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Abstract Body mass index (BMI) is an easily calculated

indicator of a patient’s body mass including muscle mass

and body fat percentage and is used to classify patients as

underweight or obese. This study is to determine if BMI

extremes are associated with increased 28-day mortality

and hospital length of stay (LOS) in emergency department

(ED) patients presenting with severe sepsis. We performed

a retrospective chart review at an urban, level I trauma

center of adults admitted with severe sepsis between

1/2005 and 10/2007, and collected socio-demographic

variables, comorbidities, initial and most severe vital signs,

laboratory values, and infection sources. The primary

outcome variables were mortality and LOS. We performed

bivariable analysis, logistic regression and restricted cubic

spline regression to determine the association between

BMI, mortality, and LOS. Amongst 1,191 severe sepsis

patients (median age, 57 years; male, 54.7 %; median

BMI, 25.1 kg/m2), 28-day mortality was 19.9 % (95 % CI

17.8–22.4) and 60-day mortality was 24.4 % (95 % CI

21.5–26.5). Obese and morbidly obese patients were

younger, less severely ill, and more likely to have soft

tissue infections. There was no difference in adjusted

mortality for underweight patients compared to the normal

weight comparator (OR 0.74; CI 0.42–1.39; p = 0.38). The

obese and morbidly obese experienced decreased mortality

risk, vs. normal BMI; however, after adjustment for base-

line characteristics, this was no longer significant (OR

0.66; CI 0.42–1.03; p = 0.06). There was no significant

difference in LOS across BMI groups. Neither LOS nor

adjusted 28-day mortality was significantly increased or
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decreased in underweight or obese patients with severe

sepsis. Morbidly obese patients may have decreased 28-day

mortality, partially due to differences in initial presentation

and source of infection. Larger, prospective studies are

needed to validate these findings related to BMI extremes

in patients with severe sepsis.

Keywords Sepsis � Obesity � Body mass index � Organ

dysfunction � Resuscitation

Abbreviations

BMI Body mass index

LOS Length of stay

ED Emergency department

CI Confidence interval

OR Odds ratio

ICU Intensive care unit

SIRS Systemic inflammatory response syndrome

CrCl Creatinine clearance

SBP Systolic blood pressure

EGDT Early goal-directed therapy

SSDI Social security death index

PT ProThrombin time

PTT Partial thromboplastin time

GCS Glasgow coma scale

APACHE Acute physiology and chronic health

evaluation

SOFA Sequential organ failure assessment

MICU Medical intensive care unit

HTN Hypertension

CAD Coronary artery disease

CHF Congestive heart failure

COPD Chronic obstructive pulmonary disease

HIV Human immunodeficiency virus

Introduction

Severe sepsis is responsible for at least 750,000 hospital

admissions and over 215,000 deaths in the US each year

[1]. Between 2004 and 2009, the incidence of severe sepsis

increased by approximately 13 % annually, while the case-

fatality rate decreased steadily [2]. Over $16.7 billion is

spent within hospitals and on healthcare for patients with

severe sepsis annually—an average of $22,000 per case [1].

The rising incidence, total mortality rate, and costs asso-

ciated with severe sepsis continue to create major medical

challenges. Understanding predisposing factors for worse

outcomes in severe sepsis patients may aid accurate risk

stratification and promote proper utilization of early, tar-

geted treatment protocols [3].

Body mass index (BMI) is an easily calculated indicator

of a patient’s body mass including muscle mass and body

fat percentage and is used to classify patients as under-

weight or obese. The relationship between BMI and

adverse patient outcomes is an increasingly important area

of research across all areas of medicine due to the growing

incidence of obesity in the United States and around the

world [4]. Increased BMI has been shown to be a signifi-

cant risk factor for chronic health conditions including

diabetes, hypertension, degenerative joint disease and

congestive heart failure. As the association between BMI

and adverse chronic health conditions continues to be

studied, further efforts are needed to elucidate the rela-

tionship between increased BMI and adverse outcomes in

critical care situations, including severe sepsis and septic

shock. Increased risks associated with extremely high and

extremely low BMI exist for broadly defined populations

and have generated U-shaped curves relating BMI and

mortality [5]. This relationship, however, may not be

observed in critically ill patients, where studies have yiel-

ded conflicting results [6–13]. Intensive Care Unit (ICU)

data have demonstrated either: an increased risk in under-

weight, low BMI (\18.5 kg/m2) patients [6, 7], an

increased risk in obese, high BMI ([30 kg/m2) patients [8,

9], no significant difference associated with BMI [10–13],

or a decreased risk in obese, high BMI patients [14].

