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Abstract
Recent studies have suggested that obesity might be protective in specific conditions such as critical illness; however, there
are controversial data in critically ill children with obesity. The aim of this study was to investigate the association of obesity
with mortality and other outcomes in these patients. We conducted a systematic review of observational studies investigating
obesity in critically ill children, published by August 2017 in PubMed and Scopus. After screening documents, 15 articles
with 142119 patients were included in the systematic review and meta-analysis. The results were reported with odds ratio
(OR) or standard mean difference (SMD). The primary outcome was mortality and the secondary outcomes were length of
ICU stay (ICU LOS), length of hospital stay (hospital LOS), and duration of mechanical ventilation (MV). The analysis
showed that critically ill children without obesity had lower risk of mortality compared to patients with obesity (OR 0.79,
95% CI 0.64 to 0.97, P= 0.025, I2= 35.2%). Hospital LOS was also significantly lower in children without obesity (pooled
SMD −0.12, 95% CI −0.21 to −0.04, P= 0.004, I2= 8.1%). There were no differences in ICU LOS (95% CI −0.19 to
0.01, P= 0.083) and duration of MV (95% CI −0.22 to 0.03, P= 0.136) between critically ill children with and
without obesity. In conclusion, the current systematic review and meta-analysis revealed that critically ill children with
obesity have higher risk of mortality and length of hospital stay compared to the group without obesity. Further prospective
studies are essential to elucidate the role of obesity and underlying mechanisms in predicting outcomes of critically ill
children.

Introduction

Pediatric obesity has increased worldwide in recent decades.
Based on 2015–2016 National Health and Nutrition
Examination Survey (NHANES), around 18.5% of the
population between 2 and 19 years old had obesity in the
United States [1]. Childhood obesity could be associated
with extensive metabolic derangements including diabetes,
cardiovascular diseases, hypertension, polycystic ovary
syndrome and also premature mortality in adult life [2].
Obesity might be also associated with different patterns of
injury and outcomes in trauma. Higher risk of post-surgical
infections, complicated artificial respiration, and coagula-
tion disorders were observed in patients with obesity fol-
lowing trauma [3]. Obesity could affect the medical and
surgical care of critically ill patients. Patients with obesity
usually require additional hospital staff and special equip-
ment [4]. There are major challenges in nutritional support
and pharmacological treatments of these patients. The
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pharmacokinetics of drugs are not well defined in this group
and might be different due to greater extracellular volume,
fat mass and fat free mass [5].

Despite these complications, it has been shown that
obesity is associated with lower risk of death compared to
normal BMI in critically ill patients [6, 7]. However, this
hypothesis is still a matter of discussion especially in youth.
To our knowledge, no meta-analysis was conducted eval-
uating the association of obesity with mortality in children
with critical illness. However, a systematic review [8]
described that similar to studies in adults, conflicting results
are observed in primary studies investigating the influence
of obesity on clinical outcomes in hospitalized children.
There was a relationship between obesity and mortality in
almost half of the articles. A significant association was also
seen between obesity with infections and hospital stay in a
number of studies. This systematic review included both
acute and chronic critical illnesses and no pooled data meta-
analysis was performed.

Thus, the aim of this study was to investigate the asso-
ciation of obesity with mortality and other outcomes
including length of hospital and intensive care unit (ICU)
stay, and duration of mechanical ventilation in critically ill
children.

Methods

Search strategy

We performed a systematic search for observational studies
investigating obesity in pediatric patients with critical ill-
ness. Articles published in electronic databases including
PubMed and Scopus, from 1990 to August 2017, were
explored without language restriction, by EA and MY.
Finally, references of the most relevant articles were
checked to ensure the completeness of the search.

The search was done using following MeSH or non-
MeSH keywords:

(1) “obese”, “obesity”, “overweight”, “body mass
index”, “BMI”, “body weight”, and (2) “critical care”,
“intensive care”, “ICU”, “critical illness”, “critically ill” and
(3) “mortality”, “death”, “fatality”.

Study selection

The inclusion criteria were original observational
studies (prospective or retrospective) comparing mortality
in critically ill children and adolescence with and without
obesity.

Obesity was defined as weight-for-length (for children
below 2 years) or BMI-for-age (for those 2 years and older)
percentile ≥ 95th [9] or Z score ≥ 2 [10, 11].

Articles exclusively on chronic critical illness such as
advanced cancer, and transplantation were not included.
The primary outcome was mortality. Length of ICU stay
(ICU LOS), length of hospital stay (hospital LOS), and
duration of mechanical ventilation (MV) were secondary
outcomes if available. Titles and abstracts of studies were
reviewed independently by two investigators (EA and
SMN). Disagreements of including abstracts were referred
to the other author MY.

