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ABSTRACT

Introduction. Dyslipidemia is one of the major
complications of obesity; vitamin D deficiency
and insulin resistance are attending metabolic
complications in dyslipidemic obese children.
Objective. To determine if vitamin D deficiency
and insulin resistance are risk factors for
dyslipidemia in obese children.

Materials and Methods. This study was conducted
in the Department of Pediatrics at Bagcilar
Training and Research Hospital in Istanbul,
Turkey between 2014 and 2015. Obese patients
whose age range was 8-14 were included in the
study. The serum triglyceride, total cholesterol,
low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol, fasting glucose,
insulin, alanine aminotransferase, vitamin D
levels were measured; a liver ultrasonography
was performed. Homeostatic model assessment
(HOMA-IR), was used to calculate insulin
resistance.

Results. 108 obese children were included; 39
(36.11%) had dyslipidemia. The average fasting
blood glucose (88.74 + 7.58 vs. 95.31 + 6.82;
p= 0.0001), insulin level (14.71 + 12.44
vs. 24.39 + 15.02; p= 0.0001) and alanine
aminotransferase level (23.45 = 11.18 vs.
30.4 + 18.95; p= 0.018) were significantly
higher in the children with dyslipidemia. In
the dyslipidemic obese children, the average
hepatosteatosis rate and HOMA-IR level were
higher; 28 (71.9%) had hepatosteatosis, 37
(94.87%) had insulin resistance; the vitamin
D levels were <20 ng/ml in 69.3%. Vitamin
D deficiency was significantly more common
(p=0.033). The multivariate regression analysis
confirmed thattheincrease in the HOMA-IR level
(p=0.015) and the low vitamin D level (p= 0.04)
were important risk factors for dyslipidemia.
Conclusion. Obese children in our region exhibit
low vitamin D and increased HOMA-IR levels,
which are efficient risk factors of dyslipidemia.
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vitamin D deficiency.
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INTRODUCTION
Childhood obesity continues into
adult life and causes serious health

problems.! Low 25-hydroxyvitamin
D [25(OH)D] levels have been
reported to lead to dyslipidemia and
other cardio-metabolic risk factors
due to or independent of obesity.?
Vitamin D deficiency is common in
the Middle East and Turkey due to
the style of wearing skin-covering
clothing and less exposure to sun.?
Vitamin D is critical for glucose
homeostasis and insulin secretion
via its endocrine mechanisms;* in
addition adipose tissue plays a major
role as an autocrine and paracrine
organ.’ Insulin resistance is important
in obesity; as a population if obesity
begins at younger ages, the age of
onset of type 2 diabetes mellitus also
decreases.® The literatures report that
obesty prevelace increases up to 7%
among 6-15 years old children. This
development was associated with
increased cardiometabolic risk factors.”
According to Bogalusa Heart Study
childhood obesity with increased
total cholesterol (TC) and low-density
lipoprotein (LDL-C) levels are related
with atherosclerotic plaques.® The
literature includes conflicting data
as to whether vitamin D deficiency
is a risk factor for the development
of insulin resistance in childhood
obesity. Lifestyle factors contribute
to vitamin D deficiency with obesity
development. Obese children are
usually sedentary, less likely to
play outdoors and to be exposure
to sunlight. Unhealthy high caloric
food might be low in vitamin D and
minerals. In obese subjects vitamin
D accumulates in adipose tissue,
so that bioavailability of vitamin D
might be low.? The objective was to
determine if vitamin D deficiency and
insulin resistance are risk factors for
dyslipidemia in obese children.
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MATERIALS AND METHODS
Study Population

This present study was conducted in the
Department of Pediatrics at Bagcilar Training and
Research Hospital in Istanbul, Turkey between
2014 and 2015. The inclusion criteria for the
study group consisted of being obese and ages
between 8-14 years. Children whose obesity
was the result of a syndromic condition (i,e,
Laurence-Moon Biedl syndrome or Prader-
Willi) and those who had an endocrinal cause,
such as Cushing’s syndrome or hypothyroidism
were excluded. None of the participants used
medication or had a history or evidence of current
metabolic, cardiovascular, respiratory, or hepatic
disease. Patients taking vitamins and/or mineral
supplements were excluded. Medical records
were evaluated for age, gender and physical
examination findings.

Anthropometric measurements

Weights and heights of children were
measured in the first examination in pediatric
outpatient clinic. All anthropometric
measurements were performed by the same
pediatrician. Weights were measured with
subjects in minimal (without shoes and with
light clothing) underclothes, using a standard
beam balance sensitive to 0.1 kg. Heights were
determined to the nearest 1 mm using a portable
Seca stadiometer. Body mass index (BMI) was
calculated as weight (in kilograms) divided by
height (in squared meters). BMI greater than the
95th percentile for their age and gender were
considered obese.!

