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Abstract

Objective: Motorcyclists face a higher risk of severe morbidity and mortality
compared to automobile passengers. This study aimed to determine the
injury characteristics of motorcyclists according to their body mass in-
dex (BMI).

Methods: A retrospective observational cross-sectional study was con-
ducted using data from the Emergency Department-based Injury In-depth
Surveillance (EDIIS) registry. Motorcycle riders aged 18 or older who
were injured and admitted to study hospitals between 2019 and 2020 were
included. Patients were divided into three groups based on BMI cutoffs of
18.5 and 25 kg/m?: the low, optimal, and high BMI groups. The primary
outcome was anatomical injury location according to the abbreviated injury
scale. The secondary outcomes were the surgery and intensive care unit
admission rate, and the 48-h and 30-day in-hospital mortality. Multivariable
logistic regression analysis was performed to assess the impact of BMI on
outcomes.

Results: Among 1280 patients, the low and high BMI groups had higher risk
of abdominal injuries (AIS > 2) than the optimal BMI group, with adjusted
odds ratios of 2.82 (95% CIl 1.41-5.63) and 1.61 (95% CI 1.17-2.21),
respectively. Only the low BMI group had a significant association with
severe abdominal injury (AIS > 3), with an adjusted odds ratio of 3.11 (95%
Cl 1.31-7.39). No significant association was found between BMI and
surgery, ICU admission, or mortality.

Conclusion: The low BMI group was more likely to have an abdominal
injury (AIS score >2 or AIS score >3) during motorcycle injuries. BMI was
not associated with surgery, ICU admission, or mortality.
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1 | INTRODUCTION

Motorcycles are an important transport tool, with more
than 770 million motorcycles on the roads and 380,000
annual deaths worldwide." Motorcycle use as means of
transport is increasing because of convenience, fuel
efficiency, and easy maneuvering in congested areas.?
However, compared to automobile passengers, mo-
torcyclists are eight times more likely to be injured and
35 times more likely to die per vehicle mile.> Motorcy-
clists are extremely vulnerable and can suffer fatal in-
juries because they are exposed to the environment
during motor vehicle crash.?

Obesity is a major health problem worldwide that is
related to chronic metabolic disorders.> The medical
effects of obesity have been widely studied, and are
known to cause hypertension, diabetes mellitus, and
cardiac diseases.®° Furthermore, obesity causes
abdominal fat accumulation.” Considering the physics
of the injury mechanism, it is expected that obese pa-
tients are exposed to a higher risk of injury severity
because the energy associated with an impact is pro-
portional to the mass and the square of the velocity.®
However, the role of fat in the abdominal region is un-
clear from the perspective of injury.® In some studies,
obesity was associated with mortality, whereas other
studies reported no significant difference in mortality
between obese and non-obese patients.'®"® Further-
more, few studies have examined the effect of low body
mass index (BMI) on injuries in patients with motorcycle
injuries.

In this study, we aimed to determine the injury
characteristics and effects of BMI on motorcyclists. We
hypothesized that underweight motorcyclists would
have a higher injury severity scale (ISS) for the
abdomen due to less fat accumulation and experience
a higher surgery rate, intensive care unit (ICU) admis-
sion rate, and mortality.

2 | METHODS

21 | Study design and setting

This was a retrospective, multicenter, and cross-
sectional study using the Emergency Department-
based Injury In-depth Surveillance (EDIIS) database
in South Korea.

2.2 | Data source and collection

The EDIIS was developed based on the International
Classification of External Causes of Injuries proposed
by the World Health Organization (WHQO). This data-
base is funded by the Korea Centers for Disease
Control and Prevention (CDC). Since 2021, 24

hospitals located in urban or metropolitan areas have
been participating in EDIIS. The participating hospitals
were primarily academic teaching and tertiary hospitals.
Ten of the participating hospitals were Level 1 trauma
centers. Primary surveillance data were collected by
residents at the emergency departments (EDs) in each
hospital by checking the standardized EDIIS registry.
Most of the recorded information were supervised and
corrected by the emergency physicians and research
coordinators at each hospital. All research coordinators
reviewed the collected information and input the sur-
veillance data into a web-based database system of the
Korea CDC. The entered data were reviewed at
monthly quality-assurance (QA) meetings, and the QA
team provided regular feedback to maintain data
quality.™

The participating hospitals were divided into four
specific in-depth committees: eight hospitals in the
transport injury committee, five hospitals in the head/
spine injury committee, six hospitals in the suicide/
intoxication/fall committee, and six hospitals in the in-
fant/child committee. Each committee collected
assigned committee-oriented in-depth variables for
specific injury surveillance.

