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BACKGROUND: Obesity has been associated with increased mortality in the general population,
whereas a paradoxical relationship between higher body mass index and lower mortality has been
referred to as the obesity paradox in critically ill patients. However, it remains unknown whether
a particular subgroup is most affected. The aim of the present study is to elucidate whether obesity
is associated with lower mortality in the ICU population by comparing subjects with and without
mechanical ventilation. METHODS: A total of 334,238 subjects from a nationwide database who
were discharged between July 2010 and March 2012 and who were admitted to general ICUs during
their hospitalization were included in this study. The primary outcome was in-hospital mortality.
RESULTS: Of all subjects evaluated, 23.3% were started on mechanical ventilation within the first
2 d after ICU admission. Compared with the non-ventilated group, the ventilated group was more
likely to have sepsis, pneumonia, or coma. The ventilated group underwent more procedures within
the first 2 d after ICU admission compared with the non-ventilated group. A restricted cubic spline
function showed lower mortality in subjects with a higher body mass index among the ventilated
group, whereas mortality was increased with increasing body mass index in the non-ventilated
group. CONCLUSIONS: This study shows that a high body mass index is associated with low
mortality in the mechanically ventilated group, whereas the non-ventilated group showed a re-
verse J-shaped association. There was a higher mortality rate in underweight subjects in both
groups. Key words: body mass index; ICU; mechanical ventilation; obesity; obesity paradox; restricted
cubic spline. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Obesity is a serious health problem worldwide,1 and is
associated with a significantly increased risk for develop-

ment of hypertension, diabetes mellitus, heart disease,
stroke, and certain malignancies2-5 in the general popula-
tion. As obesity in the general population is epidemic, the
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prevalence of obesity is estimated to be increasing in the
in-patient population, including the critically ill.

Obesity has been associated with increased mortality in
the general population,6-8 whereas an inverse relationship
between obesity and mortality has been reported in certain
groups of hospitalized subjects.9-11 Some investigators have
referred to this inverse relationship between body mass
index (BMI) and mortality as the obesity paradox. How-
ever, the impact of obesity on outcomes in patients ad-
mitted to the ICU has not been definitively determined.
Although 3 meta-analyses12-14 regarding the impact of obe-
sity on outcomes in critically ill subjects showed that obe-
sity might exert a favorable effect on mortality, definitive
conclusions have not been available due to statistical het-
erogeneity. A recent Dutch study15 including � 150,000
subjects demonstrated a paradoxical relationship, with a
higher BMI associated with a lower mortality in critically
ill subjects. However, it was not precisely analyzed which
subgroup of subjects was most affected. Regarding me-
chanically ventilated patients, some investigators suggested
that a higher BMI was associated with lower mortality,16,17

and others reported that the differences were insignifi-
cant.18-20 These discrepancies may be due to differences
in the patient population or the definition of obesity be-
tween the studies. It is critical to comprehensively ana-
lyze patients admitted to the ICU to elucidate the relation-
ship between BMI and mortality in patients undergoing
mechanical ventilation.

The aim of the present study is to test the hypothesis
that obesity is associated with lower mortality in the ICU
population by evaluating the BMI-mortality relationship in
subjects with and without mechanical ventilation.

Methods

Subject Data

This study was performed at the Graduate School of
Medicine (University of Tokyo, Tokyo, Japan). In-patient
data were extracted from the Diagnosis Procedure Com-
bination database, which provides (1) classification of the
ICU (general ICU, pediatric ICU, stroke care unit, high
care unit, and neonatal ICU) and (2) main diagnosis, pre-
existing comorbidities at admission, and complications dur-
ing hospitalization coded with the International Classifi-
cation of Diseases, Tenth Revision codes: (a) hospital
identification number, (b) procedures coded with Japanese
original codes, and dates when the procedures were per-
formed, and (c) discharge status (dead or alive). In Japan,
a general ICU must meet the following criteria: (d) full-
time coverage by an in-house physician and (e) a patient-
to-nurse ratio � 2. The Diagnosis Procedure Combination
database covers approximately 50% of all admissions to
acute care hospitals in Japan, because hospitals participate

in the Diagnosis and Procedure Combination database vol-
untarily. In this study, we included all adult patients dis-
charged between July 2010 and March 2012 who had been
admitted to general ICUs during their hospitalization. We
excluded patients with missing height and/or weight data,
or BMI � 7.5 kg/m2 or � 75 kg/m2.

