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Impact of the body mass index
on the intensive care outcome of
(poly-)traumatized patients
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Purpose: The increasing prevalence of obesity poses significant challenges to
intensive care medicine, particularly in trauma care. The “obesity paradox”,
suggesting enhanced survival in overweight individuals, remains controversial.
The study aimed to investigate the association between Body Mass Index and
intensive care outcomes in severely injured patients.

Methods: A retrospective matched 1:2:1 set analysis with n=192/384/192
patients was conducted using data from the TraumaRegister DGU®. A total of
5,766 patients admitted to intensive care were included and categorized into
three BMI groups: underweight (<20 kg/m?®), normal weight/overweight
(20.1-29.9 kg/m?), and obese (>30kg/m?). The application of World Health
Organization classification was precluded on statistical grounds. A subgroup
of polytraumatized patients (n=272) was separately analyzed. Outcomes
included the duration of mechanical ventilation, ICU stay, organ failure, and
in-hospital mortality.

Results: BM| was positively associated with organ failure, especially cardiac
(p =0.001) and pulmonary failure (p = 0.001). The mortality rate was twice as
high for obese patients as for underweight patients in the matched cohort
[Group III: 10.4%; Group I: 5.2%; p (linear trend) = 0.025]. Ventilation time
increased significantly with higher BMI (p = 0.012).

Conclusion: In this cohort, there was an absence of evidence to support the
notion of an “obesity paradox”. Overweight and obesity were not associated
with improved survival and were instead linked to less favorable intensive care
outcomes following severe trauma, although absolute differences in mortality
were modest.

Trial registration: |ID 2014-021.

KEYWORDS

body mass index (BMI), critical care outcome, intensive care unit (ICU) stay, obesity
paradox, organFailure, polytrauma

1 Introduction

In recent decades, the proportion of people who are overweight or obese has
increased significantly worldwide, making this trend a central focus of international
health research. In 2022, the World Health Organization (WHO) reported that 43% of
the world’s population over the age of 18 were overweight (>25.0 kg/m?) and 16%
were classified as obese (>30.0 kg/m?), more than doubling the number of obese
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people since 1990 (1). As the global community confronts an
escalating prevalence of obesity, the management of critically ill
obese patients is assuming increasing significance on the
global stage.

In Germany, national statistics corroborate this trend. In 2021,
71.4% of adults were classified as overweight, and 33.5% as obese,
with a higher prevalence observed among men (2). The
contributing factors to this phenomenon include sedentary
lifestyles, high-calorie diets, insufficient physical activity, short
sleep duration, and chronic stress. Furthermore, a strong
correlation has been demonstrated between obesity and
psychosocial factors, including depression, socioeconomic status,
and behavioral disorders such as binge eating (3).

The Body Mass Index (BMI), calculated as body weight
divided by height squared (kg/m?), remains the most commonly
used tool for categorizing body weight. It is independent of age
and sex and is endorsed by the WHO as a standard global
measure (4). However, it is important to acknowledge the
limitations of BMI. Firstly, it does not differentiate between fat
and muscle mass. Secondly, it does not consider fat distribution
or age-related physiological variations (5). Furthermore, BMI
alone provides limited insight into an individual’s metabolic
health or obesity-related comorbidities (6) and does not
differentiate between ethnic groups (7). This limitation of BMI
should be considered in relation to the analysis of the
relationship between outcome and BMI. As an alternative,
anthropometric measures such as waist circumference, waist-to-
hip ratio, and direct assessment of body composition may offer
a more nuanced understanding of the risks associated with
obesity (8). Despite these limitations, the BMI continues to serve
as a standard parameter in clinical research, documentation and
trauma registers, including the TraumaRegister DGU®,
underscoring its practical application.

It is worthy of note that a number of clinical studies have
identified what has been termed an “obesity paradox”. This is a
phenomenon in which patients who are overweight or mildly
obese exhibit unexpectedly better outcomes in certain disease
contexts, such as heart failure, sepsis and trauma (9-11). One
hypothesis to explain the obesity paradox is that the excess fat
in obese patients functions as a metabolic reserve during periods
of acute illness (12). Alternatively, the excess fat may act as an
immune modulator (13) or may alter the pharmacokinetics of
the used agents during treatment (14, 15). Nevertheless, this
phenomenon remains controversial, particularly in the context
of trauma. A number of authors have reported an increased
mortality and complications in obese trauma patients, whilst
others have observed a neutral or protective effect (16-19).
A pivotal element in the discourse surrounding the obesity

paradox pertains to methodological disparities, including the

Abbreviations

AIS, abbreviated injury scale; ASA, American Society of Anesthesiologists; BE,
base excess; BMI, body mass index; cm, centimeter; CT, computed tomography;
ER, emergency room; Hb, hemoglobin level; ICU, intensive care unit; ISS,
injury severity score; kg, kilogram; lin., linear; MOF, multiple organ failure;
m?, square meter; SIRS, Systemic Inflammatory Response Syndrome; SOFA,
Sepsis-related Organ Failure Assessment; WHO, World Health Organization.
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divergent conceptualizations of obesity and the range of BMI
limits employed. Furthermore, confounders such as nutritional
status, sarcopenic obesity, or selection bias have the potential to
engender inconsistency in the studies (10, 13, 16, 20).

