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Abstract

Background and Objective: The prevalence of obesity among school-aged children hasincreased. Obesity is commonly associated with
an increased risk of cardiovascular disease as it increases secretion of inflammatory markers. Vitamin C has been shown to reduce
inflammation. The current study examined the effect of vitamin C supplementation on high sensitivity-C reactive protein (hsCRP) and
soluble intercellular adhesion molecules-1 (sICAM-1) levels in school-aged, Indonesian children. Materials and Methods: Twenty eight
obese children aged 6-12 years old participated in our quasi-experimental study conducted in 2013. Subjects were classified into two
groups: Intervention (300 mg day~' vitamin Cfor 6 weeks) and control (50 mg day~' vitamin C for 6 weeks). The hsCRP and sICAM-1 levels
were measured in both groups before and after each individual supplementation. Results: The Mean £ Standard Deviation baseline hsCRP
level at baseline in the intervention and control groups was 1.77%1.24 and 3.84£4.00 mg L™, respectively (p>0.05). After 6 weeks, the
mean hsCRP level in the intervention and control groups was 3.00£4.73 and 2.94£4.00 mg L™, respectively (p>0.05). There were no
significant differences in hsCRP level within each group before and after treatment. Conclusion: The HsCRP levels in obese children
included in the present study were higher than accepted normal values (<1.04 mg L~"). Supplementation with vitamin C (300 mg day~'
total) for 6 weeks did not effectively reduce hsCRP levels among obese school-aged children. Further study is needed to determine a safe
and effective dosage regimen of vitamin C for obese children at greater risk for cardiovascular complications.
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INTRODUCTION

The prevalence of obesity among children in Indonesia is
increasing’. A 2013 national survey reported that 8.8% of
school-aged children were obese? Obese children have a
high risk of hypertension, diabetes mellitus type 2, metabolic
and mental disorders®®. The risk of cardiovascular problems
among obese children is associated with the occurrence of
inflammation and endothelial dysfunction®. Inflammation
influences metabolic control, which negatively affects insulin
sensitivity and glucose transport’. Thus, someone who is
obese withincreased levels of inflammatory markers may have
physiological adaptations that negatively affect metabolicand
cardiovascular health?®,

Previous studies among adult populations have shown an
association between increased inflammatory marker levels
and cardiovascular disorders®. For example, increased levels
of Tumor Necrosis Factor-a (TNF-a), interleukin-6 (IL-6) and
C Reactive Protein (CRP) have been shown to induce
cardiovascular disease in both men and women and are also
indicators of type 2 diabetes and metabolic disease'?. Waist
circumference and Body Mass Index (BMI) are also found to be
strongly associated with elevated levels of TNF-a, IL-6 and CRP
in both adults and children'. Increases in markers of
inflammation are highest in obese children compared to
children of normal weight''2,

Supplementation with antioxidants is a potential
approach to reducing the risk of cardiovascular problems
caused by inflammation. Vitamin Cis an antioxidant that can
stabilize free radicals and inhibit the chain reaction of free
radical formation which can cause oxidative stress'. Previous
studies among adults populations have shown that certain
antioxidants can decrease inflammatory marker levels and
improve endothelial function'*'®. However, study on the
effect of vitamin Csupplementation on inflammation in obese
childrenislimited. The current study aims to identify the levels
of the inflammatory marker high sensitivity-CRP (hsCRP) as
well as to determine the effect of vitamin C supplementation
onthelevels of high sensitivity-C reactive protein (hsCRP). The
concentration of soluble intercellular adhesion molecules-1
(sSICAM-1) was also measured to examine endothelial
dysfunction among obese children.

MATERIALS AND METHODS

Study design and participants: The current study had a
pre and post-test quasi-experimental design. Participants
included obese children aged 6-12 years old from Makassar,
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Indonesia, with Body Mass Index (BMI) for age z-scores >2
Standard Deviation (SD) according to World Health
Organization (WHO) growth standards'®. Sixty obese children
were identified after a preliminary screening of five
elementary schools; 30 were eligible and willing to participate.
Children on a medication/treatment program and/or suffering
from chronic disease during the study period were excluded.
Participants were randomly divided into two groups:
Intervention (n=15) and control (n = 15). However, two
participants in the intervention group were eventually
excluded because they did not follow the study protocol
completely. Therefore, the intervention group included
13 children.

