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Objectives: Although critical care physicians view obesity as an
independent poor prognostic marker, growing evidence suggests
that obesity is, instead, associated with improved mortality following ICU admission. However, this prior empirical work may be
biased by preferential admission of obese patients to ICUs, and
little is known about other patient-centered outcomes following
critical illness. We sought to determine whether 1-year mortality,
healthcare utilization, and functional outcomes following a severe
sepsis hospitalization differ by body mass index.
*See also p. 1935.
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Design: Observational cohort study.
Setting: U.S. hospitals.
Patients: We analyzed 1,404 severe sepsis hospitalizations
(1999–2005) among Medicare beneficiaries enrolled in the
nationally representative Health and Retirement Study, of which
597 (42.5%) were normal weight, 473 (33.7%) were overweight,
and 334 (23.8%) were obese or severely obese, as assessed
at their survey prior to acute illness. Underweight patients were
excluded a priori.
Interventions: None.
Measurements and Main Results: Using Medicare claims, we
identified severe sepsis hospitalizations and measured inpatient
healthcare facility use and calculated total and itemized Medicare spending in the year following hospital discharge. Using
the National Death Index, we determined mortality. We ascertained pre- and postmorbid functional status from survey data.
Patients with greater body mass indexes experienced lower
1-year mortality compared with nonobese patients, and there was
a dose-response relationship such that obese (odds ratio = 0.59;
95% CI, 0.39–0.88) and severely obese patients (odds ratio =
0.46; 95% CI, 0.26–0.80) had the lowest mortality. Total days
in a healthcare facility and Medicare expenditures were greater
for obese patients (p < 0.01 for both comparisons), but average
daily utilization (p = 0.44) and Medicare spending were similar
(p = 0.65) among normal, overweight, and obese survivors. Total
function limitations following severe sepsis did not differ by body
mass index category (p = 0.64).
Conclusions: Obesity is associated with improved mortality among
severe sepsis patients. Due to longer survival, obese sepsis survivors use more healthcare and result in higher Medicare spending
in the year following hospitalization. Median daily healthcare utilization was similar across body mass index categories. (Crit Care
Med 2014; 42:1766–1774)
Key Words: body mass index; critical care; outcomes assessment;
prognosis; sepsis; utilization

G

iven the high prevalence of obesity in the United States
and growing costs of hospitalization for critical illness (1–4), it is important to understand the effects
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of obesity on critical illness. Despite population-based studies
demonstrating higher general mortality (5–8) and pathophysiologic variations that would predict worse outcomes (9–13),
studies examining the impact of obesity on critical illness have
yielded mixed results (14–16)—that is, some studies suggest a
possible “obesity paradox” wherein obesity is not harmful and
may even be protective once one is ill.
Prior work has been criticized, however, for small sample
sizes and use of underweight patients as nonobese comparisons (16). Furthermore, studies often use weight ascertained at
ICU admission—potentially after fluid resuscitation or prior to
diuresis for decompensated edema—rather than the patient’s
true outpatient weight. This practice may misclassify the body
mass index (BMI) category in as many as 20% of patients (17).
Beyond these problems of nonrepresentative samples and
misclassification of the key exposure variable, much of the
existing research has assessed in-hospital mortality following
ICU admission. This study design is susceptible to bias for
two reasons. First, discharge practices vary across hospitals
and have been shown to alter in-hospital mortality (18–20).
Second, ICU admission thresholds vary markedly across institutions (21, 22) and may be systematically different in obese
patients due to their greater nursing needs (16).
Because of the limitations of the existing literature on mortality and lack of information on other patient-centered outcomes, we sought to investigate the association of obesity with
1-year mortality, healthcare utilization, and functional limitations in Medicare beneficiaries following a hospitalization for
severe sepsis. We selected these additional outcome measures
because of the high value patients place on living and functioning independently (23). We focused on severe sepsis because
it is a very common diagnosis (24) that can be treated both
within and outside the ICU.

