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ABSTRACT

Background. Obesity is a significant public health problem worldwide. Vitamin deficiencies, developing due
to monotype nutrition, are more likely to be observed in patients than healthy children. The present study
evaluates vitamin and micronutrient levels in children and adolescents with obesity and metabolic syndrome
compared to healthy controls.

Methods. The study included 73 patients with obesity, 64 patients with metabolic syndrome and 71 healthy
children (control group) aged 10 to 16 years. Physical examinations were performed, and waist circumference
and systolic blood pressure measurements were recorded. Fasting blood glucose, triglyceride, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol, total cholesterol, insulin, vitamin A, vitamin
E, vitamin B1, vitamin B2, vitamin B6, vitamin B12, folic acid and free carnitine levels were analyzed. The
homeostatic model of assessment-insulin resistance (HOMA-IR) index was calculated and recorded.

Results. The mean age of all patients was 11.9+2.6 years. The serum insulin level and HOMA-IR index were
found to be significantly higher in the obesity and metabolic syndrome groups. No significant difference was
found between the groups in terms of vitamin A, vitamin B6 and free carnitine levels. Significantly decreased
vitamin E, vitamin B2, vitamin B12 and folic acid and increased vitamin B1 levels were observed in the obesity
and metabolic syndrome groups.

Conclusions. Compared to healthy children, children with obesity and metabolic syndrome may have varying
degrees of micronutrient and vitamin deficiency due to poor and unbalanced eating habits. These deficiencies
should also be considered in the treatment and follow-up of obesity and metabolic syndrome.
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Obesity isanenergy metabolism disorder caused
by excessive fat storage in the body, which
may also cause physical and mental problems.
Obesity is characterized by hypertension,
impaired lipid profile and impaired glucose
metabolism in addition to the development of
insulin resistance, which forms the basis of the
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metabolic syndrome.! The prevalence of obesity
is increasing worldwide. Besides, metabolic
syndrome constitutes a severe health problem
in children and adolescents.?

It is assumed that, in exogenous obesity,
micronutrient deficiencies can be seen not only
due to carbohydrate and protein deficiency
but also due to monotype or unbalanced
nutrition. The present study hypothesizes that
obesity and metabolic syndrome occur as a
result of malnutrition and mainly monotype
nutrition, and thus, a deficiency in various
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micronutrients. The World Health Organization
(WHO) describes this situation as the “double
burden of malnutrition”, a reference to the
coexistence of poor nutrition and excess weight
or obesity, and diet-related non-communicable
diseases within individuals, households and
populations, and over an individual’s lifespan.?
In recent years, based on this idea, new studies
have been conducted. The fact that foods,
which are rich in calories but nutrient deficient,
are cheap and that their accessibility has
become easier contributes to the development
of obesity.*® Many micronutrients containing
vitamins A, C, D and E were consumed in
insufficient quantities by most obese adults
and at significantly low levels in terms of total
diet quality, fruit and micronutrient intake
compared to healthy adults.”

In a study on obese children, the vitamin A level
in the obesity group was significantly lower than
that of the healthy control group.® In different
studies, alpha tocopherol and beta carotene
levels were found to be lower in obese children
compared to those in the control groups.”!! In
adults with metabolic syndrome, vitamin Bl
levels were found to be lower than those in
the control group.’? An inverse correlation has
been reported between thiamine and vitamin
B2 levels and body mass index (BMI) in obese
children.”? The vitamin B6 level was found to
be lower in patients with metabolic syndrome
than that in the healthy population.”? Vitamin
B12 deficiency was higher in obese patients
compared to patients with a normal BMIL.* It
has been shown in human and animal studies
that carnitine supplementation improves
glucose tolerance, especially in insulin-resistant
patients.”” Studies on micronutrients in the
obese population have generally been done
in adults. A limited number of micronutrient
levels were evaluated in a few studies in obese
children.

Vitamin A, vitamin E, vitamin B1 (thiamine),
vitamin B2 (riboflavin), vitamin B6 (pyridoxine),
vitamin B12 (cobalamin), folic acid and free
carnitine levels were included in the scope of
the study, and it is difficult to comment on them
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individually in the first stage. The purpose of
our research is to evaluate which micronutrient
levels are affected in obese children and
adolescents or in those with metabolic
syndrome and determine their correlation with
the components of metabolic syndrome.

