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ABSTRACT
Aims: The inconsistent results about neurocognitive functions in children with obesity may be suggestive of factors like vitamin 
deficiencies rather than the disorder itself. So we aimed to investigate the 25(OH)D3 levels and cognitive functions in obese 
children in the present study.
Methods: Seventy-two children were included to this study. Forty-one of them were obese children and 31 children were with 
normal weight. The patients were diagnosed as obese according to body mass index >95 percentile, considering the sex and 
age-specific growth curves for Turkish children. The participants completed the battery tests of the central nervous system vital 
signs (CNSVS), a neurocognitive test battery, via computer. The battery calculates seven domain scores (Memory, Psychomotor 
speed, Processing speed, Reaction time, Complex attention, Executive function, Cognitive flexibility) and a summary score 
(Neurocognition Index). 25(OH)D3 levels were measured in residual samples using a Shimadzu HPLC system with the aid of a 
25(OH)D3 kit. The scores were compared by using commercial software (IBM SPSS Statistics 18). 
Results: The mean 25-OH-vitamin D levels were 13.41±7.91 µg/L in obese children and 20.31±5.92µg/L in controls. Vitamin 
D3 levels were significantly lower in obese children than in control group (p<0.05). There was statistically significant difference 
between patient and healthy control group on all cognitive performance domains. Mean NCI score of obesity group was 
86.17±8.85, whereas that of healthy participants was 90.61±8.28. The mean NCI score in the obesity group was significantly lower 
than that of the control group (p<0.001).
Conclusion: Cognitive index of obese children is lower than normal weight children. Lower 25(OH)D3 levels are related to 
cognitive deficits in children with obesity. Cognitive dysfunction and 25(OH)D3 levels in obese children and adolescents should 
be addressed in the evaluation and treatment of this population.
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INTRODUCTION
The prevalence of childhood obesity has increased dramatically 
and steadily in last four decades and obesity has become a 
serious worldwide public health problem. Obesity is not only 
an increased calorie intake and weight management problem, 
but also a malnutrition condition with vitamin deficiency and 
reduce in cognitive functions.1,2 It is well known that vitamin 
D insufficiency is more prevalent in children with obesity.3-5  
Etiopathogenesis of vitamin D deficiency in obese children is 
not clear. Some investigators claimed that the sequestration 
of vitamin D in the body fat and its consequent is reduced 
bioavailability, others claimed that fewer outdoor activities 
and reduced sunlight exposure contributes to reduced 
endogenous vitamin D production.6

Recent studies investigated executive cognitive functions in 
obesity. A negative relationship between body-mass index 
(BMI) and neurocognitive performance in adults has been 

shown in many studies in the literature.7 Cognitive dysfunction 
generally refers to deficits in memory and executive function, 
and many diseases other than obesity may show cognitive 
dysfunction.8 Cognitive dysfunction associated with high 
calorie intake and sedanter behaviour and negatively 
associated with fruit and vegetable intake and physical activity, 
briefly associated with obesity.9 It is shown that improvements 
in executive functions were also found to be related to weight 
loss suggesting that neurocognitive functions have positive 
implications for reducing weight in obese adolescents.10 Some 
investigators suggested that inflammation is the underlying 
mechanism of cognitive deficit related to obesity.11 It is shown 
that reducing inflammation by vitamin D contributes the 
development of cognitive functions in rat model.12 Vitamin D 
is not only involved in bone metabolism. Recent studies have 
demonstrated that vitamin D is a neuro-protective and an 
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anti-inflammatory biologic agent.13 VDR have been located in 
cortex, cerebellum, thalamus, hypothalamus, basal ganglions 
and hippocampus. Some of these areas are regulating cognitive 
functions and absence of the VDR has been associated 
with neurodegenerative diseases.14,15 Therefore, we aimed to 
investigate the relationship between 25-OH-vitamin D levels 
and cognitive functions in children with obesity. 

