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Abstract

The maintenance of glycemic homeostasis and insulin secretion is considered one of the metabolic effects of vitamin
D (VD). Traditionally, obesity is the main cause of insulin resistance (IR) and an important risk factor for VD deficiency.
Therefore, adolescents with obesity and VD deficiency may be faced with a doubled risk of developing IR. The objective of
this study was to evaluate the association between serum levels of 25-hydroxyvitamin D [25(OH)D] and IR parameters in
overweight adolescents. This is an observational study of 42 overweight adolescents followed in a secondary care service.
Overweight was defined by the criteria of the World Health Organization and serum levels of 25(OH)D were categorized
as normal (> 30 ng/mL) and low (< 30 ng/mL) according to the Brazilian Society of Nutrology. In the assessment of IR, the
homeostatic model of IR assessment (HOMA-IR), the glucose/insulin ratio and fasting insulinemia were used. The studied
group was characterized as being predominantly young adolescents (88.1% between 10 and 14 years old), in puberty
(83.5%), and having central obesity (80%), and hypovitaminosis D (85.7%). Adolescents with low VD showed a higher
occurrence of IR according to the HOMAR IR index (one-tailed Fisher test, p <0.05), suggesting a relationship between
vitamin D status and insulin sensitivity; hence, there was a positive association between low VD and high HOMA-IR.
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INTRODUCTION

For several decades, it was thought that
the organic functions of vitamin D were res-
tricted to the skeletal system, including the
regulation of bone metabolism and mineral
homeostasis'. However, in recent decades,
several studies have demonstrated the role
of vitamin D in the regulation of other orga-
nic processes such as cell proliferation and

apoptosis, the regulation of the immune
and reproductive systems, as well as vascu-
lar and metabolic effects'?.

The regulation of glycemic homeostasis
and insulin secretion is considered one of
the metabolic effects of vitamin D?. Studies
indicate that vitamin D participates in insu-
lin secretion and glucose homeostasis* and
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that vitamin D deficiency may be associated
with the pathogenesis of insulin resistance
(IR) and dysfunction of pancreatic B cells®.

Obesity in adolescence leads to insulin
resistance (IR)®, becoming a trigger for the
subsequent development of metabolic syn-
drome (MS), diabetes mellitus (DM2), and
cardiovascular disease (CVD)’. On the other
hand, obesity is a risk factor for vitamin D
deficiency. Several mechanisms explain this
phenomenon, one of which is the seizure of
vitamin D by adipose tissue®. Therefore, chil-
dren and adolescents with both obesity and
vitamin D deficiency may face a doubled risk
for developing IR and associated conditions
such as MS and DM2.

Studies have shown an association be-
tween vitamin D deficiency and metabolic

METHODS

This is an observational study carried
out with 42 overweight adolescents of both
sexes accompanied in a secondary health-
care service linked to the Unified Health
System. Sequentially, overweight adoles-
cents who went to a medical appointment
between April 2018 and May 2019 were in-
cluded in the study. Exclusion criteria were
the presence of short stature (height for age
and sex < -2 Z-score), the presence of alte-
rations in neuropsychomotor development,
and the use of supplements containing vita-
min D.

Study variables were age, sex, Body
Mass Index (BMI) z-score, degree of excess
weight, blood pressure (BP), waist circumfe-
rence (WC), presence of cervical acanthosis
nigricans, fasting glucose (G), baseline insu-
lin (1), homeostatic model of IR assessment
(HOMA-IR), glucose/insulin ratio (G/I), and
serum vitamin D. Vitamin D and insulin

changes in overweight adolescents and you-
ng adults. In obese adolescents, an inverse
correlation was found between serum levels
of vitamin D and elevated fasting glycemia
and a positive association between vitamin D
deficiency and MS'™" especially with the al-
tered fasting glycemia criterion'?. This indica-
tes a possible metabolic activity of vitamin D
on glycemic regulation in obese adolescents.
However, other studies conducted with obe-
se adolescents did not show an association
between vitamin D deficiency and MS'13,
These controversies may be related to the fact
that these studies analyze the MS components,
which include glycemic alterations and not IR
parameters specifically. Therefore, this study
aimed to study associations between serum
vitamin D and IR in overweight adolescentes.

were measured using chemiluminescence
and blood glucose using an enzymatic me-
thod (Prime 300+).

For the diagnosis of overweight, the crite-
ria recommended by the World Health Or-
ganization (WHO) were used, which consi-
der overweight a BMI Z-score between +1
and < +2, obesity a Z-score between > +2
and < +3, and severe obesity, > +3'. In the
categorization of serum levels of 25(OH)
D, the cutoff point defined by the Brazilian
Association of Nutrology was used, which
considers normal vitamin D a serum value
of 25(OH)D > 30 ng/mL and low vitamin
D values < 30 ng/ml">. HOMA-IR'® index,
fasting G/l ratio, and fasting insulin were
used in the assessment of IR. Fasting insulin
values > 15 pU/ mL, HOMA-IR index > 3,16,
and G/I ratio < 6 were considered as IR.