The relationship between BMI and mortality has also

been examined in specific diseases and during diverse

procedures [2]; however, to date, only one study has

examined this relationship in a cohort of patients with

severe sepsis [14]. The primary goal of this study is to

determine if BMI is associated with 28-day mortality in a

patient population presenting to the emergency department

(ED) with severe sepsis or septic shock. The secondary

goal is to determine the impact of BMI on hospital length

of stay (LOS). We hypothesized that extremes (high or

low) of BMI would be significantly associated with

increased 28-day mortality and LOS [15–22].

Materials and methods

Setting

This study took place at the Hospital of the University of

Pennsylvania and the study protocol was approved by the

Institutional Review Board of the University of Pennsyl-

vania with a waiver of informed consent.

Patients

This was a retrospective cohort study of patients presenting

to the ED and admitted to an urban, level I trauma center
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with severe sepsis between January 2005 and October

2007. Patient ED records were screened for the following

inclusion criteria within the ED: evidence of a suspected

infection, defined as the administration of antibiotics; the

presence of two or more systemic inflammatory response

syndrome (SIRS) criteria; and evidence of one or more

signs of new onset organ dysfunction, in accordance with

the 2001 International Consensus Conference definitions

for severe sepsis [23]. Adult patients (C18 years old) were

included in the registry. Complete inclusion and exclusion

criteria have been described elsewhere by Mikkelsen et al.

[24]. Review of patients’ medical records, discharge

summaries, and assigned ICD-9 codes were used to con-

firm the diagnosis of severe sepsis in individual patients

and validate the severe sepsis cohort.

Data collection and processing

Data were organized and recorded into a secure database;

variables included: socio-demographics, comorbidities,

initial and most severe vital signs, laboratory values,

infection source, and mortality (in-hospital, 28-day, and

60-day). Triage vital signs, worst vital signs in the ED, and

first laboratory results obtained after ED triage were

Table 1 Baseline characteristics and outcomes in the 1,191 subjects by BMI category

Variables Underweight

(n = 102)

Normal (n = 480) Overweight

(n = 301)

Obese (n = 229) Morbidly obese

(n = 79)

p value

Age 57.5 (43–69) 57 (44–70) 58 (47–70) 56 (47–66) 50.5 (42–63) 0.04

Male sex n (%) 53 (52) 271 (56.5) 189 (62.8) 112 (48.9) 26 (34.2) \0.001

BMI 16.8 (15.7–17.9) 21.9 (20.4–23.4) 27.3 (25.8–38.4) 33.5 (31.7–35.9) 46.9 (42.9–57.1) \0.001

Maximum temperature (�F) 99.4 (97.8–101.7) 100.7 (98.3–102.2) 101.4 (99.8–102.6) 101.4 (99.3–102.7) 100 (98.5–102.2) \0.001

Maximum heart rate (beats

per min)

120 (107–139) 118 (106–133) 117 (102–128) 121 (107–132) 114 (98–129) 0.12

Maximum respiratory rate

(per min)

22 (20–30) 24 (20–30) 23 (20–28) 24 (20–30) 24 (20–28) 0.23

Minimum mean arterial

pressure (mmHg)

65 (54–71) 63 (54–76) 67 (57–76) 67 (56–80) 71 (59–82) 0.007

Minimum systolic blood

pressure

93 (77–104) 91 (80–111) 99 (84–111) 100 (84–117) 106 (99–117) \0.001

White blood cells 12.4 (6.5–18.1) 13.1 (8.1–17.7) 11.9 (7.1–17.1) 10.9 (7–17.5) 15 (11.4–19) 0.002

