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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 (ß-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, 

ß-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. 
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ОЦЕНКА ВЗАИМОСВЯЗИ ПОКАЗАТЕЛЕЙ ЛИПИДНОГО И УГЛЕВОДНОГО ПРОФИЛЯ С 

УРОВНЕМ ОБЕСПЕЧЕННОСТИ ОРГАНИЗМА ВИТАМИНОМ D У ДЕТЕЙ В ЗАВИСИМОСТИ ОТ 

ИНДЕКСА МАССЫ ТЕЛА 

АННОТАЦИЯ 

Дети с избыточной массой тела (МТ) представляют особо уязвимую группу по гиповитаминозу D. 

Поперечное (одномоментное) исследование проведено на выборке 154 детей с разными весоростовыми 

показателями в возрасте 8-10 лет (девочек - 74, мальчиков - 80). Выделено 3 группы участников исследования: 1 
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группа - 44 ребенка с ожирением, 2 группа – 58 детей с избыточной массой тела, 3 группа – 52 человека с 

нормальной массой тела. Всем детям определяли в сыворотке крови уровень 25(ОН)D, паратгормона (ПТГ), 

кальция (Са), фосфора (Р), общего холестерина (ХС), триглицеридов (ТГ), бета-липопротеидов (ß-ЛП), глюкозы, 

инсулина, активность АЛТ, АСТ, а также рассчитывали индекс инсулинорезистентности (HOMA-IR). Дефицит 

витамина D у детей с ожирением встречался почти в 2,3 раза чаще, чем у детей с избыточной массой тела 

(р=0,002) и в 2,8 раза чаще, чем у детей с нормальной массой тела (р=0,001). Показатели липидного и 

углеводного обменов находились в физиологических пределах. Однако у детей с ожирением они значимо 

превышали показатель здоровых детей (р<0,05). Дети с дефицитом VD имели статистически значимо более 

высокие медианы ПТГ, ХС, ТГ, глюкозы, инсулина, активности АЛТ, АСТ, НОМА-IR и более низкую 

концентрацию Р и Са по сравнению с детьми, имеющими оптимальный VD статус (р<0,05). Медианы АЛТ, 

АСТ, ХС, ß-ЛП, ТГ, глюкозы и HOMA-IR у детей с ожирением и дефицитом VD были статистически значимо 

выше, чем у здоровых детей с дефицитом VD и с оптимальной концентрацией 25(ОН)D в сыворотке крови. 

Дефицит витамина D является важным предиктором формирования осложнений ожирения и усугубляет риск 

развития кардиометаболических расстройств у детей, страдающих ожирением в младшем школьном возрасте. 

Ключевые слова: дети, ожирение, витамин D, дефицит витамина D, кардиометаболические 

расстройства. 

 
The growing prevalence of obesity in the child 

population is one of the problems of modern health care. 
According to World Health Organization (WHO, 2018) 
forecasts, the number of obese children by the end of 
2025 may exceed 70 million only in the age group from 0 
to 5 years old [1]. Childhood obesity has serious lifelong 
consequences. In the short term, such children are 
accompanied by psychological disorders (depression, 
anxiety and low self-esteem, a number of emotional and 
behavioral disorders), they are more likely to suffer from 
asthma, diseases of the musculoskeletal system [2]. In the 
future, they have an increased risk of metabolic disorders 
and cardiovascular pathology, such as arterial 
hypertension, dyslipidemia, atherosclerosis [3]. In the 
long term, childhood obesity increases of the risk of 
developing cardiovascular diseases, diabetes mellitus, 
some types of cancer and diseases of the musculoskeletal 
system, which can lead to disability and premature death 
[4]. 

In parallel with obesity, the problem of low 
vitamin D (VD) status in child and adolescent population 
is becoming more and more urgent. At present, 
hypovitaminosis D among the child population recorded 
in many countries of the world, including the Russian 
Federation [5-7]. 

