mean (SD) 22.1 (3.7) 21.6 (3.1) 20.7 (2.1) 0.02 21.4 (3.5) 20.6 (3.0) 20.4 (2.7) 0.15

Socioeconomics, n (%)

Income < 175 USD 66 (25%) 69 (27%) 12 (31%) 0.73 31 (80%) 190 (64%) 135 (57%) 0.01

Maternal education ≥ 6 years 195 (75%) 194 (78%) 35 (89%) 0.11 20 (51%) 210 (73%) 167 (71%) 0.02

6 or more household members 137 (52%) 123 (48%) 21 (54%) 0.54 11 (34%) 63 (29%) 46 (24%) 0.39

Electricity 24 hours 262 (99%) 256 (99%) 39 (100%) 0.69 36 (92%) 259 (88%) 208 (87%) 0.72

Private sanitation 245 (93%) 238 (92%) 37 (95%) 0.81 9 (23%) 82 (27%) 75 (31%) 0.46

Exposures

Personal history of smoking 7 (3%) 22 (9%) 6 (15%) < 0.001 0 (0%) 4 (2%) 7 (3%) 0.36

Second-hand smoke 39 (15%) 48 (19%) 4 (10%) 0.32 8 (21%) 68 (23%) 56 (23%) 0.92

Calendar quarter at time of blood draw, n (%)

January–March 17 (7%) 35 (14%) 9 (23%) < 0.001 1 (2%) 9 (3%) 13 (5%) < 0.001

April–June 36 (13%) 84 (32%) 18 (46%) 15 (39%) 48 (16%) 75 (31%)

July–September 152 (58%) 83 (32%) 3 (8%) 12 (31%) 92 (31%) 54 (23%)

October–December 58 (22%) 56 (22%) 9 (23%) 11 (28%) 147 (50%) 97 (41%)

Table 2. Single variable analysis of the association between 25-OH vitamin D levels and multiple asthma and allergy outcomes in two Peruvian

populations; 2009–2010

25-OH vitamin D concentration (ng/mL) in Lima 25-OH vitamin D concentration (ng/mL) in Tumbes

< 20 20–29 ≥ 30 P < 20 20–29 ≥ 30 P

Number of children with

vitamin D levels

263 258 39 39 296 239

Number of children with

current asthma

symptoms/total (%)

37/263 (14%) 29/258 (11%) 3/39 (8%) 0.47 0/39 12/296 (4%) 5/239 (2%) 0.28

Number of children with

atopy/total tested (%)

124/248 (50%) 139/239 (58%) 25/35 (71%) 0.03 14/38 (37%) 103/285 (36%) 86/224 (38%) 0.87

Exhaled nitric oxide (ppb),

geometric mean

(geometric SD)

15.5 (2.1) 14.9 (2.1) 16.6 (2.0) 0.65 10.3 (1.9) 12.8 (2.0) 12.8 (2.0) 0.18

Total serum IgE, geometric

mean (geometric SD)

300 (3.7) 228 (4.0) 262 (4.4) 0.07 141 (3.7) 196 (3.3) 198 (3.6) 0.28

Pre-bronchodilator FEV1/FVC,

mean (SD)

88.6% (6.1%) 88.7% (6.7%) 89.5% (4.6%) 0.72 90.9% (6.1%) 91.1% (5.6%) 90.4% (6.2%) 0.39

% FEV1, mean (SD) 120% (14%) 119% (14%) 117% (14%) 0.39 107% (14%) 105% (13%) 105% (14%) 0.70
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distributions of risk factors included in this analysis
stratified by asthma and atopy status in the Online Sup-
plement (Table S1).

25-OH vitamin D levels and pulmonary function

A total of 1096 children had both pre-bronchodilator spi-
rometry and 25-OH vitamin D levels available for analy-
sis. Children in Lima had a lower pre-bronchodilator
FEV1/FVC than did children in Tumbes (89% vs. 91%),
and this difference persisted in even adjustment by age,
sex and height (2% higher in children from Tumbes;
P < 0.001). Children with 25-OH vitamin D deficiency
had a lower pre-bronchodilator FEV1/FVC vs. children
who were not deficient (89% vs. 90%; P < 0.01); how-
ever, when stratified by site, this difference was no longer
apparent in either Lima (89% vs. 89%; P = 0.67) or Tum-
bes (91% vs. 91%; P = 0.87). In multi-variable linear
regression, we did not find an association between

