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Abstract Sepsis is a major cause of hospital admissions
and mortality. Nevertheless, there are significant gaps in
our knowledge of the epidemiology of sepsis in obese
people, who now represent more than one-third of the
population in the United States. The objective of this study
was to measure the association between obesity and mortality from presumed sepsis. A retrospective cohort study
was used of 1,779 adult inpatients with presumed sepsis at
a Tertiary Care Academic Institution from March 1, 2007
to June 30, 2011. Cases of sepsis were identified using a
standardized algorithm for sepsis antibiotic treatment.
Exposure (i.e., obesity) was defined as a body mass
index C30 kg/m2. Multivariable logistic regression was
used to assess the adjusted association between obesity and
mortality. Patients with presumed sepsis were of a median
age of 60.9 years (interquartile range 49.7–71) and 41.1 %
were women. A total of 393 patients died, resulting in a
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28-day in-hospital mortality of 22.1 %. In adjusted analysis, obesity was not significantly associated with
increased mortality (odds ratio 1.11, 95 % CI 0.85–1.41,
P = 0.47). There was also no difference in the in-hospital
length of stay (P = 0.45) or maximum percent change in
serum creatinine (P = 0.32) between obese and non-obese
patients. Finally, there was no difference in the proportion
of initial inadequate vancomycin levels (P = 0.1) after
presumed sepsis. Obesity was not associated with increased
mortality in patients with presumed sepsis. Further research
is needed to determine how excess adiposity modulates
inflammation from sepsis.
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Intoduction
Sepsis is a leading cause of hospital admissions and mortality
in the United States [1]. In 2007, hospital mortality from sepsis
associated with organ dysfunction was 29 % [2]. Moreover,
the incidence of sepsis has increased over the past 2 decades
[3]. However, there is a poor understanding of the epidemiology of sepsis in highly prevalent chronic conditions such as
obesity. Notably, the 2009–2010 age-adjusted prevalence of
obesity (defined as a body mass index (BMI) C 30 kg/m2) in
the United States was 35.5 % in adult men and 35.8 % in adult
women [4].
Several lines of evidence suggest that obesity may be a risk
factor for adverse clinical outcomes from sepsis. First, in septic
mouse models, excess adipose tissue up-regulates adhesion
molecules and increases microvascular dysfunction [5]. Second, obese patients are less likely to receive recommended
weight-based dosages for antibiotics in hospital infections [6,
7] and pharmacokinetic studies have demonstrated lower
plasma concentrations of antibiotics in morbidly obese patients
compared to patients with a normal BMI [8, 9]. Finally, in
critical illness, several clinical studies suggest that obesity is
associated with longer hospital stays, prolonged time on
mechanical ventilation, and increased risk of hospital-acquired
pneumonia [10–14].
We have found three published studies examining the association between obesity and mortality from sepsis. In 42 patients
with intra-abdominal sepsis in Greece, obesity was not found to
be a risk factor for hospital mortality (P = 0.89) [15]. Wurzinger et al. [16] assessed 301 patients with septic shock in Austria
and found a decreased odds of mortality in obesity (odds ratio
(OR), 0.28, 95 % confidence interval (CI) 0.08–0.93,
P = 0.04). A more recent study also performed in a cohort of
patients with septic shock shows that obesity is associated with a
lower mortality in crude analysis with the association becoming
non-significant after adjusting for baseline characteristics [17].
However, these studies are limited by small sample size [15, 16],
the absence of multivariable analysis [15], and missing data [17].
The objectives of this observational study were to define
a novel association between obesity and mortality in sepsis,
and to identify a potential high-risk population for future
targeted interventions.
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laboratory, and pharmacy information from two University
of Pennsylvania Health System (UPHS) hospitals in Philadelphia: the Hospital of the University of Pennsylvania
(HUP), a 725-bed academic tertiary care medical center
and Pennsylvania Presbyterian Medical Center, a 344-bed
urban community hospital. PICARD has been used effectively in prior studies of hospital infection [18–20].
Study cohort
We identified all adult inpatients with an episode of presumed sepsis between March 1, 2007 and June 30, 2011.
We excluded patients who (a) were \18 years, (b) had a
history of leg amputation or (c) were pregnant during the
hospital admission of presumed sepsis. We applied the
above exclusions because BMI is a poor correlate of adiposity in these populations.
The pre-existing UPHS sepsis antibiotic algorithm was
used as a marker for presumed sepsis. The algorithm was
established to standardize empiric antibiotic therapy for
presumed sepsis, and is initiated at the discretion of the
treating physician when there is a clinical appearance of
sepsis. It includes the antibiotics ‘vancomycin’ plus ‘amikacin or tobramycin or gentamicin’ plus ‘cefepime or
levofloxacin or meropenem’. To be included in the study, a
subject must have received one antibiotic from each of the
three groups in a 24-h period. To preserve independence
between observations, we included only the first episode
for analysis for patients treated according to the algorithm
during multiple admissions or multiple times during a
single admission. Finally, in an unpublished pilot study on
73 patients, we found the above algorithm has a 94.5 %
positive predictive value (95 % CI 86.6–98.5) for the 1992
ACCP/SCCM definition of sepsis. [21].
Exposures

