
Frontiers in Medicine 01 frontiersin.org

Correlation between body mass 
index and gender-specific 28-day 
mortality in patients with sepsis: a 
retrospective cohort study
Chong Li 1†, Huaping Huang 2†, Qingjie Xia 3 and Li Zhang 3*
1 Department of Osteoporosis, The First People’s Hospital of Kunshan Affiliated with Jiangsu 
University, Kunshan, China, 2 Department of Graduate Office, The First People’s Hospital of Kunshan 
Affiliated with Jiangsu University, Kunshan, China, 3 Department of Anesthesiology, The First People’s 
Hospital of Kunshan Affiliated with Jiangsu University, Kunshan, China

Objective: To investigate the potential correlation between body mass index 
(BMI) and the 28-day mortality rate among sepsis patients and the gender 
difference in this association.

Design: The current research was a retrospective cohort study.

Participants: A total of 14,883 male and female cohorts of sepsis patients were 
included in the Medical Information Mart for Intensive Care IV (MIMIC-IV V2.2) 
database. Patients in each gender cohort were further classified as underweight, 
normal weight, overweight, or obese according to BMI and the World Health 
Organization (WHO) BMI categories.

Outcomes: The 28-day mortality from the date of ICU hospitalization was the 
primary outcome measure.

Results: The BMI and 28-day mortality exhibited an L-shaped relationship (p 
for nonlinearity <0.001) with significant gender-specific differences. Subgroup 
analysis revealed different association patterns between the male and female 
cohorts. Specifically, BMI and mortality exhibited a U-shaped curve relationship 
among the males (p for nonlinearity <0.001) and an L-shaped relationship 
among the females (p for nonlinearity  =  0.045).

Conclusion: This study proposes a link between extreme BMI and 28-day 
mortality in patients with sepsis. Underweight patients have an increased risk of 
mortality; however, this risk decreases in overweight and obese patients. Upon 
stratifying by sex, a U-shaped pattern was observed, indicating an association 
between BMI and 28-day mortality in males, while an L-shaped pattern emerged 
in females.
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Introduction

In the last 3 years, there has been a significant rise in the worldwide occurrence of 
overweight and obese individuals. The overall incidence has risen from 28.8 to 36.9% among 
males, and among women, it has increased from 29.8 to 38.0% (1). Obesity traits are linked to 
the leading global causes of death (2), with discernible gender differences in the risk impact 
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of certain diseases. For instance, research indicates that overweight 
women have a higher risk of type 2 diabetes than men. In comparison, 
overweight men have a higher risk of chronic diseases like chronic 
kidney disease and chronic obstructive pulmonary disease 
(COPD) (3).

The yearly global incidence of sepsis is approximately 30 million, 
resulting in 6 million deaths (4). However, obesity unexpectedly 
appears to protect against death from all causes in individuals with 
sepsis (5). This was called “reverse epidemiology” or the “obesity 
paradox” (6, 7). Previous studies found that overweight and obese 
individuals had much lower mortality rates associated with sepsis than 
normal-weight individuals (5, 8, 9). Research has provided insights 
into the link between body mass index (BMI), sepsis-associated death, 
and age (10); however, a specific gender-based impact of BMI on 
sepsis-related mortality and the gender-specific link between BMI and 
sepsis-associated mortality in individuals has not been 
explicitly addressed.

A critical analysis of existing research reveals methodological and 
sample characteristic differences, which brings the reliability of these 
studies to question. To address this knowledge gap, the current study 
explored the relationship between BMI, gender, and sepsis mortality, 
overcoming previously identified limitations. This offers a new insight 
into the intricate interplay of obesity, gender, and sepsis mortality.

In addition, previous research frequently regards BMI as either a 
continuous or categorical factor, which fails to fully capture the 
intricate dose–response correlation between BMI and sepsis-
associated mortality. The present research work deviated from 
traditional methods by utilizing restricted cubic splines (RCSs) to 
elucidate the dose–response relationship. After comprehensively 
evaluating for the obesity paradox in a cohort of patients with sepsis, 
the main objective was to get a detailed comprehension of a possible 
obesity paradox in sepsis prognosis. Investigate for differences in the 
association between BMI and mortality in men versus women.

Methods

Study design

The current work adhered to the standards outlined in the 
STROBE statement. This retrospective investigation of patients with 
sepsis was longitudinal and single-center.

Patient and public involvement

The study did not include active participation from patients or the 
general public.

Data source

The Medical Information Mart for Intensive Care IV (MIMIC-IV 
V2.2) database is a carefully curated and identifiable collection of 
medical records from patients hospitalized in the intensive care unit 
(ICU) between 2008 and 2019. The authorization to utilize MIMIC-IV 
data for research (Certification Number: 38807989) was secured, 
having satisfactorily concluded the National Institutes of Health 

Protecting Human Research Participants training course. The Ethics 
Committee of Kunshan First People’s Hospital approved the study 
(Ethics Number 2023–04-001-K02).

Study population

The study comprised 14,883 individuals diagnosed with sepsis 
who had BMI information. Participants were recruited from the 
MIMIC-IV database (11). The Third International Consensus 
Definitions for Sepsis and Septic Shock (Sepsis-3) guidelines were 
used to describe sepsis. The initial screening included patients with a 
sepsis diagnosis, including those with sepsis, severe sepsis, and septic 
shock (ICD9 codes: 99591, 99,592, 78,552, respectively). Exclusion 
criteria included patients who were under 18 years old and had ICU 
stays of less than 24 h. For multiple admissions, only the first ICU 
admission records were considered.

Data retrieval

The extraction of data was executed with Structured Query 
Language (SQL). Patients’ age, sex, race, BMI, and Charlson 
comorbidity index were recorded. Records about the administration 
of vasopressors, mechanical ventilation, and sedatives within the first 
24 h after admission to the ICU were also collected. Comorbidity data, 
such as diabetes mellitus, congestive heart failure (CHF), coronary 
artery disease (CAD), hypertension, stroke, renal disease, atrial 
fibrillation (AFIB), liver disease, chronic pulmonary disease, and 
malignant tumor, were gathered using the International Classification 
of Diseases coding systems. The initial data collected at the onset of 
sepsis included vital signs (heart rate and minimum arterial pressure), 
the severity of illness [Simplified Acute Physiologic Score (SAPS), 
laboratory tests partial pressure of oxygen (PO2), hemoglobin 
concentration, white blood cell count, lactate, creatinine, glucose and 
pH levels] and sequential organ failure assessment (SOFA), 
were retrieved.

Exposure and outcomes

The exposure was BMI, calculated as weight (kg)/height2 (m2). The 
primary outcome assessed was the mortality due to any cause within 
28 days. Secondary outcomes examined were the mortality after 1 year 
and the duration of stay in the ICU.

Statistical analysis

This retrospective study did not use a priori statistical analysis 
strategy and statistical power calculation. Based on the data that was 
already present in the database, the sample size was selected. The 
primary indicator for the research was BMI. All missing values, entries 
with recording errors, and other potential confounding factors with 
missing values exceeding 10% were excluded.

Supplementary Table S1 shows the variable missing rates. Missing 
values for each variable were estimated using multiple imputations (9). 
Multicollinearity among variables was detected using the variance 
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inflation factor. The absence of multicollinearity for each variable was 
indicated by a variance inflation factor of <5 (Supplementary Table S2).

