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Abstract

Objectives: to analyze the prevalence of vitamin D deficiency and insufficiency among adolescents
in northern Minas Gerais, identifying associated factors.

Methods: cross-sectional study, with a sample by clusters of adolescents, probabilistic allocation,
according to school, sex and age, in 2016. Sociodemographic and anthropometric characteristics,
lifestyle and dietary habits, morbidities, use of medications and cardiovascular risk factors were
evaluated. Vitamin D deficiency was defined as values <20 ng/mL, insufficiency as values >20 and
<30 ng/mL and sufficiency as values >30 ng/mL. Hypovitaminosis D (deficiency and insufficiency) was
defined as values <30 ng/mL. Associated factors were identified from Poisson regression, with a robust
estimator, with definition of Prevalence Ratios and 95% Confidence Intervals.

Results: 494 adolescents were evaluated; 57.0% had hypovitaminosis D. Factors associated with
deficiency were age (p<0.001) and chronic respiratory disease (p=0.046), and factors associated with
hypovitaminosis D were age (p=0.019) and increased body mass index (p=0.007). No biochemical
variable related to cardiovascular risk remained in the final model.

Conclusion: high and worrying values of hypovitaminosis D were recorded among adolescents,
especially among the youngest, with chronic respiratory disease and overweight.
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Introduction

Vitamin D is a steroid hormone that has an essential role
in bone metabolism by means of its action in specific
receptors present in tissues necessary for calcium
homeostasis. Nevertheless, in the last decades, the
literature has been registering additional biological actions
of vitamin D, evidencing actions in the cardiovascular,
endocrine, nervous, immune and respiratory system,
among others.' Studies demonstrated that hypovitaminosis
D stands out as a global public health problem that affect
all age groups.>?

Notwithstanding, it is important to consider that, due
to the need for a higher supply of nutrients for adequate
growth and development, children and adolescents are
particularly vulnerable to low vitamin D levels, yet there
is no routine guideline for its supplementation. The
conclusion of bone growth demands adequate production
of thyroid hormones, growth hormone, growth factor
and sex steroids, however during the growth spurt in
adolescence, the process of maturation of epiphysis and
the bone mineral fixation depends substantially on sex
steroids and vitamin D.°

In spite of vitamin D is mostly produced due to
the action of ultraviolet B radiation over the skin, even
in researches carried out in sunny regions of several
countries, we observe an elevated prevalence of low
levels of this vitamin, reinforcing the affirmative of it is
a pandemic.?*"® There are other already known factors
that may influence on vitamin D levels, such as, for
example, obesity, intestine malabsorption syndrome,
skin pigmentation, nephrotic syndrome, use of some
medications, among others.’

In Brazil, studies that approach the subject of
vitamin D in children and adolescents are scarce. A
geospatial meta-analysis in Brazil concerning vitamin D
insufficiency and deficiency reported the prevalence of
deficiency and insufficiency of vitamin D of 28.16% and
45.26%, respectively. The highest prevalence of vitamin
D deficiency was observed in the South and Southeast
regions, and the highest occurrence of insufficiency was
observed in the Southeast and Northeast regions. In the
mentioned analysis, only 15.7% of studies included the
adolescent age group and none of them was performed
in the North of Minas Gerais. The authors alert for the
need for opportune interventions, considering the high
prevalence of inadequate concentrations of vitamin D,
independently of the age range.’

The Survey of Cardiovascular Risks in Adolescents
(ERICA — Portuguese acronym), a Brazilian survey
with adolescents from 12 to 17 years of age that
assessed vitamin D levels and associated factors in four

capitals from different regions, found a prevalence of
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deficiency and insufficiency of vitamin D of 21% and
42%, respectively, evidencing high prevalence of risk of
hypovitaminosis D for Brazilian adolescents, regardless
of the region.’

For the North of Minas Gerais, a transition area
between the Southeast and Northeast of Brazil, with high
solar irradiation indexes, there are no studies on vitamin
D levels in adolescents. The aim of this research was to
analyze the prevalence of deficiency and insufficiency of
vitamin D within adolescents in the North of Minas Gerais,
identifying associated factors.

Methods

Cross-sectional analytic study nested within an
interventional study, which assessed the influence of a
physical activity program for adolescents. The population
of the present study was composed of students of both
sexes, regularly enrolled in elementary school and high
school of the public network of the city of Montes Claros
(MG). The city is the main urban center of the region,
located in latitude -16.737 and longitude -43.8647, with
a population of approximately 415 thousand inhabitants
and is a reference in the provision of health services for
neighboring municipalities.