The University of Pennsylvania institutional review board
approved this study.

We calculated BMI from height and weight recorded at the
time of hospital admission using the following formula:
weight in kilograms divided by height in meters squared. In
the primary analysis, the exposure was obesity (BMI C
30 kg/m2) and non-exposure was non-obesity (BMI C 18.5
kg/m2 and \30 kg/m2). We excluded underweight patients
(BMI \ 18.5 kg/m2) from the primary analysis to avoid
underestimation of the risk of obesity on mortality, given that
low BMI has been linked with higher mortality in hospital
infections [22]. We also categorized BMI using World Health
Organization criteria [23].

Data source

Outcomes

The Pennsylvania Integrated Clinical and Administrative
Research Database (PICARD) contains demographic,

The cohort follow-up began at the time of the last antibiotic
order in the initial sepsis antibiotic algorithm (t0). The

Methods
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primary outcome was 28-day in-hospital mortality, defined
as death within the hospital from any cause occurring
28 days after t0. Secondary outcomes were (1) in-hospital
length of stay (LOS), defined as total number of days in the
hospital from t0 to discharge or death, (2) maximum percent change in serum creatinine in first 72 h after t0 and (3)
initial plasma concentrations of vancomycin in the first
72 h after t0, defined as inadequate if \10 mg/L and toxic
if [20 mg/L, based on guidelines for vancomycin therapeutic monitoring [24].
Control variables
PICARD provided demographic and clinical variables
captured prior to presumed sepsis, including age, gender,
race, year and hospital of admission, admission from the
emergency department, in-hospital length of stay, inpatient
use of antibiotics in the sepsis algorithm or immunosuppressives, and positive blood cultures. Sepsis severity was
defined using ICU location at the time of presumed sepsis
onset and the administration of a vasopressor in the 48 h
prior to presumed sepsis. In addition, we defined the sepsis
antibiotic algorithm as having adequate coverage if the
antibiotics were ordered in the first 48 h after a culture
sample was obtained and were ultimately shown to be
active against the identified pathogen(s) based on in vitro
susceptibility test results.
Baseline comorbidities were based on the International
Classification of Disease, Ninth Revision (ICD-9) codes
and included diagnostic codes from the hospital admission
of presumed sepsis due to the high likelihood that they
represented preexisting conditions [25, 26].
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vasopressor were included in the multivariable model a
priori to adjust for sepsis severity. All variables with a
P value \0.20 on bivariable analyses were considered for
inclusion and maintained in the final model, if their
inclusion resulted in a C15 % change in the odds ratio of
the association between obesity and mortality from presumed sepsis [28].
In a secondary analysis, we used logistic regression to
estimate ORs for each World Health Organization BMI
category with the normal group as the reference. BMI was
also modeled as a continuous variable. For our secondary
outcomes, we assessed differences in LOS and maximum
percent change in serum creatinine using the Wilcoxon
Rank Sum test. Inadequate and toxic vancomycin concentrations were compared using logistic regression,
adjusting for creatinine clearance calculated using the
Cockcroft–Gault equation, time from vancomycin dose to
vancomycin level, and initial vancomycin dose.
We performed a sensitivity analysis to determine the
impact of unmeasured confounding from smoking status on
the unadjusted OR of the association between obesity and
mortality. We used estimates from published data to model
smoking as a dichotomous variable in multivariable logistic
regression using methods of Greenland [29, 30]. We assumed
that the prevalence of smoking was lower in obese patients
than non-obese patients. We also assumed that smoking was
associated with a 1.5- to 3-fold increased odds of mortality.
Two-tailed P values of \0.05 were considered significant for all calculations. Statistical analyses were performed using STATA version 12.0 (StataCorp LP, College
Station, TX).