BMI was categorized into underweight (less than 18.5 kg/m2), 
normal weight (18.5–24.9 kg/m2), overweight (25–29.9 kg/m2), and 
obese (more than 30 kg/m2) using the World Health Organization 
(WHO) standards. Fifteen patients were excluded due to presumed 
erroneous data defined as BMI > 100 kg/m2. The patients were also 
grouped according to age as <60, 60–80, and ⩾ 80. Categorical 
variables were represented using numbers and percentages, and 
between-group differences were found using chi-squared and Fisher’s 
exact tests. Continuous variables were expressed using medians and 
interquartile-range values, and between-group differences were 
identified using the Mann–Whitney U test. Multivariable logistic 
regression models were used to evaluate the association between 
different BMI categories and 28-day mortality in sepsis patients. 
We constructed two regression models to control for confounding 
biases by adjusting for covariates. The selection of covariates was 
driven both theoretically and statistically. Some covariates, 
theoretically associated with mortality, were fixed in the model, such 
as age, gender, race, SAPS, SOFA, and Charlson Comorbidity Index. 
Other variables were selected using statistical methods. First, variables 
with variance inflation factors greater than 5 were excluded to avoid 
multicollinearity. We  constructed both unadjusted and adjusted 
models. The adjusted model included age, gender, race, SAPS, SOFA, 
Charlson comorbidity index, diabetes, hypertension, coronary artery 
disease, congestive heart failure, atrial fibrillation, malignancy, stroke, 
chronic obstructive pulmonary disease, renal disease, liver disease and 
glucose. The nonlinear relationship between BMI and 28-day all-cause 
mortality was assessed using RCSs Nonlinear model knots were used 
to distribute BMI into quartiles. The nonlinear association between 
BMI and patient all-cause mortality was analyzed, and its p-value 
was calculated.

A subgroup analysis of sex and age was also performed to explore 
potential relationships within specific subgroups.

The statistical analyses were conducted using R software (version 
4.2.3; R Foundation for Statistical Computing, Vienna, Austria) and 
Empowerstats.1 Statistical significance was determined at a two-tailed 
p-value of less than 0.05.

Results

Patient selection

Supplementary Figure S1 outlines the patient selection process 
identifying 25,599 records. The cohort consisted of 14,883 patients 
after excluding unqualified records.

Demographic and hospitalization 
characteristics by BMI

Table  1 summarizes the demographic and hospitalization 
characteristics of male patients with sepsis (n = 9,022). A significant 

1 http://www.empowerstats.com

age difference exists among the BMI categories (p < 0.001). Older age 
showed a significant association with lower BMI and vice versa. 
Remarkably, BMI significantly impacts disease severity, as evidenced 
by SAPS (p < 0.001) and the Charlson comorbidity index (p < 0.001). 
This demonstrates an inverse relationship between lower BMI and 
higher scores on SAPS and the Charlson comorbidity index. 
Significant differences in comorbidities (p < 0.001) were observed, 
including atrial fibrillation, diabetes, renal disease, COPD, 
hypertension, liver disease, and metastatic cancer. Key vital signs and 
laboratory parameters exhibited significant differences among BMI 
categories. Clinical interventions, such as mechanical ventilation and 
vasopressor use, displayed BMI-related variations (p < 0.001).

Table  2 presents the demographic and hospitalization 
characteristics of female patients with sepsis (n = 5,861). Similar to 
males, older age was significantly associated with lower BMI 
(p < 0.001). Both SOFA scores (p = 0.047) and the Charlson 
comorbidity index (p = 0.044) showed significant differences across 
BMI groups. Although the median Charlson comorbidity index was 
consistent at 5.0 across BMI groups, further analysis suggested that 
females with lower BMI tended to have a higher burden of 
comorbidities, which is reflected in the significant differences observed 
across the BMI categories. Significant differences in comorbidities 
(p < 0.001) were observed, including diabetes, renal disease, COPD, 
and hypertension. BMI-related differences were noted in the vital 
signs and laboratory parameters. Clinical interventions, such as 
mechanical ventilation, exhibited BMI-related variations (p < 0.001).

Comparison of outcomes in different 
genders

Table 3 and Supplementary Table S3 presents the patient outcomes 
stratified by BMI and age categories. There were significant differences 
in the duration of ICU stay and the rates of death at 28 days and 1 year 
among male patients, depending on their BMI categories (p < 0.001), 
with obese patients having the longest mean ICU stay of 3.4 (1.7, 8.0) 
days. Underweight male patients experienced the highest 28-day (22%) 
and 1-year (53.2%) mortality. Obese males had the lowest risk of death, 
with a 28-day and 1-year mortality of 12.5 and 22.3%, respectively.

In female patients, ICU stay did not differ between BMI groups 
(p = 0.108). However, 28-day and 1-year mortality varied substantially 
by BMI (p < 0.001). Underweight females had markedly elevated 
mortality, with 28-day and 1-year rates of 28.2 and 44.1%, respectively. 
Obese females experienced relatively lower mortality of 15.7% at 
28 days and 28.6% at 1 year.

Gender differences in the correlation 
between BMI and mortality

Supplementary Table S4 presents the multivariable logistic 
regression analysis results showing the relationship between 
mortality and BMI. After accounting for potential confounders 
that might influence the results (Supplementary Table S5), each 
unit rise in BMI was linked to 2% lower odds of 28-day mortality 
[adjusted odds ratio (OR) = 0.98, 95% confidence interval 
(CI) = 0.98, 0.99, p < 0.001]. When stratified by gender, the 
outcomes showed a significant correlation (p for 
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TABLE 1 Demographic information and hospitalization characteristics of male sepsis patients.

Demographic or 
hospitalization 
characteristic

Overall
n  =  9,022

Healthy weight
(18.5–24.9  kg/m2);

n  =  2,441

Underweight
(<18.5  kg/m2); n  =  186

Overweight
(25.0–29.9  kg/m2); 

n  =  3,276

Obese (≥30.0  kg/m2); 
n  =  3,119

P-value

Age (years) 63.6 ± 15.1 65.3 ± 16.8 65.4 ± 17.1 64.7 ± 15.0 61.1 ± 13.4 < 0.001

Age, n (%) < 0.001

<60 3,207 (35.5) 791 (32.4) 60 (32.3) 1,084 (33.1) 1,272 (40.8)

60–80 4,442 (49.2) 1,093 (44.8) 80 (43) 1,638 (50) 1,631 (52.3)

≥80 1,373 (15.2) 557 (22.8) 46 (24.7) 554 (16.9) 216 (6.9)

Race and ethnicity, n (%) < 0.001

Asian 239 (2.7) 130 (5.3) 4 (2.2) 76 (2.3) 29 (0.9)

Black 563 (6.2) 188 (7.7) 28 (15.1) 159 (4.9) 188 (6)

Hispanic 307 (3.4) 98 (4) 8 (4.3) 105 (3.2) 96 (3.1)

White 6,191 (68.7) 1,569 (64.3) 109 (58.6) 2,320 (70.9) 2,193 (70.3)

Unknown/Other 1716 (19.0) 454 (18.6) 37 (19.9) 612 (18.7) 613 (19.7)

SAPS score 37.0 (29.0, 47.0) 37.0 (30.0, 47.0) 40.0 (32.2, 48.0) 36.0 (29.0, 46.0) 37.0 (29.0, 47.0) < 0.001

SOFA 2.0 (0.0, 4.0) 2.0 (0.0, 4.0) 1.0 (0.0, 3.0) 2.0 (0.0, 4.0) 2.0 (0.0, 4.0) 0.01

Charlson comorbidity index 5.0 (3.0, 7.0) 5.0 (3.0, 7.0) 6.0 (4.0, 8.0) 4.0 (3.0, 7.0) 4.0 (3.0, 6.0) < 0.001

