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Abstract
Context: Obesity is a recognized risk factor for stroke, but its association with complications and outcomes among critically ill stroke patients remains uncertain.

Aims: To evaluate the association between obesity and clinical characteristics, vascular risk factors, intensive care unit complications, and survival among
stroke patients.

Methods: A retrospective cohort study was conducted using medical records of 101 patients with computed tomography-confirmed ischemic or hemorrhagic
stroke admitted to the intensive care unit of Dr. Kariadi General Hospital, Semarang, from January 2022 to December 2023. Obesity was defined as body mass
index =30 kg/m?. Demographic characteristics, stroke type, vascular risk factors, comorbidities, stroke severity, albumin level, length of stay, infectious
complications, and survival status were analyzed. Associations were assessed using appropriate statistical tests. Adjusted regression models were not
performed because of extreme mortality imbalance.

Results: Obesity was identified in 58 patients. Obesity was more frequent among male patients and patients with ischemic stroke, diabetes mellitus, and
dyslipidemia. No significant unadjusted association was observed between obesity and stroke severity, albumin level, length of stay, pneumonia, urinary tract
infection, sepsis, septic shock, or survival.

Conclusions: Obesity was associated with a higher burden of metabolic risk factors but was not significantly associated with intensive care unit complications
or survival. Because only unadjusted analyses were performed, these findings should be interpreted as exploratory.

Keywords: critical care; intensive care units; nutritional status; obesity paradox; treatment outcome.

Resumen
Contexto: La obesidad es un factor de riesgo para el ictus, pero su asociacién con las complicaciones en cuidados intensivos sigue siendo incierta.
Objetivos: Evaluar la asociacién entre la obesidad y las caracteristicas clinicas, complicaciones en cuidados intensivos y supervivencia en pacientes con ictus.

Métodos: Estudio de cohorte retrospectivo con 101 pacientes con ictus isquémico o hemorragico ingresados en cuidados intensivos del Hospital Dr. Kariadi,
Semarang (2022-2023). La obesidad se definié como indice de masa corporal 230 kg/m?. Se analizaron caracteristicas, comorbilidades, complicaciones
infecciosas y supervivencia. No se realizaron modelos ajustados debido al desequilibrio en la mortalidad.

Resultados: Se identific obesidad en 58 pacientes, siendo més frecuente en hombres y en casos con ictus isquémico, diabetes y dislipidemia. No se observé
asociacion no ajustada significativa entre obesidad y gravedad del ictus, neumonia, sepsis o supervivencia.

Conclusiones: La obesidad se asocié con mayor riesgo metabdlico, pero no con complicaciones o supervivencia en cuidados intensivos. Al ser analisis no
ajustados, los hallazgos son exploratorios.

Palabras Clave: cuidados criticos; estado nutricional; obesidad paraddjica; resultado del tratamiento; unidades de cuidados intensivos.
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BMI and outcomes in ICU stroke

Abbreviations: BMI: body mass index; CHF: congestive heart failure; CI: confidence interval; CKD: chronic kidney
disease; ICU: intensive care unit; MAP: mean arterial pressure; MSCT: multi-slice computed tomography; NIHSS:
National Institutes of Health Stroke Scale; RR: relative risk; SOFA: Sequential Organ Failure Assessment; UTI: urinary

tract infection.

INTRODUCTION

Stroke is defined as an acute neurological
syndrome caused by vascular injury and characterized
by focal or global brain dysfunction that persists for
more than 24 hours or results in death (Coupland et al.,
2017).

Stroke is a major cause of death and disability in
Indonesia. In Southeast Asia, Indonesia ranks second
for stroke incidence and prevalence, with 642,943 new
cases reported and 4,918,487 individuals living with
the condition. Indonesia also has one of the highest
age-standardized stroke mortality rates in the region,
estimated at 19.3 per 1,000,000 population (Zainuddin
et al., 2025). In high-income settings such as the United
States, stroke prevalence has also been projected to
increase substantially between 2012 and 2030, partly
because of population aging and reduced post-stroke
case fatality (Ovbiagele et al., 2013).

Risk factors for stroke can be classified into non-
modifiable factors, including age, sex, race, and genetic
factors, and modifiable factors, including obesity,
hypertension, diabetes mellitus, atrial fibrillation,
sickle cell disease, dyslipidemia, and smoking
(Boehme et al, 2017). These risk factors play an
important role not only in stroke occurrence but also in
the development and severity of complications during
intensive care unit management. Therefore, the
relationship between vascular risk factors and stroke
complications may significantly influence patient
outcomes, particularly in critical care settings.

