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Abstract 
Dengue-associated complications, including dengue shock syndrome, severe respiratory distress, and pediatric acute liver 
failure (PALF), are associated with high mortality rates in patients with dengue. There is increasing prevalence of overweight and 
obesity among children worldwide. Obesity may activate inflammatory mediators, leading to increased capillary permeability and 
plasma leakage in patients with dengue. Several studies have shown a correlation between obesity and DSS, but did not include 
dengue fatality or PALF. Therefore, we hypothesized possible associations between obesity and critical dengue-associated clinical 
outcomes among PICU-admitted children with DSS, including dengue-related mortality, mechanical ventilation (MV) requirements, 
and dengue-associated PALF. The nutritional status of the participants was assessed using World Health Organization growth 
charts. A total of 858 participants with complete nutritional data were enrolled in this study. Obesity was significantly associated 
with risk of severe respiratory failure and MV support (odds ratio = 2.3, 95% CI: 1.31–4.06, P < .01); however, it was not associated 
with dengue-associated mortality or acute liver failure. Obese pediatric patients with DSS should be closely monitored for severe 
respiratory distress and the need for high-flow oxygenation support, particularly MV, soon after hospitalization.

Abbreviations: BMI = body mass index, DSS = dengue shock syndrome, INR = international normalized ratio, IQRs = interquartile 
ranges, MV = mechanical ventilation, PALF = dengue-associated pediatric acute liver failure, PICU = pediatric intensive care unit, 
SD = standard deviation, WHO = World Health Organization.
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1. Introduction
Dengue infection is widespread in tropical and subtropical 
regions, and approximately 129 countries in Asia are at risk 
for dengue infection.[1,2] An estimated 390 million dengue cases 
occur annually worldwide, of which 96 million are clinically 
present.[3] Dengue infection was attributed to approximately 
9221 deaths per year worldwide from 1990 to 2013 and a 
further 1.14 million disability-adjusted-life-years in 2013.[4] 
Dengue shock syndrome accounts for poor outcomes in hos-
pitalized children.[5,6] In the absence of timely management, the 

in-hospital mortality rate of dengue-infected patients ranges 
from 20% to 25.6%.[5,6] Dengue continues to be a major global 
public health concern, requiring substantial joint efforts to 
reduce morbidity and mortality.

According to the 2021 Global Nutrition Report from the 
Nutrition Accountability Framework (NAF), approximately 
234 million children under 5 years of age have nutritional 
abnormalities, including stunted status, wasted status, and 
overweight.[7] Notably, the global prevalence of overweight 
and obesity in children is on goingly increasing by 20 %.[7] 
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The reported prevalence of overweight and obesity among 
Vietnamese children is 17.4 % and 8.6 %, respectively.[8] 
There is growing evidence that obesity can influence the 
host immune response owing to its impact on genomics and 
metabolisms.[9–11] Obesity may activate inflammatory media-
tors, leading to increased capillary permeability and plasma 
leakage in dengue-infected patients.[9–11] It has been shown a 
correlation between obesity and the development of progres-
sive plasma leakage and dengue shock syndrome (DSS).[12–14] 
Severe respiratory distress requiring high-flow oxygen support 
may develop, resulting from severe plasma leakage in patients 
with severe dengue infection. Likewise, obese dengue-in-
fected patients were reported to have a higher risk of devel-
oping severe hepatitis than a comparable nonobese cohort.[15] 
Notably, dengue-associated acute liver failure (ALF) is char-
acterized by extensive liver necrosis and rapid deterioration 
of liver function, potentially resulting in death.[16] Despite its 
rarity, dengue-associated PALF is associated with a high mor-
tality, ranging from 25% to roughly 60 %.[16–18]

Several previous studies have shown associations between 
patients’ nutritional status and dengue severity, including DSS, 
respiratory distress, and hepatitis.[19–21] However, to date, the 
impact of obesity on dengue-associated mortality, pediatric acute 
liver failure, and severe respiratory failure requiring mechanical 
ventilation (MV) support among pediatric intensive care unit 
(PICU)-admitted children has not been well studied and reported. 
Therefore, we aimed to conduct this study to fill this knowledge 
gap to improve the management and outcomes of dengue-in-
fected pediatric patients. We hypothesized possible associations 
between obesity and clinical outcomes in DSS-experiencing chil-
dren, including in-hospital mortality, acute liver failure, and MV.

