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Abstract

Introduction—Obesity is an increasing problem in the United States, and research into the
association between obesity and pneumonia has yielded conflicting results.

Methods—Using Department of Veterans Affairs administrative data between fiscal years
2002-2006, we examined a cohort of patients hospitalized with a discharge diagnosis of
pneumonia. Body Mass Index was categorized as underweight (< 18.5), normal (18.5-24.9,
reference group), overweight (25-29.9), obese (30-39.9), and morbidly obese (=40). Our primary
analyses were multi-level regression models with the outcomes of 90-day mortality, intensive care
unit (ICU) admission, need for mechanical ventilation and vasopressor utilization.

Results—The cohort comprised of 18,746 subjects. Three percent were underweight, 30% were
normal, 35% were overweight, 26% were obese, and 4% were morbidly obese. In the regression
models, after adjusting for potential confounders, morbid obesity was not associated with
mortality (odds ratio 0.96, 95% confidence interval 0.72-1.28), but obesity was associated with
decreased mortality (0.86, 95% 0.74-0.99). Neither obesity nor morbid obesity were associated

Corresponding author: Eric Mortensen, MD, MSc, FACP, Dallas VA Medical Center, General Internal Medicine (111E), 4500
South Lancaster, Dallas, Texas 75216, Cell: 210-602-7316, Fax: 214-857-1575, Eric.Mortensen@UTSouthwestern.edu.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

King et al.

Page 2

with ICU admission, use of mechanical ventilation or vasopressor utilization. Underweight
patients had increased 90-day mortality (1.40, 1.14-1.73).

Conclusions—Although obesity is a growing health epidemic, it appears to have little impact on
clinical outcomes and may reduce mortality for veterans hospitalized with pneumonia.

BACKGROUND

In the United States, pneumonia affects approximately 4 million individuals per year [1]
and, in combination with influenza, is the eighth leading cause of death and the leading

cause of infectious death [2]. Despite the major impact of pneumonia on mortality, little
attention has been focused on potential contributors to pneumonia-associated deaths [3].

Obesity is an increasing problem in the United States and globally. In 2005, the World
Health Organization reported that worldwide, 1.6 billion adults were overweight and 400
million adults were obese. As the obesity epidemic grows, an estimated 2.3 billion adults
will be overweight and 700 million adults will be obese by 2015 [4]. Obesity has been
shown to be an independent risk factor for all-cause mortality [5-8], and it has been
established that obese individuals have higher rates of mortality from ischemic heart disease,
stroke, diabetes, renal disease, and liver disease [9].

Obesity has been identified as a risk factor for the development of a variety of infections.
The positive association between obesity and infection has been well described [10-13], and
it is known that obese individuals demonstrate altered lung function [14]. When these
underlying alterations in lung function are considered in combination with the increased risk
of infection in this patient population, it can be hypothesized that obese patients may be
more likely to develop pneumonia and be at an increased risk for morbidity and mortality.
There is a surprising lack of clinical data regarding the impact of obesity on pneumonia, and
the studies that have been published to date demonstrate conflicting results [15-20].

Some studies suggest that obese patients are at increased risk for the development of
pneumonia [16], while others do not support that association [15, 18]. Additionally, the
relationship between obesity and mortality secondary to pneumonia is uncertain, as it
appears that obesity has little clinical impact on pneumonia outcomes [19], and in several
studies has been associated with reductions in mortality [17] [20].

The increasing prevalence of obesity in the United States, coupled with the uncertainty as to
whether obese patients are at an increased risk of adverse pneumonia-related outcomes,
makes this topic an area deserving of additional research. Therefore the aim of this study
was to examine the effect of obesity on clinical outcomes for veterans hospitalized with
pneumonia after adjusting for potential confounders. Our a priori hypothesis was that
obesity would be associated with worse clinical outcomes for patients hospitalized with
pneumonia.
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health care system (VA) [21]. The Institutional Review Board of the University of Texas
Health Science Center at San Antonio approved this study.

