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ABSTRACT

Objectives This study aimed to determine the relationship
between the body mass index (BMI) and short-term
mortality of patients with intra-abdominal infection (IAl)
using the Medical Information Mart for Intensive Care
(MIMIC-III) database.

Design Retrospective cohort study.

Setting Adult intensive care units (ICUs) at a tertiary
hospital in the USA .

Participants Adult IAI ICU patients from 2001 to 2012 in
the MIMIC-IIl database.

Interventions In univariate analysis, we compared the
differences in the characteristics of patients in each BMI
group. Cox regression models were used to evaluate the
relationships between BMI and short-term prognosis.
Primary and secondary outcome measures 90-day
survival.

Results In total, 1161 patients with IAl were included.
There were 399 (34.4%) patients with a normal BMI
(<25kg/m?), 357 (30.8%) overweight patients (25-30kg/
m?) and 405 (34.9%) obese patients (>30 kg/m?) who
tended to be younger (p<0.001) and had higher Sequential
Organ Failure Assessment scores (p<0.05). The mortality
of obese patients at 90 days was lower than that of
patients with a normal BMI (20.74% vs 23.25%, p<0.05),
but their length of stay in the ICU was higher (4.9 days

vs 3.6 days, p<0.001); however, their rate of mechanical
ventilation utilisation was higher (61.48% vs 56.86%,
p<0.05). In the Cox regression model, we also confirmed
that BMI was a protective factor in patients with IAls, and
the adjusted mortality rate of patients with a higher BMI
was 0.97 times lower than that of patients with a lower
BMI (p<0.001, HR=0.97, 95% Cl 0.96 to 0.99).
Conclusions Al patients with an overweight or obese
status might have lower 90-day mortality than patients
with a normal BMI.

INTRODUCTION
Intra-abdominal infections  (IAIs) are
common surgical emergencies and have been

STRENGTHS AND LIMITATIONS OF THIS STUDY

= To our knowledge, this is the first study to evaluate
the association between body mass index (BMI) and
the short-term mortality of patients with abdominal
infection.

= Multiple imputation was used to handle the missing
values.

= This study is essentially a retrospective single-
centre study, which makes it difficult to complete-
ly exclude the influence of residual confounding
factors.

= A considerable number of patients’ data are miss-
ing, especially various laboratory test data, which
may cause selection bias.

= Given the observational nature of this study, we
can not determine causality between the BMI and
mortality.

reported as major contributors to non-trauma
deaths in emergency departments worldwide
and a common complication of abdominal
surgery.' IAIs are the second most common
cause of sepsis, and the second most common
infectious disease among inpatients. The
death rate of IAIs can reach 20%, indicating
a common poor prognosis in patients.”® *
TAIs can be divided into uncomplicated and
complicated types. Uncomplicated IAls affect
asingle organ, and complicated IAls describe
an extension of the infection into the peri-
toneal space. The resultant physiological
response may develop into a systemic inflam-
matory response syndrome (SIRS).*

The body mass index (BMI), calculated
as the weight divided by the square of the
height, is used by most health organisations,
including the WHO, as a screening tool for
diagnosing obesity.” Overweight and obesity
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are uniformly associated with a substantially increased
risk of death.® In patients not admitted to the intensive
care unit (ICU), such as endometrial and patients with
breast cancer, BMI can be used as a prognostic indi-
cator.”® Similarly, in ICU patients, such as liver transplant
patients, morbid obesity has an impact on patient survival
and post-transplant complications.” Furthermore, at least
a quarter of patients in the USA. ICUs have a BMI indi-
cating overweight, obesity or morbid obesity status."’
As mentioned earlier, patients with IAls also tend to
develop severe conditions and were admitted to the ICU.
Previous studies have shown that obesity plays a protec-
tive role in some diseases (such as chronic kidney disease,
AIDS), which is a special phenomenon called the obesity
paradox.' '* However, in ICU patients with IAIs, whether
BMI is a risk factor or a protective factor, considering the
obesity paradox, still needs further study.