Data extraction

The data were extracted as follows: (1) the full name of first
author, (2) type of study, (3) year of publication, (4)
country/region, (5) sample size, (6) the criteria used to
define obesity, (7) age, (8) sex, (9) rate of mortality, and
mean values and standard deviation (SD) or standard error
of the mean (SEM) of (10) ICU LOS, (11) hospital LOS,
and (12) MV. All SEM values were translated into SD using
the sample size of the study. We contacted the corre-
sponding author of studies with missing data at least three
times, five days apart.

Study quality assessment

The quality of eligible articles was evaluated using a version
of Newcastle-Ottawa scale adapted for cohort studies [12]
by SMN and was rechecked by MY. This scale rates articles
based on eight aspects of each study in three domains of
selection with maximum 4 stars, comparability with max-
imum 2 stars, and outcomes with maximum 3 stars. Studies
with a total score of 0–6 were considered to have moderate
quality and 7–9 to have high quality.

Data analysis

To demonstrate the association of obesity with mortality
in each study as well as the pooled effect and related 95%
confidence intervals (CI) visually, we used forest plots.
The results were reported with odds ratios (ORs) or
standard mean differences (SMDs). To evaluate the het-
erogeneity of studies, we used the Cochran Q test and the
I2 index and P value <0.05 was considered as hetero-
geneity. To compensate a possible heterogeneity in the
results of the studies, we performed subgroup analysis for
study design. In addition, we used random effect model to
handle any residual heterogeneity in the results of
the studies. We used Meta regression to investigate the
possible effect of covariates (age and sex) on results. To
evaluate a possible publication bias we used Funnel plot
(Qualitative method), and Begg’s and Egger’s regression
test and plot (Quantitative method). All statistical analysis
was performed using the STATA (StataCorp. 2013. Stata
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Statistical Software: Release 13. College Station, TX:
StataCorp LP).

Reporting of data was performed according to preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) guideline. The study protocol has been regis-
tered in the international prospective register of systematic
reviews database (http://www.crd.york.ac.uk/PROSPERO,
registration no: CRD42017080565).

Results

Included studies

In this study, 3022 records were found by electronic and
hand search. After removing the duplicate references, 2171
documents were remained, which then were checked pre-
cisely by titles and abstracts. Finally, the full texts of 41
articles were assessed and 15 articles were found eligible
for the systematic review and meta-analysis [7, 13–26],
(Fig. 1).

The characteristics of studies included in the systematic
review and meta-analysis are available in Table 1 (and
supplementary Table 1). The studies were published

between 2006 and 2017. Eleven studies were retrospective
and four were prospective. The majority of studies (n= 11)
were performed in centers in the United States. There was
no eligible study with language other than English. All the
studies included both sexes.

Quality assessment of the included studies

Based on Newcastle-Ottawa scale, the overall quality scores
ranged from five to eight. It has been shown that eight
articles had high quality scores (7 or more), and seven
articles had moderate quality scores (below 7) (Table 2).

Mortality

The meta-analysis of pooled data from 15 studies [7, 13–26]
including 142119 critically ill children, 18323 with obesity
and 123796 without obesity, showed a significant lower risk
of mortality for patients without obesity compared to
those with obesity (OR 0.79, 95% CI 0.64 to 0.97, P=
0.025, I2= 35.2%, Fig. 2). We removed two studies
[16, 24] and repeated the analysis, because these studies
investigated specific subgroups of patients with consider-
able higher rate of mortality compared to other children
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with critical illness. The results showed again significant
lower risk of mortality among critically ill children without
obesity than those with obesity (OR 0.82, 95% CI 0.72 to
0.93, P= 0.001, I2= 2.7%). No publication bias was
detected using asymmetry tests (Egger’s test, P= 0.172
and Begg’s test, P= 0.956, Funnel plots in Fig. 3).
Meta-regression analysis showed no modifying effect for
age (P= 0.688) and sex (P= 0.709).

ICU LOS

We had 10 articles that have reported ICU LOS [13–15, 17,
19–22, 25, 26], with total sample size of 11830, including
1011 patients with obesity and 10819 without obesity. As
shown in Fig. 4, length of ICU stay was longer in children
with obesity compared to those without obesity, but not
statistically significant (pooled SMD −0.09, 95% CI −0.19

Table 1 Characteristics of the studies included in the systematic review

Study Year Location Design Population Obese / Total
(%)

Outcomes Results

Vaughan et al. [13] 2017 USA Prospective Trauma 19/117
(16.2%)

Mortality
ICU LOS

The mortality rate was 0% in the obese
and 3.1% in the non-obese patients.

