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Abstract
Objective— To determine the association between body mass index (BMI) and hospital mortality
for critically ill adults.

Design— Retrospective cohort study.

Setting— One-hundred six intensive care units (ICUs) in 84 hospitals.

Patients— Mechanically ventilated adults (n = 1,488) with acute lung injury (ALI) included in the
Project IMPACT database between December 1995 and September 2001.

Interventions—None.

Measurements and Main Results— Over half of the cohort had a BMI above the normal range.
Unadjusted analyses showed that BMI was higher among subjects who survived to hospital discharge
vs. those who did not (p < .0001). ICU and hospital mortality rates were lower in higher BMI
categories. After risk-adjustment, BMI was independently associated with hospital mortality (p < .
0001) when modeled as a continuous variable. The adjusted odds were highest at the lowest BMIs
and then declined to a minimum between 35 and 40 kg/m2. Odds increased after the nadir but
remained below those seen at low BMIs. With use of a categorical designation, BMI was also
independently associated with hospital mortality (p = .0055). The adjusted odds were highest for the
underweight BMI group (adjusted odds ratio [OR], 1.94; 95% confidence interval [CI], 1.05–3.60)
relative to the normal BMI group. As in the analysis using the continuous BMI variable, the odds of
hospital mortality were decreased for the groups with higher BMIs (overweight adjusted OR, 0.72;
95% CI, 0.51–1.02; obese adjusted OR, 0.67; 95% CI, 0.46 – 0.97; severely obese adjusted OR, 0.78;
95% CI, 0.44–1.38). Differences in the use of heparin prophylaxis mediated some of the protective
effect of severe obesity.

Conclusions— BMI was associated with risk-adjusted hospital mortality among mechanically
ventilated adults with ALI. Lower BMIs were associated with higher odds of death, whereas
overweight and obese BMIs were associated with lower odds.
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Almost two-thirds of U.S. adults are overweight or obese, and this trend is accelerating (1,2).
Whereas the effect on all-cause mortality is well-described (3), the association between excess
weight and outcomes among critically ill patients remains ambiguous. Obese patients undergo
physiologic changes that may impair their ability to adapt to stresses of critical illness (4,5)
and have a greater prevalence of comorbid conditions that may affect outcome (3). While
conventional wisdom holds that obesity increases mortality and morbidity for intensive care
unit (ICU) patients, published reports show increased (6–8) and decreased mortality (9–11) for
obese subjects, as well as no association with excess weight (12–14). If obesity is a risk factor
for the critically ill, investigators should determine the cause and target interventions to this
group. If, instead, obesity is protective for ICU patients, then the mechanism underlying such
an effect might lead to treatments to reduce the risk for nonobese patients.

Because of the disparity in reported results, we completed a retrospective cohort study of an
observational database to describe the influence of admission body mass index (BMI) on
outcome of critical illness. We examined standard outcomes, such as hospital mortality, as well
as selected processes of care and comorbidities (e.g., diabetes) that could mediate an association
between BMI and outcome. To minimize possible selection bias due to differences in the ICU
admitting diagnosis, we limited the study sample to a population with a clear indication for
ICU admission (mechanical ventilation) and the presence of a defined admission diagnosis
(acute lung injury, or ALI). ALI is an inflammatory pulmonary condition associated with a
number of precipitating insults and a frequent cause of respiratory failure requiring mechanical
ventilation, with a reported mortality rate of 40% to 60% (15).

MATERIALS AND METHODS
Study Sample and Subjects

Project IMPACT (v2.3; PI), a subscription database, collected data from 106 ICUs in 84 U.S.
hospitals from December 1995 to September 2001. We obtained records for adult patients (≥18
yrs old) with an admission diagnosis consistent with ALI (“pulmonary edema, acute respiratory
distress syndrome” or “pulmonary edema, noncardiogenic fluid overload without congestive
heart failure”) and mechanical ventilation within 24 hrs of ICU admission (as indicated by the
Mortality Probability Model coding at admission and/or at 24 hrs). PI data collectors coded
diagnoses on the basis of documentation in the patient’s medical record.