Comorbidity

AFIB, n (%) 3,110 (34.5) 818 (33.5) 46 (24.7) 1,161 (35.4) 1,085 (34.8) 0.016

Diabetes, n (%) 2,847 (31.6) 565 (23.1) 46 (24.7) 922 (28.1) 1,314 (42.1) < 0.001

CHF, n (%) 1,461 (16.2) 390 (16) 29 (15.6) 513 (15.7) 529 (17) 0.537

Renal disease, n (%) 7,445 (82.5) 1864 (76.4) 143 (76.9) 2,656 (81.1) 2,782 (89.2) < 0.001

COPD, n (%) < 0.001

543 (6.0) 146 (6) 23 (12.4) 165 (5) 209 (6.7)

Hypertension, n (%) 4,075 (45.2) 933 (38.2) 55 (29.6) 1,550 (47.3) 1,537 (49.3) < 0.001

CAD, n (%) 1,186 (13.1) 304 (12.5) 20 (10.8) 416 (12.7) 446 (14.3) 0.104

Stroke, n (%) 874 (9.7) 252 (10.3) 16 (8.6) 325 (9.9) 281 (9) 0.359

Liver disease, n (%) 2,123 (23.5) 581 (23.8) 64 (34.4) 706 (21.6) 772 (24.8) < 0.001

(Continued)
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Demographic or 
hospitalization 
characteristic

Overall
n  =  9,022

Healthy weight
(18.5–24.9  kg/m2);

n  =  2,441

Underweight
(<18.5  kg/m2); n  =  186

Overweight
(25.0–29.9  kg/m2); 

n  =  3,276

Obese (≥30.0  kg/m2); 
n  =  3,119

P-value

Metastatic cancer, n (%) 2036 (22.6) 611 (25) 62 (33.3) 794 (24.2) 569 (18.2) < 0.001

Vital signs

MAP (mm Hg) 53.7 ± 11.3 53.0 ± 11.5 51.6 ± 12.5 54.4 ± 10.9 53.8 ± 11.5 < 0.001

Heart rate (beats/min) 116.3 ± 24.4 116.7 ± 23.8 121.6 ± 30.8 115.0 ± 24.5 117.1 ± 24.3 < 0.001

Laboratory tests

PO2 (mmHg) 67.0 (42.0, 95.0) 67.0 (41.0, 104.0) 48.0 (36.0, 90.8) 71.0 (44.0, 99.0) 64.0 (42.0, 87.0) < 0.001

Lactate (mmol/L) 2.4 (1.7, 3.7) 2.5 (1.7, 3.8) 2.1 (1.6, 3.4) 2.4 (1.8, 3.6) 2.4 (1.7, 3.7) 0.08

Hemoglobin (g/dL) 8.7 ± 1.9 8.5 ± 1.8 8.2 ± 1.8 8.7 ± 1.9 8.9 ± 2.0 < 0.001

pH 7.3 ± 0.1 7.3 ± 0.1 7.3 ± 0.1 7.3 ± 0.1 7.3 ± 0.1 < 0.001

Creatinine (mg/dL) 1.1 (0.9, 1.7) 1.0 (0.8, 1.6) 1.0 (0.8, 2.0) 1.1 (0.9, 1.6) 1.2 (0.9, 1.9) < 0.001

White blood cell counts (×109/L) 16.0 (12.0, 21.2) 15.5 (11.6, 20.6) 16.0 (11.5, 21.5) 15.7 (11.9, 20.5) 16.7 (12.5, 21.9) < 0.001

Glucose, (mg/dL) 131.0 (108.0, 166.0) 124.0 (103.0, 156.0) 123.0 (103.0, 152.8) 131.0 (108.0, 164.0) 138.0 (112.0, 177.0) < 0.001

Interventions

Mechanical ventilation use, n (%) 8,459 (93.8) 2,233 (91.5) 170 (91.4) 3,089 (94.3) 2,967 (95.1) < 0.001

Vasopressor use, n (%) 5,552 (61.5) 1,464 (60) 100 (53.8) 2038 (62.2) 1950 (62.5) 0.027

Sedative use, n (%) 635 (7.0) 156 (6.4) 8 (4.3) 225 (6.9) 246 (7.9) 0.064

Continuous Variables: Normally distributed variables are shown as mean (± SD), and non-normally distributed variables as median (IQR). Categorical Variables: Categorical variables are presented as counts and percentages (%). BMI, Body Mass Index; MAP, Mean 
Arterial Pressure; SAPS, Simplified Acute Physiology Score; SOFA, Sequential Organ Failure Assessment; COPD, Chronic obstructive pulmonary disease; CAD, Coronary artery disease; CHF, Congestive heart failure; AFIB, Atrial fibrillation.

TABLE 1 (Continued)
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TABLE 2 Demographic information and hospitalization characteristics of female sepsis patients.

Demographic or 
hospitalization 
characteristic

Overall
n  =  5,861

Healthy weight
(18.5–24.9  kg/m2); 

n  =  1,767

Underweight
(<18.5  kg/m2); n  =  245

Overweight
(25.0–29.9  kg/m2); 

n  =  1,632

Obese (≥30.0  kg/m2); 
n  =  2,217

P-value

Age (years) 66.2 ± 16.0 67.6 ± 17.1 68.9 ± 16.8 67.3 ± 16.5 64.1 ± 14.4 < 0.001

Age, n (%) < 0.001

<60 1775 (30.3) 511 (28.9) 57 (23.3) 470 (28.8) 737 (33.2)

60–80 2,771 (47.3) 751 (42.5) 113 (46.1) 726 (44.5) 1,181 (53.3)

≥80 1,315 (22.4) 505 (28.6) 75 (30.6) 436 (26.7) 299 (13.5)

Race and ethnicity, n (%) < 0.001

Asian 124 (2.1) 68 (3.9) 7 (2.9) 35 (2.1) 14 (0.6)

Black 568 (9.7) 143 (8.1) 25 (10.2) 150 (9.2) 250 (11.3)

Hispanic 173 (3.0) 33 (1.9) 1 (0.4) 54 (3.3) 85 (3.8)

White 3,992 (68.2) 1,208 (68.4) 171 (69.8) 1,127 (69.2) 1,486 (67.1)

Unknown/Other 997 (17.0) 313 (17.7) 41 (16.7) 263 (16.1) 380 (17.2)

SAPS score 38.0 (30.0, 48.0) 38.0 (30.0, 48.0) 40.0 (31.0, 52.0) 38.0 (30.0, 48.0) 38.0 (30.0, 48.0) 0.135

SOFA 1.0 (0.0, 3.0) 1.0 (0.0, 3.0) 1.0 (0.0, 3.0) 1.0 (0.0, 3.0) 1.0 (0.0, 4.0) 0.047

Charlson comorbidity index 5.0 (3.0, 7.0) 5.0 (3.0, 7.0) 5.0 (4.0, 7.0) 5.0 (3.0, 7.0) 5.0 (3.0, 7.0) 0.044

Comorbidity

AFIB, n (%) 1890 (32.2) 588 (33.3) 69 (28.2) 530 (32.5) 703 (31.7) 0.382

Diabetes, n (%) 1739 (29.7) 341 (19.3) 32 (13.1) 443 (27.1) 923 (41.6) < 0.001

CHF, n (%) 1,085 (18.5) 331 (18.7) 36 (14.7) 321 (19.7) 397 (17.9) 0.22

Renal disease, n (%) 4,748 (81.0) 1,294 (73.2) 171 (69.8) 1,293 (79.2) 1990 (89.8) < 0.001

COPD, n (%) 491 (8.4) 137 (7.8) 30 (12.2) 118 (7.2) 206 (9.3) 0.012

Hypertension, n (%) 2,672 (45.6) 728 (41.2) 90 (36.7) 761 (46.6) 1,093 (49.3) < 0.001