Obesity is traditionally recognized as an important
modifiable risk factor for stroke and is frequently
associated with metabolic disorders such as diabetes
mellitus, hypertension, and dyslipidemia. However, in
critically ill patients, the relationship between obesity
and clinical outcomes remains complex. Several
studies have described the “obesity paradox,” in which
overweight or obese patients may show similar or even
better outcomes compared with non-obese patients
despite having a higher burden of vascular risk factors.
This paradox highlights the need to further evaluate
whether obesity contributes to worse complications
and outcomes in stroke patients treated in the ICU.
Previous studies evaluating the obesity paradox in
critically ill stroke patients have reported inconsistent
findings, and evidence from Southeast Asian
populations remains limited. Therefore, the
association between obesity, stroke characteristics,
complications, and clinical outcomes among ICU
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stroke patients in Indonesia was investigated in this
study.

MATERIAL AND METHODS

A retrospective cohort study was conducted using
medical records of adult stroke patients admitted to
the ICU of Dr. Kariadi General Hospital, Semarang,
between January 2022 and December 2023. Patients
were eligible when ischemic or hemorrhagic stroke
had been confirmed by head multi-slice computed
tomography (MSCT) and when body mass index (BMI)
data were available. Patients with incomplete data for
the primary exposure or main outcomes were
excluded.

Obesity was defined as BMI 230 kg/m? in
accordance with the standard World Health
Organization (WHO) international classification
(WHO Expert Consultation, 2004). Although lower
BMI thresholds are often used for Asian populations to
denote elevated risk, the standard international
threshold was retained in this study to allow for direct
comparability with existing critical care literature on
the obesity paradox. The timing and method of body
weight and height measurement were recorded from
the medical records upon ICU admission. The
variables extracted included age, sex, stroke type, first
or recurrent stroke, hypertension, diabetes mellitus,
dyslipidemia, chronic kidney disease, congestive heart
failure, carcinoma, National Institutes of Health Stroke
Scale (NIHSS) score at admission, serum albumin
level, ICU length of stay, pneumonia, urinary tract
infection, sepsis, septic shock, and ICU survival status
(defined as survival or mortality strictly during the
intensive care unit stay). The operationalization of
these variables is detailed in Supplementary Table S1.
Infectious complications were identified from medical-
record documentation and classified according to the
operational definitions listed in Supplementary Table
S1.

The study protocol was approved by the
Institutional Ethics Committee of Kariadi General
Hospital, Semarang, Indonesia on February 6, 2025
under approval number 16354/ EC/KEPK-
RSDK/2025. Because anonymized retrospective
medical record data were used, the requirement for
written informed consent was waived by the ethics
committee. The study was conducted in accordance
with the ethical principles for medical research
outlined in the Declaration of Helsinki 1964 as
modified by subsequent revisions.
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Table 1. Baseline characteristics of ICU stroke patients by obesity status.

BMI and outcomes in ICU stroke

Variable Total (n=101) Obese (n=58) Non-obese (n=43) p-value RR (95% CI)
Age category

<55 years (Ref) 32 (31.7%) 18 (31.0%) 14 (32.6%) 1.000 £ 1.02 (0.77-1.36)
>55 years 69 (68.3%) 40 (69.0%) 29 (67.4%)

Sex

Female (Ref) 48 (47.5%) 22 (37.9%) 26 (60.5%) 0.041¥* 1.57 (1.01-2.43)
Male 53 (52.5%) 36 (62.1%) 17 (39.5%)

Stroke diagnosis

Ischemic 56 (55.4%) 38 (65.5%) 18 (41.9%) 0.031¥* 1.57(1.05-2.33)
Hemorrhagic (Ref) 45 (44.6%) 20 (34.5%) 25 (58.1%)

Stroke history

First (Ref) 44 (43.6%) 23(39.7%) 21 (48.8%) 0.473 ¥ 1.18(0.82-1.69)
Recurrent 57 (56.4%) 35(60.3%) 22 (51.2%)

Hypertension

Yes 85 (84.2%) 47 (81.0%) 38 (88.4%) 0.418 £ 0.92 (0.77-1.09)
No (Ref) 16 (15.8%) 11 (19.0%) 5(11.6%)

