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Abstract
Background: Pulmonary complications following injury significantly contribute to subsequent
mortality. Obese patients have preexisting risk factors for pulmonary complications, and are at risk
for these complications following elective surgery. Whether or not obesity contributes to pulmonary
complications after critical injury is poorly understood.

Methods: A secondary analysis of a prospective cohort study of critically injured adults requiring
at least 48 h of intensive care was performed. Patients were classified into the following body mass
index groups: ≤ 18.5 kg/m2 (underweight); 18.5 to 24.9 kg/m2 (normal); 25 to 29.9 kg/m2

(overweight); 30.0 to 39.9 kg/m2 (obese); and ≥ 40.0 kg/m2 (severely obese). Outcomes included
the rates of ARDS and pneumonia, the placement of a tracheostomy tube, and in-hospital mortality
rate.

Results: A total of 1,291 patients were available for analysis, and 30% of these patients were
classified as either obese or severely obese. The age-, gender-, and severity-adjusted rate of ARDS
was lower in severely obese patients (odds ratio, 0.36; 95% confidence interval [CI], 0.13 to 0.99)
compared to normal weight patients. The rates of pneumonia (37%), tracheostomy (10%), and in-
hospital mortality (11%) did not differ among the groups. Despite no difference in pulmonary
complications, the severely obese group had an ICU length of stay that was 4.8 days (95% CI, 1.8
to 7.7 days) longer than the normal weight group.

Conclusion: Obesity does not appear to be an independent risk factor for increased pulmonary
complications after critical injury, but severely obese patients are likely to require longer ICU stays.
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Obesity is a pervasive disease affecting > 30% of Americans of all ages and socioeconomic
groups.1,2 Its implications include increased risks of cancer, diabetes, dyslipidemia, heart
disease, hypertension, insulin resistance, and death.3 While the association between obesity
and these chronic conditions is clear, there is still considerable debate regarding the role of
obesity on outcomes in the critical care setting and after trauma. A number of authors have
documented worse outcomes in obese patients in the critical care setting4 and after trauma,
5-8 but others9-13 have been unable to demonstrate differences in outcomes related to obesity.

An equal amount of ambiguity surrounds the relationship between pulmonary complications
after trauma and during critical illness. At baseline, obese patients have a compromised
pulmonary status that is characterized by reduced lung volumes and compliance, as well as
ventilation-perfusion mismatching.14 Artificial airways are often more difficult to maintain in
obese patients,15 and radiographic imaging may have reduced reliability and delay recognition
of impending complications.16 Obese patients may also experience higher rates of chest
trauma, rib fractures, and pulmonary contusions, and a trend toward more severe chest injury.
10,17 Despite the presumption that obese patients are at high risk for pulmonary complications,
very few studies have specifically addressed these outcomes. Our objective was to determine
whether obesity represents an independent risk factor for the development of pulmonary
complications after critical injury. We hypothesized that obese and severely obese patients
would be at increased risk for pulmonary complications following critical injury.

Materials and Methods
Study Design and Participating Centers

This study represents a secondary analysis of a prospective cohort study of critically injured
adults. The detailed methods of this study have been previously outlined.18 Briefly, patients
≥ 18 years of age, who had been admitted to the trauma ICUs of either Vanderbilt University
Medical Center or the University of Virginia Health Systems for at least 48 h were eligible for
study enrollment. Patients who died before 48 h were excluded as were patients who had been
discharged from the ICU prior to 48 h. The minimum stay of 48 h was intended to exclude
postoperative surgical patients with short observational stays as well as patients who died
rapidly from illness beyond the aid of modern critical care. Patient care was at the discretion
of the attending physician according to established critical care protocols in the respective
ICUs.

