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Eating disorders are considered to be the cause of obesity, particularly its abdominal type and meta-
bolic syndrome (MS). Until recently, night eating syndrome (NES) and MS were documented only in the adult
population, but nowadays they are also seen among children. Therefore, the aim of our study was to determine
the association between NES and MS. A total of 120 overweight (18.33%) and obese (81.67%) children 10-17
years of age were examined (27 girls (22.5%) and 93 boys (77.5%)). Anthropometric and blood pressure meas-
urements were performed for all children. Serum triglycerides, high-density lipoproteins and glucose levels
were assessed. Abdominal obesity was found in 70% of cases. NES was diagnosed in 20.83% of children.
MS was found in 34.17% of participants. MS was more prevalent in the NES group (56.00% (95% CI 30.62;
93.96)), compared with the non-NES group (28.42% (95% CI 18.73; 41.35)) (P < 0.05). NES increases the
risk of MS development by 3 times (OR 3.21 (95% CI 1.29-794); P = 0.012). Based on these results, careful
screening for eating behavior and especially NES should be an integral part of the examination of overweight

and obese children with the aim of timely diagnosis of MS.
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Introduction

The global prevalence of obesity has been in-
creasing in recent years; in 2016, it was reported in
6% of girls and 8% of boys [1, 2]. In 2016, a total
of 340 million children were overweight or obese
worldwide [1]. It is not new knowledge that over-
weight and obesity in childhood lead to many meta-
bolic consequences, and as a result to the develop-
ment of chronic diseases, such as cardiovascular
pathology, diabetes, cancer, orthopedic, gyneco-
logical, and psychiatric problems [1-3]. All of these
health issues are accompanied by poor quality of life
and shorter life expectancy [2]. Notably, pediatric
endocrinologists have emphasized that overweight
or obese patients should be screened for comorbidi-
ties, such as prediabetes and diabetes, dyslipidemia,
hypertension, non-alcohol fatty liver disease, poly-
cystic ovarian syndrome, obstructive sleep apnea
and psychiatric disorders [3]. This fact emphasizes

the importance of early detection of metabolic and
behavioral changes in childhood to prevent the ap-
pearance of diseases later in life. At the same time,
some of the listed comorbidities (arterial hyperten-
sion, hyperglycemia, dyslipidemia) are accompanied
by the metabolic syndrome (MS), which has been
diagnosed as early as 10 years of age [4-6].

Current reports have suggested that the leading
causes of overweight and obesity are decreased
physical activity, unhealthy diet and disturbances in
sleeping patterns [3]. It is noteworthy that changes in
eating behavior and circadian rhythms are becoming
very important contributing factors to obesity
development [7]. One of the most discussed eating
disorders in recent decades is night eating syndrome
(NES) [8, 9]. NES is the combination of nighttime
eating and alterations in sleeping patterns [10, 11].
Furthermore, until recently, NES and MS were re-
ported only in the adult population, but nowadays
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they can also be seen among children. The preva-
lence of NES among the normal weight adult popu-
lation tends to be 0.5-1.5% while in the obese group
it is 15-25% [9].

Many publications have confirmed the asso-
ciation between NES and weight gain. Neverthe-
less, previously conducted surveys focused on the
adult population, including patients with mental and
psychiatric disorders or those who were undergoing
treatment (weight loss therapy, bariatric surgery)
[8, 12]. Taking into account the fact that obesity and
especially its abdominal type is the basis for MS de-
velopment, the aim of our study was to explore in-
terrelationships between eating disorders (i.e., NES)
and MS. Current studies have focused on the con-
nection between binge eating in children and MS.
However, they have not focused specifically on NES,
and the criteria which were used to diagnose MS did
not correspond to current knowledge [13]. In addi-
tion, specific disease groups were not studied. There-
fore, all current classifications of NES and MS were
considered in the basis of our research in order to
establish any association between them in a specific
pediatric overweight/obese population.

Materials and Methods

A total of 120 overweight and obese children
10-17 years of age were examined (27 girls [22.5%]
and 93 boys [77.5%]). The study was performed at
Ternopil Regional Hospital, Ukraine. Inclusion cri-
teria were the children’s overweight or obesity, and
presence of informed consent. Informed consent
was received from every child and his/her legal rep-
resentatives (in our study — parents). A study was
conducted based on all ethical principles for medical
research involving human subjects (Declaration of
Helsinki, 2013) and was confirmed by the Bioethics
Commission of the I. Horbachevsky Ternopil State
Medical University (Protocol No. 24 from August
27, 2014).