2. Methods

2.1. Study design and participants

This retrospective, single-center study was conducted at 
Children Hospital No. 2, Ho Chi Minh City, Vietnam, which is 
one of the 3 largest tertiary referral pediatric hospitals in south-
ern Vietnam, with a capacity of approximately 1400 in-hospi-
tal beds. We screened all critically ill Dengue-infected children 
admitted to the pediatric intensive care unit between 2013 and 
2021. The eligibility criteria included age < 18 years, labora-
tory-confirmed dengue infection, DSS, and dengue-associated 
acute liver failure, irrespective of other causes of hepatic injury 
in patients with dengue infection.[22,23]

2.2. Study outcomes

The primary study outcomes were in-hospital dengue-associ-
ated mortality, severe respiratory distress requiring MV, and 
dengue-associated PALF.

2.3. Study definitions

Dengue infection was defined according to the World Health 
Organization (WHO) criteria (2009), with laboratory confirma-
tion by the dengue-IgM antibody test or nonstructural 1 (NS1) 
antigen test.[22] Dengue shock syndrome was diagnosed accord-
ing to the WHO dengue 2009 guidelines.[22]

Dengue-associated acute liver failure was defined as an 
acute episode of severe hepatic dysfunction with biochemical 
evidence of liver injury in children without preexisting chronic 
liver diseases, liver-induced coagulopathy not corrected by 
vitamin K supplementation, an international normalized ratio 
(INR) > 1.5, encephalopathy or INR > 2.0, with or without 
encephalopathy.[17,23]

The 2006 WHO growth chart for children aged 0–5 years 
and the 2007 WHO growth chart for those aged 5–19 years 
were used to categorize the nutritional status of the study partic-
ipants.[24,25] For children aged ≥ 5 years, body mass index (BMI) 
was plotted in the 2007 WHO growth chart, and for children 
aged < 5 years, height for weight and/or weight was classified 
using the 2006 WHO growth chart. Nutritional categorization 
was performed based on the standard deviation (SD). According 
to the 2006 WHO growth chart, healthy or normal weight 
was plotted in the range from –2 SD to + 2 SD, obesity > +3 
SD, overweight > +2 SD, and underweight <–2 SD.[24] Under the 
2007 WHO growth chart, normal weight from –2 SD to + 1 
SD, obesity was defined as  > +2 SD, overweight  > +1 SD, and 
underweight <–2 SD.[25]

2.4. Data collection

All patient data were de-identified to ensure compliance with the 
Good Clinical Practice. Case report forms were used to collect 
study data from medical records, which were then entered into 
an electronic database. The clinical outcomes of patients were 
reviewed during the PICU stay and at discharge. Nutritional 
data of the participants were assessed by collecting weight, 
height, and patient age at PICU admission.

2.5. Ethics statement

The authors have no ethical issues to declare. This study was 
approved by the Institutional Review Board of Children’s 
Hospital No. 2, Ho Chi Minh City, Vietnam (approval number: 
391, signed on 22 March, 2022). This study was performed in 
compliance with the principles of Good Clinical Practice and 
the Declaration of Helsinki.

