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Decreased Risk of COPD Exacerbations in Obese Patients

Lian Smuldersa, Anniek van der Aalsta, Erik D. E. T. Neuhausa, Sharona Polmana, Frits M. E. Franssenb, M. van
Vlieta, and Martijn D. de Kruifa

aDepartment of Pulmonary Medicine, Zuyderland Medical Center, Heerlen, The Netherlands; bCIRO, Horn, The Netherlands

ABSTRACT
Survival in chronic obstructive pulmonary disease (COPD) is enhanced in obese patients, which is
called the obesity paradox. Despite some theories, the precise mechanism remains unclear. Since
COPD exacerbations play a major role in COPD survival, this study aimed to stratify patients into
BMI classes and investigate exacerbation frequency, time to readmission and survival in patients
hospitalized with a COPD exacerbation. Therefore, patients hospitalized with an exacerbation of
COPD were categorized into BMI groups using cut-offs <18.5, 25, 30 and �35 kg/m2 for under-
weight, normal, overweight, moderately obese and severely obese groups and followed for five
years. A total of 604 COPD patients was included. In comparison to normal weight patients, the 5-
year exacerbation frequency was significantly decreased by 34–40% in obese patients depending
on the BMI group (1.83±1.60 per year in the normal weight group; overweight 1.60 ± 1.41; moder-
ately obese 1.20 ±1.18; severely obese 1.09±1.13 per year; and 1.59 ± 1.30 in the underweight
group). The time to readmission was up to 1.7 times longer for moderately obese patients com-
pared to normal weight patients (954±734 versus 564±660days). The data were supported by
enhanced survival in obese patients and a regression analysis showing that both time to readmis-
sion and survival were associated with BMI independent of other possible confounders. In conclu-
sion, this study shows a ‘dose dependent’ reduced exacerbation frequency and an increased time
to readmission in obese patients admitted to the hospital with an exacerbation of COPD.

Abbreviations: BMI: Body Mass Index; COPD: Chronic Obstructive L Disease; NS: Not Significant;
CCI: Charlson Comorbidity Index; ICU: Intensive Care Unit; FEV1: Forced Expiratory Volume 1st
second; FVC: Forced Vital Capacity
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Introduction

Increased weight is associated with increased mortality in
the general population [1]. In contrast however, in various
chronic conditions obesity correlates inversely with mortal-
ity. This ‘obesity paradox’ was first described in overweight
and obese patients with heart disease [2,3]. Ever since,
numerous other studies showed a favorable influence of
obesity on outcomes in other, often chronic conditions
including heart failure, hypertension, stroke, pulmonary
embolism, diabetes and kidney disease [4,5].

The obesity paradox has also been described in chronic
obstructive lung disease (COPD) [6]. Unfortunately, most
studies focused upon the lower range BMI groups and
hardly differentiated between BMI groups above 30 kg/m2

[7]. Therefore, uncertainty remains about the obesity para-
dox in the high end BMI groups, whereas a possible clue to
the mechanism may be found in the extremes rather than in
the middle groups. For example, one study did find an
interesting observation in a group of COPD patients with a
BMI >35 kg/m2 and a decreased mortality risk: in extreme

obesity, the causes of death were mainly associated with
comorbidities; whereas comorbidities hardly played a role in
underweight patients [8].

In addition to BMI, important risk factors for mortality
in COPD patients are age and the degree of airflow limita-
tion [9]. However, these factors can hardly be influenced.
Another prominent prognostic factor across all GOLD
stages is exacerbation frequency [10]. This factor can actu-
ally be modified: a number of strategies have been devel-
oped for prevention of exacerbations, including early
recognition in the pre-hospital setting, drug interventions,
smoking cessation and/or pulmonary rehabilitation strat-
egies [11,12].

For a better understanding of the obesity paradox in
COPD, it is mandatory to investigate the relationship
between obesity and exacerbation frequency in COPD in
more detail [13,14]. Given the relationships between
increased survival and higher BMI and between increased
mortality and higher exacerbation frequency, we hypothe-
sized that BMI increase could be associated with decreased
exacerbation frequency. Therefore, this study aimed to
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investigate the clinical exacerbation risk, as well as the time
to readmission and the mortality risk, in patients with
COPD hospitalized for an acute exacerbation who were
stratified into BMI groups including a high end group with
BMI >35 kg/m2.