pre-bronchodilator FEV1/FVC and 25-OH vitamin D
levels in the overall cohort (P = 0.64) and when stratified
by site (P = 0.80 for Lima and P = 0.93 for Tumbes).
Children in Lima had a greater %FEV1 than did children
in Tumbes (119% vs. 105%), and this difference remained
important in multi-variable linear regression (12% higher
in Lima vs. Tumbes; P < 0.001). We did not identify an
important association between %FEV1 and with 25-OH
vitamin D level in the overall cohort (P = 0.59) or when
stratified by site (P = 0.69 for Lima and P = 0.55 for
Tumbes). We also did not find an association between %
FEV1 and 25-OH vitamin D levels among the subset of
asthmatics (P = 0.11).

25-OH vitamin D levels and asthma biomarkers

Mean FeNO was 19.3 ppb (SD = 22), and the geometric
mean for total serum IgE was 224 kU/L (geometric
SD = 3.7). Children in Lima had a higher mean FeNO

Table 3. Multi-variable analysis of the association between 25-OH vitamin D levels and asthma in two Peruvian populations; 2009–2010

Atopy (n = 584) Without atopy (n = 660)

Single variable

OR (95% CI)

Multi-variable

OR (95% CI)

Single variable

OR (95% CI)

Multi-variable

OR (95% CI)

Per 10 ng/mL decrease in

vitamin D levels

2.5 (1.6–3.8) 2.2 (1.3–3.6) 1.4 (0.8–2.5) 0.9 (0.5–2.0)

Blood drawn in 1st quarter 1.0 1.0 1.0 1.0

Blood drawn in 2nd quarter 1.0 (0.4–3.1) 1.5 (0.5–4.8) 1.3 (0.6–3.2) 0.5 (0.1–3.8)

Blood drawn in 3rd quarter 0.6 (0.2–2.1) 0.6 (0.2–2.0) 0.7 (0.3–1.8) 0.5 (0.1–3.1)

Blood drawn in 4th quarter 0.6 (0.2–1.9) 0.7 (0.2–2.6) 0.7 (0.3–1.7) 1.0 (0.2–5.7)

Sex (male is reference) 0.8 (0.5–1.4) 0.5 (0.3–1.0) 1.3 (0.6–3.1) 1.3 (0.5–3.2)

Income < 175 USD 0.6 (0.3–1.0) 0.9 (0.4–1.7) 0.5 (0.2–1.1) 0.8 (0.3–2.1)

Personal history of smoking 1.8 (0.6–4.3) 1.8 (0.5–5.7) 1.0 (0.1–5.1) 1.6 (0.2–7.9)

BMI, in kg/m2 1.1 (1.0–1.2) 1.1 (1.0–1.2) 1.2 (1.1–1.3) 1.1 (1.0–1.3)

Site (Lima is reference) 4.2 (2.2–8.6) 2.3 (1.0–6.0) 2.8 (1.3–6.7) 1.7 (0.5–6.0)

Fig. 3. Relationship between serum 25-OH vitamin D levels and asthma prevalence in two Peruvian populations; 2009–2010. Left panel displays a

barplot to describe the relationship between asthma prevalence and quartiles of vitamin D levels in the entire cohort. The right panel displays

asthma prevalence by quartiles vitamin D levels stratified by site (Lima in red, Tumbes in blue).
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than did children in Tumbes (21 ppb vs. 17 ppb;
P < 0.001), and they also had a higher geometric mean
for total serum IgE (262 vs. 192 kU/L; P < 0.001). We
did not find a relationship between 25-OH vitamin D
level and FeNO in the entire cohort or when stratified
by site (Fig. 4). Specifically, 25-OH vitamin D levels
were not associated with FeNO in single variable analy-
sis (P = 0.28) or in multi-variable analysis (P = 0.78).
We also did not find an association between 25-OH
vitamin D levels and FeNO in the subset of children
with asthma (P = 0.38). Finally, we did not find an
association between 25-OH vitamin D levels and FeNO
among children with atopy (P = 0.26) or without atopy
(P = 0.30).

We did not find a relationship between 25-OH
vitamin D level and total serum IgE in the entire cohort
or when stratified by site (Fig. 5). Specifically, 25-OH

vitamin D levels were not associated with total serum IgE
in multi-variable analysis (P = 0.25) or when restricted
to the subset of children with asthma (P = 0.24).

