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Background: Critically ill, morbidly obese patients (BMI=40 kg/m?) are at high risk of respiratory
failure requiring invasive mechanical ventilation (IMV). It is not clear if outcomes of critically ill,
obese patients are affected by obesity. Due to limited cardiopulmonary reserve, they may have
poor outcomes. However, literature to this effect is limited and conflicted.

Methods: We used the Nationwide Inpatient Sample from 2004 to 2008 to examine the outcomes
of morbidly obese people receiving IMV and compared them to nonobese people. We identified
hospitalizations requiring IMV and morbid obesity using International Classification of Diseases,
9th Revision, Clinical Modification codes. Primary outcomes studied were inhospital mortality, rates
of prolonged mechanical ventilation (=96 h), and tracheostomy. Multivariable logistic regression
was used to adjust for potential confounding variables. We also examined outcomes stratified by
number of organs failing.

Results: Of all hospitalized, morbidly obese people, 2.9% underwent IMV. Mean age, comorbidity
score, and severity of illness were lower in morbidly obese people. The adjusted mortality was not
significantly different in morbidly obese people (OR 0.89; 95% CI, 0.74-1.06). When stratified by
severity of disease, there was a stepwise increase in risk for mortality among morbidly obese
people relative to nonobese people (range: OR, 0.77; 95% CI, 0.58-1.01 for only respiratory failure,
to OR, 4.14; 95% CI, 1.11-15.3 for four or more organs failing). Rates of prolonged mechanical
ventilation were similar, but rate of tracheostomy (OR 2.19; 95% CI, 1.77-2.69) was significantly
higher in patients who were morbidly obese.

Conclusions: Morbidly obese people undergoing IMV have a similar risk for death as nonobese
people if only respiratory failure is present. When more organs fail, morbidly obese people have
increased risk for mortality compared with nonobese people. CHEST 2013; 144(1):48-54

Abbreviations: ICD-9-CM = International Classification of Diseases, 9th Revision, Clinical Modification; IMV = inva-
sive mechanical ventilation; LOS = length of stay; MV = mechanical ventilation; NIS = Nationwide Inpatient Sample;
NIV = noninvasive ventilation

Obesity is a growing epidemic in the United States,
with a current prevalence estimated to be about 32%
and 36% in the male and female populations, respec-
tively.! Approximately 7% of patients requiring admis-
sion to the ICU are morbidly obese (BMI>40 kg/m?).2
Investigations focusing on outcomes of critically ill
obese adults have demonstrated conflicting results.
Although some studies suggest increased mortality,*
others have found a protective effect and lower risk
of death.>” Conclusions from most studies are limited
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by heterogeneous populations and varying definitions.
Few specifically address outcomes of obese patients
requiring invasive mechanical ventilation (IMV), espe-
cially the morbidly obese.5'° Secondary to its delete-
rious effects on pulmonary physiology, obesity'! in
the critically ill has been independently associated
with prolonged lengths of mechanical ventilation (MV)
and ICU stay.>+12 A few recent analyses found that
although the risk of developing ARDS was higher in
obese and severely obese patients who are mechanically
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ventilated, all other outcomes based on BMI, includ-
ing mortality, were no different.!>14

Given the inconsistent results of these small studies
and the adverse consequences of morbid obesity on
pulmonary physiology, which may lead to develop-
ment of respiratory failure,'>16 it is important to clarify
outcomes of such patients undergoing IMV. These
investigations will enable health-care planners and
policymakers to appropriately allocate resources
toward an exponentially expanding population of
obese patients.!?

We hypothesized that hospitalized, morbidly obese
people receiving IMV would have differences in out-
comes of mortality, lengths of MV and hospital stay,
and discharge dispositions in comparison with a non-
obese cohort. We used a large, nationally representa-
tive database developed by the Agency of Health Care
Research and Quality to ensure sufficient sample size
and enhance the generalizability and external validity
of our results.

