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Abstract
Objective: To assess the prevalence of vitamin D insufficiency and deficiency and
its association with cardiometabolic risk factors, controlled by adiposity, in a
representative sample of prepubescent children.
Design: Cross-sectional population-based study. Body composition was evaluated
by dual-energy X-ray absorptiometry. Anthropometric measures and blood
pressure were performed. Laboratory analyses were performed to determine the
levels of vitamin D (25-hydroxyitamin D; 25(OH)D), glucose, insulin, serum lipids
and intact parathyroid hormone. Dietary intake was assessed by three 24 h recalls.
Setting: Viçosa, Minas Gerais, Brazil, 2015.
Subjects: Representative sample of 378 children aged 8 and 9 years from urban
schools.
Results: Inadequate serum concentrations of 25(OH)D were diagnosed in more
than half of the children and none of them met the recommended vitamin D
intake. After adjusting for confounding factors in the multiple regression analysis,
lower prevalence of insulin resistance and hypertriacylglycerolaemia was found in
children with serum 25(OH)D levels ≥75 nmol/l (prevalence ratio= 0·25; 95%
CI 0·08, 0·85) and ≥50 nmol/l (prevalence ratio= 0·61; 95% CI 0·37, 0·99),
respectively. However, after adjusting for different indicators of adiposity, insulin
resistance remained independently associated and the association with hyper-
triacylglycerolaemia was lost after adjusting for central adiposity. The prevalence
of vitamin D insufficiency/deficiency was associated with the number of
cardiometabolic alterations in children.
Conclusions: The study results showed that prevalence of vitamin D insufficiency/
deficiency was high among the children and insulin resistance was the main
cardiometabolic alteration associated with this condition, even in a tropical climate
country such as Brazil.
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Hypovitaminosis D has become a global health problem
and high prevalence of inadequate serum vitamin D has
been reported even in tropical countries such as Brazil(1,2).
During childhood, an appropriate serum concentration of
vitamin D (25-hydrovyvitamin D; 25(OH)D) is essential for
bone health, since its deficiency can lead to rickets,
growth retardation and muscle weakness(3).

Vitamin D is a steroid hormone synthesized in the skin
from exposure to sunlight, which is its main source, but it
can also be obtained from food sources such as cod-liver oil
and fatty fish (salmon, sardine, tuna). The risk factors for
vitamin D deficiency are related to its decreased cutaneous
synthesis caused by low sun exposure, high latitudes,
colder seasons, older age and skin pigmentation(1,4).

Recent behavioural, social and cultural changes favour
sedentary behaviour, limiting physical activity – especially
outdoor activities – and, as result, sun exposure, which are
also important factors related to vitamin D insufficiency/
deficiency(5). Furthermore, overweight and obese children
generally spend less time outdoors because of a sedentary
lifestyle(6).

Vitamin D functions associated with Ca homeostasis and
bone health are traditionally recognized, and only after its
receptor was found in other tissues such as skin, placenta,
brain, breast and pancreas did research begin on the
additional effects of vitamin D not related to bone tissue(4).
Despite the physiological mechanisms not yet being fully
understood, studies have shown the association of
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hypovitaminosis D with various chronic diseases, including
insulin resistance, dyslipidaemia and hypertension, even in
children(7–9). However, we found no reports of studies of
this nature in developing countries.

Vitamin D deficiency is associated with several cardio-
metabolic risk factors that contribute to the development of
type 2 diabetes mellitus and CVD, the main causes of
morbidity and mortality in the developed world(10,11). This
association is influenced by body adiposity, since vitamin D
is lipid-soluble and its serum concentration tends to be
reduced in individuals with excess body fat(12).

In addition, the inverse association between vitamin D
and metabolic syndrome may be influenced by glucose
homeostasis(13–15). Studies with children and adolescents
found an association between serum vitamin D and insulin
sensitivity mediated by body fat, as well as that vitamin D
supplementation improved insulin resistance and metabolic
syndrome score in obese individuals(12,16). Thus, vitamin D
deficiency in the paediatric age group associated with
obesity may lead to increased risk of changes in glucose
metabolism. However, other studies have found con-
troversial results(17,18).

Excessive adiposity from infancy onwards increases the
risk for metabolic disorders related to glucose homeo-
stasis, control of blood pressure and lipid profile(19).
Obesity and body fat are also factors associated with lower
serum concentrations of vitamin D(12). Therefore, adjusting
for a potential confounding effect of fat mass is important
when assessing associations between concentrations of
vitamin D and cardiometabolic risk factors. Most studies
with children have used BMI, which does not cover
information on body composition, and hence more accu-
rate measures of body fat become important in epidemio-
logical studies.