Discussion

The results of our study provides further evidence that
a high prevalence of 25-OH vitamin D deficiency can
occur in populations close to the equator; however, our
data also indicate that this may be a problem predomi-
nantly found among children living in an urban envi-
ronment. Indeed, lifestyle changes associated with
urbanization may lead to a higher prevalence of being
overweight or less time spent outdoors which in turn
can be associated with being 25-OH vitamin D defi-
cient. The prevalence of asthma was higher among chil-
dren living in Lima, who also happened to have a

Fig. 4. Relationship between serum 25-OH vitamin D levels and exhaled nitric oxide levels in two Peruvian populations; 2009–2010. Left panel

displays a barplot to describe the relationship between exhaled nitric oxide and quartiles of vitamin D levels in the entire cohort. The right panel

displays exhaled nitric oxide by quartiles vitamin D levels stratified by site (Lima in red, Tumbes in blue).

Fig. 5. Relationship between serum 25-OH vitamin D levels and total serum IgE in two Peruvian populations; 2009–2010. Left panel displays a

barplot to describe the relationship between total serum IgE and quartiles of vitamin D levels in the entire cohort. The right panel displays exhaled

total serum IgE by quartiles vitamin D levels stratified by site (Lima in red, Tumbes in blue).
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higher prevalence of vitamin D deficiency, than among
children living in Tumbes. These findings suggest an
ecological relationship between asthma prevalence and
25-OH vitamin D deficiency. Finally, lower 25-OH vita-
min D levels were associated with a higher asthma
prevalence in multi-variable analysis. This association
appeared to be similar between sites and, more impor-
tantly, was limited to children with atopy. The latter is
a novel finding with potentially important clinical
implications and suggests that future supplementation
trials of 25-OH vitamin D for asthma may need to con-
sider stratification by atopy at the time of design. How-
ever, we did not find associations between 25-OH
vitamin D and other clinical biomarkers for asthma,
including exhaled nitric oxide, total serum IgE and pul-
monary function.

Our study was in agreement with the study in Costa
Rica [10] that did not find an association between 25-
OH vitamin D levels and pulmonary function (FEV1/
FVC or %FEV1), even when stratified by asthma status.
In contrast, a study in Puerto Rico found an association
between 25-OH vitamin D insufficiency and pre-bron-
chodilator FEV1/FVC among asthmatics [16]. One possi-
bility for a lack of association in our current study is
that the number of asthmatics in our analysis (n = 86)
is low, and a study with a larger number of asthmatics
in our study population may be required to verify our
findings. Furthermore, our study did not find any rela-
tionship between 25-OH vitamin D levels and other
asthma biomarkers, including exhaled nitric oxide and
total serum IgE; however, it is important to note that
both of these biomarkers have a poor positive predictive
value for the diagnosis of asthma. Other potential rea-
sons for these difference are that our sample size of
children with asthma is smaller than previous studies
[10, 16], our study is cross-sectional and not longitudi-
nal as the study in Puerto Rico [14], and a much larger
percentage of our study population is 25-OH vitamin D
insufficient when compared with the studies in either
Costa Rica [10] or Puerto Rico [16].

The association between 25-OH vitamin D levels and
asthma appears to be limited to those with atopy. Sev-
eral studies have suggested that vitamin D can protect
against allergic sensitization [18, 39–41], and our results
potentially confirm the expected association between
25-OH vitamin D levels and current asthma among
those with atopy, which can be explained by abnormal-
ities in the regulation of the allergic immune responses.
This finding differs from the study in Puerto Rico,
which found that the magnitude of the association
between vitamin D and asthma exacerbations was
greater among non-atopic asthmatics than in atopic
asthmatics; however, asthma exacerbations is a differ-
ent outcome than asthma prevalence and may help
explain differences between our studies. Further studies

are needed to better understand the underlying relation-
ship between vitamin D levels, asthma and atopy.

Our study identified several potential risk factors for
25-OH vitamin D deficiency, including a higher body
mass index and factors associated with urbanization
such as lower income and a personal history of tobacco
smoke. It is unclear why a personal history of tobacco
smoke may be associated with 25-OH vitamin D levels
in our study population, and it may simply be an indi-
cator of wealth or other socioeconomic factors in our
study communities.