Material and Methods

Patients

A written and verbal informed consent was
obtained from the parents of all children. The
study protocol was approved by the Ethics
Committee of Erciyes University, Medical
Faculty on 09.01.2015 with the report number
2015/23.

Among patients who were admitted to the
Pediatric Metabolism Clinic of the Children’s
Hospital at Erciyes University Faculty of
Medicine (Kayseri Province, Turkey) between
April 2016 and April 2018, patients aged 10 to 16
years with a BMI Z-score > 2 were included in
the obesity group.'®'” Most of the children were
from Central Turkey.

The patients aged 10 to 16 years meeting at
least two international diabetes federation
(IDF) criteria (triglyceride level > 150 mg/dl,
high-density lipoprotein cholesterol (HDL-C)
level < 40 mg/dl, systolic blood pressure > 130
mmHg or diastolic blood pressure > 85 mmHg,
and fasting plasma glucose level > 100 mg/dl) in
addition to central obesity (waist circumference:
>90p) were included in the metabolic syndrome
group.'®

The control group consisted of children aged 10
to 16 years, who had no known chronic disease
and whose weight and height were within
normal limits.

Height and weight measurements were
performed with standard devices. BMI was
calculated as weight (in kilograms) divided by
height (in meters) squared. Waist circumference
(WC) was measured at the end of expiration at
the level of maximum waist narrowing. They
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were evaluated based on normative WC values
in Turkish children.’* Children with a BMI at
or above the 95" percentile were classified as
obese using Turkish children growth charts
based on age and gender."! BMI Z-scores were
calculated using a software program “WHO
AnthroPlusv1.0.4”, and following cutoffs for
BMI Z-scores defined by the WHO were used:
obesity; BMI Z-score > 2, normal-weight; -2<
BMI Z-score < 1.7

Biochemical Parameters

The blood samples for laboratory tests were
taken following a 12-hour fasting period. Fasting
blood glucose, triglyceride, HDL-C, low-density
lipoprotein cholesterol (LDL-C), total cholesterol
(T. Cholesterol), insulin, folic acid and vitamin
B12 levels were analyzed and recorded. The
biochemical parameters were analyzed using
the Cobas 8000 C702 device (Germany) and
standard assay kits (Roche, Germany) based on
a spectrophotometric method. Insulin, vitamin
B12 and folic acid levels were analyzed using
the electrochemiluminescence method using
Cobas8000 E602 (Germany) device and Roche
(Germany) kits.

Serum, plasma and whole blood samples were
stored at -80 ° C until the analysis of vitamin
A, vitamin E, vitamin B1, vitamin B2, vitamin
B6 and free carnitine levels were carried out.
Vitamin A and E levels were analyzed using the
high-pressure liquid chromatography (HPLC)
method with a Thermo HPLC Spectra System
(USA) device and Zivak (Turkey) kits. Vitamin
B1, vitamin B2, vitamin B6, carnitine levels were
analyzed using HPLC methods with an Agilent
1100 series HPLC device (Germany) and Recipe
(Germany) kits.

HOMA-IR= Fasting Insulin (uU/mL) x Fasting
Blood Glucose*(mmol/L)/22.5

*Blood Glucose was calculated using mg/
dl/18=mmol/L formula.

Statistical Analysis

The data were analyzed using the SPSS

(Statistical Package for Social Sciences) for
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Windows 22.0. Descriptive statistics were
presented as mean + standard deviation or
median (minimum-maximum) for continuous
variables. Nominal variables were presented as
several cases and percentages. The percentages
between the groups were compared using the
Chi-square test. In the comparison of the mean
values between the two groups, the t-test was
used if the data were normally distributed, and
the Mann-Whitney test was used if the data were
not normally distributed. Nonparametric data
were analyzed using the Chi-square, Kruskal
-Wallis or Mann Whitney U tests. The data with
normal distribution were analyzed using the
Pearson (r) correlation coefficient, while those
without normal distribution were analyzed
using Kendall’s tau correlation coefficient. Also,
multiple linear regression analysis, which is a
more advanced statistical method, was used to
evaluate the correlation between micronutrient
values and the parameters of metabolic
syndrome obtained in each group [8 regression
coefficient was used. R* was considered as the
coefficient of determination. It was interpreted
that the closer the R* was to 1, the greater part
of the change in the dependent variable could
be explained by the independent variable(s)].
For each micronutrient, the forward insertion
method was used to identify the most significant
clinical markers. The results were evaluated at a
significance level of p<0.05.