Identifying modifiable cardiovascular risk factors in
childhood can help in long-term disease prevention. It is
important to consider childhood as a strategic period for
assessing serum levels of 25(OH)D and promotion of
healthy habits. In Brazil, few studies have assessed the
prevalence of vitamin D deficiency and insufficiency and
its relationship with cardiometabolic disorders, particularly
in children. Thus, the present study aimed to assess the
prevalence of vitamin D insufficiency and deficiency and
its association with cardiometabolic risk factors, controlled
by adiposity, in a representative sample of prepubescent
Brazilian children.

Methods

Study design and participants
Participants in the present study came from the Survey of
Health Assessment of Schoolchildren (PASE), a cross-
sectional population-based study with 378 children aged 8
and 9 years from all public and private schools (n 24) in
the urban area of the city of Viçosa, Minas Gerais, Brazil.

Viçosa is located in the Zona da Mata Region of Minas
Gerais, 227 km from the state capital Belo Horizonte.
It features a per capita Gross Domestic Product of
R$ 9597·00 ($US 3024·00) and a Human Development
Index of 0·775, which is considered high, higher than the
state (0·731) and national (0·755) indices(20).

The PASE is a cross-sectional population-based study
with children enrolled in urban schools to evaluate the
cardiovascular health of these children in the city of Viçosa.
In 2015, the city had twenty-four urban schools (seventeen
public and seven private) that served children aged 8 and 9
years, totalling 1464 children enrolled. The sample size was
calculated using the software Epi Open version 3.03 from
the total number of children aged 8 and 9 years (n 1464)
enrolled in all urban schools in 2015. Considering the
analysis of multiple outcomes and the lack of studies on
the prevalence of vitamin D insufficiency in children in
south-eastern Brazil, the sample was calculated on the
basis of 50% prevalence, 5% error tolerated, 95% CI, 5%
significance level and 20% estimated loss, resulting in the
sample size of 366 children.

Currently, there is no consensus on cut-off points for the
classification of 25(OH)D deficiency in clinical practice.
However, vitamin D deficiency has been defined as below
50 nmol/l (20 ng/ml) by many specialists, while sufficiency
values range from 50 to 80 nmol/l (20 to 32 ng/ml)(2,4,21).
In the current study, the concentration of vitamin D is
expressed as nmol/l (2·5 nmol/l= 1 ng/ml) and deficiency,
insufficiency and sufficiency were defined when values
were <50, ≥50–< 75 and ≥75 nmol/l, respectively(4,21–23).

The schoolchildren were selected by stratified random
sampling. The sample from each school met the pro-
portionality ratio of students enrolled by age and gender.
The selection of children was done by random simple draw
until the necessary number for each school was completed.

The child did not participate in the study if taking
medication that interfered with the metabolism of vitamin
D (corticosteroids, anticonvulsants and antifungals),
glucose and/or lipids, as well as vitamin or mineral
supplements. Data collection took place between May and
November of 2015.

The study was conducted according to the guidelines
established in the Declaration of Helsinki and all proce-
dures involving human subjects were approved by the
Ethics Committee on Human Research of the Federal
University of Viçosa (opinion number 663171/2014)
and also presented to the Municipal Department of
Education, the Regional Superintendent of Education
and principals of schools. Informed consent was signed
by the parents.

Anthropometry and body composition
Weight and height were measured using an electronic
digital scale (Tanita®, model BC 553, Arlington Heights, IL,
USA) and a portable stadiometer (Alturexata®, Belo
Horizonte, MG, Brazil), respectively.
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The nutritional status of children was assessed based on
BMI, according to the BMI-for-age Z-scores proposed by
the WHO(24). Waist circumference was measured at the
midpoint between the iliac crest and the last rib using a
flexible and inelastic tape measure. Abdominal adiposity
values above the 90th percentile according to age
and gender were considered excessive, as proposed
for Brazilian children(25). Waist-to-height ratio was calcu-
lated by dividing waist (in centimetres) by height
(in centimetres).

Total and regional body composition, android fat and
gynoid fat were assessed by dual-energy X-ray absorp-
tiometric scanning, in the morning, after an overnight fast,
with children in a supine position. The total and regional
body fat are reported as percentages and expressed as fat
mass index (FMI), an index of fat mass-for-height (kg/m2).
Excess body fat was classified according to the cut-off
points proposed by Lohman(26).