Measure of Obesity
Body mass index (BMI) was determined at hospital admission by dividing the weight in
kilograms by the height in meters squared. Patients were classified into the following BMI
groups according to the National Heart, Lung, and Blood Institute guidelines19: ≤ 18.5 kg/
m2 (underweight); 18.5 to 24.9 kg/m2 (normal); 25 to 29.9 kg/m2 (overweight); 30.0 to 39.9
kg/m2 (obese); and ≥ 40.0 kg/m2 (severely obese).

Measures of Injury Severity
The injury severity score (ISS) is based on an anatomic grading of injury severity.20 Each of
six body regions (head and neck, face, chest, abdomen, extremity, and external) is assigned an
abbreviated injury score (AIS). The three most severely injured regions have their scores
squared and summed to produce the ISS. ISS ranges from 0 to 75. The trauma-related ISS
(TRISS) determines the probability of survival from the ISS and revised trauma score weighted
for patient age and mechanism of injury. The revised trauma score is a physiologic score based
on the Glasgow coma scale, the systolic BP, and the respiratory rate on first contact with the
patient.21,22
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Outcome Measures
The primary outcomes of interest were ARDS, pneumonia, placement of a tracheostomy tube,
and the number of ventilator days. ARDS was classified according to the following standard
definition23: the presence of bilateral patchy infiltrates seen on a chest radiograph; a Pao2/
fraction of inspired oxygen ratio of < 200; and the absence of cardiogenic pulmonary edema.
Radiographs were classified by critical care specialists who were not a part of the patient care
team. Hospital-acquired pneumonia was diagnosed when a predominant organism was isolated
from an appropriately obtained culture in the setting of purulent sputum production, a new or
changing infiltrate seen on chest radiograph, and systemic evidence of infection. Quantitative
endotracheal suction was routinely used at the University of Virginia (a concentration of >
105 organisms per milliliter was considered to be positive for infection), and quantitative BAL
was routinely used at Vanderbilt University (a concentration of > 104 organisms per milliliter
was considered to be positive for infection). The placement of a tracheostomy tube was defined
as any new tracheostomy tube that was placed during hospitalization, the need for which was
determined by a multidisciplinary team of critical care physicians. Secondary outcomes
included all-cause in-hospital mortality, and hospital and ICU length of stay (LOS).

Statistical Analysis
Normally distributed continuous variables were summarized by reporting the mean and SD.
Continuous variables that were not normally distributed were presented by reporting the
median and interquartile ranges (IQRs). For comparisons among multiple groups, analysis of
variance was used with a Bonferroni correction. To estimate the relationship between outcomes
and BMI group, multivariate linear and logistic regression was used to determine regression
coefficients and odds ratios, respectively. In these models, BMI was fit in the logistic models
as a dummy variable (BMI groups). Variables that were found to have statistically significant
associations (p < 0.10 or parameter estimates outside of the 95% confidence interval [CI] of
the comparison group) with BMI group were selected for inclusion in the multivariate logistic
models. To further explore the nonlinear relationship between BMI and outcomes, restricted
cubic spline covariates were determined using a statistical software program.

Detectable Alternatives Calculations
Detectable alternatives were calculated given the following available data and assumptions:
1,219 patients total; 236 patients with a BMI > 30 kg/m2; a case (obese patient)-to-control
(nonobese patient) ratio of 2.3:1; a type I error of 0.05; and a type II error of 0.20 (80% power).
Given the observed rates of pulmonary outcomes in nonobese patients, we had 80% power to
detect a difference in ARDS rates of ± 8%, a difference in pneumonia rates of ± 9%, and a
difference in the rate of tracheostomy tube placement of ± 5%. The analysis is powered to
detect a ± 6% difference in mortality.

A statistical software program (Stata, version 9.2; Stata Corp; College Station, TX) was used
for analysis. Tests for statistical significance were two sided with an α of 0.05. The study was
approved by the institutional review board of Vanderbilt University Medical Center. All data
are maintained in a secure, password protected database that is compliant with the Health
Insurance Portability and Accountability Act of 1996 (or HIPAA). All patient information is
deidentified prior to analysis and reporting.