Exclusion criteria were the presence of secon-
dary obesity (endocrine and genetic), or diseases
requiring medication that affects carbohydrate and
lipid metabolism or stimulates appetite.

Anthropometric measurements (weight, height,
waist circumference [WC]) were performed on all
children. The accuracy in measurements was weight
to the nearest 0.1 kg, height to the nearest 0.001 m
and WC to the nearest 0.005 m.

Body mass index (BMI) was calculated by the
formula:

84

BMI = m/h?,
where m — weight of the child (kg); h — height of the
child (m).

Evaluation of overweight and obesity was done
according to Centers for Disease Control and Pre-
vention Recommendations and Endocrine Society
clinical practice guideline [3, 14]. Overweight was
diagnosed when BMI was at or above the 85" per-
centile and less than the 95" percentile based on the
age- and gender-specific charts. Obesity was defined
when BMI was equal to or exceeded the 95" percen-
tile, based on age and gender.

WC was assessed based on age and gender-
specific nomograms and The International Diabe-
tes Federation Consensus recommendations (2007)
[4]. In children aged 10-16 years, abdominal obesity
(AO) was diagnosed when WC was equal to or great-
er than the 90™ percentiles according to age and gen-
der, or based on adult cut-off points, whichever was
lower. In children older than 16 years, AO was con-
firmed when WC was equal to or exceeded 94 cm in
boys and 80 cm in girls.

Blood pressure (BP) was measured after 10 min
of rest in the sitting position. Measurements were
repeated twice and the average result was noted.
Age-appropriate cuffs were used. High-density li-
poproteins (HDL-C) and triglycerides (TG) were
measured in blood serum using the enzyme method
with reagents from Human GmbH (Wiesbaden,
Germany). The glucose oxidase method was used
to estimate the serum glucose level. A blood sam-
ple was taken on an empty stomach and without any
diet restrictions at 2 weeks prior to examination.
BP, HDL-C, TG and glucose level assessments were
done based on the MS criteria.

The leptin level was assessed using an immu-
noassay method (DRG Leptin [sandwich] ELISA
Kit, DRG International, Marburg, Germany). Based
on the instruction manual, the normal ranges were
2.05-5.63 ng/ml for boys and 3.63-11.09 ng/ml for
girls.

MS for children aged 10 years to less than
16 years was defined in cases of AO and presence
of 2 or more of the following criteria: 1) TG level
>1.7 mmol/l; 2) HDL-C level <1.03 mmol/l; 3) Sys-
tolic BP (SBP) >130 mm Hg, diastolic BP (DBP)
>85 mm Hg; 4) Serum glucose level >5.6 mmol/I [4].

MS in children aged 16 years or older was
defined in cases of AO and presence of 2 or more
of the following criteria: 1) TG level >1.7 mmol/l;
2) HDL-C level <1.03 mmol/l in boys and <1.29
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mmol/l in girls; 3) SBP >130 mm Hg; DBP >85 mm
Hg; 4) Serum glucose level >5.6 mmol/l [4].

NES was diagnosed based on the following cri-
teria [15]:

A. Presence of one or both of the following:

1. At least 25% of daily food intake was con-
sumed after the evening meal;

2. At least 2 episodes of nighttime eating per
week.

B. Presence of awareness and recall of evening
and nocturnal eating.

C. Presence in the clinical presentation of at
least three of the following:

1. Absence of desire to eat in the morning and
breakfast skipping four or more times per week;

2. Presence of strong desire to eat between din-
ner and going to sleep and/or during the night;

3. Presence of sleep onset and/or sleep insom-
nia four or more times per week;

4. Presence of belief that one must eat in order
to initiate or return to sleep;

5. Mood that was depressed or worsened in the
evening.

D. The disorder was associated with significant
distress and/or impairment in functioning.

E. Maintenance of disordered eating for at least
3months.

F. The disorder was not secondary to substance
abuse or dependence, medical disorder, medication,
or another psychiatric disorder.