Participants with systolic BP > 130 and/or
diastolic BP > 85 were considered to have
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high BP according to the recommendations
of the Guidance Manual of the Department
of Nephrology of the Brazilian Society of
Pediatrics on Arterial Hypertension in Chil-
dhood and Adolescence'”. WC was catego-
rized according to the reference values of
the National Health and Nutrition Examina-
tion Survey Il (NHANES 111)'® as normal or
high (> the 90th percentile). Acanthosis ni-
gricans was assessed by inspection and was
defined as the presence of any degree of
skin darkening in the cervical region. Puber-
ty staging was performed according to the
Tanner criteria.

Descriptive statistics were used to pre-
sent the results. Numerical variables were
presented as mean, standard deviation
(SD), amplitude and 95% confidence inter-
val (Cl), and categorical variables in relative
frequencies. The Kolmogorov-Smirnov test
was applied to evaluate the distribution of

RESULTS

Table 1 describes the clinical profile of the
participants. There was a predominance of
males and the age group between 10 and 14
years old. Most participants were obese and
had low vitamin D, showing a high occur-
rence of vitamin D deficiency in overweight
adolescents. WC was elevated in approxi-
mately 80% of the adolescents, demonstra-
ting a predominance of central obesity in
the studied group. No participant had high
vitamin D levels (above 100 ng/ml).

numerical variables. All numeric variables,
except insulin and HOMA-IR, had a para-
metric distribution. Student's t test and
Mann-Whitney U test were used to compa-
re means between two categories, and the
ANOVA test was used to compare means
between three categories. The chi-square
test and Fisher's exact test were used to
compare frequencies between categories.
Simple and multiple linear regression consi-
dered vitamin D as an independent variable
and clinical and biochemical parameters as
dependent variables.

The study was approved by the Human
Research Ethics Committee of the Universi-
ty of Blumenau under the National Resear-
ch Ethics Committee of the Ministry of He-
alth under number 80540417.4.0000.5370
on 12/15/17. The research followed the
ethical precepts required by Resolution No.
466/2012 of the National Health Council.

There was no evidence of an associa-
tion between serum 25(OH)D and the
clinical profile of the participants (Table
1). There was no difference in 25(OH)D
serum levels in relation to gender and age
group, and the BMI Z-score was higher in
males (Table 2). Adolescents with low vita-
min D had a higher occurrence of insulin
resistance suggesting a relationship betwe-
en vitamin D status and insulin sensitivity
(Table 3).
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Table 1 - Serum level of vitamin D in relation to clinical profile of the participants.

) 25(0H)D (ng/mL)
Variables n (%) Mean £ SD Range CI(95%) P
Sex
Male 24 (57.1) 235+6.2 12.9-33.4 20.9-26.1 0.69*
Female 18 (42.9) 2421438 11.8-31.6 21.9-26.4
Age group
10-14 years 37 (88.1) 2341+57 11.8-33.4 21.5-25.3 0.23*
15-19 years 5(11.9) 26.7+43 20.9-30.8 22.9-30.4
Degree of overweight
Overweight 7(16.7) 26.1+39 20.9-31.6 22.5-29.7 0.51*
Obese 24 (57.1) 234161 11.8-33.4 20.8-25.9
Severe obesity 11(26.2) 234153 17.6-33.4 19.8-26.9
Blood pressure
Normal 32(76.2) 238158 11.8-33.4 21.7-25.8 0.96*
Increased 10 (23.8) 239+49 17.6-30.1 21.1-26.9
Abdominal circumference
Normal 9(214) 252148 16.2-31.6 21.8-28.3 0.42*
Increased 33(78.6) 235+58 11.8-33.4 21.2-25.6
Cervical Acanthosis nigricans
Absent 23 (54.8) 23.6+49 13.0-31.6 21.7-25.5 0.78*
Present 19 (45.2) 241+64 11.8-33.4 20.9-27.1
Pubertal stage
Prepubescent 7(16.7) 21640 16.2-26.8 18.7-24.9 0.25%
In puberty 35 (83.5) 243+58 11.8-33.4 22.2-26.3
Vitamin D (ng/mL)
Normal (2 30) 6 (14.3) 316+14 30.1-33.4 30.5-32.7 <0.001***
Low (< 30) 36 (85.7) 225+49 11.8-29.7 20.8-24.1

Source: the authors. Notes: 25(0H)D: 25-hydroxyvitamin D; SD: Standard deviation; Cl: Confidence interval; *Student's t test; **ANOVA; ***chi-
square.

Table 2 - Anthropometric and biochemical data of participants categorized by gender.