This study was aimed to determine the relationship
between BMI and the 90-day mortality of patients with
IAIs using the Medical Information Mart for Intensive
Care (MIMIC-II) database.”® The MIMIC-III database
is a large, single-centre database comprising informa-
tion related to patients admitted to critical care units at
a large tertiary care hospital. Data included vital signs,
medications, laboratory measurements, diagnostic codes,
hospital length of stay (LOS), survival data and so on.
The data cover 53423 distinct hospital admissions for
adult patients admitted to critical care units between
2001 and 2012, and many studies have been conducted
to explore the clinical features of ICU patients using the
database.'*"

MATERIALS AND METHODS

Database

In this article, we did a retrospective cohort study using
a publicly available critical care medicine database,
MIMICHII. This database contains unidentified medical
information from 53423 patients admitted to the critical
care units of the Beth Israel Deaconess Medical Center in
Boston, Massachusetts, from 2001 to 2012. The database
was maintained by the Laboratory for Computational
Physiology at the Massachusetts Institute of Technology
(MIT). In MIMIC database, all diagnostics correspond to
International Classification of Diseases (ICD-9) codes.'®

Study population

There is no specific IAI diagnosis in ICD-9 coding; there-
fore, we included all the possible diagnoses related to IAls
in ICD-9 into our study cohort, and all ICD-9 codes, diag-
nostics and numbers of specific diagnoses are listed in
online supplemental table 1. For patientswho had multiple
ICU admissions, only the first admission record was kept.
The exclusion criteria were as follows: (1) those under 18
years old and (2) missing weight data. According to the
BMI classification standard of the WHO, we divided the
patients into five groups: underweight (BMI: <18.5kg/
m®), normal weight (BMI: 18.5 to <25kg/m?), overweight

(BMI: 25 to <30kg/m?), obese (BMIL: 30 to <40kg/m?)
and morbidly obese (BMI: >40kg/m?). However, in this
grouping method, the number of patients in the under-
weight and morbidly obese subgroups was not sufficient
(n=27and 54, respectively, as shown in online supple-
mental figure 1). Finally, all patients were divided into
three groups: normal BMI group (BMI <25kg/m?), over-
weight BMI group (25-80kg/m?) and obese BMI group
(BMI >30kg/m?).

Data extraction and management

We used the Structure Query Language in PostgreSQL
(V.9.5) to retrieve the data. The following data were
extracted from the MIMIC-II database on the first day
of ICU admission: age; sex; ethnicity; admission weight;
admission height; admission diagnosis; admission type;
Sequential Organ Failure Assessment (SOFA) score;
Simplified Acute Physiology Score II (SAPSII); Charlson
Comorbidity Index; use of vasopressors; renal replace-
ment therapy; mechanical ventilation use; values of
haemoglobin (HGB); white cell (WBC); platelet count
(PLT); albumin (ALB); sodium (Na); chlorine (Cl);
potassium (K); creatinine (CRE); blood urea nitrogen
(BUN); glucose (GLU); lactate (LAC) and bilirubin
(BIL) levels in the first 24hours of ICU admission; LOS
before ICU admission; LOS (both ICU and hospital);
intake and output. The SOFA score was calculated within
the first 24hours after ICU admission. If a variable was
measured more than once in the first 24 hours, the value
that indicated a worse prognosis was used. In addition,
dates of birth for patients aged over 89 years were moved
to obscure their true age and comply with Health Insur-
ance Portability and Accountability Act (HIPAA) regula-
tions: these patients appear in the database with ages of
over 300 years, but the median age of these patients was
91.5 years, so we modified their age to 91.5 years.

Outcomes
The primary endings were the 90-day mortality after ICU
admission.

Patient and public involvement
We did not need patient consent or ethics approval, as all
data were deidentified.

Statistical analysis

First, univariate analysis was used to compare all variables.
If the data satisfied a normal distribution and the vari-
ance was homogeneous, the data were expressed as the
mean+SD, and Student’s t-test was used for comparisons.
If the variance was not homogeneous, one-way analysis of
variance (ANOVA) was used for the comparisons. If none
of the above requirements were met or the data were not
continuous variables, then the data were described as the
median and IQR, and the Wilcoxon rank-sum test was used
for comparisons. Categorical variables were presented as
numbers and percentages and compared using Pearson’s
x” test or Fisher’s exact test as appropriate. We used the
log-rank test and 90-day Kaplan-Meier (K-M) curves to

2

Li Q, et al. BMJ Open 2021;11:2046623. doi:10.1136/bmjopen-2020-046623


https://dx.doi.org/10.1136/bmjopen-2020-046623
https://dx.doi.org/10.1136/bmjopen-2020-046623
https://dx.doi.org/10.1136/bmjopen-2020-046623

carry out the survival analysis, and determined whether
BMI was associated with 90-day mortality. In addition, we
compared the 90-day survival curves between subgroups
of patients with and without sepsis using log-rank test.