Platelets 247 (156–379) 225 (145–342) 210 (123–291) 222 (155–315) 268 (207–335) 0.003

Serum creatinine 1.2 (0.8–1.9) 1.2 (0.9–2.3) 1.3 (0.9–2.1) 1.5 (1–2.2) 1.5 (1.0–2.1) 0.05

Creatinine clearance 42 (24–71) 50 (28–81) 63 (37–88) 67 (42–107) 94 (57–178) \0.001

Glucose 111 (92–143) 114 (94–155) 120 (99–174) 126 (99–174) 132 (101–174) 0.02

Total bilirubin 0.5 (0.3–1.2) 0.7 (0.4–1.3) 0.8 (0.6–2.3) 0.8 (0.5–1.7) 0.6 (0.4–1.3) 0.001

PT 14 (12.5–15.7) 13.8 (12.7–16.1) 14.3 (13–16.9) 13.9 (12.7–15.9) 14 (12.7–16.2) 0.32

PTT 30.1 (26.1–38) 29.3 (26–34.1) 29.4 (25.4–34.6) 27.7 (24.6–34.1) 27.9 (25.5–31.6) 0.07

GCS 15 (15–15) 15 (15–15) 15 (15–15) 15 (15–15) 15 (15–15) 0.69

Hematocrit 33 (27–39) 34 (29–39) 34 (30–40) 35 (29–40) 38 (33–43) \0.001

Hemoglobin 11.2 (9.3–13.1) 11.4 (9.7–13.2) 11.8 (10–13.3) 12 (10–13.6) 12.8 (11.3–14.4) \0.001

Lactate 2.5 (1.8–4.1) 2.8 (1.9–4.3) 2.8 (2.1–4.1) 2.9 (1.9–4.6) 3.1 (2.5–4.9) 0.12

APACHE 15 (10–20) 15 (10–20) 14 (10–19) 15 (12–19) 12 (9–19) 0.21

SOFA 3 (2–5) 4 (2–5) 3 (2–5) 3 (2–5) 2 (1–4.5) 0.12

EDGT n (%) 32 (31.4) 128 (26.7) 65 (21.6) 63 (27.5) 15 (19.0) 0.18

Patient intubated n (%) 17 (16.7) 67 (14.0) 49 (16.3) 38 (16.6) 15 (19.0) 0.67

Patient ever in MICU n (%) 62 (60.8) 263 (54.8) 143 (47.5) 120 (52.4) 30 (38.0) 0.03

28-day mortality n (%) 24 (23.5) 105 (21.9) 60 (19.9) 43 (18.8) 5 (6.3) 0.03

60-day mortality n (%) 30 (29.4) 131 (27.3) 69 (22.9) 48 (21.0) 7 (8.9) 0.01

1 year mortality n (%) 41 (40.2) 172 (35.8) 96 (31.9) 76 (33.2) 11 (13.9) 0.01

Hospital LOS 8 (4–14) 6 (4–11) 7 (4–13) 6.5 (4–14) 5 (3–9.5) 0.18

BMI body mass index, PT ProThrombin time, PTT partial thromboplastin time, GCS glasgow coma scale, APACHE acute physiology and chronic

health evaluation, SOFA sequential organ failure assessment, MICU medical intensive care unit, LOS length of Stay
a Data are presented as medians and interquartile ranges unless otherwise noted
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utilized. Baseline vital signs and laboratory measurements

were used to calculate the Acute Physiology and Chronic

Health Evaluation II (APACHE II) score, creatinine

clearance (CrCl, calculated using Cockcroft-Gault equa-

tion,) and sequential organ failure assessment score

(SOFA) [25]. Height and weight were obtained from the

admission record, procedure notes, or ICU flow sheets and

used to calculate BMI (weight in kilograms divided by

height in meters squared). 28-day, 60-day, and 1-year

mortality were obtained from the hospital record and

confirmed via the social security death index (SSDI). The

primary outcome was 28-day mortality, with 60-day and

1-year mortality as secondary outcomes. Patients without

documented height, weight, or mortality information were

excluded from the study. Chart abstractions were verified

for accuracy by a separate member of the study team.