Chen et al. [14]a 2017 Taiwan Retrospective Mixed critically ill 16/282
(5.7%)

Mortality
ICU LOS
Hospital LOS
MV

The mortality rate was 2.5 times higher in
the obese compared to the normal weight
group.

Martinez et al. [15]a 2017 USA Retrospective Mixed critically ill 83/5655
(1.5%)

Mortality
ICU LOS

Obese PICU patients had higher mortality
rate (7.2%) compared to the normal
weight patients (3.3%).

Anton-Martin
et al. [16]

2016 USA Retrospective ECMO 44/491
(8.9%)

Mortality Obese children had lower odds of
mortality compared with the normal
weight group, although not statistically
significant.

Ward et al. [7] 2016 Worldwide Prospective ARDS 91/331
(27.5%)

Mortality Overweight and obese patients had lower
odds of mortality than the normal weight
group.

Bechard et al. [17]a 2016 Worldwide Prospective Mechanically
ventilated critically ill

217/1622
(13.4%)

Mortality
ICU LOS
Hospital LOS
MV

The mortality rate was 8.75% in the obese
and 6.54% in the non-obese groups.

Ross et al. [18] a 2016 USA Retrospective Mixed critically ill 16820 /
127607
(13.2%)

Mortality The mortality rate was 2.94% in the obese
and 2.41% in the non-obese groups.

Ross et al. [19] 2014 USA Retrospective Burn 55/205
(26.8%)

Mortality
ICU LOS
Hospital LOS
MV

The obese and non-obese patients had no
difference in overall mortality.

Goh et al. [20] 2013 USA Retrospective Mixed critically ill 140/1030
(13.6%)

Mortality
ICU LOS
MV

Overweight, obese, and severely obese
patients had not significant difference
in risk-adjusted mortality rates than the
normal weight group.

Alselaim et al. [21] 2012 Saudi Arabia Retrospective Trauma 55/933
(5.9%)

Mortality
ICU LOS
Hospital LOS
MV

Mortality was not associated with BMI,
and was not statistically different between
obese and lean groups.

Backstrom et al. [22] 2012 USA Retrospective Trauma 78/356
(21.9%)

Mortality
ICU LOS
Hospital LOS
MV

Obese patients had greater mortality
(7.7%) compared to the non-obese
patients (2.5%), and more likely to die
(RR= 3.45).

Kraft et al. [23] 2012 USA Retrospective Burn 144/592
(24.3%)

Mortality BMI ≥ 85th percentile did not increase
mortality in pediatric burn patients.

Srinivasan et al. [24] 2010 USA Prospective CPR 213/1268
(16.8%)

Mortality Obesity was accompanied with worse
odds of survival compared to normal
weight.

Rana et al. [25]a 2009 USA Retrospective Trauma 294/1314
(22.4%)

Mortality
ICU LOS
Hospital LOS
MV

No significant difference was observed in
mortality between the obese and non-
obese groups.

Brown et al. [26] 2006 USA Retrospective Trauma 54/316
(17.1%)

Mortality
ICU LOS
Hospital LOS
MV

There was no difference in mortality
between the obese and non-obese groups.

ARDS acute respiratory distress syndrome, CPR cardiopulmonary resuscitation, ECMO extracorporeal membrane oxygenation, PICU pediatrics
intensive care unit
aPart of data were obtained by contacting the corresponding author
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to 0.01, P= 0.083, I2= 45.9%). No publication bias was
identified by Egger’s test (P= 0.180) and Begg’s test (P=
0.245).

Hospital LOS

Seven articles [14, 17, 19, 21, 22, 25, 26] reported data
about length of stay in hospital. In this analysis, 5028 cri-
tically ill children, 769 with obesity and 4259 without
obesity, were included. Length of stay in hospital was sig-
nificantly lower in critically ill children without obesity
compared to those with obesity (pooled SMD −0.12, 95%
CI −0.21 to −0.04, P= 0.004, I2= 8.1%, Fig. 5).

MV

The meta-analysis of eight studies [14, 17, 19–22, 25, 26]
including 6058 patients, 909 with obesity and 5149 without
obesity suggested that the duration of MV was shorter in the
group without obesity, although the difference did not attain
significance (pooled SMD −0.10, 95% CI −0.22 to 0.03,
P= 0.136, I2= 61.2%, Fig. 6).

