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Abstract: The role of vitamin D on pulmonary function is unclear and is mostly studied in patients,
smokers and elderly people. The aim of this paper was to evaluate the association between
serum 25-hydroxyvitamin D [25(OH)D] concentration and pulmonary function in young adults.
Cross-sectional analysis of 499 individuals that were evaluated at 21 years of age as part of the
population-based cohort Epidemiological Health Investigation of Teenagers in Porto (EPITeen).
Serum 25(OH)D was categorized according to the Institute of Medicine. Pulmonary function was
evaluated using spirometry. Linear regression models were used to estimate the regression coefficients
(β) and its 95% confidence intervals (95% CI), and were adjusted for confounders. Education, smoking,
body mass index, and season of evaluation were determinants of serum 25(OH)D concentration.
Prevalence of serum 25(OH)D concentration <50 nmol/L was 48.9%. A decrease in all pulmonary
function parameters, with the decrease of serum 25(OH)D, was observed. The higher effect was found
for peak expiratory flow (PEF). Having as reference participants with serum 25(OH)D concentration
≥50 nmol/L, PEF was significantly lower for those with a concentration of 30 to <50 nmol/L
(β= −0.576; 95% CI: −0.943, −0.210), and for those with a concentration of <30 nmol/L (β= −0.650;
95% CI: −1.155, −0.146). Although only PEF attained statistical significance, the consistent results
with the other parameters support the role of serum 25(OH)D to promote better pulmonary function
in young adults.
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1. Introduction

Calcitriol is the metabolite responsible for the biological actions of vitamin D, described as
genomic, mediated via the vitamin D-receptor (VDR) transcriptional effects in the nuclei of target
cells, and non-genomic, mediated via the rapid VDR-induced signal transduction pathways on the cell
membrane and/or cytoplasm [1–4].

The ubiquitous presence of VDR in human tissues contributes to support the role of calcitriol across
several tissues in the organism [1,2]. These actions include the suppression of cell growth, regulation
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of apoptosis, induction of cell differentiation, and modulation of immune responses [2]. The pathways
in which vitamin D acts on the pulmonary function could be related with its anti-inflammatory effects
in the airway, both modulating innate and adaptive immunity, and with its capacity to regulate
airway remodeling by the modulation of fibroblasts, inhibition of matrix metalloproteinases, and also
inhibiting growth of airway smooth muscle cells [5,6].

The relationship of vitamin D with pulmonary function has been investigated and no consistent
results were found. There are studies which observed a positive association between serum 25(OH)D
concentration and pulmonary function parameters in individuals from the general population, namely
children [7], adolescents [8], adults [9–12], and elderly men [13]. However, another population-based
study suggested that serum 25(OH)D is not an important determinant of pulmonary function in
adults [14]. Additionally, some data supports that the role of vitamin D could be related with other
conditions that influence the pulmonary function, such as tobacco [15,16] or allergic diseases [17–19].

The present study intends to fill the existent gap in the literature on the relationship of vitamin D
and pulmonary function in early adulthood, when the peak of pulmonary maturation is attained [20].
Thus, it was aimed to evaluate the association of serum 25(OH)D concentration with pulmonary
function in young adults.

2. Materials and Methods

This study was developed as part of the population-based cohort Epidemiological Health
Investigation of Teenagers in Porto (EPITeen). As reported elsewhere [21], the EPITeen included
adolescents born in 1990, who were enrolled at public and private schools in Porto, Portugal, during
the 2003/2004 school year. Two subsequent evaluations were performed by contacting directly the
participants or their legal guardians. The second evaluation took place when participants were on
average 17 years old (2007/2008) and the third evaluation occurred when participants were on average
21 years old (2011–2013).

In all three evaluations, the procedures were similar and were performed by a team of
trained health professionals, comprising questionnaires (demographic, social, behavioral and
clinical characteristics of the participants and their families), physical evaluation (anthropometrical
measurements and spirometry), and the collection of a blood sample after overnight fasting.

The study complies with the Declaration of Helsinki and was approved by the National
Commission of Data Protection and by the Ethics Committee of the Hospital de São João (31 July 2012).
Procedures to guarantee data confidentiality and protection were assured. Participants received
written and oral information explaining the purpose and the design of the study, and signed the
written informed consent.