METHODS
Study Population
The Health and Retirement Study (HRS) is an ongoing, nationally representative, cohort study of older Americans. Started
in 1992, the HRS has enrolled nearly 30,000 participants, of
whom 16,772 have agreed to link their data with Medicare (25).
The cohort is reinterviewed every 2 years, with a follow-up rate
consistently over 90% (25). Patients provided informed consent on enrollment in the HRS and again for linkage to Medicare. We studied all respondents with a baseline assessment in
1998–2004 for whom there were claims-based data on a subsequent severe sepsis hospitalization during 1998–2005. These
patients were identified previously for inclusion in a study
of cognitive and functional disability among sepsis survivors
(26). This work was approved by the University of Michigan
Institutional Review Board.
We used a commonly employed, validated claims-based
definition of severe sepsis (27, 28). For patients with more
than one severe sepsis hospitalization, each hospitalization was
included. Patients were followed up for 1 year after their hospital discharge.
Critical Care Medicine

Data Abstraction
Characteristics of the hospitalizations were abstracted from
Medicare claims, including acute dysfunction of the cardiovascular, neurologic, hematologic, hepatic, renal, and respiratory systems and the medical comorbidities included in the
Charlson comorbidity index (29). Because diabetes may be
associated with better outcomes in sepsis (30), we calculated
an adjusted Charlson comorbidity score excluding diabetes, so
that diabetes could be entered into multivariate analyses separately from other comorbidities. We determined critical care
use from MedPAR files indicating admission to either an ICU
or coronary care unit. We identified mechanical ventilation use
by the presence of International Classification of Diseases, 9th
Edition, Clinical Modification code 96.7 (including 96.7x) in
any MedPAR procedure code field, a method that is validated
(31) and has been used in epidemiologic studies of mechanical ventilation (32). Health-related limitations in the six activities of daily living (ADLs) and five instrumental ADLs were
abstracted from the HRS survey immediately prior to and following the index hospitalization (33). Date of death was determined from the National Death Index and confirmed by HRS
interviewers and the Medicare Denominator File.
We abstracted self-reported height and weight from the
HRS surveys immediately preceding and following incident
hospitalization. We calculated BMI using the equation: BMI
(kg/m2) = weight (kg)/height2 (m2). Because HRS surveys
occur biennially and are random in relation to sepsis hospitalization, there was a variable time lag between baseline measurements and hospitalization (median, 1.1 yr).
We also determined self-reported race and wealth from the
HRS survey prior to hospitalization. For our measure of wealth,
we used the sum of all household assets and debts—including
real estate (34). We standardized net assets to 2011 U.S. dollars using the Annual Gross Domestic Product Price Index (35)
and made a six-category wealth variable where category one
is net negative or zero assets, and categories 2 through 6 are
quintiles of positive wealth (36).
Outcomes
The primary outcomes of interest were mortality, healthcare utilization, and functional status. We measured mortality in-hospital, at 90 days, and at 1 year. To assess healthcare
utilization, we calculated inpatient facility use and Medicare
spending in the year following hospital discharge. To measure
inpatient facility use, we determined each patient’s daily location in the year following hospital discharge with Center for
Medicare & Medicaid Services MedPAR files. We then calculated the total days spent in an acute care hospital, long-term
acute hospital (LTAC), skilled nursing facility, and home. We
also determined the prevalence of transitions of care location,
discharge to LTAC, and repeat hospital admissions. Finally, we
calculated the Medicare spending associated with the acute
sepsis hospitalization as well as total Medicare spending in
the year following hospital discharge, including inpatient and
outpatient care. To adjust for inflation, all Medicare spending was standardized to 2011 U.S. dollars using the Annual
www.ccmjournal.org
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Gross Domestic Product Price Index (35). To evaluate functional outcomes, we compared changes in total ADL and IADL
limitation scores obtained from the HRS surveys immediately
preceding and following incident sepsis hospitalization in survivors by BMI category.
Patients were assumed to be at home for any day they were
known to be alive and not admitted to an acute care hospital,
LTAC, or skilled nursing facility based on MedPAR records.
Because Medicare does not pay for long-term custodial care
provided by nursing facilities, patients residing in a nursing
home on a permanent basis cannot be identified on a daily
basis through MedPAR records (37, 38). Thus, while our results
accurately count inpatient facility care funded by Medicare,
they are conservative with respect to total service use.
Statistical Analysis
We present categorical data as numbers (%) and continuous data as means (sds) or medians (interquartile range)
depending on the distribution. We evaluated the relationship between BMI and outcome variables using BMI both
as a continuous variable and as a categorical variable using
World Health Organization classifications (kg/m2): normal, 18.5–24.9; overweight, 25–29.9; obese 30.0–34.9; and
severely obese greater than or equal to 35.0 (39). Due to the
small number of patients with a BMI greater than or equal to
35.0, we did not further subdivide these patients into those
with BMI greater than or equal to 40.0. For all analyses, we
excluded underweight (BMI < 18.5) patients due to previous
research suggesting a “U” shaped relationship between BMI
and mortality such that inclusion of underweight patients
may bias results (16, 40, 41). For many of the analyses, we
explored two separate samples (Supplemental Fig. 1, Supplemental Digital Content 1, http://links.lww.com/CCM/
A942): the 1,404 severe sepsis hospitalizations, which we
refer to as “sepsis patients”; and the 1,087 hospitalizations
who survived to hospital discharge, which we refer to as
“sepsis survivors.”
To compare baseline demographics, hospital characteristics,
healthcare resource use, and functional limitations across BMI
categories, we used Kruskal-Wallis test for continuous variables and chi-square test for categorical variables. To evaluate
for trends across BMI categories, we also used a nonparametric
trend test (42).
We used multivariable logistic regression to determine independent associations between BMI and mortality, rate of discharge to LTAC, 30-day readmission, and 90-day readmission.
For each multivariate model, we included all available covariates that we deemed potentially important based on clinical
judgment and past research (specific covariates are detailed in
the footnotes of tables presenting results from multivariable
models).
All analyses were conducted with Stata software version 12
(StataCorp, College Station, TX). We used hospitalization as the
unit of analysis, adjusting for the nonindependence of observations within patients using Stata’s vce(cluster) command. We
1768
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used two-sided significance testing and considered a p value
less than 0.05 to be significant.

