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     Obesity, defi ned as a BMI between 30 and 
39.9 kg/m 2 , and extreme or severe obesity, defi ned 

as a BMI  �  40 kg/m 2 , are increasingly prevalent in 
the United States.  1   In 2007 to 2008, 32.2% of American 
men and 35.5% of American women were obese.  2   

During the same time period, 4.2% of men and 7.2% 
of women were extremely obese. Overweight, obe-
sity, and extreme obesity are associated with increased 
all-cause mortality among the general population, in 
both genders.  1   

 However, in critically ill patients, recent evidence 
suggests that obese and extremely obese patients do 
not have increased ICU or hospital lengths of stay 

  Background  :    Recent literature suggests that obese critically ill patients do not have worse outcomes 
than patients who are normal weight. However, outcomes in extreme obesity (BMI  �  40 kg/m 2 ) 
are unclear. We sought to determine the association between extreme obesity and ICU outcomes. 
  Methods:    We analyzed data from a multicenter international observational study of ICU nutrition 
practices that occurred in 355 ICUs in 33 countries from 2007 to 2009. Included patients were 
mechanically ventilated adults  �  18 years old who remained in the ICU for  .  72 h. Using gener-
alized estimating equations and Cox proportional hazard modeling with clustering by ICU and 
adjusting for potential confounders, we compared extremely obese to normal-weight patients in 
terms of duration of mechanical ventilation (DMV), ICU length of stay (LOS), hospital LOS, and 
60-day mortality. 
  Results:    Of the 8,813 patients included in this analysis, 3,490 were normal weight (BMI 
18.5-24.9 kg/m 2 ), 348 had BMI 40 to 49.9 kg/m 2 , 118 had BMI 50 to 59.9 kg/m 2 , and 58 had 
BMI  �  60 kg/m 2 . Unadjusted analyses suggested that extremely obese critically ill patients have 
improved mortality (OR for death, 0.77; 95% CI, 0.62-0.94), but this association was not sig-
nifi cant after adjustment for confounders. However, an adjusted analysis of survivors found 
that extremely obese patients have a longer DMV and ICU LOS, with the most obese patients 
(BMI  �  60 kg/m 2 ) also having longer hospital LOS. 
  Conclusions:    During critical illness, extreme obesity is not associated with a worse survival advan-
tage compared with normal weight. However, among survivors, BMI  �  40 kg/m 2  is associated with 
longer time on mechanical ventilation and in the ICU. These results may have prognostic impli-
cations for extremely obese critically ill patients.    CHEST 2011; 140(5):1198–1206   

  Abbreviations:  APACHE  5  Acute Physiology and Chronic Health Evaluation; DMV  5  duration of mechanical ventilation; 
HR  5  hazard ratio; LOS  5  length of stay 
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hospital for up to 60 days to assess ICU and hospital outcomes. 
This research was given exempt status by our human subjects 
committee because it used already collected de-identifi ed data. 

 We classifi ed patient BMIs based on the following National Heart, 
Lung, and Blood Institute guidelines: underweight  ,  18.5 kg/m 2 , 
normal weight 18.5 to 24.9 kg/m 2 , overweight 25 to 29.9 kg/m 2 , 
obese 30 to 39.9 kg/m 2 , and extremely obese  �  40 kg/m 2 .  19   
We further subdivided extreme obesity into three groups: 40 to 
49.9 kg/m 2 , 50 to 59.9 kg/m 2 , and  �  60 kg/m 2 . These three groups 
were the focus of our study. Data on weight and height as gath-
ered during the ICU nutrition survey were determined by local 
ICU practice, and the survey asked for the weight closest to ICU 
admission. We excluded underweight patients in our analyses since 
our focus was on extreme obesity. 

