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Bicycle-related hospitalizations at a
Taiwanese level I Trauma Center
Hang-Tsung Liu1†, Cheng-Shyuan Rau2†, Chi-Cheng Liang1, Shao-Chun Wu3, Shiun-Yuan Hsu1, Hsiao-Yun Hsieh1

and Ching-Hua Hsieh1*

Abstract

Background: This study aimed to investigate differences in injury severity and mortality between patients who met
with bicycle or motorcycle accidents and were hospitalized at a Level I trauma center in Taiwan.

Methods: We performed a retrospective analysis of bicycle-related injuries that have been reported in the Trauma
Registry System in order to identify and compare 699 bicyclists to 7,300 motorcyclists who were hospitalized for
treatment between January 1, 2009 and December 31, 2013. Statistical analyses of the injury severity, associated
complications, and length of stay in the hospital and intensive care unit (ICU) were performed to compare the risk of
injury of bicyclists to that of motorcyclists with the corresponding unadjusted odds ratios and 95 % confidence
intervals (CIs). Adjusted odds ratios (AORs) and 95 % CIs for mortality were calculated by controlling for confounding
variables that included age, and an Injury Severity Score (ISS) was calculated.

Results: More of the cyclists were under 19 years of age or over 70 than were the motorcyclists. In contrast, fewer
bicyclists than motorcyclists wore helmets, arrived at the emergency department between 11 p.m. and 7 a.m., and had
a positive blood alcohol concentration test. The bicyclists sustained significantly higher rates of injuries to the
extremities, while motorcyclists sustained significantly higher rates of injuries to the head and neck, face, and thorax.
Compared to motorcyclists, the bicyclists had significantly lower ISSs and New Injury Severity Scores, shorter length
hospital stays, and a smaller proportion of admittance into the ICU. However, the bicyclists had higher AORs for
in-hospital mortality (AOR: 1.2, 95 % CI: 1.16–1.20). In terms of critical injury severity (ISS ≥ 25), the bicyclists had 4.4
times (95 % CI: 1.95–9.82) the odds of mortality than motorcyclists with the same ISSs.

Conclusions: Data analysis indicated that the bicyclists had unique injury characteristics including bodily injury
patterns and lower ISSs, but had higher in-hospital mortality compared to motorcycle riders. In this study, given that
only 9 % of bicyclists reported wearing helmets and considering the high mortality associated with head injury, it is
possible that some bicycle riders underestimated the gravity of cycling accidents.

Keywords: Bicyclist, Motorcyclist, Helmet, Head injury, Injury severity score, Mortality, Trauma registry system

Background
Bicycles are a popular form of transport and recreation
worldwide. However, cyclists are likely to suffer more severe
consequences of road accidents than users of motorized ve-
hicles. Road accidents involving cyclists have widely varying
consequences, ranging from minor abrasions to fractures
and death. One nationally representative study found that

bicyclists had 2.3 times as many fatalities and 1.8 times as
many nonfatal injuries as motor vehicle occupants per 100
million person-trips [1]. It is estimated that for every two
million trips, 600 injuries will occur and one bicyclist will
die in a crash [2]. Approximately a third of the injured cy-
clists required hospitalization [3, 4]. In the United States,
there were more than 25,000 bicycling-related hospitaliza-
tions annually between 2002 and 2009 [5]. These hospitali-
zations accounted for a national estimate of one billion
dollars in total hospital charges per year [5].
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To improve the safety of cyclists, multiple governing
bodies have been involved in planning bicycle-friendly
urban spaces, designing traffic management solutions at in-
tersections and bicycle roundabouts, and maintaining cycle
paths [6]. The investment in infrastructure development
significantly improved the safety of cyclists and lead to a
steady decrease in the number of bicycle fatalities and road
fatalities in general [6]. However, because of the growing
popularity of bicycle transportation and the rising number
of cyclists, a high incidence of bicycle-related injuries is still
observed [2]. The identification of high-risk injury patterns
and a greater understanding of major trauma epidemiology
are vital in order to maximize the provision of services and
the quality of care delivered [7, 8]. In addition, compared
to the many studies that have focused on accident and in-
jury rates, relatively few studies have focused on cyclist in-
jury severity. It was previously reported that the median
Injury Severity Score (ISS) was four (range 1–41) for indi-
viduals with bicycle-related injuries who required
hospitalization in the United Arab Emirates [9]. At one
university hospital in Japan, the average ISS was 23.9 for
115 bicyclists who died as a consequence of traffic acci-
dents [10]. When speeding was involved in bicycle-motor
vehicle collisions, the probability of a fatal injury increased
by 300 % [11]. Given that most bicycle accidents occur on
relatively crowded streets in Asian cities, bicycle-related
injuries occur at relatively low velocities, similar to most
motorcycle-related injuries, which represent a major pro-
portion of traffic accident-related hospital admissions in
South Taiwan [12]. Therefore, the aim of this study was to
investigate differences in injury severity and mortality
between patients who sustained bicycle or motorcycle acci-
dents and were hospitalized at a Level I trauma center in
Taiwan using data from a population-based trauma
registry.

Methods
Ethics statement
This study was pre-approved by the Institutional Review
Board (IRB) of the hospital (approval number 103-
4599B). Informed consent was waived according to IRB
regulations.

Study design
Data
In this retrospective study, all data added to the
Trauma Registry System of a 2,400-bed Level I regional
trauma center, which provided care to trauma patients
who were primarily from South Taiwan, were reviewed.
Cases involving hospitalization for trauma sustained in
motorcycle accidents between January 1, 2009 and
December 31, 2013 were selected. Among the 16,548
hospitalized and registered patients who were entered
into the database, 669 (4.0 %) were bicyclists (which

included 657 bicyclists and 12 moped riders and
accounted for the legal speed limit of < 25 km/h in
Taiwan) and 7,300 (44.1 %) were motorcyclists (which
included motorcycle, motorized tricycle, and all-terrain
vehicle riders).

Study variables
Detailed patient information was obtained from our in-
stitutional Trauma Registry System, which included pa-
tient age, sex, arrival time, mode of transportation, vital
signs upon admission, collision manner, and helmet
use. A blood alcohol concentration (BAC) of 50 mg/dL,
the legal limit for drivers in Taiwan, was defined as the
threshold. Other data collected included the first emer-
gency department Glasgow Coma Scale (GCS) assess-
ment, details of the emergency procedures performed
(i.e. cardiopulmonary resuscitation, intubation, chest
tube insertion, and blood transfusion), an Abbreviated
Injury Scale (AIS) for each body region, the Injury Se-
verity Score (ISS), New Injury Severity Score (NISS),
Trauma Injury Severity Score (TRISS), length of hos-
pital stay (LOS), LOS in the intensive care unit (ICU),
in-hospital mortality, and associated complications.
Stratified ISS data were compared to identify differ-
ences in injury severity using clinically relevant ISS cut-
offs: ≥ 16 for severe and ≥ 25 for critical injuries. In our
study, the primary outcome was injury severity as mea-
sured by various scoring systems (GCS, AIS, ISS, NISS,
and TRISS) and in-hospital mortality. The secondary
outcomes were the associated complications, and
hospital and ICU LOS.

Exploratory analysis
The data collected were analyzed using the SPSS v.20
statistical software (IBM, Armonk, NY). Chi-square tests
were used to determine the significance of associations
between the predictor and outcome variables among the
categorical variables. Student t-tests were used evaluate
the significance of associations between the predictor
and outcome variables among the continuous variables.
Univariate logistic regression analyses were initially per-
formed to identify the significant predictor variables of
the injury or mortality risk of bicyclists. The correspond-
ing unadjusted odds ratios (ORs) with 95 % confidence
intervals (CIs) for each variable were obtained.