Statistical analysis

Due to non-normality, we compared baseline and clinical

characteristics across categories of BMI using the Wilco-

xon’s rank sum test or the Kruskal–Wallis test for contin-

uous variables where appropriate and the Pearson’s Chi

squared (v2) test for categorical variables.

We performed two analyses to determine the association

between BMI and mortality. In the first analysis, BMI was

divided into five quintiles according to National Institutes

of Health (NIH) definitions: underweight (BMI \18.5 kg/

m2); normal (18.5–24.9 kg/m2); overweight (25.0–29.9 kg/

m2); obese (30.0–39.9 kg/m2); and morbidly (or extreme)

obese (C40.0 kg/m2) [26]. A bivariable analysis was used

to determine the association between variables listed in

Tables 1, 2 and 3 and mortality. We used logistic regres-

sion to measure the unadjusted and adjusted odds ratio

(OR) between BMI and mortality. Age and APACHE II

score were included a priori into the base model. Variables

that exhibited a p value of \0.20 on bivariable analysis

were added to the base model one at time, and were

retained in the final model if they altered the point estimate

of the OR by[10 % [27].

In the second analysis, we used a five-knot restricted

cubic spline (RCS) regression model to plot the relation-

ship between BMI as a continuous variable and mortality.

Each knot represented one of the five BMI categories. The

advantage of the RCS model is that it allows a nonlinear

relationship in the fitted regression line [28].

Statistical analyses were performed using Stata 12.0

software (Stata Datacorp, College Station, TX).

Results

Baseline characteristics

The cohort included 1,324 severe sepsis subjects between

2005 and 2007, 133 patients were excluded secondary to

Table 2 Comorbidities in the 1,191 subjects by BMI category

Variable n (%) Underweight

(n = 102)

Normal

(n = 480)

Overweight

(n = 301)

Obese

(n = 229)

Morbidly obese

(n = 79)

p value

Diabetes 14 (13.7) 97 (20.2) 79 (26.3) 81 (35.4) 23 (29.1) \0.001

HTN 30 (39.4) 171 (35.6) 123 (40.9) 107 (46.7) 34 (43.0) 0.004

CAD 8 (7.8) 51 (10.6) 36 (12.0) 26 (11.4) 6 (7.6) 0.67

CHF 7 (6.9) 48 (10.0) 29 (9.6) 27 (11.8) 18 (22.8) 0.004

COPD 4 (3.9) 34 (7.1) 16 (5.3) 17 (7.4) 7 (8.9) 0.54

Liver failure 4 (3.9) 32 (6.7) 28 (9.3) 19 (8.3) 1 (1.3) 0.08

HIV 5 (4.9) 26 (5.4) 12 (4.0) 10 (4.4) 2 (2.5) 0.80

Oncology 49 (48.0) 164 (34.2) 97 (32.2) 72 (31.4) 9 (11.4) \0.001

Solid tumor with metastases 15 (14.7) 76 (15.8) 38 (12.6) 28 (12.2) 3 (3.8) 0.07

Lymphoma 3 (2.9) 25 (5.2) 9 (3.0) 9 (3.9) 0 (0) 0.19

Leukemia 5 (4.9) 30 (6.3) 30 (10) 20 (8.7) 0 (0) 0.02

Chemotherapy in the past

4 weeks

22 (21.6) 105 (21.9) 60 (20.0) 44 (19.2) 2 (2.5) 0.003

Immunosuppressed 32 (31.4) 172 (35.8) 102 (33.9) 67 (29.3) 7 (8.9) \0.001

Neutropenia 4 (3.9) 24 (5.0) 9 (3.0) 11 (4.8) 0 (0) 0.24

End-stage renal disease 7 (6.9) 39 (8.1) 21 (7.0) 19 (8.3) 6 (7.6) 0.97

Chronic renal Insufficiency 14 (13.7) 73 (15.2) 53 (17.6) 39 (17.0) 10 (12.7) 0.76

Transplant 11 (10.8) 57 (11.9) 43 (14.3) 22 (9.6) 2 (2.5) 0.06

BMI body mass index, HTN hypertension, CAD coronary artery disease, CHF congestive heart failure, COPD chronic obstructive pulmonary

disease, HIV human immunodeficiency virus
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missing or unreliable BMI and mortality data, with a final

cohort of 1,191 adult patients with severe sepsis (Fig. 1).

