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ABSTRACT  Obesity has been identified as a risk factor for adverse outcomes of 2009 HIN1 influenza.
However, the impact of obesity on outcomes of infection remains controversial. There are limited data
investigating the effect of obesity on outcomes of community-acquired pneumonia (CAP).

This prospective observational study included patients presenting with CAP who had body mass index
(BMI) measured on admission. Outcome measures included 30-day mortality and need for mechanical
ventilation or inotropic support (MV/IS).

1079 patients were included, with 21% classified as obese (BMI =30 kg-m2). Obesity was independently
associated with reduced 30-day mortality from CAP on multivariate analysis (HR 0.53, 95% CI 0.29-0.98).
This was not explained by differences in severity of disease on admission or requirement for MV/IS between
obese and nonobese groups. Obese patients had higher median C-reactive protein levels and a higher
frequency of sepsis using the systemic inflammatory response syndrome criteria (72.4% versus 64.1%;
p=0.03), than nonobese patients, suggesting greater systemic inflammation.

Obesity was associated with reduced 30-day mortality in patients hospitalised with CAP.
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Introduction

Community-acquired pneumonia (CAP) is a frequent cause of hospitalisation and a leading cause of
mortality worldwide. The mortality rate for patients admitted to hospital with pneumonia is estimated at 5—
15% [1]. CAP is characterised by inflammation of the pulmonary parenchyma in response to an infectious
insult, involving systemic and local release of cytokines (tumour necrosis factor (TNF)-a, interleukin (IL)-6,
IL-8 and IL-1B) and recruitment of neutrophils. Excessive cytokine production provokes a systemic
inflammatory response that can lead to end-organ dysfunction and death [2].

Obesity is a rapidly growing public health problem, associated with an increased risk of poor outcome from
many diseases [3]. It has been reported that obesity may be a risk factor for the development of CAP [4].
Some studies, however, have suggested reduced mortality in obese individuals from a variety of diseases, a
phenomenon known as the “obesity survival paradox” [5]. The impact of obesity on outcome of infection is
complex and remains poorly understood [6, 7]. Immune function has been shown to be altered in obese
individuals [7] and adipokines, secreted from adipose tissue, are known to have pleiotropic effects on the
immune system [7].

Obesity has been widely reported as a risk factor for adverse outcome from 2009 HIN1 influenza [8] and,
subsequently, the impact of obesity on infectious outcomes has received increasing interest. However,
conflicting results have emerged, with adverse outcomes reported in studies of CAP due to 2009 HIN1
influenza [9], but paradoxically, improved outcome in studies of acute bacterial pneumonia unrelated to an
influenza pandemic [10-12]. In addition, studies on critically ill patients [13—15] have reported reduced
mortality amongst obese patients in the intensive care unit (ICU).

The aim of this study was to investigate the impact of obesity on outcome in a large prospective cohort of
patients with CAP.

Methods

This is a secondary analysis of the Edinburgh pneumonia study dataset, a prospective observational study of
patients with CAP, performed in NHS Lothian, Edinburgh, UK, as previously described [16]. The study was
approved by the Lothian Research Ethics Committee (UK).

Patients were included in the study if they presented with a new infiltrate on chest radiography and had
three or more of the following symptoms or signs: cough, sputum production, breathlessness, pleuritic chest
pain or signs consistent with pneumonia on auscultation.

Exclusion criteria were as follows: 1) hospital-acquired pneumonia: development of symptoms >48 h
following admission or discharge from an acute care facility <2 weeks prior to admission; 2) active thoracic
malignancy; 3) immunosuppression: defined as current, >28-day use of oral prednisolone at any dose, or
other immunosuppressive drugs (methotrexate, azathioprine, ciclosporin and anti-TNF-o agents), or
patients with solid organ transplantation; 4) pulmonary embolism; and 5) patients in whom active
treatment was not considered appropriate (palliative care).

Assessment of body mass index
All patients had weight and height measured on admission as part of a nutritional risk assessment score.
Body mass index (BMI) was calculated as height/weight?.

Patients were classified into recognised BMI subgroups: 1) morbidly obese (BMI >35 kg-m?); 2) obese
(BMI 30-<35 kg‘m'z); 3) overweight (BMI 25-<30 kg'm'z); 4) normal (BMI 18.5—-<25 kg~m’2); and
5) underweight (BMI <18.5 kg-m™) as per the World Health Organization guidelines [17].

