
INTRODUCTION 

Obesity is a public health problem and is generally known to be 

associated with increased morbidity and mortality due to associat-
ed complications1,2). Obesity can increase the risk of many chronic 
diseases including coronary artery disease, atrial fibrillation, con-
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Background 
To evaluate whether the obesity paradox exists in neurocritically ill patients. 
Methods 
This was a retrospective, observational study of patient admitted to the neurosurgical intensive 
care unit (ICU) from January 2013 to December 2019. The subjects were classified into two 
groups: the non-obese group (body mass index [BMI] < 25 kg/m2) and the overweighted or 
obese group (BMI ≥ 25 kg/m2). The primary endpoint was in-hospital mortality. 
Results 
A total of 527 patients were included in this study. The mean BMI was 23.7 ± 3.6 kg/m2. Of all 
neurosurgical patients, 157 patients were overweighted or obese. There were no significant differ-
ences in in-hospital mortality, 28-day mortality, and ICU mortality between the two groups (all p 
> 0.05). BMI on ICU admission was similar between survivors and non-survivors at discharge (p 
= 0.596). In the multivariable analysis, Acute Physiology and Chronic Health Evaluation 
(APACHE) II score on ICU admission, invasive intracranial pressure (ICP) monitoring, and use 
of more than one hyperosmolar agent were identified to be significantly associated with in-hospi-
tal mortality. However, BMI on ICU admission, and serum albumin level were not associated with 
in-hospital mortality. The obesity demonstrated a borderline significance relationship with the 
probability of in-hospital mortality (p=0.073). 
Conclusion 
In this study, BMI on ICU admission, and serum albumin level demonstrated a lack of significant 
association with in-hospital mortality. Clinical factors including APHCHE II score, ICP monitor-
ing, and hyperosmolar therapy were identified to be associated with prognosis in neurocritically ill 
patients. Eventually, the impact of the obesity paradox on these patients remains unclear. 
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gestive heart failure, diabetes mellitus, and stroke1,3). Therefore, 
obesity is hypothesized as one of the main factors that lead to the 
deterioration of health. However, in hospitalized patients, obesity 
may have the opposite effect compared with the general popula-
tion. The obesity paradox was found in patients with heart failure 
and coronary heart disease4). Obesity is associated with cardiovas-
cular disease even in the absence of other risk factors; however, af-
ter the onset of cardiovascular disease, the relationship between 
higher body mass index (BMI) and the clinical prognosis does not 
demonstrate linearity4). Interestingly, overweighted or obese pa-
tients had more favorable outcomes than normal or underweight 
patients with cardiovascular disease4). 

The obesity paradox has also been reported in some neuro-
critically ill patients1,2,5-7). Obesity is associated with favorable 
outcomes in stroke subtypes other than subarachnoid hemor-
rhages, such as intracerebral hemorrhage1,2,5) and ischemic 
stroke2,6,7). However, there are limited well-designed clinical 
studies that prove the exact relationship between BMI and clini-
cal outcomes in neurocritically ill patients. In this study, we 
aimed to evaluate whether the obesity paradox exists in neuro-
critically ill patients similar to the case of patients with cardio-
vascular disease. In addition, we evaluated whether BMI on ICU 
admission is associated with in-hospital mortality of neurocritical-
ly ill patients. 

MATERIALS AND METHODS 

Study population and design 
This was a retrospective, single-center, observational study of pa-

tients who were admitted to the Samsung Medical Center, Seoul, 
Republic of Korea, neurosurgical intensive care unit (ICU) from 
January 2013 to December 2019. This study was approved by the 
Samsung Medical Center Institutional Review Board (IRB) (IRB 
no. SMC 2020-09-082). The requirement of informed consent 
was waived by the IRB due to the study’s retrospective nature. We 
included neurosurgical patients who were hospitalized in the ICU 
during the study period. We defined neurocritically ill patients as 
neurosurgical patients who were hospitalized in the ICU for more 
than 7 days due to postoperative management or critical care fol-
lowing brain tumor, subarachnoid hemorrhage, cerebral vascular 
surgery, intracerebral hemorrhage, cerebral infarction, traumatic 
brain injury or infection of the central nervous system. We exclud-
ed patients aged below 18 years, those who did not have the value 
of BMI or a brain injury, or those who had insufficient medical re-
cords or a ‘do not resuscitation’ order. 

