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The effect of overnutrition toward the risk of dengue
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investigation of sVCAM-1 and adiponectin level
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ABSTRACT
Introduction: Overnutrition has become an emergent health
problem worldwide and could significantly alter the normal human
physiology. It still unknown how overnutrition could affect the
outcome of pediatric patient with dengue infection. This study aimed
to unveil how overnutrition affects the risk of dengue shock syndrome
(DSS) in dengue pediatric patient by evaluating the adiponectin
which has immune-modulatory property and the inflammation
marker sVCAM-1.
Methods: An analytic observational nested case-control study was
conducted in Paediatric Division Sanglah General Hospital, Bali,
Indonesia from January 2015 to October 2016. Initially, patient’s
anthropometric parameters were measured and the diagnosis of the
dengue infection was established according to the medical record and
blood plasma was isolated to determine the level of adiponectin and
sVCAM-1.

Result: The study showed that overnutrition increased the risk of DSS
as much as 2.67 times greater than normal but it was not statistically
significant (95%CI: 0.72 - 9.95). The mean level of sVCAM-1 was
observed to be higher in overnutrition patients in almost all categories
of dengue infection, but none is statistically significant. However, its
level appears to be lower in over nutritious DSS patients compared to
their non-DSS counterparts (4638.64 (±934.99) vs. 5680.80 (±601.77);
P = 0.013). The adiponectin level was found to be consistently lower
in patients with overnutrition regardless the category of dengue
infection, but significant differences only observed in over nutritious
DHF and overnutritious non-DSS comparisons.
Conclusion: It can be concluded that overnutrition increase the risk
of DSS in pediatric patient with dengue infection whether it was not
statistically significant. The lower level of adiponectin and elevated
expression of sVCAM-1 could be the explanation of this phenomenon.
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INTRODUCTION
Adiponectin is one of the several kinds of
adipokines that produced by adipocytes which
has anti-inflammatory properties such as inhibit
the secretion of TNF-α (Tumor necrosis factor-α),
IL-6 (Interleukin-6), and reduced the activation
of (Nuclear Factor Kappa-light-chain-enhancer
of activated-B). It also inhibits the expression of
several inflammatory adhesion molecules like
ICAM-1(Intercellular
Adhesion
Molecule-1),
VCAM-1 (Vascular Cellular Adhesion Molecule -1),
and E-selectin as well as Scavenger class A (SR-A)
receptor expression.1-7 VCAM-1 is one of the several
molecules that play an important role in leukocytes
extravasation by stabilizing diapedesis process and
transendothelial migration, enabling the leukocytes
to pass through the vascular wall to the tissue.8-11
Physiologically, adiponectin would regulate the
expression of VCAM-1 which helps to keep the
inflammatory response in check. However, in the
condition of overnutrition, the production rate of
adiponectin is lowered which theoretically decrease
the inhibitory effect toward VCAM-1 expression.

In addition, there is also increased production
of TNF-α, IL-1β, IL-6, and IL-8 which enhance
VCAM-1 expression. All of those processes eventually lead to the proinflammatory condition in over
nutritious patients.5-7
In dengue virus infection, the infected cells
produce TNF-α, IL-1β, IL-8, dan IFN-γ which have
a direct effect on the endothelial cells activation.12-14
They induce the expression of such as ICAM-1,
VCAM-1, E-selectin, P-selectin dan von Willebrand
Factor (vWF) expression by endothelial cells which
ultimately lead to local inflammation, endothelial
damage, and vascular leakage.15-18
Because of increased prevalence of overnutrition among children, there is great concern about
the impact of such nutritional status on the inflammatory process in pediatric patient with Dengue
Haemorrhagic Fever (DHF). However, the exact
effect of overnutrition and adiponectin level on the
inflammatory process is still poorly understood.
Therefore, this study aimed to unveil the effect of
overnutrition status and adiponectin level on the
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inflammatory response, represented by sVCAM-1
expression, in pediatric patient with DHF