Inclusion and Exclusion Criteria

Patients who had at least one outpatient clinic visit during fiscal year 2002, were
hospitalized during fiscal year 2002 through the first half of fiscal year 2009 with a
previously validated discharge diagnosis of pneumonia (International Classification of
Diseases, ninth revision (ICD-9) codes 480.0-483.99 or 485-487.0) or a secondary
discharge diagnosis of pneumonia with a primary diagnosis of respiratory failure (ICD-9
code 518.81) or sepsis (ICD-9 code 038.xx) [22], and who received at least one dose of an
antibiotic within 48 hours of admission, were included in this study.

Data Sources and Population

Outcomes

This retrospective study utilized sociodemographic, diagnostic, anthropometric, mortality,
utilization, and pharmacy data. Sociodemographic data included age, gender, ethnicity, and
marital status. We also collected VA priority status, which consists of 9 categories related to
disability and income. We assigned patients to underweight (BMI < 18.5 kg/m2), normal
(BMI 18.5-24.9 kg/m2), overweight (BMI 25-29.9 kg/m2), obese (BMI 30-39.9 kg/m2), and
morbidly obese (BMI 240 kg/m2), according to their baseline BMI in 2002. We assessed the
presence of prior comorbid conditions by reviewing data from inpatient and outpatient
administrative records using the Charlson-Deyo system [23-25].

Outcomes were 90-day mortality, ICU admission, use of mechanical ventilation, and use of
vasopressors. Mortality was assessed using the VA vital status file [26].

Statistical Analyses

Categorical variables were analyzed using the X2 test and continuous variables were
analyzed using Student's t test. We defined statistical significance using a two-tailed p<0.01.

For our primary analyses, we used generalized linear mixed-effect models with the patient's
hospital as a random effect. We created separate models for each of the outcomes of interest,
with the patient's BMI class (normal weight as the reference group) and potential
confounders as the independent variables. We included variables as covariates in the models
if we hypothesized a priori that they would be associated with obesity or the outcome(s).
Covariates included in the models were age, gender, marital status, race/ethnicity, count of
current medications, medical and psychiatric comorbid conditions, alcohol abuse, tobacco
use, and drug abuse. In addition, for the outcome of 90-day mortality, we included ICU
admission, use of mechanical ventilation, and use of vasopressors as covariates. We
examined interaction terms between age and individual BMI classes, however, since they
were not statistically significant we excluded them from the final models. To analyze time-
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to-death for patients by weight class, we used a Kaplan-Meier graph to display the survivor
functions.

All analyses were performed using STATA 10 (College Station, Texas) and SAS 9.2 (Cary,
NC).

Patient characteristics

There were 18,746 patients who met the inclusion/exclusion criteria. The mean age was 67.5
years with a standard deviation (SD) of 11.9 years, 97% were male, and 54% were married.
By ethnicity and race, 65% were Caucasian, 22% were African American, 11% were
Hispanic and 2% were of other race. When characterized according to BMI, 3% were
underweight, 30% normal weight, 36% overweight, 27% obese, and 4% morbidly obese.

Table 1 shows the baseline patient characteristics separated by BMI categories. Statistically
significant differences in chronic disease were noted between the obese and morbidly obese
patients and the underweight patients. The prevalence of diabetes mellitus increased as BMI
increased with 79% of morbidly obese patients and 63% of obese patients carrying a
diagnosis of diabetes mellitus compared to 26% of normal weight and 12% of underweight
patients (p<0.0001). Also significant was the history of congestive heart failure (CHF), with
58% of morbidly obese and 47% of obese patients carrying a diagnosis of a CHF versus
29% of normal weight patients and 19% of underweight patients (p <0.0001). Obese and
morbidly obese patients were also more likely to have a previous myocardial infarction and
chronic renal disease.