Results
A total of 2,291 patients were enrolled into the original cohort. Patients admitted to the ICU
for a diagnosis other than trauma (n = 883) were excluded from the study. Of the 1,406 trauma
patients, 187 (15%) were excluded for missing BMI data. The demographics and clinical
characteristics of the 1,219 remaining patients by BMI group are displayed in Table 1. The
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majority of patients fell into the normal (35%) and overweight categories (33%), but the
prevalence of obesity (23%) and severe obesity (7%) was also high. The overweight group was
made up of significantly more male patients (p < 0.001), while the patients in the normal weight
group were younger (p < 0.001). There was no difference among the groups according to blunt
or penetrating mechanism, or acute physiology and chronic health evaluation (APACHE) II
score. Anatomic injury severity (ISS) was statistically higher (p = 0.008) and the predicted
survival (TRISS) was significantly lower (p = 0.006) in the normal weight group. Anatomic
injury pattern did not significantly differ between the groups with the exception of head injuries.
The underweight and normal weight groups had a higher AIS head and neck score than the
other groups (p < 0.001). With regard to pre-ICU comorbidities, underweight patients were
more likely to experience chronic renal insufficiency and dialysis dependence, while severely
obese patients were more likely to experience diabetes mellitus, cardiac disease,
hyperlipidemia, and hypertension. Individual comorbidities were not included in the regression
models since they are summarized by the chronic health score of the APACHE II score. Table
2 summarizes demographic and clinical characteristics of patients by pulmonary outcomes.

Unadjusted rates of primary and secondary outcomes by BMI group are summarized in Table
3. The overall rate of ARDS was 27%. The unadjusted rate of ARDS was significantly lower
in the severely obese group (11%) compared to the obese group (32%; p = 0.02). While a
difference was also suggested between the severely obese group and the underweight, normal
weight, and overweight groups, this difference was not statistically significant. When
compared to the normal weight group, the age-, gender-, and severity-adjusted odds of ARDS
remained lower in the severely obese group (odds ratio, 0.36; 95% CI, 0.13 to 0.99) [Table 4].
The rates of pneumonia, tracheostomy tube placement, and mortality were 37%, 10%, and
11%, respectively (Table 5). There was no difference in these rates by BMI group in either the
univariate or multivariate analyses.

The median mechanical ventilation requirement of the cohort was 7 days (IQR, 4 to 12 days),
and the number of days spent receiving mechanical ventilation did not differ by BMI group.
These relationships did not differ when nonsurvivors were excluded. The median ICU LOS
was 9 days, and the median hospital LOS was 18 days. After adjusting for age, gender, head
injury severity, and predicted survival, the severely obese group had an ICU LOS that was 4.8
days (95% CI, 1.8 to 7.7) longer than the normal weight group (Table 3).

Figure 1 summarizes the unadjusted relationship between BMI and dichotomous outcomes
with a concurrent summary of anatomic injury severity (as estimated by the ISS). The
unadjusted relationships among ARDS, pneumonia, and tracheostomy tube placement closely
parallel anatomic injury severity across the entire spectrum of BMI, suggesting no independent
relationship between BMI and these outcomes. In contrast, for patients with a BMI of > 35 kg/
m2, mortality increases while injury severity decreases. This trend was detected in the BMI
group analysis, but it was not significant since patients with the highest mortality rates (ie,
those with a BMI of > 50 kg/m2) represent only 26% of patients (21 of 81 patients) in the
severely obese group.

Discussion
Conventional wisdom holds that obesity increases the number of adverse outcomes during
critical illness, but an independent effect of obesity on outcome from critical illness has never
been conclusively demonstrated. Early reports5-7 suggested that obesity played a large role in
determining outcomes in the ICU and after trauma, but more recently reports9,10,12,13 have
suggested no relationship. The conclusions from the published literature are limited by mostly
retrospective studies and by varying definitions and rates of obesity. We sought to describe the

Dossett et al. Page 4

Chest. Author manuscript; available in PMC 2009 March 11.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



relationship of obesity to pulmonary complications in a large, prospective population of trauma
patients with a prevalence of obesity that reflects the general population.