RESULTS
Study Population
There were 1,524 severe sepsis hospitalizations in the
HRS-Medicare cohort, of which 34 (2.2%) were excluded

from the analysis for missing height and/or weight measurements and 86 (5.6%) were excluded for being underweight
(Supplemental Fig. 1, Supplemental Digital Content 1, http://
links.lww.com/CCM/A942). Of the 1,404 severe sepsis hospitalizations included in the analysis, 597 (42.5%) were normal
weight, 473 (33.7%) were overweight, and 334 (23.8%) were
obese or severely obese.
Baseline demographic and hospitalization characteristics of the sepsis patients are provided in Table 1. The obese
were, on average, younger (p < 0.001), more likely to be nonwhite (p = 0.001), more likely to be female (p < 0.001), and
more likely to have diabetes (p < 0.001). They were also less
wealthy (p < 0.001), experienced more acute renal dysfunction
(p = 0.001), and had more baseline ADL limitations (p = 0.02).
Mortality
In unadjusted analyses, higher BMIs were associated with lower
in-hospital, 90-day, and 1-year mortality. One-year mortality
was 44.7% in severely obese, 46.0% in obese, 53.1% in overweight, and 62.0% in normal weight patients (p < 0.001 for
trend). Kaplan-Meier survival curves are shown in Figure 1.
Examining just the 1,087 patients who survived their acute
hospitalization, higher BMIs were still associated with better
1-year mortality (p < 0.001 for trend).
The association between BMI and in-hospital, 90-day, and
1-year mortality remained significant in a multivariate logistic regression models accounting for potential confounders (Table 2). Compared with normal weight patients, obese
(odds ratio [OR] = 0.59; 95% CI, 0.39–0.88) and severely obese
patients (OR = 0.46; 95% CI, 0.26–0.80) had lower ORs for mortality. Limiting our analysis to the 1,087 sepsis survivors, the ORs