The target population of the study was composed of
teenage students from public schools of the municipality.
The sample selection occurred by means of clusters, with
probabilistic allocation of schools and grades, through the
spatial distribution of the schools in the municipality. The
process occurred in two stages, using cluster sampling. In
the first stage, the population enrolled was extracted from
four areas of the city. Posteriorly, we identified the number
of public schools and the number of students enrolled
per area. In the second stage, the sampling weights as
inverse probability weighting for the inclusion of each
area were calculated and measured according to the
number of students enrolled in the schools. In sequence,
there was the selection of adolescents, with systematic
random sampling, with substitutions when necessary.
The representativeness of the population was considered
having the reference for this proportionality the number
of students according to sex and age. The sample size was
established to estimate population parameters considering
an estimated prevalence of 50%, which assures higher
sample size. We established a 95% confidence level and
a 5% margin of error. We performed the finite population
correction and design effect correction, considering a
factor of 1.5.

Were eligible for the study adolescents of both
genders, aged from ten to 18 years, regularly enrolled in
the selected schools. We excluded adolescents that self-
reported having significant kidney disease, inflammatory,



infectious hepatic or hematological diseases, besides those
using medications that influenced the metabolic and/or
hemodynamic profile and pregnant girls.

Data collection occurred in the beginning of the
second semester of school, between August and October
2016, in the end of the summer and onset of spring,
a period in which the season does not impair outdoor
activities.The team of collection was specifically trained
and was composed of physicians, physical education
professionals and scientific initiation students. The
adolescents were guided about the 12 hours fasting before
the collection.

We used semi-structured questionnaires, approaching
demographic and socioeconomic variables, use of
medications, morbidities, eating habits and life habits. The
variables applied were defined by the researchers based
on similar studies. For information on food consumption,
we used items of the food records. The registry of use of
medications and morbidities, including chronic respiratory
disease, was measured from the report of adolescents. The
questionnaire was fulfilled by the adolescents themselves,
under guidance of researchers.

We performed anthropometric measures of weight
and height for the calculation of body mass index (BMI),
besides the abdominal circumference, considering
as reference the WHO guidelines, and following the
specific protocols for each measurement.!® The cutoff
points for BMI were defined from the z score, in the
following manner: score z > -2 e < 1: normal, score z
> 1 and < 2: overweight and score z > 2: obesity. For
statistical analysis, BMI was categorized into normal and
weight excess (overweight and obesity). Central obesity
was considered by means of the measure of the waist
circumference (WC) and the values were considered high
when WC > percentile 90."" We measured blood pressure
(BP), which was considered high, according to criteria
from the International Diabetes Federation (IDF), when
BP> percentile 95 for sex, age and height or when Systolic
Blood Pressure >130mmHg or Diastolic Blood Pressure
>85mmHg."12

Biochemical markers and of cardiovascular risk,
besides vitamin D, were assessed by means of blood
samples collected in the school, with venipuncture
performed by specialized mid-level practitioners, with
disposable needles and syringes. The biochemical tests
of glucose (GLU), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C) and triglycerides
(TG) were performed using enzymatic methods with
automatized equipment. For hyperglycemia, the cutoff
point considered was GLU>100 mg/dl." The low-density
lipoprotein cholesterol (LDL-C) was calculated with
Friedewald formula. The non-HDL cholesterol was
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calculated with the formula TC — HDL-c. Dyslipidemia
was defined by the presence of at least one of the following
parameters: TC > 170 mg/dL, HDL-c > 45 mg/dL, LDL-c
> 110mg/dL, non-HDL cholesterol > 120 mg/dL or TG
>90mg/dL."

Metabolic syndrome was diagnosed in participants
according to criteria proposed by IDF: (1) central obesity
(WC > 90 percentile for those with ten to 15 years or WC
90 cm for men and 80 cm for women in those aged 16
years); (2) SBP >130 or DBP >85 mmHg; (3) TG > 150 mg/
dL; (4) HDL-C > 45 mg/dL for those with ten to 15 years,
HDL-C >45 mg/dL in men and >40 mg/dL in women for
those with 16 and 17 years; (5) fasting glycaemia GLU >
100 mg/dL."1? Participants with central obesity and any
two more of the other four factors were considered as
having metabolic syndrome.