The institutional review board of the University of To-
kyo approved this study. Informed consent was waived
due to the anonymous nature of the data.

Background Data

In the Diagnosis and Procedure Combination database,
height and weight is recorded at the time of hospital ad-
mission. BMI was divided into 5 categories based on the
World Health Organization classification of underweight
(� 18.5 kg/m2), low normal weight (18.5–22.9 kg/m2),
high normal weight (23.0–24.9 kg/m2), overweight (25.0–
29.9 kg/m2), and obese (� 30.0 kg/m2). Surgical subjects
were defined as those subjects undergoing surgery on the
day of ICU admission. ICU volume was defined as the
number of subjects admitted to ICUs during the study
periods and divided into quartiles. Mechanically ventilated
subjects were defined as subjects for whom mechanical
ventilation was initiated within the first 2 d after ICU
admission. Procedures and/or therapies performed within
the first 2 d after ICU admission and counted include:
(1) platelet or fresh frozen plasma transfusion, (2) plasma
exchange or apheresis, (3) catecholamine administration,
(4) renal replacement therapy, (5) intra-aortic balloon pump

QUICK LOOK

Current knowledge

Obesity is a serious health problem worldwide associ-
ated with an increased risk of hypertension, diabetes
mellitus, heart disease, and stroke. Obesity has been
associated with increased mortality in the general pop-
ulation, whereas an inverse relationship between obe-
sity and mortality has been reported in some hospitalized
patients.

What this paper contributes to our knowledge

A high body mass index was associated with a low
mortality in mechanically ventilated subjects in this ret-
rospective review. Non-ventilated subjects showed a
reverse J-shaped association between body mass index
and mortality. Both ventilated and non-ventilated un-
derweight subjects had a higher mortality rate. These
results suggest an ‘obesity paradox’ in mechanically
ventilated patients.
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placement, or (6) extracorporeal membranous oxygenation.
The Japan coma scale at the time of hospital admission
was used to describe the level of consciousness (Japan
coma scale 0 � alert; 1-digit � not fully alert but awake
without any stimuli; 2-digit � aroused by some stimuli;
3-digit � coma).21 ICU and hospital lengths of stay were
calculated for subjects who survived the hospitalization.

We subsequently performed subset analyses focusing
on the mechanically ventilated group and compared the
mortality between the groups with and without mechan-
ical ventilation initiated within the first 2 d after ICU
admission.

Statistical Analysis

Continuous variables are presented as the mean � SD
or the median with the interquartile range in parentheses.
Categorical variables are presented as a percentage. Dif-
ferences in variables between BMI categories were com-
pared using Kruskal-Wallis tests and chi-square tests as
appropriate. The dose-response relationship between in-
hospital mortality and BMI was calculated using a re-
stricted cubic spline function fitted for a logistic regression
model after testing the overall association and linearity
using the percentage RCS Reg SAS macro developed by
Desquilbet and Mariotti.22 Odds ratios and 95% CI were
calculated for BMI values with respect to the reference
value of 23.0 kg/m2 after controlling simultaneously for all
potential confounding factors. To adjust for clustering
within hospitals, generalized estimating equations23 were
used. We performed separate analyses of subjects with and
without mechanical ventilation using different restricted
cubic spline functions. P values were based on 2-tailed
tests, and P � .05 was considered statistically significant.
All analyses were performed using SPSS 22 (SPSS, Chi-
cago, Illinois) and SAS 9.3 (SAS Institute, Cary, North
Carolina).

Results

During the study period, 615,064 subjects were admit-
ted to general ICUs. Of this total group, subjects whose
height and/or weight data were missing (n � 280,461),
and those with a BMI � 7.5 kg/m2 or � 75 kg/m2 (n � 365),
were excluded. Data for the remaining 334,238 (54.3%)
subjects were then analyzed.

A comparison of parameters for subjects included in
and excluded from the study is shown in Table 1. Ex-
cluded subjects were less likely to have undergone surgery
or have a malignancy, whereas they were more likely to
have initially presented in a coma. ICU and in-hospital
mortality rates were higher in excluded subjects.

