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ARTICLE INFO ABSTRACT

Keywords: The project aims to investigate the correlation between obesity, overweight, or low body weight
Sepsis and the risk of mortality in sepsis patients. We performed a rigorous and thorough search of major
Obesity

electronic databases, including PubMed, Web of Science, EMBASE, and Cochrane Library, from
the inception of these databases up to March 28, 2023. The data were analyzed with Stata
software (version 16.0). Twelve studies incorporating 521,207 individuals were enrolled. The
results demonstrated that obesity (OR = 0.82; 95% CI: 0.69-0.97; P < 0.001) or overweight (OR
= 0.83; 95% CI: 0.73-0.94; P < 0.001) decreased the risk of mortality in sepsis patients. Instead,
the reverse phenomena existed in patients with a low weight (OR = 1.43; 95%CI: 1.16-1.76; P =
0.038).

There is an “obesity paradox” phenomenon in the mortality of obese and overweight patients
with sepsis, but low body weight is an independent risk factor for the mortality of sepsis patients.
This study demonstrated that the mortality in sepsis patients and obesity or overweight were
negatively correlated, but displayed a significant positive relation to low weight.

Overweight
Meta-analysis
Systematic review

1. Introduction

Sepsis is a clinical syndrome involving physiological, biological, and biochemical abnormalities caused by the body’s maladjusted
response to infection, sepsis, and subsequent inflammatory reactions that can result in multiple organ dysfunction syndrome (MODS)
and death [1]. A retrospective analysis of an international database reported that the global incidence of sepsis between 1995 and 2015
was 437 cases per 100,000 person-years [2], although morbidity and mortality rates varied by region. The global age-standard sepsis
incidence decreased by 37% from 1074.7 to 677.5 cases per 100,000 individuals, and the number of deaths decreased by 29.7% from
15.7 million in 1990 to 11 million in 2017, according to the Global Burden of Disease Study [3]. In contrast, Weng et al. revealed the
incidence rate increased significantly from 328.25 cases per 100,000 cases in 2017 to 421.85 cases in 2019 [4] through the National
Health Service Data Center (NDCMS) and the National Mortality Surveillance System (NMSS) in China. The reasons for these con-
flicting results were complex, such as updated diagnostic criteria, aging, multi-resistant infections, immune status, and so on. Sepsis
was a major contributor to the global burden of disease [5]. Previous studies had shown that risk factors for sepsis include ICU
admission [6], bacteremia [7], advanced age (more than 65 years) [8], diabetes and obesity [9], cancer [10], community-acquired
pneumonia [11], past hospitalization [12], and genetic factors [13]. Active monitoring of suspected risk factors for sepsis was
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essential to prevent and treat sepsis. Recent studies have shown that obesity, body weight, and Body Mass Index (BMI) were important
factors related to sepsis [14-25].

Obesity refers to the abnormal or excessive accumulation of body fat, which will harm human health. It is a chronic and complex
metabolic disease. The obesity rate of adults in the United States reached 42%, and the severe obesity rate (BMI>40 kg/m2) was 9%,
with data from 2017 to 2018 [26]. The incidence of obesity in China increased from 4.2% in 1993 to 15.7% in 2015 and continued to
rise at a rate of 0.5% points per year. Based on this prediction, China’s obesity rate will exceed 20% within 10 years [27]. Similarly, the
incidence in Europe had also risen [28]. Obesity leads to many chronic complications, such as cerebral thrombosis, myocardial
infarction, and endometrial carcinoma [21]. However, whether obesity increases the risk of sepsis survival remains unclear. Animal
models of sepsis reported that obese mice had a higher risk of death [16]. Previous studies [24] have found that obesity is a risk factor
for increased sepsis mortality. In addition, in six studies [15,17,19,20,22,25], obesity was not associated with sepsis mortality.
However, these were contradictions in their conclusions. In addition, three different systematic reviews and meta-analyses showed
different results. Trivedi, et al. [29] conducted a systematic review, including seven studies published in 2015, showing that clinical
evidence of obesity associated with sepsis mortality showed mixed results. After this, Pepper, et al. [30], conducted a meta-analysis,
including six observational studies, showing that overweight or obese BMI reduced adjusted mortality in adults admitted to the ICU for
sepsis, severe sepsis, or septic shock. However, in 2017, a meta-analysis conducted by Wang, et al. [31] showed that in sepsis cases,
overweight, but not obesity or morbid obesity, was associated with lower mortality. These [29-31] studies have shown that sepsis
patients with normal BMI have a worse prognosis than obesity, and the phenomenon of obesity paradox in sepsis patients has not been
fully supported. Several recent cohorts of studies have been published on the association between obesity and sepsis survival, and these
are well-performed cohorts involving more than 100, 000 additional patients [32,33]. Henceforth, we conducted a comprehensive
systematic review and meta-analysis to ascertain whether obesity exacerbated the risk of sepsis mortality.