Figure 1. Survival of sepsis patients by body mass index (BMI) category.
August 2014 • Volume 42 • Number 8

Feature Articles

Table 1. Demographic Information and Hospitalization Characteristics for Obese and
Nonobese Sepsis Patientsa
Demographic or Hospitalization
Characteristic

Normal
(n = 597)

Overweight
(n = 473)

81.3 (8.6)

78.7 (8.6)

277 (46.6)

274 (57.9)

93 (46.0)

37 (28.0)

457 (76.6)

324 (68.5)

138 (68.2)

90 (68.1)

 Black

96 (16.1)

103 (21.8)

47 (23.3)

37 (28.0)

 White, Hispanic

35 (5.9)

29 (6.1)

14 (6.9)

0 (0.0)

9 (1.5)

17 (3.6)

3 (1.5)

5 (3.8)

233 (39.0)

239 (50.6)

97 (48.0)

54 (40.9)

 Net negative on zero assets

77 (12.9)

59 (12.5)

33 (16.3)

15 (11.4)

 Quintile 1

87 (14.6)

81 (17.1)

34 (16.8)

50 (37.9)

 Quintile 2

102 (17.1)

76 (16.1)

31 (15.4)

27 (20.5)

 Quintile 3

100 (16.8)

90 (19.0)

39 (19.3)

10 (7.6)

 Quintile 4

109 (18.3)

86 (18.2)

39 (19.3)

10 (7.6)

122 (20.4)

81 (17.1)

26 (12.9)

15 (11.4)

Adjusted Charlson score , mean (sd)

1.8 (1.7)

1.9 (1.6)

1.9 (1.8)

2.2 (1.7)

Diabetes, n (%)

62 (10.4)

94 (19.9)

48 (23.8)

31 (23.5)

1.3 (0.6)

1.2 (0.6)

1.2 (0.5)

1.3 (0.7)

 Cardiovascular

178 (29.8)

120 (25.4)

48 (23.8)

37 (28.0)

 Hematologic

113 (18.9)

94 (19.9)

36 (17.8)

19 (14.4)

7 (1.2)

5 (1.1)

1 (0.5)

0 (0.0)

53 (8.9)

40 (8.5)

9 (4.5)

10 (7.6)

233 (39.0)

205 (43.3)

106 (52.5)

70 (53.0)

 Respiratory

168 (28.1)

127 (26.9)

52 (25.7)

41 (31.1)

Hospital length of stay (d), mean (sd)

10.4 (9.6)

11.5 (12.0)

11.5 (10.3)

12.5 (13.3)

Used an ICU, n (%)

283 (47.7)

232 (49.1)

101 (50.0)

73 (55.3)

Used mechanical ventilation, n (%)

168 (28.1)

127 (26.9)

52 (25.7)

41 (31.1)

491 (82.2)

418 (88.4)

170 (84.2)

122 (92.4)

 Mild impairment

51 (8.5)

30 (6.3)

15 (7.4)

5 (3.8)

 Moderate/severe impairment

55 (9.2)

25 (5.3)

17 (8.4)

5 (3.8)

 Basic ADL, mean (sd)b

1.6 (2.0)

1.6 (1.9)

1.6 (1.9)

2.1 (1.9)

 Instrumental ADL, mean (sd)

1.3 (1.7)

1.1 (1.6)

1.1 (1.5)

1.2 (1.4)

Age (yr), mean (sd)b
Male, n (%)

b

Self-reported race/ethnicity, n (%)

