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Background. The effect of body mass index (BMI) on community-acquired pneumonia (CAP) severity is unclear.

Methods. 'We investigated the relationship between BMI and CAP outcomes (hospital length of stay [LOS], intensive care unit
[ICU] admission, and invasive mechanical ventilation) in hospitalized CAP patients from the Centers for Disease Control and
Prevention Etiology of Pneumonia in the Community (EPIC) study, adjusting for age, demographics, underlying conditions, and
smoking status (adults only).

Results. Compared with normal-weight children, odds of ICU admission were higher in children who were overweight (adjusted
odds ratio [aOR], 1.7; 95% confidence interval [CI], 1.1-2.8) or obese (aOR, 2.1; 95% CI, 1.4-3.2), and odds of mechanical ventila-
tion were higher in children with obesity (aOR, 2.7; 95% CI, 1.3-5.6). When stratified by asthma (presence/absence), these findings
remained significant only in children with asthma. Compared with normal-weight adults, odds of LOS >3 days were higher in adults
who were underweight (aOR, 1.6; 95% CI, 1.1-2.4), and odds of mechanical ventilation were lowest in adults who were overweight

(aOR, 0.5; 95% CI, .3-.9).
Conclusions.

Children who were overweight or obese, particularly those with asthma, had higher odds of ICU admission or

mechanical ventilation. In contrast, adults who were underweight had longer LOS. These results underscore the complex relation-

ship between BMI and CAP outcomes.
Keywords. pneumonia; CAP; BMI; obesity; outcomes.

In the United States, 17% of children 2-19 years and 36% of
adults >20 years old were obese, while 4% of children and 2%
of adults were underweight based on data from 2009-2010 [1].
Obesity in adults has been identified as a risk factor for hos-
pitalization due to seasonal influenza [2] and during the 2009
influenza pandemic, obesity emerged as a risk factor for inten-
sive care unit (ICU) admission [3] and death [3-5]. Obesity
in adults has also been suggested as a risk factor for invasive
pneumococcal disease [6] and community-acquired pneumo-
nia (CAP) [7-9], but not all studies support this association
[10-13]. In addition, the effect of obesity on clinical outcomes
due to CAP in adults is unclear, with several studies suggesting
either no impact or even a protective effect [12, 14-18]. Adults
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who are underweight may also be at increased risk for respi-
ratory infections, including CAP [8, 10-13, 19], and its severe
outcomes, including death [12, 14, 17, 20]. Some studies that
examined the effect of body mass index (BMI) on respiratory
infections in children suggest that being underweight may be a
risk factor for hospitalization due to influenza A(HIN1)pdm09
virus infection [6] or CAP [21].

Understanding the association between BMI and CAP sever-
ity could help guide public health policy and practice as rates
of obesity remain high [1] and pneumonia is a leading cause of
morbidity and mortality in the United States [22, 23]. Using the
Centers for Disease Control and Prevention (CDC) Etiology of
Pneumonia in the Community (EPIC) study data, we examined
the association between BMI and outcomes, including hospital
length of stay (LOS), ICU admission, and invasive mechanical
ventilation.

METHODS

From 1 January 2010 to 30 June 2012, children (<18 years) and
adults (=18 years) hospitalized with CAP were enrolled in the
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EPIC study at 3 pediatric hospitals (Memphis and Nashville,
Tennessee and Salt Lake City, Utah; hereafter randomly desig-
nated as cities A-C) and 5 adult hospitals (Chicago, Illinois and
Nashville, Tennessee; hereafter randomly designated as cities
D-E) [24, 25]. Patients were enrolled if they had clinical and
radiographically confirmed pneumonia and were excluded if
recently hospitalized, severely immunocompromised, a child
residing in an extended care facility, or an adult residing in
a nursing home unable to function independently [24, 25].
Informed consent was obtained and the study protocol was
approved by institutional review boards at each institution
and CDC.

Using standardized methods, demographic and clinical
information was collected through patient interview and med-
ical chart abstraction [24, 25]. Admission Pneumonia Severity
Index (PSI) [26] and CURB-65 [27] scores were calculated for
adults. Blood and respiratory specimens were collected from
children and adults, and urine specimens from adults only.
Diagnostic testing for bacterial and viral pathogens included
bacterial culture, real-time polymerase chain reaction (PCR),
serology, and urine antigen (Supplementary Materials) [24, 25].