2. Methods

This study was conducted strictly in accordance with the requirements and standards outlined in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [34]. The project was pre-registered on the platform of PROSPERO and received
approval with the assigned registration number CRD42023411884.

2.1. Data sources

We conducted a systematic and comprehensive search of major databases, including PubMed, Web of Science, EMBASE, and
Cochrane Library, from inception to March 28, 2023. The search was conducted using medical subject headings (MeSH) and keywords,
with a focus on English language publications and no restrictions on other conditions. The keywords used included obesity, over-
weight, sepsis, bloodstream infection, and pyohemia, among others. The complete search strategies for each major database and the
number of relevant documents identified are presented in Supplementary Tables 1-4. In addition, we carefully browsed relevant prior
research to establish their relevance to our study.

2.2. Eligibility criteria

The eligible studies strictly adhered to the following criteria: (1) retrospective or prospective cohort study and case-control study
design; (2) inclusion of patients with obesity or overweight as exposed groups and normal weight patients as controls; (3) risk of
mortality of sepsis patients as outcome and reporting of study result with 95% confidence intervals (CI) and odds ratios (OR). Exclusion
criteria: duplicate literature, literature with incomplete information, conference abstracts, and comments.

2.3. Research selection

Once the objectives of this study and the criteria for inclusion and exclusion were established, L. Gao and JJ Liu conducted a
thorough screening of relevant records, independently excluding duplicate documents, conference abstracts, and articles deemed
unrelated to the research topic. After re-evaluating potentially relevant texts, the researchers reached a final consensus on the
appropriate materials. Any conflicting opinions or ideas were subject to review by the third author, QC Fang.

2.4. Data extraction

Relevant and crucial data from each study, including but not limited to, the first author, year of publication, study type, sepsis
outcome, and adjusted confounding factors were extracted independently by L Gao and J Liu. Any differences in opinions or ideas
encountered during the process were referred to a third researcher (Q C Fang) for resolution.
2.5. Risk of-bias

The Newcastle-Ottawa Quality Assessment Scale (NOS) was utilized to systematically score the included studies. The cohort study

was evaluated on a maximum score of 9 stars, with a higher number of stars indicating superior literature quality. The scores were then
graded into three levels: high, medium, and low quality, with scores ranging from 7 to 9, 4 to 6, and 0 to 3, respectively.
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2.6. Statistical analysis

In our analysis, Stata software (version 16.0) was utilized for data processing and statistical evaluation. Adjusted odds ratios (ORs)
and 95% confidence intervals (CIs) were derived from the original studies to assess the risk of mortality in patients with sepsis across
diverse BMI. Based on the findings from the analyses, we assessed the presence of heterogeneity and selected a fixed or random effects
model accordingly. A heterogeneity value of I? > 50% and a significance level of P < 0.1 indicated substantial heterogeneity, war-
ranting the use of a random effects model. Sensitivity analyses employing pooled or one-on-one elimination models were conducted to
ensure the stability and dependability of the results. Additionally, funnel plots were employed to investigate potential bias, while
statistical analysis of possible bias was performed utilizing Egger’s regression test.

3. Results
3.1. Literature search

A total of 3865 records were identified via a systematic search of databases published before March 28, 2023, and screened for
inclusion based on eligibility criteria. After reviewing the titles and abstracts, 12 studies [14-25] were selected for inclusion in this
study. Specifically, these studies reported on the association between obesity and sepsis prognosis, with 8 [14,16-21,23] of them
focusing on overweight patients and 6 [14,16,18,20,21,35] of them restricting the analysis to patients with low weight. The details of
the screening process are presented in Fig. 1.

3.2. Study characteristics and quality assessment

This meta-analysis comprised 12 studies [14-25] encompassing data from multiple countries or regions with a total of 521,207
individuals, and two of which were prospective cohort studies. The follow-up time varied across the studies. Upon review of the
included literature, significant differences were identified in the adjusted correctional factors. Their average score was 7.25 in all the
studies based on NOS criteria. The characteristics and quality scores of each study are shown in Table 1.
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Fig. 1. | Literature screening flow chart.