Overall, 23.3% of 334,238 subjects underwent initiation
of mechanical ventilation within the first 2 d after ICU

admission. The median BMI of the ventilated and non-
ventilated groups was 22.4 kg/m2 (interquartile range
20.1–24.9 kg/m2) and 22.2 kg/m2 (interquartile range 19.7–
24.8 kg/m2), respectively. Table 2 shows the baseline char-
acteristics of subjects in each BMI category stratified by
the need for mechanical ventilation. As compared with
the non-ventilated group, the ventilated group was less
likely to have a malignancy (P � .001), but more likely to
have sepsis (P � .001), pneumonia (P � .001), or coma
(P � .001). The ventilated group underwent more proce-
dures within the first 2 d after ICU admission compared
with the non-ventilated group. Within each BMI category,
obese subjects were younger, less likely to have a malig-
nancy, and more likely to have a pulmonary embolism
than those in other categories in both ventilated and non-
ventilated groups. In the non-ventilated group, the propor-
tion of subjects receiving extracorporeal membrane oxy-
genation within the first 2 d after ICU admission was not
significantly different among the BMI categories, whereas
in the ventilated group, the proportion of subjects receiv-
ing extracorporeal membrane oxygenation increased with
increasing BMI.

Crude outcomes are shown in Table 3. ICU and in-
hospital mortality rates were highest in the underweight
group and lowest in overweight subjects for both mechan-
ically ventilated and non-ventilated groups. ICU and hos-
pital lengths of stay in the non-ventilated group were com-
parable, whereas ICU and hospital lengths of stay for
ventilated subjects were longer in obese subjects.

Table 4 shows the result of a restricted cubic spline
logistic regression analysis for in-hospital mortality in non-
ventilated and mechanically ventilated groups. In both
groups, there were significant overall and non-linear as-
sociations. This indicates that BMI is significantly associ-
ated with in-hospital mortality, and the dose-response re-
lationship was significantly non-linear after adjusting for
confounding factors.

Figures 1 and 2 depict the dose-response relationship
between BMI and in-hospital mortality. In the non-
ventilated group, restricted cubic spline curve showed in-
verse J-shaped association between BMI and mortality.
The mortality was lowest in subjects with a BMI of ap-
proximately 24 kg/m2 and significantly higher in those
with both higher and lower BMIs (Fig. 1). In the mechan-
ically ventilated group, mortality was significantly lower
in those with a higher BMI with reference to a BMI of
23 kg/m2 (Fig. 2).

Discussion

In this study, using a nationwide in-patient database, the
restricted cubic spline curve for the mechanically venti-
lated group showed lower mortality in subjects with a
higher BMI. In the non-ventilated group, we observed a
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reverse J-shaped association between BMI and mortality.
There was a higher mortality rate in underweight and over-
weight subjects, whereas the lowest mortality was observed
in the normal weight group.

To our knowledge, no previous study has examined the
relationship between BMI and mortality, comparing me-
chanically ventilated patients and non-ventilated patients.
In the present study, it is notable that a lower mortality rate
is observed in higher BMI subjects only among the me-
chanically ventilated group. Previous reports investigating
the association between BMI and mortality in mechani-
cally ventilated patients show inconsistent results.16-20

These results must be interpreted with caution. A compar-
ison of non-obese and morbidly obese mechanically ven-
tilated subjects showed similar mortality in both groups.18

Because overweight and mildly obese subjects were ex-
cluded in a previous report,18 the results of that report
cannot be compared with these results. In another report,16

underweight subjects were incorporated into the normal-
weight group. Because underweight subjects have been
reported to have a higher mortality than normal-weight
subjects in the ICU,15,24-29 combining underweight and
normal-weight patients into one category may bias the
results. Another report included only 807 subjects,19

which might not be a sufficient sample size to detect
differences in outcomes between different BMI catego-
ries. Four of these reports16,17,19,20 restricted the study
population to subjects with acute lung injury and ARDS.
In contrast to these previous studies, the present study
includes all types of ICU subjects, which may be gen-
eralizable to other populations.