Laboratory measurements

All blood analyses were performed on 12 hour
fasting samples from both the study and control
groups. Total cholesterol (TC), high density
lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), and triglycerides
(TG) were measured using the homogenous
colorimetric enzyme technique (Roche, Modular-P
800). The serum 25(OH)D levels were determined
using the electrochemiluminescence enzyme
immunoassay method (ECLIA) (ADVIA Centaur,
USADPC Co, USA). Glucose was measured by
the glucose oxidase technique (Siemens ADVIA
1800) and insulin levels were analyzed with a
direct chemiluminescence technique (Siemens
Centaur, USA). Serum TC levels over 200 mg/dL,
TG levels over 150 mg/dL, LDL-C levels over 130
mg/dL, or HDL-C levels under 40 mg/dL were
accepted as dyslipidemia adapted from the Lipid

Research Clinic Pediatric Prevalence Study and
NCEP guidelines for children and adolescents."
Vitamin D deficiency was defined as a serum
25(OH)D level <20 ng/mL.? Insulin resistance was
estimated from the fasting plasma measurements
using homeostatic model assessment (HOMA-IR)
[(insulin (mU/L) x glucose (mmol/L)/22,5)].° The
insulin resistance criterion was a HOMA-IR >2,5
for prepubescent children.*

Liver ultrasonography

The ultrasonographic (USG) examinations
of all the children were evaluated by the same
radiologist in the Department of Radiology
Bagcilar Training and Research Hospital. USG
evidence of NAFLD was based on the bright
hepatic echo pattern, increased echo attenuation,
and loss of intrahepatic architecture.

Sample size

We hypothesized that in obese children
25(0OH) D level <20 ng/mL was associated with
dyslipidemia. Based on previous findings, we
calculated that a sample size of 94 would allow us
to detect a difference in D vitamin levels between
the 2 groups (o= 0.05, power= 80%), the a level
was set at 0.05 based on a 2-sided, 2-sample ¢ test.

The study proposal was approved by the
Ethics Committee of Bagcilar Training and
Research Hospital (Approval number: 2015-355).
Written informed consent was obtained from the
parents of the participants.

Statistical analysis

The statistical analysis was performed with
NCSS (Number Cruncher Statistical System)
2007. A paired t-test was used to calculate the
difference between two parameters in the groups,
and one-way ANOVA was used to calculate the
difference between two parameters in groups
with more than two variables in the same group
and between different groups. Associations were
evaluated using logistic regression analysis.
Categorical data were evaluated using the Chi
square test; p < 0.05 was accepted as statistically
significant.

RESULTS

A total of 108 obese children were included;
39 (36.11%) had dyslipidemia. The mean age was
11.51 + 3.32 years in the dyslipdemic obese group
and 10.95 + 3.47 years in the non dyslipdemic
obese group; the male/female ratio was 14/25
in the dyslipidemic group and 30/39 in the non
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dyslipidemic group. No statistically significant
difference was observed between the age and
gender distributions of the dyslipidemic and non-
dyslipidemic children (p >0,05).

The average BMI was higher in the obese
children with dyslipidemia than in those without
dyslipidemia (p= 0.002). The average fasting
blood glucose (88.74 + 7.58 vs. 95.31 + 6.82;
p= 0.0001), insulin level (14.71 + 12.44 vs.
24.39 + 15.02; p=0.0001), ALT level (23.45 + 11.18
vs. 30.4 + 18.95; p= 0.018) were significantly
higher in the children with dyslipidemia. The
average TC level (170.13 = 29.07; p= 0.032),
LCL-C level (102.15 + 31.76; p= 0.004), TG level
(155.43 = 54.92; p= 0001) were significantly
higher and HDL-C level (44.58 + 17.99) was

significantly lower in the dyslipidemic group
(Table 1). Among patients with dyslipidemia,
28 (71.9%) had hepatosteatosis, 37 (94.87%)
had insulin resistance. The mean vitamin D
level was significantly lower in dyslipidemic
obese children (25.27 + 15.54 vs. 17.2 + 10.43;
p=0.005). Among patients with dyslipidemia 27
(69.23%) had vitamin D deficiency. Vitamin D
deficiency was significantly higher in the children
with dyslipidemia compared to those without
(p=0.033) (Table 2).

