CLINICAL INVESTIGATIONS

Obesity Paradox and Functional Outcomes in
Sepsis: A Multicenter Prospective Study

OBIJECTIVES: In Asian populations, the correlation between sepsis outcomes
and body mass is unclear. A multicenter, prospective, observational study con-
ducted between September 2019 and December 2020 evaluated obesity's
effects on sepsis outcomes in a national cohort.

SETTING: Nineteen tertiary referral hospitals or university-affiliated hospitals in
South Korea.

PATIENTS: Adult patients with sepsis (n = 6,424) were classified into obese
(n=1,335) and nonobese groups (n = 5,089).

MEASUREMENTS AND RESULTS: Obese and nonobese patients were pro-
pensity score-matched in a ratio of 1:1. Inhospital mortality was the primary out-
come. After propensity score matching, the nonobese group had higher hospital
mortality than the obese group (25.3% vs 36.7%; p < 0.001). The obese group
had a higher home discharge rate (70.3% vs 65.2%; p < 0.001) and lower me-
dian Clinical Frailty Scale (CFS) (4 vs 5; p = 0.007) at discharge than the non-
obese group, whereas the proportion of frail patients at discharge (CFS > 5) was
significantly higher in the nonobese group (48.7% vs 54.7%; p=0.011). Patients
were divided into four groups according to the World Health Organization body
mass index (BMI) classification and performed additional analyses. The adjusted
odds ratio of hospital mortality and frailty at discharge for underweight, over-
weight, and obese patients relative to normal BMI was 1.25 (p = 0.004), 0.58
(p<0.001),and 0.70 (p=0.047) and 1.563 (p<0.001), 0.80 (p=0.095), and 0.60
(p = 0.022), respectively.

CONCLUSIONS: Obesity is associated with higher hospital survival and func-
tional outcomes at discharge in Asian patients with sepsis.
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worldwide (1). Although obesity is a risk factor for health problems

such as cardiovascular disease, it has a paradoxical effect on some dis-
eases, especially in critically ill patients (2-4). Recently, the obesity paradox
has been widely reported in patients with sepsis (5-8). Systematic reviews
have suggested that patients with an increased body mass index (BMI) have
improved survival following sepsis (6-9). However, these studies were con-
ducted in Western populations, and data on Asian populations with different
criteria for obesity are limited (10). Asians have a higher percentage of body fat
and lower muscle mass for the same level of BMI than the Western populations
(10). Therefore, the optimal cutoff for obesity in Asian populations is different
from that in Western populations (10).

Several studies from East Asia have reported that patients with alow BMI had
increased mortality, but no obesity paradox was reported (11-14). They dem-
onstrated that malnutrition, and not the obesity paradox, is critical to sepsis.
One possibility for such a discrepancy is the relatively lower distribution of

The prevalence of obesity has increased rapidly over the past few decades
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Question: Does obesity benefit survival and func-
tion at discharge in Asian patients with sepsis?

Findings: The obese group had a higher survival
rate and a better functional status at discharge.

Meaning: Although Asian patients with sepsis
have higher weight-related disease risks at a lower
BMI than other races, obesity was associated not
only with survival but also with better functional
outcomes at discharge.

. J

high BMI in Asian populations than in Western popu-
lations (15). Compared with Western countries, such
as the United States, Asian countries have consider-
ably lower rates of overweight and obesity (15). When
compared with the United States, the rate of obesity,
defined as a BMI greater than 30kg/m? is nearly five
to 15 times lower in Asian populations. Consequently,
the effects of obesity on clinical outcomes may have
been underestimated. Therefore, the obesity paradox
of sepsis in Asians remains controversial and has not
yet been fully investigated.

Many septic survivors experience severe weakness,
weight loss, muscle loss, and functional decline upon
discharge (16). Survival from sepsis remains challeng-
ing, and survivors often require long hospital stays and
suffer from frailty and long-term morbidity. Therefore,
obese patients may have more nutritional reserves
than nonobese patients. We hypothesized that obese
patients would be less vulnerable to sepsis-related
outcomes than nonobese patients. In this prospective
observational study, we compared the survival and
postsurvival functional statuses between obese and
nonobese patients using propensity score analysis.