For this analysis, we included patients >2 years of age with
available height and weight abstracted from medical charts;
pregnant women and children aged <2 years were excluded as
pre-pregnancy weight was not collected for pregnant women
and BMI is not calculated for children <2 years [28]. For chil-
dren (2-17 years), age- and sex-specific z scores for BMI were
calculated based on the 2000 CDC growth charts with BMI
categories of underweight (<5th percentile), normal weight
(5th-84th percentile), overweight (85th-94th percentile),
and obesity (295th percentile) [28]; children with extreme or
biologically implausible values [29] were excluded. For adults
(=18 years), BMI was calculated as weight in kilograms divided
by square height in meters. BMI categories included under-
weight (<18.5 kg/m?), normal weight (18.5-24.9 kg/m?), over-
weight (25-29.9 kg/m?), obesity (30.0-39.9 kg/m?), and extreme
obesity (240 kg/m?) [30]; all adults with available BMI were
included (BMI range, 12-78). LOS was dichotomized based on
the median of 3 days.

For children and adults, demographics, clinical characteris-
tics, and pathogen detections were compared across different
BMI categories using x* or Fisher exact test for categorical vari-
ables and the Kruskal-Wallis test for continuous variables. All
comparisons were 2-sided; P < .05 was considered significant.
Logistic regression models were used to examine the relation-
ship between BMI and outcomes including LOS >3 days, ICU
admission, and invasive mechanical ventilation (hereafter
referred to as mechanical ventilation) with normal weight as
the referent. Factors determined a priori and biologically plau-
sible factors significant in bivariate analyses were included as
potential confounders; factors with a prevalence of <5% were

excluded. All models were assessed for goodness of fit and
collinearity.

Age and underlying conditions for children and adults and
PSI score for adults were considered potential effect modifiers
a priori and placed into the adult and pediatric models as inter-
action terms with BMI. The final pediatric and adult models
were adjusted for age (continuous variable), sex, race/ethnicity,
enrollment city, and history of asthma, heart disease, or neuro-
logical conditions. Adult models were also adjusted for chronic
obstructive pulmonary disease (COPD), diabetes, immuno-
suppression, cancer (excluding dermatological malignancies),
and current smoking status. Based on the statistical signifi-
cance of the interaction terms and our a priori considerations,
all final pediatric models were stratified by age (2-4 years and
5-17 years) and presence or absence of asthma, and all final
adult models were stratified by age (18-49 years, 50-64 years,
and >65 years) and PSI score class (low, 1-3 vs moderate/high,
4-5). In a separate analysis, all pediatric and adult models were
also adjusted for presence or absence of bacterial, atypical bac-
terial, or viral etiologies. Analyses were performed in SAS soft-
ware version 9.3 (SAS Institute, Cary, North Carolina).

RESULTS

Children

Among 1303 children (2-17 years) who met the final study cri-
teria, 105 (8%) had missing height or weight and were excluded.
An additional 82 (6%) had implausible height and weight and
were also excluded (Figure 1). Of 1116 children with available
BMI, 176 (16%) were underweight, 657 (59%) normal weight,
126 (11%) overweight, and 157 (14%) obese.

BMI increased with increasing age; 66% of children who were
underweight were 2-4 years of age, and 71% of children with
obesity were >5 years of age (Table 1). Race and ethnicity were
similar among children who were normal weight, overweight,
or obese. However, compared with other BMI groups, there
were more black children (42%) and fewer Hispanic children
(6%) in the underweight group. Although a similar proportion
of children with obesity was enrolled in each city (31%-35%),
nearly half (49%) of children who were underweight were from
city A. Asthma/reactive airway disease was the most common
underlying condition across all BMI categories (41%) including
among children who were overweight (48%) and obese (46%).

In unadjusted analyses, LOS >3 days was similar across dif-
ferent BMI categories (Figure 2A). Compared with children
of normal weight, ICU admission was more common among
children who were overweight (14% vs 25%; odds ratio [OR],
1.93; 95% confidence interval [CI], 1.22-3.06) or obese (14%
vs 27%; OR, 2.16; 95% CI, 1.43-3.27), and children with obe-
sity had higher prevalence of mechanical ventilation (3% vs
9%; OR, 2.97; 95% CI, 1.47-5.97). Eleven (<1%) children devel-
oped acute respiratory distress syndrome (ARDS): 4 (3%) of the
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Children

1303 children (2-17
years) enrolled in the
EPIC study

Adults

2320 adults
(=18 years) enrolled
in the EPIC study

187 (14%) children excluded:
- 105 (8%) missing height/weight
- 82 (6%) with implausible?
height/weight

1116 (86%) children
analyzed

Figure 1.