MATERIALS AND METHODS

Data Source

We used the Nationwide Inpatient Sample (NIS), the largest,
all-payer, inpatient-care database publicly available in the United
States. This administrative dataset contains data on 5 to 8 million
hospital stays from about 1,000 hospitals sampled to approximate
a 20% stratified sample of US community hospitals, but excludes
federal hospitals. Each hospitalization is treated as an individual
entry in the database and includes International Classification of
Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes
for the principal diagnosis and up to 14 secondary diagnoses and
15 procedures associated with that stay. Details about the struc-
ture of the Healthcare Cost and Utilization Project-NIS database
are available online.’s We used data from the years 2004 to 2008
for this study. Because we used a publicly available data set with
no patient identifiers, this study was examined and found exempt
from formal review by the institutional review board of the Medical
College of Wisconsin.
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Study Population

We used ICD-9-CM procedure codes 96.70 to 96.72 to iden-
tify adult patients aged =18 years who were receiving IMV.?? Simi-
larly, we identified people with morbid obesity (BMI=40 kg/m?)
using the ICD-9-CM code 278.01.202! Since many people with
morbid obesity use noninvasive ventilation (NIV) chronically for
sleep apnea syndromes, it is likely that procedure codes indicat-
ing this ventilation modality capture a large number of people
without acute respiratory failure. We, therefore, restricted our
attention only to IMV and excluded people receiving NIV. We also
excluded people with ICD-9-CM codes identifying them as being
either overweight or obese (BMI 25-39 kg/m?) (ICD-9-CM codes
278.00 and 278.02).

Definition of Variables

We used NIS variables to identify patient characteristics of age,
sex, race, and insurance status. Information about race is omitted
from 20% to 25% of records in any given year. Those with miss-
ing race information were grouped together into an “unknown”
category.

We used the Charlson-Deyo comorbidity index to account for
burden of comorbid disease.> We examined rates of tracheostomy
using ICD-9-CM codes 31.1, 31.2, 31.21, and 31.29, and defined
prolonged MV as duration of MV >96 h (ICD-9-CM code 96.72).
We also identified plausible acute medical conditions associated
with IMV using standard ICD-9-CM codes and used these con-
ditions for adjustment in our multivariable model. The diseases
studied were severe sepsis, COPD exacerbation, asthma exacer-
bation, congestive heart failure exacerbation, acute stroke, acute
myocardial infarction, and cardiac arrest. We defined severe sepsis
using ICD-9-CM codes per the scheme validated by Martin et al2
and used standard ICD-9-CM codes for the other conditions stud-
ied (specific codes provided in e-Table 1). People who received
IMV but who did not have any of the aforementioned conditions
listed as diagnoses were classified as “other.”

We used the number of organs failing as a surrogate for sever-
ity of acute disease. We identified each organ failure using stan-
dard ICD-9-CM codes.? Since the entire study population received
IMYV, people with respiratory failure and no other organs failing
were classified as having “0” organ failure, those with one organ
failing in addition to respiratory failure as “1” organ failure, and
so on. We examined the NIS variable for admission source cate-
gorized as elective, urgent care, ED, trauma, and other.

Outcomes

Our primary outcome of interest was inhospital mortality, which
is recorded as such in the NIS database. Secondary outcomes
included rates of tracheostomy and prolonged MV, length of stay
(LOS), and discharge disposition.

Statistical Analysis

We performed all statistical analyses using Stata/IC 11.0
(StataCorp LP). We used the strata and weights with appropriate
survey commands to generate national estimates. We used the
Pearson x2 test and Student ¢ test to compare categorical and con-
tinuous variables as appropriate for their distribution. Since LOS
was not normally distributed, we used Wilcoxon rank-sum test for
comparison and report results as medians and interquartile ranges
(IQR). Statistical significance for all tests was defined as a P <.05

We constructed several multivariable models to elucidate the
independent association of morbid obesity with inhospital mor-
tality in people receiving IMV. We used single predictor, logistic
regression analysis to identify putative risk factors associated with
mortality in our primary model. We included all variables that
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were significantly associated with mortality in the bivariable anal-
ysis at P <.10 in our final multivariable model. We checked these
variables for multicollinearity using tolerance and a variance infla-
tion factor. For the variables used in the final model, both the
tolerance and the variation inflation factor were very close to unity,
indicating minimal collinearity. We examined all two-way interac-
tion terms between variables and included those found significant
in the model. For our primary model, we then performed sensi-
tivity analysis by excluding race as a variable. We also used similar
techniques to construct a multivariable model to determine the
independent association of obesity with receipt of IMV.

