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Patients with Obesity Have Better Long-Term Outcomes after
Hospitalization for COPD Exacerbation

David A. DeLappa, Connor Glickb, Stephen Furmanekb, Julio A. Ramirezb, and Rodrigo Cavallazzia

aDepartment of Medicine, Division of Pulmonary, Critical Care, and Sleep Disorders Medicine, University of Louisville School of Medicine,
Louisville, KY, USA; bDepartment of Medicine, Division of Infectious Diseases, University of Louisville School of Medicine, Louisville, KY, USA

ABSTRACT
Obesity has been shown to have a paradoxical benefit in a number of conditions, but the long-
term effects in obesity after chronic obstructive pulmonary disease (COPD) exacerbation is still
unclear. In this study, the effects of obesity on short- and long-term outcomes after a COPD
exacerbation were evaluated. This was a secondary analysis of the Rapid Empiric Treatment with
Oseltamivir Study (RETOS): a prospective, randomized, unblinded clinical trial. Patients were
included in the study if they were hospitalized for acute exacerbation of COPD. Obesity was noted
as patients with BMI >30. Clinical outcomes of time to clinical stability, length of stay, and mortal-
ity were compared. A total of 301 patients were included in the study, 122 (41%) patients were
obese. There was no significant difference in the length of stay and time to clinical stability
between patients with and without obesity. Mortality for patients with and without obesity was
3% and 3% at 30days, 7% and 18% at six months, and 8% and 28% at one year, respectively.
After adjusting with multivariable regression analysis, patients with obesity had a significant reduc-
tion in odds of dying at one year (adjusted odds ratio (aOR): 0.18; 95% CI: 0.06–0.58; p¼ .004) and
at six months (aOR: 0.28; 95% CI: 0.09–0.89; p¼ .031). Our study showed that obesity was associ-
ated with reduced mortality at one year and six months after a COPD exacerbation. Although
patients with obesity had higher rates of comorbidities, they had reduced mortality at one year
after multivariable regression analysis.
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Introduction

The majority of patients with chronic obstructive pulmonary
disease (COPD) have a comorbidity which plays a signifi-
cant role in the management and progression of the disease
[1]. In the last 40 years, there has been a steady increase in
obesity around the world. The prevalence of obesity in
COPD patients has varied amongst studies but has been
estimated between 30% and 40% [2]. The prevalence of
obesity within the COPD population has been shown to be
higher or similar to the non-COPD population [3,4].

Obesity has been shown to provide a protective effect on
multiple diseases like heart failure, coronary artery disease,
and chronic kidney disease [5–8]. This has coined the
“obesity paradox”. There is controversy in the literature
about the effect of obesity in COPD patients. For instance,
some studies have shown worse health status, quality of life,
dyspnea, and increased health care utilization amongst
COPD patients with obesity [1]. On the other hand, more
recent studies have established an obesity paradox in the
COPD population [9–11].

There have been a few studies evaluating the effects of
obesity in hospital mortality after acute exacerbation of
COPD [9,10,12]. There has been little data on the long-term

effects of obesity on COPD patients. The purpose of this
study was to compare short- and long-term outcomes of
COPD patients with and without obesity who had an
exacerbation requiring hospitalization.

Methods

Study design

This was a secondary analysis of the Rapid Empiric
Treatment with Oseltamivir Study (RETOS): a prospective,
randomized, unblinded clinical trial [13]. Patients were
enrolled in influenza seasons between October 2010 and
March 2013. For the primary study, informed consent was
obtained from all patients. Additionally, the primary study
was approved by the Institutional Review Board (proto-
col 10.0465).

Criteria for COPD exacerbation included the presence of
one respiratory symptom and one sign of acute infection.
Respiratory symptoms and signs at the time of admission:
new or increased cough, change in sputum production (col-
our or quantity), evidence for reduced oxygenation (O2 Sat
<90%, or for patients on home O2 therapy a 1 L increase in
their O2 requirement), new auscultory findings (rales,
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rhonchi, wheezing), new shortness of breath, rapid respira-
tory rate (>24 breaths per minute). Signs of acute infection
at the time of admission included fever >37.8 �C (100.0 F)
or hypothermia <35.6 �C (96.0 F), changes in white blood
cell count (leukocytosis, leukopenia, and abnormal differen-
tial such as left shift), and altered mental status. Patients
without a history of COPD and with an infiltrate on chest
X-ray were excluded.