Concurrently, underweight individuals represent a vulnerable
demographic, particularly within the context of critical care.
Lower physiological reserves, reduced immune capacity, and
increased risk of early mortality have been identified as
contributing factors for increased mortality in critically ill
underweight patients (18, 21-24).

The management of trauma, and especially polytrauma, poses
unique challenges for intensive care. In addition to the severity of
the injury, individual factors such as nutritional status and
(e.g.
demonstrated to have a significant impact on outcomes such as

comorbidities coronary heart disease) have been
organ failure, length of stay, duration of mechanical ventilation,
and mortality (25, 26). The association between obesity and a
pro-inflammatory state (13), as well as impaired respiratory
(27)

mobilization (20) has been documented. These factors have the

mechanics altered pharmacokinetics (14, 15), and
potential to complicate the management of intensive care and
the recovery process following trauma.

Nevertheless, the existing body of evidence pertaining to the
relationship between obesity and outcomes following trauma
remains equivocal and elusive. A number of studies have
reported increased mortality and risks of poor outcome, while
others suggest a neutral or even protective effect for obese
patient in critical care (9-11, 13, 14, 28-30). This study
therefore investigates the influence of BMI on the intensive
care course of (poly-) traumatized patients. Utilizing a
retrospective dataset from the “TraumaRegister DGU®”, the
study explores the correlation between BMI and several key
outcomes, including Intensive Care Unit (ICU) length of stay,
duration of ventilation, organ failure, and survival. A particular
focus of the study is the validation of the obesity paradox in
trauma settings.

2 Material and methods

The present study is based on data from the TraumaRegister
DGU® (TR-DGU) of the German Trauma Society (Deutsche
Gesellschaft fiir Unfallchirurgie, DGU) founded in 1993. The
aim of this multi-center database is a pseudonymized and
standardized documentation of severely injured patients.

Data are collected prospectively in four consecutive time
phases from the site of the accident until discharge from
hospital: A) Pre-hospital phase, B) Emergency room and initial
The
documentation includes detailed information on demographics,

surgery, C) Intensive care unit and D) Discharge.
injury pattern, comorbidities, pre- and in-hospital management,
course on the intensive care unit (ICU), relevant laboratory
findings including data on transfusion, and outcome of each
individual. The inclusion criterion is admission to hospital via
the emergency room (trauma team activation) with subsequent

intensive or intermediate care. Patients who reached the hospital

frontiersin.org


https://doi.org/10.3389/fanes.2026.1740319

Schnabel et al.

with vital signs but died before admission to ICU were included
as well.

The infrastructure for documentation, data management, and
data analysis is provided by AUC - Academy for Trauma Surgery
(AUC - Akademie der Unfallchirurgie GmbH), a company
affiliated to the German Trauma Society. The scientific
leadership is provided by the Committee on Emergency
Medicine, Intensive Care and Trauma Management (Sektion
NIS) of the German Trauma Society. The participating hospitals
submit their data pseudonymized into a central database via a
web-based application. Scientific data analysis is approved
according to a peer review procedure laid down in the
publication guideline of TR-DGU.

The participating hospitals are primarily located in Germany
(90%), but a rising number of hospitals of other countries
contribute data as well (presently Austria, Belgium, Finland,
Luxembourg, Slovenia, Switzerland, The Netherlands, and the
United Arab Emirates). Currently, approx. 30,000 cases from
over 650 hospitals are entered into the database per year.
Participation in TR-DGU is voluntary. For hospitals associated
with TraumaNetzwerk DGU™, however, the entry of at least a
basic dataset is mandatory for reasons of quality assurance.

This study was conducted according to the publication
guideline of the TR-DGU and registered as project number ID
2014-021.

This retrospective analysis focused on registry data of patients
admitted in the years 2005 to 2009, as the documentation of height
and weight was included in the standard documentation only until
2009. During this period, BMI was available principally for
patients documented with the standard dataset, such that the
analyzed cohort represents a subset of the overall TR-DGU®
population. It is not possible to exclude systematic differences
with  and BMI
documentation. Consequently, when interpreting the external

between  patients without  complete
validity of our findings, it is important to consider that the
study reflects trauma and intensive care management practices
of the mid-2000s rather than contemporary care.

Patients were included if they met the following criteria:

o Age> 16 years

o Injury Severity Score (ISS) >9

o Admission to the ICU

o Documented with standard dataset

o Weight and height available for BMI

o Available information on the occurrence of organ failure
(respiratory, coagulation, liver, cardiovascular, central nervous
system, renal), multi-organ failure (MOF), and sepsis

The ISS threshold (>9) ensured the inclusion of at least
moderately injured patients or those with a serious isolated injury.