Study protocol: Ethical approval was obtained from the
institutional ethical committee at Hasanuddin University
(Makassar, Indonesia) prior to study onset. A written
consent to permit the children to participate in the
study was obtained from the parents. Participant body weight
was measured by using a digital scale (Seca) and their
standing height was measured by using Microtoise (Seca). The
BMI for age z-scores were calculated using WHO AnthroPlus
version 1.0.3 software'. All anthropometric measurements
were performed by the investigator and a well-trained
nutritionist.

The intervention group was given 100 mg of vitamin C
tablet three times a day (300 mg day~' total) for 6 weeks'?,
while control participants were given a lower dose of vitamin
Ctablet (50 mgday~'inone dose) for 6 weeks'®. Measurement
of hsCRP and sICAM-1 levels in each group was conducted
before and after supplementation. Blood sample collection
and laboratory analyses were performed by Prodia Clinical
Laboratory, Makassar.

Data analysis: An independent t-test was used to compare
anthropometric parameters as well as hsCRP and sICAM-1
levels, between intervention and control groups.
Anthropometric parameters, hsCRP and sICAM-1 levels within
each group were compared using a paired t-test. A p<0.05
was considered statistically significant.

RESULTS

The current study included a total of 28 obese children
(16 males and 12 females) aged 6-12 years old
(MeanzStandard Deviation, 10.2+0.8 years), which were
divided into two groups: Intervention (n = 13) and control
(n=15) groups. The mean systolic blood pressure for all
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participants at baseline was 111.3 mmHg, while mean hsCRP
and sICAM-1 levels were 2.88 mg L=! and 275.30 ng mL™",
respectively (Table 1). Although mean hsCRP and sICAM-1
levels in the control group were slightly higher and lower,

respectively, than in the intervention. No significant
differences between these groups were found at
baseline (Table 1). Intergroup  differences after

supplementation are shown in Table 2; neither hsCRP or
sICAM-1 levels were significantly different between the groups

Table 1: Demographic, anthropometric and clinical variables at baseline

(p = 0.96 and 0.06, respectively). The intervention group
showed significant increases in body weight and body fat
percentage before and after supplementation (Table 3).
However, hsCRP levels were not significantly changed
(after 3.002 mg L=" and baseline 1.766 mg L=") as well
as sICAM-1 levels (after 300.15 mg L' and baseline
295.79 mg L™"). The control group showed no significant
difference in hsCRP or sICAM-1 levels before and after
supplementation (Table 4).

Variables Intervention group (n = 13) Mean*SD Control group (n = 15) Mean®SD Total (n=28)

*Gender

Male 7 (25.0%) 6 (21.4%) 9(32.1%)

Female 6 (21.4%) 16 (57.1%) 12 (42.9%)

Age (years old) 10.20£0.90 10.20£0.80 10.20£0.8 (9-12)

Body weight (kg) 50.30£11.6 49.30%+8.00 49.80%9.6 (33.7-77.8)
BMI (kg m™?) 25.60%+3.60 24.90+2.20 25.20+2.9(19.9-34.1)
BMI for age z-score (BAZ) 2.66+047 2.50%+0.25 2.57+0.37 (2.0-3.4)
Body fat (%) 35.60+2.00 35.50+2.20 35.60£2.0 (32-40)
Systolic blood pressure (mmHg) 111.60%£11.3 110.00%£7.10 111.30%9.1 (90-130)
Diastolic blood pressure (mmHg) 75.70+4.90 74 .00£5.00 74.801+4.9 (70-80)
hs-CRP level (mg L") 177+1.24 3.84+4.00 2.88+3.18 (0.15-12.48)
sICAM-1 level (ng mL™") 300.15£90.58 253.76£89.96 275.30+85.92 (107.2-26.54)

*Frequency is used, n (%). No significant differences were found between the intervention and control groups by independent t-test

Table 2: Comparison of anthropometric and clinical parameters between intervention and control group after 6 weeks supplementation

Variables Intervention group (n = 13) Mean£SD Control group (n=15) Mean£SD *p-value
Body weight (kg) 51.28%£115 50.73£8.40 0.88
BMI (kg m2) 25.40%3.50 25.10%£2.30 0.78
BMI for age z-score (BAZ) 2.54+0.45 247%0.32 0.64
Body fat (%) 36.00+1.80 35.40£2.20 045
Systolic blood pressure (mmHg) 102.30+5.90 106.00+7.30 0.16
Diastolic blood pressure (mmHg) 73.00%+7.50 74.601+6.30 0.55
hs-CRP level (mg L™) 3.00+4.73 2.94+4.00 0.96
SICAM-1 level (ng mL™") 295.79%+90.58 234.44+1.67 0.06
*Probability using independent t-test