Propensity score matching (PSM) was performed to mini-
mise the influence of confounding factors on selection bias.
The propensity scores were elicited from matched patients
in a 1:1 ratio with greedy matching algorithms without
replacement. We adjusted for age, gender, admission type,
ethnicity, marital status and insurance type.

We used multiple imputation (MI), based on five repli-
cations and a chained equation approach method in the
R STUDIO MI procedure, to account for missing data
on height and the missing laboratory test.'” Multivariate
analyses were adjusted for the possible variables that may
affect the prognosis of patients to determine the relation-
ship between BMI and 90- day mortality.

We tested the collinearity of the variables included in
the statistical analysis, and found that the variance infla-
tion factor of all variables was <3; hence, there was no
statistical collinearity in the included variables.

Variables with p<0.10 in univariate analysis were
included in the Cox regression model as confounders to
determine whether BMI was the independent risk factor
of the 90-day survival rates. However, since SOFA scores
included BIL and CRE level, PLT count, mechanical
ventilation use and vasoactive drug use, and Charlson
Comorbidity Index includes comorbidity, to avoid insta-
bility of the model caused by collinearity among variables,
we did not adjust these variables in the statistical analysis.

SPSS (V.25.0; IBM) and EmpowerStats (V.2018-05-05,
copyright 2009 X&Y Solutions) were used for data anal-
ysis; a two-tailed p<0.05 was considered statistically signif-
icant. R STUDIO was used for PSM to adjusting for
confounding factors, and the PSM results were showed in
online supplemental figures 2-7.

RESULTS

Population and baseline characteristics

The MIMIC-III database includes 2087 patients diagnosed
with IAI according to the criteria mentioned earlier.
Among these patients, 233 lacked weight data and were
excluded from the study, and 14 patients with abnormal

data records were excluded (eg, height value >300m,
survival time <0 days). MI was used to account for missing
data on height in the remaining 1840 patients. Finally,
after excluding 679 patients without height measure-
ments, a total of 1161 patients were finally included in
the study (figure 1).

Table 1 shows the baseline characteristics of patients
grouped according to their BMI. There were 399 patients
with BMI <25kg/m®, 357 patients with BMI 25-30kg/
m® and 405 patients with BMI >30kg/m®, accounting
for 34.37%, 30.75% and 34.88% of the patients, respec-
tively. In the subgroup aged 45-64 years, the proportion
of patients with an obese status was higher than that of
patients with a normal and an overweight BMI (42.96%
vs 31.58% and 42.96% vs 33.61%, respectively, p<0.05),
while in the subgroup of patients older than 90 years,
the result was the opposite (1.73% vs 8.02% and 1.73%
vs 5.32, respectively, p<0.05). The proportion of women
in the group of patients with an overweight status was
lower than that in the other groups (p<0.001). There was
no significant difference in ethnicity between the three
groups (p=0.183). However, there were significant differ-
ences between the three groups in regard to marital status
and admission type (p=0.008and 0.009, respectively). The
group with BMI <25 kg/m® had lower SOFA scores on the
first day of admission than the obese group (p=0.039).
However, there was no significant difference between the
two groups with regard to SAPSII, SIRS, quick Sequential
Organ Failure Assessment (qQSOFA) score, Oxford Acute
Severity of Illness Score score and Charlson Comorbidity
Index (p>0.05). Online supplemental table 2 shows the
baseline characteristics after adjusting for confounding
factors. After adjusting for confounding factors listed
earlier, SOFA scores remained significantly different
between groups (p<0.05).

Univariate analysis of outcomes
The mortality rates at different times of admission and the
LOS of patients in the different BMI groups are shown in
table 2.

The mortality of patients with BMI <25kg/m* was
significantly higher than that of obese patients at 30
days after admission to the ICU (18.55% vs 11.85%,

[2087 patients diagnosed with abdominal infections ]

Excluded 233 patients without weight values #

[1854 patients with weight Values]

Excluded 14 patients with abnormal height or survival values ¢

[1840 patients with weight values]

Excluded 679 patients without height patients l

[ 1161 patients with BMI and survival values J

Multiple imputation

Figure 1

[1840 patients after multiple imputation

Flowchart of study cohort selection. BMI, body mass index.
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Table 1 Univariate analysis of baseline characteristics by BMI category
BMI <25kg/m” BMI 25-30kg/m? BMI >30kg/m®
(n=399) (n=357) (n=405) p value