Regression analysis
The adjusted odds ratios (AORs) and 95 % CIs for mor-
tality were estimated through stepwise model selection
of a multiple regression model that was adjusted by con-
trolling the cofounding variables of age and ISS. All of
the results are presented as the mean ± standard error. A
p-value < 0.05 was considered statistically significant.
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Results
Patient characteristics
As shown in Table 1, the mean patient ages were 50.7 ±
24.8 and 42.3 ± 19.0 years in the bicyclist and motorcyclist
groups, respectively. Among the bicyclists, a greater num-
ber of patients were aged 0–9, 10–19, 70–79, 80–89, and
≥90 years, and fewer patients were aged 20–29, 30–39,

and 40–49 years. More of the bicyclists than motorcyclists
were children, teenagers, or elderly. No statistically signifi-
cant difference regarding sex was identified between bicy-
clists and motorcyclists. The helmet-wearing status was
recorded as 99.6 % and 97.7 % for bicyclists and motorcy-
clists, respectively; however, at the time of injury, signifi-
cantly fewer bicyclists were wearing helmets than
motorcyclists (9.0 % vs. 84.7 %, respectively; p < 0.001).
Most of the bicyclists and motorcyclists arrived at the
emergency department between 7 a.m. and 5 p.m., while
more of the motorcyclists arrived between 11 p.m. and
7 a.m. (p < 0.001). In comparison to motorcyclists, more
injured bicyclists were transported to the hospital in a pri-
vate vehicle (OR: 2.2, 95 % CI: 1.85–2.64; p < 0.001) and
less injured bicyclists were transported by emergency med-
ical services (OR: 0.6, 95 % CI: 0.48–0.67; p < 0.001). More
bicycle accidents occurred as a result of riders losing con-
trol (including sliding and turn-over), while more motor-
cycle accidents involved collisions with cars, buses, trucks,
or obstacles (such as a wall, tree, pillar, or pedestrian). A
positive BAC test result was less frequent among bicyclists
than among motorcyclists (4.2 % vs. 9.6 %, respectively;
p < 0.001).
We found a significant difference in the GCS between

bicyclists and motorcyclists (14.3 ± 2.2 vs. 14.2 ± 2.5, re-
spectively; p = 0.045) (Table 2), as well as in the distribu-
tion of scores among patients with a GCS ≥ 13. However,
the difference in GCS between bicyclists and motorcy-
clists was less than one point. In contrast, there was no
difference in the proportion of patients with a GCS of
either ≤ 8 or 9–12 between bicyclists and motorcyclists.
Our analysis of the AIS scores revealed that bicyclists
sustained significantly higher rates of injury to the ex-
tremities, while motorcyclists sustained significantly
higher rates of injury to the head or neck, face, and
thorax. The comparison of injury scores between the
bicyclists and motorcyclists indicated significant differ-
ences in the ISS (8.7 ± 7.1 vs. 9.6 ± 7.7, respectively;
p < 0.001). When stratified by injury severity (ISS < 16,
16–24, or ≥ 25), more bicyclists had an ISS of less than
16 compared to motorcyclists (86.7 % vs. 82.0 %, re-
spectively; p = 0.002), while more motorcyclists had an
ISS of 16–24, compared to bicyclists (12.5 % vs. 9.4 %,
respectively; p = 0.021). There was no significant differ-
ence in these two groups of patients with an ISS of ≥ 25.
We also found significant differences between bicyclists
and motorcyclists regarding the NISS (10.1 ± 9.1 vs.
11.2 ± 9.3, respectively; p < 0.001), TRISS (0.949 ± 0.137
vs. 0.960 ± 0.112, respectively; p = 0.033), and in-hospital
mortality rates (2.8 % vs. 1.7 %, respectively; p = 0.030).
Among patients with critical injuries (ISS ≥ 25), bicyclists
had a higher OR (OR: 4.4, 95 % CI: 1.95–9.82; p < 0.001)
of mortality than motorcyclists. However, no difference
was found between the injured cyclists and motorcyclists

Table 1 Demographics of bicyclists hospitalized due to trauma

Variables Bicycle Motor Odds ratio p

n = 669 n = 7300 (95 % CI)

Age 50.7±24.8 42.3±19.0 - <0.001

Age category

0-9years 40(6.0) 75(1.0) 6.1(4.14-9.07) <0.001

10-19years 106(15.8) 823(11.3) 1.5(1.19-1.85) <0.001

20-29 years 16(2.4) 1575(21.6) 0.1(0.05-0.15) <0.001

30-39 years 32(4.8) 947(13.0) 0.3(0.24-0.48) <0.001

40-49 years 65(9.7) 1015(13.9) 0.7(0.51-0.87) 0.002

50-59 years 108(16.1) 1268(17.4) 0.9(0.74-1.14) 0.422

60-69 years 107(16.0) 980(13.4) 1.2(0.99-1.53) 0.064

70-79yeas 135(20.2) 503(6.9) 3.4(2.77-4.21) <0.001

80-89years 56(8.4) 106(1.5) 6.2(4.44-8.66) <0.001

≧90 years 4(0.6) 8(0.1) 5.5(1.65-18.26) 0.002

Gender 0.141

Male 410(61.3) 4260(58.4) 1.1(0.96-1.33) –

Female 259(38.7) 3040(41.6) 0.9(0.75-1.04) –

Helmet

Yes 60(9.0) 6185(84.7) 0.02(0.01-0.02) <0.001

No 606(90.6) 946(13.0) 64.6(49.41-84.49) <0.001

Unknown 3(0.4) 169(2.3) 0.2(0.06-0.60) 0.001

Time

7:00–17:00 194(29.0) 2145(29.4) 1.0(0.82-1.17) 0.834

17:00–23:00 383(57.2) 3909(53.5) 1.2(0.99-1.36) 0.066

23:00–7:00 92(13.8) 1239(17.0) 0.8(0.62-0.98) 0.033

Unknown 0(0.0) 7(0.1) - 0.423

Transportation

Private vehicle 202(30.2) 1195(16.4) 2.2(1.85-2.64) <0.001

EMS 235(35.1) 3575(49.0) 0.6(0.48-0.67) <0.001

Transferred 232(34.7) 2530(34.7) 1.0(0.85-1.18) 0.991

Mechanism, hit with

Bicycle 11(1.6) 75(1.0) 1.6(0.85-3.05) 0.139

Motorcycle 144(21.5) 1663(22.8) 0.9(0.77-1.13) 0.458

Car 89(13.3) 2346(32.1) 0.3(0.26-0.41) <0.001

Bus or Truck 11(1.6) 372(5.1) 0.3(0.17-0.57) <0.001

Out of control 387(57.8) 2105(28.8) 3.4(2.88-3.98) <0.001

Obstacle 27(4.0) 739(10.1) 0.4(0.25-0.55) <0.001

BAC > 50 mg/dL, n(%) 28(4.2) 700(9.6) 0.4(0.28-0.61) <0.001
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with ISSs of < 16 and from 16 to 24. After adjusting for
age and ISS, we found that bicyclists had a significantly
higher AOR for patient mortality than did motorcyclists
(AOR: 1.2, 95 % CI: 1.16–1.20; p < 0.001), indicating that
the differences in injury severity between bicyclists and
motorcyclists were not entirely responsible for their dis-
tinct mortality rates.
The findings regarding the types of injuries associated