Table 3: Change in anthropometric and clinical parameters within the intervention group before and after supplementation

Variables Before supplementation (n = 13) Mean=®SD After supplementation (n = 13) Mean*SD *p-value
Body weight (kg) 50371161 51.28%+115 0.042
BMI (kg m~2) 25.61£3.64 25.43%3.54 0.451
BMI for age z-score (BAZ) 2.661+0.47 2.54+0.45 0.077
Body fat (%) 35.60%+2.00 36.00+1.80 0.040
Systolic blood pressure (mmHg) 11160113 102.30+5.90 0.012
Diastolic blood pressure (mmHg) 75.70+4.90 73.07x7.50 0.357
hs-CRP level (mg L") 1.766+1.25 3.002+4.73 0.322
SICAM-1 level (ng mL™") 300.15+76.94 295.79%£90.58 0.740
*Probability using paired t-test

Table 4: Change in anthropometric and clinical parameters in control group before and after supplementation

Variables Before supplementation (n = 15) Mean=£SD After supplementation (n = 15) Mean®=SD *p-value
Body weight (kg) 49.38£8.06 50.73+8.46 0.028
BMI (kg m™2) 24.931+0.56 25.11%£2.31 0.547
BMI for age z-score (BAZ) 2.50%0.25 247%0.32 0.603
Body fat (%) 35.50+2.20 3540%2.20 0.546
Systolic blood pressure (mmHg) 111.00x7.10 106.00%+7.30 0.140
Diastolic blood pressure (mmHg) 74.00£5.00 74.60%£6.30 0.719
hs-CRP level (mg L") 3.841£4.00 2.938+1.67 0.257
sICAM-1 level (ng mL™") 253.761+89.96 234.44+73.76 0.052

*Probability using paired t-test
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DISCUSSION

The present study found the mean systolic blood pressure
of obese school-aged children to be high, similar to previous
reports?®?'. The mean hsCRP levels in obese children included
in the present study were also found to be higher than
the normal (accepted) value (<1.04 mg L") for children aged
4-18 years old?2. Previous studies have shown that increased
hsCRP levels in adult patients with cardiovascular disease
versus healthy subjects can predict acute coronary events?24,
Although, serum hsCRP levels are an indicator of coronary
heart disease risk particularly in obese children, it is unclear
whether heightened levels are predictive of cardiovascular
disease as the child ages.

Interestingly, baseline sICAM-1 levels were in the
normal range (206.8-486.8 ng mL™") for all participants
regardless of group®. In contrast, a previous study of
adolescent populations showed that mean sICAM-1 levels
among obese teens to be higher than those of non-obese
teens?, Although, the present study found sICAM-1 levels in
obese, school-aged children to be in the normal range, it is
possible their levels will increase as they transition into
adolescence or older.

The present study showed that vitamin C
supplementation was not effective in modifying hsCRP levels
in obese children. Conversely, several previous studies
reported that vitamin C supplementation reduced heightened
hsCRP levels in obese and non-obese adults?”2, This disparity
is most likely due to differences in age, dosage and/or
duration of treatment as adults were given higher doses of
vitamin C in each of these studies for longer periods of time.
Forexample, Block et a/?” administered 1000 mg day~' for
2 months, while Ellulu et a/® used 500 mg twice a day
(1000 mg day " total) for 8 weeks. Meanwhile, this study used
a total of 300 mg day~ for only 6 weeks. We chose to use this
lower dosage to decrease the risk of adverse effects caused by
longer treatment and higher dosages of vitamin C in
children®,

The effect of supplementation with high doses of
vitamin C in children is not well documented. Although one
study reported that supplementation with 500 mg of vitamin
C twice daily for 8 weeks in older children (14-18 years old)
showed a positive outcome and decreased sICAM-1 levels?,
the safety and efficacy of this dosage in younger children
remains unclear. Moreover, one previous study of vitamin C
intake among adults showed that >1000 mg daily is
associated with a higherrisk of kidney stones3°, administration
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and dose in children should be carefully implemented.
Therefore, further study to determine the safety and efficacy
of higher doses able to decrease hsCRP levels among obese
children is needed.

The current study has several limitations. First, this study
islack of random assignmentand no non-obese control group
and the number of subjects included in each group is
relatively small. Second, we did not take into account the
total daily intake of vitamin C from other sources for each
participant. Nonetheless, the current study provides initial
evidence that low doses of vitamin C for shorter time periods
are less effective at decreasing hsCRP levels in obese children
aged 6-12 years old.