The database collects more than 200 variables,
including patient's demographics, injury-related infor-
mation, prehospital information, ED findings, diagnosis,
medical treatment at the ED, ED disposition, and hos-
pital outcomes after admission, if the patient was
admitted."

2.3 | Study population

All patients in eight hospitals participating as transport
injury committees from January 2019 to December
2020 were enrolled for the initial analysis. All adult
motorcyclists (>18 years of age) involved in motor
vehicle collisions were included. Motorcycle passen-
gers, prehospital or in-hospital cardiac arrest after
injury, death on arrival (DOA) at the ED, patients who
were discharged or transferred to another hospital in
the ED, unknown BMI, and unknown outcomes were
excluded.

2.4 | Exposure and outcome variables
The main exposure was BMI. BMI was defined as
the patient's body weight in kilograms divided by the
square of height in meters. BMI was divided into th-
ree groups: low BMI (BMI<18.5 kg/m?), optimal BMI
(18.5<BMI<25 kg/m?), and high BMI (BMI>25 kg/m?).
Multivariable logistic regression analysis was per-
formed to calculate the odds ratios (OR) with 95%
confidence intervals (Cls) to assess the impact of BMI
on outcomes.
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The following data were collected from the data-
base: patient factors (age, sex, season, injury to ED
visit time, ED visit method, ED visit time, weekend,
alcohol consumption, and past medical history), injury
characteristics (motorcycle collision object, road type,
motorcycle engine capacity, helmet use, protective
device, and collision pattern), and hospital information
[initial ED systolic blood pressure (SBP), heart rate
(HR), shock index (Sl), Glasgow coma scale (GCS),
injury severity score (ISS), trauma and injury severity
score (TRISS),'® and anatomical location of injury]. ED
S| was calculated by dividing the ED HR by the ED
SBP. According to convention, ISS from 1 to 8, 9—-15,
16-25, and >25 were described as minor, moderate,
severe, and very severe injuries, respectively.

The primary outcome was anatomical injury location
according to the abbreviated injury scale (AIS). The
secondary outcomes were the surgery and ICU
admission rate, and the 48-h and 30-day in-hospital
mortality. These outcomes were identified through a
review of the medical records.

2.5 | Statistical analysis

Patient demographic factors, injury characteristics,
hospital information, and outcomes were compared
according to the BMI group. Categorical variables were
described using counts and proportions and compared
using the Kruskal-Wallis test. Continuous variables
were described as mean and standard deviation (SD)
or median and interquartile range (IQR) using one-way
analysis of variance (ANOVA). A multivariable logistic
regression analysis was performed to test the associ-
ation between BMI groups and anatomical injury loca-
tion according to AIS by calculating the adjusted odds
ratios (AORs) with 95% Cls. The optimal BMI group
was used as the reference category for the analysis.
Potential confounders, such as age, sex, season,
daytime, alcohol use, motorcycle collision object, road
type, motorcycle engine capacity, helmet use, joint
protection device, collision pattern, injury to ED time,
past medical history, and S| were adjusted. All analyses
were performed using SAS version 9.4 (SAS© Cary).

3 | RESULTS

Of the 164,745 EDIIS patients in eight transport injury
committee hospitals, 1280 patients were finally
analyzed, excluding pediatric patients (N = 41,804),
injury mechanism other than traffic collisions
(N = 100,185), traffic collisions other than motorcycle
injury (N = 19,087), motorcycle pillion passengers
(N = 180), dead on arrival (DOA) or cardiopulmonary
resuscitation (CPR) at the time of ED arrival (N = 63),
discharged or transported to another hospital in the ED
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(N = 1963), unknown exposure (N = 173), and un-
known outcomes (N = 10) (Figure 1).