Several possible explanations for the disparity in the
relationship between mortality rates and BMI in ventilated
and non-ventilated patients have been suggested. First,
mechanical ventilation can lead to an increase in lung
inflammatory cytokines,30 whereas adipose tissue plays a

Table 1. Comparison of Parameters for Excluded and Included Subjects

Excluded Included Total P

n 280,826 334,238 615,064
Age (y) (median, IQR) 70 (60–78) 70 (60–78) 70 (60–78) � .001
Age (y) (mean � SD) 67.4 � 14.7 67.7 � 14.2 67.6 � 14.5 � .001
Male (%) 60.2 60.9 60.6 � .001
Surgical (%) 51.8 57.6 55.0 � .001
Academic hospital (%) 24.8 26.9 25.9 � .001
Malignancy (%) 28.5 32.1 30.5 � .001
Sepsis (%) 4.9 4.7 4.8 � .001
Pneumonia (%) 6.2 5.9 6.0 � .001
COPD (%) 4.9 6.1 5.6 � .001
Pulmonary embolism (%) 0.8 0.9 0.9 � .001
Acute myocardial infarction (%) 8.6 8.0 8.3 � .001
Stroke (%) 12.1 10.9 11.5 � .001
Japan coma scale � .001

0 (alert) (%) 82.5 85.1 83.9
1-digit (awake without any stimuli) (%) 7.5 8.0 7.8
2-digit (aroused by some stimuli) (%) 3.5 3.0 3.2
3-digit (coma) (%) 6.4 3.9 5.0

Procedures started by the next day of ICU admission
Mechanical ventilation (%) 25.5 23.3 24.3 � .001
Transfusion (fresh frozen plasma/platelet

concentration) (%)
5.8 6.7 6.3 � .001

Plasma exchange (%) 0.2 0.1 0.2 � .001
Catecholamine (%) 38.1 36.4 37.2 � .001
Renal replacement therapy (%) 5.5 5.1 5.3 � .001
Intra-aortic balloon pump (%) 3.8 3.9 3.9 .62
Extracorporeal membrane oxygenation (%) 0.6 0.4 0.5 � .001

In-hospital outcomes
ICU death (%) 6.4 3.5 4.8 � .001
Hospital death (%) 12.0 8.4 10.0 � .001

ICU length of stay (d) (median, IQR) 2 (1–4) 2 (1–4) 2 (1–4) � .001
Hospital length of stay (d) (median, IQR) 23 (14–38) 21 (14–36) 22 (14–37) � .001

IQR � interquartile range
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protective role by secreting anti-inflammatory adipokines
such as leptin.31 It is suggested that higher levels of anti-
inflammatory adipokines in obese patients may contri-
bute to protection from ventilator-induced lung injury.
However, patients without an underlying reason for in-
creased levels of pro-inflammatory mediators, such as non-
ventilated patients, may not benefit from higher levels of
adipokines. Second, obese patients may have been intu-
bated earlier because of their body habitus rather than the
severity of their illness.32,33 Third, the care given to obese
patients may be different from normal- or under-weight
patients. For example, obese patients may be more care-
fully observed and treated.13

In the present study, the proportion of subjects who
underwent central venous catheterization is higher in obese
subjects (Table 2). It is speculated that central venous
catheters were placed in these subjects because of diffi-
culties in obtaining adequate peripheral venous access in
obese subjects. However, a previous report suggested an
increased rate of complications due to central venous cath-
eters in obese subjects such as catheter-related blood stream
infection,34 or difficulties in central venous catheter inser-
tion.35 Although we could not identify complications as-
sociated with catheter insertion in this study, the percent-
age of subjects with indwelling central venous catheters
may have biased the results to obscure a possible benefi-
cial effect of obesity.

In the present study, ICU and hospital lengths of stay
are longer in ventilated obese subjects. This finding is
similar to that reported in previous studies.20,29,36,37 Most
previous studies were consistent in that underweight
subjects were more likely to die.15,24-29 The underweight
group may include more patients with advanced malig-
nancies or severe COPD, which could explain an asso-
ciation between being underweight and worse outcomes.
Another possible explanation is that lean patients are
less tolerant of a highly catabolic state because they
have less adipose tissue.31

The present study has some limitations. In this analysis,
approximately 45% of subjects were excluded due to miss-
ing BMI data. Subjects who were moribund may have
been more likely to have the BMI data omitted. In fact,
differences between subjects included in and excluded from
the analysis may influence the effect of BMI on mortality
(Table 1).

The mortality rate in this study is relatively low com-
pared with previous reports investigating the obesity par-
adox.38,39 However, the mortality rate in some multi-center
studies, which included various types of ICU subjects, was
comparable to that in the present study.40,41 Subjects in-
cluded in these other studies and in this study may have
included monitored subjects.