CONCLUSION AND FUTURE RECOMMENDATIONS

The present study found that sICAM-1 levels in obese,
school-aged children are in the normal (accepted) range,
while hsCRP levels were found to be high. Supplementation
with 100 mg of vitamin C thrice daily did not effectively reduce
hsCRP levels in obese children aged 6-12 years old. Therefore,
further study with higher doses of vitamin C and/or long
administration periods is recommended. Future studies
should consider the total intake of vitamin C, involve a larger
sample size and apply a randomized control study.

SIGNIFICANCE STATEMENTS

Obesity is associated with a higher risk of
cardiovascular disease by increasing inflammation and
inflammatory markers, such as hsCRP. Vitamin C is an
antioxidant that has been shown to reduce the risk of
cardiovascular issues by reducing inflammation in adults.
However, little is known about the effect of vitamin C
supplementation on the levels of inflammation in obese,
school-aged children. Thus, determining the occurrence of
inflammation and identifying an appropriate treatment to
reduce the inflammation marker among obese children are
emerging requirement of all stakeholders to set an
appropriate policy.

ACKNOWLEDGMENTS

The authors gratefully acknowledge funding from the
BOPTN of Hasanuddin University. The authors also wish to
thank to the Prodia Clinical Laboratory technicians who
performed clinical examinations, blood collections and other
laboratory analyses.



10.

11.

12.

13.

14.

Pak. J. Nutr, 16 (3): 187-192, 2017

REFERENCES

Syahrul, S., R. Kimura, A. Tsuda, T. Susanto, R. Saito and
F. Ahmad, 2016. Prevalence of underweight and overweight
among school-aged children and it's association with
children's sociodemographic and lifestyle in Indonesia.
Int. J. Nursing Sci., 3: 169-177.

Ministry of Health of Indonesia, 2013. National baseline health
research, riskesdas. Badan Litbang Kesehatan, Jakarta.
Halfon, N., K. Larson and W. Slusser, 2013. Associations
between obesity and comorbid mental health,
developmental,and physical health conditionsinanationally
representative sample of us children aged 10 to 17. Acad.
Pediatr., 13: 6-13.

Pulgaron, E.R.,2013. Childhood obesity: A review ofincreased
risk for physical and psychological comorbidities. Clin. Ther.,
35:A18-A32.

Stewart, L., 2015. Childhood obesity. Medicine, 43: 108-111.
Hopkins, N.D., G. Stratton, T.M. Tinken, N. McWhannell and
N.D. Ridgers et a/, 2009. Relationships between measures of
fitness, physical activity, body composition and vascular
function in children. Atherosclerosis, 204: 244-249.

Arslan, N., B. Erdur and A. Aydin, 2010. Hormones and
cytokines in childhood obesity. Indian Pediatr., 47: 829-839.
Stolzman,S.and M.H.Bement, 2012. Inflammatory markersin
pediatric obesity: Health and physical activity implications.
Infant Child Adolescent Nutr., 4: 297-302.
Rodriguez-Hernandez, H., LE.  Simental-Mendia,
G. Rodriguez-Ramirez and M.A. Reyes-Romero, 2013.
Obesity and inflammation: Epidemiology, risk factors and

markers of inflammation. Int. J. Endocrinol., Vol. 2013.
10.1155/2013/678159
Pai, JK, T. Pischon, J. Ma, JE. Manson and

S.E.Hankinson et a/, 2004. Inflammatory markers and the risk
of coronary heart disease in men and women.N.Engl.J. Med.,
351:2599-2610.

Weiss, R, J. Dziura, T.S. Burgert, M.V. Tamborlane and
S.E. Taksali et a/, 2004. Obesity and the metabolic syndrome
in children and adolescents. N. Engl. J. Med., 350: 2362-2374.
Al-Dalaeen, AM. and H.A. Al-Domi, 2016. Evaluation of
oxidant-antioxidant status in obese children and adolescents.
Pak. J. Nutr., 15: 942-947.

Lawrence, G.S., 2004. Implikasi klinis disfungsi endotel dan
radikal bebas. J. Med. Nus., 25: 94-102.

Raitakari, O.T., M.R. Adams, R.J. McCredie, KA. Griffiths,
R. Stocker and D.S. Celermajer, 2000. Oral vitamin C and
endothelial function in smokers: Short-term improvement
but no sustained beneficial effect. J. Am. Coll. Cardiol.,
35:1616-1621.

191

15.

20.

21.

22.

23.