Methods

Study design

This retrospective, observational study was performed at the
Zuyderland Medical Center (location Heerlen, The
Netherlands), a large teaching hospital. All subjects were
consecutively admitted to the hospital with a clinical diagno-
sis of COPD exacerbation between January 2010 and May
2012. COPD was diagnosed by a respiratory physician based
upon GOLD definition [15]. An exacerbation was defined as
an increase in respiratory symptoms like dyspnea, cough,
and/or increased sputum production requiring hospital
admission. Exclusion criteria were: no BMI available, pre-
dominant asthma symptoms (identified by thorough chart
review for each individual), no COPD based on pulmonary
function testing and pregnancy. The study was performed in
accordance with the Declaration of Helsinki and was
approved by the local ethics committee - approval: METC-Z
16N219. Adult participant consent was not required because
of the retrospective and observational nature of the study.

Patient characteristics were obtained from medical files at
the time of the index admission and included age, sex, smok-
ing status, BMI, COPD Gold stage, Charlson comorbidities
index, laboratory values, length of hospital stay, intensive care
unit admission and need for noninvasive ventilation. During
a follow up of 5 years, additional data were collected includ-
ing mortality, number of readmissions for COPD exacerba-
tion (expressed as annual exacerbation frequency) and time
to readmission (representing the time between the final date
of the index admission and the first date of readmission for
another COPD exacerbation). According to their BMI,
patients were classified as follows: underweight, normal
weight, overweight, moderately obese and severely obese
using BMI cut-off points < 18.5, 18.5- � 24.9, 25.0- � 29.9,
30.0- � 34.9 and �35.0 kg/m2, respectively.

Analysis

Statistical analysis was performed using IBM SPSS version
21.0 and GraphPad Prism version 6.01. The normal weight
group was defined as the control group. Group comparisons
were performed by Mann-Whitney test, Kruskal Wallis test
or Fisher’s exact test as appropriate. Linear regression analy-
ses were performed for exacerbation frequency. Kaplan-
Meier analyses were used for the time to readmission and
survival. A Breslow test was used for group comparisons.
Cox multivariable regression analyses were performed with
the Cox proportional hazards regression model. Statistical
significance was set at a p-value of <0.05 for all tests. All
p-values of 0.10 and above are given as NS (Not statistically
Significant).

Results

Patient characteristics

Between January 2010 and May 2012, 630 COPD patients
were admitted for an acute exacerbation of COPD. After
applying exclusion criteria, 604 patients were included in the
study. The baseline characteristics of these patients are pre-
sented in Table 1. A normal weight was found for 266
(44%) patients, whereas 71 (12%) patients were underweight,
155 (26%) were overweight, 71 (12%) were moderately obese
and 41 (7%) were severely obese.

COPD exacerbation frequency

During the five year follow up period, the mean annual fre-
quency of hospital admissions for COPD exacerbation was
1.83± 1.60 per year in the normal weight group. With each
increasing weight group, the exacerbation frequency decreased
(Figure 1; overweight 1.60± 1.41; obese 1.20 ± 1.18; severely
obese 1.09± 1.13 per year; p¼ 0.043, <0.000 and <0.000 ver-
sus normal weight group, respectively). In the underweight
group, exacerbation frequency was not significantly different
(1.59± 1.30 per year; p¼ 0.292). The effect of BMI appeared
to be independent of other variables including sex, age,
GOLD stage, Charlson comorbidities index, admission to the
intensive care unit and noninvasive ventilation using linear
regression analysis (p¼ 0.027 for BMI). The 30-day readmis-
sion risk was less affected by BMI: 45 patients (17%) were
readmitted with a normal weight, 7 underweight (11%;
p¼NS), 29 overweight (20%; p¼NS), 4 moderately obese (6%;
p¼ 0.014) and 5 severely obese (14%; p¼NS).

Time to readmission

The mean time to readmission was 564 ± 660 days in the nor-
mal weight group and 609 ± 689days in the overweight group
(p¼ NS). In the higher BMI groups, the time to readmission
was significantly increased up to 954± 734 days in the moder-
ately obese group and 925± 752 days in the severely obese
group (p< 0.000 and 0.008 versus normal weight group,
respectively). In the underweight group, the time to readmis-
sion was also increased (815± 773 days; p¼ 0.009). The results
appeared consistent over time (Figure 2). Cox regression
analysis showed that the effect was independent of other vari-
ables with a decreased hazard ratio of 0.984 (95% CI 0.968-
1.000; p¼ 0.049; data shown in Figure 4).