Biochemical and clinical assessment
Blood samples were collected by venepuncture into
serum gel tubes after 12 h of fasting for further analysis.
Glucose, total cholesterol, HDL cholesterol, LDL choles-
terol and TAG were determined by the enzymatic colori-
metric method using the commercial kit Bioclin® (Belo
Horizonte, MG, Brazil), following the manufacturer’s
instructions, and measured in an automatic biochemistry
analyser (Mindray BS-200®, Nanshan, China).

Insulin, calcidiol (25(OH)D) and intact parathyroid
hormone were determined by chemiluminescence
immunoassay at the Clinical Analysis Laboratory of the
Health Division, Federal University of Viçosa.

25(OH)D was determined by the Architect® 25-OH
Vitamin D assay, which was developed to have correlation
coefficient ≥0·80 for serum samples when compared with
the LIAISON® DiaSorin 25-OH Vitamin D Total assay. The
Architect 25-OH Vitamin D assay has been developed to
have an imprecision of ≤10% (within-laboratory total CV).

Values were considered increased when fasting glucose
was ≥100mg/dl and fasting insulin was ≥15mU/ml(27).
The homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated. There is no default setting for
insulin resistance, particularly in children, but it has been
shown that a HOMA-IR cut-off of about 3 could be used
for this age group(28). Therefore, we considered HOMA-IR
≥ 3·16 according to the I Atherosclerosis Prevention
Guideline on Childhood and Adolescence of the Brazilian
Society of Cardiology(27).

The lipid profile was classified using specific cut-off
points for children. Values were considered altered when
total cholesterol was ≥ 3·9mmol/l (150mg/dl), LDL
cholesterol was ≥2·6mmol/l (100mg/dl), TAG was
≥1·1mmol/l (100mg/dl) and HDL cholesterol was
<1·2mmol/l (45mg/dl)(27).

Blood pressure was measured with the child in sitting
position after resting for at least 5min at three different

times. The mean values were used to classify children.
Systolic or diastolic pressure was considered altered when
greater than the 90th percentile, proposed by the VI Bra-
zilian guidelines of hypertension by the Brazilian Society
of Cardiology, according to age, gender and height per-
centile(29). Measurements were carried out using an
automatic inflation blood pressure monitor (OMRON®

HEM 907, Vernon Hills, IL, USA).

Dietary assessment
Dietary intake was assessed by three 24 h recalls, on non-
consecutive days, including one weekend day. The inter-
val between the recalls was 15 to 20 d. The children
responded to the dietary survey accompanied by their
parents or guardians who were also interviewed, pre-
ferably the one directly involved with the child’s diet.

The quantities of foods consumed in the portion sizes
were converted to grams or millilitres for further chemical
composition analysis. The analysis of dietary data was
performed using the Diet Pro® 5i software, version 5.8.

Vitamin D intake was compared with the Estimated
Average Requirement, proposed by the US Institute of
Medicine, of 10 μg/d (400 IU/d)(30). Adjustment for the
effect of energy consumption on macro- and micro-
nutrients was carried out using the residual method
proposed by Willett and Stampfer(31).

Questionnaire
Information on demographic and socio-economic char-
acteristics was collected by personal interview with the
child and parents. Per capita income was obtained by
dividing the total income of the family by the number of
dependants. Maternal education was measured by the
number of years of schooling completed by the mother.

The parents/guardians declared the child’s ethnicity and
the skin colour was categorized as white, brown or black.
The season of the year was evaluated during the time of
blood collection.

Based on the child’s life habits, sedentary behaviour
was defined as activities that do not increase energy
expenditure substantially above rest, such as watching
television or engaging in other forms of screen-based
entertainment(32). Sedentary behaviour was classified as
screen time ≥2 h/d(33). The time of sun exposure was
defined according to the outdoor activities that the
children performed.

Statistical analyses
Statistical analyses were performed with the statistical
software packages IBM SPSS Ststistics version 20.0 and
Stata version 13.1. Normality was assessed by the
Kolmogorov–Smirnov test. Mean and SD are presented
for variables with normal distribution, and median and
interquartile range for variables without normal distribu-
tion. Pearson’s χ2 test, Fisher’s exact test and the χ2 linear
trend test were used to analyse the relationship between
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categorical variables. Differences in quantitative variables
between two groups were assessed by Student’s t test or
the Mann–Whitney U test.