Body Mass Index
The admission weight and height was used to calculate the BMI (BMI = weight in kg/height
in m2) for each subject. (One subject had a height recorded as 60 cm, producing a BMI of 258
kg/m2. This record was recoded as 60 inches.) PI data abstractors received the following
instructions (L. Manganaro, personal communication): “Use the ICU admission weight and do
not modify the weight to account for changes which may have resulted from fluid resuscitation
or diuresis. If the actual weight is not available, use the best clinical estimate from patient care
providers. If the actual admission height is not available, use the best clinical estimate from
patient careproviders.”

Statistical Analyses
Hospital mortality was the primary outcome. We compared demographics, clinical
characteristics, and BMI between those surviving to hospital discharge and those dying.
Secondary outcomes, including ICU mortality, length of stay, and discharge location, were
examined. We used the Kruskal-Wallis test for continuous variables and the Pearson chi-square
test (or Fisher’s exact test for variables with sparse cell counts) for categorical variables in
unadjusted analyses.
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We explored this relationship between BMI and outcome in a number of ways. When BMI
was included as a continuous variable in a logistic regression model of hospital mortality, we
discovered that BMI was not linear in the logit. The best fit of the association was a quadratic
transformation of BMI, as determined by the method of fractional polynomials. For the
categorical analysis, an exploration of deciles of BMI showed no compelling statistical reason
to use an alternate classification (data not shown). Therefore, we employed the categorization
endorsed by the National Institutes of Health (underweight BMI, <18.5 kg/m2; normal BMI,
18.5 kg/m2 to <25 kg/m2; overweight BMI, 25 kg/m2 to <30 kg/m2; obese BMI, 30 kg/m2 to
<40 kg/m2; severely obese BMI, ≥40 kg/m2) (3).

To adjust for risk, we first estimated the unadjusted relationship between BMI and hospital
mortality, using BMI either as the transformed continuous variable or as the five-level
categorical variable. With the categorical BMI, we treated the normal BMI group as the
referent. We considered demographic data, pre-existing diagnosis, admission diagnoses, and
processes of care for inclusion in the risk-adjusting model. The Simplified Acute Physiology
Score II (SAPS II) (16) provided a physiology-based measure of severity of illness. For the
7% of records (n = 109) lacking SAPS II data, we employed multivariate imputation to
complete these records. We performed analyses both with and without the imputed data.

After estimating the unadjusted (or “crude”) association between BMI and hospital mortality,
we sequentially added covariates to the logistic regression model if they substantially altered
the coefficient for BMI. We a priori defined the level of significance for this process at 15%
for the categorical analysis and at 10% for the continuous BMI model. The sequence of
considered covariates was based upon the strength of the univariable association. We checked
continuous variables in the model for linearity in the logit, using the method of fractional
polynomials. Only SAPS-II required transformation. After estimation of the model, we
constructed second-order effect modifiers (interaction terms) between BMI and the other
included covariates. None was statistically significant, so the final models included no
interaction terms. We also explored the role of selected processes of care in the association
between BMI and outcome. If they were not initially selected in the risk-adjusting process, we
forced these covariates into the models and explored their role as effect modifiers with BMI.

We were concerned that the highest BMIs found in the cohort did not represent realistic
measures. Because these records (n = 14; mean, 76.4 kg/m2; range, 60.8–141.1 kg/m2) resulted
in relatively unstable coefficients for the association between BMI and hospital mortality, we
excluded them from the final model. We also explored the impact of removing the five most
influential records (as determined by Pregibon’s delta beta) from the risk-adjusting model. The
adjusted odds ratios for the BMI categories did not appreciably change (data not shown), so
these records were included in the final analysis.

We completed all analyses using Stata (8.2, Stata, College Station, TX).

Human Subject Protection
PI provided data without identifying information and had no role in the preparation or approval
of this manuscript. The Ohio State University Institutional Review Board approved the conduct
of the study without additional informed consent.

RESULTS
The initial cohort included 1,673 mechanically ventilated adults with ALI. However, 185
records (11.1%) did not include enough information to calculate a BMI. Hospital mortality
was not significantly different between the records with a calculable BMI and those without
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(37.0% vs. 35.9%; p = .764). The remaining 1,488 subjects were included in the analysis (Fig.
1).