The cohort was 54.7 % male, 53.6 % African American,

with a median age of 57 years (IQR 45–69,) ranging from

18 to 102 years (Appendix 1) and median BMI of 25.1 kg/

m2 (IQR 21.4–30.3). Overall cohort 28-day mortality was

19.9 % (95 % confidence interval [CI] 17.8–22.4) and

60-day mortality was 24.4 % (95 % CI 21.5–26.5).

Characteristics of subjects by BMI category

Baseline and clinical characteristics across BMI categories

are shown in Tables 1, 2 and 3. There were significant

differences across the BMI categories in both

comorbidities and baseline clinical characteristics. The

overweight, obese, and morbidly obese groups were more

likely to have diabetes, hypertension, and congestive heart

failure, and less likely to have a cancer or be immuno-

suppressed (Table 1). Sources of infection also differed

significantly across the groups. Obese and morbidly obese

populations were more likely to have soft tissue infections

as the cause of severe sepsis compared to the non-obese

(Table 2). In addition, morbidly obese patients were more

likely to be younger and less severely ill (based on systolic

blood pressure [SBP] and lower percentage of ICU

admissions). Mean creatinine was higher in this population,

but the CrCl was also higher on average. As presented in

Table 3, there was no observable difference in the clinical

Table 3 Infection sources in the 1,191 subjects by BMI category

Infection source

n (%)

Underweight

(n = 102)

Normal

(n = 480)

Overweight

(n = 301)

Obese

(n = 229)

Morbidly obese

(n = 79)

p value

Primary bacteremia 15 (14.7) 94 (19.6) 65 (21.6) 30 (13.1) 14 (17.7) 0.14

Central venous

catheter

10 (9.8) 28 (5.8) 16 (5.3) 14 (6.1) 3 (3.8) 0.56

Respiratory 30 (29.4) 152 (31.7) 86 (28.6) 65 (38.4) 13 (16.5) 0.15

Urinary 28 (27.5) 109 (22.7) 79 (26.3) 42 (18.3) 19 (24.1) 0.31

Surgical site 1 (1.0) 5 (1.0) 9 (3.0) 9 (3.9) 3 (3.8) 0.08

Soft tissue 7 (6.9) 37 (7.7) 23 (7.6) 38 (16.6) 19 (24.1) \0.001

Gastrointestinal 14 (13.7) 68 (14.2) 44 (14.6) 35 (15.3) 16 (20.3) 0.57

Central nervous

system

2 (2.0) 10 (2.1) 6 (2.0) 6 (2.6) 1 (1.3) 0.97

BMI body mass index

Fig. 1 Enrollment and outcomes (BMI categories) for severe sepsis cohort
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treatment of severe sepsis patients by BMI (e.g., rate of

intubation or early goal-directed therapy [EGDT] use).

Association between BMI and mortality

The 28-day mortality for each BMI category is listed in

Table 4. Data were grouped for obese and morbidly obese

groups to facilitate multivariable analysis, given the small

number of mortal events at 28 days (five) in the morbidly

obese group. By combining the obese and morbidly obese

groups, a total of 48 mortal events occurred, allowing us to

enter six variables into our multivariable analysis. The

unadjusted and adjusted associations between BMI and

mortality are shown in Table 4. In unadjusted analysis, the

combined group of obese and morbidly obese patients was

significantly less likely to die (OR 0.67; CI 0.46, 0.97;

p = 0.04).

Specifically, it was the morbidly obese group that had a

significantly lower mortality compared to the normal group

(6.5 vs. 22.0 %; p = 0.002). This relationship was dem-

onstrated in the RCS model overlaid on the distribution

plot, which demonstrated a decrease in mortality with

increasing BMI (Fig. 2).