METHODS
An analytic observational nested case-control study
was conducted in Paediatric Division Sanglah
General Hospital, Bali, Indonesia from January
2015 to October 2016. This study was ethically
approved by Research and Development Division
of Sanglah General Hospital. The pediatric patients
with Dengue Haemorrhagic Fever as defined by
World Health Organization (WHO) in 1997 which
includes clinically diagnosed DHF and age between
6 months old to 12 years old were included in the
case group. The control groups consisted of pediatric patients with just Dengue Fever (DF) with the
same age range. Those which the parent disagreed
to participate and having other infectious diseases
were excluded from this study.
The DHF and DD were differentiated using 1997
WHO criteria. Dengue Shock Syndrome (DSS) is
defined as DHF grade 3 and four while DD was
defined as DHF grade 1 and 2. For nutritional
status, the subjects would be classified into two
categories namely normal nutritional status and
overnutrition. To properly classify the subjects,
Table 1 T
 he outline of the baseline characteristics of the case and
control group
Case Group
(DBD; N: 40)

Control Group
(DD; N: 40)

Age (years)
Mean (±SD)

7,40 (±3.6)

7,21(±3.5)

Sex
Male
Female

19 ( 47.5%)
21 (52.5%)

25 (62.5%)
15 (37.5%)

BW (kilogram)
Mean (±SD)

30.39 (±16.37)

26.52 (±15.22)

BL/BH (centimeter)
Mean (±SD)

122.01(±26.66)

118.04 (±24.74)

Nutritional Status
Overnutrition
Normal

18 (45%)
22 (55%)

11(27.5%)
29 (72.5%)

0.081

Type of Infection
Primary
Secondary

5 (12.5%)
35 (87.5%)

10 (25%)
30 (75%)

0,152

Variable

p-value
0.993

0.261
0.622
0.869

Table 2 Risk assessment of nutritional status toward DSS risk
Case (DSS)

Control (non-DSS)

N

OR

95%CI

Overnutrition
Normal

9

6

15

2.67

0.72 - 9.95

9

16

25

N

18

22

40
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the body weight (BW) and body length (BL)/Body
Height (BH) were measured and plotted as the
WHO curve for children under two years of age
and CDC for those who were older so the Ideal
Body Weight (IBW) could be determined. The
nutritional status then determined using Waterlow
percentage which estimates the IBW according to
the standard. Overnutrition was established if IBW
> 110 % of standard and normal status if the IBW
ranged between 90-110%.
3 ml of blood was collected from each subject
and centrifuged at 2000 RCF to isolate the serum.
The serums were stored at -80°C before sent to
Eijkmann Laboratory in Jakarta for further analysis.
The sVCAM-1 was measured using R & B system
ELISA Kit according to manufacturer instruction.
The categorical data were analyzed using
Chi-square test or its alternative while numerical
data were assessed using independent sample
student t-test or its alternatives. Normality test was
conducted prior further analysis for numerical data.
Finally, odds ratio (OR) were calculated to estimate
the extent of the risk of the case groups to control
group. P-value < 0.05 was considered significant
and all of the statistical analyses were conducted
using SPSS version 17 for Windows.

RESULTS
80 subjects were enrolled in this study with 40
subjects for each group. The baseline characteristics
(age, sex, BW, BL/BH, nutritional status, and type of
infection) were measured and compared between
case and control group (Table 1). The result of the
statistical analysis showed no significant differences
in the baseline characteristics between case and
control group.
Initially, the effect of nutritional status on the
risk of DSS was assessed. The risk assessment
between nutritional status and the DHF status (DSS
vs. non-DSS) reveal that overnutrition elevates the
risk of DSS to 2.67 times greater than subjects with
normal nutritional status. However, this finding
was not statistically significant (Table 2).
The associations between sVCAM-1 and serum
adiponectin level with nutritional status in DHF
and DF were depicted in Table 3. It revealed that the
concentration of sVCAM-1 was significantly higher
in overnutrition DHF group compared to normal
one while no significant differences were found in
DF groups. The same goes for serum adiponectin
level which was significantly higher in DHF with
normal nutritional status while no differences were
observed in DF groups.
Then, further analysis was conducted to compare
the level of sVCAM-1 and serum adiponectin
245
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Table 3 T
 he comparison between sVCAM-1 and serum adiponectin level in normal and subject with overnutrition
both in DHF and DD groups
Variable
sVCAM-1 Level (ng/mL)
Mean (±SD)
Serum adiponektin level (ng/mL)
Mean (±SD)