2.1. Participants

At the recruitment, 2786 eligible participants were identified and 2159 agreed to participate,
resulting in an overall participation rate of 77.5%. From the 2159 participants at baseline, 1716 (79.5%)
were re-evaluated at 17 years and 1318 (61.0%) were re-evaluated at 21 years. From the 1204 subjects
that performed the three evaluations, due to budgetary constraints, serum 25(OH)D concentration
was determined in a sub-sample of 559 individuals (these 559 subjects were randomly chosen among
the ones that have a blood sample collected in all three evaluations) [22]. From those, 58 participants
without assessment of pulmonary function at 21 years and two pregnant women were excluded.
Since none participants reported having a disease or a treatment with a major impact on pulmonary
function and/or vitamin D status, our final sample included 499 participants. Participants included
in the analysis were compared to those not included. Both groups were similar, but non-included
participants presented significantly lower education and were more sedentary during leisure time
(Table 1).



Nutrients 2018, 10, 1728 3 of 11

Table 1. Description and comparison of the characteristics of non-included and included participants
in the present analysis.

Non-Included (n 1265) Included (n 499)

Characteristics n % n % p

Sex 0.586
Female 646 51.1 262 52.5

Participants’ number of schooling years 0.036
≤12 461 36.9 156 31.3
13–14 351 28.1 138 27.7
≥15 439 35.1 205 41.1
Missing 14 0

Allergic disease 0.340
With rhinitis or asthma or allergies 476 37.6 200 40.1

Vitamin supplementation 0.937
Yes 361 28.6 141 28.4
Missing 1 2

Leisure-time physical activity 0.047
Sitting 434 34.6 151 30.4
Standing and/or walking (without running) 540 43.0 246 49.5
Very active 282 22.5 100 20.1
Missing 9 2

Frequency of smoking 0.673
Smoke at least once a day 354 28.4 131 26.3
Occasional smoker 541 43.4 224 45.0
Non-smoker 352 28.2 143 28.7
Missing 18 1

BMI (kg/m2) 0.778
<18.5 76 6.1 29 5.8
18.5–24.9 871 69.8 339 67.9
25.0–29.9 232 18.6 99 19.8
≥30.0 68 5.5 32 6.4
Missing 18 0

Season 0.797
March-October 880 69.6 344 68.9
November-February 385 30.4 155 31.1

BMI: body mass index.

2.2. Serum 25(OH)D Evaluation

Serum total 25(OH)D concentration was determined using a direct competitive chemiluminescence
immunoassay (DiaSorin LIAISON®, Saluggia, Italy). This assay uses magnetic particles (solid phase)
coated with antibody against 25(OH)D and 25(OH)D conjugated to an isoluminol derivative (tracer).
During the first incubation phase (10 min), 25(OH)D is dissociated from binding protein by buffer
containing 10% ethanol and then binds to the anti-25(OH)D antibody on the solid phase. After a
second 10 min incubation with the tracer, the unbound material is washed off and starter reagents are
added to generate a flash chemiluminescent signal which is measured by a photomultiplier and is
inversely related to 25(OH)D concentration [23]. The criteria proposed by the Institute of Medicine [1]
was used to categorize the serum 25(OH)D concentration as: risk of deficiency (<30 nmol/L), risk of
inadequacy (30 to <50 nmol/L), and sufficiency (≥50 nmol/L) of vitamin D.

2.3. Pulmonary Function

Pulmonary function was evaluated using a spirometer (SpiroLab®, Medical International Research,
Rome, Italy) and followed the standards of the American Thoracic Society/European Respiratory
Society [24]. The best of three technically accepted forced expirations was considered, and the analysis
included forced vital capacity (FVC), forced expiratory volume in the first second (FEV1), FEV1/FVC ratio,
peak expiratory flow (PEF), and mean forced expiratory flow during the middle half of FVC (FEF25-75).
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The technician that performed the spirometries was not aware of the vitamin D status of the participants,
since the serum was collected at the same time and analysed after the performance of all evaluations.