We studied outcomes in two a priori defined subgroups strati-
fied by source of admission and stratified by number of organs
failing. We used logistic regression to determine the independent
association of morbid obesity with mortality in these subgroups.
We similarly used multivariable logistic regression analysis for our
secondary end points.

RESULTS

An estimated 4,070,419 morbidly obese people were
hospitalized during the years 2004 to 2008 in the
United States. Of these, 119,759 (2.9%) required
IMV (Table 1, Fig 1), which was a significantly larger
percentage than that of nonobese people requiring
IMV (2.6%). On adjusted analysis, hospitalized, mor-
bidly obese people had 1.37 times (95% CI, 1.20-1.57)
higher odds of receiving IMV than nonobese people
(e-Table 2).

Demographics

People with morbid obesity who were receiving
IMV were significantly younger as compared with the
nonobese cohort receiving IMV (mean age 56.5 years
vs 63.0 years; P<.001). Significantly larger propor-
tions of morbidly obese People were female and of
black race. Among the morbidly obese, elective admis-
sions were more frequent. Table 1 describes the demo-
graphic characteristics of both cohorts receiving IMV.

Clinical Characteristics

The burden of comorbid disease as defined by the
Charlson-Deyo score was higher in nonobese people.
Specifically, a larger proportion of nonobese people
had scores =7. Conversely, more patients with morbid
obesity had scores between 1 and 3 (Table 2). Sever-
ity of acute illness as indicated by number of organs
failing was similarly higher in nonobese people. A
larger proportion of people with three or more organs
failing were nonobese as compared with the morbidly
obese (Table 2).

Outcomes

Mortality: The unadjusted, all-cause, inhospital mor-
tality in morbidly obese people receiving IMV was
significantly lower in comparison with the nonobese
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Table 1—Demographic Characteristics of Nonobese and
Morbidly Obese Patients Undergoing IMV: 2004 to 2008

Patient Characteristics® Nonobese Morbidly Obese
Total admissions, No. 152,638,750 4,070,419
Undergoing MV, No. (%) 4,039,583 (2.6) 119,759 (2.9)
Age, mean * SD 63.0*x17.8 56.5*+13.3
Age group
1834y 8.6 6.3
35-49y 13.7 22.7
50-64 y 25.6 42.5
=65y 52.1 285
Sex
Female 46.1 58.8
Race
White 52.8 53.8
Black 114 154
Hispanic 7.0 6.8
Asian 2.0 0.7
Others 2.8 2.7
Unknown 23.9 20.6
Insurance
Medicare 56.5 46.5
Medicaid 12 18.3
Private 21.6 27.4
Self 6.1 4.6
Others 3.8 3.1
Hospital type/size
Teaching 51.8 448
Small 9.2 10.5
Medium 23.6 23.9
Large 67.2 65.7
Admission type
Elective 9.5 14.6
Urgent care 13.5 13.6
ED 64.5 59
Trauma 1.3 0.4
Others 11.1 12.4

Data are given as % unless otherwise indicated. IMV = invasive mechan-
ical ventilation; MV = mechanical ventilation.

sP <05 for all characteristics except Hispanic race and the race cate-
gory “Others,” medium hospital size, and urgent care admission.

cohort (19.5% vs 33%; P <.001) (Table 3). After mul-
tivariable adjustment for potential confounders, odds
of mortality among the morbidly obese were no dif-
ferent than that for nonobese people (OR 0.89; 95% CI,
0.74-1.06) (Table 4). Our results did not change sig-
nificantly even when we examined people placed on
IMYV within the first 48 h of admission to the hospital
(data not shown). Similarly, our results were the same
when we performed sensitivity analysis by excluding
race from our regression model (e-Table 3).