In our secondary analysis, patients were included if they
were hospitalized for acute exacerbation of COPD. Patients
were considered obese if their calculated body mass index
(BMI) was 30 or greater. COPD was established based on
documentation in medical record.

Clinical outcomes

Outcomes of time to clinical stability, length of stay, and
mortality were assessed. Clinical stability was defined as the
first day patient met all of the following four criteria: cough
improving, afebrile for at least 8 h, white blood cell count
normal or improving, oral intake, and absorption are
adequate. Length of stay was defined as date of discharge
minus day of admission. Mortality was evaluated at in hos-
pital, 30 days, 6months, and 1 year.

Statistical analysis

Descriptive statistics reported were frequency and percentage
for categorical data variables, and medians and interquartile
ranges (IQR) for continuous data. Categorical variables were
compared using Chi-Squared tests and continuous variables
were compared using Mann–Whitney U tests. Log-rank tests
were used to compare time to clinical stability and length of
stay without adjustment. Cox proportional hazards regres-
sion was performed to analyze differences between groups
for time to clinical stability and length of stay. Logistic
regression was performed to analyze differences in mortality
at six months and one year. Variables adjusted for Cox
regression and logistic regression were age, sex, history of
liver disease, diabetes, congestive heart failure, smoking,
home oxygen requirement, peripheral oxygen capillary satur-
ation, stroke, cancer, coronary artery disease, hypertension,
hyperlipidemia, altered mental status, hematocrit, blood urea
nitrogen, temperature, treatment with and without oseltami-
vir. p Values of less than .05 were considered statistically
significant. A sensitivity analysis with removal of patients
with BMI <21 was performed.

Results

Overall characteristics

A total of 301 patients were included in the study. Of these,
122 (41%) patients were obese. Median age of patients with
and without obesity were 61 [IQR: 52–68] and 65 [IQR:
56–74], respectively (p< .001). Diabetes mellitus was present
in 76 (62%) patients with obesity and 42 (23%) of the
patients without obesity (p< .001). Congestive heart failure

was present in 49 (40%) patients with obesity and 42 (25%)
patients without obesity (p¼ .006). Coronary artery disease
was present in 49 (40%) patients with obesity and 42 (23%)
patients without obesity (p¼ .003). Median BMI in patients
with and without obesity were 36 [IQR: 33–41] and 24
[IQR: 21–27], respectively (p< .001). Both the groups had
similar rates of severity of illness defined by the need for
intensive care unit admission and ventilator support.
Further characteristics can be reviewed in Table 1.

Clinical stability and length of stay

Patients with obesity compared to patients without obesity
had a median time to clinical stability of 2 (IQR: 2–4) days
vs. 3 (IQR: 2–4) days (see Figure 1). In a multivariable
regression analysis there was no significant change between
the two groups (adjusted hazard ratio (aHR): 1.13; 95% CI:
0.84–1.52; p¼ .429). Patients with obesity compared to
patients without obesity had a median length of stay of 3.5
(IQR: 2–6) days vs. 4 (IQR: 3–6) days (see Figure 2). In
multivariable regression, stratified on sex, there was no sig-
nificant change between the two groups (aHR: 1.30; 95% CI:
0.97–1.75; p¼ .080).

Mortality

Mortality for patients with obesity was less than 1% at dis-
charge, 3% at 30 days, 7% at six months, and 8% at one
year. Mortality for patients without obesity was less than 1%
at discharge, 3% at 30 days, 18% at six months, and 28% at
one year. See Figure 3 for mortality data. After adjusting for
multivariable regression analysis, patients with obesity had a
significant reduction in odds of dying at one year (adjusted
odds ratio (aOR): 0.18; 95% CI: 0.06–0.58; p¼ .004) and also
at six months (aOR: 0.28; 95% CI: 0.09–0.89; p¼ .031). In
sensitivity analysis, removing patients with BMI <21, one-
year mortality remained significant (aOR: 0.24; 95% CI:
0.07–0.87; p¼ .030; n¼ 255).

Discussion

Our study showed that obesity was associated with reduced
mortality at one year and six months after a COPD exacer-
bation. Patients with obesity had higher rates of comorbid-
ities including hypertension, hyperlipidemia, diabetes
mellitus, congestive heart failure, and coronary artery dis-
ease. Despite the higher rates of comorbidities, patients with
obesity still had lower mortality at one year.