2.6. Statistical analysis

Continuous variables were summarized as medians and inter-
quartile ranges (IQRs). Categorical variables are presented as 
numbers (n) and percentages (%). Missing nutritional data 
from the retrospective data collection was considered the 
main study bias. Only participants with complete nutritional 
information were included in data analysis. We performed 
univariate and multivariable logistic regression models with 
appropriately adjusted covariates (age, sex, hematocrit levels, 
low platelet cell count, critical hepatic transaminases, severe 
bleeding, and standardized cummulative amount of infused 
fluid within 24 hours on PICU admission), which were chosen, 
based on the disease pathogenesis and our clinical experience. 
We performed the backward stepwise model selection, based 
on Akaike Information Criteria (or AIC) for all adjusted mul-
tivariable logistic analyses. No significant interactions were 
observed among the covariables of interest. Statistical signif-
icance was set at P values < .05 for all comparisons. The R 
statistical software (version 4.2.2, Boston, MA) was used for 
all analyses.

Key Points

•	 Obesity may activate inflammatory mediators, leading 
to increased capillary permeability and plasma leak-
age in dengue-infected patients.

•	 Dengue shock syndrome, complicated by severe respi-
ratory failure and dengue-associated acute liver failure 
(PALF) accounts for a high fatality rate.

•	 Obesity was not statistically associated with both den-
gue-associated in-hospital mortality and PALF.

•	 Obesity was significantly associated with the risk of 
developing severe respiratory failure and the need for 
mechanical ventilation support.
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3. Results

3.1. Baseline characteristics of patients’ cohort on PICU 
admission

We identified 1045 dengue-infected children admitted to the 
pediatric intensive care unit, and of whom, a total of 858 patients 
with complete nutritional data retrieved from hospital paper-
based medical records were enrolled and analyzed. The median 
patient age was 7.3 (IQR: 5–10) years, and males accounted for 
53 % of study participants. The median BMI was 17.9 (IQR: 
15.8–21) kg/m2. Proportions of participants with obesity, over-
weight, normal weight, and underweight were 22.1 %, 17.4 %, 
51.6 %, and 8.9 %, respectively, as shown in Figure 1A. The 
BMI distribution by nutritional status is shown in Figure 1B.

3.2. Baseline clinical and laboratory characteristics of the 
cohort on PICU admission

Baseline clinical and laboratory data of the study participants 
are presented in Table  1. Notably, 793 (92 %) children were 
diagnosed with compensated DSS, and remaining 65 (8 %) 
patients with decompensated DSS. Forty-five (5.3%) partici-
pants had comorbidities. The median length of PICU stay was 
2 (IQR, 1–3) days. Severe bleeding was observed in 68 (7.9 %) 
patients. The median respiratory rate was 26 breaths/min (IQR: 
24–30) breaths per minutes. The median systolic shock index 
was 1.28 (IQR: 1.09–1.48) bpm/mm Hg and diastolic shock 
index was 1.71 (IQR: 1.44–2.0) bpm/mm Hg. Full blood counts 
revealed a significant increase in hematocrit and a decrease in 
platelet cell counts. Marked elevation of transaminase levels 
was also observed. The median blood lactate level was 2.2 (IQR: 
1.6–3.2) mmol/L, and the median serum creatinine level was 
52 (IQR: 44–61) µmol/L. Compared with the nonobese cohort, 
obese patients presented slightly higher levels of transaminases, 
serum lactate, and INR; however, these differences were not sta-
tistically significant.

3.3. Association between patient’s obese status and 
in-hospital dengue mortality rate

Overall, 24/858 (2.8 %) patients died during hospitalization, 
including 5/190 (2.6 %) patients in obese cohort and 19/668 

(2.8 %) patients in the nonobese group. Both univariable 
and adjusted multivariable analyses showed no associations 
between obesity and in-hospital mortality rate (adjusted odds 
ratio [OR] = 0.82, 95% CI: 0.26–0.64, P = .71, as shown in 
Table 2).