MATERIALS AND METHODS
Study Population

Adult patients greater than or equal to 19 years old who
fulfilled the diagnostic criteria for sepsis and septic
shock according to the Third International Consensus
Definition for Sepsis and Septic Shock (Sepsis-3) were
prospectively recruited between September 2019 and
December 2020 from the national multicenter registry
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of the Korean Sepsis Alliance (17). Overall, 19 tertiary-
or university-affiliated hospitals with educational pro-
grams on sepsis bundles in South Korea participated
in this study. An employee at the principal institu-
tion (Asan Medical Center) conducted regular audits
to verify the quality of the reported data. This study
was approved by the institutional review boards of
each hospital, including the Pusan National University
Yangsan Hospital Institutional Review Board (approval
number: 05-2019-092; approval date: July 11, 2019).
The requirement for informed consent was waived due
to the minimal risk associated with a standard-of-care
observational study with no interventions. The pro-
cedures were followed in accordance with the ethical
standards of the responsible committee of each hos-
pital on human experimentation and the Helsinki
Declaration of 1975.

Data Collection

Patients admitted to the general ward or emergency
department during the study period were screened
for eligibility (Appendix, http://links.lww.com/CCM/
H291). Sepsis was defined according to the following
criteria: a probable or confirmed diagnosis of infec-
tion and a change in the total Sequential Organ Failure
Assessment (SOFA) score greater than or equal to 2
after infection. Septic shock was characterized by per-
sistent arterial hypotension that required vasopressors
to maintain a mean arterial pressure of greater than or
equal to 65mm Hg and serum lactate levels of greater
than 2 mmol/L despite fluid resuscitation. All patients
were followed until death or hospital discharge. The
study coordinators at each participating center pro-
spectively collected data using an electronic case report
form (http://sepsis.crf.kr/). The following information
was collected: demographic data, including age and
sex; comorbidities and disease severity (SOFA score,
hemodynamics, and laboratory variables at baseline);
infection source and type (community- and hospital-
acquired); multidrug-resistant pathogens in patients
with positive cultures; treatment data, such as the ade-
quacy of empirical antibiotic therapy; and ICU admis-
sions, resource use, and outcome data, including ICU,
28-day, and hospital mortality rates. The Clinical Frailty
Scale (CFS) was collected to evaluate functional status
at hospitalization and discharge. CFS is a well-validated
9-point scale that ranges from 1 (very fit) to 9 (termi-
nally ill), with higher scores indicating more severe
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frailty. The presence of frailty was divided according to
CFS scores: frail (CFS score 5-9) versus nonfrail (CFS
score 1-4). The Simplified Acute Physiology Score 3
was evaluated in ICU patients at the time of ICU ad-
mission, along with any medical events that occurred in
the ICU. Multidrug resistance was defined as resistance
to agents of greater than or equal to three antimicrobial
categories (18). The adequacy of empirical therapy was
determined based on the results of drug susceptibility
testing or recommendations of relevant guidelines (19).

Data Analyses

Patients without height and weight data were excluded
from the analysis. The patients were divided into two
groups according to their initial BMI at admission:
obese (=225kg/m?) and nonobese (<25kg/m?). Clinical
and laboratory variables and disease severity were
compared between the groups. We used the propensity
score as a balancing score to adjust for confounding
variables in determining whether obesity was asso-
ciated with worse clinical outcomes in patients with
sepsis. Therefore, we calculated the propensity score for
obesity for each patient using a multivariable logistic
regression model to estimate the probability of disease
assignment based on the following baseline covariates:
age, sex, comorbidities, Charlson comorbidity index
(CCI), CFS, SOFA score, presence of septic shock, the
primary site of infection, and type of infection. Obese
and nonobese patients were then paired at a ratio of
1:1 based on propensity scores using nearest neighbor
matching without replacement and an optimal cal-
iper (0.1 standard deviations of the propensity score).
The primary outcome was the difference in inhospital
mortality between the two groups. The secondary out-
comes were differences in home discharge, CFS score
at discharge, and frailty at discharge between the two
groups. Furthermore, we divided the patients into four
groups according to the World Health Organization
BMI (WHO BMI) classification and reconfirmed the
difference in primary and secondary outcomes: under-
weight (<18.5kg/m?), normal (18.5-24.9kg/m?), over-
weight (25-29.9kg/m?), and obese (=230kg/m?).