Among morbidly obese people, analysis of the pre-
defined subgroups revealed that the risk for mortality
relative to nonobese people was no different in admis-
sions originating from the ED, urgent care, or trauma
unit. However, this risk was lower for morbidly obese
people who were admitted electively (Fig 2A). There
was a stepwise increment in the risk for mortality rel-
ative to nonobese people with increasing number of
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FIGURE 1. Trends in admission and invasive mechanical ventila-
tion in morbidly obese people.

organ failures in morbidly obese people (range: OR,
0.77; 95% CI, 0.58-1.01 for no organs failing, to OR,
4.14; 95% CI, 1.11-15.3 for four or more organs failing)
(Fig 2B).

Prolonged MV and Tracheostomy: The propor-
tion of morbidly obese patients requiring prolonged
MV was similar to nonobese patients (adjusted OR,
0.98; 95% CI, 0.78-1.23) (e-Table 4). Conversely, the
proportion receiving tracheostomy was significantly
higher among the morbidly obese (9.7% vs 11.3%,
P <.001; adjusted OR, 2.19; 95% CI ,1.77-2.69)
(e-Table 5).

LOS and Discharge Dispositions in Survivors: The
median LOS was shorter by approximately 1 day in
morbidly obese survivors as compared with the non-
obese survivors (P<<.001). Among the morbidly obese
cohort receiving IMV, discharges to skilled nursing
facilities were lower, but discharges to home or home
with home health care were higher as compared with
the nonobese cohort (Table 3, e-Tables 6-8).

Di1scuUsSION

We show that hospital admissions for people who
are morbidly obese increased numerically and pro-
portionately over the time period of our study. The
fraction of such people receiving IMV also increased.
Though the risk of IMV relative to nonobese people was
much higher in people with morbid obesity (OR, 1.37),
the mortality after adjustment for potential confound-
ing factors was remarkably similar. This is even more
remarkable given the fact that morbidly obese people
received tracheostomy more often, suggesting that a
larger proportion, compared with nonobese people,
was unable to be weaned from IMV.

Results from other studies examining outcomes of
people with excess weight and critical illness have
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been pooled in three meta-analyses.>” All three analyses
included all obese patients and may not be compa-
rable to our study because we restricted our atten-
tion to a distinct, morbidly obese cohort of patients
receiving IMV. We judged that this approach would
ensure comparison of a high-risk cohort of patients
requiring ICU admission and would likely eliminate
bias introduced by inclusion of overweight and obese
people, thereby allowing us to detect differences in
outcomes more robustly.

Hypothetically, morbidly obese patients may have
worse outcomes due to limited cardiopulmonary reserve,
reduced thoracoabdominal compliance leading to dif-
ficulties with IMV, and increased prevalence of comor-
bid conditions.2* Morbidly obese individuals might
also receive some diagnostic tests such as CT scans
less often than nonobese people, due to mechanical
constraints.> Further, there may be increased compli-
cations related to common procedures such as central-
line placement due to factors intrinsic to morbid obesity.
Therefore, our findings of similar risks for mortality

Table 2—Clinical Characteristics of Nonobese and
Morbidly Obese Patients Undergoing IMV: 2004 to 2008

Patient Characteristics® Nonobese ~ Morbidly Obese
Charlson-Deyo comorbidity score
0 27.5 16.9
1-3 58 71.9
4-6 9.8 9.3
=7 4.7 1.8
Charlson comorbidity index, mean 1.83 1.80
Organ failures other than
respiratory, No.
0 43.6 52
1 30.9 30
2 16 12.7
3 6.8 4.1
4 2.2 1.0
5 or 6 0.5 0.2
=3 organ failures 9.5 5.3
Organ failure, mean 0.72 0.95
Type of organ failure
Cardiovascular 24.6 16.4
Renal 25.9 23.8
Hepatic 4.1 1.9
Metabolic 14.6 14
Neurologic 14.5 11.1
Hematologic 10.9 5.5
Reason for IMV
Severe sepsis 30.5 19.5
Pneumonia 43 36.9
COPD exacerbation 94 14.9
Asthma exacerbation 5.3 14.2
CHF exacerbation 1.6 2.2
Acute coronary syndrome 11.1 75
Cardiac arrest 10.4 8.1
Stroke 7.7 3.6

