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ASSESSMENT OF THE RELATIONSHIP BETWEEN LIPID AND CARBOHYDRATE METABOLISM
INDICATORS AND VITAMIN D STATUS IN CHILDREN WITH DIFFERENT BODY MASS INDEX

ANNOTATION

Overweight children represent a particularly vulnerable group for vitamin D deficiency. was to study the
relationship between lipid and carbohydrate metabolism indicators and VD status in children, depending on the body
mass index (BMI). A cross-sectional (one-step) study carried out on a sample of 154 children with different weight of 8-
10 years old (girls - 74, boys - 80). There were identified three groups of research participants: group 1 - 44 obese, 2
group - 58 overweight, 3 group - 52 children with normal body weight. For all children, the serum 25(OH)D,
parathyroid hormone (PTH), calcium (Ca), phosphorus (P), alanine aminotransferase (ALT), aspartate aminotransferase
(AST), cholesterol (CS), triglycerides (TG), beta-lipoproteins (B-LP), glucose, insulin determined, and Homeostasis
Model Assessment of Insulin Resistance (HOMA-IR) calculated. VD deficiency in obese children was found almost 2.3
times more often than in overweight (p = 0.002) and 2.8 times more often than in children with normal body weight (p
= 0.001). Indicators of lipid and carbohydrate metabolism were within physiological limits. However, in obese children
they significantly exceeded the indicator of healthy children (p <0.05). Children with VD deficiency (25(OH)D<20
ng/ml) had statistically significantly higher medians of serum PTH, TC, TG, ALT, AST, glucose, insulin, HOMA-IR and
lower serum P and Ca compared with children with optimal VD status (p <0.05). The medians of serum ALT, AST, TC,
B-LP, TG, glucose, insulin and HOMA-IR in obese children with VD deficiency was statistically significantly higher
compared in healthy children with VD deficiency and optimal VD status. VD deficiency is an important predictor of
obesity complications and it exacerbates the risk of cardiometabolic disorders in children who are obese in the early
school years.

Key words: children, obesity, vitamin D, vitamin D status, cardiometabolic disorders.

Beanix H.A,

JIOKTOP MEIULMHCKHUX HAYK, JOKTOP MEIUIIMHCKUX HAYK, IOLEHT,

3aBenyromuii kadeapor paKyIbTETCKOW U TONMUKIMHIYCCKON IIEUATPHA C KYPCOM TIeTHATPHH
MOCIIETUTLIIOMHOTO 00pa30BaHuUs

Ps3anckuil rocyiapcTBeHHbIN MeIMLIMHCKUAN yHUBEpCUTeET, Psi3anb, Poccuiickas ®enepanust
ByaoxoBa E,

JIOLEHT KadeAphl AETCKUX OOIe3Hel M FOCIUTAIBHOM ITeAnaTpUn

Ps3aHCcKuil rocy1apcTBEHHBIN MEIMLMHCKUN YHUBEpcUTeT, Pa3ansb, Poccuiickas @enepanus

OLIEHKA B3AMMOCBSI3M MOKA3ATEJIEN JIMIIUHOI'O U YIJIEBOJIHOI'O TPO®UJISI C
YPOBHEM OBECHEYEHHOCTH OPTAHU3MA BUTAMUHOM D Y IETEA B 3ABUCUMOCTH OT
NHAEKCA MACCBHI TEJIA