Statistical Analysis

Continuous variables are presented as mean + sp or
median and interquartile range depending on data
distribution and were compared using Student ¢ test
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or Mann-Whitney U test, as appropriate. Categorical
variables are presented as frequency and percentage
and were compared using the chi-square test or Fisher
exact test, as appropriate. We performed a propensity
score-matched (1:1) analysis to compare the obese
and nonobese patients. Propensity score matching
was performed based on sex, age, comorbidities, CCI,
CFS, SOFA score, presence of septic shock, primary
infection site, and type of infection. The risk-adjusted
survival curve was plotted using the proportional haz-
ards model and the mean of the covariate method. For
comparing the four groups according to the WHO
BMI classification, a 1:1 matched design by propen-
sity score resulted in a considerable reduction in the
sample size. Alternatively, we conducted logistic re-
gression including the baseline covariates to control for
potential confounding effects, where all 6,424 patients
were included. To utilize the matching information by
the propensity score, the logistic model also included
an assignment variable indicating whether each pa-
tient was included in the set of matched samples by the
propensity score. We then calculated the adjusted odds
ratio (OR) of the BMI group for each outcome based
on the logistic regression model, where the normal
BMI group was used as the reference category. We
also conducted a subgroup analysis that included only
those patients admitted to the ICU. A Cox propor-
tional hazard regression model was used to analyze the
clinical factors that affected hospital mortality in the
ICU subgroup. After univariate analysis, significant
factors (p < 0.05) were entered into multivariate anal-
ysis with stepwise backward selection. SPSS Version
27.0 (IBM, Armonk, NY) and R software Version 3.6.3
(R Foundation for Statistical Computing, Vienna,
Austria) were used for all statistical analyses, with p
value less than 0.05 indicating statistical significance.

RESULTS

Patients’ Characteristics

During the study period, 7,113 patients with sepsis
were identified in the Korean Sepsis Alliance Registry.
Of these, 689 patients without height and weight data
were excluded, and 6,424 patients were included in
the study (Fig. 1). Before propensity score match-
ing, obesity was noted in 1,335 (20.8%) patients.
Significant differences were noted in age, sex, and
comorbidities, such as diabetes, chronic lung disease,
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Sepsis 7,113

Exclusion 689
— > No height 605

No weight 84
Inclusion 6,424

i |

Obese n=1,335 non-obese n=5,089
(20.8%) (79.2%)

Propensity score matching

Obese n=1,335

Figure 1. Patient inclusion in the study. Overall, 6,424 patients
were included in the study. At admission, 1,335 (20.8%) patients
were obese and 5,089 (79.2%) were nonobese. Patients were
divided into obese and nonobese groups according to their body
mass index.

\ non-obese n=1,335 I

solid malignancy, chronic neurologic disease, CCI,
CFS, and Eastern Cooperative Oncology Group per-
formance status between the obese and nonobese
groups (Table 1). Additionally, the SOFA score, ICU
admission, type of infection, use of combined antibi-
otic therapy, source control, and adjunctive cortico-
steroid therapy were significantly different between
the groups (Table 1). After propensity score matching
in a 1:1 ratio, no significant difference was found be-
tween the two groups except for BMI (Table 1). Other
baseline demographic and clinical characteristics, such
as physiological variables and pathogen identification,
are listed in Table S1 (http://links.Iww.com/CCM/
H291). No significant difference was found in sepsis
bundle compliance between the groups after propen-
sity score matching (Table S2, http://links.lww.com/
CCM/H291).

Primary and Secondary Outcomes in
Propensity-Matched Patients

As the primary outcome, inhospital mortality was sig-
nificantly lower in the obese group than in the non-
obese group (25.3% vs 36.7%; p < 0.001) (Table 2). In
multivariable Cox regression analysis, obesity was as-
sociated with a decreased risk of death (adjusted hazard
ratio [HR], 0.78; 95% CI, 0.68-0.90; p = 0.001) (Table
83, http://links.lww.com/CCM/H291). The Kaplan-
Meier (KM) curve revealed that mortality at 28 days
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was significantly lower in obese patients (x* = 16.94; p
< 0.001; Fig. 2) than in nonobese patients.