A logistic regression analysis was conducted
with the BMI, Homa-IR, ALT, and vitamin
D variables to determine secondary factors
(excluding primary factors such as cholesterol,
HDL, TG, and LDL) that affected the presence of

TaBLE 1. Laboratory characteristics of dyslipidemic and nondyslipidemic groups

Dyslipidemia (-) n: 69 Dyslipidemia (+) n: 39 P

Age (years) 10.95 + 3.47 11.51 +3.32 0.418

Gender girl 39 56.52% 25 64.10% 0.441
boy 30 43.48% 14 35.90%

BMI (kg/m?) 28.06 +4.21 31.01 +5.6 0.002

Total cholesterol (mg/dL) 159.03 + 23.26 170.13 £ 29.07 0.032
<200 69 100.00% 29 74.36% 0.0001
>200 0 0.00% 10 25.64%

LDL-C (mg/dL) 86.73 +21.77 102.15 = 31.76 0.004
<130 69 100.00% 31 79.49% 0.0001
>130 0 0.00% 8 20.51%

HDL-C (mg/dL) 56.24 +13.12 44.58 +17.99 0.0001

HDL-C <40 69 100.00% 18 46.15% 0.0001
<40 0 0.00% 21 53.85%

Triglyceride (mg/dL) 87.08 +29.37 155.43 + 54.92 0.0001
<150 69 100.00% 19 48.72% 0.0001
>150 0 0.00% 20 51.28%

Fasting glucose (mg/dL) 88.74 +7.58 95.31 + 6.82 0.0001

Fasting insulin (IU/mL) 14.71 +12.44 24.39 £ 15.02 0.0001

TaBLE 2. Comparison of clinical and laboratory findings between dyslipidemic and nondyslipidemic obese children

Dyslipidemia (-) n: 69 Dyslipidemia (+) n: 39 p
HOMA-IR 3.22+2.72 579 +3.73 0.0001
<2.5 HOMA-IR 25 36.23% 2 5.13% 0.0001
>2.5 HOMA-IR 44 63.77% 37 94.87%
ALT (U/L) 23.45+11.18 30.4 +18.95 0.018
Hepatosteatosis  (-) 43 62.32% 11 28.21% 0.001
(+) 26 37.68% 28 71.79%
25 (OH)D (ng/mL) 25.27 +15.54 17.2+10.43 0.005
<20 30 43.48% 27 69.23% 0.033
20-29 26 37.68% 7 17.95%
>30 13 18.84% 5 12.82%
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dyslipidemia in the obese children. The HOMA-
IR level (p= 0.015) and vitamin D deficiency
(p= 0.04) were identified as effective secondary
factors in the formation of dyslipidemia (Table 3).

DISCUSSION

Vitamin D is an essential hormone mainly for
bone health and sustainability.'? In recent years,
studies on the effects of vitamin D other than
those on bone tissue have been carried out. Low
25(OH)D levels are associated with increased
insulin resistance and impaired lipid profile."
There are reviews and meta-analysis studies
evaluating the relationship between the serum
25(OH)D level and metabolic syndrome and
type 2 diabetes in adults.'* According to a limited
amount of accessible meta-analysis information,
there is a weak relationship between 25(OH)D
and lipid profile in children and adolescents.'
Dyslipidemia increases proportionally with age
and BMIL.* In our study, we did not observe a
significant relationship between age, gender and
dyslipidemia but in agreement with previous
studies we did show a significant correlation
with BMI. BMI is an important parameter in
determining dyslipidemia and cardiovascular
risk factors.'* We found that 25(OH)D deficiency
was significantly more common in the obese
dyslipidemic patients. However, the detection
of low vitamin D levels in many studies in obese
patients often showed a higher prevalence of
vitamin D deficiency compared to the normal
population.'” The relationship between obesity
and vitamin D is controversial.'® Because vitamin
D is a fat-soluble molecule, it can be withdrawn
from circulation for storage in adipose tissues
in obese individuals; therefore, there is actually
a sufficient amount in the body, although low
levels are measured in the serum.'” Because
obese children are less active, they spend more
time inside the home environment and therefore
are not sufficiently exposed to the sun’s rays,
which causes insufficient synthesis in the skin.

Additionally, the bioavailability of 25(OH)D is
decreased in obese children due to its sequestration
in subcutaneous adipose tissue.'”® Low vitamin
D levels lead to obesity; thus, obesity has been
shown to occur more frequently in adults
with low vitamin D levels. A 3-year study that
included the parameters BMI, skin thickness and
waist circumference established that children
with low vitamin D levels had increased adipose
tissues in the upcoming years.