2.4. Covariates

Data on covariates was collected using self-reported questionnaires. Participants’ education
was assessed as the last completed schooling year. Personal history of allergic disease comprised
information on rhinitis, asthma and allergy. Participants were asked separately for each disease if it
had ever been diagnosed. The possible answers were “yes”, “no” and “do not know”. If at least one
of the three diseases had ever been diagnosed, allergic disease was considered (based on personal
declaration). Vitamin supplementation use at 21 years of age was assessed asking participants the
question “In the last 12 months did you take some vitamins or minerals’ supplements?”. If “yes”
the commercial name and dosage of supplementation were registered. Leisure-time physical activity
was classified as “sitting”, “standing and/or walking (without running)”, and “very active” [25].
Participants were classified as smokers at least once a day, occasional smokers (smokers less than once
a day, former smokers, and just tried) and non-smokers, in relation to their habit at 21 years of age.

Weight and height were obtained with the subject in light indoor clothes and no shoes. Weight
was measured in kilograms, to the decimal, using a digital scale (Tanita TBF-300, Tanita Corporation of
America, Inc., Arlington Heights, IL, USA), and height was measured in centimeters, to the decimal,
using a stadiometer. Body mass index (BMI) was calculated as weight (kilograms) divided by squared
height (meters) and classified according to the World Health Organization [26].

Season during which participants were evaluated was combined into two categories:
March–October and November–February. It was considered that vitamin D winter period ranges
between November and February, since at latitudes above 40◦ N (latitude of Porto, where the study
was conducted) sunlight appears not to be strong enough to the endogenous synthesis, from November
to February. This is supported by other works performed at similar latitudes of Porto, namely in
Boston (USA) [27] and in Valencia (Spain) [28]. During the other months of the year, the ultraviolet
index in Porto is >3, being sufficient for the cutaneous production of vitamin D [29]. Thus, sunny
season was considered as March-October.

2.5. Statistical Analysis

Continuous variables were tested for Normality by checking both skewness and kurtosis
and the histogram. They were presented as mean (standard-deviation) and compared using
independent-samples t test and one-way ANOVA. The association was tested between serum 25(OH)D
and pulmonary function parameters using serum 25(OH)D concentration either as a continuous
or as a categorical variable. For both approaches, linear regression models were used to estimate
the regression coefficients (β) and their respective 95% confidence intervals (95% CI). Final models
were adjusted for those variables with statistical significance on the serum 25(OH)D concentration
that remained significant (education, BMI and season), or that it was expected a theoretical effect
(leisure-time physical activity), or with theoretical relevance for pulmonary function (sex and height).
Since in the analysis with serum 25(OH)D as a categorical variable, the higher category (vitamin D
sufficiency) was used as the reference class, in the analysis with serum 25(OH)D as a continuous
variable, the values were inverted, so the results from both variables could be directly compared.
Statistical significance was considered with an alpha critical value of 0.05. Statistical analysis was
performed using IBM® SPSS® Statistics version 24.0 (IBM Corp., Armonk, NY, USA).

3. Results

In our sample, mean (standard-deviation) serum 25(OH)D concentration was 54.97 (27.76) nmol/L.
Participants’ description of pulmonary function parameters and serum 25(OH)D are presented in Table 2.

The prevalence of the risk of vitamin D deficiency was 14.2% and the risk of vitamin D inadequacy
was 34.7%. Table 3 shows serum 25(OH)D according to participants’ characteristics. Mean serum 25(OH)D
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concentration was lower in less educated participants, in daily smokers, in those who were on the extreme
categories (lower and higher) of BMI and in the ones evaluated between November and February.

Table 2. Description of participants’ characteristics.