CAD, n (%) 482 (8.2) 132 (7.5) 16 (6.5) 134 (8.2) 200 (9) 0.248

Stroke, n (%) 668 (11.4) 224 (12.7) 26 (10.6) 193 (11.8) 225 (10.1) 0.081

Liver disease, n (%) 1,302 (22.2) 370 (20.9) 62 (25.3) 364 (22.3) 506 (22.8) 0.321

Metastatic cancer, n (%) 1,382 (23.6) 475 (26.9) 76 (31) 357 (21.9) 474 (21.4) < 0.001

(Continued)
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Demographic or 
hospitalization 
characteristic

Overall
n  =  5,861

Healthy weight
(18.5–24.9  kg/m2); 

n  =  1,767

Underweight
(<18.5  kg/m2); n  =  245

Overweight
(25.0–29.9  kg/m2); 

n  =  1,632

Obese (≥30.0  kg/m2); 
n  =  2,217

P-value

Vital signs

MAP (mm Hg) 51.3 ± 11.0 51.7 ± 11.3 51.2 ± 11.7 51.3 ± 10.9 50.9 ± 10.9 0.132

Heart rate (beats/min) 118.7 ± 24.4 119.6 ± 24.6 120.5 ± 24.4 117.5 ± 24.3 118.6 ± 24.2 0.044

Laboratory tests

PO2 (mmHg) 62.0 (39.0, 90.0) 63.0 (40.0, 94.0) 51.5 (36.8, 86.5) 64.0 (39.0, 92.0) 61.0 (39.0, 85.0) 0.003

Lactate (mmol/L) 2.5 (1.6, 3.9) 2.4 (1.6, 3.9) 2.1 (1.5, 3.5) 2.5 (1.6, 3.9) 2.6 (1.6, 4.0) 0.045

Hemoglobin (g/dL) 8.1 ± 1.7 8.0 ± 1.7 8.2 ± 1.7 8.1 ± 1.7 8.2 ± 1.8 0.145

pH 7.3 ± 0.1 7.3 ± 0.1 7.3 ± 0.1 7.3 ± 0.1 7.3 ± 0.1 < 0.001

Creatinine (mg/dL) 0.9 (0.7, 1.5) 0.8 (0.6, 1.3) 0.9 (0.6, 1.4) 0.9 (0.7, 1.4) 1.0 (0.7, 1.6) < 0.001

White blood cell counts (×109/L) 16.2 (12.1, 21.7) 16.0 (11.9, 21.7) 15.2 (11.1, 20.2) 15.8 (11.8, 21.3) 16.7 (12.6, 22.1) <0.001

Glucose (mg/dL) 133.0 (108.0, 170.0) 126.0 (103.0, 157.0) 127.0 (104.0, 160.0) 131.0 (107.0, 166.0) 141.0 (113.0, 181.0) < 0.001

Interventions

Mechanical ventilation use, n 

(%)
5,390 (92.0) 1,583 (89.6) 222 (90.6) 1,499 (91.9) 2086 (94.1) < 0.001

Vasopressor use, n (%) 3,354 (57.2) 977 (55.3) 128 (52.2) 952 (58.3) 1,297 (58.5) 0.058

Sedative use, n (%) 422 (7.2) 118 (6.7) 18 (7.3) 115 (7) 171 (7.7) 0.646

Continuous Variables: Normally distributed variables are shown as mean (± SD), and non-normally distributed variables as median (IQR). Categorical Variables: Categorical variables are presented as counts and percentages (%). BMI, Body Mass Index; MAP, Mean 
Arterial Pressure; SAPS, Simplified Acute Physiology Score; SOFA, Sequential Organ Failure Assessment; COPD, Chronic obstructive pulmonary disease; CAD, Coronary artery disease; CHF, Congestive heart failure; AFIB, Atrial fibrillation.

TABLE 2 (Continued)
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interaction = 0.014). For females, being underweight was linked 
to 80% higher odds of 28-day mortality in comparison to having 
a normal weight (adjusted OR = 1.80, 95% CI = 1.28, 2.53, 
p = 0.001). No significant relationships were seen in the 
overweight and obese categories. In males, both overweight and 
obesity were linked to 33% lower odds of 28-day mortality 
relative to normal weight. The adjusted OR were 0.67 (95% 
CI = 0.57, 0.79, p < 0.001) for overweight and 0.67 (95% CI = 0.57, 
0.80, p < 0.001) for obesity (Supplementary Table S6).

RCS analyses of nonlinear relationships

RCS models were developed to evaluate the link between BMI 
and mortality. Figure  1 depicts the dose–response curves 
demonstrating the correlation between BMI and 28-day all-cause 
mortality. The curves were obtained after performing logistic 
analysis and adjusting for significant covariates. The dose–response 
analysis demonstrated a L-shaped curve depicting the relationship 

between BMI and the risk of 28-day all-cause mortality (p for 
nonlinearity <0.001) (Figure 1A).

According to subgroup analysis, there was significant variation in 
the link between BMI and 28-day mortality in males versus females. 
RCS models were constructed for sex-stratified analysis. Figure 1B 
shows a U-shaped curve relationship between BMI and 28-day 
all-cause mortality in male patients with sepsis (p for nonlinearity 
<0.001). However, it reveals an L-shaped correlation between these 
two factors in the female patients (p for nonlinearity = 0.045) 
(Figure 1C). In our cohort, there were 3,418 patients with late-stage 
cancer. The results of a secondary analysis excluding these patients 
were consistent with the original findings, indicating that the inclusion 
of late-stage cancer patients did not significantly alter the overall 
results. Analyses were also conducted of the results in different age 
groups and Charlson comorbidity index score groups 
(Supplementary Figures S2, S3). This study produced curve-fitting 
graphs for BMI and 28-day mortality, considering various factors such 
as gender, age, and Charlson comorbidity index scores 
(Supplementary Figure S4).

TABLE 3 Mortality in different BMI patients with sepsis.

Outcome Overall Healthy weight 
(18.5–24.9  kg/m2)

Underweight 
(<18.5  kg/m2)

Overweight (25.0–
29.9  kg/m2)

Obese 
(≥30.0  kg/m2)

P-value

Male n = 9,022 n = 2,441 n = 186 n = 3,276 n = 3,119

Time in ICU (days) 3.2 (1.5,7.1) 3.3 (1.7, 7.0) 3.3 (2.0, 7.7) 3.1 (1.4, 6.5) 3.4 (1.7, 8.0) < 0.001

28-day mortality, n (%) 1,279 (14.2) 436 (17.9) 41 (22) 413 (12.6) 389 (12.5) < 0.001

1-year mortality, n (%) 2,403 (26.6) 838 (34.3) 99 (53.2) 770 (23.5) 696 (22.3) < 0.001

Female n = 5,861 n = 1767 n = 245 n = 1,632 n = 2,217

Time in ICU (days) 3.7 (1.9,7.8) 3.7 (1.9, 7.8) 3.9 (1.9, 7.3) 3.6 (1.7, 7.6) 3.8 (2.0, 8.1) 0.108

28-day mortality, n (%) 1,000 (17.1) 304 (17.2) 69 (28.2) 279 (17.1) 348 (15.7) < 0.001

1-year mortality, n (%) 1,842 (31.4) 609 (34.5) 108 (44.1) 490 (30) 635 (28.6) < 0.001