Amongthe secondary outcomes, the home discharge
rate was significantly higher in the obese group than in
the nonobese group (70.3% vs 65.2%; p < 0.001). The
median CFS at discharge was significantly lower in the
obese group than in the nonobese group (4 [3-7] vs 5
[3-7], respectively; p = 0.007). The proportion of frail
patients at discharge (CFS >5) was significantly lower
in the obese group than in the nonobese group (48.7%
vs 54.7%; p = 0.011).

In-Depth Analysis According to WHO BMI
Classification

We divided the patients into four groups according to
the WHO BMI classification. The adjusted OR of each
group for the three study outcomes (hospital mortality,
home discharge, and frailty at discharge) is shown in
Figure 3. The adjusted OR of hospital mortality was
1.25 (p = 0.004) for underweight, 0.58 (p < 0.001) for
overweight, and 0.70 (p = 0.047) for obese relative to
normal BMI. The adjusted OR of frailty at discharge
was 1.53 (p < 0.001) for underweight, 0.80 (p = 0.095)
for overweight, and 0.60 (p = 0.022) for obesity relative
to normal BMI. The adjusted OR of home discharge
was significantly lower in the underweight group
(adjusted OR, 0.61; p < 0.001) relative to normal BMI.

Subgroup Analysis of Propensity-Matched
Patients Admitted to the ICU

After propensity score matching, 711 (53.3%) patients
in the obese group and 723 (54.2%) patients in the
nonobese group were admitted to the ICU. No signif-
icant differences were noted in the baseline character-
istics between the groups, except for BMI (Table $4,
http://links.lww.com/CCM/H291).

The inhospital mortality was significantly lower in
the obese group than in the nonobese group (33.2%
vs 43.3%; p < 0.001) (Table S5, http://links.lww.com/
CCM/H291). In the multivariate Cox regression anal-
ysis, obesity was significantly associated with hospital
mortality (Table S6, http://links.Iww.com/CCM/H291;
adjusted HR, 0.83; 95% CI, 0.70-0.98; p = 0.031). The
KM curve revealed that the mortality at 28 days was
significantly lower in obese patients (x* = 8.83; p =
0.003; Fig. S1A, http://links.lww.com/CCM/H291)
than in nonobese patients.

www.ccmjournal.org 745

Copyright © 2023 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.


http://links.lww.com/CCM/H291
http://links.lww.com/CCM/H291
http://links.lww.com/CCM/H291
http://links.lww.com/CCM/H291
http://links.lww.com/CCM/H291
http://links.lww.com/CCM/H291
http://links.lww.com/CCM/H291
http://links.lww.com/CCM/H291
http://links.lww.com/CCM/H291
http://links.lww.com/CCM/H291

Yeo et al

TABLE 1.

Baseline Characteristics of Patients in the Study According to Obesity

Before Matching

After Matching

Variables

Age

Male

Body mass index, kg/m?

Comorbidities
Cardiovascular disease
Diabetes
Chronic lung disease
Chronic kidney disease
Chronic liver disease
Solid malignancy
Hematological malignancy
Connective tissue disease
Chronic neurologic disease
Charlson comorbidity index
Clinical Frailty Score

Eastern Cooperative
Oncology Group
performance status

Sequential Organ Failure
Assessment

Septic shock

ICU admission
Laboratory variables

Lactate level, mmol/L

C-reactive protein, mg/dL
Primary site of infection

Pulmonary

Abdominal

Urinary

Skin or soft tissue

Catheter related

Neurologic

Systemic infections without
a primary site

70 (60-78)
699 (52.4)
27.1 (26-29.1)

339 (25.4
566 (42.4
194 (14.5
214 (16.0
153 (11.5
439 (32.9
110( 2)
8)
18.7)
4—
3-

—_ = =

25
7)

6)
1-8)

4 (1.
0(
5 (
4 (
1(
6 (4-8)

257 (19.3)
711 (53.3)

2.6 (1.5-4.6)

11.0 (4.3-20.2)

411 (30.8)
454 (34.0)
237 (17.8)
2(5.4)
1(0.8)
0(0.7)
140 (10.5)

Obese (n =1,335) Nonobese (n = 5,089)

73 (62-81)2

3,090 (60.7)?