Characteristics * Mean (SD)

Height, cm 168.4 (8.7)
BMI, kg/m2 23.2 (3.8)
Pulmonary function

FVC (L) 4.45 (0.98)
FEV1 (L) 3.96 (0.81)
FEV1/FVC ratio (%) 89.5 (6.04)
PEF (L/s) 7.27 (2.29)
FEF25-75 (L/s) 4.68 (1.09)

Vitamin D status
Serum 25(OH)D, nmol/L 54.97 (27.76)
Categories of serum 25(OH)D concentration n (%)
<30 nmol/L 71 (14.2)
30 to <50 nmol/L 173 (34.7)
≥50 nmol/L 255 (51.1)

25(OH)D: 25-hydroxyvitamin D; BMI: body mass index; FEF25-75: mean forced expiratory flow during the middle
half of FVC; FEV1: forced expiratory volume in the first second; FVC: forced vital capacity; PEF: peak expiratory
flow; SD: standard-deviation. * All variables presented a distribution similar to the Normal. Categories of vitamin
D status: <30 nmol/L corresponding to risk of deficiency, 30 to <50 nmol/L corresponding to risk of inadequacy,
and ≥50 nmol/L corresponding to sufficiency of vitamin D.

Table 3. Serum 25(OH)D concentration (nmol/L) according to participants’ characteristics.

n * Mean (SD) p

Sex 0.495
Male 237 54.08 (29.90)
Female 262 55.78 (25.70)

Participants’ number of schooling years 0.039
≤12 156 50.29 (26.89)
13–14 138 56.90 (29.88)
≥15 205 57.24 (26.60)

Allergic disease 0.366
With rhinitis or asthma or allergies 200 53.74 (25.92)
Without rhinitis or asthma or allergies 299 55.89 (28.95)

Vitamin supplementation 0.374
Yes 141 56.67 (30.08)
No 356 54.21 (26.80)

Leisure-time physical activity 0.115
Sitting 151 50.75 (25.17)
Standing and/or walking (without running) 246 56.53 (28.97)
Very active 100 57.83 (28.05)

Frequency of smoking 0.031
Smoke at least once a day 131 51.03 (27.71)
Occasional smoker 224 58.49 (28.46)
Non-smoker 143 53.06 (26.27)

BMI (kg/m2) 0.001
<18.5 29 44.57 (16.24)
18.5–24.9 339 57.88 (29.79)
25.0–29.9 99 52.40 (23.90)
≥30.0 32 41.56 (16.01)

Season 0.001
March-October 344 57.76 (29.26)
November-February 155 48.79 (22.99)

BMI: body mass index; SD: standard-deviation. * All variables presented a distribution similar to the Normal. There
are two missing data for vitamin supplementation and leisure-time physical activity and one missing data for
frequency of smoking.
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Table 4 depicts the association of serum 25(OH)D concentration with pulmonary function
parameters. After adjustment, a decrease in all pulmonary function parameters was found with the
decrease of serum 25(OH)D concentration. However, only for PEF the effect was statistically significant,
with a mean 10 mL/s decrease for each nanomole per litre decrease in serum 25(OH)D concentration.

Table 4. Association of serum 25(OH)D concentration (nmol/L) with pulmonary function (PF) parameters.

Crude Adjusted *

PF Parameters β (95% CI) β (95% CI)

FVC (L) 0.000 (−0.003, 0.004) −0.001 (−0.003, 0.000)
FEV1 (L) 0.000 (−0.002, 0.003) −0.001 (−0.003, 0.000)

FEV1/FVC ratio (%) −0.011 (−0.030, 0.008) −0.004 (−0.022, 0.015)
PEF (L/s) −0.008 (−0.016, −0.001) −0.010 (−0.016, −0.004)

FEF25-75 (L/s) 0.000 (−0.004, 0.003) −0.001 (−0.004, 0.002)

25(OH)D: 25-hydroxyvitamin D; CI: confidence interval; FEF25-75: mean forced expiratory flow during the middle
half of FVC; FEV1: forced expiratory volume in the first second; FVC: forced vital capacity; PEF: peak expiratory
flow; PF: pulmonary function. Serum 25(OH)D concentration was analysed as a continuous variable. * Adjusted for
sex, height, education, leisure-time physical activity, BMI and season. Statistically significant estimates are in bold.