Obese
(n = 202)

75.3 (8.1)

Severely Obese
(n = 132)

72.8 (8.0)

b

 White, non-Hispanic

 Other
Married or partnered, n (%)b
Wealth, n (%)b

 Quintile 5
c

b

b

Total acute organ dysfunctions, mean (sd)
Individual acute organ dysfunctions, n (%)

 Hepatic
 Neurologic
 Renal

b

Cognitive impairment, n (%)b
 Normal

Physical function deficiencies, mean (sd)

ADL = activities of daily living.
a
Underweight patients were excluded a priori.
b
Demographic or hospitalization characteristic is significantly different across body mass index categories.
c
Adjusted Charlson comorbidity index score does not include diabetes.
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Table 2. Multivariable Associations of Body Mass With Patient Outcomes for Sepsis
Patientsa
Adjusted OR (95% CI)b
Variable

Hospital Mortality

90-Day Mortality

1-Year Mortality

BMI, continuous, 1 unit increment

0.96 (0.93–0.99)

0.95 (0.93–0.98)

0.96 (0.93–0.99)

 Overweight

0.69 (0.50–0.96)

0.62 (0.46–0.83)

0.65 (0.48–0.88)

 Obese

0.64 (0.40–1.01)

0.53 (0.35–0.79)

0.59 (0.39–0.88)

 Severely obese

0.54 (0.31–0.95)

0.43 (0.25–0.74)

0.46 (0.26–0.80)

Obesity, dichotomous

0.71 (0.49–1.02)

0.61 (0.44–0.85)

0.66 (0.48–0.92)

BMI category, referent is normal BMI

OR = odds ratio, BMI = body mass index.
a
Underweight patients were excluded a priori.
b
Odds ratios are adjusted for age, race, gender, marital status, wealth, acute organ dysfunctions, ICU use, mechanical ventilation use, diabetes, other
comorbidities, baseline cognitive status, and functional limitations.
Bold values are statistically significant.

for mortality were similar (Supplemental Table 1, Supplemental
Digital Content 2, http://links.lww.com/CCM/A943).
To determine whether the lower mortality we observed in
obese patients was driven predominantly by older patients in
whom obesity is not associated with excess mortality (43–45), we
divided our sample into patients younger than and greater than 70
years old. Obesity was associated with lower ORs for 1-year mortality in both age cohorts (Supplemental Table 2, Supplemental
Digital Content 3, http://links.lww.com/CCM/A944). We also
found no evidence of an interaction between age and BMI in our
multivariable regression models for predicting 1-year mortality
(p = 0.949 for model using continuous BMI variable).

Healthcare Utilization
Among sepsis survivors, baseline healthcare utilization
(prior to sepsis admission) did not differ by BMI category (Table 3). In the year following sepsis, however,
patients with higher BMIs had more hospital readmissions
(p < 0.001 for trend) and spent more days admitted to an
inpatient facility (p = 0.01 for trend). However, the mean
percentage of days alive spent admitted to a healthcare
facility was not different by BMI category, suggesting that
the increased healthcare utilization observed in obese survivors is due to longer survival rather than greater daily
utilization.

Facility-Based HealthCare Utilization in the Year Preceding Sepsis and
the Year Following Sepsis Among Patients Who Survived Their Sepsis Hospitalization
Table 3.

Pre-Sepsis (n = 1,087)
Normal
(n = 436)

Overweight
(n = 377)

Obese
(n = 166)

Severely Obese
(n = 108)

pa

Days alive, mean (sd)

365 (0)

365 (0)

365 (0)

365 (0)

1.00

Days at home, mean (sd)

343 (44)

336 (55)

339 (52)

341 (42)

0.19

Transitions of care, mean (sd)

2.9 (3.4)

3.8 (5.1)

3.4 (4.2)

3.4 (3.6)

0.47

Hospitalizations, mean (sd)

1.3 (1.5)