Poisson regression with robust variance was performed
to estimate the association of cardiometabolic risk factors
with deficiency and insufficiency of vitamin D. The pre-
valence ratio (PR) with 95% CI was used as a measure of
effect. The analyses were conducted having the cardio-
metabolic changes as the dependent variable. Multivariate
models were adjusted for age, gender, season, ethnic
group, parathyroid hormone, per capita income, maternal
schooling, vitamin D intake, sedentary behaviour and
percentage of body fat. Additional adjustment for
different measures of adiposity as a potential confounding
factor was also done, replacing the percentage of body
fat in those models that had initially shown significant
associations. The goodness-of-fit test was used to evaluate
the adjustment of the final model. We considered the
group with the lowest concentration of vitamin D as
reference.

Finally, the association between the prevalence of
insufficiency and deficiency of vitamin D and the number
of cardiometabolic alterations (excessive body and
abdominal adiposity, hypercholesterolaemia, hyper-
triacylglycerolaemia, high LDL cholesterol, low HDL cho-
lesterol, hypertension, insulin resistance) was assessed
using simple linear regression analysis. The prevalence of
vitamin D insufficiency/deficiency was considered as

dependent variable, while cardiometabolic alterations
were considered as independent variables.

The significance level of 0·05 (α= 5%) was adopted for
all tests.

Results

About half of the children were 9 years old (51·6%) and
female (52·1%). Regarding skin colour, 55·8% were
brown, 32·8% white and 11·4% black. The prevalence of
deficiency and insufficiency of vitamin D was 12·2 and
43·4%, respectively (prevalence of sufficiency was
55·6%). No child had 25(OH)D below 25 nmol/l.

Sedentary behaviour was more prevalent in boys
(P= 0·026). The mean vitamin D intake (1·68 µg/d) was
83·2% lower than the Estimated Average Requirement,
and it is noteworthy that no child reached the Estimated
Average Requirement. Girls had higher mean body adipo-
sity while boys had higher mean HDL cholesterol
(P< 0·05). There was no difference in the nutritional status
of 25(OH)D and anthropometric measurements between
genders (Table 1). We also found no difference in the time
of sun exposure in relation to sedentary behaviour
(P= 0·134); however, a longer sun exposure was observed
in the autumn (P< 0·001).

The mean values of anthropometric measurements,
body composition, biochemical variables and blood

Table 1 Characteristics of the study population of Brazilian children (n 378) aged 8–9 years, Viçosa, Minas Gerais, Brazil, 2015

Total (n 378) Boys (n 181) Girls (n 197)

n, median or
mean %, IQR or SD

n, median or
mean %, IQR or SD

n, median or
mean %, IQR or SD P

25(OH)D†, n and %
Sufficiency (≥75 nmol/l) 167 44·40 88 52·70 79 47·30 0·357
Insufficiency (≥50–<75 nmol/l) 163 43·40 68 41·70 95 58·30
Deficiency (<50 nmol/l) 46 12·20 24 52·20 22 47·80

Sedentary behaviour, n and %
≤2h/d 198 52·40 84 42·40 114 57·60 0·026*
>2h/d 180 47·60 97 53·90 83 46·10

Per capita income (R$), median and IQR 500·00 312·00–844·25 500·00 294·17–817·00 500·00 326·00–923·00 0·762
Maternal education (years), median and

IQR
11·00 7·00–11·00 11·00 7·00–11·00 11·00 8·00–11·00 0·608

Vitamin D intake (µg/d), mean and SD 1·68 1·25 1·84 1·25 1·53 1·23 0·097
HOMA-IR, median and IQR 0·95 0·65–1·46 0·90 0·60–1·80 1·00 0·68–2·32 0·067
SBP (mmHg), mean and SD 102·92 8·73 103·24 8·18 102·62 9·23 0·487
DBP (mmHg), mean and SD 60·82 6·78 60·33 6·34 61·27 7·15 0·181
TC (mmol/l), mean and SD 3·94 0·68 3·93 0·66 3·94 0·71 0·891
HDL-C (mmol/l), median and IQR 1·27 1·11–1·45 1·29 1·14–1·50 1·24 1·09–1·40 0·015*
LDL-C (mmol/l), mean and SD 2·25 0·60 2·21 0·57 2·29 0·64 0·193
TAG (mmol/l), median and IQR 0·82 0·63–1·02 0·78 0·59–0·99 0·85 0·64–1·07 0·075
BMI Z-score, mean and SD 0·41 1·40 0·44 1·49 0·38 1·33 0·693
WC (cm), median and IQR 57·60 53·50–65·60 58·00 54·80–64·75 57·00 52·90–66·70 0·218
WHtR, median and IQR 0·43 0·41–0·47 0·43 0·41–0·47 0·43 0·40–0·48 0·641
BF (%), median and IQR 22·75 16·0–32·13 19·00 13·10–30·00 25·40 19·15–34·90 <0·001*
FMI (kg/m2), median and IQR 3·65 2·38–6·15 3·11 1·95–5·52 4·19 2·95–6·73 <0·001*
AF (%), median and IQR 14·85 7·10–26·18 9·50 6·00–22·50 17·20 8·65–28·05 <0·001*
GF (%), mean and SD 31·37 11·47 27·67 11·68 34·76 10·18 <0·001*