Table 5 displays the association with pulmonary function parameters considering serum 25(OH)D
categories. After adjustment, and being considered as reference participants with vitamin D sufficiency,
all pulmonary function parameters decreased with the decrease of serum 25(OH)D categories.
However, the effect was statistically significant only for PEF, with a mean difference of 576 mL/s
between the participants at risk of vitamin D inadequacy and those with vitamin D sufficiency, and
with a mean difference of 650 mL/s between the participants at risk of vitamin D deficiency and those
with vitamin D sufficiency.

Table 5. Association of serum 25(OH)D categories with pulmonary function (PF) parameters.

Crude Adjusted *

PF Parameters 25(OH)D (nmol/L) n β (95% CI) β (95% CI)

FVC (L)
<30 nmol/L 71 0.221 (−0.037, 0.478) −0.034 (−0.168, 0.101)

30 to <50 nmol/L 173 0.093 (−0.096, 0.281) −0.061 (−0.159, 0.036)
≥50 nmol/L 255 Reference Reference

FEV1 (L)
<30 nmol/L 71 0.178 (−0.034, 0.391) −0.009 (−0.131, 0.113)

30 to <50 nmol/L 173 0.041 (−0.115, 0.197) −0.067 (−0.156, 0.022)
≥50 nmol/L 255 Reference Reference

FEV1/FVC ratio
(%)

<30 nmol/L 71 −1.211 (−2.792, 0.371) −0.383 (−1.908, 1.142)
30 to <50 nmol/L 173 −1.038 (−2.199, 0.123) −0.422 (−1.529, 0.685)

≥50 nmol/L 255 Reference Reference

PEF (L/s)
<30 nmol/L 71 −0.343 (−0.942, 0.256) −0.650 (−1.155, −0.146)

30 to <50 nmol/L 173 −0.295 (−0.735, 0.144) −0.576 (−0.943, −0.210)
≥50 nmol/L 255 Reference Reference

FEF25-75 (L/s)
<30 nmol/L 71 0.043 (−0.243, 0.329) −0.096 (−0.347, 0.155)

30 to <50 nmol/L 173 −0.050 (−0.260, 0.160) −0.141 (−0.323, 0.042)
≥50 nmol/L 255 Reference Reference

25(OH)D: 25-hydroxyvitamin D; CI: confidence interval; FEF25-75: mean forced expiratory flow during the middle
half of FVC; FEV1: forced expiratory volume in the first second; FVC: forced vital capacity; PEF: peak expiratory
flow; PF: pulmonary function. * Adjusted for sex, height, education, leisure-time physical activity, BMI and season.
Statistically significant estimates are in bold. Categories of vitamin D status: <30 nmol/L corresponding to risk of
deficiency, 30 to <50 nmol/L corresponding to risk of inadequacy, and ≥50 nmol/L corresponding to sufficiency of
vitamin D.

In order to test the role of vitamin D among those with higher probability to have lower pulmonary
function, the association was analysed using serum 25(OH)D as a continuous variable (Table 6) and as
a categorical variable (Table 7). Statistically significant results were observed among participants with
asthma regarding FVC, FEV1/FVC ratio, and PEF.
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Table 6. Association of serum 25(OH)D concentration (nmol/L) with pulmonary function (PF) parameters
in participants diagnosed with asthma (n 69) and in participants diagnosed with allergy (n 164).

Participants Diagnosed with Asthma Participants Diagnosed with Allergy

PF Parameters Crude β (95% CI) Crude β (95% CI)

FVC (L) 0.009 (0.001, 0.017) 0.002 (−0.004, 0.008)
FEV1 (L) 0.003 (−0.003, 0.010) 0.001 (−0.004, 0.006)

FEV1/FVC ratio (%) −0.094 (−0.159, −0.030) −0.017 (−0.053, 0.020)
PEF (L/s) −0.022 (−0.041, −0.003) −0.011 (−0.024, 0.002)

FEF25-75 (L/s) −0.008 (−0.019, 0.002) 0.000 (−0.006, 0.007)

25(OH)D: 25-hydroxyvitamin D; CI: confidence interval; FEF25-75: mean forced expiratory flow during the middle
half of FVC; FEV1: forced expiratory volume in the first second; FVC: forced vital capacity; PEF: peak expiratory
flow; PF: pulmonary function. Serum 25(OH)D concentration was analysed as a continuous variable. Statistically
significant estimates are in bold.