METHODS

Participants
In the present study 72 children were included. Forty one of 
them were obese and others were normal weight. The patients 
were diagnosed as obese according to BMI >95 percentil, 
considering the sex and age-specific growth curves for Turkish 
children.16 Weights were measured with digital scale (Seca). 
Measurements were done while patients are barefoot and light 
cloth wearing. Height was measured with portable stadiometer 
(Harpenden). BMI was calculated as weight in kilograms 
divided by height in meters squared (kg/m²). Subjects with any 
genetic syndrome, metabolic (e.g., type 2 diabetes, metabolic 
syndrome) or endocrine disease (e.g., Cushing syndrome, 
hypothyroidism) and other diseases (e.g., hypertension, non-
alcoholic fatty liver disease) as well as subjects on medications 
or a diet were excluded. All children and adolescents in the 
obesity and control groups with an IQ<80 on the fifth edition 
of the Stanford-Binet intelligence test, and with a diagnosis of 
any neurological disorder or head injury, and color blindness, 
past or current substance abuse were excluded from the study. 
The study protocol was approved by the Non-invasive Clinical 
Research Ethics Committee of Gaziosmanpaşa University 
(Date: 30.03.2016, Decision No: 16-KAEK-073) and written 
informed consent was obtained from both parents before 
starting any study-related procedure. All procedures were 
carried out in accordance with the ethical rules and the 
principles of the Declaration of Helsinki.

Measures
Central nervous system vital signs (CNSVS): The CNSVS is 
a computerized, neurocognitive test battery for use in clinical 
research. The psychometric characteristics of the tests in the 
CNSVS battery are very similar to the characteristics of the 
conventional neuropsychological tests and the reliability and 
validity has been demonstrated.17 It has normative data for 
children as young as 7 years of age and Cohen d effect sizes 
range from d=0.44 to d=1.19 regarding retest reliability in 
children and adolescents.18 It is administered via a computer 
and takes approximately 30 to 40 minutes to complete. The 
CNSVS comprises of 7 common neuropsychological measures: 
verbal memory test, visual memory test, finger tapping test 
(FTT), symbol digit coding (SDC), the stroop test (ST), 
shifting attention test (SAT) and continuous performance 
test (CPT). The battery generates 15 primary scores which are 
used to calculate seven domain scores (Memory, Psychomotor 
speed, Processing speed, Reaction time, Complex attention, 
Executive Function, and Cognitive flexibility) and a summary 
score (Neurocognition Index). Domain scores are presented 
as index scores, with a mean of 100 and standard deviation 
(SD) of 15.

Laboratory test: Blood samples were drawn for routine 
testing and 25-OH-vitamin D levels were measured in 
residual samples using a Shimadzu HPLC system (Shimadzu 
Corp. Kyoto, Japan) with the aid of a 25-OH-vitamin D kit 
(Recipe Chemicals +Instruments GmbH, Munich, Germany).

RESULTS
The study group consisted of 41 patients (19 males, 22 females) 
with a mean age of 11.85±2.43 years of age. Thirty one healthy 
children and adolescents (15 males, 16 females) with a mean 
age of 11.9±2.96 years were included in the control group. 
There is no statistically significant difference between groups 
in terms of number, gender, and age of the participants 
(p>0.05). Demographic, laboratory and clinical findings are 
shown in Table 1. The mean 25-OH-vitamin D levels were 
13.41±7.91 µg/L in obese children and 20.31±5.92µg/L in 
controls. Vitamin D levels were significantly lower in obese 
children than in control group (p<0.001).

The two groups were compared on the 7 index scores 
of CNSVS. There was statistically significant difference 
between patient and healthy control group on all cognitive 
performance domains. Mean NCI score of obesity group 
was 86.17±8.85, whereas that of healthy participants was 
90.61±8.28 (p:0.034). The mean score of NCI in patients with 
obesity was significantly lower than that of healthy control 

Table 1. Comparison of cognitive functions and vitamin D3 status between 
obese children and healthy control