The numbers of patients with low, optimal, and high
BMI were 53 (4.1%), 721 (56.3%), and 506 (39.5%),
respectively. The proportions of males in each group
were 84.9%, 91.8%, and 95.7%, respectively.
(p < 0.01) The proportions of helmet use in the low,
optimal and high groups were 49.1%, 54.1%, and
62.5% (p = 0.01), respectively. Regarding the
anatomical location of injury, the proportion of AIS >2
for each group was 15.1%, 6.8%, and 9.5% (p = 0.04)
in the abdomen, and 20.8%, 17.5%, and 21.9%
(p = 0.05) in the lower extremities, respectively. There
was no significant difference in clinical outcomes ac-
cording to the BMI group (Table 1).

In multivariable logistic regression analysis for
anatomical location of injury, compared to optimal BMI
group, the AORs (95% ClIs) for abdomen injury with
AIS > 2 were 2.82 (1.41-5.63) and 1.61 (1.17-2.21) in
the low and high BMI group, respectively. The AORs
(95% Cls) for abdominal injury with AIS > 3 were 3.11
(1.31-7.39) and 1.26 (0.81-1.96) in the low and high
BMI group, respectively (Table 2).

In multivariable logistic regression analysis for sur-
gery, compared to optimal BMI group, the AORs (95%
Cls) were 0.73 (0.38-1.38) and 0.97 (0.74-1.27) in the
low and high BMI group, respectively. For ICU admis-
sion, compared to the optimal BMI group, the AORs
(95% Cls) were 1.89 (0.87—4.14) and 0.77 (0.56—1.06)
in the low and high BMI group, respectively. For 48-h
and 30-day in-hospital mortality, the AORs (95% Cls)
were 2.85 (0.81-10) and 2.86 (0.97-8.4) in the low BMI
group and 0.47 (0.18-1.26) and 0.75 (0.38—1.48) in the
high BMI group, respectively (Table 3).

4 | DISCUSSION

This study analyzed the injury characteristics of mo-
torcyclists according to BMI, and evaluated the asso-
ciation between BMI and injury location and clinical
outcomes using a multicenter ED-based injury in-depth
surveillance registry. BMI was divided into three gro-
ups: low (BMI<18.5 kg/m?), optimal (18.5<BMI<25 kg/
m?), and high (BMI>25 kg/m?). In the hospitalized pa-
tients from motorcycle injuries, both low and high BMI
groups had a higher likelihood of sustaining abdominal
injuries with an AIS score > 2. When considering se-
vere abdominal injuries with an AIS score > 3, only the
low BMI group had a significantly increased risk
compared to the optimal group, with no similar signifi-
cant association noted in the high BMI group. The
head and lower extremity with AIS > 2 or 3 showed no
significant difference in all BMI groups. For surgery,
ICU admission, and 2-day and 30-day in-hospital mor-
tality there was no statistical difference in all BMI
groups.
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FIGURE 1 Study flow charts.

Conventionally, the existence of a “cushion effect”
and “obesity paradox” has been proposed, suggesting
a potential protective effect of abdominal fat accumu-
lation in trauma.’”'® However, the impact of BMI on
trauma outcomes remains a subject of ongoing debate.
Some studies have reported a protective effect of
obesity against injury without affecting mortality, while
others have identified associations between obesity
and complications such as venous thromboembo-
lism."®"22 Before engaging in discussions concerning
the findings of previous studies, it is crucial to meticu-
lously examine the criteria employed to classify BMI.
The application of diverse criteria based on regional
and genetic variations, as well as the utilization of
varying cutoff values within those criteria driven by re-
searchers' intentions, can introduce ambiguity when
interpreting the influence of BMI. For instance, unlike
the WHO criteria for BMI in Caucasians, the BMI criteria
differ for Asian populations in the Western Pacific
Regional Office (WPRO).?*> In accordance with the
WPRO criteria, overweight is defined as a BMI ranging
from 23 kg/m? to 25 kg/m?. Conversely, in an Asian
study, the use of a cutoff value of 27.5 kg/m? to classify
underweight and healthy weight hinders comparability
and interpretation of findings with other studies."®
Consequently, to minimize disparities with previous
studies utilizing the WHO criteria for BMI (where over-
weight is defined as a BMI between 25 kg/m? and
30 kg/m?), we categorized BMI>25 kg/m? as

overweight. It should be noted that the limited sample
size in our study precluded separate classification of
the WHO-defined categories of overweight, obesity 1
(30 < BMI <35 kg/m?), 2 (35 < BMI <40 kg/m?), and 3
(BMI > 40 kg/m?), and therefore, we incorporated them
into the high BMI group.