Statistical analysis

Results

Baseline characteristics between non-obese and obese
patients were compared using the Wilcoxon Rank Sum test
for continuous variables [summarized as medians with
interquartile ranges (IQR)] and the v2 test for categorical
variables (summarized as proportions). To test the linearity
of continuous variables, we divided the variables into
quartiles and plotted the predicted log odds of mortality
against the midpoints of the variable quartiles [27]. In bivariable analysis, we determined the association between
baseline variables and mortality. We also performed
stratified analysis, as planned a priori for the following
variables: gender, admitting hospital, and ICU location to
determine statistical interaction. Interaction was assumed
to be present when the test for homogeneity between the
ORs for different strata yielded a significant result.
We used logistic regression for the multivariable analysis and purposeful forward selection to construct a final
multivariable model. ICU location and administration of a

Study population
We identified 1,835 patients who received sepsis algorithm
antibiotics during the study period. We excluded 38 patients
with pre-existing leg amputation, 5 patients who were pregnant and 13 patients who were missing a weight or height. The
remaining 1,779 patients were included in the final cohort for
analysis. The distribution of BMI in the included cohort was
as follows: 573 (32.2 %) were obese, 1,080 (60.6 %) were
non-obese and 126 (7.1 %) were underweight. Baseline
clinical and demographic characteristics of obese and nonobese patients are shown in Tables 1 and 2.
Association between obesity and hospital mortality
The overall 28-day in-hospital mortality was 22.1 % (393
of 1,779 patients died). The mortality for obese patients
was 24.4 % (140 of 573), while for non-obese patients the
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Table 1 Clinical and demographic characteristics of obese and non-obese patients with presumed sepsis
Obese (n = 573)a

Characteristics

Non-obese (n = 1,080)a

P valueb

Age, median years (IQR)

60.6 (51.8–69)

60.9 (49.2–71.9)

Female gender

283 (49.4)

391 (36.2)

\0.001

173 (35.7)

295 (31.2)

0.08
0.45

Non-white racec
Admission to HUP

d

0.65

479 (83.6)

918 (85)

Emergency department admissione

197 (34.4)

436 (40.4)

0.02

BMI, median (IQR)

34.5 (31.9–39)

24.5 (22–27)

\0.001

Inpatient antibiotics prior to presumed sepsis

74 (12.9)

185 (17.1)

0.02

Inpatient immunosuppressives prior to presumed sepsisf

51 (8.9)

136 (12.6)

0.02

3.1 (0.83–11.7)

0.45

In-hospital length of stay prior to presumed sepsis, median days (IQR)

3.83 (0.93–11.2)

ICU location at time of presumed sepsis

425 (74.2)

749 (69.4)

0.04

Positive blood cultureg
Administration of a vasopressorh

136 (23.7)
209 (36.5)

226 (20.9)
302 (28)

0.19
\0.001

Meropenemi
Amikacinj
Inadequate antibiotic coverage

63 (11)

154 (14.3)

0.14

165 (28.8)

300 (27.8)

0.22
0.78

11 (1.92)

23 (2.13)

28 day in-hospital mortality

140 (24.4)

288 (21.1)

0.12

In-hospital length of stay after presumed sepsis, median days (IQR)

9.53 (4–19.7)

9.52 (3.96–19.9)

0.45

?9.74 (-4.17, ?31)

0.32

Maximum % change in serum creatinine, median (IQR)

?11.1 (-3.44, ?36.3)

Inadequate vancomycin level

20 (19.2)

55 (27.8)

0.1

IQR interquartile range, HUP Hospital of the University of Pennsylvania, ICU Intensive Care Unit
a