20.6 (18.4-22.5)°

1,298 (25.5)
1,748 (34.3)2
862 (16.9)°
730 (14.3)
531 (10.4)
1,922 (37.8)°
359 (7.1)
131 (2.6)
1,179 (23.2)°
6 (4-7)°
5 (3-7)2
2 (1-3)

6 (4-8)

1,093 (21.5)
2,264 (44.5)

2.6 (1.5-4.7)
11.1 (4.7-19.1)

2,292 (45.0)
1,348 (26.5)
715 (14.0)
142 (2.8)
43 (0.8)
28 (0.6)
521 (10.2)

70 (60-78)
699 (52.4)

27.1 (26-29.1)

339 (25.4
566 (42.4
194 (14.5)
214 (16.0)
153 (11.5)
439 (32.9)
110( 2)
8)
.7)

)
)

25

\'l

)
)
)

3-
1-

0)

ALl
0(
5 (4-
4(
1(

OJ

6 (4-8)

257 (19.3)
711 (53.3)

2.6 (1.5-4.6)

11.0 (4.3-20.2)

Obese (n = 1,335) Nonobese (n = 1,335)

70 (60-79)
726 (54.4)

20.9 (18.8—-22.8)2

323 (24.2)
517 (38.7)
181 (13.6)
225 (16.9)
151 (11.8)
456 (34.2)
104( 8)
9(2.2)
256 (19.2)
5 (4-7)
4 (3-7)
2 (1-3)

6 (4-8)

276 (20.7)
723 (54.2)

2.6 (1.6-4.8)
11.5 (4.5-20.0)

465 (34.8)
429 (32.1)
231 (17.3)
7)
0)

9 (3.

3 (1.

6 (0.4)
142 (10.6)
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TABLE 1. (Continued).

Baseline Characteristics of Patients in the Study According to Obesity

Before Matching

After Matching

Variables

Type of infection

Obese (n =1,335) Nonobese (n = 5,089)

Obese (n = 1,335) Nonobese (n = 1,335)

Community acquired 1,003 (75.1) 4,034 (79.3)° 1,003 (75.1) 997 (74.7)
Nosocomial 332 (24.9) 1,055 (20.7) 332 (24.9) 338 (25.3)
Multidrug-resistant 314 (23.5) 1,148 (22.6) 314 (23.5) 306 (22.9)
organism
Combination antibiotic 790 (59.6) 3,168 (62.6)° 790 (59.6) 827 (62.4)
therapy
Adequate antimicrobial 1,188 (89.0) 4,490 (88.2) 1,188 (89.0) 1,178 (88.2)
therapy
Source control of sepsis 208 (15.6) 625 (12.3)° 208 (15.6) 207 (15.5)
Adjunctive corticosteroid 255 (19.1) 891 (17.5) 255 (19.1) 265 (19.9)
therapy
ap < 0.001,
°p < 0.05,
0 <0.01.

Data are presented as median (interquartile range) or number (%).

TABLE 2.

Clinical Outcomes After Propensity Matching

Variables

Obese (n = 1,335)

Primary outcomes

Hospital mortality 338 (25.3)
Hospital days 13 (6-25)
Secondary outcomes

ICU mortality 178 (24.9)
ICU days 5(2-11)
Home discharge 701 (70.3)
CFS at discharge 4 (3-7)

Frail (CFS > 5) 486 (48.7)

Nonobese (n = 1,335)

490 (36.7) < 0.001
15 (7-29) 0.072
223 (30.8) 0.043
5(2-12) 0.162
551 (65.2) < 0.001
5 (3-7) 0.007
462 (54.7) 0.011

CFS = Clinical Frailty Score.
Data are presented as median (interquartile range) or number (%).