Definitions and outcomes 
In this study, the baseline characteristics such as comorbidities, 

behavioral risk factors, ICU management, and laboratory data were 
collected retrospectively using Clinical Data Warehouse. Our cen-
ter constructed a “Clinical Data Warehouse Darwin-C” designed 
for the investigators to search and retrieve de-identified medical re-
cords from electronic archives. The subjects were classified into 
two groups: the non-obese group (BMI <  25 kg/m2) and the 
overweighted or obese group (BMI ≥  25 kg/m2)1,8). BMI was ob-
tained on ICU admission. Albumin was defined as a minimal level 
of serum albumin within 72 h from ICU admission. Acute Physiol-
ogy and Chronic Health Evaluation (APACHE) II score was cal-
culated with the worst values recorded during the initial 24 h after 
the ICU admission9,10). If the patient was intubated, the verbal 
score of the Glasgow Coma Scale was estimated using the eye and 
motor scores as described previously11). In this study, the primary 
endpoint was in-hospital mortality. 

Statistical analyses 
All data are presented as mean ±  standard deviation for contin-

uous variables or frequencies and proportions for categorical vari-
ables. Data were compared using Student’s t-test for continuous 
variables and Chi-square test or Fisher’s exact test for categorical 
variables. Variables with a p-value less than 0.2 in univariate analy-
ses and clinically relevant variables, including age, sex, BMI, albu-
min, comorbidities, cause of ICU admission, utilization of organ 
support modalities, use of invasive intracranial pressure (ICP) 
monitoring device, hyperosmolar therapy, and APACHE II score, 
were subjected to stepwise multiple logistic regression analysis to 
obtain statistically meaningful predictors of in-hospital mortality. 
All the tests were two-sided and p values of less than 0.05 were 
considered statistically significant. All the statistical analyses were 
performed with R Statistical Software version 4.0.2 (R Foundation 
for Statistical Computing, Vienna, Austria). 

RESULTS 

Baseline characteristics 
A total of 12,743 patients were admitted to the neurosurgical 

ICU during the study period. Among these neurosurgical patients, 
527 neurocritically ill patients were included in the final analysis. 
The mean BMI was 23.7 ±  3.6 kg/m2. Of all neurocritically ill pa-
tients, 157 (29.8%) patients were overweighted or obese. Malig-
nancy (60.2%) and hypertension (44.4%) were the most common 
comorbidities among the selected patients. Brain tumor (41.4%) 
and stroke (31.7%) were the most common reasons for ICU ad-
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mission. There were no significant differences in baseline charac-
teristics between overweighted or obese and non-obese patients 
except for the prevalence of hypertension and hyperosmolar thera-
py (Table 1). 

Clinical outcomes of the overall study population 
There were no significant differences in in-hospital mortality, 

28-day mortality, and ICU mortality between the two groups (all p 
>  0.05). In addition, there were no significant differences in hospi-
tal and ICU stay between the groups (both p >  0.05) (Table 2). 
BMI on ICU admission was similar between the survivors and 
non-survivors at discharge (p =  0.596) (Fig. 1). 

In the multivariable analysis, APACHE II score on ICU admis-
sion (adjusted odds ratio [OR]: 1.09, 95% confidence interval 
[CI]: (1.04–1.14), invasive ICP monitoring (adjusted OR: 0.39, 

95% CI: 0.20–0.74), and use of more than one hyperosmolar agent 
(adjusted OR: 2.24, 95% CI: 1.1–4.23) were identified to be sig-
nificantly associated with in-hospital mortality (Table 3). In this 
study, BMI on ICU admission, and serum albumin level were not 
associated with in-hospital mortality. The relationship between 