Diabetes mellitus

Yes 66 (65.3%) 44 (75.9%) 22 (51.2%) 0.018¥* 1.48(1.07-2.05)
No (Ref) 35 (34.7%) 14 (24.1%) 21 (48.8%)

Dyslipidemia

Yes 37 (36.6%) 27 (46.6%) 10 (23.3%) 0.028 ¥ * 2.00(1.11-3.61)
No (Ref) 64 (63.4%) 31(53.4%) 33(76.7%)

Other comorbidities

Yes 45 (44.6%) 26 (44.8%) 19 (44.2%) 1.000 ¥ 1.01 (0.65-1.58)
No (Ref) 56 (55.4%) 32 (55.2%) 24 (55.8%)

NIHSS score

Moderate (Ref) 23 (22.8%) 11 (19.0%) 12 (27.9%) 0.412¥ 1.12(0.89-1.42)
Severe (>20) 78 (77.2%) 47 (81.0%) 31(72.1%)

Serum albumin

Normal (Ref) 31(30.7%) 18 (31.0%) 13 (30.2%) 1.000 ¥ 0.99 (0.75-1.30)
Low (<3.5 g/dL) 70 (69.3%) 40 (69.0%) 30 (69.8%)

Data are presented as n (%). RR compares the probability of the non-reference category in obese patients with that in non-obese patients.. Cl: confidence interval;
ICU: intensive care unit; NIHSS: National Institutes of Health Stroke Scale; RR: relative risk. *Statistically significant at p<0.05. ¥ Yates-corrected Chi-square test. £ Two-

sided Fisher's exact test.

Categorical variables were summarized as
frequencies and percentages. Continuous variables
were summarized as mean * standard deviation or
median with range, according to data distribution.
Associations between obesity status and categorical
clinical variables were assessed using Pearson's Chi-
square test, Yates-corrected Chi-square test, or Fisher's
exact test, as appropriate. All tests were two-sided, and
statistical significance was defined as p<0.05. Because
of the small sample size and the extreme imbalance in
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ICU mortality, multivariable regression was not
performed. Therefore, the findings were interpreted as
exploratory and unadjusted associations.

RESULTS

A total of 135 ICU stroke records were screened. Of
these, 26 were excluded because of missing BMI data
or incomplete outcome data, and 8 because the stroke
diagnosis was not confirmed by MSCT. The final
analysis included 101 patients.
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Table 2. ICU complications and outcomes by obesity status.

BMI and outcomes in ICU stroke

Variable Total (n=101) Obese (n=58) Non-obese (n=43) p-value RR (95% CI)
ICU length of stay

Short (Ref) 80 (79.2%) 46 (79.3%) 34 (79.1%) 1.000 ¥ 0.99 (0.46-2.14)
Long (>21d) 21 (20.8%) 12 (20.7%) 9 (20.9%)

Pneumonia

Yes 81 (80.2%) 47 (81.0%) 34 (79.1%) 1.000 ¥ 1.02 (0.82-1.28)
No (Ref) 20 (19.8%) 11 (19.0%) 9 (20.9%)

Urinary tract infection

Yes 62 (61.4%) 39 (67.2%) 23 (53.5%) 0.231¥ 1.26 (0.90-1.75)
No (Ref) 39 (38.6%) 19 (32.8%) 20 (46.5%)

Sepsis

Yes 74 (73.3%) 44 (75.9%) 30 (69.8%) 0.648 ¥ 1.09 (0.84-1.41)
No (Ref) 27 (26.7%) 14 (24.1%) 13(30.2%)

Septic shock

Yes 35(34.7%) 19 (32.8%) 16 (37.2%) 0.800 ¥ 0.88 (0.52-1.49)
No (Ref) 66 (65.3%) 39 (67.2%) 27 (62.8%)

1CU mortality

Deceased 96 (95.0%) 55 (94.8%) 41 (95.3%) 1.000 £ 0.99 (0.89-1.11)
Alive (Ref) 5(5.0%) 3(5.2%) 2 (4.7%)

Data are presented as n (%). RR compares the probability of the specified event or category in obese patients with that in non-obese patients. Cl: confidence interval;
ICU: intensive care unit; NIHSS: National Institutes of Health Stroke Scale; RR: relative risk. *Statistically significant at p<0.05. ¥ Yates-corrected Chi-square test. £ Two-

sided Fisher's exact test.