Statistical analysis was performed using the
computer software packages STATISTICA 7.0 and
Microsoft Excel [16, 17]. Qualitative parameters
were expressed as percentages with a 95% confi-
dence interval (Cl). Quantitative indices were pre-
sented as the meanzstandard deviation (Mean+SD)
in cases of normal distributions, and as median
(lower quartile; upper quartile) [Me (Lg; Uq)] in cas-
es of non-normal distributions. Comparisons of two
independent values with normal distribution were
made using the t-test. Comparisons of two inde-
pendent values with non-normal distributions were
made using the Mann-Whitney test. The Fisher exact
two-tailed test was used to compare 2x2 frequency
tables. The difference test for two proportions was
used. To study the possibility of outcome develop-
ments, the odds ratio and its 95% CI were calculated.
The influence of NES on MS components was as-
sessed by logistic regression. Wald test was used to
find out the statistical significance of logistic regres-

sion coefficients. Statistically significant results were
considered to be cases of P < 0.05.

Results

There were 98 obese (81.67%) and 22 over-
weight (18.33%) children examined (Table 1). Based
on age, they were divided into 2 groups: group 1 —
children 10-15 years of age (n = 44, (36.67%)) and
group 2 — children 16 years of age and older (n = 76,
(63.33%)). There were no differences in gender
presentation between overweight and obese patients
(P > 0.05). There were 22.73% girls and 77.55% boys
in the overweight group; and 22.45% and 77.55%, re-
spectively, in the obese group. Male gender was more
prevalent among the older age group (P < 0.001).

The abdominal type of obesity was observed in
84 patients (70.00% (95% CI 55.83; 86.60)) (Table 1).
Frequency of AO was significantly higher in the
obese group compared with their overweight peers
(80.61% vs. 22.73%, respectively, P < 0.001). There
was a significant gender difference in the AO rate, as
AO was found more often in boys (75.27%) than in
girls (51.85%) (P = 0.031).

SBP and DBP levels were significantly higher
among obese children, children of age 16-17 years
and boys (Table 2). The total number of children
with SBP >130 mm Hg was 76 (63.33% (95% CI
49.90; 79.27)), and with DBP >85 mm Hg was 44
(36.67% (95% CI 26.64; 49.22)). Analysis of BP
level based on the MS criteria showed that high
SBP was more prevalent among boys (P = 0.012).
For DBP there was no significant gender difference
(P> 0.05). High SBP >130 mm Hg was more typical
for children older than 16 years (P = 0.003) and was
more prevalent among the obese group (P = 0.026).
There were no significant age or weight-related dif-
ferences for high DBP (P > 0.05). Prevalence of
elevated SBP was significantly higher in the group
with AO (72.62% [95% CI 55.55; 93.28]) than in the
group without AO (41.67% (95% CI 23.32; 68.72))
(P = 0.002). DBP >85 mm Hg was seen in 25.00%
(95% CI 11.43; 47.65) of the group without AO and
in 41.67% (95% CI 29.02; 57.95) of the group with
AO (P > 0.05).

Based on the biochemical parameter assessment
(HDL-C, TG, glucose), gender and age differences
between study groups were found (Table 3). Boys
had significantly lower levels of HDL-C compared
to girls (P = 0.005). The glucose level increased with
age (P =0.035).
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Table 1 Characteristics of overweight and obese children (n = 120)

Parameter All (n = 120) l()(;]li ize;rs jzgf?r:iagg) P/P 234
Boys, n (%) 93 (77.50)! 23 (52.27) 70 (92.12) P. <0.001*
Girls, n (%) 27 (22.50) 21 (47.73) 6 (7.89) P.<0.001*
Obesity, n (%) 98 (81.67) 33 (75.00) 65 (85.53) P.=0.220
Overweight, n (%) 22 (18.33) 11 (25.00) 11 (14.47) P.=0.220
Abdominal obesity, n (%) 84 (70.00) 26 (59.09) 58 (76.32) P.=0.062
Weight, kg 89.73 + 18.88" 78.89 + 22.88 95.42 + 13.25 P <0.001*
Height, m 171+£011 164 +0.13 175+ 0.08 P <0.001*
Body mass index (BMI), kg/m? 30.45 +4.28 29.33£5.18 31.09 £ 3.55 P =0.029*
Waist circumference (WC), cm 98.25 + 11.86 94.18 + 14.80 100.61 £ 9.07 P =0.004*

Note. 'Qualitative data are presented as number (%); quantitative data are presented as Mean+SD. 2P- level of statistical
significance for t-test for independent samples by variables; P value — for comparison of weight, height, BMI and WC
between age groups. °P_— level of significance for two-tailed Fisher exact test; P_ — for comparison of gender and weight

status between age groups. 4 *Statistically significant results

Table 2.Blood pressure characteristics depending on weight status, age and gender of the children