AHHOTANUA

Hdetn ¢ u3bpITounoi maccoit Tena (MT) npencraBisiior 0co00 YSI3BUMYIO TPYIILY 10 THIIOBUTaMHHO3Y D.
[Tonepeynoe (OAHOMOMEHTHOE) HCCIIEOBaHHE NPOBEAECHO Ha BBIOOpKe 154 nereil ¢ pasHBIMH BECOPOCTOBBIMHU
nokaszaressiMu B Bo3pacte 8-10 set (neBouek - 74, Manbunkos - 80). BeiesneHo 3 rpynisl y9acTHUKOB HCCieioBaHus: |
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rpynmna - 44 pebeHka ¢ OXHpeHHEM, 2 rpymnmna — 58 neteid ¢ n30BITOUHOW Maccol Tena, 3 rpynma — 52 4eyoBeka ¢
HOpMaJIbHOW Maccoil Tena. Becem aeTsM ompenensuin B ChIBOpOTKe KpoBHU ypoBeHb 25(OH)D, maparropmona (ITTT),
kaneius (Ca), hochopa (P), odbmero xonecrepuna (XC), Tpurmunepunos (TT), 6era-mumonpotennos (B-JIIT), rmoko3sl,
uHCynuHa, aktuBHOCTE AJIT, ACT, a Takxke pacCUuThIBaNIN HHIACKC HHCyauHOpesucTeHTHOCTH (HOMA-IR). leduiut
ButamuHa D y mereit ¢ oxkmpeHHeM BcTpedascs MOYTH B 2,3 pasa dHamie, 4eM y JOeTeld ¢ M30BITOYHOW Maccod Tema
(p=0,002) u B 2,8 pa3a dame, 4eM y neTed ¢ HopMmaibHOM Maccodi Tema (p=0,001). Ilokazatenw IHMHUIHOTO H
YIJIEBOJHOTO OOMEHOB HaXOIWINCh B (M3HONOrMYecKHX mpenenax. OnHAaKo y JeTed ¢ OXUPEHHEM OHHM 3HAaYMMO
NpEeBBIIANN TTOKa3aTeb 310poBbIx nereil (p<0,05). [ern ¢ pepuumrom VD mmenn craructuyecku 3HaYUMO Oosee
Beicokue wmenuanel [ITI, XC, TI, mirokos3sl, uHcynuHa, aktuBHOoctH AJIT, ACT, HOMA-IR u Oonee Hu3Kyro
koHneHTpauuio P u Ca mo cpaBHeHHUIO ¢ AeThbMHM, uMmetommmu ontumanbsHblii VD crarye (p<0,05). Menuansr AJIT,
ACT, XC, B-JII1, TT, rmroxo3st 1 HOMA-IR y nereit ¢ oxupenuem u aedunutom VD ObUTH CTaTHCTUYECKH 3HAYMMO
BBIIIE, YeM Yy 310poBBIX jaered ¢ aepurmrom VD u ¢ ontumansHoll koHneHTpanueit 25(OH)D B chiBOpoTKE KpOBH.
He¢urnur Burtammaa D sBnsgercs BaXHBIM MPEAUKTOPOM (OPMHPOBAHHS OCIOKHEHHHA OKHUPEHHS M YCYTYOISIET PHCK
Pa3BUTHS KapIUOMETA0OIMIECKUAX PACCTPOICTB y ACTEH, CTPAJArOIINX OKUPEHUEM B MIIAIIIIEM IIIKOJIFHOM BO3PAaCTe.

KiaoueBble ciaoBa: pgetu, oxupeHue, ButamuH D, nedumur Burammaa D, xapamomerabommdeckue
paccTpoOMCTBa.

The growing prevalence of obesity in the child 4000 IU daily for 1 year [12]. In contrast, several
population is one of the problems of modern health care. metaanalyzes and systematic reviews have not found a
According to World Health Organization (WHO, 2018)  positive effect of VD on the course of cardiovascular
forecasts, the number of obese children by the end of  disease. Ford J. et al. (2014), for example, expressed
2025 may exceed 70 million only in the age group from 0 insufficient data to support the use of VD as a supplement
to 5 years old [1]. Childhood obesity has serious lifelong  to reduce the incidence of cardiovascular disease [13]. In
consequences. In the short term, such children are  their systematic review, Wang L. et al. (2010) noted a
accompanied by psychological disorders (depression,  statistically insignificant decrease in the incidence of
anxiety and low self-esteem, a number of emotional and cardiovascular diseases when taking moderate doses of
behavioral disorders), they are more likely to suffer from  VD. Mao P. et al. (2013) also found that neither VD
asthma, diseases of the musculoskeletal system [2]. Inthe  supplementation nor calcium supplementation affected
future, they have an increased risk of metabolic disorders  the incidence of myocardial infarction or stroke [14].
and cardiovascular pathology, such as arterial However, most modern studies substantiate the negative
hypertension, dyslipidemia, atherosclerosis [3]. In the  effect of low serum 25(OH) D levels on the state of the
long term, childhood obesity increases of the risk of  cardiovascular system, and associate this primarily with
developing cardiovascular diseases, diabetes mellitus,  the role of micronutrients in the regulation of the renin-
some types of cancer and diseases of the musculoskeletal angiotensin-aldosterone system (RAAS). Thus, the renin
system, which can lead to disability and premature death  gene has a VD sensitive element that has a regulatory
[4]. effect on the transcription and production of renin, which,