FIGURE 1

Restricted spline curves for the association between BMI and 28-day mortality. The graphs present odds ratios (ORs) for 28-day mortality, adjusting for 
age, gender, race, SAPS, SOFA, and the Charlson comorbidity index. It also adjusts for various comorbidities, including hypertension, stroke, congestive 
heart failure, renal disease, diabetes, chronic obstructive pulmonary disease, atrial fibrillation, malignancy cancer, coronary artery disease, and liver 
disease. Additionally, the analysis was adjusted for blood glucose levels to account for its potential impact on the outcomes. Logistic regression 
modeling facilitated data fitting. Solid lines on the graphs denote ORs, with shaded areas representing 95% confidence intervals (CIs). OR, odds ratio; 
CI, confidence interval.
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Change points and associations in the 
BMI-mortality relationship

Table 4 presents the estimated change points associated with BMI 
and 28-day mortality. For the entire cohort, a BMI change point was 
identified at 27.89 kg/m2. Below this change point, each 1 kg/m2 
increment in the BMI was linked with an OR of 0.94 (95% CI = 0.92, 
0.96, p < 0.001) for mortality, indicating a protective effect. Above this 
BMI threshold, the OR per 1 kg/m2 increase was neutral at 1.01 (95% 
CI = 1.00, 1.02, p = 0.283), suggesting no additional risk. Gender-
specific analyses revealed a higher BMI change point for males 
(29.22 kg/m2) than females (20.67 kg/m2). The protective association 
below the change point was more pronounced in the males (OR = 0.93, 
95% CI = 0.91, 0.95, p < 0.001) than in the overall cohort, with a slight 
increase in mortality risk above the change point (OR = 1.02, 95% 
CI = 1.00, 1.03, p = 0.030). Females exhibited a more substantial 
protective effect below their lower change point (OR = 0.86, 95% 
CI = 0.80, 0.93, p < 0.001), with a neutral effect above it (OR = 0.99, 95% 
CI = 0.98, 1.00, p = 0.129). Stratifying by age and Charlson comorbidity 
index revealed variability in change points and effect sizes but 
consistently showed a relation between lower BMI and higher 
mortality risk.

Discussion

Our study data indicate a correlation between BMI and mortality 
in sepsis patients. The findings suggest that low BMI may have adverse 
consequences, as underweight individuals exhibited higher mortality 
rates. Conversely, obese patients showed lower mortality rates, 

suggesting a potential protective effect of higher BMI. The relationship 
between 28-day mortality and BMI demonstrated an L-shaped curve, 
with significant gender-specific differences. Specifically, females 
exhibited an L-shaped relationship, while males exhibited a U-shaped 
relationship. The BMI-mortality relationship in sepsis patients was 
analyzed using piecewise two-line models to estimate change points 
and mortality associations on either side of these points. The results 
emphasize an intricate relationship that relies on BMI thresholds, 
which differ according to gender, age, and comorbidity burden, as 
assessed by the Charlson comorbidity index. These results emphasize 
the need to consider individual patient characteristics in the 
BMI-mortality assessment for sepsis patients. The identified BMI 
change points and their differential effects reinforce the concept of an 
“obesity paradox,” suggesting a survival benefit for higher BMI up to 
a certain point.

The present study underscores that the correlation between BMI 
and 28-day mortality varies markedly between sexes—higher risk in 
underweight females and a protective effect in overweight and obese 
males. Consistent with another study, which showed that male 
participants with higher BMI exhibited a lower risk of mortality than 
female participants (12). In sepsis patients, a significant sex and BMI 
relationship was found in the current investigation. RCS analysis 
indicated a pronounced nonlinear relationship in males, characterized 
by a U-shaped curve. On the other hand, females exhibited an 
L-shaped curve, requiring a deeper understanding of the physiological 
mechanisms involved. The U-shaped curve in males may relate to the 
combined effects of visceral fat and inflammatory responses, 
potentially leading to increased mortality. In contrast, the L-shaped 
curve in females might reflect the protective role of subcutaneous fat 
on cardiovascular health and immunity. Hormones like estrogen and 

TABLE 4 Estimated change points from piecewise two-line models in the relationship between BMI and mortality and the associations with mortality 
below and above the change point.

BMI change point, 
kg/m2 (95% CI)

OR per 1  kg/m2 BMI 
increase below change 

point (95% CI)

P-value OR per 1  kg/m2 BMI 
increase above change 

point (95% CI)

P-value

All sepsis patients 27.89 0.94 (0.92, 0.96) <0.001 1.01(1.00, 1.02) 0.283

Male (n = 9,022) 29.22 0.93 (0.91, 0.95) <0.001 1.02 (1.00, 1.03) 0.030

Age

<60 (3,207) 29.14 0.95 (0.91, 0.99) 0.014 1.02 (1.00, 1.04) 0.070

60–80 (4,442) 26.68 0.90 (0.87, 0.94) <0.001 1.00 (0.98, 1.02) 0.936

⩾80 (1,373) 29.22 0.9 (0.88, 0.96) <0.001 1.03 (0.96, 1.10) 0.389

Charlson comorbidity index

<6 27.85 0.92 (0.88, 0.95) <0.001 1.02 (1.00, 1.04) 0.063

⩾6 29.80 0.93 (0.91, 0.96) <0.001 1.01 (0.99, 1.03) 0.317

Female (n = 5,861) 20.67 0.86 (0.80, 0.93) <0.001 0.99 (0.98, 1.00) 0.129

Age

<60 (1,775) NA 1.00 (0.98, 1.02) 0.749

60–80 (2,771) 20.76 0.85 (0.77, 0.95) 0.004 0.99 (0.97, 1.00) 0.127

⩾80 (1,315) 20.53 0.74 (0.63, 0.86) <0.001 0.99 (0.97, 1.02) 0.696

Charlson comorbidity index

<6 22.31 0.82 (0.76, 0.89) <0.001 0.99 (0.97, 1.01) 0.276

⩾6 NA 0.99 (0.98, 1.01) 0.458

OR, odds ratio; NA, not available.
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testosterone, which differ between genders, could influence these 
patterns. Specifically, estrogen’s anti-inflammatory properties might 
contribute to better outcomes in females (13). The present results align 
with growing evidence of gender-specific health responses (14, 15), 
highlighting the distinct impacts of different fat types on metabolic 
health in males and females. One study indicated that gender 
differences significantly impact the critical points of BMI based on 
body fat percentage (16). This suggests that gender differences should 
be considered in weight and BMI studies.

The relationship between BMI and mortality associated with 
sepsis in patients has been the subject of several investigations. An 
inverse relationship between BMI and sepsis-related mortality was 
shown in a meta-analysis of observational data (17), and a higher BMI 
has been associated with improved survival rates among older 
individuals with sepsis (12) but not younger individuals with sepsis 
(18). An analysis of a group of Japanese patients with severe sepsis 
revealed a higher rate of death within 28 days among individuals with 
lower BMI (< 18.5 kg/m2) (19). Another meta-analysis reported 
decreased mortality in obese and overweight patients and increased 
mortality in patients who were underweight (20). Retrospective 
cohort research involving 55,038 adult patients diagnosed with sepsis 
revealed a correlation between obesity (BMI ≥ 30 kg/m2) and survival 
rates in sepsis, resulting in an absolute mortality reduction (21). Mica 
et al. proposed that fatty tissue associated with higher BMI exerts a 
protective effect against inflammatory reactions like sepsis, and 
elevations in leptin and inflammatory biomarkers like C-reactive 
protein within the obese population have been considered as having 
a mechanistic role in the obesity paradox (22–24).