 Clinical outcomes included 60-day hospital mortality, and 
among 60-day survivors, DMV, ICU LOS, and hospital LOS. Hos-
pital and ICU LOS began at ICU admission. Patients discharged 
from hospital within 60 days of ICU admission were considered 
60-day hospital survivors. Time on ventilation was from the latest 
of ICU admission or intubation time (always within 48 h) to 
extubation time. Extubation (or ICU discharge) was only consid-
ered to have occurred when patients remained off the ventilator 
(or out of ICU) for  �  48 h. Reintubations (or ICU readmis-
sions) occurring after 48 h were not measured. The 7% of sur-
vivors who remained ventilated at their ICU discharge were 
censored at ICU discharge. Participants were also censored when 
follow-up ended 60 days after ICU admission. 

 A priori, we considered that age, gender, APACHE (Acute 
Physiology and Chronic Health Evaluation) II score,  20   admission 
diagnosis (cardiovascular, respiratory, GI, neurologic, sepsis, trauma, 
or other), admission category (medical, elective surgical, emer-
gent surgical), ICU type (open vs closed), hospital type (teaching 
vs nonteaching), geographic region (Canada, Australia/New Zealand, 
United States, Europe/South Africa, Asia, Latin America), and 
nutritional adequacy (calories actually received as a percentage of 
those prescribed during the fi rst 12 ICU days before permanent 
progression to exclusive oral feeding) might potentially confound 
the relationship between obesity and ICU outcomes. These cova-
riates were compared between BMI groups using a mixed model 
clustering by ICU for continuous variables (age, APACHE II 
score, and nutritional adequacy) and the Rao-Scott  x  2  test also 
clustered by ICU for categorical variables. We also compared 
these covariates between BMI groups after controlling for region 
to assess associations independent of regional differences in prac-
tice patterns and patient characteristics. 

(LOS)  3-5   and may even have lower mortality rates 
than normal-weight patients.  6-8   Other studies found 
that obese and extremely obese patients may have 
longer ICU and hospital LOS, duration of mechan-
ical ventilation (DMV), and increased mortality.  9-16   
A recent meta-analysis reported that extremely obese 
patients with a BMI  �  40 kg/m 2  had decreased hospi-
tal mortality compared with normal-weight patients, 
but this did not reach statistical signifi cance (relative 
risk, 0.83; 95% CI, 0.66-1.04).  17   Additionally, a recent 
study reported that mortality in critically ill patients 
who have a BMI  �  35 kg/m 2  was improved among 
those who received adequate nutrition (energy and 
protein).  18   

 These prior studies have included relatively small 
numbers of severely obese patients; thus, sample 
size has been insuffi cient to examine outcomes fur-
ther subgrouped by BMI (eg, BMI 40-49.9 kg/m 2 , 
50-59.9 kg/m 2 , and  �  60 kg/m 2 ). To evaluate extreme 
obesity and ICU outcomes, including mortality, we 
used data obtained from an observational study of 
ICU nutrition practices to evaluate extremely obese 
patients in aggregate (BMI  �  40 kg/m 2 ) and further 
stratifi ed by BMI. 

 Materials and Methods 

 We examined data from a large multicenter international 
observational study of ICU nutrition practices that took place in 
355 ICUs in 33 countries during three study periods from 2007 to 
2009. Details of data collection have been published previously.  18   
Eligible patients were adults  �  18 years old, mechanically venti-
lated within 48 h of ICU admission, who remained in the ICU 
for  .  72 h. Site characteristics and patients’ baseline demographic, 
physiologic, severity of illness, and nutrition assessment data were 
collected at study enrollment. Admission diagnoses were obtained 
from the medical record. Additional information, including amount 
of nutrition received, was collected daily for a maximum of 12 days 
or until death or ICU discharge. Patients were followed in the 

  Figure  1. Flow diagram of study participants.   
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tivity analysis by including only US patients. All ORs, hazard ratios 
(HRs),  P  values, and confi dence limits account for potential within 
ICU dependence arising from the two-stage clustered sampling 
scheme of the survey. Logistic generalized estimating equations 
clustered by ICU were used to estimate ORs comparing mortality 
in each overweight BMI group to the normal-weight group.  21   
Similarly, the Cox proportional hazards model with robust stan-
dard errors accounting for ICU clustering was used to estimate 
HRs for the time-to-event outcomes.  22,23   HRs below unity indicate 

