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INTRODUCTION
Sepsis is a significant cause of mortality in Intensive Care Units 
(ICU) and has become an important public health problem. 
The early diagnosis of sepsis helps in reducing the risk and 
disease burden. Obesity is associated with the increased risk of 
infections including sepsis. There are studies suggesting clinical 
and pathophysiological connections between the obesity and 
development of sepsis [1-3]. Few studies have reported that obesity 
leads to diabetes, which further increases the risk of infection [4,5], 
whereas some studies have reported obesity as an independent 
risk factor associated with sepsis [2,6]. A large number of studies 
modeled the association between BMI and the risk of outcome by 
treating BMI as a categorical variable with different levels such as 
underweight, normal, overweight, and obese [7,8]. This approach 
fails to elucidate the non linear association that exists between 
BMI and risk of sepsis. Treating the BMI as continuous variable 
and choosing the appropriate model that account for the non-
linearity improves the predictive ability of the model.

The present study aimed to determine the shape of the association 
between BMI and probability of sepsis after adjusting for the effect 
of gender, age, ethnicity and co-morbidities and identify a suitable 
model to fit this association on the data extracted from the MIMIC-III 
database.

MATERIALS AND METHODS
The current study was conducted using the publicly available 
dataset MIMIC-III, maintained by the Massachusetts Institute 
of Technology (MIT)’s Laboratory for Computational Physiology 
which includes all the patients admitted to the ICU at the Beth 
Israel Deaconess Medical Center in Boston, Massachusetts from 
2001 to 2012.

The data extraction process was done using Python version 
3.7.6. The database consisted of 62722 ICU stay records of 

49785 patients. The Ninth Revision, International Classification 
of Diseases (ICD-9) diagnosis codes for ‘Sepsis’ and ‘Severe 
sepsis’ [9] were used to identify the sepsis patients. A total of 
12154 patients were considered in the present study based on 
the inclusion criteria: (i) the first ICU admission among the multiple 
ICU admissions; (ii) information on height, weight, age, and gender 
was not missing; (iii) age between 17 to 89 years; and (iv) BMI 
between 15 to 50 kg/m2.

Out of the 12154 patients considered for further analysis, 346 
patients belonged to the underweight (<18.5) category, 3667 
patients had normal (18.5-24.9) weight, 4131 patients belonged to 
the overweight (25.0-29.9) category, and 4010 patients were found 
to be obese (>30). There were 5798 patients with hypertension, and 
498 patients were diabetic.

A robust Poisson regression model was fit to estimate the Risk 
Ratio (RR) [10] of sepsis with respect to the associated factors. 
The model was chosen according to the study design as it 
was found to be the best regression model for cohort studies, 
providing a narrow confidence interval compared to any other 
model. Robust Poisson regression gives unbiased estimates 
of the relationship and tends to be robust to various model 
misspecifications [11,12].

Since there was evidence from the literature regarding the non 
linear relationship between BMI and RR of sepsis [1], a RCS 
regression model was fit using robust Poisson to visualise 
the shape and to estimate the association in the present 
data. Splines can be used in the regression models when the 
assumption of linearity is violated. As a solution, the explanatory 
variable is transformed by the splines by splitting the range 
into small intervals using knots. Separate curves are then fit in 
each interval which results in a smooth and continuous curve. 
The association between the independent variable and the 

Keywords: Medical information mart for intensive care, Poisson model, Restricted cubic spline

ABSTRACT
Introduction: The relationship between occurrence of sepsis 
and Body Mass Index (BMI) has been studied by treating BMI 
as a categorical variable based on the standard categories 
developed by the World Health Organisation (WHO). This 
technique masks the actual form of the relationship that exist 
between BMI and sepsis.

Aim: To determine the shape of the association between BMI 
and probability of sepsis after adjusting the effect of gender, 
age, ethnicity and co-morbidities among critically-ill patients 
and to identify an appropriate technique to elucidate this 
association.

Materials and Methods: The study was based on the data 
extracted from the Medical Information Mart for Intensive 
Care III (MIMIC-III) database, a real-world dataset. A robust 

Poisson regression model and a Restricted Cubic Spline (RCS) 
regression model were applied to model the data.

Results: The study revealed a non linear relationship between BMI 
and occurrence of sepsis. From the RCS plot, an increased risk of 
sepsis was observed among underweight and obese males and a 
similar pattern was observed among those with hypertension. BMI, 
age, and hypertension were found to be significant in the robust 
Poisson model (RR 1.01, 95% CI 1.00-1.02, RR 1.01, 95% CI 1.00-
1.02, and RR 0.76, 95% CI 0.69-0.84, p<0.05, respectively).