In parallel with obesity, the problem of low in turn, acting on angiotensin, triggers a number of
vitamin D (VD) status in child and adolescent population processes that promote the formation of angiotensin I,
is becoming more and more urgent. At present,  which acts as a vasoconstrictor [15].

hypovitaminosis D among the child population recorded There are few data on the role of VD deficiency
in many countries of the world, including the Russian  as a risk factor for the onset and progression of
Federation [5-7]. cardiovascular disorders in primary school children. In

For a long time, the regulation of calcium and  this regard, the study of this problem is interesting,
phosphorus homeostasis considered the main effect of  especially among obese children, who form a risk group
VD. However, in recent years, VD viewing as a hormone  for the development of chronic pathology.

that has receptors in most body tissues and performs Aim: to study of the relationship between lipid
many “non-classical” effects. Non-skeleton effects of VD  and carbohydrate metabolism indicators and VD status in
include of regulation of cell proliferation and cell children, depending on the body mass index (BMI).

differentiation, inhibition of renin and angiogenesis Materials and methods. A cross-sectional (one-

synthesis, contributing of insulin production, activation of ~ step) study carried out on a sample of 154 children with
macrophage formation, etc. [8]. Overweight children  different weight and height indicators. Among the
represent a particularly vulnerable group for vitamin D surveyed children there were 74 girls (48.0%) and 80
deficiency, which, in recent years, has been associated  boys (52.0%) of primary school age (the average age —
with health risks similar to obesity [9]. Therefore,  9.4+0.7 years). All children permanently live in Ryazan.
according to Mirhosseini N. et al. (2018), VD deficiency Study inclusion criteria: absence of acute or
may play an important role in the development of  exacerbation of chronic diseases at the time of inclusion
cardiovascular diseases [10]. There is also an opinion in the study; lack of intake of vitamin and mineral
about of the positive effect of VD subsidy on metabolism  complexes for at least 6 months. Before inclusion in the
in adults with chronic cardiovascular disease. Schroten N.  study, the absence of chronic diseases of the kidneys,
et al. (2013) observed a decrease in plasma renin activity  liver, gastrointestinal tract, as well as the signed informed
in 101 patients with stable heart failure after 6 weeks of  consent of the child's parent to his participation in the
taking 2000 IU VD [11]. The VINDICATE study group  study.

(Vitamin D treating patients with chronic heart failure) The studies carried out on the bases of the City
noted a significant improvement in cardiac function in Child Polyclinic No. 1, Regional Child Hospital and
229 patients with chronic heart failure after taking VD  Central Research Laboratory of the RyazSMU. The local
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ethics committee of the RyazGMU approved the study
protocol. The parents had appropriate information about
their participation in the study and their informed consent
obtained.

Trained health workers in accordance with a
standardized protocol developed by WHO [16] performed
anthropometric measurements during a preventive
medical examination. The physical growth assessed using
the WHO AnthroPlus (2009) [17]. There were calculated
the following parameters: Weight-for-Age Z-score
(WAZ), body mass-to-age index (BMI-for-Age Z-score,
BAZ). The interpretation of the obtained Z-score values
carried out according to the following criteria:
malnutrition - with <-2 SDS, under nutrition from -
2<SDS<-1, norm - -1<SDS<+1, overweight - +1<SDS<+
2, obesity - with SDS> +2 [18].

According to the anthropometry data, there were
formed 3 groups: 1% group - obese children (n=44, 22
girls and 22 boys), 2™ group - overweight children (n=58,
18 girls, 40 boys), 3™ group — healthy children (n=52, 34
girls, 18 boys).