However, the inverse relationship between BMI and sepsis-related 
mortality has been challenged by some studies indicating the opposite. 
In a retrospective cohort research involving 834 individuals with 
sepsis admitted to the ICU, obese patients had higher mortality rates 
than non-obese patients (23). Impaired immune function in the obese 
population causes a significant increase in mortality rates (25). 
Population-based cohort research conducted on 0.5 million Chinese 
adults found that compared with a reference BMI of 22.5 to <25.0 kg/
m2, the multivariable-adjusted hazard ratios for sepsis-related 
mortality were 2.42 for BMI < 18.5, 1.59 for 18.5 to <20.0, 1.21 for 20.0 
to <22.5, 0.97 for 25.0 to <27.5, 0.98 for 27.5 to <30.0, and 1.22 for 
≥30.0 kg/m2. The study also found increased sepsis-related mortality 
risk even in participants with low-and mid-normal weight (26). A 
two-sample Mendelian randomization study found that sepsis 
mortality at 28 days increased with increasing BMI; however, the effect 
disappeared at 90 days (27, 28). Confounders in causal inference in 
observational studies can lead to opposite conclusions. The correlation 
between BMI and mortality in sepsis patients is intricate, and the 
results from different research are inconclusive. Hence, the influence 
of BMI on sepsis-associated mortality may be contingent upon several 
elements and necessitates more investigation to achieve a 
thorough comprehension.

Although our data suggest that the overweight and obese groups 
had better survival chances compared to those with lower BMI, 
caution is warranted in interpreting these findings. Our analysis 
revealed that lower BMI groups had higher comorbidity scores, 
indicating that individuals with lower BMI may have more severe 
underlying health conditions, such as cachexia, which could negatively 
impact their prognosis. Therefore, the protective effect of a higher 
BMI may be partially attributable to the relatively better health status 

of these individuals. Although high BMI can predispose individuals 
to severe conditions, our findings indicate that individuals with higher 
BMI generally have better outcomes compared to those with severe 
comorbidities and lower BMI. This aligns with studies on acute 
respiratory distress syndrome (ARDS), where higher BMI was linked 
to better outcomes. Other pathophysiological mechanisms described 
in recent literature (29) may also explain these associations.

The study partially supports the existence of an obesity paradox 
in sepsis patients (30). Employing RCS, more precise ORs were 
derived. A lower OR was identified for BMI values of 27.7–42 kg/m2, 
which correlates with an increased survival rate. Multifactorial 
analysis revealed a lower mortality rate in the obese population. In 
contrast, curve-fitting results indicated that males with higher BMI 
had a higher mortality rate. The lower mortality rate in the obese 
population may be attributed to the higher prevalence of mild obesity. 
However, severe obesity was linked to a higher mortality rate. The 
curve-fitting results suggest that a more significant proportion of 
people with moderate obesity was responsible for the overall decrease 
in the death rate.

A significant association was found between elevated BMI and 
decreased death rates in comparison to the healthy BMI range 
recommended by the WHO, and given the age of the present study 
population was 64.66 ± 15.55 years, this fits with previous study 
results (12, 18). Aging leads to a redistribution of body 
composition, including a decrease in lean body mass and bone 
density, particularly with an increase in abdominal fat mass. A 
study revealed that the association between BMI and mortality is 
influenced, to some extent, by the associations of lean body mass 
and fat mass with mortality (31). Body composition markers, such 
as waist circumference, might reveal varying impacts on specific 
and overall mortality causes, offering a new understanding of the 
negative relationship between BMI and mortality (31–33). Our 
dataset lacked certain reliable indicators of mortality such as lean 
body mass and central obesity, and future studies on mortality and 
sepsis should include such markers of body composition. However, 
analyses from a study also indicated that a higher BMI correlates 
with lower mortality rates in older individuals, suggesting an 
increased demand for nutritional reserves in older age (34). These 
findings underscore the consideration of age in healthy weight 
recommendations, emphasizing the need for further research to 
determine the benefits of weight gain in the elderly.

Limitations

The present study provides insights into the link between BMI and 
gender-specific 28-day sepsis-associated mortality in patients. 
However, the current research has several limitations. First, as a 
retrospective analysis, the study is subject to information bias, which 
could result in inaccuracies or incomplete data. In particular, lipid 
variables such as Low-Density Lipoprotein cholesterol and 
triglycerides, which may be  strongly associated with BMI, were 
excluded from the primary analysis due to a high rate of missing data. 
The omission of these variables may limit our ability to fully adjust for 
metabolic factors that influence the relationship between BMI and 
sepsis mortality. Second, BMI was employed to measure overall 
obesity instead of waist circumference, which assesses central obesity. 
Observational studies indicate that there is a correlation between 
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abdominal obesity and a higher likelihood of death linked to sepsis 
(35). Despite using RCS to obtain more precise ORs, unmeasured 
confounders may still influence the BMI-mortality relationship. 
Moreover, this study failed to include variables such as muscle mass, 
fat distribution, and other aspects of body composition. These factors 
could impact the prognosis of sepsis patients. Other potential 
influencers such as lifestyle, diet, socioeconomic status, and baseline 
health conditions were also not examined, which could also impact 
the observed BMI-mortality relationship. The identification of sepsis-3 
patients was primarily based on ICD-9 codes, which, although 
operationally convenient and readily available, may not be as precise 
as incorporating the SOFA score. The use of ICD-9 codes could 
potentially include patients with milder symptoms, which might 
influence the assessment of the severity of sepsis. However, to enhance 
the accuracy of our study’s findings, our primary analysis outcomes 
were adjusted for the SOFA score to control for potential biases. 
Finally, as an observational study, causality cannot be inferred. The 
mechanism of the obesity paradox in sepsis is still being studied and 
could include inflammation (36–38), which was not controlled for in 
this study using inflammatory biomarkers. Despite these limitations, 
the study offers valuable insights into the complex link between BMI 
and mortality in sepsis patients. Future research should overcome 
these limitations with prospective designs, broader populations, and 
more comprehensive health metrics to further explore the role of BMI 
in the clinical management of sepsis.

Clinical considerations and implications

The discovery of gender-specific patterns has significant clinical 
implications. It underscores the importance of personalized treatment 
to account for gender-related physiological differences in sepsis 
management. Future studies should investigate the roles of 
inflammatory biomarkers, hormones and fat distribution in sepsis 
outcomes to refine gender-specific treatment approaches. The current 
study highlights the importance of considering gender-specific BMI 
and mortality relationships, reinforcing the need for personalized 
interventions in the management of sepsis.

Conclusion

This study uncovers the correlation between BMI and gender-
specific mortality in a cohort of patients with sepsis in whom the 
presence of the obesity paradox was confirmed. The RCS analysis 
revealed a distinct L-shaped correlation between BMI and 28-day 
mortality. Regarding sex stratification, a U-shaped correlation was 
observed between BMI and 28-day mortality in male patients, 
whereas an L-shaped correlation was seen in females. It is necessary 
to conduct further studies, including many centers and large 
samples, in order to examine the disparities between sexes in the 
obesity paradox.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The collection of patient information and creation of the research 
resource were reviewed by the Institutional Review Board at the Beth 
Israel Deaconess Medical Center, who granted a waiver of informed 
consent and approved the data sharing initiative. Approval has been 
obtained from the Ethics Committee of Kunshan First People’s 
Hospital (Ethics Number 2023–04-001-K02). All the methods and 
procedures carried out in this study were in accordance with relevant 
guidelines and regulation. The studies were conducted in accordance 
with the local legislation and institutional requirements. Written 
informed consent for participation in this study was provided by the 
participants’ legal guardians/next of kin.