The home discharge rate was significantly higher in
the obese group than in the nonobese group (70.7%
vs 64.1%; p < 0.001). The proportion of frail patients
at discharge was significantly lower in the obese group
than in the nonobese group (52.2% vs 60.2%; p =
0.016). In the multivariate Cox regression analysis,
obesity was significantly associated with home dis-
charge (Table S7, http://links.lww.com/CCM/H291)
(adjusted HR, 1.36; 95% CI, 1.15-1.60; p < 0.001). The

Critical Care Medicine

KM curve revealed that home discharge was signifi-
cantly higher in obese patients (x* = 17.43; p < 0.001;
Fig. S1B, http://links.lww.com/CCM/H291) than in
nonobese patients.

DISCUSSION

This study demonstrated a paradoxically positive as-
sociation between obesity and clinical outcomes in
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0.8

0.6 Non-obese

0.4

0.2

Cumulative survival probability

0.0

0.0 10.0 20.0
Survival days

30.0

Figure 2. Kaplan-Meier analysis. Mortality at 28 d according to
obesity (x> = 16.94; p<0.001).

patients with sepsis. After adjusting for potential con-
founders using the propensity score, the obese group
had significantly higher survival than the nonobese
group. Among the patients who survived, those in the
obese group were more likely to be discharged to their
home than those in other hospitals or nursing facili-
ties compared with those in the nonobese group. The
obese group had lower frailty at discharge than the

nonobese group. The obesity paradox phenomenon
exists in sepsis, not only in terms of survival but also in
functional outcomes at discharge.

Obesity is known to reduce overall life expectancy
and results in chronic inflammation, which leads to
many health problems and chronic diseases (20). It
is also associated with an increased risk of infection
and sepsis (21-25). In Western population-based
studies, the obesity paradox has been widely evalu-
ated, and it has been reported that obesity plays a
protective role in sepsis (5-9, 26). However, it has
not been fully evaluated in the Asian populations,
and there are conflicting data on the relationship be-
tween obesity and sepsis outcomes (11-14, 27, 28).
Most Asian studies on the effects of BMI on sepsis
outcomes have focused on the underweight popula-
tion (11-14). They suggested that a low BMI nega-
tively affected sepsis outcomes. However, critically
ill obese individuals have not been fully evaluated in
terms of their health outcomes due to sepsis. Given
the growing trend of obesity in Asia, further investi-
gations are warranted (29).

We performed a nationwide prospective obser-
vational study and found that obesity was associated

BMI @ underweight A overweight Bl obese
OR 95% CI p-value

: —e——i 1.245  (1.071,1.448)  0.004
Hospital mortality 1 F—— : 0.580  (0.478,0.704)  <0.001
: = J: 0.704  (0.497,0.996)  0.047
_____ |-—;—|-:_---_ 0.607  (0.511,0.720)  <0.001
home discharge 1 [ : A | 1.160  (0.924, 1.457)  0.201
: : i 1153  (0.775,1.717)  0.483
—"""““""": ----- — 0 -_- 1530  (1.220,1.918) <0.001
Frail I—A—:—| 0.802  (0.619, 1.039)  0.095
b [ ] y | 0.596  (0.382,0.928) 0.022

0.5 1%0 1.5

Adjusted Odds Ratio (95% Cl)

Figure 3. Adjusted odds ratios according to WHO body mass index (BMI) classification for the three clinical outcomes. The adjusted
odds ratio (OR) was calculated from the logistic regression model of the BMI group for each clinical outcome with baseline covariates.

748 www.ccmjournal.org

June 2023 ¢ Volume 51 * Number 6

Copyright © 2023 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.



Clinical Investigations

with better hospital survival and functional outcomes
in sepsis. Several factors should be considered when
investigating the effects of obesity on sepsis out-
comes in Asia. First, compared with the U.S. popula-
tion (BMI <18.5kg/m?, 5.8%; BMI >25kg/m?, 62.8%),
the underweight ratio is high, and the obesity ratio is
low in Asians (30). Particularly, BMI greater than or
equal to 30kg/m?* accounted for 3.6% of our cohort,
and morbid obesity was rare. Another point to note
is that the criteria for obesity differ from those in the
Western population. Asians have a higher percentage
of body fat and low muscle mass for the same level of
BMI than other races (10). Asians have 3-5% higher
total body fat than Western populations with the same
BMI (31). South Asians have particularly high levels of
body fat and are more prone to developing abdominal
obesity, which may account for their high risk of type
2 diabetes and cardiovascular diseases (32). In other
words, Asians have a higher weight-related disease risk
at a lower BMI than other races. Increases in weight
over time are more harmful in Asians than in other
ethnic groups (33). Confirming whether obesity has a
paradoxical beneficial effect on Asians has important
implications.