Survival

Five year survival was lowest for underweight patients and
normal weight patients (35%; n¼ 25, and 41%; n¼ 110,
respectively; p¼NS). Survival increased with each increasing
BMI group (overweight: 47%/n¼ 73; moderately obese: 51%/
n¼ 36; severely obese 63%/n¼ 26; p¼ 0.028, 0.046 and
0.003 versus normal weight patients, respectively). The
results appeared consistent over time (Figure 3). Cox regres-
sion analysis showed that the effect was independent of
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Figure 1. Exacerbation rate. Overview per BMI class of readmissions per year
over a five year period following a hospitalization for COPD exacerbation.
BMI¼ Body Mass Index. COPD¼ Chronic Obstructive Lung Disease.

Figure 2. Time to readmission. Survival graph plotting percentage of patients
free from readmission over a five year period following a hospitalization for an
exacerbation of Chronic Obstructive Lung Disease (COPD). Patients are catego-
rized according to Body Mass Index (BMI) class.

Figure 3. 5-year survival. Survival graph plotting survival over a five year period
following a hospitalization for an exacerbation of Chronic Obstructive Lung
Disease (COPD). Patients are categorized according to Body Mass Index
(BMI) class.
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other variables with a decreased hazard ratio of 0.962 (95%
CI 0.940–0.984; p¼ 0.001; data shown in Figure 4).

Discussion

In this study, the exacerbation frequency requiring hospital-
ization and the time to readmission were reduced signifi-
cantly in obese patients with COPD. The study
demonstrated that the number of readmissions over a period
of 5 years was significantly decreased by 34–40% in obese
patients depending on the BMI group in comparison to the
normal weight group. In addition, the time to readmission
for moderately obese patients was 1.7 times longer com-
pared to normal weight patients. The results were supported
by decreased mortality in obese patients. Moreover, regres-
sion analysis showed that the relationships between BMI
and time to readmission and between BMI and survival
were independent of other possible confounding factors. Of
note, since the effects were generally more pronounced in
higher BMI classes including the high end group �35 kg/m2,
these findings suggest a clinically meaningful and ‘dose-
dependent’ relationship.

Previous studies suggested that harm by BMI was typic-
ally ‘U’ shaped, indicating more harm at both ends of the
spectrum from underweight to extreme obesity [8]. The
ideal body weight in these studies was a BMI between 25
and 30 kg/m2, which is ironically still being addressed as
‘overweight’ despite the overwhelming evidence that survival
is optimal in this group also in the general population [1].
Though our data support the concept of increased harm at
the underweight end, no increased harm was observed in
the BMI �35 kg/m2 group in our patients with COPD.
Moreover, this severe obesity group showed the best out-
comes in terms of exacerbation frequency and survival.
Although our study did not discriminate further in higher
BMI groups, our study challenges the ‘U’ shaped concept in
COPD with an optimal BMI between 25 and 30 kg/m2 and
suggests that the ‘U’ turn is possibly taken in a much higher
BMI group.

The association found in this study between a higher
BMI and a lower exacerbation frequency may to some
extent help to explain the obesity paradox observed in sur-
vival in COPD. Clinical exacerbations have been proven key
events in the course of COPD [16,17]. Clinical exacerbations
are strongly associated with increased mortality [10,18].

Figure 4. Cox regression analysis of time to readmission and survival. Hazard ratios represent increased chance of readmission or death, respectively. CI=confidence
interval. BMI¼ Body Mass Index. CCI¼ Charlson comorbidity index. ICU¼ Intensive Care Unit. NIV¼ non-invasive ventilation. Yrs¼ Years. FEV1¼ Forced Expiratory
Volume in 1 second. FVC¼ Forced Vital Capacity.
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After clinical exacerbations, persisting decreases in perform-
ance and lung function have been described [19–21]. One
explanation is the release of inflammatory mediators during
an exacerbation, which is associated with increased struc-
tural lung parenchymal damage [22,23]. This damage
impairs functioning of airway clearance mechanisms,
thereby increasing the pathogen burden and chances of
recurrent infections, thus leading to a vicious circle of events
[24]. Another explanation is the loss of cardiorespiratory fit-
ness after hospital stay [25]. This loss of fitness disrupts
ongoing physiotherapy and/or rehabilitation programs not
only temporarily but may also discourage patients on a lon-
ger term. A loss of cardiorespiratory fitness was associated
with increased mortality in a number of studies [26,27].