Data are presented as No. (%) of subjects unless otherwise indicated

b

The v2 test was used for categorical variables and the Wilcoxon Rank Sum test for continuous variables

c

Race was missing in 245 patients
As opposed to Pennsylvania Presbyterian Medical Center

d
e

As opposed to physician referral or transfer from another institution

f

Includes adalimubab, azathioprine, cyclosporine, etanercept, infliximab, interferon, methotrexate, mycophenolate, sirolimus, or tacrolimus

g

Blood culture ordered within 48 h prior to last antibiotic in the sepsis antibiotic algorithm

h

Includes dopamine, norepinephrine, epinephrine, vasopressin, or dobutamine

i

As opposed to cefepime or levofloxacin as part of the sepsis antibiotic algorithm

j

As opposed to gentamicin or tobramycin as part of the sepsis antibiotic algorithm

mortality was 21.1 % (228 of 1,080) (unadjusted OR 1.21,
95 % CI 0.95–1.54, P = 0.12). There was no effect modification by gender, admitting hospital, or ICU location on the
odds ratio scale (test for homogeneity, P = 0.59, 0.54, and
0.29, respectively). The result of bivariable analysis between
clinical and demographic variables and mortality is shown in
Table 3. Following the a priori addition of ICU location and
administration of a vasopressor, obesity did not have an
increased odds of mortality (adjusted OR 1.11, 95 % CI
0.85–1.41, P = 0.47). No other variables significantly changed the OR and were therefore not retained in the final model.
The OR also remained robust in the setting of unmeasured
confounding from smoking (Table 4). A threefold difference
in smoking prevalence between non-obese and obese patients
was required to generate an OR outside the 95 % CI for the
unadjusted association between obesity and mortality.
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In a secondary analysis, we evaluated the relationship
between increasing values of BMI and mortality. There
was no linear association between BMI and mortality
(P = 0.14). There was also no significant difference in
mortality rates across World Health Organization categories (P = 0.18) (see Fig. 1), although severely obese
patients had a borderline significantly higher odds of
mortality after adjustment for sepsis severity compared to
the normal group (OR 1.53, 95 % CI 0.96–2.36, P = 0.05).
Different mortality time-points
We repeated the primary analysis for mortality at 3 and
7 days after presumed sepsis onset, adjusting for sepsis
severity. Obese patients had non-significantly higher odds
of mortality at 3 days (OR 1.36, 95 % CI 0.98–1.89,
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Table 2 Comorbidities of obese and non-obese patients with presumed sepsis
P valueb

Comorbidities

Obese
(n = 573)a

Non-obese
(n = 1,080)a

Chronic pulmonary disease

110 (19.2)

161 (14.9)

0.03

Congestive heart failure

118 (20.6)

217 (20.1)

0.81

Diabetes mellitus
Without organ damage

178 (31.1)

209 (19.4)

\0.001

With organ damagec

77 (13.4)

73 (6.8)

43 (7.5)

78 (7.22)

0.83

5 (0.87)

11 (1.02)

0.77

Without chronic
complications

216 (37.7)

349 (32.3)

\0.001

With chronic
complicationsd

192 (33.5)

289 (26.8)

Leukemia/lymphoma

114 (19.9)

276 (25.6)

0.01

Mild

60 (8.73)

124 (11.5)

0.1

Moderate or severee

47 (8.2)

68 (6.3)

82 (14.3)

118 (10.9)

40 (6.98)

84 (7.78)

Dialysis
Human immunodeficiency
virus
Hypertension

Liver disease

Myocardial infarction

0.05

Solid tumor
Without metastasis
With metastasis
Transplant (solid organ/
hematopoietic stem cell)

50 (8.73)

124 (11.5)

49 (8.55)

153 (14.2)

a

Data are presented as No. (%) of subjects

b

The v2 test was used for categorical variables

c

Defined as neuropathy, retinopathy, or kidney disease

0.17
\0.001

d

Defined as secondary causes of hypertension or associated kidney
disease or congestive heart failure

e

Defined as liver disease with hepatic encephalopathy, ascites,
esophageal varices, liver abscess or portal hypertension