with bicycle accidents are shown in Table 3. Bicyclists
had a higher OR for sustained humeral fracture
(OR: 2.2, 95 % CI: 1.65–2.80; p < 0.001) as well as radial
(OR: 1.4, 95 % CI: 1.15–1.83; p = 0.002), ulnar (OR: 1.7,
95 % CI: 1.25–2.25; p = 0.001), and femoral fractures
(OR: 1.6, 95 % CI: 1.32–2.02; p < 0.001). However, com-
pared to motorcyclists, bicyclists had a significantly
lower percentage of cranial, orbital, maxillary, mandibu-
lar, rib, clavicle, metacarpal, pelvic, tibial, and metatarsal
fractures, as well as epidural hemorrhage, subarachnoid
hemorrhage (SAH), hemothorax, hepatic injury, and
splenic injury. A significantly shorter hospital LOS was
found for bicyclists compared to motorcyclists (7.8 days
vs. 9.8 days, respectively; p = 0.001) (Table 4). Moreover,
a significantly smaller proportion of bicyclists than

motorcyclists was admitted to the ICU (15.7 % vs.
19.1 %, respectively; p = 0.033). No differences were
noted in the proportion of bicyclists and motorcyclists
who were admitted into the ICU, or in the LOS in the
ICU after the stratification into either group based on
injury severity (ISS of < 16, 16–24, or ≥ 25).
The major injuries associated with mortality are listed

in Table 5, and the data revealed that the bicyclists were
significantly older (50.7 ± 24.8 and 42.3 ± 19.0 years, re-
spectively; p = 0.001) and were more likely to ride with-
out a helmet (89.5 % vs. 26.8 %, respectively; p = 0.001).
There was no significant difference between the bicy-
clists and motorcyclists in terms of the collision mecha-
nisms of accidents responsible for mortality. Of the 19
bicyclists and 123 motorcyclists who died, the bicyclists
did not have higher odds for major injuries than the mo-
torcyclists; however, they did have greater odds for sus-
taining SAH (OR: 2.8, 95 % CI: 1.00–7.76; p = 0.046).

Discussion
Age distribution and injury region of the bicyclists
It was previously reported that older bicyclists were at a
significantly higher risk for sustaining fractures to the
upper extremities [13]. In addition, thoracic and abdom-
inal injuries were rare among younger cyclists, except
for in cases of isolated ruptures of the spleen or liver by
bicycle handlebars [14]. In a study of 12,429 hospital
admissions that resulted from bicycle-related injuries
involving motor vehicles, three out of every 100 patients
presented with a splenic injury, and two out of every 100
patients sustained a liver injury [13]. The analysis of AIS
scores in this study revealed that bicyclists sustained sig-
nificantly higher rates of injuries to the extremities,
while motorcyclists sustained significantly higher rates
of injuries to the head or neck, face, and thorax. Bicy-
clists had a higher OR for sustained humeral fracture
(OR: 2.2, 95 % CI: 1.65–2.80), radial fracture (OR: 1.4,
95 % CI: 1.15–1.83), ulnar fracture (OR: 1.7, 95 % CI:
1.25–2.25), and femoral fracture (OR: 1.6, 95 % CI:
1.32–2.02) than motorcyclists. In contrast, the ORs of
hepatic injury (OR: 0.4, 95 % CI: 0.23–0.88) and splenic
injury (OR: 0.3, 95 % CI: 0.09–0.86) were significantly
lower for bicyclists than for motorcyclists. In the present
study, more cyclists were under 19 years of age or over
70 compared to motorcyclists. Cyclists who were greater
than 60 years of age accounted for 45.2 % of all injured
cyclists. In contrast, 21.9 % of all injured motorcyclists
were > 60 years of age. In Taiwan, the rate of hip fracture
is among the highest in the world, and the age-specific
incidence rate of hip fracture has been found to increase
exponentially with age for both sexes, after the age of 65
[15]. The larger number of elderly patients may, in part,
explain the higher odds of extremity fractures for injured
cyclists than that for motorcyclists.

Table 2 Injury severity and mortality of bicyclists hospitalized
due to trauma

Variables Bicycle Motor Odds ratio p

n = 669 n = 7300 (95 % CI)

GCS 14.3±2.2 14.2±2.5 - 0.045

n (%)

≤ 8 30(4.5) 435(6.0) 0.7(0.51-1.08) 0.119

9-12 23(3.4) 324(4.4) 0.8(0.50-1.18) 0.225

≥ 13 616(92.1) 6541(89.6) 1.3(1.01-1.80) 0.043

AIS, n (%)

Head/Neck 189(28.3) 2411(33.0) 0.8(0.67-0.95) 0.012

Face 96(14.3) 1834(25.1) 0.5(0.40-0.62) <0.001

Thorax 60(9.0) 1212(16.6) 0.5(0.38-0.65) <0.001

Abdomen 31(4.6) 577(7.9) 0.6(0.39-0.82) 0.002

Extremity 492(73.5) 5274(72.2) 1.1(0.89-1.28) 0.473

ISS 8.7±7.1 9.6±7.7 - <0.001

>16 580(86.7) 5986(82.0) 1.4(1.14-1.80) 0.002

16-24 63(9.4) 910(12.5) 0.7(0.56-0.96) 0.021

≧25 26(3.9) 404(5.5) 0.7(0.46-1.03) 0.071

NISS 10.1±9.1 11.2±9.3 - <0.001

TRISS 0.949±0.137 0.960±0.112 - 0.033

Mortality, n (%) 19(2.8) 123(1.7) 1.7(1.05-2.78) 0.031

>16, n 2 9 2.3(0.50-10.67) 0.274

16-24, n 3 29 1.5(0.45-5.13) 0.498

≧25, n 14 85 4.4(1.95-9.82) <0.001

AOR 1.2(1.16-1.20) <0.001
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Table 3 Associated injuries of bicyclists hospitalized due to trauma

Variables Bicycle Motor Odds ratio p

n = 669 n = 7300 (95 % CI)

Head/Neck trauma, n(%)

Neurologic deficit 3(0.4) 66(0.9) 0.5(0.16-1.58) 0.223

Cranial fracture 36(5.4) 616(8.4) 0.6(0.44-0.87) 0.006

Epidural hematoma (EDH) 22(3.3) 382(5.2) 0.6(0.40-0.95) 0.028

Subdural hematoma (SDH) 65(9.7) 763(10.5) 0.9(0.71-1.20) 0.550

Subarachnoid hemorrhage (SAH) 63(9.4) 885(12.1) 0.8(0.58-0.99) 0.039

Intracerebral hematoma (ICH) 16(2.4) 182(2.5) 1.0(0.57-1.61) 0.872

Cerebral contusion 42(6.3) 441(6.0) 1.0(0.75-1.45) 0.806

Cervical vertebral fracture 9(1.3) 65(0.9) 1.5(0.75-3.06) 0.240

Maxillofacial trauma, n(%)