Obese children and adolescents tended
to exhibit increased total serum cholesterol,
triglyceride and LDL levels and decreased HDL
levels. Insulin resistance plays a role in these
pro-atherogenic lipid changes.?! Due to the
development of insulin resistance in obese
children, insulin-dependent hormone-sensitive
lipase and lipoprotein lipase cannot be inhibited
and are involved in the pathogenesis of lipid
metabolic disorders.?” The excess fatty tissue
directly causes the lipotoxic effect and the
release of immune cytokines by affecting insulin
secretion and function.” Due to the obesity and
dyslipidemia, insulin cannot be used effectively.
Compensatory hyperinsulinemia results in an
increase in LDL, TG and free fatty acids and
a decrease in HDL in the liver.?* In our study,
serum triglyceride, LDL cholesterol level as well
as HDL level were determined to be high in
dyslipidemic obese children. Botella-Carretero
et al.,” reported in their study conducted on
obese adults that HDL levels were low and TG
levels increased in individuals with vitamin
D level of 20 ng/ml. In a study performed by
Dolinsky et al.,” the presence of a contradictory
relationship between vitamin D and lipid profile
was reported. Kelishadi et al.,' reported in their
meta-analysis study that there was a weak but
reverse relationship between vitamin D and TG.
No relationship was reported in some studies.” In
a study, a reverse but not statistically significant
relationship was reported between TG and
vitamin D in male adolescents while a statistically

TaBLE 3. Logistic regresion analysis of BMI, HOMA-IR, ALT and 25(OH)D levels

B S.E. ) OR 95% CI
BMI 0.09 0.05 0.063 1.10 1.00-1.21
HOMA-IR 0.22 0.09 0.015 1.25 1.04-1.49
ALT 0.01 0.02 0.451 1.01 0.98 -1.05
25(0OH)D -0.04 0.02 0.04 0.96 0.92 - 1.00
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significant relation was identified between TG
and vitamin D in female adolescents.” Again, in
the studies in the literature, except for one study,*
the presence of a significant positive relationship
between HDL level and vitamin D is reported. In
the studies, a significant negative relationship is
reported between LDL level and vitamin D. Only
in 3 studies, a positive correlation which was not
statistically significant was identified between
LDL and vitamin D.?

In our study, high levels of insulin in the
obese group with dyslipidemia seemed to result
in a more pronounced HOMA-IR, which was
consistent with the literature. Additionally, our
study showed that a high HOMA-IR rate was an
effective secondary factor for the development
of dyslipidemia. A study involving 80 severely
obese children and adolescents in the Netherlands
showed cardiometabolic risk factors associated
with the HOMA-IR.? In our study, higher
HOMA-IR values were detected in dyslipidemic
obese children, and the number of cases with
insulin resistance was found to be significantly
higher in this group. This relationship was also
highlighted in some previous studies.?**

Non-alcoholic fatty liver disease is highly
prevalent in obese children.?” Insulin resistance
is responsible for the development of obesity-
related non-alcoholic liver disease. Studies
reported an incidence of hepatosteatosis in
obese children of 12 to 72.9%.% In our study, a
dyslipidemic fatty liver was found in abdominal
ultrasonography of 71.9% of the obese children.
A high ALT level is typically accompanied
by a fatty liver in childhood obesity.** In our
study, the ALT level appeared to be higher in
our dyslipidemic patients than in the group
of non-obese dyslipidemic patients. The study
was carried out in Istanbul. Istanbul receives
enough sunlight in the summer season. However,
vitamin D deficiency is observed in children and
adolescents in our region. They have inadequate
sun exposure during winter despite living in
a sunny climate. Vitamin D intake is also low
in most children, due to little consumption
of vitamin D food sources. The continuation
of childhood vitamin D prophylaxis may be
useful for the prevention of obesity and its
complications. However, in a study conducted
by Hirschler et al.,* obese children with vitamin
D deficiency were given vitamin D; when the
group to which vitamin D was given and the
group to which vitamin D was not given were
compared, no change was determined in TG and

HDL concentration. This situation was attributed
to nutrition and ethnic reasons. The effect of
giving vitamin D to obese children with vitamin
D deficiency in the treatment of dyslipidemia
seems to be controversial.

The number of the patients included in
our study was low. This is the weak aspect of
the present study. The relation of vitamin D
deficiency with dyslipidemia in obese children
in the age group of 8-14 was investigated in the
present study. The studies in the literature include
adolescent and adult age groups. There are very
few studies conducted on this age group. This is
the strong aspect of the present study.

CONCLUSION

In our study, the HOMA-IR level and
vitamin D deficiency were identified as effective
secondary factors in the formation of dyslipidemia
in obese children. B
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