Table 1 shows the unadjusted differences between patients surviving to hospital discharge and
those dying during hospitalization. Nonsurvivors had a significantly lower mean BMI than
survivors. Hospital survivors and nonsurvivors were similar with respect to race, ethnicity,
prior ICU admissions, and medical system characteristics, including type of hospital, presence
of a critical care training program, ICU medical team model, and number of hospital beds (data
not shown).

Unadjusted associations between BMI categories and outcomes are shown in Table 2. Patients
with the lowest BMIs had the highest rates of hospital and ICU mortality. There were no
differences in the number of ICU complications, lengths of stay, or discharge location. Table
3 illustrates the significant differences in severity of illness, demographic data, and preexisting
diagnoses between the BMI groups.

In a simple logistic regression, the transformed BMI modeled as a continuous variable was
associated with hospital mortality (p < .0001). This association remained after adjustment for
multiple covariates (p < .0001). Figure 2 shows the shape of the association between BMI and
mortality. The odds of mortality are highest at the lowest BMI. These odds then decrease to a
nadir between 35 and 40 kg/m2. After this nadir, the odds then begin to increase but remain
lower than those seen among the underweight subjects. We refit the model with imputed data
for SAPS II scores and found a similar association (data not shown).

The unadjusted analysis using the five BMI categories demonstrated a similar association
between BMI and hospital mortality (p < .0001). After adjustment for confounders, there
remains an independent association between BMI and hospital mortality (p = .0055, Table 4).
As with the model using a continuous BMI variable, the odds of mortality are higher at lower
BMIs and lower at higher BMIs. Inclusion of records with imputed SAPS II data did not
appreciably change the results (data not shown). Addition of diabetes to the model had minimal
effect on the coefficients for the underweight (increasing by 0.5%) and overweight BMI
categories (decreasing by 3.3%). For the obese and severely obese categories, the effect was
larger (decreasing by 6.5% and by 8.3%, respectively) but failed to alter the coefficients for
BMI at the a priori defined level for inclusion.

Table 5 illustrates unadjusted differences in selected processes of care among the BMI
categories. For several processes of care (e.g., central venous catheters, pulmonary artery
catheters, hemodialysis), there were no significant differences in the unadjusted rates (data not
shown). Patients with higher BMIs more commonly received heparin prophylaxis for
thromboembolic disease. The inclusion of this covariate in the categorical BMI model
increased the odds of mortality for the severely obese by 10%, suggesting mediation of the
“benefit” for the severely obese. There was no significant effect modification of heparin
prophylaxis based upon BMI category (data not shown). Tracheostomy did not significantly
change the association between hospital mortality and BMI in either the continuous or the
categorical analyses, and there was no significant effect modification.

DISCUSSION
In an observational multicenter database, BMI was independently associated with hospital
mortality for mechanically ventilated patients with ALI. Patients with excess weight accounted
for the majority of the cohort. Patients with very low BMIs had the highest risk-adjusted odds
of hospital mortality. The lowest odds were among those with obese BMIs, although the highest
BMIs attenuated this protective association.
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We feel that this analysis provides additional information to the existing studies using PI data
(9,11). Earlier studies included all ICU admissions. As a result, obese patients might be
admitted to the ICU at a different severity of illness or for admission reasons dissimilar to those
for nonobese patients. This could be due to a perceived difference in risk for the obese subjects
or due to real difficulties in providing adequate care in the ward setting. To reduce such
selection bias, we included a more homogeneous population of subjects (ALI patients) with a
clear indication for ICU admission (mechanical ventilation). We also provide information on
possible mediators of the association between BMI and outcome (e.g., diabetes, processes of
care). Although there is some overlap of subjects included in the three studies, our analysis
used a dataset with 60% more records than the previous studies (M. Stark, personal
communication). Due to more in-depth analysis, we found a nonlinear association that mirrors
but is not identical to the usual National Institutes of Health categories of BMI. We employed
extensive risk-adjusting techniques that produced well-fit estimates of mortality odds. Prior
study reports did not provide similar detail (11) and presented data that suggest poorly
calibrated risk-adjusting estimates (9). Such lack of detail in risk-adjustment techniques is
common in observational studies of critically ill subjects (17).