P = 0.06) and at 7 days (OR 1.22, 95 % CI 0.91–1.62,
P = 0.19).
Obesity and secondary clinical outcomes
The median LOS after presumed sepsis was comparable
between obese patients (9.53 days, IQR 4.01–19.7) and
non-obese patients (9.52 days, IQR 3.96–19.9, P = 0.45).
There was also no difference in the maximum percent
change in serum creatinine in the first 72 h after presumed
sepsis between obese and non-obese patients (?11.1 %,
IQR -3.44, ?36.3 versus ?9.74 %, IQR -4.17, ?31,
P = 0.32, respectively).
The majority of patients (81.7 %) did not have a vancomycin level in the 72 h after presumed sepsis. Septic
patients with versus without a vancomycin level did not
differ in terms of ICU location, administration of a

vasopressor and unadjusted mortality. Obese patients had
non-significantly higher odds of having an adequate vancomycin level (OR 1.59, 95 % CI 0.85–2.99, P = 0.15) as
well as a toxic vancomycin level (OR 1.11, 95 % CI
0.63–1.96, P = 0.71) compared to non-obese patients.

Comment
The findings of our study suggest that there is no association
between obesity and increased mortality in adult patients with
presumed sepsis. Prior data on obesity and mortality have
been limited. Kalfarentzos et al. [15] show that obesity is not a
risk factor for mortality in 42 patients with intra-abdominal
sepsis (P = 0.89). Nevertheless, their study did not use
multivariable analysis to adjust for potential confounding and
defined obesity from ideal body weight, rather than BMI,
which may misclassify obesity in relation to actual adiposity.
A 2010 study using 301 patients from an Austrian referral
hospital finds, in a secondary analysis, that obese patients
have a significantly lower odds of ICU mortality after
adjustment for baseline characteristics and disease severity
(OR 0.28, 95 % CI 0.08–0.93, P = 0.04) compared to
patients with a normal BMI [16]. Nonetheless, only four
obese patients died while in the ICU. In logistic regression,
small numbers in strata can result in significant bias away
from the null [27]. Finally, Arabi et al. [17] published a more
recent study of 2,882 patients admitted to the ICU for septic
shock. In an unadjusted analysis, obese patients have a lower
hospital mortality (51.3 %) compared to patients with a
normal BMI (54.4 %, P = 0.003). After adjustment for
baseline characteristics, the association became non-significant. Of note, only 33.2 % of their septic shock cohort had
available BMI data.
Compared to the previous studies, our study includes
patients with a range of sepsis severities. We also reported a
validation of our cases of sepsis, according to definitions
developed in 1992. These definitions have been used in
several prior studies on sepsis [31–33]. In 2001, the definition
of sepsis was revisited. However, the current evidence did not
support a change to the 1992 definition of sepsis for use in
research [34]. Even so, the mortality of our cohort was similar
to a cohort of severe sepsis and septic shock patients previously reported on from our institute that used the 2001
International Sepsis Definitions criteria [35]. We did not use
diagnostic codes to define cases of sepsis because significant
heterogeneity has been described between different database
abstraction methods based on codes [36]. Nonetheless, the
positive predictive value of our approach, from unpublished
pilot data, was comparable to previously validated algorithms
that used diagnostic codes for defining sepsis in retrospective
databases [37]. Our method also defines a temporal relationship between sepsis and clinical outcomes, which is
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Table 3 Unadjusted risk factors for mortality from presumed sepsis
Deceased
(n = 368)a

P valueb

Odds ratio (95 %
CI)

60.1 (48.9–70.4)

62.6 (54.1–73.4)

\0.001

–

Female gender

524 (40.8)

150 (40.8)

0.99

1 (0.79–1.27)

Non-white race

379 (33.7)

89 (29.3)

0.17

0.82 (0.62–1.08)
1.37 (0.97–1.93)

Variable

Survived
(n = 1,285)a

Age, median years (IQR)

Admission to HUPc

1,075 (83.7)

322 (87.5)

0.07

Emergency department admissiond

498 (38.8)

135 (36.7)

0.47

0.97 (0.77–1.22)

Inpatient antibiotics prior to presumed sepsis

192 (14.9)

67 (18.2)

0.13

1.27 (0.93–1.72)

Inpatient immunosuppressives prior to presumed sepsise
In-hospital length of stay prior to presumed sepsis, median days
(IQR)

165 (11.9)
2.58 (0.81–10.3)

40 (10.8)
5.9 (1.15–14.7)

0.34
\0.001

0.85 (0.58–1.21)
–

ICU location at time of presumed sepsis

837 (65.6)

337 (91.6)

\0.001

5.82 (3.96–8.55)