Data collection and site of care

At the study sites in NHS Lothian, patients presented either as self-referral to the emergency department or
via general practitioner referral to a medical assessment unit. The medical team reviewed patients and made
the decision of whether to admit or discharge the patient.

Subsequently, patients spent 12-24 h in the medical assessment unit, from where they were discharged or
moved to a specialist ward. Critically ill patients could be admitted at any time to the ICU for invasive
ventilation and/or inotropic support, or to the high-dependency unit, which provides intensive monitoring
as well as noninvasive ventilation (bi-level or continuous positive airway pressure ventilation), and/or
inotropic support. All patients received standard antibiotic therapy in accordance with British Thoracic
Society (BTS) guidelines [18].

All patients had baseline observations (pulse, blood pressure, respiratory frequency and temperature) and
standard blood tests (full blood count, urea and electrolytes, liver function tests, albumin, coagulation
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profile and C-reactive protein (CRP)) measured on admission. Microbiological testing was left to the
discretion of the attending physician, with sputum/blood cultures and Legionella urinary antigen
recommended to be sent, according to BTS guidelines. All observations and blood tests were taken within
4 h of hospital admission.

Severity assessment scores on admission

On admission, patients were risk assessed using the BTS CURB-65 score (confusion, urea >7 mmol-L ",
respiratory rate >>30 breaths-min', blood pressure <90 mmHg (systolic) <60 mmHg (diastolic), age
>65 years) [19] and the pneumonia severity index (PSI) [20]. Systemic inflammatory response syndrome
(SIRS) criteria (temperature <36°C or >38°C, heart rate >90 beats-min ", respiratory rate >20 breaths-min™
or arterial carbon dioxide tension <32 mmHg, white blood cells <4 x 10° cells' LY, >12 x 10° cells'L! or
>10% bands) were calculated as previously described [21]. Patients were deemed to have sepsis if they had
pneumonia with two or more of the SIRS criteria.

Outcomes
The primary outcome of interest was 30-day mortality. The secondary outcome was need for mechanical
ventilation or inotropic support (MV/IS).

Statistical analysis

All data were analysed using SPSS (version 13; SPSS Inc., Chicago, IL, USA). Descriptive statistics of
demographic and clinical variables are presented as median (interquartile range (IQR)) unless otherwise
stated. The Chi-squared test was used to compare categorical data between groups. The t-test was used to
compare the mean values of two groups of parametric data, with the Mann—Whitney U-test used to
compare two groups of nonparametric data. The Kruskal-Wallis test was used for comparison of more than
three groups.

Cox proportional hazards regression analysis was used to adjust for confounders in multivariable analysis.
The authors adjusted all models for the PSI [20] and variables not included in the PSI that may impact on
survival (prior history of diabetes mellitus, chronic obstructive pulmonary disease (COPD), prior antibiotic
treatment, smoking status, multilobar infiltrates and statin use). A sensitivity analysis adjusting for the
CURB-65 score as an alternative was also performed [19]. As an alternative method of adjusting for baseline
differences between obese and nonobese patients, subjects the authors developed a propensity score from
multivariable logistic regression defining the probability of a patient being obese based on their
demographic data. The data included in this analysis were age, sex, comorbidities (diabetes mellitus, COPD,
liver disease, chronic cardiac disease, cerebrovascular disease and neoplastic disease), current smoking,
functional status and nursing home residence, with obesity as the dependent variable. A greedy matching
algorithm was used to identify a matched cohort of obese and nonobese individuals with similar propensity.
These cohorts were then entered into a Cox proportional hazards model as described above.

Results are expressed as hazard ratios and 95% confidence intervals. A two-tailed p-value <<0.05 was
considered statistically significant for all analyses.

Results

This study included 1269 patients with CAP. 1079 patients had available BMI data (190 patients were
excluded due to lack of BMI data). Median age was 66 years (IQR 50-78 years). 54% of the population were
aged >65 years. There were 473 (44%) patients with a normal body mass index; 335 (31%) patients were
classified as overweight; 203 (19%) patients were obese; and 22 (2%) patients morbidly obese. 46 (4%)
patients were classified as underweight. Baseline characteristics of the study population are shown in table 1.