SBP SBP DBP DBP DBP
Groups SBP,2mmHg | >130mm | <130 mm 2 mm |’_|g > 85 mm <85 mm
Hg, n (%) Hg, n (%) Hg, n (%) Hg, n (%)
Overweight 125.23+13.58! 9 (40.91) 13 (59.09) 78.18+6.82 4 (18.18) 18 (81.82)
Obesity 132.70+14.99 67 (68.37) 31 (3L.63) 82.96+8.64 40 (40.82) 58 (59.18)
P P =0.034*34 P.=0.026%%* P=0.017* P.=0.053
Age group 125.45+15.66 20 (45.45) 24 (54.55)  79.43+8.84 11 (25.00) 33 (75.00)
10-15 years
Age group 134.74413.54 56 (73.86) 20 (26.14) 83.62+7.98 33 (43.42) 43 (56.58)
16-17 years
P P <0.001* P.=0.003* P =0.009* P.=0.051
Boys 133.71+14.89 65 (69.89) 28 (30.11) 83.06+8.31 37 (39.78) 56 (60.22)
Girls 123.15+12.34 11 (40.74) 16 (59.26) 78.70+8.50 7 (25.93) 20 (74.07)
P P =0.001* P.=0.012* P =0.019* P.=0.257

Note. !Qualitative data are presented as number (%); quantitative data are presented as Mean+SD. 2SBP — systolic blood
pressure; DBP — diastolic blood pressure. 3P — level of statistical significance for t-test for independent samples by
variables; P_ — level of statistical significance for Fisher exact two-tailed test. * *Statistically significant results

The number of children with HDL-C levels
corresponding to the MS criteria was 24 (20.00%
(95% CI 12.81; 29.76)). Low HDL-C level was
found more often among adolescents aged 16-17
years (P = 0.008) and males (P = 0.014) (Table 3).
There was no statistically significant difference in
the frequency of low HDL-C between obese and
overweight children (P > 0.05). Nevertheless, chil-
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dren with AO more often had low HDL-C (25.00%
(95% CI 15.48; 38.22)) compared to those without
AO (8.33% [95% ClI 1.72; 24.35]) (P = 0.037).

A high level of TG was found in 18 children
(15% (95% CI 8.89; 23.71)). There were no dissimi-
larities in hypertriglyceridemia frequencies between
age and gender groups, or between overweight and
obese groups (P > 0.05) (Table 3). Also, there was
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Table 3. High-density lipoprotein, triglyceride and glucose levels depending on weight status, age and gender of the children
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no significant difference in hypertriglyceridemia
frequency between the AO group (15.48% (95% ClI
8.24; 26.46)) and the group without AO (13.89%
(95% CI 8.24; 26.46)) (P > 0.05).

Hyperglycemia (=>5.6 mmol/l) was found
in 35 children, with a higher frequency in boys
(P = 0.029). There was no significant difference in
the glucose level between age and overweight/obese
groups (P > 0.05) (Table 3). There were no signifi-
cant differences in prevalence of hyperglycemia be-
tween the groups with AO and without AO (30.95%
(95% ClI 20.22; 45.35) vs. and 25.00% (95% CI 11.43;
47.46)) (P > 0.05).

Based on the proposed criteria, MS was found
in 41 children (34.17% (95% CI 24.52; 46.35)), with
statistically higher prevalence in boys (P < 0.001).
NES was diagnosed in 25 overweight/obese chil-
dren (20.83% (95% CI 13.48; 30.75)), and statistically
more often in girls (P = 0.029) (Figure). It should
be noted that MS and NES were seen more often
among obese adolescents than their overweight
peers (P < 0.05). Age had no significant influence
on the frequency of NES (P > 0.05). At the same
time, MS was more prevalent in the older age group
(P =10.043).

Analysis of the main criteria of MS with re-
gards to the presence or absence of NES showed that
MS was found more often in the NES group than
the non-NES group (P < 0.05) (Table 4). Patients
with NES had significantly higher WC and lower
HDL-C levels compared to peers without this eating
disorder. Despite the fact that all children were
overweight or obese, participants with NES had sig-
nificantly higher BMI compared to those without
NES (33.48 £ 5.54 kg/m? vs. 29.64 + 3.50 kg/m?, re-
spectively; P < 0.001). Notably, almost all patients
(92% (95% CI 58.32; 100.00)) with diagnosed NES
had at least one diagnostic criterion of MS and only
2 girls with NES (8% (95% CI 0.97; 28.90)) had no
MS criteria.