There are several potential limitations in our study.
First, it is a cross-sectional study that limits conclusion
to a potential association between 25-OH vitamin D
and asthma prevalence. However, one of the strengths
of our study is that it is a population-based study that
offers other advantages over case–control study design.
Second, we did not collect longitudinal data to deter-
mine an association between 25-OH vitamin D levels
and asthma exacerbations. Third, we do not have early
life information regarding prematurity, maternal vita-
min D status during pregnancy or shortly after birth, or
a longitudinal history of respiratory infections all of
which can play an important role in the development
of asthma in our study community. Fourth, we did not
measure sun exposure, and it is very possible that out-
door exposure may be lower in urban vs. rural children.
Fifth, our findings could be also explained by reverse
causality in the setting of a cross-sectional study, as
children with asthma are more likely to spend less time
outdoors and therefore have less sun exposure and
worse vitamin D status. Sixth, we did not collect infor-
mation on puberty status, which may affect our find-
ings; however, we expect that the majority of
participating children in this study were post-pubertal.
Finally, we had an insufficient number of asthmatics
especially in Tumbes; however, despite a low sample
size, we were able to document strong, important rela-
tionships between 25-OH vitamin D and asthma preva-
lence.

In summary, 25-OH vitamin D levels were low in an
urban vs. rural setting in two equatorial populations,
and our findings highlight the importance of an urban
lifestyle as a risk factor for 25-OH vitamin D deficiency.
Asthma prevalence was greatest in the study population
with a higher prevalence of 25-OH vitamin D defi-
ciency, suggesting an ecological relationship between
25-OH vitamin D and asthma. However, we did not find
associations between 25-OH vitamin D and other clini-
cal biomarkers for asthma, including exhaled nitric
oxide, total serum IgE and pulmonary function. Finally,
the relationship between 25-OH vitamin D levels and
asthma was limited to those with atopy. If validated by
other research groups, future supplementation trials of
25-OH vitamin D for asthma may need to consider
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stratification by atopy at the time of design to resolve
the nature of this relationship.
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ONLINE SUPPLEMENT

Association between 25-OD vitamin D and body mass index

A higher body mass index (BMI) was associated with lower levels of 25-OH vitamin D. In

multivariable linear regression, 25-OH vitamin D levels decreased by -1.4 ng/mL (95% CI -2.9 to

0.0 ng/mL; p=0.05) per 10 kg/m2 increase in BMI. When stratified by site, however, this

association was less clear (E-Figure 1).



e-Figure 1. Relationship between serum 25-OH vitamin D levels and body mass index in

two Peruvian populations; 2009-2010. The left panel displays vitamin D levels by quartiles of

body mass index for the entire cohort.  Notches on the boxplot represent an approximate 95%

confidence interval on the median of the boxplot (
. ×√ ).  The right panel displays vitamin D

levels by quartiles of body mass index stratified by site (Lima in red, Tumbes in blue).



e-Table 1. Sample size and distributions of risk factors included in multivariable logistic regression model of asthma as a

function of vitamin D levels, stratified by atopy.

Atopy (n=584) Without atopy (n=660)

Asthma (n=68) Non-asthma (n=516) Asthma (n=26) Non-asthma (n=634)

Vitamin D

Participants with vitamin D levels, n 58 433 22 556

Vitamin D levels in ng/mL, mean (SD) 20.8 (6.3) 25.8 (8.9) 23.4 (8.8) 25.7 (7.5)

Blood drawn in 1st quarter, % (n) 9% (5) 7% (28) 9% (2) 5% (27)

Blood drawn in 2nd quarter, % (n) 41% (24) 32% (139) 9% (2) 15% (86)

Blood drawn in 3rd quarter, % (n) 29%  (17) 34% (149) 32% (7) 38% (211)

Blood drawn in 4th quarter, % (n) 21% (12) 27% (117) 50% (7) 42% (232)

Sex, % male (n) 59% (40) 54% (279) 42% (11) 50%  (11)

Income < 175 USD, % (n) 29% (20) 41% (211) 31% (8) 47% (300)

Personal history of smoking, % (n) 9% (6) 5% (25) 4% (1) 4% (23)

BMI, mean (SD) 22.5 (4.1) 21.3 (3.2) 22.9 (3.5) 20.8 (3.1)

Site, % in Lima (n) 84% (57) 55% (285) 65% (17) 40% (255)
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