1.6 (2.2)

1.5 (1.8)

1.5 (1.6)

0.42

Days in a healthcare facility, mean (sd)

22 (41)

27 (47)

25 (38)

22 (28)

0.37

Days in a hospital, mean (sd)

10 (15)

14 (21)

15 (22)

14 (16)

0.13

1 (7)

1 (6)

1 (6)

1 (6)

0.71

Days in a skilled nursing facility, mean (sd)

11 (31)

13 (34)

9 (23)

7 (17)

1.00

Percentage of days alive in a healthcare facility,
mean (sd)

6.1 (0.1)

7.5 (0.1)

6.7 (0.1)

6.1 (0.1)

0.37

Outcome Measure

Days in a long-term acute hospital, mean (sd)

p values for differences across body mass index categories using Kruskal-Wallis test.
Bold values indicate significance within group differences from pre-sepsis baseline (p < 0.5 using Wilcoxon signed rank sum test).
Two comparisons are being made in this table. Interpretive example: days spent in a skilled nursing facility are greater post-sepsis than pre-sepsis
(so post-sepsis values are bolded). However, differences in skilled nursing facility days are not different across body mass index categories pre-sepsis
(p = 1.00) or post-sepsis (p = 0.13).

a
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Similar to inpatient facility use, median Medicare spending in the year following hospital discharge—both overall and
for each subcategory of Medicare spending (except hospice
service)—was greater in patients with higher BMIs (Table 4).
Unlike facility use, median daily Medicare spending was different by BMI category. However, the difference was driven
entirely by the severely obese patients whose median daily
expenditures were $125 higher than normal weight patients
(p = 0.01). Median daily spending was not different between
normal, overweight, and obese patients (p = 0.65). Exploring
costs as means did not substantively change the results.
We did not identify differences in the ORs for discharge
to an LTAC (OR = 1.03; 95% CI, 0.98–1.07), 30-day readmission (OR = 1.02; 95% CI, 0.99–1.05), or 90-day readmission
(OR = 1.01; 95% CI, 0.99–1.04) by BMI among survivors
(Supplemental Table 1, Supplemental Digital Content 2, http://
links.lww.com/CCM/A943).
Functional Disability
There were 588 individuals who survived long enough to
receive a follow-up functional assessment as part of the biennial HRS surveys, of which 215 (36.6%) were normal weight,
206 (35.0%) were overweight, 98 (16.7%) were obese, and 69
(11.7%) were severely obese. Mean baseline functional limitations were similar between normal weight (2.4), overweight
(2.1), and obese patients (1.8) (p = 0.24) (Fig. 2). However,
severely obese patients had more baseline limitations, at 2.9
(p = 0.05). Severely obese patients had fewer mean newly
acquired limitations (1.1) than normal weight (1.9), overweight (1.6), or obese patients (2.1), although the differences
across BMI category did not meet statistical significance in
this relatively small population (p = 0.15). Total limitations

following severe sepsis admission were not significantly different by BMI category (p = 0.64).

DISCUSSION
In this study, we have demonstrated that obesity is common
among older Americans with severe sepsis, with nearly a quarter obese or severely obese in our sample. In this nationally
representative population, obesity was independently associated with decreased mortality up to 1 year after hospitalization
for sepsis. Obese patients who survive their sepsis hospitalization use more healthcare resources and require greater Medicare spending in the year following hospital discharge—but
this apparent increase in resource use is the result of greater
survival, not increased use per day alive. Obese patients were
no more likely to experience declines in functional limitations
following sepsis hospitalization than were nonobese patients.
Although our findings are in concert with several prior
studies showing obesity is associated with decreased l ong-term
mortality in ICU patients (17, 46–48), these results are in direct
contradiction to what physicians predict for obese patients
(49). With survey data from the HRS, we were able to show
that the association between obesity and decreased mortality persists after adjustment for age and important potential
confounders unavailable in administrative databases and past
work, such as wealth, baseline cognitive status, and baseline
functional limitations. Also, by studying a patient population
defined by hospital admission for a specific diagnosis and not
just a common admission location, we showed that the association is not due to a differential threshold for ICU admission in obese patients (although the possibility of differential
threshold for hospital admission still exists). Our results were