Age, n (%) 66.56 (50.16-80.25)% 66.79 (52.43-77.63)° 62.97 (51.94-72.92)°  <0.001

<45 64 (16.04) 47 (13.17) 60 (14.81)
45-64 126 (31.58)% 120 (33.61)* 174 (42.96)°
65-89 177 (44.36) 171 (47.90) 164 (40.49)

>90 32 (8.02) 9 (5.32)° 7 (1.73)°

Female, n (%) 207 (51.88)% 141 (39.50)b 206 (50.86)° 0.001

Ethnicity, n (%) 0.183
White 297 (74.43) 255 (71.43) 305 (75.31)

Black 40 (10.03) 36 (10.08) 38 (9.38)
Hispanic or Latino 1(2.76) 4 (3.92) 1(2.72)
Asian 7(1.75) 1 (3.08) 1(0.25)
Other 44 (11.03) 41 (11.49) 50 (12.35)

Marital status, n (%) 0.008
Married 169 (42.36)% 196 (54.90)° 196 (48.40)3°
Single/divorced/separated/unknown 161 (40.35) 121 (33.89) 156 (38.52)

Widowed 69 (17.29) 40 (11.20) 53 (13.09)

Admission type, n (%) 0.009
Elective 35 (8.77) 50 (14.01)2° 64 (15.80)°
Emergency/urgent 364 (91.23) 307 (86.00)2° 341 (84.20)°

Insurance type, n (%) 0.604
Medicare/Medicaid 261 (65.41) 236 (66.11) 250 (61.73)

Private 125 (31.33) 109 (30.53) 144 (35.56)
Other 13 (3.26) 12 (3.36) 1(2.72)

SOFA 5 (2-7) 5 (3-7)2P 5( 8)° 0.039

SAPSII 40 (30-50) 39 (29-50) 38 (28-49) 0.473

SIRS 3 (3-4) 3 (3-4) 3 (3-4) 0.786

gSOFA 2(1-2) 2 (1-2) 2 (1-2) 0.185

OASIS 34 (27-40) 33 (28-41) 34 (27-41) 0.941

Charlson Comorbidity Index 1(0-3) 2 (1-3) 1(0-3) 0.719

The letters a and b were used to indicate the difference between groups and if there is statistical difference between the two subgroups,

different letters shall be used for identification.

BMI, body mass index; OASIS, Oxford Acute Severity of lliness Score; gSOFA, quick Sequential Organ Failure Assessment; SAPSII, Simplified
Acute Physiology Score IlI; SIRS, systemic inflammatory response syndrome; SOFA, Sequential Organ Failure Assessment.

respectively, p=0.016), which was the same at 90 days after
admission to the ICU (28.07% vs 20.74%, respectively,
p=0.048). In addition, the median LOS for patients with
a BMI <25, 25-30 and >30kg/m2 in the ICU was 3.13,
3.59 and 4.93 days, respectively (p<0.001), and the obese
group spent significantly more time in the ICU than the
former two groups (p<0.05). However, in the subgroup
analysis, only those patients who did not die in the ICU
showed significant differences, while those who died did
not (p<0.001and p=0.166, respectively). After adjusting
for confounding factors, the LOS in the ICU of obese
patients was still significantly longer than that of the other
two groups (p<0.001, online supplemental table 3). In
subgroup analysis, the conclusion was the same as above,

which may be due to the bias caused by the number of
deceased patients.

The K-M curve for the 90-day survival by BMI is shown
in figure 2. This shows that the group with an over-
weight and obese BMI had a significant survival advan-
tage (p<0.001 by log-rank test). After excluding patients
with BMI <18.5kg/ m2, the K-M curve was rebuilt (online
supplemental figure 8), and the result did not change
(p<0.001 by log-rank test).

The 90-day survival curve stratified according to the BMI
in patients with and without sepsis is shown in figure 3. In
different subgroups, patients with a BMI >25kg/m* had
significantly better survival than those with a BMI <25 kg/
m? (p<0.001and p<0.05, respectively, by log-rank test).
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Table 2 Univariate analysis of mortality and length of stay by BMI category