24.

25.

26.

Plantinga, Y., L. Ghiadoni, A. Magagna, C. Giannarelli,
F.Franzoni, S. Taddei and A. Salvetti, 2007. Supplementation
with vitamins C and E improves arterial stiffness and
endothelial function in essential hypertensive patients.
Am. J. Hypertens., 20: 392-397.

De Onis, M., C. Garza, AW. Onyango, M.F. Rolland-Cachera
and Le Comite de Nutrition de la Societe Francaise de
Pediatrie, 2009. WHO growth standards forinfantsand young
children. Arch. Pediatr., 16: 47-53.

WHO., 2008. WHO Child Growth Standards: Training Course
on Child Growth Assessment. Vol. 7, WHO, Geneva.

Murer, S.B., I. Aeberli, C.P. Braegger, M. Gittermann and
M. Hersberger et al, 2014. Antioxidant supplements reduced
oxidative stress and stabilized liver function tests but did not
reduceinflammationinarandomized controlled trialin obese
children and adolescents. J. Nutr., 144: 193-201.

Aeberli, 1., L. Molinari, G. Spinas, R. Lehmann, D. I'Allemand
and M.B. Zimmermann, 2006. Dietary intakes of fat and
antioxidant vitamins are predictors of subclinical
inflammation in overweight Swiss children. Am. J. Clin. Nutr.,
84:748-755.

Bayat, M., E.Erdem, O. Bank, M. Baser and S. Tasci, 2009. Blood
pressure, height, weight and body mass index of primary
school students in a low socio-economic district in Turkey.
Int. Nurs. Rev., 56: 375-380.

Moselakgomo, V.K, A.L. Toriola, B.S. Shaw, G.D. Ter and
O. Akinyemi, 2012. Body mass index, overweight and blood
pressure among adolescent school children in Limpopo.
Rev. Paul. Pediatr., 30: 562-569.

Guran, O., F. Akalin, C. Ayabakan, F.Y. Dereli and G. Haklar,
2007. High-sensitivity C-reactive proteinin children at risk for
coronary artery disease. Acta Paediatr., 96: 1214-1219.
Danesh, J, P. Whincup, M. Walker, L. Lennon and
A. Thomson et al, 2000. Low grade inflammation and
coronary heart disease: Prospective study and updated
meta-analyses. BMJ, Vol. 321.10.1136/bmj.321.7255.199
Haverkate, F., S.G. Thompson, S.D. Pyke, J.R. Gallimore and
M.B. Pepys, 1997. Production of C-reactive protein and risk of
coronary events in stable and unstable angina: European
concerted action on thrombosis and disabilities angina
pectoris study group. Lancet, 349: 462-466.

Andrys, C., O. Pozler, J. Krejsek, V. Derner, M. Drahosova and
O. Kopecky, 2000. Serum soluble adhesion molecules
(sICAM-1, sVCAM-1 and sE-selectin) in healthy school aged
children and adults. Acta Med. (Hradec Kralove), 43: 103-106.
Hernofialdi, E.A. Rini and R. Machmud, 2013. The effect of
vitamin ¢ supplementation on intercellular adhesion
molecule-1 (ICAM-1) concentration on male adolescent
obesity in Padang. Int. J. Pediatr. Endocrinol., Vol. 2013.
10.1186/1687-9856-2013-51-P86



27.

28.

Pak. J. Nutr, 16 (3): 187-192, 2017

Block, G, CD. Jensen, TB. Dalvi EP. Norkus and
M. Hudes et a/, 2009. Vitamin C treatment reduces elevated
C-reactive protein. Free Radic. Biol. Med., 46: 70-77.

Ellulu, M.S., A. Rahmat, . Patimah, H. Khaza'ai and Y. Abed,
2015. Effect of vitamin C on inflammation and metabolic
markers in hypertensive and/or diabetic obese adults:
A randomized controlled trial. Drug Design Dev. Therapy,
9:3405-3412.

192

29.

30.

Chen, X,, L. Shen, X. Gu, X. Dai, L. Zhang, Y. Xu and P. Zhou,
2014. High-dose supplementation with vitamin C-induced
pediatric urolithiasis: The first case report in a child and
literature review. Urology, 84: 922-924.

Ferraro, P.M., G.C. Curhan, G. Gambaro and E.N. Taylor,
2016. Total, dietary and supplemental vitamin Cintake
and risk of incident kidney stones. Am. J. Kidney Dis.,
67:400-407.



	Page PJN.pdf
	PJN.pdf
	Page 1