 Raw unadjusted 60-day hospital mortality rates are presented 
by BMI group. Among 60-day hospital survivors, unadjusted clin-
ical outcomes (DMV, ICU LOS, and hospital LOS) are presented 
by BMI group as quartiles and survival curves based on Kaplan-
Meier (product limit) estimates. We restricted our primary analysis 
of DMV, ICU LOS, and hospital LOS to 60-day survivors, since 
these are not meaningful clinical outcomes among decedents. 
However, we performed a sensitivity analysis from a resource use 
perspective by including decedents. We also performed a sensi-

 Table 1— Patient and Site Characteristics by BMI Group  

Characteristic  

Normal Weight, 
BMI 18.5-24.9 

(n  5  3,490)

Overweight, 
BMI 25-29.9 
(n  5  2,604)

Obese, 
BMI 30-39.9 
(n  5  1,772)

Extreme Obesity, 
BMI 40-49.9 

(n  5  348)

Extreme Obesity, 
BMI 50-59.9 

(n  5  118)

Extreme Obesity, 
BMI  �  60 
(n  5  58)

Age,  a   y 58.6  �  18.9 60.2  �  17.4 60.8  �  15.2 57.0  �  14.1 55.5  �  12.3 50.6  �  11.1
 P   5  .0001  P   5  .0001  P   5  .04  P   5  .02  P   ,  .0001

Gender,  b   % male 61.0 66.4 57.7 46.3 39.0 48.3
 P   ,  .0001  P   5  .03  P   ,  .0001  P   ,  .0001  P   5  .05

APACHE II score  a  22.2  �  8.0 22.4  �  8.1 22.9  �  8.0 22.9  �  8.7 22.3  �  8.0 20.6  �  7.7
 P   5  .86  P   5  .02  P   5  .95  P   5  .71  P   5  .01

Admit diagnosis,  b   %
 Cardiovascular 15.0 18.6 20.0 19.5 14.4 6.9
 Respiratory 26.7 23.2 26.0 33.6 37.3 55.2
 Gastrointestinal 15.5 15.2 14.5 13.2 12.7 1.7
 Neurologic 14.5 13.3 10.8 6.0 5.1 0
 Sepsis 8.5 8.2 10.3 9.8 12.7 15.5
 Trauma 10.9 12.1 8.8 7.5 5.9 6.9
 Other 8.9 9.5 9.7 10.3 11.9 13.8

 P   5  .001  P   ,  .0001  P   5  .001  P   5  .03  P   ,  .0001
Admit category,  b   %
 Medical 62.4 60.0 61.9 68.4 71.2 77.6
 Elective surgical 12.9 13.9 14.8 10.3 9.3 12.1
 Emergent surgical 24.7 26.1 23.4 21.3 19.5 10.3

 P   5  .20  P   5  .24  P   5  .10  P   5  .14  P   5  .046
% Caloric prescription 
  received  a,c  

58.5  �  29.6 54.2  �  28.6 53.8  �  29.4 55.4  �  27.9 54.7  �  29.1 53.5  �  32.8
 P   ,  .0001  P   ,  .0001  P   5  .58  P   5  .80  P   5  .37

Geographic region,  b   %
 Canada 21.2 24.5 25.9 26.7 32.2 19.0
 Australia/New Zealand 14.1 16.9 13.9 12.6 11.0 15.5
 United States 24.5 29.6 42.3 51.4 50.9 62.1
 Europe/South Africa 16.2 14.9 11.7 5.5 5.1 1.7
 Latin America 6.9 6.6 3.4 2.3 0.9 0
 Asia 17.1 7.6 2.8 1.4 0 1.7

 P   ,  .0001  P   ,  .0001  P   ,  .0001  P   ,  .0001  P   ,  .0001
Hospital type,  b   %
 Teaching 78.8 78.5 73.9 73.6 69.5 60.3
 Nonteaching 21.2 21.5 26.1 26.4 30.5 39.7