Author contributions

LZ: Conceptualization, Writing – original draft, Writing – review 
& editing. CL: Supervision, Writing – review & editing. HH: Formal 
analysis, Validation, Writing – original draft, Writing – review & 
editing. QX: Formal analysis, Writing – original draft.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This study was 
supported by the Project of Suzhou Science and Technology (No. 
SKY2022079), the Kunshan Science and Technology Development 
Fund (No. KS2311), Medical Health Science and Technology 
Innovation Project of Kunshan First People’s Hospital (No. 
KSKFQYLWS2023022), Suzhou Municipal Science and Technology 
Development Plan (Construction of Key Municipal Laboratories) (No. 
SZS2024018), and Suzhou City Major Disease Multicenter Clinical 
Research Project (No. DZXYJ202312).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fmed.2024.1462637/
full#supplementary-material

https://doi.org/10.3389/fmed.2024.1462637
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2024.1462637/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2024.1462637/full#supplementary-material


Li et al. 10.3389/fmed.2024.1462637

Frontiers in Medicine 12 frontiersin.org

References
 1. NCD Risk Factor Collaboration (NCD-RisC) Trends in adult body-mass index in 

200 countries from 1975 to 2014: a pooled analysis of 1698 population-based 
measurement studies with 19·2 million participants. Lancet (2016);387:1377–1396. doi: 
10.1016/s0140-6736(16)30054-x

 2. Berrington de Gonzalez A, Hartge P, Cerhan JR, Flint AJ, Hannan L, MacInnis RJ, 
et al. Body-mass index and mortality among 1.46 million white adults. N Engl J Med. 
(2010) 363:2211–9. doi: 10.1056/NEJMoa1000367

 3. Censin JC, Peters SAE, Bovijn J, Ferreira T, Pulit SL, Mägi R, et al. Causal 
relationships between obesity and the leading causes of death in women and men. PLoS 
Genet. (2019) 15:e1008405. doi: 10.1371/journal.pgen.1008405

 4. Fleischmann C, Scherag A, Adhikari NK, Hartog CS, Tsaganos T, Schlattmann P, 
et al. Assessment of global incidence and mortality of hospital-treated Sepsis. Current 
estimates and limitations. Am J Respir Crit Care Med. (2016) 193:259–72. doi: 10.1164/
rccm.201504-0781OC

 5. Prescott HC, Chang VW, O’Brien JM, Langa KM, Iwashyna TJ. Obesity and 1-year 
outcomes in older Americans with severe sepsis. Crit Care Med. (2014) 42:1766–74. doi: 
10.1097/ccm.0000000000000336

 6. Bosello O, Vanzo A. Obesity paradox and aging. Eat Weight Disord. (2021) 
26:27–35. doi: 10.1007/s40519-019-00815-4

 7. Yeo HJ, Kim TH, Jang JH, Jeon K, Oh DK, Park MH, et al. Obesity paradox and 
functional outcomes in Sepsis: a multicenter prospective study. Crit Care Med. (2023) 
51:742–52. doi: 10.1097/ccm.0000000000005801

 8. Li S, Hu X, Xu J, Huang F, Guo Z, Tong L, et al. Increased body mass index linked 
to greater short-and long-term survival in sepsis patients: a retrospective analysis of a 
large clinical database. Int J Infect Dis. (2019) 87:109–16. doi: 10.1016/j.ijid.2019.07.018

 9. Gaulton TG, Marshall MacNabb C, Mikkelsen ME, Agarwal AK, Cham Sante S, 
Shah CV, et al. A retrospective cohort study examining the association between body 
mass index and mortality in severe sepsis. Intern Emerg Med. (2015) 10:471–9. doi: 
10.1007/s11739-015-1200-1

 10. Lee Y, Ahn S, Han M, Lee JA, Ahn JY, Jeong SJ, et al. The obesity paradox in 
younger adult patients with sepsis: analysis of the MIMIC-IV database. Int J Obes. (2024) 
48:1223–30. doi: 10.1038/s41366-024-01523-5

 11. Gu WJ, Duan XJ, Liu XZ, Cen Y, Tao LY, Lyu J, et al. Association of magnesium sulfate 
use with mortality in critically ill patients with sepsis: a retrospective propensity score-
matched cohort study. Br J Anaesth. (2023) 131:861–70. doi: 10.1016/j.bja.2023.08.005

 12. Li N, Tian L, Zhou Q, Miao Y, Ma H. The association between body mass index 
and mortality in septic older adults. Geriatr Nurs. (2023) 54:199–204. doi: 10.1016/j.
gerinurse.2023.10.003

 13. Rudnicki M, Pislaru A, Rezvan O, Rullman E, Fawzy A, Nwadozi E, et al. 
Transcriptomic profiling reveals sex-specific molecular signatures of adipose endothelial 
cells under obesogenic conditions. iScience. (2023) 26:105811. doi: 10.1016/j.
isci.2022.105811

 14. Schorr M, Dichtel LE, Gerweck AV, Valera RD, Torriani M, Miller KK, et al. Sex 
differences in body composition and association with cardiometabolic risk. Biol Sex 
Differ. (2018) 9:28. doi: 10.1186/s13293-018-0189-3

 15. Poorthuis MHF, Sherliker P, de Borst GJ, Carter JL, Lam KBH, Jones NR, et al. 
Joint associations between body mass index and waist circumference with atrial 
fibrillation in men and women. J Am Heart Assoc. (2021) 10:e019025. doi: 10.1161/
jaha.120.019025

 16. Wollner M, Paulo Roberto BB, Alysson Roncally SC, Jurandir N, Edil LS. Accuracy 
of the WHO's body mass index cut-off points to measure gender-and age-specific 
obesity in middle-aged adults living in the city of Rio de Janeiro, Brazil. J Public Health 
Res. (2017) 6:904. doi: 10.4081/jphr.2017.904

 17. Gao L, Liu JJ, Fan QC, Ling L, Ding H. Association of obesity and mortality in 
sepsis patients: a meta-analysis from observational evidence. Heliyon. (2023) 9:e19556. 
doi: 10.1016/j.heliyon.2023.e19556

 18. Lee Y, Ahn S, Han M, Lee JA, Ahn JY, Jeong SJ, et al. Correction: the obesity 
paradox in younger adult patients with sepsis: analysis of the MIMIC-IV database. Int J 
Obes. (2024) 48:1353. doi: 10.1038/s41366-024-01579-3

 19. Oami T, Karasawa S, Shimada T, Nakada TA, Abe T, Ogura H, et al. 
Association between low body mass index and increased 28-day mortality of severe 

sepsis in Japanese cohorts. Sci Rep. (2021) 11:1615. doi: 10.1038/
s41598-020-80284-3

 20. Bai L, Huang J, Wang D, Zhu D, Zhao Q, Li T, et al. Association of body mass index 
with mortality of sepsis or septic shock: an updated meta-analysis. J Intensive Care. 
(2023) 11:27. doi: 10.1186/s40560-023-00677-0

 21. Pepper DJ, Demirkale CY, Sun J, Rhee C, Fram D, Eichacker P, et al. Does obesity 
protect against death in Sepsis? A retrospective cohort study of 55,038 adult patients. 
Crit Care Med. (2019) 47:643–50. doi: 10.1097/ccm.0000000000003692

 22. Mica L, Vomela J, Keel M, Trentz O. The impact of body mass index on the 
development of systemic inflammatory response syndrome and sepsis in patients with 
polytrauma. Injury. (2014) 45:253–8. doi: 10.1016/j.injury.2012.11.015

 23. Wang S, Liu X, Chen Q, Liu C, Huang C, Fang X. The role of increased body mass 
index in outcomes of sepsis: a systematic review and meta-analysis. BMC Anesthesiol. 
(2017) 17:118. doi: 10.1186/s12871-017-0405-4