DHF with
overnutrition
(N: 18)

Normal DHF
(N: 22)

p-value

5333.86 (±1048.18)

4703.90 (±956.64)

0.054

7.44 (±5.03)

16.82 (±10.98)

0.015

DF with
overnutrition
(N: 11)

Normal DF
(N: 29)

p-value

4666.44 (±950.74) 4549.40 (±1027.11)
15.93 (±10.72)

0.745

16.99 (±8.33)

0.876

Table 4 C
 omparison between the level of sVCAM-1 and serum adiponectin in overnutrition vs. normal subjects in
both DSS and non-DSS groups
Variable
sVCAM-1 level (ng/mL)
Mean (±SD)
Serum adiponektin level (ng/mL)
Mean (±SD)

DSS with
overnutrition
(N: 9)

Normal DSS
(N: 6)

p-value

Non-DSS with
overnutrition
(N: 9)

4638.64 (±934.99)

4358.37 (±1350.35)

0.641

5680.80 (±601.77)

5029.37 (±999.75)

5.99 (±2.86)

8.49 (±2.73)

0.115

8.89 (±6.39)

19.95 (±17.80)

Normal Non-DSS
(N: 16)
p-value
0.090
0.036

Table 5 Comparison between the level of sVCAM-1 and serum adiponectin in overnutrition DSS vs. non-DSS groups
Variable

DSS with overnutrition (N: 9)

Non-DSS with overnutrition (N: 9)

p-value

4638.64 (±934.99)

5680.80 (±601.77)

0.013

5.99 (±2.86)

8.89 (±6.39)

0.232

sVCAM-1 level (ng/mL)
Mean (±SD)
Serum adiponektin level (ng/mL)
Mean (±SD)

within DHF group. The DHF group was divided
into DSS and non-DSS group and the difference
between the two variables were assessed. It was
found that a significant difference was only found
in serum adiponectin level between the over nutritious non-DSS group and the normal one while
no significant difference was found in DSS groups.
Furthermore, no significant differences were found
in sVCAM-1 variables either in DSS and non-DSS
groups.
Finally, the concentration between the level
of sVCAM-1 and serum adiponectin between
over-nutritious DSS and over-nutritious non-DSS
were compared (Table 5). It revealed that significant difference was only found in the sVCAM-1
level. Although the level of serum adiponectin was
different between both groups, the difference was
not statistically significant.

DISCUSSION
Overnutrition has become a significant health
problem around the world, especially in urban
areas. It often associated with many metabolic
and endocrine alterations that could affect patient
response toward the infectious agent. Most notably, overnutrition and obesity are associated with
246