29 (1%) adults excluded®:
- 16 (1%) missing height/weight
- 13 (1%) were pregnant

A4

2291 (99%) adults

analyzed

Children and adults enrolled in the Etiology of Pneumonia in the Community (EPIC) study who were included in the analysis of the relationship between body mass

index (BMI) and community-acquired pneumonia outcomes. Extreme or biologically implausible values were assessed based on Centers for Disease Control and Prevention
growth charts [29] for children; of 82 children with implausible height/weight information, 35 (43%) would have been categorized as underweight, 15 (18%) as normal weight,
4 (5%) as overweight, and 28 (34%) as obese. "All BMI values were included (range, 12-78).

children with obesity compared with 3 (<1%) children of nor-
mal weight (OR, 5.70; 95% CI, 1.26-25.73). Two children died;
both had normal weight.

After adjusting for demographics and underlying conditions,
there was no significant difference in odds of LOS >3 days
between the different BMI categories (Table 2). However, odds
of ICU admission were higher in children who were over-
weight (adjusted OR [aOR], 1.70; 95% CI, 1.05-2.75) or obese
(aOR, 2.09; 95% CI, 1.36-3.22) and odds of mechanical venti-
lation were higher in children with obesity (aOR, 2.70; 95% CI,
1.31-5.57).

Models stratified by age (2-4 years and 5-17 years) yielded
similar results (Supplementary Table 1).

When stratified by presence or absence of asthma, among
children with asthma, odds of LOS >3 days was higher in chil-
dren who were underweight (aOR, 2.48; 95% CI, 1.41-4.37) or
obese (aOR, 2.07; 95% CI, 1.16-3.69); and odds of ICU admis-
sion (aOR, 2.48; 95% CI, 1.32-4.68) and mechanical ventilation
(aOR, 5.01; 95% CI, 1.49-16.84) were significantly higher for
children with obesity (Table 2). No significant association was
observed between BMI and severe outcomes in children with-
out asthma.

Adults
Among 2320 adults who met the final study criteria, 13 (1%) were
pregnant, and 16 (1%) had missing height or weight (Figure 1)
and were excluded. Of 2291 adults with available BMI, 110 (5%)
were underweight, 713 (31%) normal weight, 631 (28%) over-
weight, 606 (26%) obese, and 231 (10%) extremely obese.
Obesity was more common in adults <65 years of age; 67%
with obesity and 81% with extreme obesity were adults aged
<65 years (Table 3). Female sex (72%) and black race (56%)

were more common in adults with extreme obesity. Asthma
(41%) and diabetes (44%) were most common among adults
with extreme obesity, whereas COPD (37%) and immunosup-
pression (26%) were most common among adults who were
underweight. PSI and CURB-65 were lowest (indicating a lower
risk for 30-day mortality) among adults with extreme obesity
(PSI median, 2; CURB-65 median, 0).

In unadjusted analyses, compared with adults of normal
weight, LOS >3 days was more common in adults who were
underweight (48% vs 59%; OR, 1.57; 95% CI, 1.04-2.36)
(Figure 2B); there were no other statistically significant differ-
ences. The proportion of adults admitted to ICU ranged from
19% in overweight to 26% in underweight adults. Mechanical
ventilation ranged from 4% among adults who were either over-
weight or extremely obese to 9% among adults who were under-
weight. Seventy-three (3%) adults developed ARDS, including
adults who were overweight (2%) and adults in each other cate-
gory (4%). In-hospital death occurred in 5% of adults who were
underweight, ranging between 2% and 3% in adults who were
of normal weight, overweight, or obese; no deaths occurred
among adults with extreme obesity.

In adjusted analyses, the odds of LOS >3 days were higher in
adults who were underweight (aOR 1.59; 95% CI, 1.05-2.42)
compared with normal weight (Table 4). BMI was not signifi-
cantly associated with ICU admission, but odds of mechani-
cal ventilation were lower among adults who were overweight
(aOR, 0.51; 95% CI, .31-.85).