Orbital fracture 6(0.9) 206(2.8) 0.3(0.14-0.70) 0.003

Maxillary fracture 29(4.3) 715(9.8) 0.4(0.29-0.61) <0.001

Mandibular fracture 12(1.8) 269(3.7) 0.5(0.27-0.86) 0.011

Nasal fracture 5(0.7) 110(1.5) 0.5(0.20-1.21) 0.115

Rib fracture 41(6.1) 863(11.8) 0.5(0.35-0.67) <0.001

Sternal fracture 0(0.0) 15(0.2) - 0.241

Hemothorax 7(1.0) 159(2.2) 0.5(0.22-1.01) 0.050

Pneumothorax 8(1.2) 166(2.3) 0.5(0.26-1.06) 0.068

Hemopneumothorax 9(1.3) 129(1.8) 0.8(0.38-1.50) 0.423

Lung contusion 6(0.9) 119(1.6) 0.5(0.24-1.25) 0.144

Thoracic vertebral fracture 2(0.3) 54(0.7) 0.4(0.10-1.65) 0.191

Abdominal trauma, n(%)

Intra-abdominal injury 7(1.0) 134(1.8) 0.6(0.26-1.21) 0.138

Hepatic injury 9(1.3) 216(3.0) 0.4(0.23-0.88) 0.016

Splenic injury 3(0.4) 119(1.6) 0.3(0.09-0.86) 0.017

Retroperitoneal injury 1(0.1) 15(0.2) 0.7(0.10-5.51) 0.757

Renal injury 4(0.6) 52(0.7) 0.8(0.30-2.33) 0.735

Urinary bladder injury 0(0.0) 18(0.2) - 0.199

Lumbar vertebral fracture 5(0.7) 86(1.2) 0.6(0.26-1.56) 0.316

Sacral vertebral fracture 1(0.1) 45(0.6) 0.2(0.03-1.75) 0.127

Scrotum injury 0(0.0) 15(0.2) - 0.241

Extremity trauma, n(%)

Scapular fracture 12(1.8) 173(2.4) 0.8(0.42-1.36) 0.344

Clavicle fracture 50(7.5) 945(12.9) 0.5(0.40-0.73) <0.001

Humeral fracture 73(10.9) 393(5.4) 2.2(1.65-2.80) <0.001

Radial fracture 94(14.1) 740(10.1) 1.4(1.15-1.83) 0.002

Ulnar fracture 55(8.2) 370(5.1) 1.7(1.25-2.25) 0.001

Metacarpal fracture 7(1.0) 266(3.6) 0.3(0.13-0.60) <0.001

Pelvic fracture 10(1.5) 275(3.8) 0.4(0.21-0.73) 0.002

Femoral fracture 113(16.9) 809(11.1) 1.6(1.32-2.02) <0.001
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The incidence pattern of bicycle accidents
Prior studies have shown that motor vehicle collisions
with cyclists have resulted in an increase in the overall
severity of injury [16] and a 4.6-fold increase in the odds
of serious injury [17] compared to non-collisions. Heavy
vehicles such as trucks (to a large extent) and buses (to
a lesser extent) have been associated with higher cyclist
injury severity [17]. A recent study of trauma hospitali-
zations revealed that bicycle crashes involving motor ve-
hicles resulted in a 10-fold greater risk of death in
hospital for adults (95 % CI: 1.8–34.3) and a eight-fold
greater risk for children under 17 years of age (95 % CI:
1.2–85.3) [18]. In this study, loss of control was the main
cause of bicycle injuries and accounted for 57.8 % of all
patients with bicycle-related injuries. Collision with a
motorcycle (21.5 %) was the second most common cause
of injury. While 1.6 % of accidents involved buses or
trucks, an additional 13.3 % of accidents involved cars.
The incidence of bicycle accidents involving motor ve-
hicle collisions was markedly lower than in prior reports,
potentially reflecting a distinct epidemiology of bicycle
accidents in a relatively crowded city and resulting in bi-
cyclists who presented with differences in injury severity.

Head injury of the bicyclists
The main cause of death and moderate disability after
bicycle-related incidents was head injury [19, 20]. The
overall incidence of head injury was 28.3 %, starting at
29.9 % in the pediatric group and increasing to 38.6 % in
the elderly population [13]. Furthermore, the nature of the

intracranial injuries differed significantly between the vari-
ous age groups. Although the incidence of epidural hema-
tomas was similar across age strata, the incidence of other
intracranial injuries such as subdural hematoma and SAH
was found to increase proportionally with age [13]. In this
study, head or neck injury was noted in 189 of 669
(28.3 %) bicyclists who were admitted to the hospital, a re-
sult that is comparable to a study in which approximately
a third of the 1,859 patients who were hospitalized with
bicycle-related injured had one or more head injuries [3].
In this study, the bicyclists who suffered fatal injuries were
significantly older and neglected to wear a helmet than
those motorcyclists. Notably, among the fatal cases, al-
though bicyclists had a significantly lower percentage of
SAH than motorcyclists, they had greater odds for sus-
taining SAH.

Helmet use and the mortality of the bicyclists
Among the various preventive measures, wearing a
helmet in particular has been shown to protect against
head injuries in both groups of riders [21, 22]. The
odds of sustaining a head injury increased 1.98–3.89
times for cyclists who did not wear a helmet [3]. In
addition, compared to cyclists who did not wear hel-
mets, helmeted cyclists were less likely to sustain ser-
ious bodily injuries other than to the head, less likely
to disobey a traffic light, less likely to have a BAC over
0.05 mg/dL, and more likely to be riding during the
day [3]. A case-controlled study demonstrated that
wearing a helmet reduced the risk of head injury by
63 % and the risk of loss of consciousness by 86 %
among children [23]. Moreover, the average number of
deaths per year decreased by 52 % after the institution
of a mandatory helmet law [24]. The present study re-
vealed a very low rate (9 %) of helmet use among South
Taiwanese cyclists in comparison to cyclists in
Germany (12 %–15 %) [25, 26], Finland (13 %) [4],
Canada (50 %) [27], the United States (54 %) [28], and
the state of Victoria in Australia (75.4 %) [3], which in
1990 became one of the first regions worldwide to
introduce mandatory helmet legislation for cyclists on
public roadways. In Taiwan, helmet use is not
mandatory and is only required for competitive cy-
clists. Although the Taiwanese Government has
invested in infrastructure and has conducted health
programs to promote bicycle safety, there are no

Table 3 Associated injuries of bicyclists hospitalized due to trauma (Continued)

Patella fracture 14(2.1) 207(2.8) 0.7(0.42-1.27) 0.263

Tibia fracture 44(6.6) 778(10.7) 0.6(0.43-0.81) 0.001

Fibular fracture 27(4.0) 420(5.8) 0.7(0.46-1.03) 0.065

Calcaneal fracture 29(4.3) 396(5.4) 0.8(0.54-1.16) 0.230

Metatarsal fracture 7(1.0) 201(2.8) 0.4(0.18-0.80) 0.008

Table 4 Length of stay (LOS) in the hospital and intensive care
unit (ICU) of bicyclists hospitalized due to trauma

Variables ISS Bicycle Motor Odds ratio p

n = 669 n = 7300 (95 % CI)

Hospital LOS 7.8±9.3 9.8±10.4 - <0.001

ICU LOS 105(15.7) 1391(19.1) 0.8(0.64-0.98) 0.033

n (%) <16 40(6.9) 472(7.9) 0.9(0.62-1.21) 0.397

16-24 42(66.7) 574(63.1) 1.2(0.68-2.01) 0.568

≥25 23(88.5) 345(85.4) 1.3(0.38-4.51) 0.666

days 7.2±8.8 7.3±8.8 - 0.907

<16 4.9±5.0 5.2±8.8 - 0.406

16-24 7.3±7.7 6.8±5.9 - 0.244

≥25 11.2±13.2 10.9±6..8 - 0.942
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Table 5 Demographics and associated injuries of bicycle-related fatalities