Conclusion: A non linear relationship was observed between 
BMI and occurrence of sepsis after adjusting for other factors in 
the critically-ill patients. Female patients in both underweight and 
obese category had lower occurrence of sepsis as compared to 
those with normal BMI. It is also worth noting that the status of 
diabetes did not display any association with BMI.



www.jcdr.net MK Lintu et al., Non-linear Relationship between BMI and Sepsis in ICU Patients

Journal of Clinical and Diagnostic Research. 2023 Apr, Vol-17(4): YC06-YC10 77

outcome variable in between any two knots is modelled using 
a polynomial of order three [13-15]. As the number of knots 
has an important role in the model, the performance of RCS 
model with different knots were fitted in the present study and 
the optimum number of knots was identified using the Akaike’s 
Information Criterion (AIC). The locations of the knots were 
prespecified in quantiles of BMI. The analysis was done using the 
glm package in R version 4.0.2. The performance of RCS was 
compared to the robust Poisson model, to see the improvement 
in prediction.

STATISTICAL ANALYSIS 
Continuous variables were summarised using the mean {±standard 
deviation (SD)} and categorical variables using the frequency 
(percentage). Independent samples t-test (for continuous 
variables) and Chi-square test (for categorical variables) were used 
to compare the baseline characteristics between sepsis and non 
sepsis patients.

RESULTS
A total of 12154 ICU admitted patients from the MIMIC registry 
were considered for the present study. The prevalence of sepsis 
was 15.56% (1891 out of 12154). There were 7243 (59.59%) 
male patients and 4911 (40.41%) female patients. The mean±SD 
age was 63.04±15.65 years. The descriptive statistics are given 
in [Table/Fig-1]. A significant difference (p <0.05) was found in 
age, hypertension, and diabetes between the sepsis and non 
sepsis groups.

variables Sepsis non sepsis p-value

n (%) 1891 (15.56) 10263 (84.44)

Age in years (±SD) 63.89±15.46 62.88±15.68 0.017*

BMI in kg/m2 (±SD) 28.46±6.52 28.18±6.19 0.092

Gender-male (%) 1128 (59.65) 6115 (59.58) 0.959

Hypertension-yes (%) 793 (41.94) 5005 (48.77) <0.001*

Diabetes-yes (%) 98 (5.18) 400 (3.90) 0.006*

ethnicity

Asian (%) 233 (81.20) 54 (18.80)

0.270

African American (%) 945 (83.30) 190 (16.70)

Hispanic/Latino (%) 395 (84.00) 75 (16.00)

White (%) 7625 (84.50) 1394 (15.50)

Others (%) 1065 (85.70) 178 (14.30)

[Table/Fig-1]: Baseline characteristics of the patients.
*Significant (p<0.05); SD-standard deviation

To visualise the shape of association between BMI and 
probability of sepsis, unadjusted RCS model was fit [Table/
Fig-2]. The non linearity was observed between two factors 
and hence the model was further adjusted by adding other 
covariates. The shape of the association between BMI and 
probability of sepsis was non-linear in the unadjusted model 
and a similar shape of association was also observed when 
other covariates were included in the model. An increased 
risk was observed for the underweight and obese category 
compared to the normal BMI category [Table/Fig-2]. Similarly, 
the shape of association between BMI and probability of sepsis 
was also found to be non linear among different categories 
of gender, diabetes, hypertension [Table/Fig-3], and ethnicity 
[Table/Fig-4].

[Table/Fig-3a,b] depicts the association among the male and 
female populations respectively. Among the male patients, an 
increased risk of sepsis was observed in the underweight and 
obese category compared to the normal BMI category, however 

[Table/Fig-2]: Association of sepsis with BMI-Restricted Cubic Spline (RCS) 
regression model.

[Table/Fig-3]: Association of sepsis with BMI with respect to various factors-
Restricted Cubic Spline (RCS) regression model. a) male; b) female; c) hypertensive; 
d) non hypertensive; e) diabetic; f) non diabetic.