However, after adjusting for potential covariates, the

combined obese and morbidly obese group OR was

essentially unchanged, and the CI were broader, resulting

in a non-significant decreased risk of mortality compared to

the normal group (adjusted OR 0.66; CI 0.42, 1.03;

p = 0.06). After adjustment for potential covariates, no

difference in mortality was detected between the under-

weight group and the normal group (OR 0.76; CI 0.42,

1.39; p = 0.39).

In post hoc analyses, the association between morbid

obesity and mortality did not differ significantly after

stratification by admission to an ICU vs. admission to a

non-ICU (OR 0.44 and 0.38, respectively, test for homo-

geneity, p = 0.32).

There were no differences between groups when ana-

lyzed for the secondary outcomes of 60-day and 1-year

mortality in unadjusted and adjusted models.

Association between BMI and hospital LOS

The median hospital LOS of the severe sepsis cohort was

6 days (IQR 4–12). The LOS did not differ across BMI

category (p = 0.18). Further, the LOS did not differ after

inclusion of mortality as an indicator variable, in the sub-

group of patients who survived to hospital discharge, nor

did ICU LOS differ between BMI groups in those admitted

to an ICU (p = 0.92).

Discussion

In this retrospective observational cohort study of patients

admitted through the ED with severe sepsis, we find evi-

dence, using the RCS model, that morbidly obese patients

have a significantly lower mortality compared to the nor-

mal BMI group (p\ 0.001). However, after adjustment for

potential confounding variables, the relationship between

NIH obesity categories and mortality is no longer signifi-

cant. Despite many hypotheses about the increased risk of

complications and comorbidities in the underweight and

Table 4 Unadjusted and adjusted OR for the association between

BMI category and 28-day mortality

BMI category OR 95 % CI p value

Unadjusted

Underweight (n = 102) 1.1 0.66, 1.83 0.70

Normal (n = 480) 1.0a

Overweight (n = 301) 0.89 0.63, 1.28 0.54

Obese and morbidly obese (n = 308) 0.67 0.46, 0.97 0.04

Adjusted for age and ED APACHE II

Underweight 1.05 0.61, 1.80 0.86

Normal 1.0

Overweight 0.9 0.61, 1.31 0.57

Obese and morbidly obese 0.72 0.48, 1.06 0.10

Adjusted for age, ED APACHE II, intubation, oncology service,

initiation of early goal directed therapy, and creatinine clearance

Underweight 0.76 0.42, 1.39 0.38

Normal 1.0

Overweight 0.86 0.57, 1.3 0.47

Obese and morbidly obese 0.66 0.42, 1.03 0.06

OR odds ratio, ED emergency department, APACHE acute physiology

and chronic health evaluation
a Normal group reference

Fig. 2 Restricted cube spline analysis demonstrating BMI distribu-

tion of study subjects, subject deaths, and mortality
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obese BMI groups, our study does not validate the

hypothesis that these cohorts of patients have increased

severe sepsis mortality [7]. Rather, our results support

those of prior studies of critically ill patients demonstrating

no significant difference in mortality between different

obesity strata [6, 7, 29]. Further, our results suggest that

morbidly obese severe sepsis patients may be significantly

less likely to die compared to patients with a normal BMI.

An examination of the baseline clinical characteristics

across BMI groups reveals several plausible explanations

for why, despite fulfilling criteria for severe sepsis, obese

patients show a trend toward, and morbidly obese patients

experience significantly lower mortality than normal BMI

patients. Specifically, morbidly obese patients present in a

less critically ill state than the other groups based on

clinically significant differences in: age (younger,) hemo-

dynamic status (higher minimum MAP,) laboratory values

(higher CrCl despite higher serum creatinine levels,) lower

mean calculated ED APACHE II scores, and lower MICU

admission rate. Furthermore, along with the obese group,

morbidly obese patients present much more frequently with

severe sepsis due to skin or soft tissue infections than do

those with lower BMIs. Despite the differences in presen-

tation, the hospital LOS across BMI groups are compara-

ble. These findings provide important information

regarding the differences in the initial presentation and

hospital course for severe sepsis patients with high BMI.