Positive blood culture

f

276 (21.5)

86 (23.4)

0.44

1.11 (0.85–1.47)

Administration of a vasopressorg

336 (26.2)

175 (47.6)

\0.001

2.56 (2.02–3.25)

Meropenemh

139 (10.8)

78 (21.2)

\0.001

3.45 (2.38–5.01)

Amikacini

327 (25.5)

138 (37.5)

0.006

1.47 (1.12–1.93)

28 (2.18)

6 (1.63)

0.68

0.74 (0.31–1.81)

Inadequate antibiotic coverage
Congestive heart failure

270 (21)

65 (17.7)

0.16

0.81 (0.6–1.09)

Chronic pulmonary disease

213 (16.6)

58 (15.8)

0.71

0.94 (0.69–1.29)

308 (24)
121 (9.42)

79 (21.5)
29 (7.88)

0.24
0.28

0.84 (0.64–1.21)
0.79 (0.51–1.21)

148 (11.5)

52 (14.1)

0.18

1.26 (0.9–1.78)

Without chronic complications

439 (34.2)

126 (34.2)

0.48

0.91 (0.69–1.19)

With chronic complicationsk

385 (30)

96 (26.1)

0.11

0.79 (0.59–1.05)

15 (1.17)

1 (0.27)

0.12

0.23 (0.03–1.75)

102 (7.94)

19 (5.16)

0.07

0.63 (0.38–1.05)

133 (10.4)

41 (11.1)

0.31

1.22 (0.84–1.77)

64 (4.98)

51 (13.9)

\0.001

3.14 (2.12–4.64)

Diabetes mellitus
Without organ damage
With organ damagej
Myocardial infarction
HTN

HIV
Dialysis
Liver disease
Mild
Moderate or severel
Leukemia/lymphoma

295 (23)

85 (25.8)

0.26

1.17 (0.89–1.52)

Transplant (solid organ/hematopoietic stem cell)

154 (12)

48 (13)

0.58

1.10 (0.78–1.56)

Solid tumor
Without metastasis
With metastasis

97 (7.55)
115 (8.95)

27 (7.34)
59 (16)

0.37

1.1 (0.68–1.65)

\0.001

1.95 (1.39–2.74)

CI confidence interval, HUP Hospital of the University of Pennsylvania, ICU Intensive Care Unit, HTN hypertension, HIV human immunodeficiency virus
a

Data are presented as No. (%) of subjects unless otherwise indicated

b

The v2 was used for categorical variables and the Wilcoxon Rank Sum test for continuous variables

c

As opposed to Pennsylvania Presbyterian Medical Center

d

As opposed to physician referral or transfer from another institution

e

Includes adalimubab, azathioprine, cyclosporine, etanercept, infliximab, interferon, methotrexate, mycophenolate, sirolimus, or tacrolimus

f

Blood culture ordered within 48 h prior to last antibiotic in the sepsis antibiotic algorithm

g

Includes dopamine, norepinephrine, epinephrine, vasopressin, or dobutamine
As opposed to cefepime or levofloxacin as part of the sepsis antibiotic algorithm

h
i

As opposed to gentamicin or tobramycin as part of the sepsis antibiotic algorithm

j

Defined as neuropathy, retinopathy, or kidney disease

k

Defined as secondary causes of hypertension or associated kidney disease or congestive heart failure

l

Defined as liver disease with hepatic encephalopathy, ascites, esophageal varices, liver abscess or portal hypertension
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Table 4 Sensitivity analysis for unmeasured confounding from smoking
Prevalence of
smoking in nonobese patients (%)

Prevalence of
smoking in obese
patients (%)

True OR if the OR for the
association between smoking
and mortality = 1.25

True OR if the OR for the
association between smoking
and mortality = 1.5

True OR if the OR for the
association between smoking
and mortality = 2

40

30

1.24

1.26

1.30

40

20

1.27

1.32

1.41

40
30

10
20

1.30
1.24

1.38
1.26

1.54a
1.31

30

10

1.27

1.32

1.43

20

10

1.24

1.27

1.32

OR odds ratio
Greater than the upper bound of the 95 % confidence interval for the unadjusted association between obesity and mortality

Fig. 1 Mortality in World
Health Organization Body Mass
Index Categories. WHO World
Health Organization, BMI Body
Mass Index. aOdds ratio
presented with 95 % CI