There was no evidence of publication bias for hospital
LOS (Egger’s test, P= 0.103 and Begg’s test, P= 0.881)
and MV (Egger’s test, P= 0.097 and Begg’s test, P=
0.322), Fig. 3. However, it should be considered that the
power of these tests is confined when including less than
10 studies [27].

Discussion

This meta-analysis showed critically ill children with obe-
sity, exhibited higher mortality compared to patients with-
out obesity. In addition, length of hospital stay was
significantly higher in the group with obesity compared to
those without obesity. Duration of ICU stay and need for
MV were also tended to be higher in children with obesity,
although not statistically significant. Due to lower duration
of having obesity in pediatrics and generally lower pre-
valence of comorbidities like diabetes and cardiovascular
disorders, which all could complicate critical illness, it
might be expected that children with obesity would not have
worse outcomes compared to group without obesity. In
addition, it has been stated that there is less challenge for
appropriate equipment, hospital personnel and vascular and
airway access compared to adult critically ill patients with
obesity [19]. However, the current systematic review and
meta-analysis did not support these speculations. The
negative impact of obesity on mortality and other outcomes
in children might be due to individual characteristics, type
of disease, and medical care. For example, if actual body
weight is used instead of ideal body weight for calculations
of artificial ventilation in children with obesity (which does
not seem to be rare in practice), they will be at higher risk of
ventilator-induced lung injury and mortality [18]. Besides, it
has been observed that obesity is associated with more
adverse respiratory events and chance of dependence on

Fig. 2 Forest plot demonstrating
meta-analysis of studies
investigating mortality in
critically ill children with
obesity compared to those
without obesity (The shaded
boxes indicate the sample size,
points indicate the observed OR,
and the horizontal lines around
the points showed the 95% CI of
the OR in each study. The
diamond indicates the pooled
OR and corresponding 95% CI.
I-squared and P values show
heterogeneity between
the studies)
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respiratory support [28]. Higher BMI could also predict
multiple organ failure, a significant contributor of mortality,
in pediatric patients [23]. It has been stated that even in lack
of significant difference in mortality between groups with
and without obesity, children with obesity had longer
duration of ICU stay and more complications such as sepsis
and wound infection [26].

The results of this study can be compared with the
findings from prior meta-analyses in critically ill adults.
Contrary to the results of the current study, these meta-
analysis studies showed a decreasing trend for risk of
mortality in patients with overweight and obesity (BMI: 25–
40 kg/m2) compared to normal weight group [29], and
lower hospital, but not ICU, mortality for patients with
obesity and morbid obesity [30]. Another meta-analysis in
adults reported that there was no difference in mortality
between patients with and without obesity; however, group
with obesity showed higher survival rate at the time of
hospital discharge [31]. Moreover, Akinnusi et al. [31]
showed longer ICU LOS and MV duration in adult patients

with obesity. Oliveros et al. [29] reported longer ICU LOS
for adult patient with overweight, but not with obesity,
compared to normal BMI. Hogue et al. [30] observed no
correlation between obesity and ICU LOS or MV. Current
data in pediatrics did not indicate any significant difference
in ICU LOS or MV duration between the groups with and
without obesity, however, showed higher hospital LOS in
the patients with obesity. The findings of meta-analyses in
adults are affected by significant heterogeneity of the stu-
dies. The prevalence of obesity in adults (about 30% [30])
was also higher compared to pediatric patients of the current
study (about 13%). The adult studies have emphasized on
the need for more studies on critically ill adults due to high
resource utilization. The lack of researches investigating
mechanisms of the effect of obesity on complications of
critical illness has been also mentioned in adult meta-
analysis studies; however they referred their observations
on mortality to “reverse epidemiology” or “obesity para-
dox”. However, the findings of this study in pediatrics are
an example of violation for this term. Obesity paradox has

Fig. 3 Funnel plots for (a) mortality, (b) length of stay in ICU, (c) length of stay in hospital, and (d) duration of mechanical ventilation
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been initially used in patients with percutaneous coronary
intervention in 2002 [32]. Then it was widely assessed in
other chronic disorders, and recently in critical illness.
Although the underlying reasons are not still well

documented, some potential mechanisms have been sug-
gested for the paradoxical role of obesity in critical condi-
tions. It has been stated that higher BMI, body fat and
muscle mass could be considered as better nutritional