3.4. Association between patient’s obesity and dengue-
associated acute liver failure

A total of 36/858 (4.2 %) DSS children developed dengue-as-
sociated PALF. There was no statistical difference in proportion 
of dengue-associated acute liver failure in obese cohort (4.2 %) 
versus nonobese group (4.1 %), as shown in Table 3. Both uni-
variate and adjusted multivariate analyses showed no signifi-
cant association between obesity and dengue-associated PALF 
(adjusted OR = 1.32, 95% CI: 0.48–3.64, P = .6).

3.5. Association between obesity and severe respiratory 
distress requiring MV among children with DSS

A total of 112/858 (13 %) children with DSS experienced severe 
respiratory failure, indicated for MV support. More obese than 
nonobese patients required MV, as shown 31/112 (27.7 %) 
versus 159/746 (21.3 %), with a difference of 6.4 % (Table 4). 
Although univariate analysis showed that although obesity 
increased risk of MV support, this was not statistically signif-
icant (unadjusted OR = 1.41; 95% CI, 0.9–2.21 and P = .13). 
More importantly, the multivariable logistic analysis revealed 
that obese children with DSS had a significantly higher risk 
(over 2-fold) of developing severe respiratory failure and MV 
support, with adjusted OR = 2.3, 95% CI, 1.31–4.06, P < .01, as 
presented in Table 4. In addition, other significant determinants 
of MV support among DSS children included female patients, 
severe bleeding, severe hepatic transaminases, hematocrit level 
and excessive intravenous fluid administration.

4. Discussion
The impact of obesity on dengue-associated mortality, acute 
liver failure, and severe respiratory failure requiring MV in chil-
dren with DSS has not been well studied. In this retrospective 

Figure 1.  The percentages (%) of nutritional status of study participants (Fig. 1A) and the distributions of body mass index of obese cohort and other compa-
rable groups (Fig. 1B).
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single-center study, we aimed to examine the effect of obesity 
on in-hospital fatality rate, dengue-associated PALF, and MV 
requirements among PICU-admitted pediatric patients with 
DSS. Our study revealed that a higher proportion of decompen-
sated DSS was observed in the obese cohort than in the non-
obese group. Notably, obese children had significantly higher 

levels of hepatic transaminases, coagulation disorders, hemato-
crit (peak and nadir levels), and cardiac troponin I on PICU 
admission than nonobese patients. These data are consistent 
with those of previous reports.[15,26] Additionally, dengue-re-
lated complications, including severe bleeding and ascites, were 
noticeably higher in the obese group than in the nonobese group. 

Table 1 

Clinical characteristics of study participants on PICU admissions.

Characteristics All participants (N = 858) Nonobese (n = 668) Obese (n = 190) P-value 