Based on BMI at hospital admission, patients were divided
into three categories:

o Group I (Underweight): BMI < 20 kg/m2 n=284 (4.9%)

o Group II (Normal weight and overweight): BMI 20.1-29.9 kg/
m? n=4,722 (81.9%)

« Group III (Obesity): BMI > 30 kg/m* n =760 (13.2%)
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Underweight  according to the WHO  classification
(BMI<18.5 kg/mz) was rare with just 100 cases (1.7%); as well
as morbid obesity (BMI > 35 kg/mz) with 225 patients (3.9%).
Therefore, the cut-off values for the present analysis were set at
BMI<20 and BMI>30. Utilizing the WHO
classification would thus have resulted in exceedingly diminutive
strata at the extremes, particularly within the matched cohort,

complete

thereby engendering constrained statistical potency and unstable
estimates. Consequently, three broader categories with adequate
sample size and clinical interpretability were pre-specified: a
low-BMI group (<20kg/m?), a reference group comprising
normal weight and overweight (20.1-29.9 kg/m?), and an obese
group (=30 kg/m? corresponding to at least WHO class
I obesity). The application of these categories enabled the
construction of a clinically intuitive gradient across BMI, while
circumventing the occurrence of sparse data problems within
the underweight and morbidly obese ranges.

From the original 5,766 eligible trauma cases, a matched
cohort of 768 patients was constructed using a 1:2:1 ratio (192
underweight, 384 normal and overweight, 192 obese). Patients
were matched according to the following criteria:

o Sex (male/female)

o Four age groups (16-30, 31-49, 50-69, >70 years)

o Serious injury (AIS severity > 3, or not) in the following four
body regions: head, thorax, abdomen, extremities

o Type of treatment (surgical/conservative)

The subgroup of polytrauma was defined as having a serious
injury in at least 2 body regions. This definition applied to
36.4% of the matched population (n=272). All analyses were
conducted in the total cohort and were repeated within this
subgroup. The imposition of exact matching on the predefined
categorical variables (sex, age groups, AIS >3 in four body
regions, and type of treatment) by the matching algorithm
resulted in the distribution of these variables becoming identical
BMI within  the
standardised measures

across  the groups matched cohort.

Consequently, of balance, such as
standardised mean differences, would inherently be equal to
zero for these variables by design. For the covariates that were
not part of the matching algorithm, baseline characteristics are
presented descriptively in Table 2, and potential residual
imbalances are addressed in the Discussion.

The demographic variables included age, sex, height, weight,
BMI, and American Society of Anaesthesiologists (ASA) score.
The data collected included all injuries (ISS, number of
diagnoses), the mechanism of injury (e.g., traffic accident, fall),
laboratory values [hemoglobin (Hb), thrombocytes, INR, base
excess (BE)], computed tomography (CT) imaging, intubation
surgery, ICU data
comprised admission lab values, presence and type of organ

timing, and volume/transfusion status.
failure, mechanical ventilation duration, and ICU length of stay.
The total hospital stay and mortality were recorded as outcomes.

Statistical analysis was performed using SPSS Version 29 (IBM
Inc., Armonk, NY, USA). Absolute and relative frequencies,
means, medians, and standard deviations were calculated. For

the purpose of group comparisons, a chi-squared test was
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applied for categorical data, and a one-way analysis of variance
(ANOVA) or Kruskal-Wallis test was applied for metric data,
depending on the distribution. In addition, a chi-squared test
for linear trend was applied for selected categorical data.
Statistical significance was considered if p<0.05. A formal a
priori sample size or power calculation was not performed
because this was a retrospective analysis of all eligible cases
available in the registry during the study period.

Where ordinal trends were observed across BMI categories
(e.g., linear increase or decrease), a linear trend test (p lin.) was
performed. In instances where non-linear distributions were
observed, a series of comparisons between BMI groups were
conducted to identify specific differences.

Given the matched 1:2:1 set design, the primary analytical
strategy was to compare outcomes across BMI strata within
matched sets rather than to fit additional high-dimensional
multivariable regression models. The number of events,
particularly in the underweight and obese groups and in the
polytrauma subgroup, supported  stable
estimates for models including a large number of covariates

would not have
without risking overfitting. The primary objective of the study
was therefore descriptive and comparative, with the aim of
characterizing patterns of organ failure, length of stay, and
mortality across BMI categories under closely matched injury
severity and treatment patterns, rather than developing fully
adjusted causal models.

The definition of organ failure was determined by the Sepsis-
related Organ Failure Assessment (SOFA) score, with a score >2
being sustained over a period of at least two days. MOF was
defined as the simultaneous failure of >2 or more organ systems
for a period of two days or more. Sepsis was identified by the
presence of Systemic Inflammatory Response Syndrome (SIRS)
criteria in combination with microbial confirmation.

3 Results
3.1 Demographic data

Unless stated otherwise, the ensuing results pertain to the
aggregate cohort of 5,766 ICU-admitted trauma patients. The
results of the matched cohort (n=768) are explicitly labelled
as such.

The mean age in the total cohort was found to be lowest in the
underweight group, at 35 years, and highest in the obese group, at
49 years. The demographic profile of the patient population is
characterized by a predominance of males, with a male
proportion of 76.4%.