While no significant interaction terms were observed
between age, or PSI and BMI in the adult models, in age-strat-
ified analysis, the association between being underweight and
longer LOS was significant only among adults aged 50-64 years
(Supplementary Table 2). Odds of ICU admission were higher
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Table 1. Proportion of Select Characteristics in Children Hospitalized With Community-Acquired Pneumonia by Body Mass Index Category (n = 1116)
All Underweight Normal Overweight Obesity
Characteristics (N =1116) (n =176) (n =657) (n =126) (n =157) PValue?
Age group, % <.01
2-4y 45 66 48 24 29
5-11y 40 25 39 52 54
12-17 y 15 9 14 25 17
Female sex, % 47 48 49 41 44 .36
Race/Ethnicity, % <.01
Non-Hispanic white 45 44 47 47 41
Non-Hispanic black 33 42 32 28 30
Hispanic 15 6 16 20 18
Other 7 8 5 6 M
Enrollment city, % <.01
A 37 49 35 36 31
B 26 23 23 34 34
C 37 27 42 30 35
Insurance, % .06
None 2 2 2 4 2
Public 53 63 50 51 54
Private 45 85 48 45 44
Clinical presentation, %
Onset to admission, d, median 3(1-6) 3(1-6) 4(1-7) 3(1-7) 3(1-5) .52
(IQR)
Wheezing 38 37 35 40 48 .02
Tachypnea® 51 49 50 51 54 .88
Tachycardia® 56 66 52 49 65 <.01
Hypoxiad 37 32 37 37 46 .07
Radiographic characteristics, %
Consolidation 63 66 61 60 68 27
Infiltrate 46 48 47 44 41 .56
Pleural effusion 19 16 18 17 22 .56
Underlying conditions, % 55 53 51 67 64 <.01
Asthma 41 40 39 48 46 15
Heart disease 7 8 6 6 1 14
Immunosuppression/ HIV 3 1 3 6 2 06
Cancer 1 0 1 2 1 12
Neurological disease " 14 9 17 10 02

Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range.
2Univariate comparisons with P values by %? (count =5 in each cell) or Fisher exact test.

Tachypnea (breaths/min): respiratory rate >40 (1-5y) or >25 (>5y).

“Tachycardia (beats/min): heart rate >151 (2 y), >137 (3-4 y), >133 (5-7 y), >130 (8-11y), >119 (12-16 y),>100 (>16 y).

dHypoxia: oxygen saturation <92% or on oxygen at presentation.

in adults 18-49 years who were underweight (aOR, 2.70 95%
CI, 1.06-6.86), and lower in adults >65 years who were over-
weight (aOR, 0.58; 95% CI, .38-.87). When stratified by PSI, the
association between extreme obesity and longer LOS was signif-
icant among adults with low PSI (aOR, 1.67; 95% CI, 1.16-2.41)
(Supplementary Table 2).

Etiology

A pathogen was detected in 819 of 1065 (77%) children with
specimens collected: viruses in 63% and bacteria in 21%
(Supplementary Table 3). Prevalence was similar across all
BMI categories for most pathogens. Respiratory syncytial virus
(RSV) was detected in 17% of children: 23% in underweight,

12% in overweight, and 12% in children with obesity (P = .03).
Parainfluenza virus was detected in 6% of children, more com-
monly in the underweight (11%) (P =.03).

A pathogen was detected in 845 of 2230 (38%) adults with
specimens collected: viruses in 26% and bacteria in 14%
(Supplementary Table 4). Prevalence was similar across all BMI
categories for most pathogens. Streptococcus pneumoniae was
detected in 5% of adults: 7% in underweight and normal adults,
and 2% in adults with extreme obesity (P = .04). The addition
of etiology (bacterial, atypical, or viral) to pediatric and adult
models for LOS, ICU admission, and mechanical ventilation
yielded similar results to models without etiology (Tables 2 and
4; Supplementary Tables 1 and 2).
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Figure 2. Clinical outcomes by body mass index category among children (A) and adults (B) hospitalized with community-acquired pneumonia. Abbreviations: ARDS, acute

respiratory distress syndrome; ICU, intensive care unit; LOS, length of stay.