Analysis of the frequencies of NES and MS
based on the presence or absence of the main MS
criteria showed that NES is found more often when
AQO is present (Table 5). Analysis of NES in chil-
dren with low HDL-C showed it is significantly
more prevalent than in children with normal values
of HDL-C.

In order to explore similarities in the pathogene-
sis of NES and MS, serum levels of the adipokine
leptin were measured (Table 6). Taking into account
the fact that hyperleptinemia was diagnosed in 22
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Prevalence of night eating syndrome and metabolic syndrome depending on weight status, age and gender of

the children

children (18.33%), we compared the leptin level in
the presence or absence of NES and MS. The leptin
level was significantly higher among the NES group
than the non-NES group, and its higher level was
also more typical for the NES group. In addition,
the leptin level was significantly higher in the NES
group than in the MS group (4.98 vs. 3.84 ng/ml;
P =0.043).

NES in overweight and obese children in-
creased the risks of MS by 3.21 times, of AO by 3.9
times and of decreased HDL-C levels by almost 5
times (Table 7).

Discussion

The results of our study have confirmed the
high prevalence of NES among overweight and
obese children, which correlates with data obtained

88

by other scientists [18, 19]. Based on different sur-
veys, NES occurs in 5-20% of the general popu-
lation; its prevalence significantly depends on the
type of study (longitudinal or cross-sectional) and
selected group [20, 21].

Appearance of overweight in the case of NES
could be explained by increased food consump-
tion in the absence of adequate energy expenditure
[8, 22]. Not only the amount of food consumed in the
evening but also its type can significantly influence
the weight gain. It should be emphasized that some
researchers believe that lower socio-economic status
increases the access to food that is easy available but
rich in fats and carbohydrates [8, 23]. In addition,
increased sleep onset time and increased frequency
of night awakenings are obesity-contributing fac-
tors. Longer times without sleep in turn lead to an
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Table 4. Metabolic syndrome components in overweight and obese children with and without night eating

syndrome

Parameter

Night eating syndrome

present (n = 25)

absent (n = 95)

Metabolic syndrome
WC2, cm

AO?

SBP?, mm Hg
High SBP

DBP?, mm Hg
High DBP
HDL-C?, mmol/Il
Low HDL-C level
TG?, mmol/I

High TG

Glucose, mmol/I
Hyperglycemia

n =14, 56.00% (95% CI? 30.62; 93.96)***

109.22 + 12.96%
n =22, 88.00% (95% CI 55.15; 100.00)*
131.16 + 14.26
n = 15, 60.00% (95% CI 33.58; 98.96)
82.00 + 8.10
n = 10, 40.00% (95% CI 19.18; 73.56)
1.09 (0.96; 1.33)*
n = 11, 44.00% (95% CI 21.96; 78.73)*
1.23 (0.85; 1.59)
n =4, 16.00% (95% CI 4.36; 40.97)
5.00 (4.50; 5.60)
n=09,36.00% (95% CI 16.46; 68.34)

n =27, 28.42% (95% CI 18.73; 41.35)
104.34 + 8.68
N =62, 65.26% (95% CI 50.04; 83.66)
132.00 + 17.74
N =61, 64.21% (95% CI 49.12; 82.48)
82.40 + 10.12
n =34, 35.79% (95% CI 24.79; 50.01)
1.25 (112; 1.37)
n= 13, 13.68% (95% CI 7.29; 23.40)
1.12 (0.90; 1.55)
n= 14, 14.74% (95% CI 8.06; 24.73)
5.20 (4.60; 5.60)
n =26, 27.37% (17.88; 40.01)

Note. Qualitative data are presented as number (%); quantitative data are presented as Mean+SD or Me (Lg: Uq).
2CI - confidence interval; WC — waist circumference; AO — abdominal obesity; SBP — systolic blood pressure; DBP —
diastolic blood pressure; HDL-C — high-density lipoproteins; TG — triglycerides. 3Statistical difference was assessed
with t-test for independent samples by variables for parameters with normal distribution (WC, SBP, DBP); Mann-Whit-
ney test for parameters with non-normal distribution (HDL-C, TG, glucose); P-value for difference tests between two
proportions. 4 *Statistically significant results

Table 5. Comparison of night eating syndrome and metabolic syndrome prevalence in overweight and
obese children depending on the presence or absence of relevant metabolic syndrome criteria