IQR, interquartile range; 25(OH)D, 25-hydroxyvitamin D; HOMA-IR, homeostasis model assessment of insulin resistance; SBP, systolic blood pressure; DBP,
diastolic blood pressure; TC, total cholesterol; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; WC, waist circumference; WHtR, waist-to-height ratio; BF, body
fat; FMI, fat mass index; AF, android fat mass; GF, gynoid fat mass.
Variables with normal distribution (mean and SD) were evaluated by Student’s t test and variables without normal distribution (median and IQR) were evaluated
by the Mann–Whitney U test.
*P< 0·05.
†χ2 linear trend test.
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pressure did not differ by vitamin D intake tertile, and
no association was found between serum concentra-
tions and vitamin D intake. It is also noteworthy that
the insufficiency/deficiency of 25(OH)D was com-
pared between children from public and private
schools and no statistical difference was found (data
not presented).

The prevalence of insufficiency/deficiency of vitamin D
(<75 nmol/l) was higher in black children (68·3%) than in
brown (56·4%) and white (50·0%) children. The pre-
valence of insulin resistance and the average values of
anthropometric measurements and body composition
were higher in children with insufficiency/deficiency of
vitamin D (Table 2). After adjustment for confounding
factors, in multiple regression analysis, the results showed
that the prevalence of insulin resistance was lower in
children with sufficient serum vitamin D concentration
(PR= 0·11; 95% CI 0·03, 0·45) and this association
remained significant after adjustment for the percentage of
body fat (PR= 0·25; 95% CI 0·08, 0·85). The prevalence of
hypertriacylglycerolaemia was lower in children with
concentration of vitamin D≥ 50 nmol/l (PR= 0·49; 95% CI
0·30, 0·81) than in deficient children and this association
also remained after adjustment for body fat (PR= 0·61;
95% CI 0·37, 0·99; Table 3). However, after additional

adjustment for other indicators of body adiposity in mul-
tiple regression analysis, only insulin resistance remained
independently associated. The association with TAG was
lost after adjustment for central adiposity (Table 4).

High prevalence of cardiometabolic risk factors was
observed in the children, including overweight (32·8%),
excessive body (49·7%) and abdominal adiposity (29·6%),
insulin resistance (2·4%), hypercholesterolaemia (23·4%),
low HDL cholesterol (29·8%), high LDL cholesterol (4·0%),
hypertriacylglycerolaemia (7·7%) and hypertension (4·8%).
The prevalence of insufficiency/deficiency of vitamin D was
associated with the number of cardiometabolic alterations in
children (β=5·62; 95% CI 0·92, 10·32; P=0·036; Fig. 1).

Discussion

The present study found a high prevalence of vitamin D
insufficiency/deficiency among the children and insulin
resistance was the main cardiometabolic alteration asso-
ciated with this condition, regardless of body fat location.
Although restricted to one city, the present study is the
first, to our knowledge, which relates the nutritional status
of vitamin D to cardiometabolic risk factors in a
population-based sample of Brazilian children.

Table 2 Characteristics in relation to vitamin D status (sufficiency, insufficiency/deficiency) of the study population of Brazilian children
(n 378) aged 8–9 years, Viçosa, Minas Gerais, Brazil, 2015

25(OH)D≥ 75 nmol/l (n 167) 25(OH)D<75nmol/l (n 209)

n, median or mean %, IQR or SD n, median or mean %, IQR or SD P

Ethnic group†, n and %
White 62 50·00 62 50·00 0·044*
Brown 92 43·60 119 56·40
Black 13 31·70 28 68·30

Season†, n and %
Autumn 41 59·40 28 40·60 0·345
Winter 76 37·30 128 62·70
Spring 50 48·50 53 51·50