DISCUSSION

Compared with normal-weight children, children who were
overweight or obese experienced more severe CAP outcomes,
including ICU admission among those who were overweight
or obese, and mechanical ventilation among those with obe-
sity. In stratified analyses, the association between elevated
BMI and more severe outcomes was only apparent in children
with asthma. In contrast, we did not observe an association
between elevated BMI and severe outcomes in adults; rather,
underweight adults had longer LOS than those with normal
weight.

Few epidemiologic studies have examined the impact of BMI
on respiratory infections in children. A cross-sectional study

of 1129 children in Poland found that children who were over-
weight were at higher risk for acute upper respiratory tract infec-
tions [31]. Another observational study of 1746 children seen in
an emergency department in Oklahoma found that children who
were underweight with lower respiratory tract infections includ-
ing pneumonia were more likely to be admitted than children
with normal weight [21]. Being underweight was also associated
with hospitalization but not mortality during the 2009 HIN1 pan-
demic [5]. In our study of children hospitalized with CAP, being
underweight was not associated with severe outcomes. However,
children who were overweight or obese were more likely to be
admitted to the ICU and children with obesity were more likely
to require mechanical ventilation. With only 2 pediatric deaths,
we could not examine the association between BMI and death.
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Table 2. 0dds Ratios and Confidence Intervals for Hospital Length of Stay, Intensive Care Unit Admission, and Invasive Mechanical Ventilation by Body
Mass Index Category Among Children Hospitalized With Community-Acquired Pneumonia Adjusted for Demographics, Select Chronic Conditions, and

Etiology®
Adjusted® Adjusted for Etiology®
Outcome BMI Category % With Outcome OR (95% Cl) PValue % With Outcome OR (95% CI) PValue
Hospital length of stay >3 d n=1115 n = 1065
Underweight 39 1.35 (.95-1.93) .10 40 1.41 (.98-2.05) .06
Normal 32 Ref 32 Ref
Overweight 33 0.92 (.60-1.40) .70 33 0.88 (.66-1.37) .56
Obesity 36 1.18 (.81-1.71) 40 36 1.15 (.78-1.72) 48
With asthma n =460 n =443
Underweight 45 2.48 (1.41-4.37) .002 46 2.48 (1.39-4.40) .002
Normal 27 Ref 27 Ref
Overweight 30 1.19 (.63-2.28) .59 29 1.10 (.56-2.16) .78
Obesity 39 2.07 (1.16-3.69) .01 39 2.13 (1.15-3.93) .02
Without asthma n = 655 n =622
Underweight 35 0.95 (.59-1.563) .83 36 0.99 (.60-1.63) 97
Normal 36 Ref 35 Ref
Overweight 35 0.77 (.43-1.38) .38 35 0.74 (.40-1.38) .35
Obesity 34 0.76 (.46-1.28) 31 33 0.72 (.41-1.26) .25
Intensive care unit admission n=1116 n = 1065
Underweight 18 1.32 (.84-2.10) .23 19 1.40 (.88-2.24) .16
Normal 14 Ref 14 Ref
Overweight 25 1.70 (1.05-2.75) .03 24 1.68 (1.01-2.80) .05
Obesity 27 2.09 (1.36-3.22) <.001 27 2.20 (1.41-3.50) <.001
With asthma n =461 n =443
Underweight 24 1.50 (.77-2.93) .23 24 1.50 (.76-2.96) 24
Normal 17 Ref 17 Ref
Overweight 25 1.49 (.73-3.02) .27 24 1.44 (.69-3.03) .33
Obesity 31 2.48 (1.32-4.68) .005 32 2.95 (1.60-5.78) .002
Without asthma n = 655 n =622
Underweight 14 1.15 (.60-2.20) .68 15 1.29 (.66-2.52) 46
Normal 13 Ref 12 Ref
Overweight 25 1.79 (.91-3.52) .09 24 1.81 (.88-3.75) N
Obesity 24 1.72 (.93-3.18) .08 22 1.63 (.84-3.14) 15
Invasive mechanical ventilation n=1116 n = 1065
Underweight 5 1.45 (.64-3.31) .37 5 1.69 (.68-3.74) .28
Normal 3 Ref 3 Ref
Overweight 5 1.14 (.43-3.01) 79 4 0.82 (.27-2.49) 72
Obesity 9 2.70 (1.31-5.57) .007 9 3.08 (1.43-6.67) .004
With asthma n =461 n =443
Underweight 4 1.09 (.25-4.87) 91 4 1.18 (.24-5.90) .84
Normal 3 Ref 3 Ref
Overweight 3 0.70 (.13-3.81) .68 3 0.38 (.06-2.49) .31
Obesity 10 5.01 (1.49-16.84) .009 n 8.87 (2.17-36.29) .002
Without asthma n = 655 n =622
Underweight 6 1.63 (.59-4.52) .35 6 2.04 (.70-5.94) 19
Normal 4 Ref 3 Ref
Overweight 6 1.65 (.46-5.16) 48 5 1.10 (.26-4.67) .90
Obesity 8 2.32 (.88-6.13) .09 7 2.39 (.82-7.02) N

Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds ratio.

aAll comparisons were with the normal weight category.

Adjusted pediatric regression models were controlled for age, sex, race/ethnicity, enroliment city, history of asthma, heart disease, and neurological conditions. Adjusted models stratified
by age category were controlled for age, sex, race/ethnicity, enrollment city, history of asthma, heart disease, and neurological conditions. Adjusted models stratified by presence or absence

of asthma were controlled for age, sex, race/ethnicity, enrollment city, heart disease, and neurological conditions.

cAdjusted models with etiology were adjusted for all the factors mentioned above as well as for the presence or absence of bacterial, atypical bacterial (Mycoplasma pneumoniae,
Chlamydophila pneumoniae, and Legionella species), or viral etiology.
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Table 3. Proportion of Select Characteristics in Adults Hospitalized With Community-Acquired Pneumonia by Body Mass Index Category (n = 2291)

All Underweight Normal Overweight Obesity Extreme Obesity
Characteristics (n =2291) (n=110) (n=713) (n =631) (n = 606) (n =231) PValue?
Age group, % <.01
18-49y 30 25 28 29 30 38
50-64 y 34 27 32 31 37 43
>65y 36 48 40 40 33 19
Female sex, % 51 59 47 44 54 72 <.01
Race/Ethnicity, % <.01
Non-Hispanic white 47 56 52 49 43 30
Non-Hispanic black 39 34 35 33 42 56
Hispanic 10 6 8 13 1 1
Other 4 5 4 3 3
Enrollment city, % .06
City D 66 54 67 68 67 65
City E 34 46 33 32 33 35
Insurance, % 44
None 15 15 16 15 15 16
Public 48 57 50 47 45 49
Private 85) 28 33 36 39 35
Unknown 1 0 1 2 1 1
Clinical presentation, %
Onset to admission, d, 4(2-7) 4(2-7) 4 (1-9) 4(2-7) 4 (2-7) 4(2-7) 7
median (IQR)
Altered mental status 7 16 8 8 6 3 <.01
Wheezing 28 25 24 26 30 46 <.01
Tachypnea® 15 (n = 2285) 12 (n =110) 15 (n =711) 12 (n = 629) 14 (n = 606) 23 (n = 229) <.01
Tachycardia® 48 (n = 2276) 50 (n = 109) 50 (n = 706) 46 (n = 628) 48 (n = 606) 48 (n = 227) 71
Hypotensiond 20 (n = 2284) 24 (n = 110) 23 (n =711) 20 (n = 627) 19 (n = 606) 14 (n = 230) .02
Hypoxia® 26 (n = 2275) 28 (n =110) 26 (n = 707) 23 (n = 627) 26 (n = 602) 30 (n = 220) .32
Radiographic characteristics, %
Consolidation 62 73 64 63 60 54 <.01
Infiltrate 40 &3 40 40 39 45 2
Pleural effusion 31 36 34 31 28 22 <.01
Chronic conditions, % 79 78 76 77 81 84 .04
Asthma 26 24 21 24 28 41 <.01
COPD 23 37 24 20 21 26 <.01
Heart disease 35 25 34 35 39 37 .03
Diabetes 26 9 18 24 34 44 <.01
Immunosuppression/ HIV 19 26 20 20 16 18 .04
Cancer 18 21 22 18 16 10 <.01
Neurological disease i 13 13 12 8 9 .04
Current smoker, % 26 34 31 23 23 23 <.01
PSI class, median (IQR) 3 (2-4) 3 (2-4) 3 (2-4) 3 (2-4) 3(2-4) 2 (2-3) <.01
PSl class, % <.01
1-3 (low) 65 54 59 64 67 83
4 (moderate) 26 35 28 27 26 16
5 (high) 9 11 13 9 7 2
CURB-65, median (IQR) 1(0-2) 1(0-2) 1(0-2) 1(0-2) 1(0-2) 0(0-1) <.01
CURB-65 class, % <.01
Low (0-1 points) 69 54 67 68 71 80
Moderate (2 points) 19 30 19 20 18 17
High (5 points) i 16 14 12 M 4