BMI <25 kg/m? BMI 25-30 kg/m? BMI >30 kg/m?
(n=399) (n=357) (n=405) p value
Mortality, n (%)
Hospital mortality 78 (19.55) 65 (18.21) 57 (14.07) 0.102
30-day mortality 74 (18.55) 46 (12.89)*° 48 (11.85)° 0.016
90-day mortality 112 (28.07)% 83 (23.25)2° 84 (20.74)° 0.048
Length of stay, day (IQR)
Hospital LOS 14.9 (8.4-28.6) 15.4 (7.9-27.0) 16.2 (9.1-29.8) 0.137
Living patients (n=962) 15.0 (8.7-28.6) 14.3 (7.9-24.9) 16.4 (9.3-29.8) 0.059
Dead patients (n=201) 13.9 (5.4-29.3) 17.9 (7.1-33.3) 13.7 (6.2-30.7) 0.412
ICU LOS 3.1 (1.8-7.8) 3.6 (1.9-8.9) 4.9 (2.2-13.6)° <0.001
Living patients (n=1036) 3.1 (1.7-6.7)° 3.3 (1.8-7.7)? 4.7 (2.2-13.2)° <0.001
Dead patients (n=125) 7.2 (2.2-14.1) 11.7 (3.7-31.1) 8.8 (2.2-17.7) 0.166

The letters a and b were used to indicate the difference between groups and if there is statistical difference between the two subgroups,

different letters shall be used for identification.
BMI, body mass index; ICU, intensive care unit; LOS, length of stay.

We also compared the use of mechanical ventilation,
vasoactive drugs and dialysis between the three groups as
shown in table 3. The proportion of patients with an obese
BMI who needed mechanical ventilation was higher than
that in patients with a normal BMI (61.48% vs 52.38%,
p=0.034). However, in regard to the use of vasoactive drugs
and dialysis, there was no significant difference between
the three groups. After adjusting for confounding factors,
there was no significant difference in the use of mechan-
ical ventilation (online supplemental table 4).

The results of several laboratory tests stratified by
BMI are shown in table 4. Significant differences were
observed in the HGB, WBC, Cl, CRE and GLU levels
between the three groups (p=0.048, 0.035, 0.007,
0.001 and <0.001, respectively). After adjusting for
confounding factors, there was no significant difference

100+ —  BMI < 25 kg/m?

—  BMI 25-30 kg/m?
——  BMI >30kg/m?

80+

60+

Percent survival

p <0.001

40+

10

O—!_ I I I I T I I I 1

0 10 20 30 40 50 60 70 80 90
Days since ICU admission

Figure 2 Kaplan-Meier curve for 90-days survival stratified
by BMI. Figure 2 represents 90-days Kaplan-Meier curves
stratified by BMI in three groups, p<0.001 by log-rank test.
BMI, body mass index; ICU, intensive care unit.

in HGB levels among the groups, but there was a signif-
icant difference in Na levels (p=0.042, online supple-
mental table 5).

Cox proportional hazards analyses of 90-day mortality

We imported variables with p values <0.10 in univariate
analysis into Cox proportional hazards analyses after
testing the collinearity of the variables. When BMI was
employed as a continuous variable, the adjusted HR
values in the four models were 0.98 (0.97, 0.99), 0.97
(0.96, 0.99), 0.97 (0.96, 0.99) and 0.96 (0.95, 0.98). When
BMI was applied as a classification variable, it was also
associated with the 90-day mortality of patients with IAls
(table 5). However, in the multi-factor regression analysis
of the subgroup analysis of acute pancreatitis and other
patients, when BMI was employed as a continuous vari-
able, the adjusted HR values were 0.98 (0.95, 1.00) and
0.97 (0.95, 0.99) for acute pancreatitis patients and other
patients, respectively (online supplemental table 6), while
both before and after the adjustment, the HR values were
almost the same, and the p value was close to 0.05, which
may be due to the sample size (n=321 and n=355, respec-
tively after adjustment).

Considering the high proportion of missing height
value in the patient group, we conducted MI with height
values, and calculated the BMI with weight values and
imputed height values. Whether BMI was employed
as a continuous variable or a classification variable, the
adjusted HR value in the models showed that BMI was a
protective factor of the 90-day mortality in patients with
IAIs (online supplemental table 7). The results in online
supplemental table 8 show that in the imputed data, BMI
was not a protective factor in patients with acute pancre-
atitis, but it was still a protective factor in other patients
with TAI. Excluding acute pancreatitis patients from the
analysis did not affect the results.
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Figure 3 90-day Kaplan-Meier curve of patients without (A) and with (B) sepsis stratified by BMI. (A) and (B) represent 90-day
Kaplan-Meier curves of patients without and with sepsis, respectively. In log-rank test p<0.001, p<0.05, respectively. BMI, body

mass index; ICU, intensive care unit.