The mean height was recorded as 176 cm, with no statistically
significant differences observed between BMI groups. Conversely,
there was a marked variation in body weight and BMI across the
groups. The mean body weight was found to be 80.2 kg overall,
with group-specific values of 55.0 kg (Group I), 77.6 kg (Group
II), and 105.2 kg (Group III). Consequently, the mean BMI was
25.8 kg/m® overall, and 18.7 kg/m? 24.9 kg/m* and 34.4 kg/m*
in Groups I, II, and III, respectively. The demographic data of
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the total cohort are presented in Table 1, and those of the
matched cohort in Table 2. Within the matched cohort (see
Table 2), the BMI groups were, by design, identical with respect
to the matching variables (age categories, sex, injury pattern,
and type of treatment), reflecting the exact matching procedure.

TABLE 1 Overview of the demographic data of the overall cohort.

Variables Underweight Normal Obese | Total
n =248 n=4,722 n=760

Height (cm) 171 (9) 177 (8) 175 (9) 176 (8)
Weight (kg) 55.0 (6.8) 77.6 (10.5) | 105.2 (17.0) | 80.2 (15.8)
BMI (kg/m?) 18.7 (1.2) 24.9 (2.4) 34.4 (4.9) | 25.8 (4.6)
Age (years) 35.0 (20.2) 432 (19.2) | 49.1 (16.9) | 43.6 (19.1)
Age 50+ years (%) 18.3 343 48.8 35.5
Male (%) 39.8 789 76.7 76.4
Female (%) 60.2 21.1 233 23.6

Continuous variables are presented as mean (standard deviation). Categorical variables are
presented as percentages.
Cm, centimeter; kg, kilogram; BMI, body mass index; m?, square meter.

TABLE 2 Overview of the demographic data of the matched sets.

Normal
n=384

Variables

Underweight
n=192

Height (cm) 172 (10) 174 (9) 173 (9)
Weight (kg) 55.8 (7.1) 745 (9.9) | 106.9 (18.4)
BMI (kg/m?) 18.7 (1.2) 245 (1.9) 35.7 (5.1)
Age (Years) 39.9 (22.3) 40.6 (20.6) | 40.5 (19.9)
“Age 50 + years (%) 27.1 27.1 27.1
“Male (%) 53.6 53.6 53.6
“Female (%) 46.4 46.4 46.4
Pre-existing disease (%) 37.0 28.9 41.1
Injury pattern (AIS 3+):
“Head (%) 38.0 38.0 38.0
*Thorax (%) 40.6 40.6 40.6
?Abdomen (%) 18.2 18.2 18.2
“Extremities (%) 49.0 49.0 40.0
1SS 21.1 (10.5) 230 (125) | 22.1 (11.1)
1SS 16+ (%) 63.5 69.3 69.3
“Surgery performed (%) 93.2 93.2 93.2
Invasive ventilation (%) 60.9 66.1 72.9
MOF (%) 19.3 21.1 28.6
Sepsis (%) 6.3 7.3 11.5
Hospital mortality (%) 52 5.7 10.4
Non-survivor N 10 22 20
Mean days to death 7.9 4.6 14.7
Survivor N 182 362 172
Days of invasive Ventilation” 1 (0-4) 1 (0-7) 2 (0-6)
mean 4.2 mean 5.8 mean 5.7
Days on ICU® 5 (2-13) 5.5 (3-14) 6 (2-14)
mean 9.1 mean 10.2 mean 11.4
Days in hospitalb 21 (13-37) 23 (14-37) 26 (15-41)
mean 26.0 mean 29.1 mean 31.4

Continuous variables are presented as mean (standard deviation). Categorical variables are
presented as percentages.

cm:, centimeter; kg, kilogram; BMI, body mass index; m?, square meter; ISS, Injury Severity
Score; AIS, abbreviated injury scale; MOF, multiple organ failure.

“Matching criteria.

"Survivor only.
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3.2 Injury pattern

In the total cohort, serious head injuries occurred in 44.8% of
patients, thoracic injuries in 50.0%, abdominal injuries in 19.4%,
and extremity injuries in 41.3% of patients. Surgical intervention
was necessary in 89% of cases.

The mean Injury Severity Score (ISS) was 24.3 (SD 12.4) in the total
cohort, with no significant difference between BMI groups (p = 0.143).

3.3 Pre-existing conditions

In the total cohort, 33.4% of patients had pre-existing
conditions, with significantly higher rates observed in the
underweight (32.9%) and obese (48.4%) groups compared to the
normal-weight group (30.7%). Subsequent pairwise analyses
revealed that the overweight group differed significantly from
both other groups, whereas no significant difference was found
between Group I and Group II (p =0.55).