Adjustment analysis did not show a change in time to
clinical stability nor length of stay between patients with
and without obesity. Mortality benefit was evident at one
year and six months, but was not demonstrated on short-
term follow up. Previous studies have also noted no mortal-
ity benefit in short-term follow up [9,10]. The reduced mor-
tality may not be evident on the short-term follow up due
to the small number of deaths during that period. Patients
with obesity also tended to have younger age. Both the
groups had similar severity of illness with less than 10% of
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patients in each group requiring admission to the intensive
care unit.

Similarly, Lainscak et al. demonstrated in a retrospective
study that higher BMI was independently predictive of better
long-term survival up to 3years after a COPD exacerbation.
Patients in their overweight group, BMI 25–29, had the best
long-term survival followed closely by patients with BMI >30.
Similar to our analysis, normal weight and underweight patients
had the worst long-term survival. In their study, they were able
to accurately identify COPD patients with spirometry [10].

Obesity has been established as a risk factor for cardio-
vascular disease, diabetes, hypertension, and other diseases
that often lead to worse outcomes. Therefore, one would
expect that obesity would worsen outcomes in COPD
patients. The BMI, obstruction, dyspnea, exercise capacity
index (BODE) were developed to predict prognosis in
COPD patients. Based on this scoring system those with
lower BMI have worse prognosis, though it is mostly limited
to outpatient use [14]. This study alternatively supports the
notion that lower BMI patients tend to have a worse

prognosis. Low BMI COPD patients have consistently shown
worse outcomes [14]. In our study, even when patients with
BMI <21 were removed from the analysis, we demonstrated
that patients with obesity had improved survival compared
to normal and overweight patients.

Obesity has been associated with decreased lung volumes,
hyperinflation, and functional residual capacity [1]. Despite
these findings, patients with obesity and COPD are shown
to do better at one year, according to our analysis. There
have been multiple theories proposed to argue this epi-
demiological phenomenon, identified as the obesity paradox.
A few of the main arguments supporting the obesity para-
dox are regarding muscle mass and the effects of adipose tis-
sue on inflammation.

In regard to muscle mass, the theory argues that higher
BMIs are naturally associated with larger muscle mass.
Muscle mass becomes a large component of patient’s ability
to breathe, especially during COPD exacerbations. Muscle
fatigue is a common cause of respiratory failure in the set-
ting of an exacerbation. During an exacerbation, an obese

Table 1. Baseline patient characteristics according to obesity.

Variable Obese Non-obese p

Total study population
Chronic obstructive pulmonary disease, Frequency (%) 122 (41) 179 (59)
Demographics
Age, Median [IQR] 61 [52, 68] 65 [56, 74] <.001
Male sex, Frequency (%) 61 (50) 102 (57) .282
Social and medical history Frequency (%)
Hypertension 102 (84) 124 (69) .007
Hyperlipidemia 72 (59) 80 (45) .020
Current smoker 58 (48) 89 (50) .800
Former smoker 46 (38) 77 (43) .423
Never smoker 18 (15) 13 (7) .057
Home oxygen therapy required 51 (42) 61 (34) .215
Diabetes mellitus 76 (62) 42 (23) <.001
Congestive heart failure 49 (40) 44 (25) .006
Coronary artery disease 49 (40) 42 (23) .003
Renal disease 19 (16) 26 (15) .932
Neoplastic disease 10 (8) 23 (13) .280
Heart attack 14 (11) 17 (9) .718
Stroke 10 (8) 20 (11) .515
HIV disease 0 (0) 1 (1) >.999
Physical exam and laboratory findings Median (IQR)
Body mass index (BMI) 36 [33, 41] 24 [21, 27] <.001
Heart rate (Beats/min) 96 [81, 107] 102 [90, 114] <.001
Respiratory rate (Breaths/min) 20 [18, 24] 22 [20, 26] .005
Mean arterial pressure (mmHg) 94 [83, 106] 99 [86, 110] .198
Temperature (�C) 37 [37, 37] 37 [36, 37] .291
Hematocrit (%) 40 [36, 44] 41 [36, 45] .569
Serum sodium (mEq/L) 139 [136, 141] 138 [135, 140] .119
Blood urea nitrogen (mg/dL) 15 [12, 23] 15 [11, 20] .316
Serum bicarbonate (mEq/L) 27 [24, 30] 27 [25, 30] .872
Serum glucose (mg/dL) 138 [110, 201] 121 [103, 152] .002
SpO2 (%), Median [IQR] 94 [92, 97] 93 [91, 96] .015
pHa 7.39 [7.35, 7.41] 7.40 [7.36, 7.45] .038
PaCO2 (mm Hg)a 46.70 [38.30, 51.40] 42.00 [35.92, 50.80] .063
PaO2 (mm Hg)a 65.50 [56.45, 75.95] 69.20 [55.20, 83.00] .310
Bicarbonate (mEq/L)a 27.2 [25.0, 30.0] 27.0 [23.9, 30.3] .562
FiO2 (%)a 28 [21, 32] 28 [22, 36] .462
Severity of disease on admission Frequency (%)
Altered mental status 3 (2) 5 (3) >.999
Need for intensive care 9 (7) 22 (12) .236
Need for vasopressors 0 (0) 2 (1) .654
Need for ventilatory support 20 (16) 21 (12) .333
Pneumonia severity index, Median (IQR) 76 [58, 101] 84 [65, 106] .046
Pneumonia severity index risk class IV or V 40 (33) 76 (42) .116
aNot included in adjustment analysis due to missing too many variables.
Bold values are variables that were significant with a p value <.05.
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patient would have more respiratory reserve due to
increased muscle mass [15].