Fig. 5 Forest plot demonstrating meta-analysis of studies investigating
length of stay in hospital in critically ill children with obesity com-
pared to those without obesity (The shaded boxes indicate the sample
size, points indicate the observed SMD, and the horizontal lines

around the points showed the 95% CI of the SMD in each study.
The diamond indicates the pooled SMD and corresponding 95% CI.
I-squared and P values show heterogeneity between the studies)

Fig. 4 Forest plot demonstrating
meta-analysis of studies
investigating length of stay in
ICU in critically ill children with
obesity compared to those
without obesity (The shaded
boxes indicate the sample size,
points indicate the observed
SMD, and the horizontal lines
around the points showed the
95% CI of the SMD in each
study. The diamond indicates
the pooled SMD and
corresponding 95% CI. I-
squared and P values show
heterogeneity between
the studies)
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reserves in critical illness and trauma, which are associated
with increased energy expenditure, catabolism and inflam-
mation [33]. In addition, cellular and molecular studies have
been proposed that the capacity of adipocytes to accumulate
glucose and lipid metabolites increase during critical illness
[34]. Changes in level and function of adipokines have also
been among the causes of inverse relationship between
obesity and mortality in critical conditions. For example,
some clinical studies have reported higher leptin con-
centrations in survived critically ill patients [35–37]. Other
studies have shown that higher adiponectin concentration
was directly associated with mortality in adults with critical
illness [38] and pediatric with septic shock [39]. It should be
considered that many studies investigating the underlying
mechanisms of obesity paradox were performed in adults,
and the evidence was not confirmed in pediatric population.
Besides, very recently it has been suggested that using the
term “obesity paradox” might be misleading [40]; probably
there is no advantageous for obesity, but being normal
weight and underweight is accompanied with worse out-
comes [41].

The interpretation of the findings of this study should
be done considering some limitations. The literature is
limited about the obesity outcomes in youth with critical
illness. Some studies in the field are retrospective, have

extracted and analyzed data from hospital documents or
registries. This might have caused a selection bias in
primary studies because a large number of patients have
been removed due to lack of anthropometric data. For
example, Vaughan et al. [13] included 117 of 1012
(12%) and Alselaim et al. [21] included 933 of 3848
(24%) admitted patients because of no documented
height or weight for the rest. In addition, few studies
have provided sufficient data on the history of diabetes,
endocrine disorders, organ failure, and other comorbid-
ities that could affect the outcomes in children with
critical illness. These issues indicate the necessity of
improving registration systems in pediatric intensive
care centers, which might help to address the relationship
of baseline characteristics with clinical outcomes. We
also need to know more about important determinants
including volumes of resuscitation fluids, and type, time
of initiation, and adequacy of nutritional support during
intensive care stay, which all might affect the clinical
outcomes. Medications could also differentially affect
patients with and without obesity. Currently the priority
of adjusting drug dosages for body weight, and differ-
ences in pharmacokinetic and pharmacodynamic of
drugs between critically ill patients with normal weight
and obesity are not clear.

Fig. 6 Forest plot demonstrating meta-analysis of studies investigating
duration of mechanical ventilation in critically ill children with obesity
compared to those without obesity (The shaded boxes indicate the
sample size, points indicate the observed SMD, and the horizontal

lines around the points showed the 95% CI of the SMD in each study.
The diamond indicates the pooled SMD and corresponding 95% CI.
I-squared and P values show heterogeneity between the studies)
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In the literature, many studies have classified and com-
pared patients to groups with and without obesity. This kind
of classification did not let us to differentiate the effect of
BMI categories more precisely, especially about children
with undernourishment and morbid obesity. Besides, dif-
ferent cut-offs are used to determine obesity in youth, which
might affect data on the prevalence of obesity and
related outcomes. Moreover, body fat distribution and body
composition might be effective on outcomes. However,
weight-, height- and BMI-based classifications could not
discriminate body fat from muscle mass, and contribution of
each component to predicting survival and other outcomes.

To our knowledge, this meta-analysis seems to be the
first study investigating the association of obesity with
mortality and other outcomes in critically ill children. The
other strength of the current study includes the compre-
hensive search strategy to cover all researches investigating
the relationship between obesity and morality in critical
illness without language restriction. Additionally, there was
very low and non-significant heterogeneity between
the studies for mortality and hospital LOS, which increases
the credibility of the results.

Conclusion

Critically ill children with obesity exhibited higher mortal-
ity compared to group without obesity. Length of hospital
stay was also considerably higher in children with obesity.
Further studies with prospective design are required to
elucidate the role of obesity and underlying mechanisms in
predicting outcomes of critically ill children.
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