There were also statistically significant differences in chronic diseases in the normal weight
and underweight populations. It is notable that 34% of underweight and 37% of normal
weight patients had a prior diagnosis of malignancy versus 32% of obese and 24% of
morbidly obese patients (p<0.0001). The prevalence of dementia was also significant with
10% of underweight and 9% of normal weight versus 4% of obese and 2.0% of morbidly
obese patients with a diagnosis of dementia.

Univariate Outcomes

Overall mortality at 90 days was 18%. Obese and morbidly obese patients had a decreased
90-day mortality compared to underweight and normal weight patients (30% underweight,
22% normal weight, 13% obese and 11% morbidly obese; p <0.0001; Table 2). Overall 19%
of patients needed ICU admission and there were no statistically significant differences in
BMI categories. For the outcome of mechanical ventilation, which was used in 2% of the
patients overall, there was no statistically significant difference when broken into BMI
categories. Vasopressors were used in 5% of patients, and there were no statistically
significant differences in vasopressor utilization when separated by BMI categories.

Multilevel Regression Models

In the regression models (Table 3), after adjusting for potential confounders, there was a
statistically significant association with decreased mortality for obese patients (odds ratio
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[OR] 0.86, 95% confidence interval [CI] 0.74-0.99), no association for morbidly obese
patients (OR 0.96, 95% CI 0.72-1.28), and an association with increased mortality in
underweight patients (OR 1.4, 95% CI 1.14 -1.73). There was no association with ICU
admission for obese (OR 0.98, 95% CI 0.84-1.13) or morbidly obese patients (OR 1.00,
95% CI1 0.76-1.28).

Regarding mechanical ventilation, there was no significant association for obese and
morbidly obese patients with mechanical ventilation (obese OR 0.92, 95% CI 0.63-1.25;
morbidly obese OR 1.15, 95% CI 0.62-2.16). In addition, there were no significant
associations with vasopressor use (obese OR 1.19, 95% CI 0.91-1.56; morbidly obese OR
0.94, 95% CI 0.59-1.52). Due to the increased prevalence of CHF, diabetes, and renal
disease in the obese and morbidly obese patients, and the increased prevalence of dementia
in the normal and underweight patients, interaction terms between the BMI categories and
the aforementioned variables were examined. No significant interactions were found, so we
did not include these interactions terms in the final models.

DISCUSSION

The relationship between obesity and pneumonia has recently become a subject of more
intensive research, and there is a lack of consensus regarding the impact of obesity on the
development of and outcomes after pneumonia. Despite our hypothesis that obese patients
hospitalized with pneumonia would have worse clinical outcomes, we found that after
adjusting for potential confounders, obese patients actually had a lower 90-day mortality
rate. Additionally, morbidly obese patients did not show an increase or decrease in
mortality, and underweight patients demonstrated an increase in 90-day mortality. We did
not discover any significant associations with regards to ICU admission, mechanical
ventilation, and vasopressor use in either obese or morbidly obese patients.

Unlike the conflicting results regarding obesity and pneumonia, a clear relationship between
obesity and an increased risk of infection has been well-described [10]. Obese individuals
are at risk for a variety of infections, including bacteremia, catheter related infections [11],
surgical site infections [12], poor wound healing, and nosocomial infections [13]. Recent
studies examining the epidemiological data regarding the recent HIN1 outbreak have also
linked obesity to increased incidence of infection [27], increased mortality [28], severity of
infection with the HIN1 virus, and increased likelihood of requiring ICU admission [29].
Obese individuals have also demonstrated changes in underlying immune function, with
alterations in lymphocyte and monocyte function resulting in a relative immunodeficient
state, which leads to increased susceptibility to bacterial and viral infections [30].