Night eating syndrome Metabolic syndrome
Parameters
n % (95% CI°) P4 n % (95% CI) P
absent(n=36) | 3 8.33 (1.72; 24.35) 0 0
AC? 0.029* <0.001*
present (n=84) | 22 | 26.19 (16.14; 39.65) 41 | 48.81 (35.03; 66.22)
=44 1 22.73 (10.90; 41. 13.64 (5.00; 29.
+SBP? absent (n ) 0 3(210.90; 41.80) 0.816 6 3.64 (5.00; 29.68) <0.001*
present (n=76) | 15 | 19.74 (11.05; 32.55) 35 | 46.05 (32.08; 64.05)
bsent (n =76 15 | 19.74 (11.05; 32.55 20 | 26.32(16.07; 40.64
ipppe | psent(1=76) (105,32.55) ' 016 (6.07,4064) | >u
present (n=44) | 10 | 22.73 (10.90; 41.80) 21 | 47.73 (29.54; 72.96)
bsent (n = 14 | 14.58 (7.97; 24.47 22 | 22.92 (14.36; 34.70
|HDL.c? - 2osent (n=96) (.97, 2847) | 5 (14.36: 34.70) | nop
present (n=24) | 11 | 45.83 (22.88; 82.01) 19 | 79.17 (47.66; 100.00)
=102 21 | 20.59 (12.74; 31.47 2 28.43 (19.04; 40.
MG absent (n = 102) 0.59 ( ; 31.47) 1000 9 8.43 (19.04; 40.83) 0,003
present(n=18) | 4 | 22.22 (6.05; 56.90) 12 | 66.67 (34.45; 100.00)
bsent (n = 85 16 | 18.82 (10.76; 30.57 18 | 2118 (12.55; 33.47
1Glucose absent (n ) ( : ) 0.460 ( : ) <0.001*
present (n=35) | 9 | 2571 (11.76; 48.81) 23 | 65.71 (41.66; 98.60)

Note. !Qualitative data are presented as number (% [95% CI]). 21 — increased parameter level; | — decreased parameter
level based on the metabolic syndrome criteria. *CI — confidence interval; AO — abdominal obesity; SBP — systolic
blood pressure; DBP — diastolic blood pressure; HDL-C — high-density lipoprotein; TG — triglycerides. *P — P-value for
difference tests between two proportions. ° *Statistically significant results
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Table 6. Leptin levels in children with night eating syndrome and metabolic syndrome

Night eating syndrome Metabolic syndrome
Parameter present absent present absent P
(n=25) (n=95) (n=41) (n=179)
Leptin 4.98 3.95 Py’ = 0.037% 3.84 4.87 Py = 0.132
level, ng/ml | (3.65; 11.03)* | (3.01; 6.39) 3.08; 5.42) (3.17; 8.68)
High leptin n=09, n=13, P.2=0.018* n==_y, n=14, P.=0.808
level 36.00 13.68 19.51 17.72
(95% ClI (95% ClI (95% ClI (95% ClI
16.46; 68.34)' | 7.29; 23.40) 8.42; 38.45) | 9.69; 29.73)

Note. !Qualitative data are presented as number (% [95 % CI]), where CI is 95% confidence interval; quantitative data
are presented as Me (Lg: Uq). *P,,,, — level of statistical significance for Mann-Whitney test; P, — level of statistical
significance for Fisher exact two-tailed test. ® *Statistically significant results

Table 7. Association of night eating syndrome and metabolic syndrome and its components in overweight

and obese children

Parameter Estimate? Stz?rciozarrd Wald? test P OR? (95% ClI)
Metabolic syndrome 0.58 0.23 6.34 0.012* 3.21* (1.29-7.94)
AC® 0.68 0.33 4.36 0.037* 3.90* (1.09-14.02)
SBP? > 130 mm Hg -0.09 0.23 0.15 0.698 0.84 (0.34-2.06)
DBP? > 85 mm Hg 0.09 0.23 0.15 0.698 1.20 (0.48-2.95)
| HDL-C3 0.80 0.25 10.19 0.001* 4.96* (1.85-13.24)
1 TG? 0.05 0.31 0.02 0.875 1.10 (0.33-3.70)
1 Glucose 0.20 0.238 0.71 0.400 1.49 (0.59-3.80)

Note. 1 — increased parameter level; | — decreased parameter level based on the metabolic syndrome criteria. 2Esti-
mate — coefficient in logistic regression and its standard error, Wald chi-square test for statistical significance assess-
ment and P — P-value for Wald test; OR — odds ratio and its 95% CI — confidence interval. A0 — abdominal obesity;
SBP — systolic blood pressure; DBP — diastolic blood pressure; HDL-C — high-density lipoprotein; TG — triglycerides.