DISCUSSION

In this retrospective study, we used the MIMIC-III data-
base to study the relationship between BMI and the short-
term mortality of patients with abdominal infection. By
comparing the survival curve and 90-day mortality of the
three groups, it was found that the short-term prognosis
of overweight (25-30 kg/mg) and obese (>30 kg/m2)
patients were significantly better than that in the normal
group.

By comparing the baseline characteristics of the three
groups of patients, a significant difference was observed
in the overall age composition of the three groups and
in the 45-64 and >90age subgroups between the three
groups, and this statistical difference between subgroups
still exists after adjusting for confounding factors. Subse-
quently, in our study, overweight patients were more
likely to be men. However, previous studies have shown
that obese cohorts tend to be younger and have a higher
female prevalence."® The possible cause of this discrep-
ancy, as mentioned in previous studies, could be that male
patients are more likely to develop abdominal infections
such as appendicitis, and smoking is a probable cause for
this increased risk.'?*

Currently, studies on the association of obesity with
patients outcomes are mainly focused on sepsis, and the
results are ambiguous and contradictory.*' ™ In this study,
we expanded the scope of this relationship to study the

association between BMI and the short-term outcomes of
patients with IAls. Our finding shows that obese patients
had a higher SOFA score at admission, indicating a worse
degree of organ failure than that in patients with a lower
BMI, and the incidence of sepsis events was higher in
patients with a higher BMI. Previous studies have shown
that people who were overweight or obese had higher
susceptibility to developing postsurgical infections, and
respiratory tract infections and tended to develop more
severe infections, which is consistent with the results
of our study; however, the short-term outcome of these
patients was better.”* * The same contradiction exists in
our laboratory test results. According to a previous study,
serum CRE was an independent risk factor for clinical
failure, but in our cohort, obese patients had significantly
higher CRE values, which should lead to a worse clinical
outcome.”® Previous studies also showed that CRE mini-
mums at baseline were considered a predictor of short-
term mortality.27 However, some studies have reported
that CRE can predict multiple organ failure.”® This may
be related to the baseline characteristics of our study
population, and CRE level no longer appears as an inde-
pendent factor that associated with the prognosis after
adjusting for the baseline characteristics. Among the labo-
ratory tests included in our study, the HGB in the obese
and overweight group was higher than that in the other
group. Contrarily, a higher HGB value can provide more

Table 3 Univariate analysis of requirement of organ support therapy by BMI category

p

BMI <25 kg/m? (n=399) BMI 25-30 kg/m? (n=357) BMI >30kg/m? (n=405) value
Ventilation, n (%) 209 (52.38) 203 (56.86)*° 249 (61.48)° 0.034
Dialysis, n (%) 24 (6.01) 30 (8.40) 32 (7.90) 0.409
Vasoactive agent, n (%) 138 (34.59) 123 (34.45) 143 (35.31) 0.964

The letters a and b were used to indicate the difference between groups and if there is statistical difference between the two subgroups,

different letters shall be used for identification.
BMI, body mass index.
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Table 4 Univariate analysis of laboratory examination by BMI category

BMI <25 kg/m? BMI 25-30 kg/m? BMI >30 kg/m? p value
HGB (g/L) 95 (83-107)%, n=396 96 (84-108)*°, n=355 97 (85-112)°, n=403 0.048
WBC (x10%/L) 10.1 (6.2-14.9)*°, n=396 9.7 (6.5-13.8)%, n=355 10.9 (7.1-15.2)°, n=404 0.035
PLT (x10%L) 184.5 (112.3-268), n=396 182 (124-252), n=355 190 (126-273.5), =405 0.402
CRE (mg/dL) 1.1 (0.8-1.8)%, n=396 1.2 (0.9-2.2)°, n=355 1.3 (0.9-2.2)°, n=405 0.001
BUN (mg/dL) 24 (16-39), n=396 25 (16-41), n=355 25 (16-44), n=405 0.610
ALB (g/dL) 2.6 (2.2-3.1), n=234 2.7 (2.2-3.2), n=215 2.7 (2.3-3.1), n=228 0.463
Cl (mEq/L) 109 (105-113)%, n=396 109 (105-112)%, n=356 108 (104-111)°, n=405 0.007
K (mEg/L) 3.6 (3.2-4.0), n=396 3.7 (3.3-4.0), n=356 3.7 (3.4-4.1), n=405 0.168
Na (mEgq/L) 136 (132-139), n=396 136 (133-139), n=356 136 (133.5-139), n=405 0.235
GLU (mg/dL) 153 (122-194)%, n=396 154 (125-195.75)%, n=356 170 (136.5-226)°, n=405 <0.001
LAC (mmol/L) 2.5 (1.6-4.5), n=312 2.7 (1.5-4.4), n=286 2.3 (1.4-4.2), n=325 0.324
BIL (mg/dL) 1.1 (0.5-3.1), n=262 1.2 (0.6-2.4), n=255 1 (0.5-2.5), n=284 0.528