Alternatively, it is plausible that obese and morbidly

obese patients have alterations in their basic physiology

and immunologic responses to ischemia and infection that

are protective as a patient becomes ill with a critical

infection. For example, it has been proposed that obesity

and commonly associated comorbidities including hyper-

tension and diabetes diminish the protective effects of

preconditioning [30]. How this affects the innate inflam-

matory response to diverse infectious pathogens is unclear.

Also, innate inflammation may be altered in obese patients

compared to those with a normal BMI. For example,

similar alterations in mRNA and down-regulation in gene

expression in adipose tissue are observed in obese patients

and in experimental human endotoxemia [31]. Obese

patients with acute respiratory distress syndrome (ARDS)

demonstrate down-regulation of pro-inflammatory cyto-

kines when compared to normal weight ARDS patients

[32].

The reasons for divergent findings from multiple studies

examining the relationship between BMI and outcomes in

critically ill patients are not fully explained by our study or

prior investigations. Prior studies have been performed in

diverse settings in diverse patient populations of varying

severity of illness, and use different BMI cut-offs to define

underweight and obesity. For example, a prospective

cohort study (1,698 subjects) of patients admitted to six

medical-surgical ICUs in France demonstrates an increased

mortality for BMI \18.5 kg/m2 (OR 1.63; CI 1.11–2.39)

and a decreased mortality for patients with BMI[30 kg/m2

(OR 0.60; CI 0.40–0.88) [6]. Similarly, a large multi-

institutional ICU database (41,011 patients) shows an

association between low BMI (\20 kg/m2) and increased

mortality, but no differences in other BMI groups including

the obese [7]. More recently, a large multicenter study

(3,902 patients) from 24 ICUs in Italy demonstrates that

being overweight or obese is associated with a decreased

mortality in patients admitted to the ICU [29]. Similarly,

utilizing a database of Medicare patients with severe sepsis,

Powell and colleagues recently demonstrate that obese (OR

0.59, CI 0.39–0.88) and morbidly obese (OR 0.46, CI

0.16–0.80) severe sepsis patients have a lower mortality

when compared to normal weight comparators [14].

Conversely, a small two-center cohort study of morbidly

obese patients (BMI [40 kg/m2) demonstrates a longer

duration of ICU stay, a longer duration of mechanical

ventilation, and a higher mortality in the morbidly obese

group [8]. A higher mortality for obese patients (defined as

a BMI[27 kg/m2) was also demonstrated in a single-ICU

study from France [9]. A meta-analysis of 14 studies,

pooling 62,045 critically ill patients, 25 % of whom were

obese (BMI[30 kg/m2), confirms the findings of a longer

ICU LOS and a prolonged duration of mechanical venti-

lation, but demonstrates no difference in mortality (OR

1.00; CI 0.86–1.16; p = 0.97) [10].

Our study differs from all of these studies except the one

by Powell et al. [14] in that all of the patients in our

investigation are severe sepsis patients rather than a het-

erogeneous population of critically ill patients. Also, all of

the patients we studied were admitted from the ED, rather

than entering the ICU or wards from a variety of locations.

Whether outcomes differ by BMI group in patients who

develop severe sepsis after hospitalization for an alternate

reason remains unclear. In addition, the breadth of our

database allows for more granular, patient-level data than

many larger databases. This allows for insights including

that the lower mortality trend in obese and morbidly obese

patients admitted with severe sepsis through the ED may be

related to lower severity of illness and differences in

location of infection (more cellulitis and soft tissue

infections).

There are several limitations to our study. First, due to

the retrospective design of our study, 10 % of patients who

had severe sepsis during the study period were excluded

due to missing BMI data. In addition, our retrospective

design is potentially prone to selection and ascertainment

bias. However, excluded patients were comparable to the

included cohort in terms of age and severity of illness

(Appendix 2–3). Second, the use of admission height and

weight for BMI calculations is another potential limitation.

Intern Emerg Med (2015) 10:471–479 477

123



Patient weight at presentation to the ED, or upon arrival to

a hospital floor, will vary the degree of dehydration and the

volume of fluid resuscitation delivered in the ED. This is

likely to generate a non-differential bias given that pro-

cesses of care in the ED did not differ by BMI, and weights

were recorded prior to knowledge of the primary outcome.