Serum 25(OH)D level, parathyroid hormone
(PTH), glucose, insulin, triglycerides (TG), transaminase
activity (alanine aminotransferase, ALT and aspartate
aminotransferase, AST), B-lipoprotein (B-LP) level,
cholesterol (CS), calcium (Ca), phosphorus (P) were
tested in all children. A procedural nurse in a
manipulation room located in the Regional Child
Hospital carried out blood sampling on an empty
stomach, from the ulnar vein. Serum 25(OH)D was
evaluated by the enzyme-linked immunoabsorbent assay
(DIAsource 250H Vitamin D Total ELISA Kit,
Diasource, Spain) and values <20 ng/ml were considered
deficient, 20-30 ng/ml insufficient, and >30 ng/ml -

100,0
90,0 86,4
80,0
70,0
60,0
50,0
100 38,0
30,0
20,0
10,0

0,0

13,6
0,0
obesity

m 25(0H)D<20 ng/ml

31,1

overweight

25(0OH)D 20-29 ng/ml

sufficient [19]. The PTH content by the method of
immunoradiometric  analysis (IRMA  PTH  Kits,
IMMUNOTECH, Czech Republic) and insulin by the
immunochemiluminescent method on a Roche Cobas
e8000 602 analyzer (Roche Cobas, Switzerland) was
determined. The serum Ca, P, B-LP, TG, CS, glucose,
ALT, AST on a Mindray BS-400 biochemical analyzer
(Mindray, China) was measured. The insulin resistance
index (HOMA-IR) was calculated (normally below 3.2
U) [20].

The STATISTICA 12 software package used for
statistical analysis. Continuous variables presented as
medians with an interquartile range (25-75 percentiles).
The analysis of the normal distribution of the values of
the studied features performed using the Shapiro-Wilk
test. When comparing continuous variables across
groups, the Kruskal-Wallis test used (for paired
comparisons, the Mann-Whitney test). The degree of
relationships assessed by calculating the pairwise
Spearman correlation coefficients (r). The ¥ test used to
determine the relationship between the two categorical
variables. p< 0.05 was considered significant.

Results. VD deficiency occurred in 76 (49.4%)
of the examined children, deficiency - in 30 (19.5%), and
normal provision was found only in 48 (31.1%) children.
Obese children have VD deficiency in 2.3 times more
often than overweight (p=0.002) and in 2.8 times more
often than healthy (p=0.001) (Fig.1). The normal
provision of VD in overweight children detected almost 2
times less often than in healthy children. Among the
surveyed group 1, normal concentration of 25 (OH) D in
the blood serum not detected in any child. There were no
statistically significant gender differences among the
assessed groups (p> 0.05).

57,7

31,0 30,8

11,5

normal weight

25(0H)D>30 ng/ml

Figure 1. Vitamin D status in participants depending on BMI (%)

The median values of mineral, lipid and
carbohydrate metabolism compared depending on BMI in
the compared groups (Table 1). Serum PTH level was
within the reference values; statistically significant
differences between the groups were no found (p>0.05).
The median of serum Ca in was normal - 2.46 [2.36;
2.54] mmol/L. Me Ca in obesity child was statistically
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significantly lower than in 2" and 3™ groups (p<0.05).
Was revealed that with an increase of BMI, the serum Ca
level significantly decreased (r=0.51, p<0.05), and in 7
(32.0%) participants with the highest BMI was found of
hypocalcaemia (p=0.014). Serum P in all children was
within the physiological norm. However, in the 1%t and 2"
group the serum P was statistically significantly lower
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than in 39 group (p<0.05). A negative correlation
between BMI and P level was found (r=-0.51, p<0.05).
Serum ALT, AST, CHS, TG, B-LP, glucose and insulin
was within physiological limits. However, the median
ALT activity in children in 1 group was 1.8 times higher
than in 2" group (p<0.001) and was more than 2.5 times

this group (p = 0.003). The median serum AST activity in
obese children also exceeded the value in the overweight
children (p<0.001) and normal BMI (p<0.001). Serum
CS, TG and B-LP had a direct moderate correlation with
BMI (p<0.05), and the medians of these indicators in
obese children significantly exceeded the values in

lower than in healthy children (p<0.001). Moreover, in  overweight and  healthy  children  (p<0.005).
obese boys, this indicator was higher compared to girls in
Table 1.
Indicators of mineral, lipid and carbohydrate metabolism depending on the body mass index of children
Group 1 Group 2 Group 3
BMI-for-Age Z- BMI-for-Age BMI-for-Age
Indicator Rc\eELeensce score +1< Z-score<+2 | -1<Z-score<+1 Iiké“’ likév Piw 2-3
>+2 SDS SDS SDS
(n=22) (n=29) (n=26)