Comparison with Prior Studies
Previous studies have shown harm (6–8), protection (9–11), and no association (12–14)
between excess weight and outcomes. The prior studies using PI data (9,11) confirm our finding
of protection from mortality for heavier ICU patients. We did not find increased lengths of stay
for the obese subjects as observed in one of the these studies (9). One explanation for this
difference is that BMI may not affect the length of stay of ALI patients but has an influence
on duration of ICU stay for other types of critically ill patients. All three studies using PI records
showed a higher mortality for those with underweight BMIs. This association may be from
underlying disease that leads to thinness and inadequate nutritional reserve to compensate for
the stresses of critical illness. We also cannot exclude that this is due to a true increased risk
for the healthy thin when they require ICU care. Investigators have reported a similar
association between lower BMIs and higher mortality in other populations (18).

Like the current analysis, two other studies limited enrollment to subjects requiring mechanical
ventilation (6,13). One of these is an analysis of ALI patients enrolled in a clinical trial of
ventilator management (ARDS Network) (13). After risk-adjustment, there was no association
between higher BMIs and any of the measured outcomes. The benefit of a lower tidal volume
strategy (19) extended to ALI patients of all BMIs. Differences in the study sample are a
possible explanation for the discrepancy in results between the ARDS Network study and the
current report. PI is an observational dataset including all patients admitted to participating
hospitals. The ARDS Network study was a therapeutic trial with strict inclusion and exclusion
criteria. A higher overall mortality in the current cohort (40.0%) than in the ARDS Network
study (35.4%) supports the effect of such restriction in subject selection. Neither study showed
an increased risk-adjusted mortality associated with excess weight, a finding contrary to
conventional wisdom.

The second study including only mechanically ventilated patients enrolled those admitted to a
medical/surgical ICU in France (6). The investigators matched obese subjects (BMI >30 kg/
m2) with nonobese controls (BMI 18.5–24.9 kg/m2). Patients with underweight and overweight
BMIs were not included in the analysis. The authors reported a two-fold increase in risk-
adjusted odds of ICU mortality among the obese (adjusted OR, 2.1 [95% confidence interval,
1.2–3.6]; p = .007). The ARDS Network analysis suggests a confounder that might bias these
results. In that analysis, there was a wide variation of fluid balance in the 24 hrs preceding
study enrollment (from 9,526 mL [9.5 kg] lost to 28,472 mL [28.4 kg] gained), with 14% of
the sample changing BMI category after adjustment for fluid balance (13). In the French study,
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patients with normal BMIs who required large volume resuscitation before weight assessment
might move into higher BMI categories. Subsequently, investigators would either classify such
patients as overweight and exclude them from analysis or consider them “obese” and include
them. Patients with normal BMIs who did not require volume resuscitation would remain in
the study in the control group. Ultimately, the obese group could include “pseudo-obese”
subjects (those with normal and overweight BMIs who required significant volume
resuscitation) and obese subjects who did or did not require resuscitation. Meanwhile, the
comparative, “normal” BMI group would include only those with a normal BMI who did not
require sufficient resuscitation to move them to a higher BMI class. As a result, the “obese”
subjects could be at higher risk because they required greater volume resuscitation than normal
BMI subjects, rather than because of an inherent risk associated with excess body weight.

Possible Mechanisms of the Association Between BMI and Outcome
We considered differences in preexisting diabetes and disparities of provided care as possible
mediators of the difference in outcomes among BMI groups. Despite a higher prevalence of
diabetes, those with higher BMIs had lower odds of death. Adjustment for the presence of
diabetes appeared to augment this “protection” for the obese. This suggests that although
diabetics had a poorer prognosis, diabetes had a weaker association with mortality than BMI.
However, these findings were not statistically significant and require confirmation in future
studies.

There were differences in some processes of care (e.g., tracheostomy, use of heparin
prophylaxis) but not in others (e.g., central venous catheters, pulmonary artery catheters). After
adjusting for the use of heparin prophylaxis, the adjusted odds ratio for the severely obese rose
from 0.71 to 0.78. Thus, the increased use of heparin prophylaxis among higher BMIs mediated
some of the protective effects of severe obesity. There was no significant effect modification,
arguing that the benefit of heparin prophylaxis was similar for all BMI categories. However,
the power of the current study is too low to make definitive conclusions. Attention to the
processes of care is integral to assess the full association between excess weight and outcome.
In the analysis using ARDS Network data, obese subjects had significantly higher tidal volumes
per predicted body weight than did those with normal BMIs at study enrollment (13). This
resulted in higher airway pressures and may have placed obese patients at higher risk of
ventilator-associated lung injury (20) if tidal volumes were not standardized by study protocol.
Unfortunately, limitations in the dataset prevented us from examining ventilator management
in the current study.