3.4 Accident mechanism

Traffic accidents were the most prevalent cause of admission,
accounting for 66.3% of cases. The frequency of these incidents
increased in accordance with BMI, with 59.4% of cases occurring in
the underweight group, 66.0% in the normal-/overweight group, and
73.8% in the obese group. The mechanisms of accidents exhibited
variation according to BMI group: Patients with a BMI under 20 kg/
m? were more often injured as pedestrians, cyclists, or through falls
(low and high). Conversely, obese patients were predominantly
implicated in automobile accidents. All results on accident
mechanism are shown in Table 3. The mean rescue time from
accident to hospital arrival was 78.2 +41.9 min, with no significant
differences between groups in the total cohort. No significant group
differences were found in terms of pre-hospital shock symptoms or
the need for catecholamine administration.

3.5 Emergency room management
In the total cohort, 22.8% of patients were pre-hospital intubated,

with similar rates observed across BMI groups (Group I: 25.0%, II:
21.7%, III: 22.8%). Emergency room intubation was performed in

10.3389/fanes.2026.1740319

45.3% of all cases, more frequently in normal/overweight (48.2%) and
obese (47.3%) patients than in underweight patients (37.5%), though
the difference was not statistically significant. Furthermore, 33.0% of
patients were not intubated (Group I: 37.5%, II: 30.1%, III: 29.9%).

The utilization of whole-body CT revealed no substantial
discrepancy in the total cohort.

The mean number of diagnoses was 5.5+3.1 in the total
cohort with no statistical significance.

3.6 Emergency room admission laboratory

In the total cohort, no clinically relevant differences were
observed in the shock room admission laboratory values across
BMI groups. Although the Quick’s value demonstrated a
statistically significant difference (p=0.002), all other values
remained within the normal reference range (>70%) and lacked
clinical relevance. All results are presented in Table 4.

3.7 (multi-) organ failure

The study observed a failure of at least one organ system in
40.5% of patients, with a significant linear increase across BMI
categories (p=0.011, p lin. =0.005). The prevalence of multiple
organ failure was 26.3% overall, with a demonstrable trend
toward higher prevalence in obese patients. A number of
significant differences were identified, particularly in cases of
cardiovascular failure (p=0.001, p lin=0.002) and pulmonary
failure exhibited a linear trend (p lin.=0.019), both showing a
significant linear increase with rising BMI. The remaining
results are presented in Table 4. Figure 1 presents the
proportion of individual organ systems with (multi-) organ
failure in the total cohort.

3.8 Intensive care unit admission laboratory

In the total cohort, statistically significant differences were
observed in ICU admission laboratory values across BMI groups.
Hemoglobin, Quick and Base excess level showed significant
differences. However, these are likely attributable to the large
sample size, as all values remained within the reference range and
lacked clinical relevance. Full results are presented in Table 4.

TABLE 3 Detailed presentation of the various accident mechanisms in the overall cohort.

Underweight Normal p-value lin.

Car % 332 37.7 492 39.4 0.004 0.002
Motorcycle % 7.5 15.8 14.4 134 0.022 0.048
Bicycle % 8.0 5.3 43 5.7 0.267 0.12
Pedestrian % 10.7 7.2 59 7.8 0.189 0.082
Fall >3 m % 19.3 16.8 10.7 15.9 0.061 0.024
Fall < 3m % 13.4 8.8 8.0 9.8 0.151 0.082
Other % 8.0 8.3 7.5 8.0

Continuous variables are presented as mean (standard deviation). Categorical variables are presented as percentages.

lin., linear; m, meter.
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TABLE 4 Detailed presentation of the (multi-)organ failure, emergency room admission laboratory and intensive care admission laboratory in the

overall cohort.

Variables Underweight Normal Obese Total p-value P for trend
Organ failure % 31.0 40.9 42.1 40.5 0.003 0.012
MOF % 18.7 26.3 28.9 26.3 0.004 0.003
Cardiovascular failure % 19.7 28.3 324 28.4 <0.001 <0.001
Pulmonary failure % 15.8 22.3 26.1 22.5 0.002 <0.001
Liver failure % 2.8 3.5 4.2 3.5 0.46 0.22
CNS failure % 16.2 21.0 17.5 20.3 0.017 0.45
Coagulopathy % 6.0 8.1 7.6 7.9 0.43 0.69
Kidney failure % 4.6 3.9 7.4 4.4 <0.001 <0.001
Sepsis % 53 9.4 11.8 9.6 0.005 0.002
Hemoglobin (Hb) (g/dL) ER 11.3 11.8 12.1 11.8 <0.001

Thrombocytes (/nL) ER 213 205 215 206 0.002

Quick (%) ER 78 81 86 82 <0.001

BE (mmol/L) ER -2.9 -2.7 —2.7 =2.7 0.89

Hemoglobin (Hb) (g/dL) ICU 10.2 10.8 11.1 10.8 <0.001

Thrombocytes (/nL) ICU 171 166 176 167 0.005

Quick (%) ICU 73 78 83 79 <0.001

BE (mmol/L) ICU -19 -1.7 -19 -1.7 0.50

Continuous variables are presented as mean (standard deviation). Categorical variables are presented as percentages.

lin,, linear; m, meter; MOF, multiorgan failure; ER, emergency room; ICU, intensive care unit.