Despite these underlying risk factors for pulmonary complications,14 we did not detect a
difference in pulmonary complications that was related to BMI group. Some have speculated
that since obesity is a chronic inflammatory condition, severe injury may incite a second-hit
phenomenon, which would pre-dispose obese patients to “inflammatory” complications such
as ARDS and multiple system organ failure.10 In this study, we demonstrate the opposite
phenomenon; that severely obese patients may have a lower rate of ARDS. It is not clear from
these data what accounts for this observation. It is possible that an abundance of subcutaneous
fat provides a cushion and lessens pulmonary injury; we, however, did not detect a difference
in chest injury by BMI group as measured by the AIS chest score. It is also possible that this
represents a type I error.

We did not detect differences in pneumonia related to BMI group or the placement of a
tracheostomy tube. The need for ventilator support was longer for the obese group (but not the
severely obese group). One might speculate that obese patients continue to receive mechanical
ventilation for longer periods of time because clinicians fear airway complications associated
with reintubation. With standard ventilator weaning protocols and strategies, this is unlikely
to account for differences among groups. Severely obese patients had a longer ICU LOS
(independent of the requirements for mechanical ventilation), but LOS is often confounded by
bed availability and insurance status; these results should be interpreted with these limitations
in mind.

We were not able to detect a difference in mortality in the severely obese group of patients
compared to the normal weight group of patients using multivariate analysis. We also did not
detect a difference in mortality when classifying the patients as either nonobese (BMI < 30 kg/
m2) or obese (BMI > 30 kg/m2). This is similar to some reports9,13 that have suggested that
obesity is not associated with mortality in the injured patient. At least one other report6
demonstrated similar findings, suggesting that while a cutoff BMI of > 30 kg/m2 may be
important in the chronic setting, it may not be an accurate indicator of increased risk in the
critically ill patient. The graph (Fig 1) derived using restricted cubic splines suggests a higher
mortality in patients with extreme BMIs (ie, > 50 kg/m2), but this is difficult to demonstrate
statistically because of the small number of patients with a BMI in this range. As the prevalence
of obesity has increased, hospitals and health-care providers have become more accustomed
to caring for obese patients, and these findings may reflect this difference. Hospitals are more
likely to have special equipment such as specialty beds and larger sized radiology and physical
therapy equipment. In addition, improved management of associated chronic morbidities in
the outpatient setting (eg, the aggressive use of antiplatelet agents and lipid agents, and strict
glucose control) and a focus on hyperglycemia in the ICU may reduce the extra morbidity and
mortality that has historically been associated with obesity.

The strengths of this study include its large size and prospective classification of pulmonary
outcomes in injured patients. Despite these strengths, there are several important limitations.
Although BMI correlates with chronic disease, its use in the critical care setting has been
criticized. Despite these criticisms, the alternatives are limited, and BMI is correlated with
more complicated measures of obesity (ie, waist circumference and electrical impedance).24,
25 Another limitation is that smoking status was not measured, and this could confound the
results. Finally, this study was of injured patients only, and these results cannot be generalized
to other ICU populations.
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Conclusion
Neither obesity nor severe obesity appears to be an independent risk factor for pulmonary
complications after injury. Improvements in the care of the obese patient both in the inpatient
and outpatient settings may account for this observation.

Abbreviations
AIS, abbreviated injury score; APACHE, acute physiology and chronic health evaluation;
BMI, body mass index; CI, confidence interval; IQR, interquartile range; ISS, injury severity
score; LOS, length of stay; TRISS, trauma-related injury severity score.
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Figure 1.
Associations among BMI, mortality, and pulmonary complications after injury.
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