Variables

Group Bonferoni 
95% CI

Patients n: 
41 Mean±SD

Healthy n: 31
Mean±SD p Lower Upper

Gender (male/female) 19/22 15/16 0.863 - -

Age (years) 12.15±1.75 12.39±2.47 0.630 - -

BMI 29.27±4.00 20.70±3.65 <0.001 - -

BMI-SDS 2.74±0.39 1.25±0.24 <0.001 - -

25(-OH) D3 (ng/ml) 13.41±7.91 20.31±5.92 <0.001 - -

Calcium (mg/dl) 9.96±0.31 9.84±0.30 0.128 - -

Phosphate (mg/dl) 4.54±0.59 4.59±0.50 0.747 - -

ALP 209.98±92.14 224.27±99.43 0.551 - -

NCI 86.17±8.85 90.61±8.28 0.034 -1.50 10.38

Composite memory 86.22±10.45 95.1±10.65 0.001 1.61 16.15

Verbal memory 87.44±10.30 98.87±12.37 <0.001 3.68 19.18

Visual memory 89.51±12.18 96.65±9.38 0.009 -0.50 14.77

Processing Speed 88.29±12.78 96.94±8.88 0.002 0.86 16.42

Executive function 89.24±11.32 93.32±10.11 0.118 -3.38 11.54

Psychomotor speed 87.98±12.18 94.13±6.96 0.009 -0.93 13.24

Reaction time 77.37±14.64 90.52±18.55 0.001 1.81 24.49

Complex attention 90.37±9.72 98.74±8.65 <0.001 1.98 14.78

Cognitive flexibility 88.54±10.26 93.29±10.03 0.053 -2.26 11.76

p1: Individual t-test significance levels, p2: Hotelling’s T2 test (Multivariate analysis) was used, SD: 
Standard deviation, BMI: Body-mass index, BMI SDS: Body-mass index standard deviation score
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participants by calculating according to one variable analysis. 
But the statistically importance got lost when the data were 
calculated according to multiple variable analysis Bonferroni 
test. The same results were seen when evaluating the visual 
memory, executive function and psychomotor speed. But 
the mean scores of composite memory, verbal memory, 
processing speed, reaction time and complex attention were 
statistically different among the healthy subjects and obese 
children according to results of one variable test and multiple 
variable tests Bonferroni. Table 1 shows the scores for group 
differences in cognitive performance of obesity and matched 
control group.
Mean cognitive index was similar in groups girls and 
boys (p=0.232). Vitamin D levels belong to patients were 
significantly lower than control group (p<0.001). Lower 
cognitive indexes were significantly in a correlation with 
lower vitamin D levels. The most effected function is verbal 
memory. Reaction time shows no difference between obese 
patients and control group.
According to regression analysis for 25(OH)D3 a 0.01 µg/L 
increase in 25(OH)D3 level provides an increase of 0.167 
units in NCI, but this increase is not statistically significant 
(t=1.301: p=0.197).  Similar results were revealed by the 
regression test from the other parameters for CNSVS. In the 
regression analysis performed according to vitamin D levels 
and the study group, the change in NCI of obese children is 
0.178 units less than healthy children, but this decrease is not 
statistically significant (t=-1.391: p=0.169) (Table 2).

DISCUSSION
The study investigated the relationship between 25-OH-
vitamin D levels and cognitive functions in children with 
obesity. The results show that the children with obesity 
performed significantly worse than non-obese healthy 
controls on all cognitive domains. This present study is also 
important for evaluating 25-OH-vitamin D levels along with 
neurocognitive functions comparing them with those of a 
control group.

Childhood obesity is a growing serious health problem all over 
the world. It is giving rise to devastating public health issues 
together and threatening the child health. Also governments 
take into account the economic magnitude while struggling 
to recover deleterious effects of obesity [19]. Obesity is not 
only eating or getting more calorie disorder but also genetic, 
metabolic and systematic disease. We can meet health 
problems in many organs and organ systems. Mental health 
is also affected by obesity induced oxidative stress. It is well 
known that in various mechanisms obesity induces systemic 
oxidative stress resulting cognitive impairments. Obesity 
usually correlates with increased prevalence of vitamin 
deficiencies or decreased circulating 25(OH)D3 levels. Lower 
serum 25(OH)D3 levels were associated with higher BMI 
and metabolic syndrome parameters. Various studies have 
demonstrated that obese people have lower 25(OH)D3 levels 
than normal weight people. Synthesis and regulation of 25(OH)
D3 confirmed that obese patients had lower basal 25(OH)D3 
levels and higher serum parathyroid hormone levels than non-
obese patients.20 In many studies it is shown that vitamin D 
levels were lower in obese children than normal weights. Some 
theories are put forward to explain the relationship between 
lower vitamin D levels and obesity. One of them is volumetric 
dilution of vitamin D is probable mechanism of the inverse 
relationship between vitamin D serum levels and BMI.21 The 
most popular accepted physiopathologic mechanism of low 
vitamin D level is that vitamin D, being fat-soluble, is over-
absorbed by adipose tissue. Fiamenghi has conducted a study 
as a meta-analysis including 24,600 patients and confirmed 
that obesity is in a strong relationship between lower vitamin 
D levels as demonstrated in this study.22 In a systematic review 
exploring the association between obesity and Vitamin D 
levels demonstrated that obese subjects have lower vitamin D 
levels than normal and overweight group.23

Chronic inflammation, endothelial dysfunction, and 
mitochondrial dysfunction are the sample mechanisms of 
the oxidative stress effects in obese population.24 A study 
conducted by Li et al.25 comparing the cognitive ability in 
overweight and healthy children demonstrated that the 
cognitive ability is lower in overweight group. On the other 
hand overweight or obese children show no difference in 
terms of cognitive ability in healthy children with normal 
BMI.26 But it should also be noted that the number of these 
studies is limited. Obese children were also more likely to 
have low school success, psychosocial problems like social 
marginalization and low self-esteem.27 The findings of this 
study that obese children have reduced cognitive functioning 
are consistent with the growing number of studies linking 
obesity and poor neurocognitive outcome.