The letters a and b were used to indicate the difference between groups and if there is statistical difference between the two subgroups,

different letters shall be used for identification.

ALB, albumin; BIL, bilirubin; BMI, body mass index; BUN, urea nitrogen; Cl, chlorine; CRE, creatinine; GLU, glucose; HGB, haemoglobin; K,
potassium; LAC, lactate; Na, sodium; PLT, platelet count; WBC, white cell count.

oxygen to tissues and reduce hypoxia, whereas obese
patients may originally have a higher HGB value, they
may therefore confer a survival advantage. After adjusted,
there was no significant difference in HGB levels, but the
median of HGB in the obese and overweight group still
higher than that in the other group. Furthermore, it was
found that patients without sepsis but with IAls can also
benefit from a higher BMI. This shows that BMI has a
protective effect not only in patients with severe condi-
tions, such as sepsis patients but also in patients with a
milder condition. However, once sepsis occurs in patients
with abdominal infection, the short-term prognosis will
be significantly worse.

Our study also found that patients with a higher BMI
had a higher probability of receiving mechanical venti-
lation, which was also reported in the previous studies.”
This may be related to the impact of obesity on the respira-
tory system, obese patients tend to have higher respiratory
rates and lower tidal volumes, and lung volumes tend to
be decreased, especially the expiratory reserve volume.”
BMI was associated with an increased risk of acute respira-
tory distress syndrome in a weight-dependent manner but
was not associated with mortality.31 As mentioned earlier,
obese patients are also more likely to receive mechanical
ventilation as well as the attention of medical staff.”* In
summarise, patients with a higher BMI have a poor health
foundation and are more likely to progress to critical
illness, but there are also some indicators, such as HGB
level that may prevent organ failure caused by critical
illness in this process. In addition, they are more likely to
receive advanced modes of mechanical ventilation, dial-
ysis, liver function support and medical resources.

In the final Cox regression model, BMI remained a
protective factor after adjusting for confounding variables.
This is a phenomenon called the obesity paradox, which

means that overweight and obese patients are recognised
as they often have more basic diseases, such as hyperten-
sion, cardiovascular disease and diabetes. Their general
health is also worse than that of patients with a normal
BMI, and some studies have shown that BMI is associated
with an incidence rate of more than 20 types of cancers,
but BMI still shows protective effects and improves the
prognosis of patients. The reasons and underlying mech-
anisms have not been clarified.”” Some studies have
suggested that patients with obesity-associated comor-
bidities, such as hypertension may require less vasoactive
drugs and fluid resuscitation in the treatment process;
severe IAls can lead to sepsis that requires fluid resusci-
tation, and a restrictive fluid strategy would reduce the
burden of heart or lung injuries to protect organ func-
tion.” * Drugs that patients with cardiovascular disease
take in the long-term, such as aspirin, might play a protec-
tive role in IAls, antiplatelet drugs can inhibit coagula-
tion and inflammatory reactions in models of sepsis,
reducing damage to organ function; and clinical studies
also suggest that aspirin may improve the prognosis of
patients with sepsis.”

The protective effect of diabetes may occur through
an unidentified hormonal intermediary, or it may
be caused by antidiabetic drugs such as rosiglitazone
taken by diabetic patients, which increases the serum
levels of adiponectin, thus resulting in a better prog-
nosis.”” *A recent study also indicated an association
between metformin use prior to admission and lower
mortality in septic adult patients with diabetes mellitus.
Metformin may supply higher amounts of LAC, serving as
an energetic carbon source, thus making energy available
to ischaemic tissue.*® * Second, in acute catabolic reac-
tions caused by IAls, stored fuel and nutritional reserves
might be critical in obese patients. In our study, the
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Table 5 Result of the Cox proportional hazard regression analysis