It has been reported that underweight patients are
more prone to sustaining pneumothorax and femoral
fractures compared to healthy-weight patients in cases
of all trauma injuries.>* However, previous studies did
not specifically focus on motorcycle injuries, which
involve different mechanisms such as blunt and pene-
trating injuries. Previous research on motorcycle colli-
sion mechanisms has shown that abdominal injuries
primarily occur due to rider-handlebar or rider-fuel tank
collisions.?>2’

Abdominal injuries resulting from handlebar colli-
sions are caused by direct impact on the torso. Among
the torso injuries resulting from handlebar impacts, the
abdominal region may be relatively more susceptible to
organ damage, even at lower energy levels, compared
to the chest. The chest is anatomically structured to
better absorb shock and protect internal organs with
bony structure such as the ribcage, whereas the impact
of the injury is directly absorbed by the abdominal or-
gans, making them more vulnerable to injury.?®%” Fuel
tank injuries occur when a motorcycle abruptly stops,
creating high peak loads between the rider's pelvis or
abdomen and the motorcycle fuel tank. These injuries
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TABLE 2 Association between BMI groups and injury locations.
Injury location BMI group All N % Unadjusted OR (95% CI) Adjusted OR (95% CI) p-value
AIS > 2
Head Low 53 20 37.7 0.86 (0.48-1.52) 0.87 (0.47-1.6) 0.657
Optimal 721 299 415 1.00 1.00
High 506 177 35.0 0.76 (0.6-0.96) 0.87 (0.68-1.12) 0.280
Total 1280 496 38.8
Abdomen Low 53 14 26.4 2.31 (1.21-4.41) 2.82 (1.41-5.63) 0.003
Optimal 721 97 135 1.00 1.00
High 506 110 21.7 1.79 (1.32-2.41) 1.61 (1.17-2.21) 0.004
Total 1280 221 17.3
Lower extremity Low 53 21 39.6 1.21 (0.68-2.14) 1.04 (0.57-1.91) 0.888
Optimal 721 254 35.2 1.00 1.00
High 506 213 421 1.34 (1.06-1.69) 1.12 (0.87-1.43) 0.393
Total 1280 488 38.1
AIS >3
Head Low 53 12 22.6 0.69 (0.36-1.34) 0.66 (0.33-1.32) 0.242
Optimal 721 215 29.8 1.00 1.00
High 506 121 23.9 0.74 (0.57-0.96) 0.87 (0.66—1.15) 0.333
Total 1280 348 27.2
Abdomen Low 53 8 151 2.44 (1.09-5.46) 3.11 (1.31-7.39) 0.010
Optimal 721 49 6.8 1.00 1.00
High 506 48 9.5 1.44 (0.95-2.18) 1.26 (0.81-1.96) 0.298
Total 1280 105 8.2
Lower extremity Low 53 11 20.8 1.24 (0.62-2.47) 0.93 (0.45-1.95) 0.853
Optimal 721 126 17.5 1.00 1.00
High 506 111 21.9 1.33 (1~1.77) 1.1 (0.81-1.49) 0.536
Total 1280 248 19.4

Note: Adjusted for age, sex, alcohol, motorcycle collision object, road type, motorcycle engine capacity, helmet use, joint protection device, collision pattern,

season, and daytime.