Variables Bicycle Motor Odds ratio p

n = 19 n = 123 (95 % CI)

Age 67.4±13.7 51.2±19.0 - 0.001

Gender 0.294

Male 11(57.9) 86(69.9) 0.6(0.22-1.59)

Female 8(42.1) 37(30.1) 1.7(0.63-4.54)

Helmet

Yes 2(10.5) 62(50.4) 0.1(0.03-0.52) 0.001

No 17(89.5) 33(26.8) 23.2(5.08-105.83) <0.001

Unknown 0(0.0) 28(22.8) - 0.020

Mechanism

Bicycle 0(0.0) 1(0.8) - 0.693

Motorcycle 4(21.1) 17(13.8) 1.7(0.49-5.61) 0.409

Car 6(31.6) 42(34.1) 0.9(0.32-2.51) 0.826

Bus or Truck 2(10.5) 12(9.8) 1.1(0.22-5.29) 0.917

Out of control 3(15.8) 29(23.6) 0.6(0.17-2.23) 0.450

Others 4(21.1) 22(17.9) 1.2(0.37-4.05) 0.740

Head/Neck trauma, n(%)

Cranial fracture 9(47.4) 40(32.5) 1.9(0.70-4.96) 0.205

Epidural hematoma (EDH) 7(36.8) 33(26.8) 1.6(0.58-4.39) 0.367

Subdural hematoma (SDH) 12(63.2) 67(54.5) 1.4(0.53-3.89) 0.478

Subarachnoid hemorrhage (SAH) 13(68.4) 54(43.9) 2.8(1.00-7.76) 0.046

Intracerebral hematoma (ICH) 4(21.1) 15(12.2) 1.9(0.56-6.56) 0.291

Cerebral contusion 8(42.1) 29(23.6) 2.4(0.87-6.42) 0.087

Cervical vertebral fracture 0(0.0) 5(4.1) - 0.371

Thoracic trauma, n(%)

Rib fracture 0(0.0) 14(11.4) - 0.121

Sternal fracture 0(0.0) 1(0.8) - 0.693

Hemothorax 0(0.0) 11(8.9) - 0.175

Pneumothorax 0(0.0) 8(6.5) - 0.252

Hemopneumothorax 0(0.0) 9(7.3) - 0.223

Lung contusion 0(0.0) 16(13.0) - 0.095

Thoracic vertebral fracture 0(0.0) 1(0.8) - 0.693

Abdominal trauma, n(%)

Intra-abdominal injury 2(10.5) 8(6.5) 1.7(0.33-8.64) 0.524

Hepatic injury 1(5.3) 15(12.2) 0.4(0.05-3.22) 0.374

Splenic injury 0(0.0) 8(6.5) - 0.252

Retroperitoneal injury 0(0.0) 3(2.4) - 0.491

Renal injury 0(0.0) 3(2.4) - 0.491

Extremity trauma, n(%)

Pelvic fracture 2(10.5) 8(6.5) 1.7(0.33-8.64) 0.524

Femoral fracture 2(10.5) 13(10.6) 1.0(0.21-4.80) 0.995
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compulsory helmet laws for cyclists, contrary to the
laws for motorcyclists. Indeed, it is possible that some
bicycle riders underestimated the seriousness of cycling
accidents. In this study, although bicyclists had signifi-
cantly lower ISSs than motorcyclists, their mortality
rate was higher. In addition, bicyclists with critical ISSs
(ISS ≥ 25) had approximately four times the odds of
mortality than motorcyclists with ISSs. Without ad-
equate protection, riding a bicycle is more dangerous
than riding a motorcycle if you are severely injured.

Limitations of the study
The limitations of this study include the retrospective de-
sign and the lack of available data regarding injury mech-
anisms and circumstances, including speed, helmet
material, exposure data (e.g., number of trips, hours of
riding, and/or miles traveled), and details regarding the
accident location (e.g., infrastructure characteristics and
land use, light and weather conditions, as well cyclist be-
havior and maneuvers). Additionally, the number of pa-
tients in the study was not adequate to analyze the
association of age with different accident characteristics
other than mortality. The relatively small number of hos-
pitalized bicyclists precluded an in-depth examination of
risk factors such as age, type of head injury, and injury se-
verity. Finally, the injured patients who were pronounced
dead at the scene of the accident or those who were dis-
charged from the emergency department were not in-
cluded in the sample, which may have introduced a
survival bias.

Conclusions
This study indicates that bicyclists have unique injury
characteristics including bodily injury patterns, as well as
lower ISSs but higher in-hospital mortality when com-
pared to motorcycle riders. In the study, because only 9 %
of bicyclists reported wearing a helmet, and considering
the high mortality associated with head injury, it is pos-
sible that some bicycle riders underestimated the gravity
of cycling accidents.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
HTL and CSR wrote and revised the manuscript, CCL and SCW contributed
to the collection of data, SYH carried out the analysis and edited the tables,
HYH prepared the English-editing, and CHH designed the study, contributed
to the analysis and interpretation of data, and drafted the manuscript. All
authors read and approved the final manuscript.

Acknowledgements
This research was supported by a grant from CDRPG8C0031.

Author details
1Department of Trauma Surgery, Kaohsiung Chang Gung Memorial Hospital
and Chang Gung University College of Medicine, No.123, Ta-Pei Road,
Niao-Song District, Kaohsiung City 833, Taiwan. 2Department of

Neurosurgery, Kaohsiung Chang Gung Memorial Hospital and Chang Gung
University College of Medicine, Kaohsiung City, Taiwan. 3Department of
Anesthesiology, Kaohsiung Chang Gung Memorial Hospital and Chang Gung
University College of Medicine, Kaohsiung City, Taiwan.

Received: 17 February 2015 Accepted: 20 July 2015

References
1. Beck LF, Dellinger AM, O’Neil ME. Motor vehicle crash injury rates by mode

of travel, United States: using exposure-based methods to quantify
differences. Am J Epidemiol. 2007;166(2):212–8.

2. Administration NHTS. Traffic Safety Facts: Bicyclists and Other Cyclists.
Washington, DC: National Highway Traffic Safety Administration; 2007.

3. Bambach MR, Mitchell RJ, Grzebieta RH, Olivier J. The effectiveness of
helmets in bicycle collisions with motor vehicles: a case–control study.
Accid Anal Prev. 2013;53:78–88.

4. Airaksinen N, Luthje P, Nurmi-Luthje I. Cyclist Injuries Treated in Emergency
Department (ED): Consequences and Costs in South-eastern Finland in an Area
of 100 000 Inhabitants. Ann Adv Automot Med. 2010;54:267–74.

5. Hamann C, Peek-Asa C, Lynch CF, Ramirez M, Torner J. Burden of
hospitalizations for bicycling injuries by motor vehicle involvement: United
States, 2002 to 2009. The J Trauma and Acute Care Surgery.
2013;75(5):870–6.

6. Kaplan S, Vavatsoulas K, Prato CG. Aggravating and mitigating factors
associated with cyclist injury severity in Denmark. J Safety Res.
2014;50:75–82.

7. Densmore JC, Lim HJ, Oldham KT, Guice KS. Outcomes and delivery of care in
pediatric injury. J Pediatr Surg. 2006;41(1):92–8. discussion 92–98.

8. Rogers SC, Campbell BT, Saleheen H, Borrup K, Lapidus G. Using trauma
registry data to guide injury prevention program activities. J Trauma. 2010;69
(4 Suppl):S209–13.