Median duration of admission for the study population was 5 days (IQR 3.0-11.0 days). Duration of
admission was highest in the underweight and morbidly obese groups (8.0 and 7.5 days, respectively), but
no statistically significant difference was seen (table 1).

Diabetes mellitus was more prevalent in patients with obesity (BMI >30 kg'm™) than normal-weight
patients (14.2% versus 7.8%; p=0.008). There was no significant difference in the prevalence of other major
comorbidities between obese and nonobese groups. Unequal distribution between BMI groups was noted
for patients with COPD (p=0.002) and in ex-smokers (p=0.03) (table 1). There was a significant difference
in sex distribution among BMI categories (p<<0.0001), with more females in lower BMI groups.

Microbiology

The rate of positive microbiological diagnosis was low at 30.3%. The most frequently isolated pathogen was
Streptococcus pneumoniae (table 2). The frequency of positive aetiological diagnosis was not significantly
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TABLE 1 Baseline characteristics by body mass index category

Morbidly obese Obese Overweight Normal Underweight p-value
Subjects 22 (2.0) 203 (18.9) 335 (31.1) 473 (43.8) 46 (4.3)
Female 31.8 39.9 50.8 52.2 78.3 <0.0001*
Age years 62 (46-78) 66 (52-76) 68 (56-78) 66 (45-78) 58.5 (39-70) 0.009*
Duration of admission days 8 (4-11) 5 (3-11) 5 (3-13) 5 (2-11) 8 (3-13) 0.3
Congestive cardiac failure 31.8 18.7 221 18.0 17.4 0.4
Cerebrovascular disease 13.6 14.3 11.6 10.4 10.9 0.7
Diabetes mellitus 13.6 14.3 1.1 7.8 6.5 0.1
Chronic renal failure 4.6 7.9 6.6 6.1 2.2 0.7
Chronic liver disease 9.1 3.9 4.2 5.7 6.5 0.7
COPD 27.3 27.1 29.3 18.2 15.2 0.002*
Current smokers 18.2 35.0 36.7 32.0 39.1 0.3
Ex-smokers 45.5 23.2 21.8 21.6 10.9 0.03*
Statin use 45.5 28.6 29.3 25.0 21.7 0.2

Data presented as n (%), median (interquartile range) or %, unless otherwise stated. COPD: chronic obstructive pulmonary disease. *: p<0.05.

DOI: 10.1183/09031936.00115312

different between the groups (morbidly obese 36.4%, obese 30.0%, overweight 28.7%, normal 31.1% and
underweight 32.6%; p=0.9). There were no significant differences in the comparisons of individual
organisms between the groups, although numbers were small for many isolates.

Severity assessment and inflammatory response on admission
There was no difference in severity of illness upon admission between obese and normal groups (35.5%
versus 29.6%; p=0.2 with CURB-65 score >3) or across any of the BMI groups (table 3).

Obese patients were more likely to be classified as having sepsis according to the SIRS criteria compared to
patients with normal BMI (p=0.002), and comparison across all BMI groups showed a significant
association with sepsis criteria indicating a higher frequency of sepsis in obese and overweight individuals
(table 3). Median CRP was higher in obese patients than normal-weight patients (186 mg-L™" versus
151 mg-L™") and a significant association was seen across BMI groups, indicating higher CRP in the obese
group (table 3). There was no difference in albumin levels between any of the BMI groups.

The relationship between BMI and outcomes

There was no difference in immediate requirement for mechanical ventilation or vasopressor support
between patients with obesity (BMI >30 kg~m'2) and nonobese patients (8.9% versus 7.0%; p=0.3), or
across any of the BMI groups (table 3).