50
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p < 0.001
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FIGURE 1
Proportions of organ systems with single- or multi-organ failure in the total cohort by BMI category (underweight, normal, obese). Bars represent the
percentage of patients in each BMI category who experienced failure of the specified organ system; multi-organ failure (MOF) is defined as
simultaneous failure of >2 organ systems for at least two days. Overall p-values from omnibus chi-squared tests across BMI groups are shown
for each variable. BMI, body mass index; MOF, multiple organ failure; CNS, central nervous system.

[Z3 Underweight
=3 Normal
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3.9 Mortality

In the total cohort, mortality was lowest in normal/overweight
patients (7.1%) and highest in obese patients (9.5%), with

Frontiers in Anesthesiology

underweight at 8.0%. While the overall comparison was not

statistically significant, the linear trend was significant (p in. = 0.025),

indicating a continuous increase in mortality across BMI groups.
Early mortality (within 24 h) showed no significant differences.
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3.10. Outcome

In the overall cohort, obese patients exhibited the longest
durations of invasive ventilation, ICU stay, and hospitalization,
the
Differences were highly statistically significant for ventilation
(p <0.001), stay (p<0.001) ICU
(p<0.001). The complete range of outcomes is presented in

whereas underweight patients demonstrated shortest.

hospital and for stay
Table 5. The outcome variables for the survivors in the matched
sets are presented in Figure 2. Among patients who died during
their hospitalization, obese individuals also demonstrated
significant longer durations compared to underweight patients

(ventilation: p =0.014; ICU: p = 0.004; hospital stay: p =0.004).

3.11. Polytrauma subgroup of the matched
cohort

In the polytrauma subgroup of the matched cohort the injury
severity was markedly elevated (mean ISS=32.7), without
significant variation across BMI categories (p=0.294). Patients
with obesity were found to have a higher prevalence of

TABLE 5 Duration of treatment in survivors in the total cohort (n = 5,319).

10.3389/fanes.2026.1740319

comorbidities in comparison to those with a normal or
overweight BMI (37.7% vs. 26.1% in underweight and normal)
but the overall comparison was not significant (p =0.185).

The
tendency towards elevated mortality in obese patients (15.9% vs.
9.4% and 8.7%, p=0.291). The ICU stay was found to be not
significant prolonged in patients categorized as obese in

outcome analysis demonstrated a non-significant

comparison to those with a BMI classified as normal/overweight
(13 vs. 10 and 9 days; p=0.134). The hospital stay showed no
statistical difference (p = 0.969).

Pulmonary failure did not differ by BMI (p = 0.755) and MOF
(p=0.217),
cardiovascular failure was significantly more common in obese
patients (50.7%; p=0.017). Table 6 shows the complete data of
the polytrauma subgroup.

showed no significant difference whereas

4 Discussion

This study examined the impact of BMI on the outcomes of
intensive care for patients with trauma, utilizing data from the
TraumaRegister DGU®. A predefined subgroup analysis focused

Variables Underweight

n=261
Days of invasive ventilation 1 (0-4) 2 (0-10) 2 (0-12) <0.001
Days on the intensive care unit 5 (2-11) 7 (3-17) 8 (3-19) <0.001
Length of stay in hospital (days) 20 (12-32) 23 (14-36) 27 (15-43) <0.001

Data are given as median (interquartile ranges); Kruskal-Wallis test.
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FIGURE 2

intensive care unit.

Outcome Parameters

Outcome parameters among the survivors in the matched sets (invasive ventilation, ICU days, hospital days): duration of invasive ventilation, ICU
length of stay, and total hospital length of stay. Data are presented as medians with interquartile ranges (IQR). BMI, body mass index; ICU,

poset® doy®
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TABLE 6 Detailed data of the polytrauma subgroup from the matched cohort.

Variables Underweight

n=69
Age (years) 35.2 (17.5) 37.3 (17.5)
BMI (kg/mz) 18.8 (1.0) 24.3 (1.7)
Injury severity score 31.3 (8.9) 33.8 (12.2)
Comorbidities % 26.1 26.1
Ventilation (days) 5 (1-12) 3 (1-14)
ICU Stay (days) 10 (5-22) 9 (4-19)
Hospital Stay (days) 29 (15-44) 28 (16-49)
Pulmonary failure % 27.5 31.2
Cardiovascular failure % 37.7 304
MOF % 36.2 34.1
Mortality % 8.7 9.4

37.1 (16.6) 36.7 (17.2) 0.684
36.5 (5.3) 259 (7.1) —
32.1 (11.3) 32.7 (11.2) 0.294
37.7 29.0 0.185
6 (2-16) 5 (1-15) 0.219
13 (7-22) 11 (5-21) 0.134
28 (19-43) 28 (16-45) 0.969
33.3 30.8 0.755
50.7 37.3 0.017
46.4 37.7 0.217
15.9 10.9 0.291

Continuous variables are presented as mean (standard deviation). Categorical variables are presented as n (%).

on patients with polytrauma. The findings of the study indicate
that an increased BMI is associated with a higher incidence of
organ failure, as well as prolonged mechanical ventilation, ICU
stay, and total hospital stay. Furthermore, increasing BMI was
significant associated with higher mortality.