Abbreviations: COPD, chronic obstructive pulmonary disease; HIV, human immunodeficiency virus; IQR, interquartile range; PSI, Pneumonia Severity Score.

2Univariate comparisons with P values by %2 (count > 5 in each cell) or Fisher exact test.
bTachypnea: respiratory rate >25 breaths/min.

“Tachycardia: heart rate >100 beats/min.

dHypotension: systolic blood pressure <90 mm/Hg and diastolic blood pressure <60 mm Hg.

¢Hypoxia: oxygen saturation <92 or on oxygen at presentation.
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Table 4. Odds Ratios and Confidence Intervals for Hospital Length of Stay, Intensive Care Unit Admission, and Invasive Mechanical Ventilation by Body
Mass Index Category Among Adults Hospitalized With Community-Acquired Pneumonia Adjusted for Demographics, Select Chronic Conditions, and

Etiology®
Adjusted® Adjusted With Etiology®
% With
% With Outcome Outcome
Outcome BMI Category (n =2285) OR (95% Cl) PValue (n =2224) OR (95% Cl) PValue
Hospital length of stay >3 d
Underweight 59 1.69 (1.05-2.42) .03 59 1.65 (1.08-2.53) .02
Normal 48 ref 47 ref
Overweight 48 0.97 (.78-1.21) .80 48 1.00 (.80-1.26) 97
Obesity 46 0.96 (.77-1.20) 73 46 0.99 (.78-1.25) .93
Extreme obesity 52 1.31 (.95-1.80) .10 51 1.36 (.98-1.88) .07
Intensive care unit admission
Underweight 26 1.29 (.80-2.06) 29 26 1.27 (.78-2.06) .34
Normal 23 ref 23 ref
Overweight 19 0.80 (.61-1.04) 10 19 0.80 (.61-1.07) A3
Obesity 22 0.96 (.73-1.25) 74 22 0.97 (.74-1.29) .86
Extreme obesity 19 0.87 (.58-1.29) 48 19 0.91 (.60-1.36) .63
Invasive mechanical ventilation
Underweight 9 1.43 (.69-2.98) .34 8 1.32 (.60-2.91) 49
Normal 7 ref 7 ref
Overweight 4 0.51 (.31-.85) .009 4 0.562 (.31-.88) .02
Obesity 5 0.73 (.45-1.18) .20 5 0.74 (.456-1.22) 24
Extreme obesity 4 0.69 (.33-1.43) .32 4 0.78 (.37-1.65) .52

Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds ratio.

2All comparisons were with the normal weight category.

bAdjusted adult logistic regression models were controlled for age group, sex, race/ethnicity, enrollment city, history of asthma, heart disease, immunosuppression, cancer (excluding der
matological malignancies), neurological conditions, chronic obstructive pulmonary disease, diabetes, and current smoking status.

°Adjusted models with etiology were adjusted for all the factors mentioned above as well as for the presence or absence of bacterial, atypical bacterial (Mycoplasma pneumoniae,

Chlamydophila pneumoniae, and Legionella species), or viral etiology.

More than 40% of children in our study had asthma, which
was most common among children who were overweight
(48%) or obese (46%). Among children with asthma, being
underweight or obese was associated with longer LOS, and
asthma and obesity were associated with ICU admission and
mechanical ventilation. No significant associations were found
in children without asthma. Several hypotheses exist regarding
the association between obesity and asthma. Obesity-related
inflammation, chest wall restriction, or other comorbidities
may play a role in development of asthma [32]; these same
mechanisms may play a role in CAP severity among people with
asthma and obesity. Further studies exploring the relationship
between obesity, asthma, and CAP severity are warranted.