Abbreviations: AlS: Abbreviated Injury Scale; BMI, Body Mass Index; Cl: Confidence Interval; OR, Odds Ratio.

are commonly associated with pelvic fractures or in-
juries to lower abdominal organs such as the bladder
and bowel. Abdominal organ injuries are often associ-
ated with lower impact injuries, while fractures occur in
cases of higher impact velocity at the time of the colli-
sion.?® The effectiveness of wearing a helmet in pre-
venting traumatic brain injury and reducing the severity
and mortality of motorcycle injuries is well known.?®
However, in the context of motorcycle traffic collisions,
there is currently limited emphasis on equipment or
technological advancements aimed at preventing in-
juries beyond head trauma. On the other hand, in order
to prevent injuries in car occupants involved in traffic
collisions, the utilization of seat belts and airbags is
highly recommended, and it is advised to use age and

weight-appropriate restraint systems for infant and
small children. Considering the severity of motorcycle
injuries, it is essential to conduct fundamental research
on protective devices and technological developments
to promote safe riding, in addition to helmet use. In this
study, the relationship between BMI and the occurrence
of abdominal injury (AIS score > 2) showed a U-shaped
pattern. If we speculate on the reasons for these results
in relation to the mechanism of abdominal injury, we
could explain it as follows: the reason why the optimal
BMI group had the lowest incidence of abdominal injury
(AIS >2) could be the combined effect of the protective
effect of abdominal fat accumulation and the negative
effect of increased impact energy from increased body
mass being the least in the optimal BMI group
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TABLE 3 Association between BMI groups and clinical outcomes.

Clinical outcomes BMI group All N %
Surgery Low 53 31 58.5
Optimal 721 447 62.0
High 506 335 66.2
Total 1280 813 63.5
ICU Low 53 33 62.3
Optimal 721 397 55.1
High 506 252 49.8
Total 1280 682 53.3
48-h mortality Low 53 4 7.5
Optimal 721 29 4.0
High 506 13 2.6
Total 1280 46 3.6
30-day mortality Low 53 6 11.3
Optimal 721 44 6.1
High 506 26 5.1
Total 1280 76 5.9

1

WILEY——
Unadjusted OR (95% CI) Adjusted OR (95% Cl) p-value
0.86 (0.49-1.52) 0.73 (0.38-1.38) 0.329
1.00 1.00
1.2 (0.95-1.52) 0.97 (0.74-1.27) 0.810
1.35 (0.76-2.39) 1.89 (0.87—4.14) 0.110
1.00 1.00
0.81 (0.65-1.02) 0.77 (0.56-1.06) 0.110
1.95 (0.66-5.76) 2.85 (0.81-10) 0.102
1.00 1.00
0.63 (0.32-1.22) 0.47 (0.18-1.26) 0.133
1.97 (0.8-4.85) 2.86 (0.97-8.4) 0.543
1.00 1.00
0.83 (0.51-1.37) 0.75 (0.38-1.48) 0.472

Note: Adjusted for age, sex, season, alcohol use, injury to ED time, daytime, past medical history, motorcycle collision object, road type, motorcycle engine

capacity, helmet use, joint protection device, collision pattern, and SI.
Abbreviations: Cl, Confidence interval ICU, Intensive Care Unit; OR, Odds ratio.

compared to the low and high BMI groups. On the other
hand, when analyzing only severe abdominal injuries
(AIS >3), it was found that the occurrence of injuries
significantly increased only in the low BMI group
compared with the optimal BMI group. These results
suggest that safety measures targeting the low BMI
group are particularly necessary for injuries caused by
high-energy level impacts that result in severe
abdominal injuries. Further research is required to
determine the relationship between abdominal fat
accumulation and impact energy according to changes
in body mass in motorcycle injuries.

In this study, clinical outcomes such as 48-h in-
hospital mortality, and 30-day in-hospital mortality
were not associated with BMI. Several possibilities can
be inferred from these findings. First, the limited sample
size of the study could be a contributing factor. The
observed trend toward an inverse correlation between
BMI groups and ICU admissions, 48-h mortality, and
30-day mortality, despite not reaching statistical signif-
icance, underscores this possibility. Second, the
involvement of various factors influencing the outcome
could be a reason. Previous studies have also shown
no association between BMI, injury severity, and mor-
tality in blunt trauma.?*2° Short term clinical outcomes
such as 48-h in-hospital mortality and ICU admission
are affected by injury severity and injury severity is
affected by the speed at the impact, protective devices,
and collision pattern. Long-term clinical outcomes such

as 30-day in-hospital mortality are affected by the level
of ICU care, surgery, and presence of complications.
The longer the term between the impact and outcomes,
the harder it is to identify the associations between risk
factors and outcomes. This might have caused no
significant difference in the clinical outcomes among
the BMI groups. Future research must focus on risk
factors and short-term outcomes, which are affected in
a timely manner by risk factors to properly identify
associations.