 P   5  .79  P   5  .01  P   5  .10  P   5  .06  P   5  .003
ICU type,  b   %
 Open 23.0 24.2 28.9 35.3 33.0 32.8
 Closed 75.5 73.8 69.1 61.8 61.9 67.2
 Other 1.5 2.0 2.0 2.9 5.1 0

 P   5  .23  P   5  .0007  P   ,  .0001  P   5  .002  P   5  .19

BMI in kg/m 2  according to NHLBI classifi cation of overweight and obesity by BMI. NHLBI classifi cation includes extreme obesity as BMI  �  40 kg/m 2 . 
We have separated extreme obesity into three groups based on BMI. APACHE  5  Acute Physiology and Chronic Health Evaluation; NHLBI  5  National 
Heart, Lung, and Blood Institute.
 a Presented as raw mean  �  SD.  P  values compare each group to normal group using a linear mixed effects model with random ICU effects to account 
for potential within-ICU dependence.
 b Raw percentages are reported, but  P  values use the Rao-Scott  x  2  method to account for ICU clustering. Asia and Latin America were combined 
for  P  value calculation for geographic region, neurologic diagnosis was combined with other for  P  value calculation for admission diagnosis, and 
other was combined with open for  P  value calculation of ICU type.
 c Mean of calories received from enteral nutrition, parenteral nutrition, and propofol for fi rst 12 d of ICU stay expressed as a percentage of calories 
prescribed. Days without enteral nutrition or parenteral nutrition were included and counted as 0%. Days after death, ICU discharge, or permanent 
progression to exclusive oral intake were excluded.  P  values control for number of days used in calculation.
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slower rate of extubation, ICU discharge, or hospital discharge, 
and thus equate to longer durations (worse outcome) in the over-
weight groups. Each model was run fi rst without adjusting for 
covariates, then adjusting for all covariates excluding nutritional 
adequacy, and fi nally adjusting for all covariates including 12-day 
nutritional adequacy. Based on prior knowledge and empirical 
considerations, we included the product term between age and 
APACHE II score, as well as the product term between admission 
diagnosis and admission category in all models. These were the 
only statistically signifi cant second-order product (interaction) 
terms when modeling mortality. The sample size for the time-to-
event analyses precluded consideration of further interaction 
terms. Loess smoothers and restricted cubic splines were used 
to assess linearity between the outcomes and continuous covari-
ates (age, APACHE II score, and nutritional adequacy). It was 
determined that age and APACHE II score could be adequately 
modeled by single linear terms. However, nutritional adequacy 
demonstrated a nonlinear relationship with some of the outcomes 
and was therefore modeled as a restricted (natural) cubic spline 
with knots at the fi fth, 27.5th, 50th, 72.5th, and 95th percentiles as 
suggested by Harrell and others.  24   The Hosmer-Lemeshow test 
did not indicate fi t problems with the logistic mortality models,  25   
and the methods of Lin and colleagues  26   based on cumulative 
sums of martingale residuals supported the proportional hazards 
assumption of the time-to-event models.  P  values were based on 
two-sided Wald tests without adjustment for multiplicity. The 
entire analysis was performed using SAS, version 9.2 (SAS Inc; 
Cary, North Carolina). 

 Results 

 A total of 8,838 patients were included in the inter-
national nutrition survey over the three study periods. 
The current analysis excludes 25 patients missing 
BMI information and 423 underweight patients, leav-
ing 3,490 normal-weight patients, 2,604 overweight 
patients, 1,772 obese patients, and 524 extremely obese 
patients, with 348 in   BMI group 40 to 49.9 kg/m 2 , 
118 in BMI group 50 to 59.9 kg/m 2 , and 58 patients 
with BMI  �  60 kg/m 2  ( Fig 1  ). 