Post-Sepsis (n = 1,087)
Overweight (n = 377)

Obese (n = 166)

230 (153)

256 (147)

278 (134)

289 (126)

< 0.01

199 (152)

227 (148)

245 (138)

247 (143)

< 0.01

3.0 (3.3)

3.3 (3.8)

3.6 (3.3)

4.5 (4.2)

< 0.01

1.2 (1.4)

1.4 (1.7)

1.5 (1.5)

1.9 (2.1)

< 0.01

33 (45)

31 (44)

36 (43)

45 (47)

< 0.01

11 (13)

14 (22)

15 (20)

20 (23)

< 0.01

2 (10)

2 (8)

2 (10)

5 (12)

0.31

21 (39)

16 (33)

19 (33)

21 (33)

0.13

29.0 (3.5)

23.9 (3.3)

21.6 (29.8)

26.4 (3.2)

0.07

Critical Care Medicine

Severely Obese (n = 108)

pa

Normal (n = 436)
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robust to different classifications of obesity, and were present
with prospectively measured BMI, assessed prior to the onset
of current illness.
Beyond mortality, obesity was associated with neither better nor worse outcomes in our study. Obese sepsis survivors
acquired new functional limitations at a rate similar to normal weight patients. Obese survivors used inpatient healthcare
facilities at a rate similar to normal weight patients although,
as a result of their better mortality, obese patients used significantly more total healthcare resources in the year following
hospital discharge. This last finding may have important public
finance implications given the growing prevalence of obesity in
new Medicare beneficiaries.
There are many potential reasons for the association between
obesity and decreased mortality in sepsis and other critical illnesses. First, it may be due to a true protective effect of excess
body weight. This may be the result of an altered inflammatory response to critical illness, as suggested by the attenuated
proinflammatory cytokine levels in obese acute respiratory
distress syndrome patients (50). Alternatively, obese patients
could have a greater capacity to tolerate the extensive weight
loss and deconditioning associated with critical illness (51).
The epidemiology and treatment of severe sepsis may
also differ by BMI. A recent study by Arabi et al (48) demonstrated that obese patients with septic shock have a lower
proportion of Gram-negative infections, lower proportion of

pneumonia, and greater proportion of skin and soft-tissue
infection. Several studies have also shown that obesity is
associated with greater prevalence of renal failure in critical illness (52–54)—a finding present in our dataset as well.
While this organ failure meets criteria for severe sepsis, it is
associated with relatively better outcomes than respiratory,
cardiovascular, or neurologic failures (55). Finally, several
studies have shown that obese patients receive different—in
some cases better and in other cases worse—treatment than
normal weight patients (48, 17, 56).
We hypothesize that epidemiologic and treatment differences partially explain the survival advantage in obese patients
and that biologic differences may explain the remaining portion of the survival advantage. Further examination of the
epidemiologic, treatment, and biologic differences by BMI is
certainly warranted with clinically nuanced datasets, but was
not possible using our administrative dataset.
There are some potential limitations to our analysis. We used
self-reported height and weight which may be underreported
and overreported, respectively, contributing to an underestimation of BMI (57). Prior analysis of HRS data suggests that
reporting errors are small and less problematic when BMI is
evaluated as a continuous variable (57). Because HRS surveys
occur biennially, there was as much as a 2-year lag between
baseline survey and incident sepsis admission (median, 1.1 yr).
Thus, measures of height, weight, wealth, cognitive status, and

Medicare Spending on the Incident Hospitalization and Healthcare in the Year
After Hospital Discharge
Table 4.