The database lacks information from several commonly
used scoring systems such as the APACHE (Acute Phys-T
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iology and Chronic Health Evaluation) II score42 or the
SOFA (Sequential Organ Failure Assessment).43 These
scoring systems may overestimate the severity of illness in

obese patients because obese patients usually have worse
oxygenation than lean patients due to their physiology
rather than the severity of their illness.44 Finally, the effect

Table 4. Restricted Cubic Spline Logistic Regression Analyses of In-Hospital Mortality in Groups With and Without Ventilation

Non-ventilated Group Mechanically Ventilated Group

Odds Ratio 95% CI P Odds Ratio 95% CI P

Academic hospital 0.71 0.62–0.81 �.001 0.94 0.84–1.04 .22
Hospital volume 0.93 0.87–0.99 .016 0.91 0.86–0.95 � .001
Age by 10 y 1.26 1.23–1.28 � .001 1.42 1.38–1.46 � .001
Sex 0.94 0.89–0.98 .004 13.98 9.30–21.02 � .001
Surgical 0.17 0.16–0.19 � .001 2.30 2.13–2.47 � .001
Malignancy 1.95 1.80–2.11 � .001 5.29 4.86–5.75 � .001
Sepsis 3.01 2.77–3.28 � .001 2.84 2.65–3.05 � .001
Pneumonia 1.27 1.18–1.38 � .001 0.96 0.88–1.05 .38
COPD 0.74 0.68–0.81 � .001 1.59 1.32–1.91 � .001
Pulmonary embolism 1.43 1.16–1.76 � .001 1.48 1.34–1.62 � .001
Acute myocardial infarction 0.93 0.84–1.02 .11 0.87 0.80–0.95 .003
Stroke 2.12 1.93–2.32 � .001 0.25 0.23–0.28 � .001
Japan coma scale 1-digit 1.19 1.08–1.31 � .001 2.69 2.40–3.01 � .001
Japan coma scale 2-digit 1.32 1.17–1.47 � .001 6.54 4.42–9.69 � .001
Japan coma scale 3-digit 3.12 2.81–3.46 � .001 1.45 1.26–1.67 � .001
Transfusion (fresh frozen plasma/platelet

concentration)
1.42 1.30–1.56 � .001 1.72 1.62–1.82 � .001

Plasma exchange 3.18 2.18–4.63 � .001 3.15 2.88–3.45 � .001
Catecholamine 2.07 1.93–2.22 � .001 0.82 0.79–0.86 � .001
Renal replacement therapy 2.98 2.78–3.19 � .001 1.53 1.42–1.66 � .001
Intra-aortic balloon pump 0.78 0.71–0.87 � .001 2.05 1.85–2.27 � .001
Extracorporeal membrane oxygenation 4.33 3.53–5.31 � .001 5.66 5.01–6.40 � .001
Overall association (chi square) NA 245.7 � .001 NA 645.6 � .001
Nonlinear association (chi square) NA 244.6 � .001 NA 333.0 � .001

NA � not applicable

Fig. 1. Adjusted dose-response relationship between body mass
index (BMI) (kg/m2) and in-hospital mortality in the non-ventilated
group. The dose-response relationship is presented using a re-
stricted cubic spline curve with 4 knots shown as points (BMI 18.5,
23.0, 25.0, and 30.0 kg/m2). Estimate with a 95% CI with reference
to a BMI of 23 kg/m2 is shown.

Fig. 2. Adjusted dose-response relationship between body mass
index (BMI) (kg/m2) and in-hospital mortality in the mechanically
ventilated group. The dose-response relationship is presented us-
ing a restricted cubic spline curve with 4 knots shown as points
(BMI 18.5, 23.0, 25.0, and 30.0 kg/m2). Estimate with a 95% CI
with reference to a BMI of 23 kg/m2 is shown.
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of unmeasured confounding factors is difficult to exclude
because of the retrospective nature of this study.

Conclusions

High BMI is associated with low mortality in the me-
chanically ventilated group, whereas the non-ventilated
group showed a reverse J-shaped association. Under-
weight subjects in both the mechanically ventilated and
non-ventilated groups had a higher mortality rate. These
results suggest that the status of being critically ill requir-
ing mechanical ventilation is related to the mechanism of
the obesity paradox.
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