Table 2. Regression results for 25-(OH)-D3 and study group independent 
predictors on CNSVS parameters

Predictors CNSVS parameters β t p

Obese 
NCI

0.167 1.301 0.197

Healthy -0.178 -1.391 0.169

Obese 
Composite memory

-0.161 -1.325 0.189

Healthy -0.460 -3.781 <0.001

Obese 
Verbal memory

-0.190 -1.628 0.411

Healthy -0.538 -4.602 0.026

Obese 
Visual memory

0.043 0.337 0.737

Healthy -0.289 -2.272 0.026

Obese 
Processing speed

-0.231 -1.897 0.062

Healthy -0.460 -3.779 <0.001

Obese 
Executive function

-0.048 -0.366 0.716

Healthy -0.207 -1.576 0.120

Obese 
Psychomotor speed

0.182 1.442 0.154

Healthy -0.208 -1.651 0.103

Obese 
Reaction time

0.124 1.007 0.317

Healthy -0.319 -2.584 0.012

Obese 
Complex attention

-0.082 -0.678 0.500

Healthy -0.449 -3.695 <0.001

Obese 
Cognitive flexibility

-0.055 -0.424 0.673

Healthy -0.253 -1.943 0.056

CNSVS Central nervous system vital signs
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We also found lower serum 25-OH-vitamin D levels in obese 
children in the present study. 

There have been many biologically relevant receptors for 
vitamin D found in many cells, including neurons and glial 
cells. In humans, vitamin D is a neuro-steroid hormone 
that can regulate muscle function, neuro-protection, neuro-
immunomodulation, and brain function. Human cortex and 
hippocampus areas are very important for cognition and 
vitamin D receptors (VDR) are especially located in these 
areas. Harse et al.28 demonstrated that the higher 25-OH-
vitamin D concentrations were found to be associated with 
increased cognitive performance in their meta analyse study. 

In the present study, we aim to answer why cognitive disability 
is observed in some obese children but not in normal-weight 
children. We investigate the relationship between obesity, 
low cognitive performance, and lower vitamin D levels. We 
demonstrated a strong relationship between obesity, low 
vitamin D levels, and poor cognitive performance in children. 
Guo et al.29 demonstrated an important relationship between 
lower vitamin D levels and cognitive impairment as we point 
out in this study. Furthermore Almuqbil et al.30 also showed 
that vitamin D deficiency is related to depression, stress and 
anxiety which can lead to cognitive impairment in university 
students. A meta-analysis revealed that people with high 
vitamin D levels had better cognitive functions than those 
with low vitamin D levels. Another study conducted with 
mice showed that Vitamin D suppressed inflammation in the 
hippocampus explaining the improved cognitive functions in 
these mice.31 Studies have indicated that vitamin D protects 
against memory dysfunction caused by oxidative stress and 
inflammation in the hippocampus by suppressing TNF-α. 
and stimulating vitamin D receptors. Additionally, a study 
showed that serum 25(OH)D3 levels were inversely associated 
with systemic inflammation biomarkers in obese people.32 
Literature supports the findings of the present study. 

Limitations
Our study has several limitations that should be addressed. 
Firstly we didn’t control for socio-economic status (household 
income, parental education, etc.) in our population. Because 
obesity is strongly associated with poverty, which is itself a 
significant risk factor for cognitive dysfunction. Moreover, 
the deficits on cognition measured by computerized battery 
should be supported with conventional neuropsychological 
tests for exact measuring. Another important limitation 
of this study is that it did not monitor the extent to which 
cognitive functions improved after vitamin D treatment in 
children with cognitive dysfunction and low vitamin D levels.

CONCLUSION
Vitamin D levels are significantly lower in obese individuals 
compared to the normal population. Concurrently, significant 
cognitive dysfunction is observed in obese individuals. 
According to the data obtained from this study, one of 
the important reasons for cognitive dysfunction in obese 
individuals is the low vitamin D levels caused by obesity. 
Further research should be conducted with a larger study 
group to reveal the expected improvement in cognitive 
functions following vitamin D treatment.
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