Adjusted HR, p value

Exposure Non-adjusted HR, p value
Model 1
BMI 0.98 (0.97-0.99), <0.0001
BMI
<25, kg/m? 1.00 (Reference)
25-30, kg/m? 0.78 (0.64, 0.96), 0.0158
>30, kg/m? 0.68 (0.56, 0.83), 0.0001
Model 2
BMI 0.98 (0.97, 0.99), <0.0001
BMI
<25, kg/m? 1.00 (Reference)
25-30, kg/m? 0.78 (0.64, 0.96), 0.0158
>30, kg/m? 0.68 (0.56, 0.83), 0.0001
Model 3
BMI 0.98 (0.97, 0.99), <0.0001
BMI
<25, kg/m? 1.00 (Reference)
25-30, kg/m? 0.78 (0.64-0.96), 0.0158
>30, kg/m? 0.68 (0.56, 0.83), 0.0001
Model 4
BMI 0.98 (0.97, 0.99), <0.0001
BMI
<25, kg/m? 1.00 (Reference)
25-30, kg/m? 0.78 (0.64, 0.96), 0.0158
>30, kg/m? 0.68 (0.56, 0.83), 0.0001

0.98 (0.97,0.99), 0.0001

1.00 (Reference)
0.78 (0.64, 0.95), 0.0148
0.68 (0.56, 0.83), 0.0002

0.97 (0.96, 0.99), 0.0008
1.00 (Reference)

0.79 (0.61, 1.02), 0.0729
0.66 (0.51, 0.86), 0.0021
0.97 (0.96, 0.99), 0.0009
1.00 (Reference)

0.72 (0.56, 0.94), 0.0152
0.66 (0.50, 0.86), 0.0022
0.96 (0.95, 0.98), <0.0001
1.00 (Reference)

0.54 (0.40, 0.73), <0.0001
0.48 (0.36, 0.65), <0.0001

Model 1: adjusted for gender; admission age; SOFA; admission type; insurance; marital status; ethnicity.
Model 2: adjusted for gender; admission age; SOFA; admission type; insurance; marital status; ethnicity; HGB; GLU; ALB.
Model 3: adjusted for gender; admission age; SOFA; admission type; insurance; marital status; ethnicity; HGB; GLU; ALB; Charlson

Comorbidity Index.
Model 4: adjusted for Charlson Comorbidity Index.

ALB, albumin; BMI, body mass index; GLU, glucose; HGB, haemoglobin; SOFA, Sequential Organ Failure Assessment.

higher CRE values of overweight and obese patients also
support this standpoint; however, in IAls, due to abrosia
and acute gastrointestinal dysfunction, the energy supply
is frequently insufficient.! Third, adipocytes can release
adipokines and inflammatory factors such as interleukin
10 and leptin, which can regulate the immune response
and improve the prognosis of patients with an acute
inflammatory response.** A previous study indicated that
lipopolysaccharides may be sequestered in adipose tissue
via the very-low-density lipoprotein receptor, and this
sequestration may contribute to improved sepsis survival;
when BMI was greater than 25 kg/m?, this effect was accen-
tuated.* In addition, the difference in nursing level may
also be associated with the prognosis of obese patients.
As mentioned earlier, obese patients often suffer from
more basic diseases and complications, and they are more
likely to receive the attention of nursing staff, receiving
more active treatment.” Finally, previous studies suggest

that BMI is not the best indicator to accurately evaluate
obesity, which leads to the obesity paradox.* *

This study has several limitations. First, this was a
retrospective single centre study. Similar to other obser-
vational studies, it is difficult to completely exclude the
influence of residual confounding factors. Second, due
to the characteristics of the database itself, a considerable
number of patients’ data were missing, especially various
laboratory test data, which may cause selection bias;
however, we did not introduce the missing indicators into
the final Cox regression model. Third, in this study, we
only obtained the baseline characteristic information of
patients and some of their laboratory examination results
within 24 hours after admission, but did not specifically
study their infection and treatment process (such as the
use of antibiotics), and the disparate interventions in the
two groups with regard to these factors may lead to devia-
tions in our results. Next, given the observational nature
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of this study, we can not determine causality between BMI
and mortality. Finally, the total sample size of the database
was very large, but the number of subgroups in our study
was relatively small, which may also affect the reliability of
our results.

CONCLUSION

IAI patients with an overweight and obese status have
lower 90-day mortality than patients with a normal BMI.
The protection of BMI exists not only in patients with
severe conditions, such as sepsis patients, but also in
patients with milder conditions.
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