decreased level of plasma adiponectin level, thus,
lowering its metabolic and immuno-modulatory
properties.
Consistent with the accepted theory, this
study found a lower level of serum adiponectin
in the over-nutritious group. In over nutritional
state, pro-inflammatory adipokines (e.g. leptin,
TNF-α, IL-6, IL-8, PAI-1, dan IL-1β) secretion is
elevated accompanied with decreasing production
of adiponectin. The primary cause of decreasing
production of adiponectin is TNF-α which inhibit
the expression of adiponectin gene in adipose tissue.
The immunological consequences of this process is
diminishing of physiological immuno-modulatory
capability provided by adiponectin.4,6,7,20,21 The effect
is more prominent in over-nutritious children who
contract infectious diseases such as dengue viral
infection. In case of heterologous dengue infection, there is increased production of TNFα, IL-1
β, IL-8, and IFN-γ followed by an elevated level of
adhesion molecules expression (ICAM-1, VCAM1, E-selectin, P-selectin and factor vWF). Because
there is only limited modulation effect by low
adiponectin level, the inflammatory consequences
of dengue infection such as plasma leakage occur in
significantly larger scale compared with non-over
nutritious dengue patients.
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In our study, adiponectin level was found to be
lower in over nutritious group regardless of their
dengue status (DF, DHF, DSS, and non-DSS).
However, it is only significant in normal DHF and
normal non-DSS group compared with their over
nutritious counterparts. However, it was possible
that a low number of the sample affects the analysis
of the other group so studies with larger number of
sample are required to confirm it. In addition, this
is the first study that evaluates the serum level of
adiponectin in pediatric dengue patients.
Increased expression of adhesion molecules in
dengue infection is caused by increased cytokines
production and stimulation by target cells. The
cytokines above activate the endothelial cells and
have a direct effect in altering the expressional
pattern of endothelial cells.12-14 The increased
expression of adhesion molecules such as ICAM-1,
VCAM-1, E-selectin, P-selectin, and vWF induce
local inflammation by facilitating the margination
and migration of leukocytes which result in endothelial damage and plasma leakage.15,16,18 Of note,
the exposure of dengue virus to endothelial cells is
not sufficient to induce the expression of the adhesion molecules. However, the presence of TNFα
and IL-1 β would result in marked increased in the
expression profile of adhesion molecules.17
Consistent with our objective, the mean serum
concentration of sVCAM-1 was also found to be
higher in over nutritious group compared with
the normal one in every category of dengue infection (DF, DHF, DSS, and non-DSS). Among all of
the dengue categories, the highest mean level of
sVCAM-1 was found in the group with DSS and
overnutrition while the lowest was found in over
nutritious group with DF. These findings should
denote that overnutrition is related with the higher
level of inflammation. However, these findings were
not statistically significant.
VCAM-1 is one of principal vascular adhesion
molecule that plays a crucial part in inflammatory
response by facilitating leukocyte extravasation
and transendothelial migration to the inflamed
tissue.8-11 Massive outward migration of leukocytes
might result in leukopenia which often observed
in dengue infection. According to the literature
and explanation above, it could be assumed that
the dissolved form of VCAM-1 could also migrate
outward which results in decreased level of
sVCAM-1 detected in the serum of the patient with
dengue shock syndrome.
Cumulative evidence showed that adiponectin
exerts its effect mainly in innate immunity which
mostly regulated the macrophages.22 In physiological
condition, adiponectin-mediated the differentiation
of monocytes into M2 macrophage while preventing their differentiation to pro-inflammatory M1
Published by DiscoverSys | Bali Med J 2018; 7(1): 244-248 | doi: 10.15562/bmj.v7i1.912

macrophage.22 Thus, allowing increased concentration of anti-inflammatory cytokines such as IL-10 in
the circulation. Furthermore, recent studies found
that it also affects other kinds of immune cells which
result in inhibition of NK-cell, neutrophil, dendritic
cell activation as well as prevent eosinophil recruitment.23,24,25 These evidences support our findings and
underlie the reason why children with overnutrition
tend to have higher risk of DSS compared to normal
one since lower level of adiponectin presented in
the circulation is not sufficient to prevent massive
inflammatory responses which resulted in massive
increase in vascular permeability and plasma leakage.

CONCLUSION
From this study, it could be concluded that overnutrition has potential to increase the risk of DSS
in a pediatric patient with DHF whether it is not
statistically significant. It also observed that over
nutritional status affect the level of sVCAM-1 and
serum adiponectin level which could be one of the
explanations of increased risk of DSS among over
nutritious DHF pediatric patients. However, due
to the limited number of subjects in this study, it
is important to replicate and improve this study
model in the future with larger number of subjects
and more comprehensive study design as well as
evaluation of other inflammatory parameter so the
exact mechanism of how nutritional level affects
the risk of DSS could be elucidated.
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