Further, BMI may not be an accurate predictor of risks

associated with obesity, and a component of BMI may

reflect volume overload not obesity in patients with con-

gestive heart failure and other diseases. More nuanced

analyses of the relationship between obesity and mortality

may be obtained if a measure of functional status is

included in the analysis, [33] or if the waist circumference

is measured in addition to BMI [34]. We did not collect

information on recent weight loss, and a recent weight loss

of 10 % in a morbidly obese or underweight patient may

compromise health and confer increased risk. Further, we

did not collect data on nutrition consumed during hospi-

talization, and variations in the percent of daily require-

ments actually received during critical illness may have

implications about outcomes. In addition, despite having a

final cohort of 1,191 patients, the number of patients in the

underweight group (102 patients), and combined obese and

morbidly obese group (308 patients), may have been

underpowered to find differences between them and other

groups that were actually present thus producing a Type II

error. Using a database of severe sepsis patients with a

wide range of disease severity concentrated the primary

outcome in a smaller cohort of patients, and this may have

biased toward no difference in mortality being found

between BMI categories. Finally, as a single-center study,

the results may not be generalizable to other centers with

different patient populations.

Conclusions

We find that 28-day mortality is neither significantly

increased nor decreased in underweight or obese patient with

severe sepsis; our results suggest that outcomes for the

morbidly obese may be favorable due in part to different

characteristics at presentation and source of infection. Pro-

spective studies using larger patient populations, specifically

in the extremes of BMI, are needed to validate these findings.

Additional studies examining the relationship between

obesity and sepsis-related morbidities including central

venous catheter complications, decubitus ulcer formation,

drug interactions, and readmission after discharge from the

index severe sepsis hospitalization are warranted.

Conflict of interest None.

Appendix

See Tables 5, 6 and 7.

Table 5 Baseline

characteristics of the severe

sepsis cohort

IQR interquartile range, ED

emergency department,

APACHE II acute physiology

and chronic health evaluation II,

SOFA sequential organ failure

assessment

Characteristics Alive n = 954 Deceased n = 237 p value

Age, median years (IQR) 55 (44–68) 63 (53–73) \0.001

Male sex n (%) 522 (54.7) 129 (54.4) 0.94

Diabetes n (%) 243 (25.5) 51 (21.5) 0.20

Immunosuppressed n (%) 281 (29.5) 99 (41.8) \0.001

Hypertension n (%) 384 (40.3) 81 (34.2) 0.18

Solid tumor with mets n (%) 85 (8.9) 75 (31.6) \0.001

Chemotherapy in past 4 weeks n (%) 159 (16.7) 74 (31.2) \0.001

Oncology patient n (%) 259 (27.1) 132 (55.7) \0.001

Active tobacco use n (%) 65 (6.8) 23 (9.7) 0.07

Creatinine clearance, median ml/min (IQR) 62.7 (33.2–93.9) 46.1 (30.9–75.8) \0.001

ED APACHE II score, IQR 14 (10–19) 18 (13–23.5) \0.001

ED SOFA score, IQR 3 (2–5) 4 (3–7) \0.001

Table 6 Comparison of cohort

and excluded patients

APACHE acute physiology and

chronic health evaluation, LOS

length of stay

Characteristics Included n = 1,191 Excluded n = 133 p value

Age 57 (45–69) 63 (46–78) 0.01

Male sex n (%) 651 (54.7) 76 (57.1) 0.46

APACHE II score 14 (10–20) 15 (10–22) 0.33

Hospital LOS (days) 6 (4–12) 5 (3–9) \0.001

Intubated n (%) 186 (15.6) 19 (14.3) 0.68
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Table 7 Comparison of subjects with complete data to subjects with

missing bmi data

Characteristics Complete BMI,

n = 1,191

Missing BMI,

n = 68

p value

28-day mortality,

n (%)

237 (19.9) 11 (16.2) 0.49

60-day mortality,

n (%)

285 (23.9) 12 (17.7) 0.44

BMI body mass index
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