The obesity paradox has also been demonstrated in con-
gestive heart failure, coronary artery disease, pulmonary
embolism, and end stage renal disease (ESRD) [1,16]. The
theory of loss of muscle mass may also explain the obesity
paradox in cardiovascular and renal disease as well. It has
been established in the literature that loss of muscle mass is
associated with worse outcomes in cancer, COPD, heart fail-
ure, and ESRD populations [17]. Therefore, patients resistant
to loss of muscle mass have improved survival. It is plausible
that although patients have normal weight, they may have a
significant loss of healthy fat and muscle not being appro-
priately measured. BMI does not properly account for lean
mass. In the cardiovascular population, increased muscle
mass results in increased blood volume, stroke volume, car-
diac output, and improved cardiorespiratory fitness. All of
these features combined are associated with improved out-
comes in heart failure and cardiovascular disease [18,19]. In
the cardiovascular population, it has been shown that car-
diorespiratory fitness is a better predictor of outcomes than
levels of obesity and likely negates the negative effects of
obesity [20]. This is further supported by a study that found

midthigh muscle mass to be a better predictor of mortality
than BMI [15].

The adipose tissue’s effects on inflammation theory argues
that based on the type of adipose tissue it may have a beneficial
effect. Obesity, ESRD, congestive heart failure, COPD are all
associated with increased pro-inflammatory cytokines. Obesity
is thought to cause a chronic low-level inflammation.
Paradoxically there is some evidence that adipose tissue, based
on the type and location, may negate the effects of inflamma-
tion by eliminating pro-inflammatory cytokines [21]. There is
white and brown adipose tissue in our body. Brown adipose
tissue is more similar to muscle than to fat. Brown fat can
secrete lipoproteins, which can break down lipopolysaccharides
that otherwise would have propagated the inflammatory cas-
cade [19]. In certain obese patients, there is conversion of white
fat cells to brown, thereby decreasing the pro-inflammatory
effects of white fat and substantiating the anti-inflammatory
effects of brown fat [22].

One strength of the study was that the data were prospect-
ively collected and followed-up long-term. Additionally, we
obtained clinical data as opposed to administrative data. One
limitation was that the diagnosis of COPD was not based on
spirometry. It has been reported in prior studies that overdiag-
nosis of COPD in obese patients occurred using just symptoms
and patient self diagnosis [23,24]. To counter that point, it has
been noted that ER administrative coding accurately identifies
the presence of COPD and obesity [25]. Another limitation is
the relative small sample size that does not allow us to further
characterize BMI subgroups into underweight or morbidly
obese groups. In this study, no direct measurements of muscle
mass or body composition nor assessment of current physical
activity were performed.

Based on our current understanding, future studies of
COPD patients may need to evaluate a better characteriza-
tion of muscle mass in obesity and the role of types of adi-
pose tissue on inflammation. Future studies may need to
characterize muscle with ultrasound, characterize type of
adipose tissue via biopsy, and ratio of proinflammatory and
anti-inflammatory cytokines.

In summary, our study showed that obesity was associ-
ated with decreased long-term mortality. A better

Figure 1. Kaplan–Meier curve for time until clinical stability.

Figure 2. Kaplan–Meier curve for length of stay in hospital.

Figure 3. Bar graph showing mortality.
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understanding of why obesity is protective may help us to
generate new approaches to manage COPD patients.
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