The 30-day mortality rate was 9.6%. The mortality rate in the obese group was 7.4%, 10.5% in the
overweight group and 11% in patients with a normal BMI. There were few patients in the morbidly obese
and underweight groups. On univariate analysis, the difference in 30-day mortality between patients with

TABLE 2 Microbiology of the study population

Patients with a microbiological diagnosis 327 (30.3)
Streptococcus pneumoniae 186 (56.9)
Haemophilus influenzae 33 (10.1)
Legionella pneumophila 12 (3.7)
Methicillin-sensitive Staphylococcus aureus 28 (8.6)

Metbhicillin-resistant S. aureus 2 (0.6)

Mycoplasma pneumoniae 19 (5.8)
Respiratory viruses 22 (6.7)
Chlamydophila pneumoniae 1(0.3)
Gram-negative Enterobacteriaceae 10 (3.1)
Pseudomonas aeruginosa 2 (0.6)
Stenotrophomonas maltophilia 1(0.3)
Other bacteria 11 (3.4)

Data are presented as n (%).
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TABLE 3 Severity markers according to body mass index class

Morbidly obese Obese Overweight Normal Underweight p-value

Subjects 22 (2.0 203 (18.9) 335 (31.1) 473 (43.8) 46 (4.3)
PSI class

1=l 9 (40.9) 69 (34.0) 115 (34.3) 157 (33.2) 17 (37.0) 0.9

11 1 (4.5) 33 (16.3) 54 (16.1) 96 (20.3) 13 (28.3) 0.07

\% 9 (40.9) 65 (32.0) 108 (32.2) 141 (29.8) 13 (28.3) 0.8

Vv 3(13.6) 36 (17.7) 58 (17.3) 79 (16.7) 3 (6.5) 0.4
CURB-65 class

0-1 8 (36.4) 81 (39.9) 135 (40.3) 204 (43.1) 23 (50.0) 0.6

2 6 (27.3) 50 (24.6) 83 (24.8) 129 (27.3) 10 (21.7) 0.9

3-5 8 (36.4) 72 (35.5) 117 (34.9) 140 (29.6) 13 (28.3) 0.7
Serum albumin g~L'1 38 (35-41) 35 (33-40) 37 (32-39) 37 (33-40) 36 (33-38) 0.1
C-reactive protein mg-L™’ 94 (16-268) 186 (76-316) 165 (61-266) 151 (55-300) 105 (27-207) 0.04*
Sepsis criteria® 13 (59.1) 149 (73.4) 229 (68.4) 289 (61.1) 30 (65.2) 0.02*
Time to clinical stability days 4 (2-5) 4 (2-7) 4 (2-7) 4 (2-7) 5 (2-8) 0.8
Requirement for MV/IS 1 (4.6) 19 (9.4) 19 (5.7) 38 (8.0) 3(6.5) 0.5

Data are presented as n (%) or median (interquartile range). PSI: pneumonia severity index; CURB-65: confusion, urea >7 mmol-L™", respiratory
rate >30 breaths-min™', blood pressure <90 mmHg (systolic) <60 mmHg (diastolic), age >65 years; MV/IS: mechanical ventilation or inotropic
support. #: presence of two or more systemic inflammatory response syndrome criteria. *: p<0.05.

obesity (BMI >30 kg'm'z) and nonobese (BMI <30 kg~m'2) patients (6.7% versus 10.3%; p=0.3) and
obesity (BMI >30 kg-m™) versus normal weight (6.7% versus 11.0%; p=0.07) failed to reach significance.

Using Cox proportional hazards regression, adjusting for PSI and other confounders not included in the
PSI, obesity was independently associated with reduced 30-day mortality (HR 0.53, 95% CI 0.29-0.98). The
hazard ratio for overweight compared to normal BMI was 0.90 (95% CI 0.78-1.04). The analysis for
underweight was limited by the low number of patients and events, and an adequate model could not be
constructed comparing morbidly obese patients against the other groups as there were only 22 patients in
this subcategory. Sensitivity analyses adjusting for CURB-65 instead of PSI gave very similar results to the
main analysis (table 4).

In the propensity-adjusted analysis, the relationship between obesity and reduced mortality persisted (HR
0.50, 95% CI 0.25-0.99). Entering BMI as a continuous variable into the model, increasing BMI was
independently associated with reduced 30-day mortality (HR 0.93, 95% CI 0.89-0.97).

BMI and outcome in critically ill patients

We further sought to identify whether there was any difference in impact of obesity on outcome in patients
who were critically ill (requiring MV/IS on admission) and those who were not critically ill. This analysis
focussed on the comparison between obese (BMI =30 kg-m ) and nonobese (BMI <30 kg-m™) groups
because of the significant differences noted above.

Among critically ill patients (those requiring MV/IS), there was no difference in 30-day mortality rate
(50.0% versus 45.0%; p=0.7) between obese and nonobese groups (table 5).