Sedentary behaviour, n and %
≤2h/d 93 47·4 103 52·6 0·217
>2h/d 74 41·1 106 58·9

Per capita income (R$), median and IQR 475·00 312·00–946·00 500·00 312·00–800·00 0·994
Maternal education (years), median and IQR 11·00 7·00–11·00 11·00 7·00–11·00 0·578
Vitamin D (µg/d), mean and SD 1·77 1·34 1·61 1·13 0·160
HOMA-IR (≥3·16)‡, n and % 1 11·10 8 88·90 0·047*
BP (≥90th percentile), n and % 12 48·00 13 52·00 0·718
TC (≥3·9mmol/l), n and % 81 42·20 111 57·80 0·380
HDL-C (<1·2mmol/l), n and % 49 44·10 62 55·90 0·951
LDL-C (≥2·6mmol/l), n and % 44 42·70 59 57·30 0·689
TAG (≥1·1mmol/l), n and % 23 34·80 43 65·20 0·086
BMI (Z-score), mean and SD 0·19 1·31 0·60 1·44 0·005*
WC (cm), median and IQR 57·00 53·10–62·50 59·00 54·00–69·00 0·003*
WHtR, median and IQR 0·42 0·40–0·46 0·43 0·41–0·49 0·046*
BF (%), median and IQR 21·00 14·10–30·00 24·70 17·90–35·40 <0·001*
FMI (kg/m2), median and IQR 3·33 2·19–5·32 4·14 2·74–7·04 <0·001*
AF (%), median and IQR 11·40 6·30–22·10 17·00 8·15–28·75 0·001*
GF (%), mean and SD 29·01 11·11 33·38 11·31 <0·001*

25(OH)D, 25-hydroxyvitamin D; IQR, interquartile range; HOMA-IR, homeostasis model assessment of insulin resistance; BP, blood pressure; TC, total
cholesterol; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; WC, waist circumference; WHtR, waist-to-height ratio; BF, body fat; FMI, fat mass index;
AF, android fat mass; GF, gynoid fat mass.
Variables with normal distribution (mean and SD) were evaluated by Student’s t test and variables without normal distribution (median and IQR) were evaluated
by the Mann–Whitney U test.
*P< 0·05.
†χ2 linear trend test.
‡Fisher’s exact test.
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The prevalence of hypertriacylglycerolaemia and insulin
resistance was lower in children with higher serum con-
centrations of vitamin D. The associations were indepen-
dent of potential confounding factors and effects
of adiposity on HOMA-IR but not on TAG. Central
adiposity, but no other measures of adiposity, removed the
explanatory power of vitamin D deficiency related to
hypertriacylglycerolaemia.

The city of our study is located in the south-east of the
country. In Brazil, higher prevalence of hypovitaminosis D
was found in the south of the country, with 90·6% of
inadequacy and 63·7% of deficiency in children and
teenagers(34), and lower prevalence in the north of the
country, with 32·0% of inadequacy among children(35). In
developed countries, studies have shown that prevalence
reaches 93% of insufficiency in American children(36),
51·6% of insufficiency in French children(37) and 28·4% of

deficiency in Danish children(7). Tunisia, although not
a tropical country, has a sunny climate and has also
been reported to have a high prevalence of vitamin D
deficiency in children and teenagers (84·9%)(18). In the
Brazilian population, it is observed that younger age,
outdoor physical activities, oral supplementation of
vitamin D, and living in coastal cities and at lower latitudes
are related to better nutritional status of vitamin D(2).

We found a higher prevalence of inadequate vitamin D
(<75 nmol/l) in black- and brown-skinned children. In
general, this has been attributed to the competition of
melanin for UVB radiation, which is responsible for the
photochemical fragmentation of the vitamin D precursor
synthesized in the skin. However, it has been proposed
that, despite the lowest total serum vitamin D concentra-
tions, the black-skinned population has similar con-
centrations of bioavailable 25(OH)D, due to the lower
concentrations of vitamin D-binding protein(38). No child
reached the Estimated Average Requirement for vitamin D
and this can be due to lower average consumption of
vitamin D food sources by Brazilians. Low intake of this
vitamin among Brazilian and foreign children was also
observed in other studies(39–41). Additionally, there was no
association between intake and serum level of vitamin D,

Table 4 Poisson regression models estimating the association of
deficiency/insufficiency of vitamin D with insulin resistance and
hypertriacylglycerolaemia, according to different body measure-
ments, in Brazilian children (n 378) aged 8–9 years, Viçosa, Minas
Gerais, Brazil, 2015

PR 95% CI P

25(OH)D≥ 75nmol/l HOMA-IR
Adjusted for FMI (kg/m2) 0·27 0·09, 0·83 0·023*
Adjusted for AF (%) 0·24 0·08, 0·74 0·013*
Adjusted for GF (%) 0·21 0·05, 0·80 0·023*
Adjusted for BMI Z-score 0·24 0·07, 0·86 0·028*
Adjusted for WHtR 0·20 0·07, 0·54 0·002*