Age, (years) 7.3 (5–10) 7.3 (4.7–10.2) 7.3 (5.4–9.8) .28
Male, n (%) 454 (53) 322 (48) 132 (69) <.01
Body mass index, kg/m2 17.9 (15.8–21) 16.9 (15.1–18.9) 23.3 (21–25.3) <.001
Underlying diseases, yes 45 (5.3) 30 (4.5) 15 (7.9) .09
Grading of dengue severity*    .08
 � Compensated DSS, n (%) 793 (92) 623 (93) 170 (89)
 � Decompensated DSS, n (%) 65 (8) 45 (7) 20 (11)
Length of PICU stay, days 2 (1–3) 2 (1–3) 2 (2–4) .13
Severe bleeding, n (%) 68 (7.9) 52 (7.8) 16 (8.4) .87
Respiratory rate, (breaths per min) 26 (24–30) 26 (24–30) 26 (24–30) .60
Systolic shock index, (bpm/mm Hg) 1.28 (1.09–1.48) 1.3 (1.1–1.5) 1.2 (1.03–1.42) .06
Diastolic shock index, (bpm/mm Hg) 1.71 (1.44–2.0) 1.71 (1.47–2.1) 1.63 (1.38–1.88) .07
White blood cell count (x 109/L) 4.9 (3.3–7.1) 4.8 (3.3–7.0) 5.2 (3.5–7.4) .18
Hemoglobin (g/dL) 14.7 (13.2–16) 14.6 (13.2–15.9) 15.1 (13.7–16.3) .36
Peak hematocrit (%) 48 (45–51) 47 (44–50) 49 (45–51) <.01
Nadir hematocrit (%) 38 (35–42) 38 (35–41) 39 (35–42) .03
Platelet cell count (x 109/L) 38 (24–58) 40 (24–59) 37 (23–56) .49
AST (IU/L) 196 (106–609) 179 (100–560) 241 (123–660) .37
ALT (IU/L) 87 (41–282) 79 (38–266) 123 (54–298) .42
International normalized ratio 1.24 (1.1–1.53) 1.24 (1.1–1.51) 1.25 (1.1–1.55) .15
Serum lactate (mmol/L) 2.2 (1.6–3.2) 2.2 (1.6–3.0) 2.6 (1.7–3.6) .70
Serum creatinin (µmol/L) 52 (44–61) 52 (44–60) 54 (46–63) .32
Troponin I (ng/mL) 0.03 (0.01–0.19) 0.02 (0.01–0.15) 0.1 (0.01–0.35) .14
Ascites on sonography, n (%) 413 (59) 320 (58) 93 (63) .30
Respiratory support, n (%)    .58
 � Normal breathing (room air) 309 (36) 247 (37) 62 (33)
 � Nasal cannula oxygenation 403 (47) 310 (46) 93 (49)
 � NCPAP 34 (4) 30 (5) 4 (2)
 � Mechanical ventilation 112 (13) 81 (12) 31 (16)
Severe hepatic transaminases 108 (13) 87 (13) 21 (11) .55
Dengue-associated PALF, n (%) 59 (6.9) 49 (7.3) 10 (5.3) .41
Fatal outcome, n (%) 24 (2.8) 19 (2.8) 5 (2.6) 1.0

Notes: Summary statistics are presented as median (interquartile range, IQR) for continuous variables and frequency (%) for categorical variables.
ALT = alanine aminotransferase; AST = aspartate aminotransferase; DSS = dengue shock syndrome; NCPAP = nasal continuous positive airway pressure; PALF = dengue-associated acute liver failure; 
PICU = pediatric intensive care unit.
* DSS, classified according to WHO 2009 dengue guidelines.

Table 2 

Associations between obesity and in-hospital mortality among children with dengue shock syndrome.

Groups Fatal (n = 24) Alive (n = 834) Crude OR* (95% CI) P* Adjusted OR† (95% CI) P† 

Obese (n = 190) 5 (2.6) 185 (97.3) 0.92 (0.34–2.51) 0.87 0.82 (0.26–2.54) .72
Nonobese (n = 668) 19 (2.8) 649 (97.2)

CI = confidence interval; OR = odds ratio.
*Crude OR and P-values from univariate logistic analysis.
†Adjusted OR and P-values from multivariable logistic analysis adjusted for age, sex, peak hematocrit level, platelet cell count, severe bleeding within 24 hours PICU admission.

Table 3 

Associations between obesity and dengue-associated acute liver failure among children with dengue shock syndrome.

Groups PALF (n = 36) Non-PALF (n = 822) Crude OR* (95% CI) P* Adjusted OR† (95% CI) P† 

Obese, (n = 190) 8 (4.2) 182 (95.8) 1.0 (0.45–2.24) 0.99 1.32 (0.48–3.64) 0.60
nonobese, (n = 668) 28 (4.1) 640 (95.9)

CI = confidence interval; OR = odds ratio; PALF = pediatric acute liver failure.
*Crude OR and P-values from univariate logistic analysis.
†The OR and P-values from multivariable logistic analysis adjusted for age, sex, and severe transaminases.
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Pathophysiologically, published studies have shown associations 
between obesity and metabolism, the host immune response, 
overexpression of proinflammatory cytokines, and heightened 
vascular inflammation. These factors may compromise vascu-
lar endothelial cells, leading to increased capillary permeability 
and plasma leakage in obese dengue-infected patients.[9–11] These 
mechanisms explain the elevations in hematocrit and biomark-
ers among obese DSS patients in our study. Markedly, obesity 
has been shown to be associated with increased risks of devel-
oping DSS, dengue-induced hepatitis, severe plasma leakage and 
respiratory distress.[12–15] However, data on the effects of obe-
sity on dengue-associated mortality and acute liver failure are 
lacking.