L. Gao et al.

3.3. Obesity and risk of mortality in sepsis
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Twelve cohort studies [14-25] were included in this meta-analysis to explore the associations between obesity and the risk of
mortality in sepsis (OR = 0.82; 95% CI: 0.69-0.97; I = 86.1%, P < 0.001; Fig. 2). Sensitivity analysis revealed that no single study had

a substantial impact on the overall findings.

3.4. Overweight and risk of mortality in sepsis

Eight cohort studies [14,16-21,23] were included in this investigation to examine the association between overweight status and
the risk of mortality in sepsis (OR = 0.83; 95% CI: 0.73-0.94; I> = 77.3%, P < 0.001; Fig. 3). Sensitivity analysis confirmed that none of

Table 1

Characteristics of studies included in the review.

Author Year Country Study Type Age (Mean + SD) Follow- No. Of Confounders adjusted NOS
up years participants scores
Lin et al. 2020 China Retrospective Underweight 28-day 7967 age,sex, SOFA, mechanical ventilation 8
Cohort Study 67.02 £ 17.6 on the first day, renal replacement
Normal therapy on the first day, congestive
67.56 + 16.88 heart failure, cardiac arrhythmias,
Overweight valvular disease, peripheral vascular
66.51 + 16.21 disease, hypertension, other
Obese neurological diseases, chronic
63.71 + 14.36 pulmonary disease, liver disease, renal
failure, AIDS, lymphoma, metastatic
cancer, solid tumor, diabetes, fluid and
electrolyte disorders, alcohol abuse,
drug abuse, and depression.
Weng et al. 2020  China Prospective 50.9 (+£10.3) 10 years 440,763 age, sex, study area, smoking status 7
Cohort Study
Pepper 2019  America Retrospective NA NA 55,038 patient, infection, and hospital-level 7
et al. Cohort Study factors
Zhou et al. 2018  China Prospective Survivors n = 104 90-day 178 NA 7
Cohort Study Non-survivors, n
=74
Wurzinger 2010  Austria Retrospective Survivors NA 301 admission year, sex, age, presence of 7
et al. cohort study 68 + 15 heart disease or chronic renal
Non- survivors insufficiency, the number of pre-
76 + 10 morbidities, origin of sepsis, and the
simplified acute physiology score II
Zhang etal. 2023  China Retrospective Overweight 1- year 3145 age, gender, SAPS, SOFA, diabetes, 8
cohort study 65.9 + 17.0 hypertension, coronary artery disease,
Obese congestive heart failure, atrial
62.9 + 15.3 fibrillation, malignancy cancer, stroke,
chronic obstructive pulmonary disease,
renal disease, liver disease, MAP,
creatinine, hemoglobin
Tay-Lasso 2022  America Retrospective BMI<30 1-year 1246 age, alcohol use, hypertension, 6
et al. Cohort Study 60 (64-85) congestive heart failure, diabetes
BMI>30 mellitus, injury severity score,
54 (60-80) respiratory rate, pulse rate, systolic
blood pressure, intensive care unit
days, Glasgow coma scale.
Lietal. 2019  China Retrospective Overweight,67.4 1-year 5563 Gender, Age, Marriage status 8
Cohort Study Obese,64.2
Gaulton 2014  America Retrospective Obese 28-day 1779 ICU location and administration of a 7
etal. Cohort Study 60.6 (51.8-69) vasopressor
Non-obese
60.9 (49.2-71.9)
Prescott 2014 America Prospective Overweight 1-year 1404 age, race, gender, marital status, 8
et al. Cohort Study 78.7 + 8.6 wealth, acute organ dysfunctions, ICU
Obese,75.3 + 8.1 use, mechanical ventilation use,
diabetes, other comorbidities, baseline
cognitive status, and functional
limitations.
Huttunen 2007  Finland Retrospective NA 30-day 149 alcohol abuse, age (continuous 7
et al. Cohort Study variable), sex, and causative organism
Arabi et al. 2013  Saudi Retrospective Overweight,63.5 12-year 2882 baseline characteristics and sepsis 7
Arabia Cohort Study +15.9 interventions

Obese,62.2 + 14.6
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author (year)
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Weng et al (2020)
Pepperetal (2019)
Zhouetal (2018)
Wurzingeretal (2010)
Zhang et al (2023)
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Fig. 2.

Meta-analysis of the risk of sepsis by obesity.

the included studies significantly influenced the overall findings.