 Compared with normal-weight patients, extremely 
obese patients were signifi cantly more likely to be 
younger, female, or have a respiratory diagnosis, 
whereas the BMI  �  60 kg/m 2  group was more likely 
to have a lower APACHE II score and a medical 
admission category ( Table 1  ). Extremely obese patients 
were predominately from the United States and were 
more likely to be admitted to open ICUs. Patients 
with BMI  �  60 kg/m 2  were more likely to be admitted 
to nonteaching hospitals ( Table 1 ). BMI was not 
associated with admission category, hospital type, 
or ICU type after controlling for geographic region 
(data not shown). 

 When comparing the outcomes of extremely obese 
patients, subdivided by BMI, to those of normal-
weight patients, unadjusted analyses found patients 
with a BMI  �  60 kg/m 2  had a signifi cantly lower 60-day 
mortality rate compared with normal-weight patients 
(17.2% mortality vs 28.9% mortality,  P   5  .04) ( Table 2  ). 
Compared with surviving normal-weight patients, sur-
viving extremely obese patients had a longer DMV, 
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hospital discharge was only signifi cantly slower in the 
BMI  �  60 kg/m 2  group (fully adjusted HR  5  0.64; 
95% CI, 0.46-0.88). 

 All of the trends remained consistent or slightly 
amplifi ed in the subgroup of US-only patients (data 
not shown). Furthermore, the association between 
BMI and duration of ventilation, ICU, and hospital 
stay persisted if decedents were included in addition 
to 60-day survivors (data not shown). 

 Discussion 

 Although prior studies have included outcomes 
of severely obese critically ill trauma and medical 
patients,  4,27   to our knowledge, our study includes the 
largest cohort to date of extremely obese critically 
ill patients. In addition to its size, other strengths of 
this research include its geographic and population 
diversity, which increases its generalizability. We 
found that when stratifying extremely obese patients 
(BMI 40-49.9 kg/m 2 , 50-59.9 kg/m 2 , and  �  60 kg/m 2 ), 
there was an apparent trend of reduced 60-day mor-
tality with increasing BMI, although this trend did 
not remain statistically signifi cant after adjusting for 
potential confounders. When examining indices of 
morbidity among extremely obese patients who sur-
vived, after controlling for confounders we found 
that extremely obese patients have signifi cantly longer 

which was statistically signifi cant in the BMI 50 to 
59.9 kg/m 2  and the BMI  �  60 kg/m 2  groups ( Fig 2  ,  
  Table 2 ). There were no signifi cant differences in 
unadjusted ICU LOS for any of the surviving extremely 
obese groups compared with normal-weight survivors; 
however, the survivors with BMI 40 to 49.9 kg/m 2  had 
a signifi cantly shorter hospital LOS compared with 
normal-weight survivors ( Fig 3  ,  Table 2 ). 

  Table 3   reports modeling results comparing the clin-
ical outcomes of each BMI group to the normal-weight 
group. After adjustment, when combining all extremely 
obese patients into one group (BMI  �  40 kg/m 2 ), 
adjusted analyses did not show signifi cantly improved 
morality (OR, 0.87; 95% CI, 0.69-1.09) but among 
survivors did indicate a slower time to extubation 
(HR, 0.80; 95% CI, 0.70-0.92;  P   5  .0013), slower time 
to ICU discharge (HR, 0.82; 95% CI, 0.72-0.93; 
 P   5  .0016), and a trend toward a slower time to hospi-
tal discharge (HR, 0.91; 95% CI, 0.80-1.04;  P   5  .17). 
After adjustment, none of the three individual extremely 
obese groups demonstrated signifi cantly reduced mor-
tality. Among 60-day survivors, the time to extubation 
was signifi cantly slower in the two highest BMI groups 
( Fig 2 ). After adjusting for all covariates, including 
nutritional adequacy, the HR of the time to extubation 
was 0.44 (95% CI, 0.28-0.71) in the BMI  �  60 kg/m 2  
group ( Table 3 ). Time to ICU discharge demonstrated 
a similar association with BMI. Adjusted time to 

  Figure  2. Unadjusted Kaplan-Meier curve comparing the proportion of survivors remaining ventilated 
over time by BMI group. The number at risk is the number of patients still ventilated and in the ICU. 
Patients were censored if they were discharged from ICU while ventilated (7%) or remained ventilated 
60 days after ICU admission (5%).   
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times to extubation and ICU discharge with no signif-
icant difference in time to hospital discharge except 
in the BMI  �  60 kg/m 2  group. 