Among those patients who did not require MV/IS on admission, the 30-day mortality rate was significantly
lower among obese patients than nonobese patients (2.4% versus 7.7%; p=0.007). This was despite no

TABLE 4 Cox proportional hazards regression analysis showing the relationship between body
mass index (BMI) and 30-day mortality

BMI PSl-adjusted HR (95% Cl) CURB-65-adjusted HR (95% Cl)
Underweight 0.74 (0.26-2.06) 0.79 (0.31-1.98)
Normal 1.0 (reference) 1.0 (reference)
Overweight 0.90 (0.78-1.04) 0.83 (0.54-1.29)
Obese 0.53 (0.29-0.98) 0.57 (0.32-1.01)

PSI: pneumonia severity index; CURB-65: confusion, urea >7 mmol-L, respiratory rate >30 breaths-min™",
blood pressure <90 mmHg (systolic)] <60 mmHg (diastolic), age > 65 years.
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TABLE 5 Comparison between those requiring and not requiring mechanical ventilation or inotropic support

Requiring MV/IS* Not requiring MV/IS"

Obese Nonobese p-value* Obese Nonobese p-value§
Subjects 20 (25) 60 (75) 205 (21) 794 (79)
Female 45.0 56.7 0.4 38.5 52.8 0.0004*
CURB-65 score 29413 29414 0.9 1.841.3 1.8+1.3 0.5
PSI class 3.1+1.3 3.2+1.4 0.8 3.2+1.3 3.24+1.3 0.6
COPD 10.0 18.3 0.4 28.8 22.7 0.07
Current smoker 40.0 36.7 0.8 32.7 34.1 0.7
Ex-smoker 20.0 18.3 0.9 25.9 21.3 0.2
Statin use 30.0 21.7 0.5 30.2 26.8 0.4
Duration of admission days 11 (4-26) 14 (5-28) 0.8 5 (3-10) 5 (2-11) 0.7
30-day mortality 50.0 45.0 0.7 2.4 7.7 0.007*

Data are presented as n (%), %, mean+ sb or median (interquartile range), unless otherwise stated. MV/IS: mechanical ventilation or inotropic
support; CURB-65: confusion, urea >7 mmol-L™", respiratory rate >30 breaths'min™", blood pressure <90 mmHg (systolic) <60 mmHg
(diastolic), age =65 years; PSI: pneumonia severity index; COPD: chronic obstructive pulmonary disease. *: n=80; *: n=999; *: comparing obese
and nonobese patients requiring MV/IS; *: comparing obese and nonobese patients not requiring MV/IS. *: p<0.05.

DOI: 10.1183/09031936.00115312

difference in mean CURB-65 score, mean PSI class or COPD status between this group of “non-critically
ill” obese and nonobese patients (see table 5).

Discussion

Our study shows that obesity (BMI =30 kg-m) is independently associated with reduced 30-day mortality
from CAP. This was despite no difference in disease severity on admission and no difference in immediate
requirement for higher-level care input (MV/IS) between obese and nonobese groups.

These results are intriguing. Obese patients had higher levels of CRP and a higher frequency of sepsis using
the SIRS criteria, suggesting greater systemic inflammation, yet had a significantly lower 30-day mortality. It
has been hypothesised that improved outcomes in obese individuals may be due to immunomodulation in
critically ill patients. In contrast, however, our results suggest that the improved outcomes are in
noncritically ill patients with CAP. The reasons for these findings are unclear.

Our results extend the findings of a recent study by CORRALES-MEDINA et al. [10] of 266 hospitalised patients
with community-acquired bacterial pneumonia. Our study, which includes a larger sample size and is
prospective in design, concurs with the findings from this smaller study. CORRALES-MEDINA et al. [10]
showed that increasing BMI values were associated with reduced 30-day mortality (OR 0.88, 95% CI 0.81—
0.96; p<<0.01) on multivariate analysis. Furthermore, in two large cohort studies of pneumonia mortality,
higher BMI was again associated with reduced mortality. The study of 2600 males by LACROIX et al. [12]
showed that the risk of pneumonia mortality was 2.6 times higher in males in the lowest BMI quartile
compared to the highest quartile. INOUE ef al. [11] demonstrated BMI >25 kg-m™ to be a protective factor
against pneumonia mortality in a cohort study of 110000 Japanese adults (HR 0.7, 95% CI 0.5-0.8;
p<<0.001). These studies used International Classification of Diseases-9 codes to classify CAP, which has
previously been suggested to miss around 25% of hospital admissions with CAP [22]. Furthermore, these
studies may have mistakenly included patients with conditions presenting similarly to CAP (such as
influenza, upper respiratory tract infections or heart failure), which are known to have distinct outcomes in
obese patients. In contrast, inclusion criteria for our study required clinical and radiographic confirmation
of CAP, improving the validity of our results.