Data given as % unless otherwise indicated. CHF = congestive heart
failure. See Table 1 legend for expansion of other abbreviations.
aP <05 for all characteristics.
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Table 3—Outcomes of IMV in Nonobese and Morbidly
Obese Patients: 2004 to 2008

Outcome Nonobese Morbidly Obese
All-cause, inhospital mortality 33 19.5
IMV>96h 39.9 39.4
Tracheostomy 9.7 11.3
Disposition of survivors
Home 32.2 35.3
Home care 13.7 18.9
Any facility 44.3 36.3
To short-term hospitals 8.3 8.4
Left AMA/unknown 14 1.0
LOS, median (IQR), d
LOS in survivors 11 (6-20) 10 (6-17)
Time to death 6 (2-14) 5(2-12)

Data given as % unless otherwise indicated. AMA = against medical
advice; IQR = interquartile range; LOS = length of stay. See Table 1
for expansion of other abbreviation.

P <05 for all except IMV >96 h and disposition to any facility.

in morbidly obese people and people who are not
obese are counterintuitive. One plausible explanation
is that morbidly obese people are somehow healthier
and have lower severity of illness than their nonobese
counterparts in ways we could not measure. Our
premise is supported by our findings of significantly
younger age, lower comorbidity scores, fewer organ
failures, and a larger number of elective admissions
among the morbidly obese cohort. Further, our obser-
vation that risk for mortality in morbidly obese peo-
ple is significantly higher once severity of acute illness
(as measured by number of organs failing) is suffi-
ciently increased also lends credence to our hypo-
thesis (OR, 4.14 for morbidly obese with four or more
organs failing). Finally, a larger proportion of morbidly
obese people, in comparison with nonobese people,
returned home with or without home health care.
Conversely, a lower proportion was discharged to
skilled nursing facilities. This implies better functional
recovery after critical illness and receipt of IMV, which
may suggest lesser acuity of illness to begin with.

Disparities in care provided may have biased our
results toward favorable survival in the morbidly obese
cohort. Physicians may have a lower threshold to admit
morbidly obese people, while opting for outpatient
therapy with close clinical follow-up in the nonobese
population. Secondary to their body habitus, obese
patients have greater physical care requirements.? They
may, thus, inadvertently be triaged to higher standards
of care. Moreover, in anticipation of difficulties with
airway management, physicians may be more vigilant
about physiologic deterioration and have lower thresh-
olds for intubation in morbidly obese patients.* Indeed,
a recent investigation by O’Brien et al?” concluded
that processes of care affect inferences about out-
comes in critically ill obese adults and should be con-
sidered when making such inferences.
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Our study is best compared with that by Anzueto et al,'>
who studied a cohort of 4,698 patients on MV and
found that 4.3% were morbidly obese. Morbidly obese
people were more likely to develop ARDS and acute

Table 4—Multivariate Analysis: Predictors of Mortality
Among All Patients (Morbidly Obese and Nonobese)

Undergoing IMV
Predictor of Mortality OR 95% CI
Morbid obesity 0.89 0.74-1.06
Age group, y
18-34 Reference .
35-49 1.23 1.20-1.27
50-64 1.61 1.56-1.64
=65 2.76 2.69-2.83
Sex
Male Reference .
Female 1.00 0.99-1.01
Race
White Reference .
Black 0.95 0.94-0.97
Hispanic 0.97 0.97-1.01
Asian 1.06 0.96-1.03
Others 0.98 0.96-1.02
Unknown 0.97 0.95-0.98
Insurance
Medicare Reference e
Medicaid 0.95 0.92-0.96
Private 0.94 0.92-0.95
Self 1.21 1.17-1.24
Others 0.93 0.90-0.95
Hospital teaching status
Nonteaching Reference -
Teaching 1.07 1.06-1.08
Hospital size
Small Reference .
Medium 0.99 0.97-1.00
Large 1.01 0.99-1.03
Admission type
Elective admission Reference
From urgent care 1.40 1.37-1.43
From ED 1.40 1.37-1.42
Trauma 2.07 1.97-2.18
Others 1.40 1.37-1.43
Charlson-Deyo comorbidity index
0 Reference .
1-3 1.35 1.32-1.37
4-6 1.81 1.78-1.85
=7 3.41 3.32-3.49
Organ failures, No.
0 Reference .
1 1.77 1.76-1.92
2 2.80 2.76-2.84
3 4.16 4.07-4.24
4 6.11 5.91-6.33
50r6 9.03 8.40-9.71
Year
2004 Reference .
2005 0.93 0.91-0.94
2006 0.86 0.85-0.87
2007 0.74 0.73-0.76
2008 0.71 0.70-0.72