25%)/‘;11)'[" >30 ng/ml | 12,5[5,7;19,1] | 23,6 [11,3; 345] | 32,6 [159; 44,4] | 0,014 | 0,001 | 0,080
Egm'l 10,0-65,0 | 28,3[23,2;38,3] | 25.1[20,9: 32,6] | 27,2 [19,9; 33,5] | 0,210 | 0,562 | 0,227
m%’l p 2,3-28 2,3[2,2; 2,4] 2,5 [2,4; 2,5] 2,5[2,5;27] | 0,031 | 0,000 0,021

P, mmol/l | 1,120 12[L1;1,2] 12[1,2;1,3] 131,215 | 0,011 | 0,001 0,362

ALT, U/l < 40,0 35,0[32,0; 38,0] | 20,0 [18,0; 24,01 | 13,0[11,0; 16,0] | 0,000 | 0,000 0,000

AST, U/l <40,0 34,0 [32,0; 36,0] | 22,0 [20,0; 26,0] | 21,0 [17,0; 25,0] | 0,000 | 0,000 0,851
Sl | 2855 | 48[44;52] | 44[40;45] | 39[3844] | 0003 | 0001 | 0018

B3-LP, U/l 35,0-55,0 | 45,0[40,0; 50,0] | 40,0[37,0; 42,0] | 35,0[32,0; 36,0] | 0,021 | 0,000 0,000
1O | 0315 | 14[1315] | 07[0509 | 05[0507) | 0000|0000 | 0020
Gﬁ']‘r’]fglsﬁ 3,4-6,1 43[4,1;4,5] 41[38;4,4] 36[34;37] | 0152|0000 | 0,000
L’E‘j‘:ﬂi 3,0-200 | 15,5[14,9;16,0] | 10,8[9,0;13,3] | 7,8[50;9,9] | 0,000 | 0,000 0,010

HOMA-IR <3,2 2,9 [2,8; 3,2] 2,0[1,7; 2,5] 1,3[0,8; 1,5] 0,000 | 0,000 0,000

Note: BMI - body mass index;

HOMA-IR increased with increasing BMI. At
the same time, in 5 (23.0%) obese children HOMA-IR
exceeded the permissible normal values (p=0.057),
despite the normal isolated levels of glucose and insulin.

Children with VD deficiency had a higher BMI.
PTH, CS, TG, glucose, insulin, the activity of ALT and
AST, as well as HOMA-IR in them exceeded those in
children with normal VD status (p<0.05), but the serum P
and Ca was lower (p<0.05) (Table 2).

Children with insufficient VD status have
statistically significantly higher BMI, TG, ALT, AST,
HOMA-IR and a reduced level of Ca compared with
children optimally provided with vitamin D (p <0.05).
There were no statistically significant differences in the
level of B-LP between the groups (p> 0.05). PTH and TG
in children with VD deficiency was 1.3 times (p<0.05)
higher than in children with insufficient VD status. At
decrease serum 25(OH)D increase PTH, Ca, P, B-LP, TG,
glucose, insulin, activity ALT, AST and HOMA-IR (Table
3). Thus, these changes indicate that vitamin D deficiency
in children 8-10 years old is a risk factor for
cardiometabolic disorders at an older age.
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The medians of ALT, AST, CS, B-LP, TG,
glucose, insulin, and HOMA-IR in obese children with
VD deficiency were statistically significantly higher than
in healthy children with VD deficiency and a sufficient
VD status.