Variables Mean 2 5D

Overall Male Female Range C1(95%)
Weight Z-score 21+07 22105 19108 0.6-3.0 1.9-2.3
Height Z-score 08+1.1 08+09 08+13 -15-3.9 0.5-1.1
BMI Z-score 2607 2806 23+0.7 1.0-4.2 24-2.8
25(0OH)D (ng/mL) 238156 23.6+6.2 2421438 11.8-33.4 22.1-25.6
Insulin (uUI/mL) 15.1+9.8 15.5+10.8 145+8.6 2.3-50.6 12.0-18.2
Glycemia (mg/dL) 889179 86.17.2 928175 72-105 86.5-91.5
HOMA-IR 332219 3.03+1.93 3.7+2.51 0.47-10.86 2.63-4.00
Gl 85164 84169 8659 1.7-36.1 6.5-10.5

Source: the authors. Notes: SD: Standard deviation; Cl: Confidence interval; BMI: Body Mass Index; 25(0H)D: 25-hydroxyvitamin D; HOMA-IR:
Homeostasis-Insulin Resistance Assessment Model; G/I: Glucose/Insulin Ratio; *Student's t test; p < 0.05.
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Table 3 - Distribution of participants according to vitamin D status and insulin resistance parameters.

Insulin (uU/ mL)* HOMA-R* G/l Ratio**
Vitamin D (ng/mL) <15 215 <316 23.16 26 <6
Normal (2 30) 6 0 6 0 6 0
Low (< 30) 22 14 20 16 21 15
Total 42 Total 42 Total )

Source: the authors. Notes: HOMA-IR: Homeostasis-Insulin Resistance Assessment Model; G/I: Glucose/Insulin Ratio; One-tailed Fisher test: *p =

0.08; ** p <0.05; *** p = 0.06.

DISCUSSION

Adolescents with obesity are more likely
to have lower values of 25(OH)D". Althou-
gh excess weight does not affect the cuta-
neous synthesis of vitamin D, excess body
adipose tissue causes an increase in the se-
questration of 25(OH)D, a liposoluble mole-
cule, reducing its bioavailability?°. This study
confirms this predisposition as most partici-
pants had hypovitaminosis D.

The occurrence of hypovitaminosis D fou-
nd in this study was higher than that found
in Juiz de Fora, Minas Gerais (70%)?' and
in Blumenau, Santa Catarina (61.6%)??, and
was similar to that found in the city of Rio
de Janeiro (90%)'°. These studies were car-
ried out with overweight adolescents and
considered the same cut-off level for the de-
finition of hypovitaminosis D. Some authors,
in Brazil and in other countries, showed an
inverse association between the degree of
excess weight and serum values of 25(OH)
D20:21.22 This association was not evident in
this study. Although overweight adolescents
had numerically higher means of serum vi-
tamin D, the difference in relation to obese
adolescents was not significant.

The metabolic syndrome (MS) is charac-
terized by the aggregation of risk factors
of metabolic origin that are related to a hi-
gher incidence of cardiovascular diseases
and DM2 diabetes?’. With the description of

“Syndrome X” in the 80s, IR was defined as
the main factor involved in the development
of MS?*. IR, the initial pathophysiological al-
teration of MS, can already be identified du-
ring adolescence. Approximately one third
of the participants in this study had altered
serum insulin and HOMA-IR index, which
were present in overweight young adoles-
cents. In a Brazilian multicentric study, these
occurrences were similar, 38.6% for eleva-
ted HOMA-IR and 37.4% for elevated insu-
[in%. In a municipality in the Middle Vale do
Itajai, Santa Catarina, overweight children
and teens between 6 and 14 years of age
had a higher occurrence of high HOMA-IR,
around 48%?. Although the appearance of
T2DM is common in adults with obesity, its
appearance in children and adolescents is in-
frequent?’. However, the presence of IR pre-
disposes individuals to its occurrence?® and
indicates an early appearance of metabolic
risk, which, if maintained throughout life, will
culminate in the occurrence of MS.

The relationship between vitamin D and
insulin sensitivity is a controversial topic.
As seen herein, other studies involving ove-
rweight adolescents have described an as-
sociation between hypovitaminosis D and
biochemical parameters of IR such as hype-
rinsulinemia?®23% and elevated HOMA-IR in-
dex?2129313233 - As there is no single method
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capable of estimating the degree of individu-
al sensitivity to insulin, it is not always easy
to establish the diagnosis of IR**. The gold
standard exam to assess IR is the hyperinsu-
linemic euglycemic clamp, but its complexi-
ty and high cost make its use unfeasible in
epidemiological studies and in daily clinical
practice®. As alternatives, there is the mea-
surement of fasting blood glucose and insulin
with calculations of HOMA-IR and G/I ratio.
Fasting insulin > 15 yU/ mL, HOMA-IR index
> 3.16, and G/l ratio < 6 are the criteria most
used to identify IR in the pediatric age group,
with the HOMA-IR index being the most re-
liable'. In this study, we observed that the
IR parameter with the best association with
vitamin D status was the HOMA-IR index
compared to the G/I ratio and fasting insulin.

It is possible that overweight accompa-
nied by central obesity and associated with
hypovitaminosis D, a frequent condition in
overweight adolescents, cooperate in the
genesis of insulin resistance and may, over
time and according to their magnitudes,
trigger metabolic syndrome. The high oc-

CONCLUSION

Low vitamin D affected a significant por-
tion of overweight adolescents and was po-
sitively associated with elevated HOMA-IR,
an indicator of insulin resistance, a patho-
physiological mechanism that precedes the
occurrence of metabolic syndrome.
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