3.5. Underweight and risk of mortality in sepsis

Six studies [14,16,18,20,21,35] were conducted to investigate the association between being underweight and the risk of mortality

exp(b) %
author (year) (95% ClI) Weight
Lin et al (2020) —— 0.87 (0.78, 0.98) 18.00
Pepper et al (2019) = 0.73(0.70, 0.77) 20.64
Zhou etal (2018) 0.75(0.47, 1.21) 5.06
Wurzinger et al (2010) 0.43 (0.19, 0.98) 2.03
Zhang etal (2023) r—o{}- 0.94 (0.82, 1.07) 17.05
Tay-Lasso etal (2022) Cd— 1.11(0.87, 1.41) 11.82
Lietal (2019) + 0.83 (0.71, 0.97) 16.13
Prescott et al (2014) _— 0.65 (0.48, 0.88) 9.28
Overall, DL (F = 77.3%, p = 0.000) @ 0.83(0.73,094)  100.00

I I

25 1 4

Fig. 3. Meta-analysis of the risk of sepsis by overweight.
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in sepsis. The pooled results indicated that being underweight was significantly associated with an increased risk of mortality in sepsis
(OR = 1.43; 95%CI: 1.16-1.76; I? = 57.5%, P = 0.038; Fig. 4).

3.6. Subgroup analysis

Subgroup analysis in terms of location showed that the prognosis of sepsis and obesity was not related, whether in the ICU ward
(OR = 0.79; 95%CI: 0.70-0.89; I* = 50.8%, P = 0.058, Table 2), or in the Non-ICU ward (OR = 1.03; 95%CL: 0.64-1.66; I? =92.4%, P
= 0.000, Table 2). In the retrospective study design, obesity was a protective factor in patients with sepsis (OR = 0.81; 95%CI:
0.68-0.97; I? = 87.2%, P = 0.000, Table 2).

3.7. Publication bias

The funnel plot was approximately symmetrical, suggesting that there was less possibility of publication bias. Meanwhile, Egger’s
regression test (P = 0.150) yielded the same result, with no further evidence of publication bias (Fig. 5).

4. Discussion
4.1. Main findings

The meta-analysis incorporated 12 studies encompassing a total of 521,207 individuals and presented an all-encompassing eval-
uation regarding the association between varying body mass indices and sepsis-induced mortality. Our findings indicate that in-
dividuals with lower body weight have a significantly higher risk of mortality in the context of sepsis, with an approximate 1.43-fold
increase in risk. Conversely, those with obesity or overweight exhibit a modestly decreased risk of mortality, with an overall 0.82-fold
or 0.83-fold reduction in risk, respectively.

4.2. Interpretation of findings

Previous studies showed the relationships between obesity and sepsis mortality. The results [14,16,18,21,23] showed that obesity
did not increase its risk. When increasing the samples by a large amount, we found that BMI was inversely associated with
sepsis-related mortality, and obesity or overweight reduced the risk of death of patients with sepsis. This phenomenon was called the
obesity paradox, whose underlying physiological and pathological mechanisms have not been confirmed. This was an unexpected
result from the perspective of many clinicians. Obesity is a chronic inflammatory state, which is closely related to the increase of
oxidative stress [29]. Fat cells secrete factors that regulate the body’s inflammatory response, including leptin, soluble tumor necrosis

exp(b) %
author (year) (95% CI) Weight
Lin et al (2020) -H 1.16 (0.93, 1.45) 26.77
Pepper et al (2019) 50 1.62 (1.50, 1.74) 37.38
Wurzinger et al (2010) E 0.32 (0.05, 2.00) 1.24
Tay-Lasso et al (2022) ——0-6— 1.22 (0.69, 2.16) 9.85
Li et al (2019) -@—0— 1.75 (1.30, 2.36) 21.63
Kuperman et al (2013) —_— 1.50 (0.49, 4.60) 3.14
Overall, DL (I * = 57.5%, p = 0.038) Q 1.43 (1.16, 1.76) 100.00

T T

.0625 1 16

Fig. 4. Meta-analysis of the risk of sepsis by underweight.
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Table 2
Subgroup analysis for the risk of sepsis in patients with obesity.
Subgroups Included OR Heterogeneity
studies (95%CI) 12 (%) P-values
Study type
Retrospective cohort 9 0.81 (0.68,0.97) 87.2% 0.000
Prospective cohort 3 0.77 (0.36,1.62) 83.5% 0.002
Inpatient Ward
ICU 7 0.79 (0.70,0.89) 50.8% 0.058
Non-ICU 5 1.03 (0.64,1.66) 92.4% 0.000
Funnel plot with pseudo 95% confidence limits
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Fig. 5. | Publication bias of the risk of sepsis by obesity.