Differences in processes of care among the obese could have influenced the results of prior
studies. In the previously cited French study, there was no difference in the baseline prevalence
of coronary heart disease, but obese subjects were more likely to die of myocardial infarction
(6). This could be the result of undetected or more severe cardiovascular disease among the
obese, arguing for inadequate matching. Alternatively, it could be due to differences in
provided care. Obese subjects might be less likely to receive potentially life-saving therapies,
such as percutaneous coronary interventions or bypass grafting surgery, because of concerns
about their body habitus. There is documented bias against obese individuals in healthcare
settings (21–24) that can affect provided care (25,26). By incorporating an assessment of
provided care, subsequent studies can explore if such a disparity is the mechanism of a mortality
difference for obese ICU patients.

Limitations
In a retrospective cohort study, we must rely on the validity, accuracy, and comprehensiveness
of the collected data. During the time of data collection for this study, training for PI abstractors
was optional (M. Stark, personal communication). We cannot strictly confirm the diagnosis of
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ALI in this cohort. It is possible that differences in the interpretation of chest radiographs,
baseline increased venous admixture associated with obesity (4), or difficulties in detecting
signs of cardiogenic pulmonary edema in obese patients could have led to a detection bias for
the presence of ALI. In addition, weight and height data were not collected in the most stringent
fashion and the PI dataset did not contain sufficient information to adjust for fluid balance.
However, we doubt there was a systematic variation of weight and height determinations or of
volume resuscitation based on BMI that might confound our results.

We reduced selection bias by restricting the study population. This approach also limits the
validity of our findings for other populations of critically ill patients. In addition, if decisions
about ICU admission were associated with BMI, only the “fittest” of obese ALI subjects might
receive ICU care, whereas the “less fit” might have a limitation in the aggressiveness of care,
not be admitted to an ICU, and not appear in the cohort. We cannot completely exclude such
a selection bias. However, there was no difference in limitation of care orders across BMI
groups for those included in the study, arguing against a systematic difference in aggressiveness
of care based on BMI.

The odds of death were highest among those with the lowest body mass indexes (BMIs);
patients with obese BMIs had the lowest odds of hospital mortality.

While trying to explore a variety of outcome measures, we were limited by the content of the
dataset. We were not able to explore more durable outcomes (e.g., 6-month survival) or patient-
centered outcomes (e.g., health-related quality of life). Some processes of care known to be
associated with outcome (such as head-of-bed elevation) were not available. Finally, we could
not determine the burden the obese critically ill might have for care providers, such as nurses
and aides. As the critically ill population grows heavier, attention to the caregivers will be an
important component of designing ICUs that are safe for patients and staff.

CONCLUSIONS
In this retrospective cohort study of mechanically ventilated adults with ALI, BMI was
independently associated with hospital mortality. The odds of death were highest among those
with the lowest BMIs; patients with obese BMIs had the lowest odds of hospital mortality. We
also found differences in the rate of certain processes of care. Further study with attention to
the provided care should allow for a greater appreciation of any true association between excess
body weight and outcomes among critically ill patients.
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Figure 1.
Included and excluded subjects in study cohort (ALI, acute lung injury; ARDS, adult respiratory
distress syndrome; BMI, body mass index).
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Figure 2.
Risk-adjusted odds ratio for continuous body mass index (BMI) model and hospital mortality.
The solid line indicates the point estimates for the adjusted odds ratios for the BMI shown on
the x-axis. The gray area represents the 95% confidence interval for the adjusted odds ratio at
each BMI. The referent BMI is the rounded midpoint (BMI = 22 kg/m2) of the normal BMI
category. Above the horizontal line indicates increased hospital mortality relative to those
individuals with a BMI of 22 kg/m2 and below the line indicates decreased hospital mortality.
The risk-adjusting model includes age, gender, race, Simplified Acute Physiology Score II
probability of survival, diagnosis of renal or genitourinary disease, and an intensive care unit–
acquired renal or genitourinary complication. Hosmer-Lemeshow goodness of fit test, p = .
227.
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Table 1
Differences in unadjusted analysis between patients surviving to hospital discharge and those dying