The mean age was 60.86 + 12.4 years, and 53
patients (52.5%) were male. Ischemic stroke was
diagnosed in 56 patients (55.4%) and hemorrhagic
stroke in 45 patients (44.6%). Obesity was present in 58
patients (57.4%). Severe neurological impairment,
defined as NIHSS >20, was recorded in 78 patients
(77.2%), and hypoalbuminemia, defined as serum
albumin <3.5 g/dL, was recorded in 70 patients
(69.3%).

The  baseline demographic and  clinical
characteristics of the patients, stratified by obesity
status, are presented in Table 1. Obesity was
significantly associated with male sex (p = 0.041),
ischemic stroke (p = 0.031), diabetes mellitus
(p =0.018), and dyslipidemia (p = 0.028).

ICU complications and patient outcomes are
detailed in Table 2. Obesity was not significantly
associated with ICU length of stay (p = 1.000) or the
incidence of infectious complications, including
pneumonia (p = 1.000), urinary tract infection
(p = 0.231), sepsis (p = 0.648), and septic shock
(p = 0.800). ICU mortality was high, with 96 deaths
among 101 patients (95.0%). Because only five patients
survived, the analysis was not adequately powered to
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detect survival differences between obese and non-
obese patients (p = 1.000).

DISCUSSION

In this retrospective cohort of ICU-admitted stroke
patients, obesity was associated with male sex,
ischemic stroke, diabetes mellitus, and dyslipidemia.
In contrast, obesity was not significantly associated
with NIHSS category, serum albumin level, ICU length
of stay, infection-related complications, septic shock,
or ICU survival in the unadjusted analysis. These
findings suggest that obesity was associated with a
greater metabolic risk burden, but an independent
association with short-term ICU outcomes could not be
demonstrated. However, the results should be
interpreted cautiously because confounding was not
adjusted, BMI may have misclassified adiposity, and
the number of survivors was small.

The higher prevalence of obesity among male
patients and those with ischemic stroke aligns with the
established understanding of visceral adiposity as a
driver of atherosclerosis, endothelial dysfunction, and
thrombus formation (Horn et al., 2021; Hu et al., 2007;
Nauli & Matin, 2019; Winter et al., 2008; Yatsuya et al.,
2010). Obesity was significantly associated with
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diabetes mellitus and dyslipidemia, which are potent
catalysts for wvascular risk accumulation. These
findings are consistent with evidence that excessive
adiposity promotes insulin resistance and lipid
abnormalities, thereby increasing ischemic stroke
susceptibility (Caleyachetty et al., 2017; Horwich et al.,
2018; Isaman et al., 2021; Lau et al., 2019; Song et al.,
2022). Despite the greater metabolic risk burden
among obese patients, obesity was not significantly
associated with worse clinical severity, infectious
complications, or ICU survival in the unadjusted
analysis.

Previous studies evaluating the obesity paradox in
critically ill patients suggest that overweight or obese
individuals may exhibit a neutral or even favorable
association with in-hospital outcomes during acute
catabolic stress (Towfighi & Ovbiagele, 2009; Vemmos
et al., 2011). This is hypothesized to relate to greater
nutritional reserves and distinct immunometabolic
responses (Gao et al., 2023; Li et al., 2024; Quifiones-
Ossa et al.,, 2021; Zhou et al., 2020). Nevertheless,
because this study did not assess inflammatory or
metabolic biomarkers (such as leptin, adiponectin, or
C-reactive protein), the precise biological mechanisms
underlying this neutral association remain speculative
in this cohort.

The exceptionally high mortality rate (95.0%)
observed in this study likely reflects the stringent ICU
admission criteria at the study center, which prioritizes
stroke patients with critical neurological deterioration,
severe systemic infections, and multi-organ failure. In
this highly critical setting, the severity of the primary
neurological insult and subsequent systemic
complications may overshadow the independent
influence of baseline BMI on survival.