The discussion. Vitamin D deficiency is quite
common in childhood and is more common among obese
children. The data obtained coincide with the results of
studies of previous years [21, 22]. It is believed that the
relationship of anthropometric and biochemical markers
of cardiovascular risks with the high prevalence of
vitamin D deficiency is indirect, because this is a
consequence of a sedentary lifestyle, decreased activity,
stay indoors and poor nutrition, which lead to the
progressive accumulation of fat mass. So, in the works of
Skinner A. et al. (2015) and Dura-Travé T. et al. (2017) it
was obesity rather than insufficient VD provision that
positively correlated with dyslipidemia [23, 24].
Nevertheless, various authors describe the existence of
strong correlations between low VD-status and various
components of the lipid metabolism [25, 26].
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Table 2.
Anthropometric and biochemical parameters depending on vitamin D status
Serum 25(OH)D P 1-2 Pew 13 | Pew2-3
Indicator < 20 ng/ml 20-29 ng/ml > 30 ng/ml
(n=76) (n=30) (n=48)
BMI z-score | 2,0 [1,01;2,9] | 1,4[1,0;1,9] | 0,8[-0,3; 1,0] 0,150 0,000 0,001
32,1 24,5 23,2
PTH.po/ml 1 15553031 | [201:36.2] |  [18.3; 29,0] 0,041 0,009 0,649
Ca, mmolll | 2,4[23:2,5] | 25[24:26] | 2,725, 2,7] 0,001 0,000 0,129
P, mmol/l 12[1,1:1,2] | 1,3[1,2;13] | 1,7[L7; 18] 0,006 0,000 0,000
ALT, U/l 28 [19; 36] 24 [18; 30] 14 [11,5; 18] 0,407 0,000 0,001
AST, U/l 29 [22; 34] 25 [22; 31] 20 [18; 24] 0,272 0,000 0,007
TC, mmolll | 44[3,7,48] | 43[39,46] | 41[3,8;4,4] 0,963 0,035 0,035
B-LP, U/l 40 [36; 46] 39 [36; 42] 36 [33; 40] 0,296 0,059 0,217
TG, mmoll | 1,2[051,4] | 0,9[0,5;1,1] | 0,6[0,5; 0,8] 0,041 0,017 0,015
Gﬁ']tr‘]fglsﬁ 41[37:44] | 42[4,44] | 3,6[345:38] 0,696 0,001 0,001
Insulin, nU/ml | 14,5 [8,1; 15,6] 13i15 [09]*5; 9,0 [7,3: 10,4] 0,150 0,000 0,015
HOMA-IR | 2,6[L5;29] | 26[L8.2,7] | LA4[L2 L7] 0,827 0,000 0,002
Note: BMI - body mass index;
Table 3.

Spearman’s correlation coefficients between 25(OH)D level and z-score BMI/age and biochemical parameters

Indicator r z-score BMI / age . r 25(0OH)D, ng/ml .
z-score BMI / age 1,000 >0,05 -0,480 <0,05
25(0OH)D, ng/ml -0,480 <0,05 1,000 >0,05

PTH, pg/ml 0,122 >0,05 -0,441 <0,05
Ca, mmol/l -0,512 <0,05 0,799 <0,05

P, mmol/I -0,512 <0,05 0,873 <0,05

ALT, U/l 0,816 <0,05 -0,471 <0,05

AST, U/l 0,626 <0,05 -0,427 <0,05

TC, mmol/l 0,448 <0,05 -0,216 >0,05
B-LP, U/l 0,616 <0,05 -0,234 <0,05
TG, mmol/l 0,717 <0,05 -0,332 <0,05
Glucose, mmol/I 0,817 <0,05 -0,365 <0,05
Insulin, pU/ml 0,740 <0,05 -0,341 <0,05
HOMA-IR 0,850 <0,05 -0,400 <0,05

Ertugrul D. et al. (2011) suggested that in adults
it is dyslipidemia that negatively affects the level of
25(0OH)D, and not vice versa, since the use of statins
improves the lipid profile and the concentration of
25(0OH) D simultaneously [27]. Studies by Song Y. et al.
(2013) and Dura-Travé T. et al. (2020) show that low
25(0OH)D level are associated with a high prevalence of
intolerance glucose and the development of type 2
diabetes [28, 29]. Since VD receptors also founded in the
tissue of the pancreas, and Ca plays an important role in
the secretion of insulin by B-cells, it is very likely that
VD deficiency increases the risk of carbohydrate
metabolic disorders.

Conclusions. Obesity is more associated with
the risks of impaired lipid and carbohydrate metabolism
than VD deficiency. However, insufficient VD status is an
important  predictor of comorbid pathology and
aggravates the risk of cardiometabolic disorders in obese
children already at primary school age. Medical
professionals, including  pediatricians,  pediatric
endocrinologists, cardiologists, should be aware of the
possible consequences of VD deficiency in obese
children, as well as timely adjust the VD status when the
level of the body's supply with this micronutrient
decreases.
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