9. Hefny AF, Eid HO, Grivna M, Abu-Zidan FM. Bicycle-related injuries requiring
hospitalization in the United Arab Emirates. Injury. 2012;43(9):1547–50.

10. Gomei S, Hitosugi M, Ikegami K, Tokudome S. Assessing injury severity in
bicyclists involved in traffic accidents to more effectively prevent fatal bicycle
injuries in Japan. Med Sci Law. 2013;53(4):194–8.

11. Kim JK, Kim S, Ulfarsson GF, Porrello LA. Bicyclist injury severities in
bicycle-motor vehicle accidents. Accid Anal Prev. 2007;39(2):238–51.

12. Rau CS, Liu HT, Hsu SY, Cho TY, Hsieh CH. Alcohol-related hospitalisations of
trauma patients in Southern Taiwan: a cross-sectional study based on a trauma
registry system. BMJ Open. 2014;4(10), e005947.

13. Lustenberger T, Inaba K, Talving P, Barmparas G, Schnuriger B, Green D, et al.
Bicyclists injured by automobiles: relationship of age to injury type and
severity–a national trauma databank analysis. J Trauma. 2010;69(5):1120–5.

14. Erez I, Lazar L, Gutermacher M, Katz S. Abdominal injuries caused by bicycle
handlebars. Eur J Surg. 2001;167(5):331–3.

15. Chie WC, Yang RS, Liu JP, Tsai KS. High incidence rate of hip fracture in Taiwan:
estimated from a nationwide health insurance database. Osteoporos Int.
2004;15(12):998–1002.

16. Heng KW, Lee AH, Zhu S, Tham KY, Seow E. Helmet use and bicycle-related
trauma in patients presenting to an acute hospital in Singapore. Singapore
Med J. 2006;47(5):367–72.

17. Rivara FP, Thompson DC, Thompson RS. Epidemiology of bicycle injuries and
risk factors for serious injury. Inj Prev. 1997;3(2):110–4.

18. Siman-Tov M, Jaffe DH, Peleg K. Bicycle injuries: a matter of mechanism and
age. Accid Anal Prev. 2012;44(1):135–9.

19. Yeung JH, Leung CS, Poon WS, Cheung NK, Graham CA, Rainer TH. Bicycle
related injuries presenting to a trauma centre in Hong Kong. Injury.
2009;40(5):555–9.

20. Sikic M, Mikocka-Walus AA, Gabbe BJ, McDermott FT, Cameron PA. Bicycling
injuries and mortality in Victoria, 2001–2006. Med J Aust. 2009;190(7):353–6.

21. Elvik R. Publication bias and time-trend bias in meta-analysis of bicycle helmet
efficacy: a re-analysis of Attewell, Glase and McFadden, 2001. Accid Anal Prev.
2011;43(3):1245–51.

22. Amoros E, Chiron M, Martin JL, Thelot B, Laumon B. Bicycle helmet
wearing and the risk of head, face, and neck injury: a French
case–control study based on a road trauma registry. Inj Prev.
2012;18(1):27–32.

23. Priest P. Effectiveness of cycle helmets. Remains debatable. BMJ
(Clinical research ed). 1994;308(6937):1164–5.

Liu et al. BMC Public Health  (2015) 15:722 Page 8 of 9



24. Wesson DE, Stephens D, Lam K, Parsons D, Spence L, Parkin PC. Trends
in pediatric and adult bicycling deaths before and after passage of a
bicycle helmet law. Pediatrics. 2008;122(3):605–10.

25. Ritter N, Vance C. The determinants of bicycle helmet use: evidence from
Germany. Accid Anal Prev. 2011;43(1):95–100.

26. Orsi C, Ferraro OE, Montomoli C, Otte D, Morandi A. Alcohol
consumption, helmet use and head trauma in cycling collisions in
Germany. Accid Anal Prev. 2014;65:97–104.

27. Page JL, Macpherson AK, Middaugh-Bonney T, Tator CH. Prevalence of
helmet use by users of bicycles, push scooters, inline skates and
skateboards in Toronto and the surrounding area in the absence of
comprehensive legislation: an observational study. Inj Prev.
2012;18(2):94–7.

28. Fischer CM, Sanchez CE, Pittman M, Milzman D, Volz KA, Huang H, et al.
Prevalence of bicycle helmet use by users of public bikeshare programs.
Ann Emerg Med. 2012;60(2):228–31.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Liu et al. BMC Public Health  (2015) 15:722 Page 9 of 9



Liang et al. BMC Pediatrics  (2015) 15:105 
DOI 10.1186/s12887-015-0419-3
RESEARCH ARTICLE Open Access
Motorcycle-related hospitalization of
adolescents in a Level I trauma center in
southern Taiwan: a cross-sectional study

Chi-Cheng Liang1†, Hang-Tsung Liu1†, Cheng-Shyuan Rau2, Shiun-Yuan Hsu1, Hsiao-Yun Hsieh1

and Ching-Hua Hsieh1*
Abstract

Background: The aim of this study was to investigate and compare the injury pattern, mechanisms, severity, and
mortality of adolescents and adults hospitalized for treatment of trauma following motorcycle accidents in a Level I
trauma center.

Methods: Detailed data regarding patients aged 13–19 years (adolescents) and aged 30–50 years (adults) who had
sustained trauma due to a motorcycle accident were retrieved from the Trauma Registry System between January
1, 2009 and December 31, 2012. The Pearson’s chi-squared test, Fisher’s exact test, or the independent Student’s
t-test were performed to compare the adolescent and adult motorcyclists and to compare the motorcycle drivers
and motorcycle pillion.

Results: Analysis of Abbreviated Injury Scale (AIS) scores revealed that the adolescent patients had sustained higher
rates of facial, abdominal, and hepatic injury and of cranial, mandibular, and femoral fracture but lower rates of
thorax and extremity injury; hemothorax; and rib, scapular, clavicle, and humeral fracture compared to the adults.
No significant differences were found between the adolescents and adults regarding Injury Severity Score (ISS),
New Injury Severity Score (NISS), Trauma-Injury Severity Score (TRISS), mortality, length of hospital stay, or intensive
care unit (ICU) admission rate. A significantly greater percentage of adolescents compared to adults were found not
to have worn a helmet. Motorcycle riders who had not worn a helmet were found to have a significantly lower first
Glasgow Coma Scale (GCS) score, and a significantly higher percentage was found to present with unconscious
status, head and neck injury, and cranial fracture compared to those who had worn a helmet.