Insulin (INS) and vitamin D (VitD) were measured
using chemiluminescent immunoassay. We considered
hyperinsulinemia values of INS > 20 mU/L and insulin
resistance (IR) with values calculated of HOMA-IR >
3.16."*15For the 25-hydroxyvitamin D (25-OH vitamin D),
the cutoff values for each variation group were: deficiency
for values >20 ng/mL; insufficiency for values >20 and
<30 ng/mL and sufficiency when values > 30ng/ml. It
is important to highlight that these values are the same
recommended for adults and used in similar studies.>*>”7

We did not perform the Tanner staging for pubertal
development, considering the logistical difficulty in
the assessment and ethic-law aspects for the procedure,
because the collection sites did not have private rooms.

The variables were analyzed with the statistical
software SPSS (Statistical Program for Social Sciences)
version 20.0 for Windows. After descriptive analysis, we
performed bivariate analyses (Pearson’s chi-square test
or Fisher’s exact test) and the variables that presented
significance levels of up to 20% (p<0.20) were assessed
jointly with Poisson regression, with robust estimators.
For the final model, we estimated prevalence ratios and
the respective 95% confidence intervals, assuming a
significance level of 5% (p<0.05).

The project of this study was submitted to the
Research Ethics Committee of the State University of
Montes Claros (Unimontes — Portuguese acronym) and

was approved with opinion number 1.503.680.

Results

A total of 494 students participated in the study, 296
(59.9%) were female and 373 (75.8%) self-declared as
being black (brown or black skin color). Most of the
assessed group (85.6%) informed a family income of
up to three minimum wages. These and other group
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characteristics are demonstrated in Tables 1 and 2. The
vitamin D levels assessed revealed that 67 (13.8%)
adolescents had deficiency of the vitamin, 209 (43.2%)
presented insufficient levels and 208 (43.0%) had values
considered sufficient.

Table 1

Table 1 presents results of the bivariate analysis
in relation to sociodemographic characteristics and life
habits for the values of vitamin D deficiency and of
hypovitaminosis D (deficiency+insufficiency). Table
2 presents results of the bivariate analysis related to

Association between sociodemographic characteristics, life habits and vitamin D levels in adolescents in the North of Minas Gerais, 2016 (bivariate

analysis (N=494).

Vitamin D (deficiency) Vitamin D (deficiency + insufficiency)
Independent variables <20 ng/mL >20 ng/mL <30 ng/mL >30 ng/mL
n % n % i n % n % P
Sex 0.619 0.908
Female 42 14.2 254 85.8 166 56.1 130 43.9
Male 25 12.6 173 87.4 110 55.6 88 44.4
Age group (years) <0.001 0.019
10-14 52 18.2 233 81.8 172 60.4 113 39.6
15-16 15 7.2 194 92.8 104 49.8 105 50.2
Skin color 0.461 0.769
Black 53 14.2 320 85.8 207 55.5 166 44.5
Others 14 11.6 107 88.4 69 57.0 52 43.0
Family income* 0.609 0.236
< 3 minimum wages 57 13.9 354 86.1 234 56.9 177 431
>3 minimum wages 8 11.6 61 88.4 34 49.3 35 50.7
Inhabitants in the household 0.796 0.339
>4 31 14.1 189 85.9 128 58.2 92 41.8
<4 36 13.3 235 86.7 146 53.9 125 46.1
Chronic respiratory disease 0.020 0.780
Yes 14 23.0 47 77.0 35 57.4 26 42.6
No 52 121 377 87.9 238 55.5 191 445
Physical activity 0.827 0.769
No 28 14.1 170 85.9 110 55.6 88 44.4
Yes 39 134 251 86.6 165 56.9 125 43.1
Frequency of physical activity/week 0.484 0.754
< 2 times 47 14.3 281 85.7 183 55.8 145 44.2
> 2 times 17 12.0 125 88.0 77 54.2 65 45.8
Regular walks per week 0.139 0.184
< 2 times 35 16.2 181 83.8 128 59.3 88 40.7
> 2 times 32 11.6 244 88.4 147 53.3 129 46.7
Regular use of sunscreen 0.633 0.948
Yes 17 12.3 121 87.7 77 55.8 61 44.2
No 49 14.0 302 86.0 197 56.1 154 43.9
Consumption of meat and eggs 0.247 0.218
<5 times/week 52 14.6 303 85.4 205 57.7 150 42.3
> 5 times/week 14 10.6 118 89.4 68 51.5 64 48.5
Consumption of milk and dairy products 0.923 0.425
<5 times/week a7 13.5 302 86.5 199 57.0 150 43.0
> 5 times/week 20 13.8 125 86.2 77 53.1 68 46.9

* Current minimum wage: R$880.00.
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anthropometric and biological parameters considered
cardiovascular risk factors.