 The mortality rate in the general population has 
been shown to be J-shaped, with increased mor-
tality rates in underweight people, lowest mortality 
rates in patients with a BMI in the low to mid-20 
range, and increasing mortality rates in overweight, 
obese, and extremely obese patients.  1   In our study 
of critically ill patients, however, lower unadjusted 
mortality rates were found in overweight, obese, and 
extremely obese patients compared with normal-
weight patients (which did not remain signifi cant in 
the extremely obese group after controlling for poten-
tial confounders). Health-care providers might assume 
that extremely obese patients have higher mortality 
and morbidity due to presumed diffi culties of caring 
for such patients, including positioning, transport, 
skin care, intravascular access, diagnostic imaging, 
and ventilator weaning. Although our results do show 
that extremely obese patients have longer durations 
of ventilation and ICU lengths of stay, their survival 
is at least as good as normal-weight patients. 

 Explanations for lack of mortality increase in 
extremely obese patients, when such an increase might 
be expected,  28   are unclear. There may be a protective 
effect of extreme obesity in critical illness, although 
the etiology of this has not been fully elucidated. 

A recent study found that obese patients with acute 
lung injury have lower levels of several proinfl amma-
tory cytokines (IL-6, IL-8, and surfactant protein D).  29   
The lack of reduced mortality in obesity may there-
fore be due to an altered infl ammatory response. An 
alternate hypothesis is that extremely obese patients 
may have a lower threshold for ICU admission com-
pared with normal-weight patients, meaning the 
disease severity is less than perceived. For example, 
an obese patient with an infection, compared with a 
normal-weight patient, may have an increased heart 
rate due to their obesity, making them appear sicker 
and provoking an ICU admission when actually they 
are tachycardic from their obesity rather than their 
disease process. This possibility is supported by our 
data showing a lower APACHE II score in extremely 
obese patients with a BMI  �  60 kg/m 2 . 

 Reasons for increased DMV and ICU LOS in 
critically ill extremely obese patients who survive 
their ICU stay are, however, perhaps more under-
standable. The increased morbidity in the extremely 
obese population may be due to factors that may 
complicate or prolong mechanical ventilation and 
ICU LOS but do not necessarily increase mortality. 
For example, general ICU care, including turning 
and mobility, are often more diffi cult in extremely 
obese patients. Imaging modalities may also be limited 
(eg, weight limit for CT scan and MRI), which may 

  Figure  3. Unadjusted Kaplan-Meier curve comparing the proportion of 60-day hospital survivors 
remaining in hospital over time by BMI group. The number at risk indicates the number of patients 
remaining in the hospital at each time by group. Patients remaining in hospital were censored at 60 days 
when follow-up ended.   
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recorded by clinical personnel at sites participating 
in the international ICU nutrition study, thus allow-
ing for potential inaccuracy of some data (such as 
admission diagnosis) because they were obtained 
from the medical record rather than from strict defi -
nitions. Second, as mentioned above, even though we 
are able to report on a larger number of extremely 
obese patients than prior studies, the BMI  �  60 kg/m 2  
group remains relatively small and refl ects the low 
proportion of these patients cared for in ICUs 
around the world. The small sample size limits the 
power and precision of our estimates for this most 
extreme group. Third, there is not a severity of illness 
assessment tool specifi cally for obese patients, and 
any existing assessment tool, including APACHE II, 
may not accurately refl ect mortality risk in extremely 
obese patients because there may be “hidden” factors 
that are not accounted for in the assessment tool. 
Fourth, we were not able to adjust for comorbid 
illnesses because these data were not recorded dur-
ing the survey. Fifth, measurement of BMI may be 
altered by IV fl uid administration  33   or may not accu-
rately refl ect obesity syndromes compared with other 
measurements, such as waist circumference, but these 
additional data were not collected dur ing the sur-
vey. Sixth, because these data were gathered as part 
of an international survey, we were not able to proto-
colize weaning or sedation practices and other pro-
cesses of care in participating ICUs, and it is possible 
that such variation may have biased our results. Addi-
tionally, it can be very diffi cult to assess critical illness 
in extremely obese patients (such as accuracy of non-
invasive blood pressure measurements  35   or interpre-
tations of chest radiographs), and we may therefore 
be overestimating severity of illness in these patients, 
which would affect our results.  36   