Results

General characteristics of the study population

The clinical characteristics of all patients are
presented in Table I.

Biochemical parameters and micronutrient
levels

Comparisons of biochemical and micronutrient
levels between the groups are shown in Table II.
Serum triglycerides were higher in the metabolic
syndrome group than in the obesity and control
groups (p=0.001, p=0.00, respectively).
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Table I. Age, gender and anthropometric characteristics of all groups.

Obesity group  Metabolic syndrome group

Control group

Parameters (n=73) (n=64) (n=71) p
Age (in years) 12.5+23 12.4+2.5 112+1.8 0.061
Gender

Female 36 32 37 0.885

Male 37 32 34 0.451
Body weight (kg) 68.7 £17.9* 72.8 £23.4° 36.6 +10.2*0 0.001
Height (cm) 152.2+13.3 155.4 +13.8 142 £ 11.7 0.052
WC (cm) 84.5+9.7% 91.2+3° 64.3 +5.1°0 0.001
BMI (kg/m?) 29 +4.1° 30.5+4.2° 17.8 £2.72F 0.001
BMI Z-score 2.46 +0.41° 2.54 +0.47° -0.06 + 0.79b 0.001
Data were expressed as the mean + SD.
2. Difference between obesity and control groups as: p <0.05
*. Difference between metabolic syndrome and control groups as: p <0.05
WC: Waist circumference, BMI: Body mass index.
Table II. Comparison of biochemical and micronutrient levels between groups.

Obesity group  Metabolic syndrome group  Control grou

Parameters (nZ7§) P (1}; 64) roup (n=7%) P p
Triglycerides (mg/dl) 82.8 +29.3 138.7 +£73.2%¢ 92.3 +39.2¢ 0.001
HDL-C (mg/dl) 49.4 + 6.3 41.8 +10.6*¢ 49.8 +14.3¢ 0.001
T.Cholesterol (mg/dl) 152.6 £25.4 168.4 +61.3 144.6 £ 30.6 0.063
LDL-C (mg/dl) 87.4+23.6 96.7 + 56.5° 774 +29.9¢ 0.033
Fasting Glucose(mg/dl) 88.6+7.8 88.4+11 87.8+11.1 0.054
Insulin (uU/mL) 154 +7° 17.6 £ 11.5¢ 12 £10.1%¢ 0.001
HOMA-IR 33+1.7° 3.7 £2.4¢ 2.4 +2.3b¢ 0.001
Vitamin A (0.3-0.7mg/L) 0.7+0.4 0.8+0.4 0.8+0.3 0.790
Vitamin E (5-20 mg/L) 11.5+12.2%0 15.6 +12.2°¢ 29.9 +10.7°¢ 0.001
Vitamin B1 (25-85 pg/L) 46 +17.3° 45.8 +22¢ 36 +12.9°¢ 0.011
Vitamin B2 (40-240 pg/L) 89.1 +35° 116.7 + 65.2¢ 174.5 + 51°¢ 0.001
Vitamin B6 (3.6-18 ug/L) 11.9+4.8 11.9£5.5 13.6+7.8 0.200
Vitamin B12 (197-771 pg/ml) 311.8+134.8 317.7 +138.1¢ 430.7 +129.6°¢ 0.002
Folic acid (3.9-26.8 ng/ml) 11+£2.9° 10.4 +2.8¢ 12.9 +3.8v¢ 0.012
Free carnitine (8.6-85 umol/L) 27.1+14.8 23.8+11.7 21.4+11.5 0.225

Data were expressed as the mean + SD.