We excluded patients who died at the scene, DOA
in the ED, and CPR in the ED. There exists a potential
for selection bias due to the exclusion of early fatalities
from the study. Our study specifically excluded initial
fatalities from injury for the following reasons. First, the
diagnostic uncertainty regarding the existence of
abdominal injuries in these cases. In situations where
life-saving resuscitation efforts are obstructed by
comprehensive diagnostic procedures such as CT
scans, confirming specific intra-abdominal injuries be-
comes unattainable. Similarly, the acquisition of accu-
rate BMI data may be challenging. As such, our study
targeted hospitalized patients with both confirmed
abdominal injuries and available BMI information.
Therefore, the findings of this study, based solely on
motorcycle injury survivors, should be interpreted with
caution, considering the exclusion of initial fatalities.

The strength of this study is that we divided the AIS
anatomical regions into nine categories instead of six
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categories. In six categories that are used to calculate
injury severity score, lumbar spine injury is included in
abdominal injury due to anatomical location.*® How-
ever, in this study, to investigate the relationship be-
tween abdominal fat accumulation based on BMI and
abdominal organ injury, we defined abdominal injury as
pure abdominal organ injury, excluding lumbar injuries,
by classifying injury sites into nine categories of
anatomical AIS regions, in order to exclude the relative
energy resistance of the skeletal system, such as the
cervical, thoracic, and lumbar vertebrae.'® Another
point is that we classified BMI into low, optimal, and
high BMI groups. The low and high BMI groups
possess different pathophysiologies, bone densities,
and health behaviors. Grouping different populations
may have caused a selection bias in the statistical
analysis. Finally, this study included only motorcycle
injuries, excluding other types of injury mechanisms.
Even if the same motor vehicle crashes, automobiles,
motorcycles, and bicycles have different injury patho-
physiologies considering protective devices, impact
energy, and vehicle design. Different injury mecha-
nisms require different population selections and sta-
tistical analyses.

5 | LIMITATIONS

This study had several limitations. First, this was a
retrospective study with an inherent selection bias. The
database lacks crucial information on injury mecha-
nisms, such as motorcycle model, impact speed, and
cause of arrest or autopsy findings. Furthermore, the
database also does not collect patient information if the
patient is discharged from the emergency department
or transferred to another facilities. Second, the findings
of this study should be interpreted in consideration of
the sociocultural environment. In South Korea, the use
of motorcycles is markedly different from that in North
America or Europe. Rather than for leisure or
commuting, motorcycles are primarily used for work-
related purposes, such as delivering food and parcels.
This trend has been further accelerated by the COVID-
19 pandemic, which increased the demand for con-
tactless delivery services, leading to a noticeable rise in
motorcycle crashes in South Korea compared to other
countries.®'? Therefore, when interpreting the results
of this study, it is crucial to consider the unique context
of motorcycle use in South Korea. In addition, the BMI
standard is different in the Asian population than that in
the Western population. These genetic differences may
have influenced our results. Third, there was a hospital-
level difference in the participating hospitals. The dif-
ference in hospital level could have affected the hos-
pital treatment outcomes, such as ICU admission or
long-term mortality.

6 | CONCLUSION

Underweight motorcyclists experience more abdominal
injuries with AIS >3 than optimal-weight or overweight
motorcyclists. BMI was not associated with surgery,
ICU admission, 48-h in-hospital mortality, and 30-day
in-hospital mortality. Further research is required to
clarify the mechanisms underlying the differences in
abdominal injury occurrence in motorcyclists according
to their BMI. A new approach to prevention targeting
abdominal injuries in motorcycle injuries based on BMI,
especially in underweight drivers, is necessary.
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