See Table 1 legend for expansion of abbreviation.
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FIGURE 2. Forest plot showing odds of mortality between morbidly obese patients undergoing mechan-
ical ventilation when compared with nonobese people (reference). A, According to admission type.
B, According to severity of illness (number of organ failures).

kidney injury, but outcomes were no different based
on BMI. The mortality of nonobese patients in their
study was 32%. We arrived at remarkably similar con-
clusions in a more contemporary time frame, except
that only 2.8% of our ventilated cohort was morbidly
obese and we did not examine risks of ARDS and acute
kidney injury. Differences in the proportion of mor-
bidly obese people receiving MV arise from the fact
that while Anzueto et al'3 examined patients receiv-
ing both IMV and NIV, we restricted our attention to
IMV only.

Despite the use of a well-characterized national
database, our study has important limitations. First,
from our analysis of an administrative database we
were unable to identify several processes of care that
affect outcomes in IMV. Such processes include, but
are not limited to, spontaneous breathing trials, inter-
ruption of sedative medications, use of low tidal-volume
ventilation, and use of prophylaxis against thrombo-
embolism and stress ulcers. Disparities in adherence
to these accepted practices may have accounted for
some of our observations and biased our results toward
improved outcomes in the obese cohort. For example,
one observational study found that obese patients were
more likely to receive prophylaxis for thromboem-
bolism.2 Second, our classifications of patients were
made on the basis of ICD-9-CM codes and not actual
height and weight data. We, therefore, cannot rule
out inconsistencies and inaccuracies in coding prac-
tices that could have led to potential misclassifica-
tions. Further, even if coded accurately, we cannot
discount inaccuracies in measuring BMI. For example,
fluid balance in the ICU is one factor known to con-
found measurements.?” Third, we did not have any
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information on abdominal or truncal obesity, which may
have a greater impact on outcomes than BMI itself, as
demonstrated by a recent, large, population-based
study.? Fourth, inclusion of underweight and cachectic
patients in our nonobese category may have biased
our results toward finding no difference in outcomes.
Indeed several studies have now demonstrated poor
outcomes for underweight patients.?® Fifth, though
we tried to reduce selection bias by including people
with a clear indication for ICU admission (IMV) and
rigorously adjusted for confounders, we cannot exclude
residual confounding by unmeasured factors. Specif-
ically, we did not have information about physiologic
data such as vital signs, laboratory values, or radio-
graphic studies, and were unable to control for these
variables. Finally, since NIS does not have variables
for processes of care such as reintubation rates, receipt
of IMV for chronic respiratory failure, and length of
MYV, we were unable to use these as relevant outcome
measures.

CONCLUSIONS

Despite these limitations, our study demonstrates
that adjusted outcomes of morbidly obese people
receiving IMV are at least similar to their nonobese
counterparts. In a large cohort of patients, this is partly
explained by selection bias, wherein hospitalized obese
patients receiving IMV are probably healthier at base-
line and have lesser severity of acute illness than non-
obese patients. Our findings also have future research
implications. Studies focusing on outcomes of criti-
cally ill morbidly obese patients should refine criteria
for inclusion and direct attention toward confounding
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factors to determine whether true associations exist
between obesity and outcomes.
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