Table 7. Association of serum 25(OH)D categories with pulmonary function (PF) parameters in
participants diagnosed with asthma and in participants diagnosed with allergy.

Participants Diagnosed with Asthma Participants Diagnosed with Allergy

PF Parameters 25(OH)D (nmol/L) n Crude β (95% CI) n Crude β (95% CI)

FVC (L)
<30 nmol/L 11 0.808 (0.256, 1.361) 26 0.239 (−0.201, 0.679)

30 to <50 nmol/L 25 0.183 (−0.237, 0.604) 57 0.177 (−0.161, 0.515)
≥50 nmol/L 33 Reference 81 Reference

FEV1 (L)
<30 nmol/L 11 0.411 (−0.078, 0.855) 26 0.175 (−0.197, 0.547)

30 to <50 nmol/L 25 0.049 (−0.290, 0.388) 57 0.103 (−0.183, 0.388)
≥50 nmol/L 33 Reference 81 Reference

FEV1/FVC ratio
(%)

<30 nmol/L 11 −5.512 (−9.988, −1.036) 26 −1.453 (−4.200, 1.293)
30 to <50 nmol/L 25 −2.636 (−6.045, 0.772) 57 −1.535 (−3.641, 0.572)

≥50 nmol/L 33 Reference 81 Reference

PEF (L/s)
<30 nmol/L 11 −1.412 (−2.696, −0.127) 26 −1.222 (−2.200, −0.244)

30 to <50 nmol/L 25 −0.624 (−1.602, 0.355) 57 −0.461 (−1.211, 0.289)
≥50 nmol/L 33 Reference 81 Reference

FEF25-75 (L/s)
<30 nmol/L 11 −0.197 (−0.889, 0.495) 26 −0.061 (−0.550, 0.428)

30 to <50 nmol/L 25 −0.298 (−0.825, 0.229) 57 −0.052 (−0.428, 0.323)
≥50 nmol/L 33 Reference 81 Reference

25(OH)D: 25-hydroxyvitamin D; CI: confidence interval; FEF25-75: mean forced expiratory flow during the middle
half of FVC; FEV1: forced expiratory volume in the first second; FVC: forced vital capacity; PEF: peak expiratory
flow; PF: pulmonary function. Statistically significant estimates are in bold. Categories of vitamin D status: <30
nmol/L corresponding to risk of deficiency, 30 to <50 nmol/L corresponding to risk of inadequacy, and ≥50 nmol/L
corresponding to sufficiency of vitamin D.

4. Discussion

In this study, a prevalence of 34.7% for the risk of vitamin D inadequacy and a prevalence of 14.2%
for the risk of vitamin D deficiency were observed. These results are in accordance with the worldwide
observation of low vitamin D status [30,31], particularly in Europe [32–34], which has also been found
in young adults [35,36].

In the present dataset of young adults, a decrease in all parameters of spirometry with a decrease
in serum 25(OH)D concentration was found. For PEF, a dose-response relationship with serum
25(OH)D concentration was observed, which reflects a possible action of vitamin D in pulmonary
function. These results support that vitamin D plays a role in the pulmonary function, even in healthy
people, beyond its effects in a disease scenario [10,12,17–19,37].

The role of vitamin D is reinforced with the observation that in the group with a higher potential
of limited pulmonary function (the asthmatics), the association between serum 25(OH)D concentration
and pulmonary function parameters is stronger. These results are in accordance with previous studies
in which similar findings were observed [17,18].

In the present study, PEF was the parameter for which the association with serum 25(OH)D
achieved statistical significance. By definition, PEF is the “highest flow achieved from a maximum
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forced expiratory maneuver started without hesitation from a position of maximal lung inflation” [24].
The maximum airflow after a forced expiration could be affected by airway obstruction, which could
decrease PEF without changes in FEV1 [38]. Vitamin D could promote an increasing PEF by inhibiting
the growth of smooth muscle cells in the airway and by modulating the proliferation of fibroblasts,
also contributing to the balanced state of matrix metalloproteinases, and in this way, promoting the
airflow [5,6]. Moreover, the potential role of vitamin D in modulating inflammation could be one of
the explanations for this association [5,6].