The in-hospital mortality rate of pediatric dengue-infected 
patients was reported approximately 25%.[6] Nonetheless, den-
gue fatality can be dramatically reduced to <1% with appropri-
ate and timely treatments by intervening predictors of dengue 
severity identified on PICU admission.[5,27] Predictors of den-
gue-related death include significantly elevated transaminases, 
high blood lactate levels, positive fluid balance, DSS, and sys-
tolic shock index > 1, requiring multiple vasoactive drugs.[6,8,27] 
Therefore, we identified these prognostic factors on hospital 
admission for early and judicious interventions to reduce den-
gue-related mortality, particularly in obese children with DSS.

Our study clearly showed no association between obesity and 
dengue-associated mortality among hospitalized children with 
DSS, although obesity was significantly associated with severe 
respiratory distress and MV. There is growing evidence that obe-
sity can injure vascular endothelial cells, leading to increased 
capillary permeability and plasma leakage.[9,11,28] Therefore, sub-
stantial plasma leakage causes excessive fluid accumulation in 
the pleural and abdominal cavities, which can further result in 
mild to severe respiratory failure. Obesity is a significant risk 
factor of intra-abdominal hypertension and abdominal com-
partment syndrome.[29] To the best of our knowledge, ascites in 
children with obesity may increase more rapidly than that in 
nonobese patients. Hence, obesity can potentially aggravate high 
intra-abdominal pressures. In addition, enlargement of internal 

organs resulting from substantial plasma leakage may lead to 
early manifestation of respiratory failure in obese patients with 
severe DSS.

In this regard, our study group recently reported case reports 
of patients with dengue obstructive shock syndrome, a fatal 
dengue complication occurring in the late critical stage of den-
gue infection.[30] A dramatic rise in thoracic pressure resulting 
from severe plasma leakage and MV can impede the heart from 
pumping effectively, reducing the adequacy of blood venous 
return to the cardiac chambers. Obesity, severe ascites, and pleu-
ral effusion combined with mechanical ventilatory support have 
been reported as significant risk factors for developing dengue 
obstructive shock syndrome.[30] Another point to note is that 
obese patients with DSS were shown to have longer duration of 
PICU stay in our study, although the difference was not statis-
tically significant. Combining all points, obesity had a marginal 
effect on dengue in-hospital mortality, but it was significantly 
associated with respiratory failure. Thus, close monitoring of 
respiratory distress and early respiratory intervention for obese 
patients with DSS on hospital admission will yield clinical bene-
fits, including shortened length of PICU stay and reduced PICU-
related sepses.[15]

Dengue-associated acute liver failure is characterized by 
extensive liver necrosis and rapid deterioration of hepatic 
function, resulting in death.[16] Dengue-associated PALF is 
rare, but associated with a high fatality rate, ranging from 25 
% to roughly 60 %.[17,18] Notably, dengue-induced liver injury 
encompasses direct viral cytopathic effect, hepatocyte apoptosis, 
cytokine storm, and immune-mediated dengue hepatitis.[31] The 
main pathogenesis of dengue-associated PALF involves a detri-
mentally dysregulated cytokine cascade resulting from sophisti-
cated interactions between dengue viruses and host factors.[18] 
Excessive proinflammatory cytokine levels and liver-associated 
toxicities are significantly correlated with a high mortality 
rate in dengue-infected patients with PALF.[32] Previous stud-
ies have shown that obesity is significantly associated with an 
increased risk of elevated transaminase levels and severe hep-
atitis.[15,26] Most Notably, approximately 0.35 % of patients 

Table 4 

Associations between obesity and mechanical ventilation requirement among children with dengue shock syndrome.