In this study, the organ failure state of the patients
admitted to the ICU revealed an interesting course
over time (Table S8, http://links.lww.com/CCM/
H291). Although there was no difference between the
initial SOFA score and serum lactic acid level, the de-
gree of organ failure after 3 days in the ICU was more
severe in the nonobese group than in the obese group.
Notably, we found a significant difference in the re-
quirement for mechanical ventilator support dur-
ing the ICU stay between the two groups (51.3% vs
61%; p < 0.001; Table S9, http://links.lww.com/CCM/
H291). Although not statistically significant, the du-
ration of mechanical ventilation (6 vs 7 d; p = 0.550;
Table S9, http://links.lww.com/CCM/H291) and the
rate of tracheostomy at discharge from the ICU were
lower in the obese group than in the nonobese group
(8.1% vs 12%; p = 0.035; Table S9, http://links.lww.
com/CCM/H291). This may be closely related to the
low frailty scores at the discharge of obese patients.
Many patients with sepsis are at risk of severe loss of
muscle mass and quality (16, 34). Patients who be-
come frail after sepsis may have an increased risk of
extubation failure, may more frequently require a tra-
cheostomy, and may have difficulties weaning from a
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ventilator (35, 36). Obesity can prevent muscle wast-
ing and weakness in sepsis and demonstrates a dif-
ferent metabolic response to sepsis in comparison
with lean patients by preserving muscle mass while
losing fat mass (37, 38). Excess body fat may serve as
a protective reservoir of energy to prevent muscle loss
secondary to a highly catabolic state during sepsis
(39). Additionally, obesity may modulate immune
responses during sepsis through differential expres-
sion of adipokines and may protect patients from
sepsis by increasing the sequestration of lipopolysac-
charides from adipose tissue through very low-den-
sity lipoprotein receptors (40, 41).

Obesity has recently been associated with a high risk
of mortality in COVID-19 patients (42, 43). However,
results concerning the association between BMI and
mortality from COVID-19 are conflicting (44-47).
Although studies at the beginning of this pandemic
suggested a negative impact of obesity on COVID-19
disease, the results did not show significant differences
over time (44). Additionally, previous meta-analyses
have some limitations that can be generalized and
compared with our results (42, 43). These studies have
methodological limitations, such as the heterogeneity
of some analyses, selection bias, and inadequate ad-
justment for confounding variables. Furthermore, the
data from those studies were collected during the early
pandemic, when the critical care system was not fully
provided to COVID-19 sepsis patients. Therefore, the
role of obesity in COVID-19 remains controversial.
Further research is required to analyze the effects of
obesity on COVID-19 outcomes.

Our study had some limitations. First, the nature of
this subject did not allow for a prospective and con-
trolled design to evaluate the actual impact of obe-
sity on the clinical outcomes of sepsis. However, we
adjusted for all potential confounding variables, in-
cluding age, sex, comorbidity, CCI, CES, severity, site
of infection, and treatment strategy, which could affect
prognosis. Additional analysis was performed by fur-
ther subdividing the patients into four groups accord-
ing to the WHO BMI classification, and the primary
and secondary outcomes were reconfirmed. Second,
this study did not include information regarding long-
term outcomes such as quality of life, disability, read-
mission, and 1-year mortality. These outcomes may
serve as indirect surrogates for the protective role of
obesity in sepsis. Finally, because our analysis utilized
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baseline BMI measurements, we could not evaluate the
effects of BMI changes over time.

CONCLUSIONS

Although the outcomes of sepsis continue to improve
with advances in critical care support, sepsis still
affects daily life. Obesity is closely associated not only
with survival but also with functional outcomes. Sepsis
survivors, even those who return home, frequently ex-
perience postintensive care syndrome and chronic
physical disabilities. Further studies are warranted to
determine the long-term effects of obesity, including
on the survivor’s quality of life.
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