25(OH)D≥ 50nmol/l TAG
Adjusted for FMI (kg/m2) 0·64 0·39, 1·06 0·081
Adjusted for AF (%) 0·63 0·38, 1·05 0·063
Adjusted for GF (%) 0·58 0·35, 0·94 0·028*
Adjusted for BMI Z-score 0·59 0·37, 0·96 0·034*
Adjusted for WHtR 0·68 0·40, 1·15 0·152

PR, prevalence ratio; 25(OH)D, 25-hydroxyvitamin D; FMI, fat mass index;
AF, android fat mass; GF, gynoid fat mass; WHtR, waist-to-height ratio;
HOMA-IR, homeostasis model assessment of insulin resistance.
PR are presented for higher concentration of vitamin D (≥50 or ≥ 75 nmol/l)
and the group with lower concentration of vitamin D was used as reference.
All models were adjusted for age, sex, season, ethnic group, parathyroid
hormone, per capita income, maternal education, vitamin D intake and
sedentary behaviour.
*P< 0·05.

Table 3 Poisson regression models estimating the association between cardiometabolic alterations and insufficiency/deficiency of vitamin D
in Brazilian children (n 378) aged 8–9 years, Viçosa, Minas Gerais, Brazil, 2015

25(OH)D≥ 50 nmol/l 25(OH)D≥ 50 nmol/l +%BF† 25(OH)D≥ 75 nmol/l 25(OH)D≥ 75 nmol/l +%BF†

PR 95% CI P PR 95% CI P PR 95% CI P PR 95% CI P

HOMA-IR (≥3·16) 0·63 0·12, 3·47 0·600 0·95 0·21, 4·35 0·951 0·11 0·03, 0·45 0·002* 0·25 0·08, 0·85 0·026*
BP (≥90th percentile) 0·78 0·27, 2·21 0·637 1·09 0·41, 2·88 0·865 1·21 0·55, 2·67 0·637 1·79 0·93, 3·43 0·082
TC (≥3·9mmol/l) 0·83 0·64, 1·09 0·175 0·86 0·66, 1·12 0·260 0·91 0·74, 1·12 0·368 0·93 0·76, 1·16 0·530
HDL-C (<1·2mmol/l) 0·81 0·53, 1·23 0·321 0·84 0·55, 1·28 0·406 1·06 0·76, 1·48 0·717 1·11 0·79, 1·55 0·544
LDL-C (≥2·6mmol/l) 0·98 0·60, 1·62 0·944 1·07 0·63, 1·81 0·806 0·96 0·69, 1·35 0·834 1·04 0·74, 1·47 0·817
TAG (≥1·1mmol/l) 0·49 0·30, 0·81 0·005* 0·61 0·37, 0·99 0·047* 0·71 0·43, 1·16 0·171 0·83 0·51, 1·36 0·466

25(OH)D, 25-hydroxyvitamin D; %BF, body fat percentage; PR, prevalence ratio; HOMA-IR, homeostasis model assessment of insulin resistance; BP, blood
pressure; TC, total cholesterol; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol.
PR are presented for higher concentration of vitamin D (≥50 or ≥ 75 nmol/l) and the group with lower concentration of vitamin D was used as reference. All
models were adjusted for age, sex, season, ethnic group, parathyroid hormone, per capita income, maternal education, vitamin D intake and sedentary
behaviour.
*P< 0·05.
†Inclusion of %BF as an adjustment in the regression model.
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because it is estimated that 5–10% of bioavailable vitamin
D is derived from food intake, the largest proportion being
acquired by cutaneous synthesis(42). This is consistent with
data from other studies(5,9) and strengthens the fact that
sunlight exposure is the main source of vitamin D.

Previous studies in the paediatric population also found
no association with total cholesterol, LDL cholesterol(43,44),
HDL cholesterol(9,36) and blood pressure(45). However,
there are reports of an inverse association between
vitamin D and TAG levels after adjustment for BMI(9,36,43).
In a study with Danish children, Petersen et al.(9) per-
formed the adjustment for FMI in addition to the adjust-
ment for BMI, and the inverse association between
concentration of vitamin D and TAG remained. Yet, our
study showed that the inverse relationship between
vitamin D and hypertriacylglycerolaemia is indeed
confused by adiposity, particularly central adiposity. The
loss of association between vitamin D and TAG was
observed after adjustment for gynoid fat, waist-to-height
ratio (central adiposity) and also FMI (general adiposity).
However, the association with FMI was probably promp-
ted by the impact of central adiposity.