This paradoxical protective effect of obesity on mortality has been reported in other respiratory illnesses,
such as acute exacerbations of COPD [23], as well as ICU outcome studies [13, 24], including post-surgical
patients with acute respiratory distress syndrome [14] and a subset of ICU patients with acute lung injury
[15]. Conflicting results do exist, and a meta-analysis of ICU mortality studies by HOGUE et al. [25]
concluded that obesity was not associated with increased risk for ICU mortality, but may have been
associated with lower hospital mortality after critical illness.

Obesity is likely to have a complex interplay with pneumonia outcome. Obesity is associated with increased
total mortality rates in the general population and increased incidence of comorbidities such as diabetes
mellitus, gastro-oesophageal reflux disease and hypertension [26]. Furthermore, obese patients are thought
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of as a clinical management challenge associated with impaired lung mechanics and altered
pharmacokinetics, as well as nursing and rehabilitation difficulties. Obesity appears to increase the risk
of pneumonia in general population [4]. The suggestion of a protective effect of obesity on pneumonia
mortality therefore appears incongruous.

One potential impacting factor is the alteration of pulmonary immune responses in the obese [27]. Obesity
is associated with a chronic inflammatory state [7, 27, 28], leading to speculation that this might lead to a
heightened state of host defence [7]. Studies have identified that adipokines, secreted from adipose tissue,
have pro- and anti-inflammatory effects [7]. One such adipokine, leptin, is seen in increased levels in obese
individuals [29]. The role of leptin in the response to sepsis and pulmonary infections remains a subject of
debate. Mouse models of leptin deficiency (ob/ob mice) have exhibited reduced bacterial clearance and
increased mortality, shown to be related to impaired alveolar macrophage phagocytosis, reduced lung
neutrophil counts and levels of pro-inflammatory cytokines [30, 31]. Exogenous administration of leptin
improved survival and pulmonary bacterial clearance and reduced bacteraemia in ob/ob mice [31].

Alternative explanations for our findings might be that obese patients are referred more readily for intensive
management strategies, or that they are more likely to be admitted to hospital, even with milder disease.
However, we showed no significant difference in admission CURB-65 or PSI scores for the two groups,
indicating that this does not explain the findings observed in our study. These scores are imperfect markers
of severity and, therefore, the possibility of confounding by severity cannot be excluded. Despite having
strict radiological inclusion criteria for our study, it is possible that CAP may have been misdiagnosed in
obese patients. In particular, radiological changes can be difficult to interpret in obese patients [32]. Finally,
the pharmacokinetics of antibiotics are altered in obese patients and this may contribute to an altered
response to antibiotic therapy [33].

The frequency of positive microbiology testing was low in this study and it was not possible to demonstrate
any differences between groups in the frequency of causative organisms. This could be considered a
limitation of our study. We did not measure other inflammatory markers such as TNF-o, IL-6 or leptin
levels, which might have provided additional useful information. Lastly, BMI has its own limitations in
defining obesity and it has been suggested that alternative measurements such as lean body mass or
waist:hip ratio might be of greater value. Future studies should assess the correlation of more accurate
measures of body mass with outcome in CAP.

In conclusion, we have shown that obese and nonobese patients present to hospital with CAP of similar
severity. However, obese patients have a significantly improved survival compared to their nonobese
counterparts. In our understanding of the interplay between obesity and pulmonary infection, many
questions remain unanswered. Our study adds to the debate on the “obesity paradox” and highlights our
lack of understanding of the implications of obesity in areas such as immunomodulation, pharmacokinetics
and lung mechanics. Further clinical and mechanistic studies in this important area are warranted.
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