 In conclusion, our study demonstrates that extremely 
obese critically ill patients survive at least at often as 
normal-weight patients. Among survivors, however, 
the most extremely obese have a longer DMV, ICU 
LOS, and hospital LOS. As the prevalence of obesity 
continues to rise, it will be important for critical care 
physicians to consider these fi ndings when discuss-
ing prognosis and expectations with patients and 
families. In addition, understanding the mechanism 
of obesity and critical illness will have clinical and 
research implications helping to improve the care of 
critically ill patients. 
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restrict diagnostic and treatment capabilities. Addi-
tionally, potential lung derecruitment due to heavy 
chest wall, protuberant abdomen in the recumbent 
position, and provider reluctance to extubate an 
extremely obese patient who may have a diffi cult 
airway  30   may contribute to higher morbidity. Extremely 
obese patients are more likely to be hypoxemic than 
people of normal weight,  31   which, combined with 
problems positioning patients for intubation and 
diffi cult anatomy, may make securing an airway chal-
lenging.  30   Another possibility is that diffi culty in obtain-
ing venous access in extremely obese patients and 
the reluctance of providers to remove venous cathe-
ters in the setting of infectious signs or symptoms 
may increase morbidity. Indeed, one study found that 
BMI  �  40 kg/m 2  was an independent risk factor for 
catheter-related (OR, 2.2; 95% CI, 1.5-3.4) and other 
bloodstream infections (OR, 3.2; 95% CI, 1.9-5.3).  32   
Finally, it is possible that other differences in pro-
vided care between obese and nonobese patients may 
explain our results.  7,33   

 Extremely obese patients were more likely to be 
younger and female, which is consistent with prior 
studies.  3   They were also more likely to have respira-
tory admission diagnoses. Many intensivists, espe-
cially in the United States, may assume that critically 
ill extremely obese patients are transferred to teach-
ing hospitals where there may be more available 
resources (such as ancillary services to assist in intra-
venous access or CT scanners that can accommo-
date larger patients), but this does not appear to be 
the case, as we found that extremely obese patients 
were more likely to be cared for in open ICUs at non-
teaching hospitals. 

 Comparing our fi ndings in the extreme obesity 
groups with the results of prior studies is diffi cult 
because, to our knowledge, prior research has not 
examined extremely obese critically ill patients by 
subdividing BMI as we have in this study. The litera-
ture to date with patients with BMI  �  40 kg/m 2  exam-
ined as a cohort is quite variable, with some studies 
showing no difference in ICU outcomes and mor-
tality,  4,5   others reporting improved mortality,  6-8   and 
others fi nding longer ICU LOS, increased DMV, and 
increased mortality.  14-16   One metaanalysis from 2009 
aggregating 23 studies found extremely obese patients 
as a group had similar hospital mortality (relative 
risk, 0.83; 95% CI, 0.66-1.04), a trend toward longer 
ICU and hospital stays, and no difference in DMV 
compared with patients of normal weight.  17   A recent 
study found that patients who had 2009 infl uenza 
A(H1N1) who were obese had a longer DMV, ICU 
LOS, and hospital LOS without a difference in 
mortality.  34   

 There are several limitations to our study. First, 
the data are observational and were most often 
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