BMI, as a measure of adiposity, is often used to control
confounding effects of obesity on the relationship of
nutrients with diseases(12,46). Nevertheless, more accurate
measures of adiposity such as assessment by dual-energy
X-ray absorptiometry, computed tomography or MRI show
that there is a direct relationship between body fat
distribution and concentrations of 25(OH)D, and central
obesity as being a strong predictor of vitamin D serum
concentration(47).

In the present study, the prevalence of insulin resistance
was lower in children with adequate concentrations of
25(OH)D (≥75 nmol/l). Studies have shown that hypovit-
aminosis D predisposes individuals to increased insulin
resistance risk through mechanisms in pancreatic β-cells
that can affect the insulin response to glucose
stimulation(48,49).

Besides changing the synthesis and secretion of insulin,
vitamin D deficiency may play an important role in the
prevention and treatment of diabetes by acting to reduce
insulin resistance also via its immunomodulatory and anti-
inflammatory action(50). Epidemiological studies have
shown that children deficient in 25(OH)D had higher risk
of developing diabetes, and that its supplementation may
reduce this risk as well as having beneficial effects on the
control of some complications caused by childhood
obesity(16,51). The association between vitamin D and
insulin resistance was independent of adiposity, indicating
potential independent mechanisms of extra-bone action
by vitamin D. The relationship between overweight,
insulin resistance and vitamin D can be explained by the
release of NEFA from adipose tissue, which can induce the
resistance to insulin, while vitamin D improves the NEFA-
induced insulin resistance by neutralizing these fatty
acids(52).

In this sense, the serum 25(OH)D concentrations cate-
gorized were independently associated with cardiometa-
bolic risk markers, which reinforces the possibility that the
serum vitamin D concentration may not be linearly asso-
ciated with these changes, but may have an effect from a
threshold. Randomized clinical trials with long follow-up
periods are necessary to establish the causal relationship,
as well as proposed cut-off points of serum vitamin D
concentration for protection against cardiometabolic
changes.

It is important to note that there was an inverse asso-
ciation between the prevalence of deficiency/insufficiency
of vitamin D and the number of cardiometabolic risk
factors in children in the present study. There is evidence
that deficiency of 25(OH)D is associated with the meta-
bolic syndrome, even in children and adolescents(11,16).
Although the specific mechanism of how vitamin D may
protect individuals from cardiometabolic changes is not
well understood, its function as a hormone has been
increasingly recognized(53). Mechanisms such as the reg-
ulation of renin–angiotensin system activity in pancreatic
β-cells and suppression of inflammation have been
suggested(49,50,54).

The American and Brazilian Societies of Endocrinology
do not recommend the assessment of serum concentration
of 25(OH)D for the general population due to the mea-
surement cost. However, laboratory investigation is
recommended in subjects at risk for hypovitaminosis D,
including those who are obese(2,22).

Recently, in Brazil, the Brazilian Society of Pediatrics
published recommendations for vitamin D supplementa-
tion only for children under 2 years of age, including
exclusive breast-feeding infants. It is important to encou-
rage the adoption of healthy eating and lifestyle habits for
children and teenagers, such as intake of food sources of
vitamin D and outdoor physical activities associated with
sun exposure(55).

It is noteworthy that the present study was conducted
with homogeneous sample regarding physiological char-
acteristics, consisting of prepubescent children. Moreover,
it is one of the few studies in developing countries that has
assessed the serum concentration of vitamin D and its
association with cardiometabolic risk factors in childhood;
the first population-based study with prepubertal Brazilian
children. Additionally, all confounding variables cited in
the literature were used for adjustments in the statistical
analysis of the study.

Conclusion

In conclusion, the results of the current investigation show
that insufficiency/deficiency occurred in more than half of
children and none of them reached the recommended
intake of vitamin D. It is important to highlight that ade-
quate serum concentration of vitamin D was inversely

2884 LC Milagres et al.



associated with the prevalence of insulin resistance,
regardless of body fat location. The current lifestyle of
children, with low intake of vitamin D and few outdoor
activities, may explain the high prevalence of insuffi-
ciency/deficiency of 25(OH)D even in a tropical climate
country like Brazil. Considering the importance of pre-
venting chronic diseases beginning in childhood, strate-
gies for adopting healthy habits to improve vitamin D
nutritional status in this age group can be really relevant in
order to avoid the repercussions of long-term cardio-
metabolic alterations.
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