3
2.5

Odds Ratioa

a

2
1.5
1
0.5
Underweight
(n=126)

Normal
(n=596)
Reference

Overweight
(n=484)

Obese
(n=302)

Severely
Obese
(n=146)

Morbidly
Obese
(n=125)

WHO BMI Category
difficult with codes that are defined after discharge or death,
and eliminates the risk of controlling for variables that occur
after the onset of sepsis and are in the causal pathway between
obesity and mortality.
In a secondary analysis, there was a trend toward
increased odds of mortality in the severely obese group
compared to the normal group. However, our study was not
powered to detect differences in subgroups and further
evaluation of excess mortality for higher categories of BMI
may be warranted. In another secondary analysis, we found
a decrease in the adjusted OR between obesity and mortality at longer time-points from presumed sepsis onset,
with the largest association at 3 days. There may be several
biological mechanisms that contribute to the association
between obesity and mortality over the course of sepsis.
First, adipose tissue can produce pro-inflammatory cytokines in response to inflammation, potentially contributing
to increased early mortality [5]. Second, leptin, a hormone
that regulates adipose tissue mass, is known to be elevated
both in sepsis and in obesity [38, 39]. Leptin enhances the
phagocytic activity of macrophages and higher levels have
been associated with survival in septic patients [40–42].
Late survival in obese patients may also be related to
improved nutritional reserves compared to leaner patients.

Lastly, we did not find that obese patients were more
likely to have an initial inadequate vancomycin level compared to non-obese patients as originally hypothesized, in
part because they received higher doses of vancomycin
(1 mg/kg up to 70 kg and 1.5 mg/kg above 75 kg) and had
comparable increases in serum creatinine over the first 72 h
after presumed sepsis onset. A more detailed pharmacokinetic analysis was limited by the number of patients without
vancomycin levels. Antibiotic pharmacokinetics during
sepsis is complex and mediated by several factors that fluctuate over the course of infection, including kidney function
and volume of distribution. Future studies should focus on
determining how obesity interacts with other clinical variables to influence plasma antibiotic concentrations.
In assessing levels across the cohort, we found that
24.6 % of all initial vancomycin levels were inadequate
and 27.7 % were toxic. Inadequate levels may increase the
risk of treatment failure and the emergence of antimicrobial
resistance and toxic levels may exacerbate renal dysfunction in an already susceptible population. The role of
therapeutic drug monitoring of antibiotics in sepsis needs
to be better defined. More levels should be drawn in septic
patients to monitor toxicity and gauge adequacy. This
should be coupled with research that identifies appropriate
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dosing schedules to hopefully improve the excessive
morbidity and mortality from sepsis.
There are several potential limitations of the present
study. There may have been error in the measurements of
body height and weight resulting in misclassification of
BMI. This error is likely to bias towards the null since
measurements were recorded prior to knowledge of the
study outcome. While BMI is a commonly used proxy for
adiposity in clinical research, there may be more accurate
correlates that needed to be further explored. Selection bias
was minimized using a standardized antibiotic algorithm to
identify cases of sepsis in a retrospective database. The
prevalence of obesity in our cohort (32.2 %) is also comparable to a large population of ICU patients at another
academic institution, suggesting that sepsis algorithm
antibiotics were administered independent of patient BMI
[43]. Nonetheless, the results of our study may not be
generalizable to patients who do not receive broad empiric
antibiotics for presumed sepsis.
Confounding from unmeasured variables is a limitation of
all observational research. Specifically, we did not have data on
infection source, which can result in different rates of mortality
and can be differential between obese and non-obese patients.
However, we were able to measure severity of illness variables
such as the presence of positive blood cultures, use of vasopressors, ICU location that would influence the effect of
infection source on mortality. We were also able to control for a
number of comorbidities such as diabetes. Our estimates also
remained robust in the setting of confounding from smoking
status based on a sensitivity analysis. Finally, the present study
was conducted in a single healthcare system, and these results
may not be generalizable to other institutions.

Conclusions
We find that obesity is not associated with increased
mortality in presumed sepsis. Further studies should focus
on understanding how excess adiposity modulates inflammation from sepsis, and the role of antibiotic therapeutic
drug monitoring in improving clinical outcomes.
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