Table 3 presents the result of the multiple analysis
considering all factors associated until the 20% level of
the bivariate analysis. The age group from 10 to 14 years

Table 2

Hypovitaminosis D in adolescents and associated factors

was a factor associated with both vitamin D deficiency
and hypovitaminosis D (deficiency + insufficiency). The
registry of chronic respiratory disease was also associated
with vitamin D deficiency, and high BMI was associated
with higher prevalence of hypovitaminosis D.

Association between cardiovascular risk factors and vitamin D levels in adolescents in the North of Minas Gerais, 2016 (Bivariate analysis) (N=494).

Vitamin D (deficiency) Vitamin D (deficiency + insufficiency)
Independent variables <20 ng/mL > 20 ng/mL <30 ng/mL >30 ng/mL
n % n % P n % n % P
BMI** 0.428 0.002
Weight excess 27 15.3 150 84.7 115 65.0 62 35.0
Normal 40 12.7 275 87.3 160 50.8 155 49.2
Cholesterol total 0.961 0.350
High 5 143 30 85.7 19 54.3 16 45.7
Borderline 12 12.8 82 87.2 59 62.8 35 37.2
Desirable 50 13.8 313 86.2 198 54.5 165 45.5
HDL cholesterol*** 0.587 0.210
Low 14 11.9 104 88.1 74 62.7 44 37.3
Borderline 48 14.7 278 85.3 178 54.6 148 454
Desirable 5 10.4 43 89.6 24 50.0 24 50.0
Triglycerides 0.878 0.260
Altered 31 14.0 191 86.0 131 59.0 91 41.0
Normal 36 13.5 231 86.5 144 53.9 123 46.1
Abdominal circumference 0.058 0.033
> Percentile 90 18 19.8 73 80.2 60 65.9 31 341
<Percentile 90 49 12.2 352 87.8 215 53.6 186 46.4
Insulin resistance (HOMA - IR) 0.369* 0.885*
<35 4 10.0 36 90.0 24 60.0 16 40.0
>3.5 63 15.3 349 84.7 252 61.2 160 38.8
Metabolic syndrome 0.422* 0.387*
Yes 3 23.1 10 76.9 10 76.9 3 23.1
No 64 14.6 373 85.4 265 60.6 172 39.4
Dyslipidemia 0.401 0.019
Yes 52 14.6 304 85.4 211 59.3 145 40.7
No 15 11.6 114 88.4 61 47.3 68 52.7

* Fisher's exact test; ** BMI= Body Mass Index; *** HDL cholesterol= high-density lipoprotein cholesterol.

Table 3
Variables associated to hypovitaminosis D within adolescents in the North of Minas, 2016 (multiple analysis*).
Vitamin D deficiency Vitamin D deficiency and insufficiency
Variables (<20 ng/mL) (<30ng/mL)
PR (C195%) p PR (C195%) P
Age range (years) <0.001 0.019
10-14 1.06 (1.03-1.09) 1.23 (1.13-1.35)
14-16 1.00 1.00
Chronic respiratory disease 0.046 - -
Yes 1.06 (1.01-1.13) -
No 1.00
High BMI** 0.007
Yes - 1.29 (1.17-1.44)
No - 1.00

* Poisson regression, with robust estimator; ** BMI= body mass index.
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Discussion

This study assessed vitamin D levels in adolescents from
public schools in the North of Minas Gerais, an area of
high solar irradiation indexes, revealing an important
prevalence of deficiency and insufficiency of this vitamin.
Hilger et al.* demonstrate, in a systematic review about
vitamin D status in the world population, a scarcity of
studies of this nature in South America, with only one
from Argentina and two from Brazil. Specifically in
Brazil, a study of geospatial meta-analysis highlighted
high prevalence of deficiency and insufficiency of vitamin
D in the general population.’

Two other global systematic reviews published in
2013 and 2016 demonstrate increased prevalence for both
deficiency and insufficiency of vitamin D, reinforcing the
affirmative that this is a worldwide problem of public
health.*!® The meta-analysis carried out by Palacios and
Gonzalez,' specially, assessed risk groups for this issue
and indicates adolescents as one of the risk groups to be
monitored. Assessing only studies concerning prevalence
of representative samples, the authors concluded that the
occurrence of low levels of vitamin D is a worldwide
problem in all age groups, even highlighting an impressive
lack of data for children and adolescents in the entire
world.'