The obesity paradox in COPD has also been explained by
a number of theories unrelated to exacerbation frequency.
One theory assumed that it is obesity itself that contributes
to a lower FEV1, resulting in an overestimation of the inci-
dence and severity of COPD [28–30]. Another factor might
be a tendency of obese patients to experience more symp-
toms of dyspnea, resulting in receiving medical attention
earlier than normal weight patients [31–33]. Other authors
noted a beneficial effect of obesity upon the annual decline
of FEV1 [34,35]. Also, less hyperinflation in COPD has been
described in obese patients [36,37]. Another hypothesis is
that cardiovascular comorbidities, especially extensive ath-
erosclerosis, cause a higher mortality rate among leaner
patients with COPD [38]. Furthermore, an interesting
physiologic explanation might be that in patients with a
higher BMI, a protective increase in lung recoil has been
found [39], whereas loss of lung recoil is generally associated
with lung function decline and progression of COPD [40]

In addition to these proposed explanations about the obes-
ity paradox in COPD, the observation that the obesity para-
dox is also noted in other chronic diseases suggests a
common mechanism. Possibly, the higher weight does not
only reflect a higher fat mass but also a higher lean muscle
mass, associated with a better cardiorespiratory fitness [41].
Studies showed that subjects with increased BMI may not
necessarily have increased fat mass and a normal BMI does
not preclude an individual from having increased fat mass
[42,43]. Another possibility may be that the fat reserve offers
a protective source of energy during hospitalization with a
critical illness. Indeed, critically ill patients with a high BMI
were shown to have better survival at the intensive care unit
[44,45]. Furthermore, obese individuals with preserved muscle
mass may have a better prognosis due to increased stroke vol-
ume and thus cardiac output [41]. Finally, obese patients
tend to have lower systemic vascular resistance, especially
patients who are normotensive [46]. This reduction in the
afterload could improve forward flow and cardiac output.

Underweight patients in our study showed increased
mortality. These results have been confirmed by many
others previously and support dietary measures in this group
[6,7,33,47]. The increased mortality has been attributed to
less muscle mass, decreased cardiorespiratory fitness, limited
energy storage and/or decreased cardiac output in these
patients [44,45]. Interestingly, the underweight patients

showed an increased time to readmission in our study.
When taking into consideration that hospital admissions
greatly enhance medical attention, one could argue that
another factor contributing to increased mortality in under-
weight patients may be a relative lack of medical attention
preceding the exacerbation.

In comparison to the 5-year exacerbation risk, the 30-day
readmission risk was little affected by BMI in the current
study, showing only a significant reduction in the moder-
ately obese group. Probably, reasons for 30-day readmission
are more complex and more easily influenced by temporar-
ily occurring factors [48]. Of note, body composition
changes are not easily achieved within this short period.

This study was performed in a very specific patient group
of COPD patients admitted to the hospital with an exacerba-
tion. Please note that these patients, as well as other patient
groups associated with an obesity paradox, already are suf-
fering from disease. Therefore, the results of our study do
not apply to the population level, especially not for disease
prevention. Despite the results of our study, we wish to
emphasize that obesity in metabolically healthy persons is
associated with increased cardiovascular risk [49]; therefore
we support every measure taken to reduce obesity in the
general population [50,51] and we do not advocate for any
method aiming to just increase body weight above normal
weight in COPD patients. However, because the obesity
paradox does exist in COPD patients, it is very important to
determine the factor most contributing to this paradox, in
order to target that specific factor for future intervention.

The study was designed retrospectively; as such, some
information could not be collected systematically including
more detailed body composition measurements, like fat free
mass index and/or lean mass, both known to provide more
information than BMI alone [52]. However, BMI was avail-
able for all patients in our study since both body weight and
length were systematically determined by nurse at admis-
sion. Moreover, the ‘dose-response’ data from the current
study and others support the concept of a clinically mean-
ingful relationship [53,54]. Another limitation of the study is
a lack of knowledge about exacerbations not requiring hos-
pital admission. However, the influence of these relatively
mild exacerbations upon mortality is probably limited.
Finally, one inherent limitation of research studying prog-
nostic factors in COPD, is that the list of possibly involved
factors is long and dynamic [55–57] and no consensus has
been reached about which to include.

In conclusion, this study shows a large reduction in
exacerbation frequency and an increased time to readmis-
sion in obese patients admitted to the hospital with an
exacerbation of COPD. These results warrant further pro-
spective research since the data may help to elucidate the
mechanism and impact of the obesity paradox in COPD.
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