2. Difference between obesity and metabolic syndrome groups as: p <0.05

b, Difference between obesity and control groups as: p <0.05

<. Difference between metabolic syndrome and control groups as: p <0.05
HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol, T.Cholesterol: total cholesterol,

HOMA-IR: homeostatic model of assessment-insulin resistance.

HDL-C levels were found to be significantly
lower in the metabolic syndrome group than
in the obesity and control groups (p= 0.001, p=
0.001, respectively). These two parameters are

also metabolic syndrome criteria.
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LDL-C levels were higher in the metabolic
syndrome group than the control group
(p=0.014). Both of the obesity and metabolic
syndrome groups’ insulin and HOMA-IR levels
were higher than the control group (p=0.001, p=
0.001, p=0.001, p=0.001 respectively).
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The vitamin E levels were found to be higher in
patients with metabolic syndrome than those in
obese children (p=0.007).

Higher vitamin B1 levels were observed in the
obesity and metabolic syndrome group than
those in the control group (p= 0.06, p= 0.020
respectively).

The vitamin B2 values were lower in the obesity
group and the metabolic syndrome group
than in the control group (p= 0.001, p= 0.001
respectively).

The vitamin B12 level was lower in the obesity
group compared to that in the control group
(p=0.001). A significant decrease was found in
the vitamin B12 level in the metabolic syndrome
group compared to that in the control group (p=
0.011).

Folic acid levels were higher in the control
group compared to those in the obesity and the
metabolic syndrome groups (p= 0.030, p= 0.006
respectively).

Correlation of micronutrient levels with, total
cholesterol, LDL, HDL, HOMA-IR, fasting
blood glucose, body weight, WC, and BMI
Z-score values in groups are indicated in Tables
III, IV, and V.

In the obesity group; the vitamin B12 level was
affected negatively by body weight and BMI
Z-score ($3=-0.647, p= 0.003, £=-0.249, p= 0.017
respectively).

In the metabolic syndrome group; the vitamin
B2 level was independently affected negatively
by triglyceride, HDL-C (two of the metabolic
syndrome criteria) and LDL-C, and positively
by total cholesterol. (8= -1.667, p= 0.002; =
5.713, p= 0.005, £=-0.968, p= 0.013, £=-6.211,
p=0.005 respectively) (Fig. 1).

The vitamin B12 level was correlated negatively
with body weight (= -0.281, p=0.046).

In the control group; It was found that the
vitamin B12 level was affected negatively by
body weight in the control group (8=-0.322, p=
0.014).
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Fig. 1. Correlation graphics by multilinear regression
analysis of vitamin B2 and triglyceride levels in the
metabolic syndrome group.

Triglyceride affects vitamin B2 levels statistically
significantly and negatively. A one unit increase in the
triglyceride level decreases the vitamin B2 level by 1.667
units.

The vitamin B12 level was affected negatively
by BMI Z-score among total subjects (3= -0.254,
p=0.004) (Fig. 2), but the vitamin B1 level was
positively correlated by BMI Z-score for total
children (= 0.250, p= 0.005) (Fig. 3).

In the obesity group, acanthosis was observed
in five children and stria was observed in 30
patients. Also, in the metabolic syndrome group,
23 children with acanthosis and 36 children with

Partial Regression Plet
Dependent Variable: VitaminB12
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Fig. 2. Correlation graphics by multilinear regression
analysis of vitamin B12 and BMI Z-scores in all
groups.

BMI Z-score affects vitamin B12 levels statistically

significantly and negatively. A one unit increase in the BMI
Z-score decreases the vitamin B12 level by 0.254 units.
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stria were identified. The presence of acanthosis
or stria was not associated with the levels of
micronutrients or biochemical parameters for
all groups or each group individually.

Discussion

In this study, micronutrient levels of children
with obesity and metabolic syndrome were
compared with each other and the control group.
Thus, the relationship between micronutrients
with metabolic syndrome criteria and their
effects on obesity was analyzed.