Normal
(n = 436)

Overweight
(n = 377)

Obese
(n = 166)

Severely Obese
(n = 108)

Cost of incident hospitalization,
median (IQR)

7,885
(5,384–15,124)

8,895
(5,721–16,451)

8,680
(5,343–18,711)

8,051
(5,457–17,122)

0.48

Total Medicare spending in 1 yr after
hospital discharge, median (IQR)b

28,896
(10,415–67,041)

31,210
(9,823–77,362)

41,047
(14,207–86,354)

74,717
(28,231–190,702)

< 0.001

 Inpatient facility, median (IQR)

16,462
(4,006–47,083)

17,124
(3,126–48,577)

26,645
(3,823–53,451)

46,053
(14,026–30,144)

< 0.001

 Physical services, median (IQR)

4,143
(1,373–9,226)

4,743
(1,539–11,551)

6,146
(2,719–13,200)

10,674
(4,405–30,144)

< 0.001

 Outpatient facility, median (IQR)

473
(0–1,683)

860
(33–2,582)

826
(165–3,123)

1,858
(146–5,828)

< 0.001

 Home health services,
median (IQR)

0
(0–4,075)

0
(0–4,815)

52
(0–6,335)

3,176
(0–15,703)

< 0.001

 Durable medical equipment,
median (IQR)

0
(0–1,074)

98
(0–2,015)

566
(0–2633)

778
(0–5,745)

< 0.001

0 (0, 0)

0 (0, 0)

0 (0, 0)

0 (0, 0)

0.48

201
(70–600)

172
(69–549)

188
(77–559)

326
(109–853)

0.02c

Outcome Measure

 Hospice services, median (IQR)
Healthcare spending per day alive in
the 1 yr after hospital discharge,
median (IQR)

pa

IQR = interquartile range.
a
p value for difference across body mass index categories using Kruskal-Wallis test.
b
Index hospital spending is not included in this measure.
c
Comparing just normal weight, overweight, and obese patients, there was no difference in costs per day alive (p = 0.65).
All costs are standardized to 2011 U.S. dollar. Total costs are the costs in the year following hospitalization, excluding the cost of the incident hospitalization.
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Figure 2. Functional limitations before and after sepsis hospitalization.
Mean number of functional limitations (±se) as measured by deficiencies
in activities and instrumental activities of daily living (I/ADLs) are
depicted. There were differences in baseline limitations (p = 0.05), but no
differences in newly acquired or total limitations across body mass index
categories (p = 0.15 and 0.64, respectively).

functional status may not precisely reflect patient status at the
time of sepsis admission. Similarly, there was up to a 2-year lag
between hospital discharge and follow-up functional assessment, relevant to the analyses in Figure 2. Many patients did not
survive long enough to complete a follow-up assessment. We
used a claims-based definition of severe sepsis that, while not as
accurate as prospective clinical assessment, has a high positive
predictive value and better sensitivity than other claims-based
definitions (28). As a result of studying a Medicare population,
our patients were mostly over 65 years (mean, 79.0 yr). This
age group captures only about 60% of adult sepsis admissions
nationally (24). Furthermore, because the detrimental effects of
obesity may wane with age (43–45), our findings may not apply
for younger sepsis patients, although our sensitivity analysis did
not suggest that the relationship between BMI and mortality
varied by age. We did not include severity of illness measures,
such as Acute Physiology and Chronic Health Evaluation scores,
as they were not available through our administrative databases—although we instead included presence of acute organ
dysfunctions (55). Because our data are from 1999 to 2005, it
may not accurately represent the distribution of BMI in current
Medicare beneficiaries hospitalized with sepsis.

CONCLUSIONS
In summary, we have shown that obesity is associated with
improved short- and long-term mortality in older patients with
severe sepsis. Daily healthcare utilization and newly acquired
functional limitations are no worse in obese survivors than those
with normal weight. However, as a result of their decreased mortality, obese sepsis survivors use more healthcare and produce
higher Medicare spending in the year following hospitalization.
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