Alive Dead p Valuea

BMI (n = 1,488) 28.8 (9.39) 26.8 (8.57) <.0001
BMI category, kg/m2 (n = 1,488) <.0001
 Underweight: <18.5 40 (4.3%) 48 (8.7%)
 Normal: 18.5–24.9 321 (34.2%) 223 (40.6%)
 Overweight: 25–29.9 257 (27.4%) 142 (25.8%)
 Obese: 30–39.9 227 (24.2%) 99 (18.0%)
 Severely obese: ≥40 93 (9.9%) 38 (6.9%)
SAPS II probability of survival (n = 1,379) 0.68 (0.24) 0.45 (0.29) <.0001
Age, yrs (n = 1,487) 56.8 (16.9) 63.7 (16.1) .0001
Male (n = 1,488) 464 (49.5%) 303 (55.1%) .036
Type of ICU patient (n = 1,487) .076
 Scheduled postoperative 142 (15.2%) 70 (12.7%)
 Unscheduled postoperative 128 (13.7%) 59 (10.7%)
 Nonoperative 667 (71.2%) 421 (76.6%)
Origin (n = 1,488) <.0001
 Emergency department 239 (25.5%) 100 (18.2%)
 Hospital 426 (45.4%) 336 (61.1%)
 Operating room 143 (15.3%) 46 (8.4%)
 External to hospital 130 (13.9%) 68 (12.4%)
Do-not-resuscitate or limited resuscitation status (n = 1,488) 27 (2.9%) 44 (8.0%) <.0001

BMI, body mass index; SAPS, Simplified Acute Physiology Score; ICU, intensive care unit.

a
Kruskal-Wallis test for continuous variables; Pearson’s chi-square test for categorical variables. Continuous variables are presented as mean (SD);

categorical variables are presented as frequency (%).
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Table 4
Risk-adjusted association between body mass index category and hospital mortality

Body Mass Index (kg/m2) Adjusted Odds Ratioa (95% Confidence
Interval)

p Value

Underweight (<18.5) 1.94 (1.05–3.60) .035
Normal (18.5–24.9) Reference
Overweight (25–29.9) 0.72 (0.51–1.02) .067
Obese (30–39.9) 0.67 (0.46–0.97) .033
Severe obesity (≥40) 0.78 (0.44–1.38) .385

a
Adjusted for age, gender, race, SAPS II (Simplified Acute Physiology Score; probability of survival), intensive care unit medical team model, admission

condition, patient origin, hospital diagnosis of skin or subcutaneous tissue disease, pre-existing diseases (liver disease; alcohol or drug use), use of
vasopressors, use of heparin for thromboembolism prophylaxis, tube thoracostomy, intensive care unit complications (musculoskeletal, renal/
genitourinary), and number of pre-existing diseases. Hosmer-Lemeshow goodness of fit test, p = .5570.
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Table 5
Unadjusted differences in selected processes of care among body mass index categories

Process of carea Underweight
(<18.5 kg/m2) n

= 88

Normal
(18.5–24.9 kg/

m2) n = 544

Overweight
(25–29.9 kg/
m2) n = 399

Obese (30–
39.9 kg/m2) n

= 326

Severely
obese (≥40
kg/m2) n =

131

p Valueb

Heparin
prophylaxis for
thromboembolic
disease

36 (40.9%) 238 (43.8%) 165 (41.4%) 150 (46.0%) 75 (57.2%) .026

Tracheostomy 20 (22.7%) 94 (17.3%) 77 (19.3%) 80 (24.5%) 34 (26.0%) .045
Tracheostomy
among hospital
survivors

14 (35.0%) 56 (17.4%) 52 (20.2%) 55 (24.2%) 23 (24.2%) .054

Use of specialty bed 18 (20.4%) 80 (14.7%) 79 (18.9%) 57 (17.5%) 38 (29.0%) .003

a
Categorical variables presented as frequency (%);

b
Pearson’s chi-square test.
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