For a long time, the regulation of calcium and 
phosphorus homeostasis considered the main effect of 
VD. However, in recent years, VD viewing as a hormone 
that has receptors in most body tissues and performs 
many “non-classical” effects. Non-skeleton effects of VD 
include of regulation of cell proliferation and cell 
differentiation, inhibition of renin and angiogenesis 
synthesis, contributing of insulin production, activation of 
macrophage formation, etc. [8]. Overweight children 
represent a particularly vulnerable group for vitamin D 
deficiency, which, in recent years, has been associated 
with health risks similar to obesity [9]. Therefore, 
according to Mirhosseini N. et al. (2018), VD deficiency 
may play an important role in the development of 
cardiovascular diseases [10]. There is also an opinion 
about of the positive effect of VD subsidy on metabolism 
in adults with chronic cardiovascular disease. Schroten N. 
et al. (2013) observed a decrease in plasma renin activity 
in 101 patients with stable heart failure after 6 weeks of 
taking 2000 IU VD [11]. The VINDICATE study group 
(Vitamin D treating patients with chronic heart failure) 
noted a significant improvement in cardiac function in 
229 patients with chronic heart failure after taking VD 

4000 IU daily for 1 year [12]. In contrast, several 
metaanalyzes and systematic reviews have not found a 
positive effect of VD on the course of cardiovascular 
disease. Ford J. et al. (2014), for example, expressed 
insufficient data to support the use of VD as a supplement 
to reduce the incidence of cardiovascular disease [13]. In 
their systematic review, Wang L. et al. (2010) noted a 
statistically insignificant decrease in the incidence of 
cardiovascular diseases when taking moderate doses of 
VD. Mao P. et al. (2013) also found that neither VD 
supplementation nor calcium supplementation affected 
the incidence of myocardial infarction or stroke [14]. 
However, most modern studies substantiate the negative 
effect of low serum 25(OH) D levels on the state of the 
cardiovascular system, and associate this primarily with 
the role of micronutrients in the regulation of the renin-
angiotensin-aldosterone system (RAAS). Thus, the renin 
gene has a VD sensitive element that has a regulatory 
effect on the transcription and production of renin, which, 
in turn, acting on angiotensin, triggers a number of 
processes that promote the formation of angiotensin II, 
which acts as a vasoconstrictor [15]. 

There are few data on the role of VD deficiency 
as a risk factor for the onset and progression of 
cardiovascular disorders in primary school children. In 
this regard, the study of this problem is interesting, 
especially among obese children, who form a risk group 
for the development of chronic pathology. 

Aim: to study of the relationship between lipid 
and carbohydrate metabolism indicators and VD status in 
children, depending on the body mass index (BMI). 

Materials and methods. A cross-sectional (one-
step) study carried out on a sample of 154 children with 
different weight and height indicators. Among the 
surveyed children there were 74 girls (48.0%) and 80 
boys (52.0%) of primary school age (the average age – 
9.4±0.7 years). All children permanently live in Ryazan. 

Study inclusion criteria: absence of acute or 
exacerbation of chronic diseases at the time of inclusion 
in the study; lack of intake of vitamin and mineral 
complexes for at least 6 months. Before inclusion in the 
study, the absence of chronic diseases of the kidneys, 
liver, gastrointestinal tract, as well as the signed informed 
consent of the child's parent to his participation in the 
study. 

The studies carried out on the bases of the City 
Child Polyclinic No. 1, Regional Child Hospital and 
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: 1st group - obese children (n=44, 22 
girls and 22 boys), 2nd group - overweight children (n=58, 
18 girls, 40 boys), 3rd 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), β-lipoprotein (β-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 25OH Vitamin D Total ELISA Kit, 
Diasource, Spain) and values <20 ng/ml were considered 
deficient, 20-30 ng/ml insufficient, and >30 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, β-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 χ2 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). 

 

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 

significantly lower than in 2nd and 3rd 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 1st and 2nd 

group the serum P was statistically significantly lower 
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than in 3rd 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, β-LP, glucose and insulin 

was within physiological limits. However, the median 

ALT activity in children in 1st group was 1.8 times higher 

than in 2nd group (p<0.001) and was more than 2.5 times 

lower than in healthy children (p<0.001). Moreover, in 

obese boys, this indicator was higher compared to girls in 

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 β-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 

overweight and healthy children (p<0.005).

Table 1. 