4 *Statistically significant results

increased frequency of meal intake and more food
consumed, which certainly lead to obesity [7, 24,
25]. Furthermore, the absence of night rest is ac-
companied by decreased physical activity during
the working day and decreased energy expenditure
[7, 26].

Circadian disturbances in the synthesis of
neurogenic mediators and production of hormones
(e.g., leptin, melatonin, serotonin, ghrelin, insulin,
cortisol, prolactin, thyroid-stimulating hormone)
have been discussed as the important causes of NES
development [7, 27]. Changes in circadian-induced
behavior (sleeping and activity) have an impact on
insulin resistance development, the appearance of
dyslipidemia, and arterial hypertension which are
the main components of MS [28, 29]. Decreased
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sleep duration leads to decreased leptin production.
Leptin is a powerful antiorexigenic factor; as a result
of decreased leptin, appetite will be stimulated [30].
Leptin resistance could explain the increased leptin
level in cases of NES [31]. At the same time, leptin
resistance is typical for MS. Simultaneously, the ap-
petite is stimulated due to decreased serotonin syn-
thesis because of disturbed sleep patterns. Sleep de-
ficiency leads to inflammation and oxidative stress,
which could later contribute to the development of
impaired glucose tolerance and type 2 diabetes [26].

The association between NES and obesity
could also be explained by genetic factors such as
clock gene mutations or variations in serotogenic
genes [7, 32]. Nevertheless, these studies are still
ongoing and need further clarification. Genetic sus-
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ceptibility to NES could be confirmed with a higher
prevalence of this type of eating disorder among
youth whose mothers have also suffered from NES
[11]. It is known that MS also has a genetic predis-
position, which manifests as genetic peculiarities
of leptin synthesis and structure of its receptors,
adiponectin gene defects, disturbances in the genes
encoding TNF-a, IL-6, adrenergic receptor 3, and
genes responsible for lipid metabolism (liver X re-
ceptor, retinoid X receptor, peroxisome proliferator-
activated receptor gamma, apolipoprotein A5) [33].

Additionally, the appearance of obesity in cases
of NES could be explained by the presence of un-
favorable mental status, dysphoria, and depression
[34, 35].

Our research did not find any differences in BP
levels between groups of children with diagnosed
NES and in groups without this eating disorder.
Nevertheless, the association between arterial hyper-
tension and NES could be explained by the stimu-
lating effect of insulin on the sympathetic nervous
system and activation of the renin-angiotensin-aldos-
terone system [36, 37]. Dyslipidemia in cases of NES
is the result of AQO, insulin resistance, and changes in
the circadian rhythms of hormone synthesis [38, 39].

At the same time, the prevalence of MS among
children is growing up. According to our study, MS
prevalence was 39.80% among obese children and
9.09% in overweight youth. Our data correlate with
the results of American researchers who have noted
the prevalence of MS was 29.2% in obese children
and 11.9% in overweight ones [40]. The occurrence
of MS in the pediatric population due to obesity is
considered to be an unfavorable cardiovascular prog-
nostic factor [41]. Based on the current studies, MS
development in childhood cannot be solely explained
by the presence of AQ. It should be emphasized that
MS occurrence is the result of complex pathophysio-
logical influences, such as insulin resistance, produc-
tion of pro-inflammatory cytokines, and imbalance
of adipokines (leptin, adiponectin), THF-a, and IL-
6, as well as endothelial dysfunction and circadian
rhythm disruption [40-42].

Strengths of our study are its cross-sectional
character and assessment of one specific patient co-
hort (overweight/obese children). However, our study
has some limitations. It was performed at Ternopil
Regional Hospital, and therefore, the gender dis-
tribution of participants was not the same as in the
general population (number of girls was significantly
smaller). A second limitation was that the type and

quantity of food which was taken in the evening and
at night were not taken into account.

Conclusions. MS and NES in the overweight/
obese study group are different disorders with
different diagnostic criteria but with the simi-
lar pathophysiological factors and health-related
consequences. The emergence of MS on the basis of
NES is explained by the development of AO, which
is a key component of MS. AO in cases of NES is the
result of disrupted hormonal circadian rhythms, as
well as increased food consumption in the evening
and night with a decreased energy expenditure,
correspondingly. In turn, AO and insulin resistance
lead to the development of hypertriglyceridemia, de-
creased HDL-C levels, hyperglycemia, and arterial
hypertension.