According to us, obesity is a kind of
malnutrition, which develops unilaterally and
as a result of unbalanced nutrition. Hence,
certain micronutrient deficiencies may develop
in children who have an unbalanced diet. The
WHO describes this situation as the “double
burden of malnutrition” and points out that
obesity may occur more frequently in socio-
economically underdeveloped and poorly
nourished societies together with malnutrition,
and that chronic diseases may develop as a
consequence of this situation.> In recent years,
overweight cases have become more prevalent
than underweight cases in underdeveloped and
moderately developed countries."”

Partial Regression Plot
Depandent Varlable: VitaminB1
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Fig. 3. Correlation graphics by multilinear

regression analysis of vitamin B1 and BMI Z-scores
in all groups.

BMI Z-score affects vitamin Bl levels statistically
significantly and positively. A one unit increase in the BMI
Z-score increases the vitamin B1 level by 0.250 units.
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In a study conducted in 2001-2008 on a
nationally representative level of normal-
weight, overweight and obese adults, it was
revealed that most micronutrients containing
vitamins A, C, D, and E as well as calcium and
magnesium were deficientin most of the subjects
in the study. This study also emphasized that
obese individuals were significantly at low
levels in terms of fruit intake, total diet quality
and micronutrient intake compared to normals.”
Apart from the fact that obese patients may
consume fewer micronutrients due to the
foods they eat, micronutrient deficiencies may
result from altered pharmacokinetics involving
distribution, metabolism and elimination in
obese patients as well.? It is known that the
pharmacokinetics of drugs are altered due
to reasons such as increased adipose tissue,
altered blood stream, increase or growth of
liver parenchymal cells, and alteration of renal
functions in obese people.” Micronutrients may
also be affected by similar mechanisms.

Previous studies on obese children show that
vitamin A levels were significantly lower in
obesity groups when compared to levels in
healthy control groups, and that the vitamin
A levels were directly proportional to BMI and
abdominal obesity.”** However, in our study,
no difference was found among the groups in
terms of vitamin A levels (Table II).

Although recent studies suggest that beta
carotene concentrations correlate inversely with
HOMA-IR index, the present study showed a
direct correlation between the HOMA-IR index
and vitamin A level in the obesity group.** In
contrast to this finding, there was no significant
correlation between the HOMA-IR index and
vitamin A level in the metabolic syndrome
group and the control group.

A recent study in overweight and obese patients
found that vitamin A positively correlated with
HLD-C and negatively correlated with LDL-C
and triglycerides. But that study did not include
metabolic syndrome.? In our study, vitamin A
levels positively correlated with LDL-C and
total cholesterol in both metabolic syndrome

The Turkish Journal of Pediatrics = January-February 2021
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and control groups while it negatively
correlated with HDL-C levels in the metabolic
syndrome group. The results of a previous
study have shown that alphatocopherol levels
are low in children with metabolic syndrome
and at an average level in obese children,
and it was speculated that obese children and
children with metabolic syndrome are more
prone to oxidative stress.” In the comparison of
the three groups in our study, vitamin E levels
were significantly lower in obese patients and
those with metabolic syndrome. The children
diagnosed with metabolic syndrome were given
a Mediterranean diet, which is rich in fruits
and vegetables. It was observed that metabolic
syndrome criteria started to improve and
vitamin E levels started to increase.” Regarding
the correlation between vitamin E levels and
the parameters of metabolic syndrome, there
was a positive correlation with the triglyceride
levels in the control group and a statistically
insignificant positive correlation with HDL-C
in the metabolic syndrome group.

In the control group, there was a positive
correlation between the vitamin B1 level and
LDL-C. Vitamin B1 levels in adults were found
to be lower in the metabolic syndrome group
compared to the levels in the control group.
Thiamine deficiency was found in children
with obesity, and most of those cases were
subclinical.’>® In contrast to other studies,
significantly higher vitamin B1levels were found
in the obesity group and those in the metabolic
syndrome group compared to the levels in the
control group. Interestingly, vitamin B1 levels
were negatively correlated with the HOMA-IR
and body weight in the obesity group, and with
body weight in the metabolic syndrome group.