Contrary to the hypothesis posited by the so-called “obesity
paradox”, which suggests an increased likelihood of survival and
a protective effect for increased body weight in critically ill
patients, the findings of the present study do not provide
support for a survival benefit of higher BMI in severely injured
ICU patients. While previous studies - particularly in intensive
care settings - have reported a survival benefit in obese
individuals, potentially due to greater metabolic reserves stored
as increased fat tissue (9, 13, 31) or immunomodulatory effects
(13, 32, 33), this analysis offers opposing findings. The present
results are in alignment with those of recent studies that have
called into question the so-called “obesity paradox” and have
highlighted methodological biases such as selection effects and
inadequate adjustment for comorbidities (17, 28, 29, 34, 35). In
polytrauma patients, whose outcomes depend heavily on
stability, the
disadvantages of obesity may outweigh any potential benefits

respiratory and cardiovascular physiological
(36). The elevated prevalence of cardiovascular and pulmonary
organ failure and mortality in obese patients in this study
supports this hypothesis.

These observations corroborate earlier studies that obesity has
been associated with impaired respiratory mechanics, systemic
inflammation, and altered cardiovascular responses in critically
ill patients (17, 37). In the context of trauma care, these
pathophysiological translate
vulnerability to MOFs and a more complicated ICU stay (17).

changes may into a higher
Consequently, BMI should not be regarded in isolation but
should be considered alongside comorbidities, functional status,
and inflammatory profiles, since those factors may influence the
outcome as well (5-7). In view of the findings, which are not
consistent with a protective “obesity paradox” in this setting,
there is a need to re-evaluate the suggested beneficial effects of
excess body weight in trauma and intensive care. Contrary to
the assumption of a general survival advantage in obese patients,
the results of this study support a more nuanced perspective.

Frontiers in Anesthesiology

This perspective considers BMI as one of several interrelated
risk markers, alongside comorbidities, functional status, and
inflammatory profiles.

Previous studies are consistent with this research, indicating
that overweight and obese patients often require more intensive
and prolonged care in the ICU. Numerous studies have
documented a positive correlation between elevated BMI and
the duration of mechanical ventilation, as well as extended ICU
and hospital stays, particularly in trauma patients (38, 39).
Reduced
demonstrated to

lung compliance in obese patients has been

result in an increased susceptibility to
respiratory infections (38, 39). Furthermore, these patients have
also been shown to be more susceptible to urinary tract
(38) and

Consequently, these factors may contribute to prolonged ICU

infections impaired mobilization (20, 36).
stays in obese trauma patients (38). This phenomenon is further
exacerbated in polytraumatized patients (36). The prolonged
ventilation and ICU stays observed in the present cohort are
consistent with the mounting evidence suggesting that excess
body mass can adversely affect critical care trajectories (39).

This study suggests that excess weight may increase the risk of
in-hospital mortality. While early mortality (within 24 h) did not
demonstrate a significant difference between BMI categories, a
positive linear correlation was observed between BMI and
overall mortality. It is hypothesized that excess weight may have
a detrimental effect on outcomes during the subacute and
recovery phases. This may be attributable to complications such
as infection, immobility, or organ dysfunction (36). The
mortality rate among obese patients was found to be more than
double that of underweight individuals in this study. This
finding is consistent with the results of earlier studies, which
reported an obesity-related mortality rate that was 2.89 times
higher among critical care patients (40).
exhibited
ventilation times, ICU stays, and total hospital stays among

Conversely, underweight patients reduced

survivors, despite an of pre-existing
These imply
physiological recuperation, at least among survivors of the

elevated prevalence

conditions. observations  may enhanced
primary trauma. However, it must be acknowledged that

underweight patients have been shown in other studies to suffer
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from early mortality due to limited physiological reserves and
malnutrition (18, 21-24). In the present study, the early
mortality of underweight patients was not found to be
significantly higher than in the other groups, but this finding is
based on relatively small numbers and limited statistical power.
Moreover, shorter ICU and ventilation durations among
underweight survivors may be partly driven by survivor bias:
particularly frail underweight patients may die early and are
therefore not represented in the group of survivors with longer
ICU courses. Our analyses cannot disentangle whether the
observed shorter stays in survivors reflect genuine physiological
advantages in this subgroup or selective survival of the fittest
These findings should therefore be

interpreted as descriptive and hypothesis-generating rather than

underweight patients.

as evidence of a protective effect of underweight.