We found no significant differences in ICU admission by
BMI category among adults hospitalized with CAP, but adults
who were underweight had longer LOS than those with nor-
mal weight. In addition, while only 6% of adults in our study
required mechanical ventilation, mechanical ventilation was
significantly less common among adults who were overweight.
Strict exclusion criteria and difficulties in enrolling older
patients, including those who required mechanical ventilation,
may have contributed to the low mortality observed in the EPIC
study [24, 25] and thus associations between BMI and mortality

are difficult to assess. However, our data are consistent with
other studies which suggest that while low BMI may impact the
course of illness associated with CAP, neither low nor high BMI
is associated with severe outcomes among adults hospitalized
with CAP. A study using a large administrative dataset reported
no significant difference in ICU admission or mechanical ven-
tilation by BMI category [16], but demonstrated that being
underweight was associated with an increased risk, and being
obese was associated with a decreased risk of 90-day mortality.
A prospective Canadian cohort study of 907 adults hospitalized
with pneumonia found no association between ICU admis-
sion and BMI [15]; however, in-hospital mortality was highest
among the adults who were underweight whereas those with
obesity were less likely to die [15]. Among 1079 adults hospital-
ized with CAP in the United Kingdom, no significant difference
in immediate requirement for mechanical ventilation or ino-
tropic support by BMI category was seen; however, obesity was
associated with a reduced risk of 30-day mortality [18].

Other studies have also found that the risk of mortality in
CAP decreased with higher BMI [9, 14, 17], a phenomenon
often referred to as the “obesity survival paradox” In our study,
the overall in-hospital mortality ranged from 2% among adults
who were overweight to 3% among the normal weight or obese
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to 5% among the underweight; however, these differences were
not statistically significant after controlling for confounders
(data not shown). Our overall mortality was lower than that
from other studies (9%-18%), which reported a statistically sig-
nificant association between lower BMI and mortality [14-16,
18]. One potential explanation for why adults who were under-
weight or extremely obese were not more likely to require ICU
admission or mechanical ventilation, and why adults with obe-
sity in other studies had lower mortality, is that these patients
may be more likely to be admitted to the hospital even when
presenting with milder disease than patients with normal
weight. However, since admission PSI and CURB-65 scores
were similar in all BMI groups, with the exception of those
with extreme obesity whose scores were lower, this explanation
may apply only to adults with extreme obesity in our study; it
is possible that there is a different threshold for admission in
this group.

Studies exploring interactions between BMI and CAP high-
light the complexity of the relationship. Both human and animal
studies have suggested immune function impairment in indi-
viduals who are underweight [33, 34] or obese [35-37]. In peo-
ple who are underweight, immune function impairment may
occur from coexisting chronic conditions, which we adjusted
for in this analysis. Among those with obesity, adipose tissue
that accumulates around the chest may decrease lung compli-
ance and increase the risk of airway closure and ventilation-per-
fusion mismatch [38]. However, cytokines, such as leptin, from
adipose tissue may have an anti-inflammatory effect. Mouse
studies show that leptin deficiency was associated with reduced
bacterial clearance and increased mortality [39, 40]; increasing
leptin levels improved bacterial clearance and survival [39].

This study has limitations. First, height and weight were col-
lected for the majority (86% of children and 99% of adults) but
not all patients. Second, although obtained through medical
chart abstraction, some height and weight values may have been
self-reported, which may have underestimated the actual BMI,
leading to misclassification bias [41, 42]. Third, few patients
were represented in certain strata, limiting interpretation of
stratified analyses. In addition, the low number of deaths pre-
cluded examination of the relationship between BMI and mor-
tality. Last, while adjusted for potential confounders, our results
may be subject to bias due to unmeasured factors, and residual
confounding cannot be ruled out.

In this large prospective study of children and adults hos-
pitalized with CAP, children who were overweight or obese
experienced more severe outcomes than those of normal
weight, including ICU admission in the overweight and obese,
and mechanical ventilation in obese children. Asthma was an
important effect modifier that needs further study. In contrast,
while adults who were underweight had longer LOS, neither low
nor high BMI was associated with ICU admission or mechan-
ical ventilation. Our findings underscore the complexity of the

relationship between BMI and CAP outcomes during hospital-
ization with CAP. Further studies exploring the mechanisms of
BMI-associated modulation of the immune response and the
impact on clinical outcomes of patients hospitalized with CAP
are warranted.

Supplementary Data

Supplementary materials are available at The Journal of Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.
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