The reason for this difference may be explained
by the fact that obese children and those
with metabolic syndrome typically consume
large quantities of cereal products, bread and
potatoes, as cereals and potatoes are the main
sources of vitamin Bl. The association of
increased thiamine intake and obesity has been
revealed in other reports.*>
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An inverse correlation was found between BMI
and vitamin B2 levels among obese children,
and lower riboflavin levels were found in
patients with metabolic syndrome.* Our
study revealed a negative correlation between
B2 levels and body weight in the obesity group.

Examination of vitamin B2 levels in our study
revealed that these levels were significantly
lower in the obesity and metabolic syndrome
groups than in the control group. Studies show
that riboflavin deficiencies cause functional
alterations in adipocytes, and thus have
proinflammatory and proinsulin effects, which
result from increased adipocytes.®*

Although no correlation was found between
vitamin B2 level and metabolic syndrome
criteria in the obesity group, we found anegative
correlation with LDL-C in the control group and
a negative correlation with triglyceride, LDL-C,
and HDL-C and a positive correlation with total
cholesterol in the metabolic syndrome group.

It was noted that vitamin B6 supplementation
is vital in preventing metabolic syndrome, and
pyridoxine levels were lower in patients with
metabolic syndrome compared to those in
healthy patients.’>® Unlike other studies, the
vitamin B6 level in this study was normal, and
there was no differences among the groups. In
the obesity group, an inverse correlation was
found between vitamin B6 and body weight. In
the literature, there are not many studies that
analyze the correlation between vitamin B6 and
obesity in children.

In a few studies where obese children are
compared with healthy children, vitamin
B12 levels were found to be lower in obese
children."**3 In parallel to these findings,
our results showed significant lower levels of
B12 in the obesity and metabolic syndrome
groups than the control group, and B12 levels
were negatively correlated with body weight in
each group. Also, the vitamin B12 was affected
negatively by BMI Z-score among total subjects
and in the obesity group.
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Itis suggested that there is an inverse correlation
between folic acid levels and BMI, and that folic
acid deficiency can play a role in the etiology
of obesity."® Our study revealed lower folic acid
levels in children with obesity and metabolic
syndrome compared to the control group. A
lower intake of folic acid was observed in obese
children compared to healthy children.* It was
shown that oral glucose tolerance induced
insulin resistance in rats with diet-induced folic
acid deficiency.” Consistent with this study,
we found a negative correlation between folic
acid levels and HOMA-IR in the control and
metabolic syndrome groups.

In human and animal studies, it has been shown
that carnitine supplementation improves
glucose tolerance, especially in insulin-resistant
patients. However, more precise results can be
obtained from animal studies investigating the
correlation between carnitine deficiency and
glucose intolerance.” In our study, no significant
difference was found among the groups in
terms of the free carnitine level. Besides, there
were no correlations in each group, between the
biochemical parameters of metabolic syndrome
and free carnitine levels in each group. A
current meta-analysis shows a significant effect
of L-carnitine supplementation as a potential
therapeutic agent on weight and BMI in obese
and overweight adults.*’

The weaknesses of our study are that the socio-
economic and cultural status of families cannot
be evaluated. Likewise, the average daily calorie
and vitamin consumption levels of patients
cannot be calculated using weekly food lists
due to the families” lack of interest.

Considering that studies in the literature on this
subject have been performed solely on adults
to date, our study will be the first to obtain
data findings on this subject, that will involve
children with obesity and with metabolic
syndrome in Turkey.

In conclusion, none of the micronutrients
were measured below the normal range
indicating a deficiency. In our study, the
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micronutrient content of the diet could not be
calculated, because there was no nutritional
record. However, measured vitamin levels can
indirectly inform us about the vitamin intake
of children based on their diets. The fact that
higher vitamin B1 levels were found in the
children with obesity and metabolic syndrome
than healthy children in the control group
suggests that these children consume more
carbohydrates, which contains grain products,
particularly cereal products (pastry etc.). The
fact that lower vitamins E, B2, B12 and folic acid
levels were found in children with obesity and
metabolic syndrome than healthy children in
the control group implies that these children do
not consume as many green-leaved vegetables,
dairies, specialty meats, seafood, citrus fruit
and other animal products.

Primary healthcare institutions should ensure
to be sensitive towards nutrition training and
psychological counseling. The development
of health policies for the prevention of obesity
should be continued persistently.
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