Careful screening for eating behavior and espe-
cially NES should be an integral part of the exami-
nation of children with overweight and obesity with
the aim of timely diagnosis of MS.
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JOCJIIKEHHS B3AEMO3B’SI3KY
MI)K CHHAPOMOM HIYHOI'O
BXKUBAHHS I’KI TA
METABOJIIYHUM CHHJIPOMOM Y
NITEN

I A. Haenuwun, K. B. Kozax™, K. T. I'tywxko

TepHOMITHCHKUI HAITIOHATHHIH METHIHHN
yHiBepcuteT iMm. [.S.TopbaueBcrkoro MO3 Vkpainu
e-mail: kozakk@tdmu.edu.ua

[lopymieHHs Xap4oBOi MOBEIIHKH — OJHA i3
MPUYMH PO3BUTKY OXHUPIHHS a0IOMiHAIBHOTO TH-
Iy Ta METa0OJIIYHOTO CHHAPOMY. SIKITIO HEMIOTaBHO
CHHIIPOM HIYHOTO BXKMBAHHS 1Ki Ta METa0OMIIHUN
CHHIIPOM PO3TIISIATUCS BUKJIIOYHO SIK HO30JIOTis

a1
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XapaKkTepHa JJIsl IOPOCIIOro HaceleHHsl, TO Hapasi
BOHH PEECTPYIOTHCS cepel OTUTA4ol momynsamii. Y
JOCTiKeHHsST BKJItoueHo 120 miteir (27 miBUaTOK
(22,5%) Ta 93 xnomuuku (77,5%) Bikom 10-17 pokiB
i3 HaaMipHOK Macor Tina (18,33%) Ta okupiHHIM
(81,67%). Ycim miTSM MPOBEICHO aHTPOIIOMETPIFO Ta
BHUMIPIOBaHHSI apTEPiaJIbHOTO THCKY. 31 HCHEHO BH3-
HAueHHS B CHPOBATIi KPOBI PIBHIB TPHUIITILIEPHIIB,
JNOMPOTEIHIB BUCOKOI IIIJTBHOCTI Ta TIFOKO3H.
3a pesynbpraTaMu  OOCTEXKEHHS a0OjOMiHAJIbHE
OXUPiHHS BUsABIEHO y 70% niteil. CHHAPOM HIYHOTO
BXKMBaHHS ki qiarHocroBaHo y 20,83% miuniTKiB.
Boanouac, yacTtoTa BHSABICHHS METaOOIIYHOIO
CHHJIPOMY B I'pyni o0cTexeHux ckiuagana 34,17%.
MeTaboiuHui CUHIAPOM BIPOTIIHO PEECTPYBABCS
YacTilie B JITeH 13 CHHIPOMOM HIYHOTO BXKUBAHHS
ki (56,00% (95% CI 30,62; 93,96)) nopiBHsIHO i3
28,42% (95% CI 18,73; 41,35) —y rpymi ocib 6e3 po3-
nany xapuooi noeainku (P < 0,05). PesynbsraTamu
JIOCTIJIPKSHHSI 3’SICOBAHO, 1[0 HASsIBHICTh CHHJIPOMY
HIYHOTO B)KMBaHHs 1Xi 301JbIIye HMOBIPHICTh BU-
HUKHEHHsI MeTabomiuHoro cuniapomy BTpuui (OR
3,21 (95% CI 1,29-7,94); P = 0,012). Takum auHOM,
pETEeNbHUN CKPUHIHT LIO0 BHUSBJICHHS MOPYIICHb
Xap4oBO1 MOBEAIHKH i CHHIPOMY HIYHOTO B)KHBaHHS
ki, 30Kpema, Mae OyTH HEBiJl'€MHOIO YACTHHOIO 00-
CTEXKEHHS AiTeH 3 HaIMIPHOIO Baroro Ta OXKHPiHHAM
JUIS CBOEYACHOI AIarHOCTUKU METa0O0JIIYHOIO CHUH-
IPOMY.

Knao4oBi ca0Ba: CHHAPOM HIYHOIO BIKH-
BaHHS 1K1, MeTaOOIIYHUI CHHIAPOM, JIiTH.
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