Conclusion: Adolescent motorcycle riders comprise a major population of patients hospitalized for treatment of
trauma. This population tends to present with a higher injury severity compared to other hospitalized trauma
patients and a bodily injury pattern differing from that of adult motorcycle riders, indicating the need to emphasize
use of protective equipment, especially helmets, to reduce their rate and severity of injury.
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Background
Road traffic accidents have been reported as the most
common causes of blunt pediatric injuries [1, 2]. Among
the various means of transportation, motorcycle use is
becoming popular in many cities as a cheaper, easier,
and more fuel-efficient means. However, the increased
use of motorcycles for recreation, the availability of more
powerful motorcycles, and a greater number of older
riders has led to increased incidence of motorcycle fatal-
ities and injuries [3]. Motorcycle drivers are 35 times
more likely than pillion-car occupants (i.e., motorcycle
riders) to die in a motor vehicle traffic crash, 8 times
more likely to be injured per vehicle mile [4], and 58
times more likely to be killed on a per-trip basis [5].
Among motorcycle drivers, young motorcyclists have
the highest fatality rates of any age group, perhaps owing
to their inexperience, skill level, and risky riding behav-
ior [6]. In the United States, the national population esti-
mate for all motorcycle-related hospital discharges for
patients aged 12–20 years in 2006 was 5,662, a figure
that represented 3.0 % of all hospitalized injuries for this
age group [7]. The Centers for Disease Control and Pre-
vention (CDC) reported that the motorcyclist fatality
rate for individuals aged 12–20 had increased from 0.52
deaths per 100,000 population in 1999 to 0.98 deaths
per 100,000 population in 2006, an increase of 88 % [7].
Pediatric patients sustain distinct patterns of injuries

from causes that differ from those of adults because of
their unique anatomical, physiologic, and behavioral
characteristics. Young motorcyclists are considered a
high-risk traffic group [8, 9] because they are more likely
to be at fault in the event of a collision due to being
under the influence of alcohol, riding without insurance,
or not wearing a helmet [9]. While a significant link has
been found between risk perception and traffic condition
awareness for experienced drivers (ages 25–28), it has
not been found for younger drivers (ages 18–24) [10].
The figures regarding the number of major trauma pa-

tients and the subsequent volume of surgery performed
for those aged 10–17 years have been reported to differ
from those reported for younger patients [3]. The identifi-
cation of high-risk injury patterns may lead to improved
care and ultimately further improvements in outcome in
children and adolescents admitted to the hospital with
trauma [11, 12]. In addition, gaining greater understand-
ing of the epidemiology of pediatric major trauma is vital
to integrate the knowledge of pediatric trauma into the
trauma system to maximize the provision of services and
quality of care delivered. To assist in achieving these aims,
this study investigated the injury pattern, mechanisms, se-
verity, and mortality of adolescents treated for injuries
sustained in motorcycle accidents in a Level I trauma cen-
ter in southern Taiwan using data from a population-
based trauma registry.
Methods
Study design
The study was conducted at Kaohsiung Chang Gung
Memorial Hospital, a 2,400-bed facility and a Level I re-
gional trauma center that provides care to trauma pa-
tients primarily from South Taiwan. Approval for this
study was obtained by the hospital institutional review
board (approval number 103-2186B) before its initiation.
An informed consent was waived according to the regu-
lation of IRB. This retrospective study was designed to
review all the data added to the Trauma Registry System
from January 1, 2009 to December 31, 2012 for selection
of cases that met the inclusion criteria of (1) age 13–
19 years (adolescents) or age 30–50 years (adults) and
(2) hospitalization for treatment of trauma following a
motorcycle accident. The lower age limit for adolescents
was chosen because of the recent sharp increase in inci-
dence observed for cases as young as age 13. Exclusion
criteria included those patients with incomplete data.
The aim of selection of this age group (age 13–19) ra-
ther than a younger or older group was to narrow the
selected range of ages to avoid comparison with those
just older than 20 years and to avoid the introduction of
the possibly confounding factor of inability to control a
motorcycle due to advanced age, a factor generally af-
fecting those over 60 years. To compare the injury pat-
tern, mechanisms, severity, and mortality of adolescents
from those of adults hospitalized for treatment of
trauma following motorcycle accidents, the data of pa-
tients who had sustained injuries in a motorcycle acci-
dent, including road and off-road motorcyclist accidents,
were collected for further analysis.
Among the 13,233 hospitalized registered patients en-

tered in the database, 1,033 (7.8 %) were adolescents
ages from 13 to 19 years and 3,470 (26.2 %) adults be-
tween 30 and 50 years. Among them, 635 (61.5 %) ado-
lescents and 1,566 (45.1 %) adults had been admitted
due to a motorcycle accident. Detailed patient informa-
tion was retrieved from the Trauma Registry System of
our institution and included data regarding age, sex, ad-
mission vital signs, injury mechanism, helmet use, the
first Glasgow Coma Scale (GCS) in the emergency de-
partment, Abbreviated Injury Scale (AIS) severity score
of each body region, Injury Severity Score (ISS), New In-
jury Severity Score (NISS), Trauma-Injury Severity Score
(TRISS), length of hospital stay (LOS), length of inten-
sive care unit stay (LICUS), in-hospital mortality, and
rates of associated complications. Odd ratios (ORs) of
the associated injuries of adolescents and adults in the
motorcycle accidents were calculated with 95 % confi-
dence intervals (CIs). The data collected regarding the
combined population of drivers and pillions (hereafter
referred to as riders) were compared using SPSS v.20
statistical software (IBM, Armonk, NY, USA) for
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performance of Pearson’s chi-squared test, Fisher’s exact
test, or the independent Student’s t-test, as applicable.
All results are presented as the mean ± standard error. A
p-value less than 0.05 was considered statistically
significant.

Results
Characteristics of all trauma patients
The mean age was 16.9 ± 1.9 and 40.5 ± 6.1 years, re-
spectively, in the adolescent and adult patient groups
(Table 1). Of the 1,033 adolescents, 737 (71.3 %) were
male and 296 (28.7 %), female. Of the 3,470 adult pa-
tients, 2,438 (70.3 %) were male and 1,032 (29.7 %) fe-
male. No statistically significant difference was found
between the groups regarding sex. Among the injured
patients, 2053 (547 [53.0 %] of the adolescents and 1506
[43.4 %] of the adults) were the drivers of motorcycles
and only 148 (88 [8.5 %] of the adolescents and 60
[1.7 %] of the adults) were the riders.

Injury severity of all trauma patients
Comparison of trauma injury scores for the adolescent and
adult groups did not indicate any significant difference re-
garding ISS (7.8 ± 7.0 vs. 7.7 ± 6.7, respectively, p = 0.571)
for any subgroup of injury severity (ISS <16, 16–24,
Table 1 Demographics of hospitalized trauma patients aged
13–19 years (adolescents) and 30–50 years (adults)

Variable Adolescent Adult p

N = 1033 N = 3470

Age 16.9 ± 1.9 40.5 ± 6.1

Gender, n(%) 0.502

Male 737(71.3) 2438(70.3)

Female 296(28.7) 1032(29.7)

Mechanism, n(%)

Drivers of MV 2(0.2) 96(2.8)

Pillions of MV 14(1.4) 35(1.0)

Drivers of Motorcycle 547(53.0) 1506(43.4)

Pillions of Motorcycle 88(8.5) 60(1.7)

Bicyclists 67(6.5) 89(2.6)

Pedestrians 14(1.4) 44(1.3)

Fall 140(13.6) 570(16.4)

Unspecific 161(15.6) 1070(30.8)

ISS 7.8 ± 7.0 7.7 ± 6.7 0.571

< 16 903(87.4) 3041(87.6) 0.850

16-24 89(8.6) 318(9.2) 0.590

≥ 25 41(4.0) 111(3.2) 0.229

NISS 8.9 ± 7.8 8.7 ± 7.7 0.460

TRISS 0.976 ± 0.099 0.979 ± 0.093 0.451

Mortality, n(%) 4(0.39) 33(0.95) 0.078
and ≥25) or regarding NISS (8.9 ± 7.8 vs. 8.7 ± 7.7, re-
spectively, p = 0.460), TRISS (0.976 ± 0.099 vs. 0.979 ±
0.093, respectively, p = 0.451), or in-hospital mortality
(0.39 % vs. 0.95 %, respectively, p = 0.078). In contrast,
a significant difference in ISS was found between the
635 adolescent riders (ISS = 9.2 ± 7.6) and the other 398
adolescent non-motorcycle riders (p < 0.001).