For the ERICA study, authors observed also in Brazil
a high prevalence of deficiency and insufficiency of
the vitamin for the adolescent population, regardless of
the region assessed. Hypovitaminosis D was positively
associated with female sex, with latitudes, with the period
of data collection, skin color (non-white) and students from
private schools. It is important to register that the present
study presented a correspondence of the hypovitaminosis
D levels investigated in the ERICA survey, reiterating the
critical situation of low vitamin D levels.’

A national research, carried out from a large sample
of laboratory data observed that the adolescent age range
have a percentage of individuals with vitamin D <20 ng/
mL with values of 13.4% and 12.6% in the male and
female genders, respectively, which indicates an increase
of over two times compared with the infant age range.!”
The present study does not allow the comparison by age
ranges throughout life, although the prevalence for the
same vitamin D levels in these adolescents are similar
and expose a severe impairment for this risk group.
Highlighting the magnitude of the problem in Australian
adolescents, a study registered a slightly higher prevalence
than that observed in this study for vitamin D deficiency, of
17.0% and even higher for hypovitaminosis D, of 65.0%.'8

In a more recent meta-analysis, the authors gathered
308 studies that investigate the prevalence of vitamin D
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deficiency in population based analyses from 2020 to
2022, in 81 countries. Worldwide, they registered levels
of deficiency and insufficiency at 15.7% and 47.9% of
the population, respectively. The authors highlight that
the values are concerning, considering that low vitamin
D values would increase the global load of diseases and
that the governments should consider its prevention as a
public health priority."

There is a significant divergence in the literature
about risk factors for hypovitaminosis D, which involves
environmental aspects, biological and demographic
characteristics, eating habits, among others.*3%192! In
this study, the assessed variables sex, skin color, family
income, physical activity, regular use of sunscreen and
an adequate consumption of meat, eggs, milk and dairy
products were not associated to low vitamin D levels. It
is possible that at least part of this divergence observed
is due to the uniformity of the participants in the study,
since all of them were from public schools and present
very similar socioeconomic conditions.

The results registered association between low
vitamin D levels and age range, with predominance in
the early adolescence stage (adolescents between ten and
14 years) for both deficiency and hypovitaminosis D. It
is not a variable systematically assessed in other studies.
Nevertheless, another national study, in a sunny region
of Brazilian Northeast, however it was carried out with
overweight adolescents, presented the same behavior in
relation to age range observed in this study, demonstrating
progressive improvement of hypovitaminosis D prevalence
as the adolescents got older.”? The meta-analysis of Hilger
et al.,> which compared variations of the levels of vitamin
D worldwide and assessed differences by age, sex and
geographic region did not find differences related to age.”

Another factor associated with low vitamin D levels
in the present study was the report of chronic respiratory
disease in adolescents. In a revision about the extraskeletal
effects of vitamin D, the authors highlighted the effects
of this micronutrient in the modulation of the function of
B and T lymphocytes, and their impact in inflammatory
pathways, and relate the deficiency of the vitamin with
increased risk of respiratory infections, worsening of
pulmonary function, exacerbation of asthma and worsening
of prognosis of patients with asthma.?*?* In China,
researchers reinforced these observations and explain that
the active form of the vitamin performs its physiological
effects when linked to specific receptors that are broadly
distributed within epithelial respiratory cells and immune
cells (B cells, T cells, macrophages and monocytes). These
receptors regulate the transcription of several genes related

to immunomodulation and inflammation.?*



Hypovitaminosis D has been related to metabolism
deviations, specifically the metabolism of carbohydrates
and metabolic syndrome (MS). In this study, no
biochemical marker of cardiovascular risk was associated
to hypovitaminosis D. In a revision about the extraskeletal
effects of vitamin D, the authors presented several studies
that confirmed the association between low levels of
this vitamin with Diabetes Mellitus and MS, however
they also shown some studies with conflicting results.?
Effectively, the role of vitamin D deficiency in several
extraskeletal diseases, in the molecular perspective,
particularly in relation to metabolic syndrome, still lacks
better comprehension and new studies.