[Table/Fig-4]: Association of sepsis with BMI among different ethnicities-restricted 
cubic spline regression model. (a) Asian, (b) African American, (c) Hispanic/Latino, 
(d) White.
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Model variables risk ratio 95% ci p-value

robust 
poisson 

 BMI 1.01 (1.00, 1.02) 0.02*

 Age 1.01 (1.00, 1.02) <0.001*

Gender

 Female Reference

 Male 1.00 (0.91, 1.10) 0.78

hypertension 

 No Reference

 Yes 0.76 (0.69, 0.84) <0.001*

Diabetes

 No Reference

 Yes 1.22 (0.99, 1.49) 0.05*

ethnicity

 Asian Reference

 African American 0.86 (0.64,1.18) 0.34

 Hispanic/Latino 0.85 (0.60,1.21) 0.36

 White 0.79 (0.61,1.05) 0.07

 Others 0.75 (0.56,1.03) 0.09

variable risk ratio 95% ci p-value

BMi

 Underweight (<18.5) 1.11 (0.87,1.41) 0.41

 Normal (18.5-24.9) Reference

 Overweight (25.0-29.9) 0.95 (0.85,1.06) 0.34

 Obese (>30) 1.11 (1.01,1.23) 0.04*

Age 1.00 (1.00,1.01) <0.001*

Gender

 Female Reference

 Male 1.02 (0.92,1.11) 0.75

hypertension

 No Reference

 Yes 0.77 (0.70,0.84) <0.001*

Diabetes 

 No Reference

 Yes 1.22 (0.99,1.49) 0.05*

ethnicity

 Asian Reference

 African American 0.87 (0.66,1.15) 0.32

 Hispanic/Latino 0.86 (0.62,1.18) 0.35

 White 0.80 (0.62,1.02) 0.07

 Others 0.76 (0.58,1.00) 0.05*

[Table/Fig-7]: Risk Ratios (RR) of the different factors associated with sepsis by 
treating BMI as a categorical variable using robust Poisson model.
*significant (p<0.05)

Model

Aic

unadjusted model Adjusted model

Robust Poisson 10820.06 10786.82

RCS with 3 knots 10819.22 10785.96

RCS with 4 knots 10821.04 10787.81

RCS with 5 knots 10822.82 10789.51

RCS with 6 knots 10821.67 10788.18

[Table/Fig-5]: Performance of the fitted models.
Models were adjusted for age, female gender, hypertension, diabetes, and ethnicity

the females had lower risk. Underweight and overweight patients 
with hypertension had more risk compared to normal category 
[Table/Fig-3c,d]. Association of diabetic and non diabetic patients 
is depicted in [Table/Fig-3e,f]. Among the non diabetic patients, 
risk of sepsis was high in the obese category compared to the 
other two categories. However, the non linearity was not observed 
among those with diabetes.

The robust Poisson and RCS regression models were adjusted 
for age, gender, hypertension, diabetes, and ethnicity. The 
adjusted RCS model revealed a non linear association 
between the probability of sepsis and BMI. The RCS model 
were fitted with three, four, five, and six knots. The AIC values 
corresponding to the adjusted and unadjusted models are given 
in [Table/Fig-5].

The RCS model with three knots, adjusted for age, gender, 
hypertension, diabetes, and ethnicity was found to be best fit in the 
present study as it had the least AIC. The results of RCS model with 
three knots model along with robust Poisson model is provided in 
[Table/Fig-6].

BMI, age, and hypertension were found to be significant in the 
robust Poisson model (RR 1.01, 95% CI 1.00-1.02, RR 1.01, 
95% CI 1.00-1.02, and RR 0.76, 95% CI 0.69-0.84, p<0.05 
respectively). Those with diabetes had 22% more risk compared 
to those without (RR 1.22, 95% CI 0.99-1.49, p=0.05). Gender 
and ethnicity were not significant in either of the models. With 
reference to Asians, all other ethnic groups were at low risk 
(p>0.05) of sepsis in both the models.

The relationship between standard cut-offs of BMI (<18.5, 
18.5 to <25, 25 to <30, and >30) and probability of sepsis 
was also examined using robust Poisson regression, which is 
the usual approach to handle BMI. [Table/Fig-7] gives the RR 

restricted 
cubic spline 
with three 
knots 

 BMI 0.99 (0.97, 1.01) 0.44

 BMI’ 1.02 (0.99, 1.04) 0.08

 Age 1.00 (1.00, 1.00) <0.001*

Gender

 Female Reference

 Male 1.02 (0.92, 1.11) 0.69

hypertension 

 No Reference

 Yes 0.76 (0.69, 0.84) <0.001*

Diabetes

 No Reference

 Yes 1.22 (0.98, 1.48) 0.05*

ethnicity

 Asian Reference

 African American 0.87 (0.64, 1.18) 0.36

 Hispanic/Latino 0.86 (0.60,1.22) 0.38

 White 0.80 (0.61,1.05) 0.10

 Others 0.76 (0.56,1.04) 0.08

[Table/Fig-6]: Results from the robust Poisson and Restricted Cubic Spline (RCS) 
model with three knots.
*significant (p<0.05)

of the different factors associated with sepsis by treating BMI 
as a categorical variable. It is worthy to note that the obese 
category of BMI showed a statistical significant relationship 
with sepsis.