Factors MV (n = 112) Non-MV (n = 746) Crude OR (95% CI), P* Adjusted OR (95% CI), P† 

Obesity     
 � No
  Yes

81 (72.3)
31 (27.7)

587 (78.7)
159 (21.3)

1.41 (0.90–2.21),
P = .13

2.3 (1.31–4.06),
P < .01

Age (years), median (IQR) 7 (5–10) 7 (5–10) 0.97 (0.92–1.02),
P  = .27

-

Gender     
 � Male
  Female

52 (46.4)
60 (53.6)

402 (53.9)
344 (46.1)

1.35 (0.91–2.01),
P  = .14

1.75 (1.04–2.93),
P = .03

Severe bleeding‡     
 � No
  Yes

65 (58)
47 (42)

725 (97)
21 (3)

24.8 (14.0–44.0),
P < .001

16.8 (8.61–32.7),
P < .001

Hematocrit (%), median (IQR) 45 (40–50) 48 (45–51) 0.9 (0.87–0.93),
P < .001

0.91 (0.87–0.95),
P < .001

Low platelet count (<20,000 cells × 109/L)    -
 � No
  Yes

81 (72.3)
31 (27.7)

635 (85.1)
111 (14.9)

2.16 (1.36–3.42),
P = .001

 

Severe hepatic transaminases‡     
 � No
  Yes

76 (67.9)
36 (32.1)

674 (90.3)
72 (9.7)

4.43 (2.79–7.06),
P < .001

2.99 (1.56–5.74),
P = .001

Square root of cumulative infused fluid from referral 
hospitals and 24 hours PICU admission (mL/kg)§

13.1 (10.3–15.3) 9.4 (0–11.7) 1.15 (1.1–1.20),
P < .001

1.15 (1.1–1.21),
P < .001

CI = confidence interval; IQR = interquartile range; MV = mechanical ventilation; OR = odds ratio; PICU = pediatric intensive care unit.
*Crude OR and P-values from bivariate logistic analyses.
†Adjusted OR and P-values from multivariable logistic analyses.
‡These factors were defined by the WHO dengue guidelines in 2009.
§Standardized covariate of the cumulative amount of fluid from referral hospitals and within 24h PICU admission by square root.
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with dengue-induced hepatitis may develop acute liver fail-
ure.[33] To date, the association between obesity and dengue-as-
sociated PALF has not been studied and reported yet. Mouse 
experiments revealed that obesity could potentially affect host 
immune responses and increase cytokine expression against 
dengue infection.[34] Based on these findings, we hypothesized 
an association between obesity and dengue-associated PALF. 
Our study clearly showed no association between obesity and 
PALF among PICU-admitted children with severe dengue infec-
tion. Nevertheless, our study revealed that obese patients with 
DSS experienced elevated levels of biomarkers associated with 
hepatocyte damage, including hepatic transaminases and coagu-
lation dysfunction. In this respect, our study findings confirmed 
the results from previously published reports[15,26] and further 
showed no correlation between obesity and dengue-associated 
PALF.

5. Limitations
Our study had several limitations inherent to the nature of a sin-
gle-center, retrospective cohort study. Other limitations included 
unstandardized collections of clinical and laboratory data, par-
ticularly nutritional data of the participants.

6. Conclusions
This study demonstrated the prevalence of nutritional sta-
tus among PICU-admitted children with DSS. Obesity was 
significantly associated with the risk of severe respiratory 
failure requiring MV support; however, it was not associ-
ated with dengue-associated mortality or acute liver failure. 
Obese children with DSS should be closely monitored for the 
manifestation of severe respiratory distress and the need for 
high-flow oxygenation, particularly MV support, soon after 
hospitalization.
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