Table 1. Baseline characteristics according to obesity

Non-obese (n = 370) Overweight or obese (n = 157) p-value
Age (years) 56.7 ± 16.0 56.0 ± 15.7 0.619
Sex, male 195 (52.7) 82 (52.2) 0.997
BMI (kg/m2) 21.8 ± 2.2 28.1 ± 2.6 <0.001
Albumin (g/dL) 3.0 ± 0.5 3.0 ± 0.5 0.75
Comorbidities
 Malignancy 219 (59.2) 98 (62.4) 0.551
 Hypertension 151 (40.8) 83 (52.9) 0.014
 Diabetes mellitus 58 (15.7) 24 (15.3) 0.999
 Chronic kidney disease 24 (6.5) 13 (8.3) 0.582
 Cardiovascular disease 13 (3.5) 10 (6.4) 0.217
 Chronic liver disease 13 (3.5) 4 (2.5) 0.761
Behavioral risk factors
 Current alcohol consumption 85 (23.0) 49 (31.2) 0.061
 Current smoking 56 (15.1) 19 (12.1) 0.438
Cause of ICU admission 0.401
 Brain tumor 148 (40.0) 70 (44.6)
 Stroke 123 (33.2) 44 (28.0)
 Traumatic brain injury 50 (13.5) 24 (15.3)
 Vascular surgery 21 (5.7) 12 (7.6)
 Others 28 (7.6) 7 (4.5)
APACHE II score on ICU admission 5.9 ± 5.3 5.3 ± 5.4 0.238
Glasgow Coma Scale on ICU admission 13.6 ± 2.4 13.6 ± 2.4 0.897
ICU management
 Mechanical ventilation 244 (65.9) 114 (72.6) 0.162
 Invasive ICP monitoring 198 (53.5) 89 (56.7) 0.566
 Continuous renal replacement therapy 8 (2.2) 7 (4.5) 0.245
 Use of mannitol 154 (41.6) 58 (36.9) 0.366
 Use of more than one hyperosmolar agent 167 (45.1) 90 (57.3) 0.014
 Use of vasopressors 49 (13.2) 27 (17.2) 0.295

Data are presented as numbers (%) or means ± standard deviations.
BMI: Body mass index, ICU: Intensive care unit, APACHE: Acute Physiology and Chronic Health Evaluation, ICP: Intracranial pressure.

Table 2. Clinical outcomes according to obesity

Non-obese  
(n = 370)

Overweight or  
obese (n = 157) p-value

In-hospital mortality 51 (13.8) 16 (10.2) 0.322
28-day mortality 31 (8.4) 10 (6.4) 0.542
ICU mortality 24 (6.5) 10 (6.4) 0.999
Length of ICU stay (hour) 509.7 ± 1513.1 400.1 ± 293.1 0.369
Length of hospital stay (day) 95.7 ± 207.8 127.3 ± 458.6 0.277

Data are presented as numbers (%) or means ± standard deviations.
ICU: Intensive care unit.
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BMI and probability of in-hospital mortality was shown in Fig. 2. 
However, the obesity demonstrated a borderline significance rela-
tionship with the probability of in-hospital mortality (adjusted 
OR: 0.32, 95% CI: 0.09–1.08, p = 0.073). 

DISCUSSION 

In this study, we investigated the existence of the obesity paradox 
in neurocritically ill patients. About 30% of patients were either 
overweighted or obese. There was no significant difference in BMI 
between the survivors and non-survivors. In addition, there were 
no significant differences in in-hospital mortality, 28-day mortality, 
ICU mortality, and length of stay in ICU and hospital between the 
overweighted or obese and non-obese patients. In the multivari-
able analysis, APACHE II score on ICU admission, invasive ICP 

monitoring, and use of more than one hyperosmolar agent were 
identified to be significantly associated with in-hospital mortality. 
However, BMI on ICU admission, and serum albumin level 
demonstrated a lack of association with in-hospital mortality. In 
this study, the obesity demonstrated a borderline significance rela-
tionship with the probability of in-hospital mortality. 

Obesity is a well-known risk factor for an increased incidence of 
heart failure and coronary heart disease4). However, the patients 
with class I obesity and these heart diseases present a more favor-
able outcome compared with normal or underweight subjects. 
Therefore, this phenomenon is termed the “obesity paradox”. Obe-
sity is strongly associated with the occurrence of ischemic heart 
disease even in the absence of other risk factors. However, the rela-
tionship between higher BMI and clinical outcomes is not linear in 
patients with ischemic heart disease4). The obesity paradox has 
been reported in patients with trauma as well 12). In addition, previ-
ous studies have reported the presence of the obesity paradox in 
patients admitted to the ICU for sepsis, severe sepsis, and septic 
shock13-15).  