Consequently, alternative explanations for our findings
deserve consideration. Firstly, the observed associations may
have been influenced by residual confounding from
comorbidities, metabolic health, or frailty, which were not fully
captured in the registry. Secondly, survivorship bias may
influence comparisons across BMI groups. For example, if
particularly vulnerable obese or underweight patients die early
and are therefore underrepresented among survivors with
prolonged ICU courses, this may introduce a bias in the results.
The observational design of the study does not permit the full
these therefore the

associations observed should be interpreted with caution.

disentangling of mechanisms, and

The present study has been distinguished by its use of a
matched 1:2:1 set design. Such an approach has been identified
as an effective method of minimizing the impact of confounding
This
balanced

variables such as age, sex, and injury pattern.

methodological approach facilitated a

comparison between BMI groups. However, it is important to

more

acknowledge the limitations of the study. The retrospective
nature of the study, in conjunction with the reliance on registry
data,
concerning important covariates, including smoking status,

imposes constraints on the available information
physical activity levels, and precise body composition metrics.
Additionally, BMI does not account for differences in muscle
mass or fat distribution, which can significantly affect patient
outcomes. Moreover, there was a paucity of data regarding
frailty status, sarcopenia, nutritional indices, and detailed
metabolic comorbidities such as diabetes, dyslipidaemia, or non-
alcoholic fatty liver disease. These factors are closely related to
both BMI and outcome and may represent important sources of
unmeasured  or  incompletely measured  confounding.
Consequently, the observed associations between BMI, organ
failure, and mortality should be interpreted as adjusted only for
the variables included in the matching procedure. Therefore,
causal inferences regarding the independent effect of BMI are
not warranted.

Furthermore, the study period (2005-2009) preceded several
advances in trauma systems and critical care, including wider
implementation of damage-control resuscitation, refined
transfusion practices, and protocolized ICU management. These

developments may have resulted in a decline in the absolute
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risks of organ failure and mortality in more recent cohorts.
However, we consider it plausible that the qualitative pattern of
associations between BMI and outcome remains broadly
comparable, and our results should therefore be interpreted as
reflecting the relationship between BMI and intensive care
trajectories in the context of trauma care during that time
period. Consequently, it is recommended that future studies
consider the incorporation of alternative anthropometric
measures, such as waist-to-hip or waist-to-height ratios. This
would provide a more comprehensive assessment of obesity-
related risk and inflammatory status. This would improve risk
stratification and guide personalized intensive care interventions.

Despite the multicenter study design, the generalizability of
these results to other health systems and age groups is
questionable and requires further investigation. In addition, only
those TR-DGU® cases with documented height and weight
between 2005 and 2009 were eligible for inclusion. The resulting
cohort may therefore not be fully representative of the broader
and more contemporary TR-DGU® trauma population, in
which injury mechanisms, case mix, and ICU organization
may differ.

WHO cut-offs were not used in primary analyses due to sparse
strata at the extremes, particularly among underweight and
morbidly obese patients. This approach was deemed to be
unfeasible, as it would have resulted in unstable estimates.
Conversely, a more inclusive

approach was adopted,

encompassing a wider range of BMI categories to ensure
sufficient sample sizes within each group. It is recommended
that future work, or additional sensitivity analyses applying the
WHO categories, be conducted using larger or more recent
datasets. This will assist in further assessing the robustness of
these findings across alternative BMI definitions.

Finally, multivariable regression analyses were not
performed beyond the matching variables; therefore, residual
confounding by covariates not included in the matching
algorithm cannot be excluded. Furthermore, despite the fact
that our matching strategy led to a substantial reduction in
variations with regard to age, sex, injury pattern, and
treatment modality, it did not explicitly account for all
comorbidities or physiological risk factors. It is therefore
hypothesized that residual imbalances in comorbidity profiles
and other unmeasured baseline characteristics may still
influence mortality and organ failure outcomes across BMI
groups. Furthermore, the calculation of standardized mean
differences was not performed, the exact matching algorithm
ensured perfect balance of the predefined matching variables
BMI matched Residual
differences may persist for covariates that were not explicitly
included in the

acknowledged as potential sources of remaining confounding.

across groups in the cohort.

matching procedure, and these are

In view of the established correlation between elevated BMI
and adverse outcomes, including prolonged ICU stay, organ
failure, and increased mortality, it is recommended that obese
trauma patients be designated a high-risk category requiring
more intensive monitoring and individualized care. Early

respiratory support, infection prevention, mobilization strategies,
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and hemodynamic surveillance are all crucial areas in which
particular attention should be paid. Concomitantly, the findings
highlight the need to move beyond BMI as a sole determinant
of clinical assessments, emphasizing the integration of functional
and metabolic parameters into the triage and care planning
processes within the ICU. The introduction of BMI-adjusted
early warning scores and targeted respiratory and cardiovascular
support bundles for obese trauma patients may be a useful
addition to current clinical practice.

5 Conclusion

In conclusion, the present study demonstrates that an
increased BMI is associated with poorer outcomes in trauma
Patients with a BMI
categorized as obese have been observed to experience

patients requiring intensive care.

elevated rates of organ failure, prolonged ICU stays and
BMI
categorized as underweight may benefit from a reduced

increased mortality. Conversely, patients with a
duration of ICU treatment among survivors. Taken together,
these findings are not consistent with a protective “obesity
paradox” in the context of trauma care and underscore the
need for individualized ICU strategies that incorporate

functional and metabolic risk profiles.
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