Similar to the previous models, age and hypertension were 
significant factors (RR 1.00, 95% CI 1.00-1.01 and RR 0.77, 
95% CI 0.70-0.84, p<0.05). Diabetes patients were at more 
risk of sepsis compared to non diabetic patients (RR 1.22, 95% 
CI 0.99-1.49, p=0.05). Underweight (RR 1.11, 95% CI 0.87-
1.41, p=0.41) and obese (RR 1.11, 95% CI 1.01-1.23, p=0.04) 
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patients were at high risk with reference to the patients with 
normal BMI.

DISCUSSION
The present study used the data extracted from the MIMIC-III 
database to determine the nature of association between BMI and 
occurrence of sepsis after adjusting for gender, age, ethnicity and 
co-morbidities such as hypertension and diabetes. The aim of the 
study was mainly to identify a suitable statistical approach that will 
not only reveal the actual shape of association but also improve the 
predictive ability of the model. A RCS regression model was fit using 
robust Poisson to visualise the shape and to estimate the association 
in the present data.

RCS has been efficiently used to model non-linear relationships 
between independent variables and outcomes. By defining 
k knots, the numerical values of the explanatory variables 
are transformed into k+3 new variables. The coefficients are 
calculated using conventional techniques for fitting multivariable 
regression models; however, they are usually not interpreted. 
Hence, it is typical to portray the findings graphically, showing 
the estimated shape of the spline function, in order to avoid the 
challenges associated with interpreting the spline regression 
coefficients [1,16,17].

The results of the present study revealed a non linear association 
between BMI and sepsis. The visual representation of RR with BMI 
based on RCS model displayed a higher occurrence of sepsis in the 
higher BMI range.

A study investigated the relationship of BMI on short-and long-term 
mortality in sepsis patients based on MIMIC database using Cox 
proportional hazards regression model by dividing the patients into 
four groups according to BMI standard categories. Overweight 
and obese patients had lower risk of both short and long-term 
mortality than those with normal weight [18]. A similar result was 
reported by Li S et al., based on multivariable logistic regression 
model [19]. A non-linear regression analyses using the Cox model 
to determine the effect of BMI on critically-ill patients with sepsis 
by Lin S et al., reported lowest 28-day mortality in the BMI range 
of 30-40 kg/m2 [20].

BMI was not found to be a significant factor in the present study. 
The possible reason for this could be either not accounting for 
the other potential factors associated with sepsis or not treating 
BMI in categorical scale. The present work accounted for the 
cohort design of MIMIC database and the non linear nature of 
association between BMI and sepsis. The goal was to highlight 
the importance of treating BMI as a continuous variable rather 
than as a categorical variable, as this is beneficial for a better 
prediction of sepsis.

In the case of RCS model, the interpretation of coefficients are 
not always easy [21]. Royston P described the use of cubic 
smoothing splines to assess how well the functions of a given 
predictor fit the data [22]. The present study fit a cubic spline 
model for independent variable and tested whether it improves 
the prediction compared to a linear model. The goodness 
of fit of the RCS and linear model are assessed using AIC 
and it is observed that RCS is the best model as it has the 
least AIC. It is observed from the RCS model that it will be 
more appropriate for the populations with larger fractions of 
underweight individuals.

Limitation(s)
As the present study was based on data from the MIMIC database, 
which is a secondary source, there were few limitations, such as 
selection bias due to a large proportion of missing observations in 

variables of interest and the inability to establish the cause-effect 
relationship between BMI and sepsis. Also, the sample size of 
underweight patients was 10 times smaller than that of other BMI 
categories, which might have an effect on generalisability. However, 
to our knowledge, this was the first study that demonstrates the 
usage of RCS regression to fit the association between BMI and 
sepsis on the MIMIC-III data.

CONCLUSION(S)
In the present study, a non linear relationship was observed 
between BMI and occurrence of sepsis after adjusting for other 
factors in the critically-ill patients. The visual representation of RR 
with BMI based on RCS model displayed a higher occurrence 
of sepsis in the higher BMI range. Female patients in both 
underweight and obese category had lower occurrence of sepsis 
as compared to those with normal BMI. It is also worth noting 
that a non linear relationship was not found among those with 
diabetes, although the risk of sepsis was higher among obese 
non diabetic patients.
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