BMI on ICU admission has been reported to be associated with 
the nutritional status of the patient on ICU admission16). Nutrition 
is an important aspect of the management of patients hospitalized 
in the ICU17-19). Especially, malnutrition is associated with pro-
longed hospitalization and duration of mechanical ventilation, in-
creased prevalence of infection, and mortality in critically ill pa-
tients18,20,21). In addition, malnutrition is also associated with poor 
clinical outcomes in neurocritically ill patients22-24). Loss of skeletal 
muscle mass could develop after ICU admission25). In the early 
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Fig. 1. Body mass index of survivors and non-survivors. There was no 
significant difference between the two groups (p = 0.596).

Table 3. Multivariable logistic regression of clinically relevant variables 
associated with in-hospital mortality.

Adjusted odds ratio  
(95% CI) * p-value

BMI (kg/m2) 1.06 (0.91-1.23) 0.454
Obesity 0.32 (0.09-1.08) 0.073
Albumin (g/dL) 0.64 (0.32-1.28) 0.204
APACHE II score on ICU admission 1.09 (1.04-1.14) <0.001
Invasive ICP monitoring 0.39 (0.20-0.74) 0.004
Use of more than one hyperosmolar agent 2.24 (1.18-4.23) 0.013

*Adjusted for BMI, albumin, age, sex, comorbidities, cause of ICU 
admission, utilization of organ support modalities, use of invasive ICP 
monitoring device, hyperosmolar therapy, and APACHE II score.
CI: Confidence interval, BMI: Body mass index, APACHE: Acute 
Physiology and Chronic Health Evaluation, ICP: Intracranial pressure.
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Fig. 2. The probability of in-hospital mortality according to body 
mass index within the multivariate model.
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stage, loss of muscle mass and malnutrition have been reported to 
be associated with clinical outcomes in neurocritically ill pa-
tients26-28). Malnutrition has been evaluated based on various pa-
rameters such as BMI, serum albumin, and skeletal muscle mass18). 
However, BMI and serum albumin are not considered useful pa-
rameters to accurately assess the nutritional status of critically ill 
patients17,18). Whereas, measurement of skeletal muscle mass is 
known as a more accurate parameter in representing the nutrition-
al status. The change in skeletal muscle mass may reflect the clinical 
prognosis compared to other nutritional measures in critically ill 
patients18). In neurocritically ill patients, knowledge about early nu-
tritional status and its change are important for neurological prog-
nosis 22-24). Also, rapidly progressing sarcopenia has been reported 
to be associated with poor prognosis26-28), but this change was not 
evaluated in the present study. 

In this study, clinical factors such as APACHE II score, ICP 
monitoring, and hyperosmolar therapy were identified to be asso-
ciated with prognosis in neurocritically ill patients. To date, it re-
mains unclear whether the obesity paradox can be observed in 
neurocritically ill patients2,29-31). Generally, the causes of early mor-
tality in neurocritically ill patients are primary brain injury, and re-
fractory intracranial hypertension or herniation due to severe brain 
edema32). Therefore, it is possible to determine the patient’s prog-
nosis based on the primary and secondary brain injuries rather 
than nutritional status in the early stage. Henceforth, neurocritical-
ly ill patients who survived for more than a week were included in 
this study. However, obesity assessed by BMI on ICU admission 
did not appear to reflect the nutritional status and prognosis of 
these patients. 

This study has several limitations. First, this was a retrospective 
review of medical records using data extracted from a Clinical Data 
Warehouse. The nonrandomized data might lead to selection bias. 
Second, lean body mass and loss of muscle mass were not evaluat-
ed. Therefore, it might be difficult to access the precise nutritional 
status and its change of neurocritically ill patients. Third, it might 
be difficult to find statistically meaningful variables because the 
proportion of non-survivor compared with a survivor was very low 
in this study. Finally, the distribution of causes of ICU admission in 
the postoperative group was different from that of the general neu-
rosurgical ICU group, and the proportion of patients with brain tu-
mors was particularly high. 

CONCLUSION 

In this study, BMI on ICU admission, and serum albumin level 
demonstrated a lack of significant association with in-hospital mor-
tality. Clinical factors including APHCHE II score, ICP monitor-

ing, and hyperosmolar therapy were identified to be associated 
with prognosis in neurocritically ill patients. Eventually, the impact 
of the obesity paradox on the survival of neurocritically ill patients 
remains unclear, and further studies are needed to evaluate the re-
lationship between obesity and clinical outcomes in neurocdriti-
cally ill patients. 
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