Several limitations must be acknowledged. First,
the retrospective single-center design limited control
over data completeness and measurement timing, and
the ICU-only population limits the generalizability of
the findings. Second, BMI was used as the sole marker
of obesity and may not accurately reflect true adiposity
or body composition in critically ill patients, as it can
be biased by fluid resuscitation or edema. Because the
standard international obesity threshold of BMI =30
kg/m? was used, patients with elevated adiposity risk
according to Asian BMI action points may have been
classified as non-obese. Sensitivity analyses using
Asian BMI thresholds were not performed and should
be considered in future studies. Third, the sample size
was limited, and the extraordinarily high mortality
rate with a very small number of survivors
significantly reduced the statistical power to detect
meaningful differences in mortality. Fourth, only
unadjusted associations were reported; therefore,
residual confounding by age, sex, stroke type, stroke
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severity, albumin level, and comorbidities could not be
excluded. Although operational definitions were
provided, complications were retrospectively
abstracted from medical records and were not
prospectively adjudicated. Consequently, the findings
should be interpreted as exploratory and hypothesis-
generating rather than confirmatory evidence of an
obesity paradox.

CONCLUSION

Obesity was associated with male sex, ischemic
stroke, diabetes mellitus, and dyslipidemia among
patients with stroke admitted to the intensive care unit.
No significant unadjusted association was observed
between obesity and stroke severity, serum albumin
level, intensive care unit length of stay, infection-
related complications, septic shock, or intensive care
unit survival. Because only unadjusted analyses were
performed and intensive care unit mortality was
extremely high, these findings should be interpreted as
exploratory. Prospective studies using standardized
adiposity measures, adjusted models, and longer-term
functional outcomes are required before an obesity
paradox can be inferred.
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Supplementary data

Table S1. Operational definitions of study variables.

BMI and outcomes in ICU stroke

Variable

Operational definition

Categorization / scale

Obesity (exposure)

Body Mass Index (BMI) calculated using body weight and height
documented upon ICU admission.

Categorical:

Obese (230 kg/m?)

Non-Obese (<30 kg/m?)

Stroke diagnosis

Acute neurological deficit caused by vascular mechanisms, confirmed by
head multi-slice computed tomography (MSCT).

Categorical:

Ischemic stroke

Hemorrhagic stroke

Stroke history

Documentation of any prior stroke events in the patient's medical records
before the current admission.

Categorical:

First stroke

Recurrent stroke

Vascular risk factors Pre-existing clinical diagnosis or active pharmacological treatment for Categorical:
hypertension, diabetes mellitus, or dyslipidemia prior to admission.
Yes
No
Comorbidities Documented pre-existing diagnosis of chronic kidney disease (CKD), Categorical:
congestive heart failure (CHF), or carcinoma.
Yes
No
NIHSS score Stroke severity assessed using the National Institutes of Health Stroke Categorical:

Scale at the time of ICU admission.

Moderate (10-20)

Severe (>20)

Serum Albumin

Laboratory measurement of serum albumin levels drawn at or shortly
after ICU admission.

Categorical:

Normal (=3.5 g/dL)

Low (<3.5 g/dL)

ICU length of stay (LOS) The total number of days the patient received treatment in the ICU from Categorical:
admission to discharge or death.
Short (<21 days)
Long (>21 days)
Pneumonia New-onset lung infection acquired during the ICU stay, diagnosed based Categorical:
on new or progressive infiltrates on chest X-ray combined with at least
two clinical features: fever (>38°C), purulent sputum, or Yes
leukocytosis/leukopenia (Horan et al., 2008). No
Urinary tract infection (UTI) Nosocomial urinary infection diagnosed by positive urine culture (=10° Categorical:
colony-forming units/mL) accompanied by clinical signs such as fever
(=38°C), altered mental status, or costovertebral angle tenderness without Yes
other recognized cause (Horan et al., 2008). No
Sepsis Life-threatening organ dysfunction caused by a dysregulated host Categorical:
response to infection during the ICU stay, defined objectively by an acute
increase in the Sequential Organ Failure Assessment (SOFA) score of =2 Yes
points secondary to the infection site (Sepsis-3 criteria) (Singer et al., No
2016).
Septic shock A subset of sepsis in which particularly profound circulatory, cellular, and Categorical:
metabolic abnormalities are associated with a greater risk of mortality,
defined clinically by the persistent need for vasopressors to maintain a Yes
mean arterial pressure (MAP) 265 mm Hg and a serum lactate level >2 No
mmol/L despite adequate fluid resuscitation (Singer et al., 2016).
ICU survival status The final clinical status of the patient upon discharge from the intensive Categorical:
care unit.
Alive
Deceased
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