The relationship between obesity and chronic respiratory diseases, such as obstructive sleep
apnea and obesity hypoventilation syndrome, has also been well-described [31]. Obese
individuals demonstrate altered lung function, including diminished lung volumes,
decreased respiratory compliance, reduction in gas exchange, impaired respiratory muscle
function, and an increase in airway resistance [14]. Given this demonstrated increased risk
of infection to both bacterial and viral pathogens and the underlying alterations in lung
function, it is logical to theorize that obese patients would be at increased risk for both the
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development of pneumonia and for worse clinical outcomes. However, the relationship
between obesity and pneumonia has yet to be clearly defined. Results from several previous
studies concerning the relationship between obesity, pneumonia and mortality have yielded
intriguing results. It would be intuitive to assume that obese patients would be more likely to
have adverse clinical outcomes and increased mortality secondary to pneumonia, however
the clinical data that is currently available has not supported this hypothesis. The first of
such studies performed by LaCroix et. al [19] is a prospective study examining the effect of
chronic conditions, nutritional status, and health behaviors on pneumonia mortality. They
found that patients with low BMIs had higher pneumonia mortality compared to those with
high BMls.

More recent data on the relationship between obesity and pneumonia mortality supports our
findings of the association between obesity and decreased mortality. Inoue et. al [20]
performed a systematic review to ascertain the risk and protective factors of obesity for
pneumonia mortality. As in our study, they found that obese patients had a reduction in
pneumonia mortality compared to normal weight patients (OR 0.7, 95% CI 0.5-0.8), which
was maintained after adjusting for age and the presence of diabetes. A retrospective study by
Corrales et.al [17] corresponds to this data, showing that in patients with proven bacterial
pneumonia, obesity was associated with decreased 30 day mortality, which was again
maintained in multivariable analysis (OR 0.88, 95% CI 0.81-0.96). Our study adds to this
growing body of evidence and points toward an underlying factor that obese patients have,
which affords them protection against adverse outcomes secondary to pneumonia.

One of the reasons for this possible protective effect against pneumonia may be due to an
altered inflammatory response in the lung tissue of obese patients. Prior studies have shown
that increasingly elevated inflammatory cytokine levels are associated with increased
mortality from acute lung injury and acute respiratory distress syndrome (ARDS) [32-35]. It
has also been shown that baseline inflammatory cytokine levels increase in proportion to
BMI, particularly interleukin-6 (IL-6) and IL-8 [36-38]. Stapleton et al. [39] examined this
relationship in a retrospective study of 1409 participants in the NHLBI ARDS trials. Plasma
levels of IL-6, IL-8, tumor necrosis factor-alpha receptor 1, surfactant protein D (SP-D)
soluble intracellular adhesion molecule, vonWillebrad Factor (vVWF), Protein C and
plasminogen activator inhibitor-1 were all measured at baseline and on hospital day 3, and
then these levels were correlated with BMI. It was found that IL-6, IL-8 and SP-D were
inversely related to BMI while vWF increased proportionally with BMI. The inversely
related IL-6, IL-8 and SP-D levels suggest that obese patients may have an attenuated
response in inflammation and less alveolar epithelial injury during infection, which could
help protect against further lung injury, increased mortality, and use of mechanical
ventilation. Furthermore, given that this patient population has an already elevated level of
inflammatory markers at baseline, the relative increase in inflammation would be smaller
than patients of normal BMI, which also could lessen alveolar injury and potentially help
explain our findings.

Another possible explanation could be related to differences in the immunological function
of obese patients. Studies have demonstrated that obese individuals have increased serum
levels of leptin, a protein hormone produced by adipocytes that participates in the function
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of both innate and adaptive immunity [40]. Leptin has been shown to increase macrophagic
activity, neutrophil chemotaxis, cytotoxicity of natural killer cells, and T-cell and B-cell
lymphopoeisis, all of which helps to promote bacterial clearance [41]. Therefore, one could
postulate that increased leptin levels could help to enhance the immune response of obese
individuals and perhaps serve as a protective role against infection. Both the role of
inflammation and the immunological effects of obesity are intriguing areas of study and
deserve further research to fully understand their clinical impact.

While the aim of this study was to examine the relationship between obesity and pneumonia
outcomes, in congruence with prior studies [19, 20, 42, 43] our study also found that
underweight patients had an increase in 90-day mortality, ICU mortality and in-hospital
mortality after ICU admission. This could be secondary to unaccounted effects of the
underlying diseases (malignancy, dementia, AIDS) that are more prevalent in the
underweight patient population. Such effects may include malnutrition or an
immunocompromised state, which would increase their risk for infection or mortality after
illness.