In this study, the association between PEF and serum 25(OH)D was the most strong and PEF was
the only parameter that reached statistical significance. The difficulty to find statistically significant
results is explained by the characteristics of our sample—young and healthy, in which the effect of
25(OH)D is expected to be slight. PEF is most affected in those with rhinitis, asthma or allergies, which
frequently coexist in this age group [39]. On the other hand, FVC depends on the thoracic corpulence
of the individual, which is at its’ maximum at early adulthood [20,40], so only very strong changes
would be detected with a significant effect.

This study was based on a biomarker that represents both intake and cutaneous synthesis of
vitamin D [29]. During winter, when there is no sufficient ultraviolet index to the cutaneous synthesis
of vitamin D [29], the consumption of dietary sources of vitamin D, namely fish, contribute to the
maintenance of the vitamin D status [41,42]. In countries with a traditionally higher fish intake, like
Portugal, the consumption of fish and/or fish oil may be an important aid to increase the levels of
vitamin D, despite not being sufficient to optimize the vitamin D status [41]. The results presented
support that there is a need to conduct more studies, to understand the role of each source of vitamin
D (diet and sun exposure).

Additional important results were the determinants of serum vitamin D status. As previously
reported, more educated participants presented higher mean serum 25(OH)D concentration [43],
as well as the subjects evaluated between March and October, reflecting the seasonal variation described
for serum 25(OH)D [28]. Participants on the extreme categories (lower and higher) of BMI, had
lower mean serum 25(OH)D concentration despite the fact that previous studies found an inverse
association [36,44]. In fact, the results for underweight participants could reflect a lower intake of
vitamin D along with the low energy intake from the diet. Daily smokers presented lower mean
serum 25(OH)D concentration, as shown by Tønnesen R et al. [36], probably reflecting the clustering of
unhealthy behaviors such as less intake of food sources of vitamin D and/or lower participation in
activities that promote sun exposure. This result is particularly relevant since in our sample, among
daily smokers, 63.4% smoke less than 10 cigars per day, 33.6% smoke 11–20 cigars per day, and 3.05%
smoke 21–30 cigars per day, thus representing mostly light smokers.

Some limitations should be acknowledged when interpreting the results. Our mean serum
25(OH)D concentration was in the borderline sufficiency status [1], and it is possible that potential
beneficial effects of vitamin D might be more expressive at higher levels, which may have contributed
to a lower strength of association. Some studies considered the Endocrine Society reference values for
vitamin D [45], which are higher than the range values of serum, 25(OH)D, concentration that were used
in this research [1]. Besides, the analytical method used to determine serum 25(OH)D concentration
varies among studies, with the results being influenced by the type of assay and manufacturer, and
there is no consensual method [23]. The laboratory that performed the measurements of serum
25(OH)D did not participate in the international Vitamin D External Quality Assessment Scheme
(DEQAS), however, it participated in the Randox International Quality Assessment Scheme (RIQAS),
an external quality control program which supports the quality of the measurements performed.

Regarding the study strengths, serum 25(OH)D concentration was used to determine vitamin
D status, since it is a biomarker of both intake and cutaneous synthesis of vitamin D [29] and
DiaSorin LIAISON® is an accurate and precise method for serum total 25(OH)D determination [23].
Also, objective measures of pulmonary function were assessed. The observed associations were
independent of possible confounders—sex, height, education, leisure-time physical activity, BMI and
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season. The population-based sample used in the present study may enhance generalizability.
To our knowledge, this is the first study that evaluates the association between serum 25(OH)D
concentration and pulmonary function, targeting early adulthood, when the peak of pulmonary
maturation is attained [20]. Since data is cross-sectional, the causative nature of associations cannot
be determined; yet, it is not expected that participants have altered their behavior in consequence of
the characteristics evaluated. Therefore, one can assume that the association verified did not result
because of reverse causality.

5. Conclusions

Although only PEF attained statistical significance, the consistent results with the other
parameters support the role of serum 25(OH)D concentration to promote better pulmonary function in
young adults.
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