factor receptor 2, interleukin-10 (IL-10), and leptin [36-38]. Leptin plays an important role in the regulation of cell-mediated im-
munity, endothelial cell activation, and cytokine production [29]. Serum leptin levels are high in sepsis survivors and human obesity
[39]. As we all know, high-density lipoprotein (HDL) plays a positive role in cardiovascular disease. Similarly, it can also be combined
with internal toxins in the bacteria to reduce the inflammatory response [40]. Obese patients with septicemia have a lower need to
receive fluids, either crystalline or colloidal, during initial resuscitation [25], activating the renal angiotensin system may increase the
hemodynamic advantage of sepsis [14]. Obesity means higher nutrient reserves and provides enough energy for the body to produce
antibodies, which are essential for the survival of an acute life-threatening illness. However, most of these possible mechanisms were
the result of basic research, which not cleared up our doubts. Earlier studies showed that increasing BMI improved survival in patients
with chronic renal insufficiency [16]. Of course, some scholars have suggested that increasing BMI can improve the survival rate of
sepsis to some extent [16,41].

Low body weight was an independent risk factor for sepsis. Researchers [16,42] have found there was an increased incidence of
sepsis and severe sepsis in underweight people. In Asian countries, they were more concerned with underweight populations and
believe that a low body mass index harms the prognosis of sepsis [43,44]. According to incomplete statistics, the possibility of negative
bacterial infection in hospitalized patients was higher, and was main pathogenic substance was endotoxin, whose component is
lipopolysaccharide (LPS). It may be sequestered in adipose tissue via very low-density lipoprotein (VLDL) receptors [45,46], and this
sequestration may help improve survival. This protective effect is diminished in patients with low body weight. Sepsis was essentially
an inflammatory response and low body weight was associated with lower levels of anti-inflammatory interleukins, which may not
suppress excessive immune responses [47]. However, there was a trend towards high blood IL-6 levels in patients with low BMI. High
or low blood IL-6 values for assessing the severity of sepsis [47]. Underweight patients were often deficient in essential nutrients, such
as vitamins and micronutrients [48]. Many of them were involved in the metabolism of cellular substances.

4.3. Advantages and limitations

Our meta-analysis summarized the correlation between different body mass indexes and the risk of sepsis death and showed that
low body weight was an independent risk factor. In addition, compared to the meta-analysis on similar topics published [49], our study
has three prominent advantages. Firstly, previous studies have only focused on overweight and obesity as protective factors for sepsis
death. However, our study found a negative correlation between low body weight and the risk of sepsis death, which is not deeply
explored in the latest meta-analysis [49]. Secondly, our study focuses on the mortality rate of sepsis, without considering the shock
caused by sepsis, reducing potential clinical, methodological, and other biases, making the results more robust and closer to clinical
reality. Thirdly, our subgroup analysis shows that the obesity paradox only exists in sepsis patients in ICU and sepsis patients in a
retrospective cohort study, which has not been explored in previous meta analysis [49].
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Of course, this study also had its limitations. Firstly, the meta-analysis included patients with extensive sepsis caused by hetero-
geneous diseases. The comparison between different populations with sepsis may affect the reliability of the results. Secondly,
although we use BMI to determine obesity standards, the grading and classification of obesity in the original study were not entirely
consistent, and there may be clinical heterogeneity. BMI cannot accurately represent obesity and may not accurately represent fat
content, muscle to fat ratio, or overall body composition. In addition, although the original study controlled for confounding variables
and reduced the impact of confounding factors on the results, we also used adjusted data for meta-analysis. However, the included
studies were mostly retrospective studies, inevitably leading to issues such as recall bias. Finally, the original study included no
mention of mortality risk data for ICU patients with severe sepsis and obesity, making it impossible to conduct a more comprehensive
subgroup analysis of disease severity.

5. Conclusions

There is an “obesity paradox” phenomenon in the mortality of obese and overweight with sepsis patients, but low body weight is an
independent risk factor for the mortality of sepsis patients. Our findings should be interpreted cautiously as they do not exhibit this
obesity paradox in sepsis patients in ICU and prospective cohorts. Nevertheless, medical staff’s emphasis on the weight of hospitalized
patients is still beneficial for early identification of high-risk groups for sepsis patients.
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