 24. Robinson J, Swift-Scanlan T, Salyer J, Jones T. The obesity paradox in Sepsis: a 
theoretical framework. Biol Res Nurs. (2020) 22:287–94. doi: 10.1177/1099800420905889

 25. Frydrych LM, Bian G, O’Lone DE, Ward PA, Delano MJ. Obesity and type 2 
diabetes mellitus drive immune dysfunction, infection development, and sepsis 
mortality. J Leukoc Biol. (2018) 104:525–34. doi: 10.1002/jlb.5vmr0118-021rr

 26. Weng L, Fan J, Yu C, Guo Y, Bian Z, Wei Y, et al. Body-mass index and long-term 
risk of sepsis-related mortality: a population-based cohort study of 0.5 million Chinese 
adults. Crit Care. (2020) 24:534. doi: 10.1186/s13054-020-03229-2

 27. Butler-Laporte G, Harroud A, Forgetta V, Richards JB. Elevated body mass index 
is associated with an increased risk of infectious disease admissions and mortality: a 
Mendelian randomization study. Clin Microbiol Infect. (2020) 27:710–6. doi: 10.1016/j.
cmi.2020.06.014

 28. Wang J, Hu Y, Zeng J, Li Q, He L, Hao W, et al. Exploring the causality between 
body mass index and Sepsis: a two-sample Mendelian randomization study. Int J Public 
Health. (2023) 68:1605548. doi: 10.3389/ijph.2023.1605548

 29. Schetz M, de Jong A, Deane AM, Druml W, Hemelaar P, Pelosi P, et al. Obesity in 
the critically ill: a narrative review. Intensive Care Med. (2019) 45:757–69. doi: 10.1007/
s00134-019-05594-1

 30. Zhang L, Fang L, Lihua H, Li C. Association between obesity and 1-year mortality 
in septic patients: a retrospective cohort study. BMJ Open. (2023) 13:e066526. doi: 
10.1136/bmjopen-2022-066526

 31. Lee DH, Keum N, Hu FB, Orav EJ, Rimm EB, Willett WC, et al. Predicted lean 
body mass, fat mass, and all cause and cause specific mortality in men: prospective US 
cohort study. BMJ. (2018) 362:k2575. doi: 10.1136/bmj.k2575

 32. Campbell JR, Chan ED, Falzon D, Trajman A, Keshavjee S, Leung CC, et al. Low 
body mass index at treatment initiation and rifampicin-resistant tuberculosis treatment 
outcomes: an individual participant data Meta-analysis. Clin Infect Dis. (2022) 
75:2201–10. doi: 10.1093/cid/ciac322

 33. Lv Y, Mao C, Gao X, Ji JS, Kraus VB, Yin Z, et al. The obesity paradox is mostly 
driven by decreased noncardiovascular disease mortality in the oldest old in China: a 
20-year prospective cohort study. Nat Aging. (2022) 2:389–96. doi: 10.1038/
s43587-022-00201-3

 34. Bhaskaran K, dos-Santos-Silva I, Leon DA, Douglas IJ, Smeeth L. Association of 
BMI with overall and cause-specific mortality: a population-based cohort study of 3·6 
million adults in the UK. Lancet Diab Endocrinol. (2018) 6:944–53. doi: 10.1016/
s2213-8587(18)30288-2

 35. Wang HE, Griffin R, Judd S, Shapiro NI, Safford MM. Obesity and risk of sepsis: 
a population-based cohort study. Obesity. (2013) 21:E762–9. doi: 10.1002/oby.20468

 36. Xie H, Wei L, Zhang H, Ruan G, Liu X, Lin S, et al. Association of systemic 
inflammation with the obesity paradox in cancer: results from multi-cohort studies. 
Inflamm Res. (2024) 73:243–52. doi: 10.1007/s00011-023-01832-x

 37. Lee JH, Hyung S, Lee J, Choi SH. Visceral adiposity and systemic inflammation in 
the obesity paradox in patients with unresectable or metastatic melanoma undergoing 
immune checkpoint inhibitor therapy: a retrospective cohort study. J Immunother 
Cancer. (2022) 10:e005226. doi: 10.1136/jitc-2022-005226

 38. Drechsler C, Wanner C. The obesity paradox and the role of inflammation. J 
Am Soc Nephrol. (2016) 27:1270–2. doi: 10.1681/asn.2015101116

https://doi.org/10.3389/fmed.2024.1462637
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/s0140-6736(16)30054-x
https://doi.org/10.1056/NEJMoa1000367
https://doi.org/10.1371/journal.pgen.1008405
https://doi.org/10.1164/rccm.201504-0781OC
https://doi.org/10.1164/rccm.201504-0781OC
https://doi.org/10.1097/ccm.0000000000000336
https://doi.org/10.1007/s40519-019-00815-4
https://doi.org/10.1097/ccm.0000000000005801
https://doi.org/10.1016/j.ijid.2019.07.018
https://doi.org/10.1007/s11739-015-1200-1
https://doi.org/10.1038/s41366-024-01523-5
https://doi.org/10.1016/j.bja.2023.08.005
https://doi.org/10.1016/j.gerinurse.2023.10.003
https://doi.org/10.1016/j.gerinurse.2023.10.003
https://doi.org/10.1016/j.isci.2022.105811
https://doi.org/10.1016/j.isci.2022.105811
https://doi.org/10.1186/s13293-018-0189-3
https://doi.org/10.1161/jaha.120.019025
https://doi.org/10.1161/jaha.120.019025
https://doi.org/10.4081/jphr.2017.904
https://doi.org/10.1016/j.heliyon.2023.e19556
https://doi.org/10.1038/s41366-024-01579-3
https://doi.org/10.1038/s41598-020-80284-3
https://doi.org/10.1038/s41598-020-80284-3
https://doi.org/10.1186/s40560-023-00677-0
https://doi.org/10.1097/ccm.0000000000003692
https://doi.org/10.1016/j.injury.2012.11.015
https://doi.org/10.1186/s12871-017-0405-4
https://doi.org/10.1177/1099800420905889
https://doi.org/10.1002/jlb.5vmr0118-021rr
https://doi.org/10.1186/s13054-020-03229-2
https://doi.org/10.1016/j.cmi.2020.06.014
https://doi.org/10.1016/j.cmi.2020.06.014
https://doi.org/10.3389/ijph.2023.1605548
https://doi.org/10.1007/s00134-019-05594-1
https://doi.org/10.1007/s00134-019-05594-1
https://doi.org/10.1136/bmjopen-2022-066526
https://doi.org/10.1136/bmj.k2575
https://doi.org/10.1093/cid/ciac322
https://doi.org/10.1038/s43587-022-00201-3
https://doi.org/10.1038/s43587-022-00201-3
https://doi.org/10.1016/s2213-8587(18)30288-2
https://doi.org/10.1016/s2213-8587(18)30288-2
https://doi.org/10.1002/oby.20468
https://doi.org/10.1007/s00011-023-01832-x
https://doi.org/10.1136/jitc-2022-005226
https://doi.org/10.1681/asn.2015101116

	Correlation between body mass index and gender-specific 28-day mortality in patients with sepsis: a retrospective cohort study
	Introduction
	Methods
	Study design
	Patient and public involvement
	Data source
	Study population
	Data retrieval
	Exposure and outcomes
	Statistical analysis

	Results
	Patient selection
	Demographic and hospitalization characteristics by BMI
	Comparison of outcomes in different genders
	Gender differences in the correlation between BMI and mortality
	RCS analyses of nonlinear relationships
	Change points and associations in the BMI-mortality relationship

	Discussion
	Limitations
	Clinical considerations and implications

	Conclusion

	References