Indicators of mineral, lipid and carbohydrate metabolism depending on the body mass index of children 

Indicator 
Reference 

values 

Group 1 
BMI-for-Age Z-

score 
>+2 SDS 
(n=22) 

Group 2 
BMI-for-Age 

+1< Z-score<+2 
SDS 

(n=29) 

Group 3 
BMI-for-Age 

-1<Z-score<+1 
SDS 

(n=26) 

Рk-w 
1-2 

Рk-w 
1-3 

Рk-w 2-3 

25(ОН)D, 
ng/ml 

>30 ng/ml 12,5 [5,7; 19,1] 23,6 [11,3; 34,5] 32,6 [15,9; 44,4] 0,014 0,001 0,080 

PTH, 
pg/ml 

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 

Са, 
mmol/l 

2,3–2,8 2,3 [2,2; 2,4] 2,5 [2,4; 2,5] 2,5 [2,5; 2,7] 0,031 0,000 0,021 

Р, mmol/l 1,1–2,0 1,2 [1,1; 1,2] 1,2 [1,2; 1,3] 1,3 [1,2; 1,5] 0,011 0,001 0,362 

ALT, U/l < 40,0 35,0 [32,0; 38,0] 20,0 [18,0; 24,0] 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 

CS, 
mmol/l 

2,8-5,5 4,8 [4,4; 5,2] 4,4 [4,0; 4,5] 3,9 [3,8; 4,4] 0,003 0,001 0,018 

ß-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 

TG, 
mmol/l 

0,3-1,5 1,4 [1,3; 1,5] 0,7 [0,5; 0,9] 0,5 [0,5; 0,7] 0,000 0,000 0,020 

Glucose, 
mmol/l 

3,4-6,1 4,3 [4,1; 4,5] 4,1 [3,8; 4,4] 3,6 [3,4; 3,7] 0,152 0,000 0,000 

Insulin, 
μU / ml 

3,0-20,0 15,5 [14,9; 16,0] 10,8 [9,0; 13,3] 7,8 [5,0; 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 β-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, β-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. 

The medians of ALT, AST, CS, ß-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 Durá-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 

Indicator 
Serum 25(OH)D Рk-w 1-2 Рk-w 1-3 Рk-w 2-3 

< 20 ng/ml 
(n=76) 

20–29 ng/ml 
(n=30) 

> 30 ng/ml 
(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 

PTH, pg/ml 
32,1 

[25,5; 39,3] 
24,5 

[20,1; 36,2] 
23,2 

[18,3; 29,0] 
0,041 0,009 0,649 

Са, mmol/l 2,4 [2,3; 2,5] 2,5 [2,4; 2,6] 2,7 [2,5; 2,7] 0,001 0,000 0,129 

Р, mmol/l 1,2 [1,1; 1,2] 1,3 [1,2; 1,3] 1,7 [1,7; 1,8] 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, mmol/l 4,4 [3,7; 4,8] 4,3 [3,9; 4,6] 4,1 [3,8; 4,4] 0,963 0,035 0,035 

ß-LP, U/l 40 [36; 46] 39 [36; 42] 36 [33; 40] 0,296 0,059 0,217 

TG, mmol/l 1,2 [0,5 1,4] 0,9 [0,5; 1,1] 0,6 [0,5; 0,8] 0,041 0,017 0,015 

Glucose, 
mmol/l 

4,1 [3,7; 4,4] 4,2 [4; 4,4] 3,6 [3,45; 3,8] 0,696 0,001 0,001 

Insulin, μU/ml 14,5 [8,1; 15,6] 
13,1 [9,5; 

15,0] 
9,0 [7,3; 10,4] 0,150 0,000 0,015 

HOMA-IR 2,6 [1,5; 2,9] 2,6 [1,8; 2,7] 1,4 [1,2; 1,7] 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 
z-score BMI / age 25(ОН)D, ng/ml 

r р r р 

z-score BMI / age 1,000 ≥0,05 -0,480 <0,05 

25(ОН)D, ng/ml -0,480 <0,05 1,000 ≥0,05 

PTH, pg/ml 0,122 ≥0,05 -0,441 <0,05 

Са, mmol/l -0,512 <0,05 0,799 <0,05 

Р, mmol/l -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 

ß-LP, U/l 0,616 <0,05 -0,234 <0,05 

TG, mmol/l 0,717 <0,05 -0,332 <0,05 

Glucose, mmol/l 0,817 <0,05 -0,365 <0,05 

Insulin, μU/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(OH)D, and not vice versa, since the use of statins 

improves the lipid profile and the concentration of 

25(OH) D simultaneously [27]. Studies by Song Y. et al. 

(2013) and Durá-Travé T. et al. (2020) show that low 

25(OH)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 ß-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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