There are several limitations of our study. This study consisted of patients hospitalized at
VA medical centers, and therefore the results may not be directly applicable to other patient
populations. Another limitation is that due to the high prevalence of males in the VA health
care system, 97% of the patients included in this study were male; thus, it is unclear whether
the same results would have obtained if our study population had a male to female ratio
more representative of the general population. Also, the inclusion criteria for our study
relied on the use of a primary or secondary discharge diagnosis of pneumonia and most
diagnoses were likely obtained radiographically. This raises the possibility of over-diagnosis
of pneumonia in obese and morbidly obese patients due to body habitus and poor
visualization of lung fields, which could also explain why obese patients seemed to have
better clinical outcomes. Finally, due to the data source, we were unable to examine
pathogens or adjust for severity of illness at presentation. It is possible that obese patients
present earlier to the hospital due to “breathlessness” and this is the reason for our findings.

In conclusion, although obesity is a rapidly growing health care crisis and obese patients
provide health care teams with unique challenges, they do not appear to be at increased risk
for adverse clinical outcomes after hospitalization with pneumonia. Despite the negative
ramifications that are associated with obesity, our study has shown that it may actually
provide a protective effect against increased pneumonia mortality. The reasons behind these
results are unclear and further investigation into the exact relationship between pneumonia
and obesity, and the possible mechanisms behind its protective effect, is warranted to fully
understand and appreciate how obesity affects the severity and mortality of patients admitted
for pneumonia.
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Figure 1.
Time to Death by BMI Class
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Clinical Outcomes by Body Mass Index classification
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Variable Underweight (BMI | Normal (BMI 18.5 Overweight (BMI Obese (BM130- | Morbidly Obese
<18.5) N = 650 -24.9)N = 5,653 25-29.9)N = 39.9) N = 5,012 (BMI >40) N =
6,689 742
Mortality
At 30-days post admission 124 (19.1) 744 (13.2) 699 (10.5) 388 (7.7) 52 (7.0)
At 90-days post admission 193 (29.7) 1,225 (21.7) 1,171 (17.5) 668 (13.3) 83 (11.2)
ICU Admission 141 (21.7) 1,057 (18.7) 1,138 (17.7) 928 (18.5) 152 (20.5)
Died in ICU 43 (30.5) 193 (18.3) 214 (18.1) 125 (13.5) 25 (16.5)
Died in Hospital 59 (41.8) 286 (27.1) 203 (25.6) 178 (19.2) 33(21.7)
Mechanical Ventilation 19 (2.9) 121 (2.1) 128 (1.9) 106 (2.1) 18 (2.4)
Vasopressor Use 42 (6.5) 288(5.1) 293(4.4) 254(5.1) 33(4.4)
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Body Mass Index Classification

90-Day Mortality OR
(95% ClI)

ICU Admission OR
(95% CI)

Mechanical
Ventilation OR (95%
Cl)

Vasopressor Use OR
(95% ClI)

Underweight (BMI <18.5)

1.40 (1.14 - 1.73)

1.17 (0.92 - 1.48)

1.22 (0.70 - 2.13)

1.30 (0.86 - 1.96)

Overweight (BMI 25-29.9)

0.87 (0.79 - 0.97)

0.96 (0.86 - 1.01)

1.00 (0.75 - 1.33)

0.93 (0.76 - 1.15)

Obese (BMI 30-39.9)

0.86 (0.74 - 0.99)

0.98 (0.84 - 1.13)

0.92 (0.63 - 1.35)

1.19 (0.91 - 1.56)

Morbidly Obese (BMI 240)

0.96 (0.72 - 1.28)

1.00 (0.79 - 1.28)

1.16 (0.62 - 2.16)

0.95 (0.59 - 1.50)
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