The BMI when in values consistent with obesity and
overweight, in this study considered jointly as weight
excess, was associated with hypovitaminosis D but did
not present a statistically significant association with
vitamin D deficiency. A Brazilian study that assessed the
association between cardio-metabolic risk factors and
hypovitaminosis D in the Northeast of Brazil assessed 125
adolescents, registering a frequency of hypovitaminosis
D of 45.6%. The variables that were associated to
hypovitaminosis were blood pressure above the 95
percentile, body weight and fasting insulin.?? The results
are consistent with the present study only with regard to
weight excess, nevertheless it is relevant to highlight that
the number of the abovementioned study was significantly
lower and based in a convenience sample.

Another Brazilian study using a slightly higher
adolescent age range (from 15 to 19 years) also find high
prevalence of hypovitaminosis D, of 57.3% in the study
population as a factor independently associated with
weight excess only for the male gender.?® An international
survey for the definition of standards for overweight and
obesity within children and adolescents in the world, in
which the Brazilian infant population was also assessed,
demonstrated that there is a peak in the coefficient of BMI
variation in puberty for both sexes.?” Being puberty the age
range of this study, this evidence reinforces the hypothesis
that the lower bioavailability of vitamin D observed in
individuals with obesity may be attributed, among other
factors, to the sequestration of vitamin D in the adipose
tissue.?>?® The results of studies already performed present
evidence that suggests that, besides obesity is related to
vitamin D storage in adipocytes leading to the reduction
of its bioavailability, the adipose tissue present lower
expression of enzymes responsible for the hydroxylation
of vitamin D, as well as specifically 1-a-hydroxylase,
which may impair its activities in obesity.?

Concerning other cardiovascular risk factors, the
biochemical and metabolic variables, which include
the calculation of HOMA index and/or the diagnosis of

Hypovitaminosis D in adolescents and associated factors

metabolic syndrome, were not statistically associated with
hypovitaminosis D (deficiency and/or insufficiency) in
this research as well. This is still an unclear relationship in
the literature, with studies that present conflicting results.
In an Australian study started in 1989 and published in
2016, the authors investigated, in adolescents and young
adults, the prospective associations between serum
concentrations of vitamin D and risk factors, such as
BMI, insulin resistance, HDL-cholesterol, triglycerides
and systolic arterial pressure, evidencing that serum
concentrations of vitamin D were inversely associated to
BMI and insulin resistance, suggesting a cardio-protective
benefit in the increase of vitamin D levels.?

On the other hand, a study carried out in China with
2680 children and adolescents revealed that low vitamin D
levels were associated to obesity, however it did not occur
to any other cardiovascular risk factor.’® Also in other
studies carried out in Brazil, the authors did not observe
association between dyslipidemia or insulin resistance
and vitamin D levels.?>? Yet other cardiovascular risk
factors did not show association with vitamin D in this
study, the presence of statistical significance of the latter
with BMI increase, itself, deserves attention and a better
understanding of the subject since high BMI in children
and adolescent are directly related to the increase of
coronary disease in adulthood.

The results of this study should be considered in the
light of some limitations. The study group is relatively
homogeneous in relation to socioeconomic characteristics,
considering that all of them were allocated from public
schools. Various information concerning the subject, such
as physical activity, diet, among others, were registered
from the reports of adolescents, without the help of more
validated or accurate instruments or measures of control.
In this perspective, also, we highlight that no direct
measurement of the time of sun exposure was registered,
as well as the use of clothes and/or accessories of sun
protection. In addition, the collection of blood samples
was performed in the same period of year, in spite of the
absence or well-defined seasons in the region, which may
justify behaviors of less or more sun exposure in outdoor
environments. Finally, it is important to mention that,
although the cutoff points used are the same as those of
other studies, these values are also used for adults, being
possible that adolescents have different concentrations
of vitamin D.

In spite of these limitations, considering the scarcity
of regional studies, the results are relevant since they
expose a critical condition, which was unknown for
the region, for a population group particularly more
vulnerable, that is, adolescents from public schools. The

results generated will serve to base other studies and to
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the guidance of managers and health professionals in the
definition of public health policies and approaches in the
change of habits in this population.

The present study assessed simultaneously
factors associated with both vitamin D deficiency
and hypovitaminosis D (deficiency + insufficiency),
registering that chronic respiratory disease was associated
to deficiency, but not to hypovitaminosis D, whilst
the increase of body mass index was associated to
hypovitaminosis D, but not to deficiency. This result
emphasizes that the actions of vitamin D for beyond the
skeletal system still lack further studies. On the other hand,
the need for standardization of serum levels for vitamin
D for the assessed group still occurs, for both the clinical
perspective and epidemiological studies.
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