Characteristics of the motorcycle-related trauma patients
The data regarding the 635 (61.5 %) adolescent and 1566
(45.1 %) adult patients who had been motorcycle riders
were further compared for identification of differences
regarding motorcycle-related major trauma injury. As
shown in Fig. 1, of the 75, 80, 97, 139, 154, 233, and 255
hospitalized patients aged 13, 14, 15, 16, 17, 18, and
19 years, respectively, 7 (9.3 %), 21 (26.3 %), 38 (39.2 %),
76 (54.7 %), 111 (72.1 %), 182 (78.1 %), and 200 (78.4 %)
patients, respectively, had been admitted for treatment
subsequent to a motorcycle accident. Among these ado-
lescent motorcycle riders, 77.6 % (n = 493) were aged
from 17 to 19 years. As shown in Table 2, of the 635
adolescent and 1566 adult motorcycle riders, the mean
age was 17.5 ± 1.4 and 40.1 ± 6.2 years, respectively. No
statistically significant difference was found regarding
sex between the adolescent motorcycle riders, of whom
416 (65.5 %) were male and 219 (34.5 %) female, and the
adult motorcycle riders, of whom 988 (63.1 %) were
male and 578 (36.9 %) female. Analysis of the data re-
garding helmet-wearing status, which were recorded for
97.5 % of the adolescent and 97.3 % of the adult patients,
revealed that significantly more adolescent motorcycle
drivers had not been wearing a helmet compared to the
adult motorcycle drivers (12.4 % vs. 10.0 %, respectively,
p = 0.012). In contrast, no significant difference regard-
ing helmet-wearing status was found between the ado-
lescent and adult motorcycle pillions. In addition, 455 of
the 534 adolescent drivers and 67 of the 85 adolescent
pillions had worn a helmet (p = 0.133) and 1307 of the
1464 adult drivers and 53 of the 59 adult pillions had
Fig. 1 Number of adolescent patients admitted for treatment of all
trauma injury and number admitted for treatment of motorcycle-related
trauma injury



Table 2 Injury characteristics of adolescent and adult
motorcycle riders

Motorcycle Accident

Adolescent Adult p

N = 635 N = 1566

Age 17.5 ± 1.4 40.1 ± 6.2

Gender, n(%) 0.284

Male 416(65.5) 988(63.1)

Female 219(34.5) 578(36.9)

Helmet wearing, n(%)

Yes

Drivers 455(71.7) 1307(83.5) 0.038

Pillions 67(10.6) 53(3.4) 0.063

No

Drivers 79(12.4) 157(10.0) 0.012

Pillions 18(2.8) 6(0.4) 0.090

Unknown 16(2.5) 43(2.7) 0.766

GCS 14.2 ± 2.3 14.1 ± 2.6 0.457

≤ 8 30(4.7) 85(5.4) 0.502

9–12 37(5.8) 98(6.3) 0.702

≥ 13 568(89.4) 1383(88.3) 0.447

AIS n(%)

Head/Neck 224(35.3) 521(33.3) 0.368

Face 194(30.6) 403(25.7) 0.021

Thorax 54(8.5) 250(16.0) 0.000

Abdomen 65(10.2) 111(7.1) 0.014

Extremity 442(69.6) 1183(75.5) 0.004

ISS 9.2 ± 7.6 9.2 ± 7.2 0.914

< 16 525(82.7) 1301(83.1) 0.821

16–24 79(12.4) 195(12.4) 0.994

≥ 25 31(4.9) 70(4.5) 0.6766

NISS 10.5 ± 8.4 10.5 ± 8.2 0.945

TRISS 0.971 ± 0.110 0.975 ± 0.095 0.386

Mortality, n(%) 3(0.5 %) 20(1.3 %) 0.093

LOS (days) 9.5 ± 9.5 9.1 ± 9.3 0.460

ICU

Patients, n(%) 125(19.7) 262(16.7) 0.099

< 16 45(8.6) 91(7.0) 0.245

16–24 55(69.6) 114(58.5) 0.085

≥ 25 25(80.6) 57(81.4) 0.926

LOS in ICU (days) 6.4 ± 6.2 6.4 ± 6.3. 0.791

< 16 5.67.1 4.8 ± 5.2 0.207

16–24 6.6 ± 5.7 5.6 ± 4.7 0.061

≥ 25 7.3 ± 5.6 10.5 ± 8.7 0.068
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worn a helmet (p = 0. 0.893). No significant differences
regarding helmet wearing was found between drivers
and pillions in either group.

Injury severity of the motorcycle-related trauma patients
No significant difference was found between the adoles-
cent and adult patients regarding GCS score (14.2 ± 2.3
vs.14.1 ± 2.6, respectively, p = 0.457) or distribution of
patients at different levels of consciousness (GCS ≤8, 9–
12, or ≥13; Table 3). Moreover, no significant differences
in GCS score was found between the adolescent drivers
(n = 547, 14.2 ± 2.4) and the adolescent pillions (n = 88,
14.1 ± 2.6; p = 0.737) or between the adult drivers (n =
1506, 14.1 ± 2.6) and the adult pillions (n = 60, 14.0 ± 3.0;
p = 0.788). Likewise, no significant differences were
found between the adolescent and adult motorcycle
riders regarding ISS (9.2 ± 7.6 vs. 9.2 ± 7.2, respectively,
p = 0.914) regardless of subgroup of injury severity; NISS
(10.5 ± 8.4 vs. 10.5 ± 8.2, respectively, p = 0.945); TRISS
(0.971 ± 0.110 vs. 0.975 ± 0.095, respectively, p = 0.386); or
in-hospital mortality (0.5 % vs. 1.3 %, respectively, p =
0.093). Moreover, no significant differences regarding hos-
pital LOS (9.5 days vs. 9.1 days, respectively, p = 0.460),
proportion of patients admitted to the intensive care unit
(ICU; 19.7 % vs. 16.7 %, respectively, p = 0.099), or LICUS
(6.4 days vs. 6.4 days, respectively, p = 0.791), regardless of
injury severity, were found between the adolescent and
adult motorcycle riders.

Injury pattern of the motorcycle-related trauma patients
Analysis of AIS revealed that the adolescent patients had
sustained significantly higher rates of facial injury
(30.6 % vs. 25.7 %, respectively, p = 0.021) and abdominal
injury (10.2 % vs. 7.1 %, respectively, p = 0.014) com-
pared to the adult patients, while the adult patients had
sustained significantly higher rates of thorax injury
(16.0 % vs. 8.5 %, respectively, p = 0.000) and extremity
injury (75.5 % vs. 69.6 %, respectively, p = 0.004). On the
other hand, no significant differences regarding injury to
the head and neck region were found between the ado-
lescent and adult patients. Table 3 shows the findings re-
garding injury associated with motorcycle accidents. As
can be observed, a significantly higher percentage of
adolescent riders had sustained cranial fracture (OR = 1.6,
95 % CI = 1.20–2.10), mandibular fracture (OR = 2.3, 95 %
CI = 1.55–3.49), hepatic injury (OR = 2.5, 95 % CI = 1.55–
4.19), or femoral fracture (OR = 2.3, 95 % CI: 1.76–3.05)
compared to adult riders. In contrast, a significantly lower
percentage of adolescent motorcycle riders had sus-
tained rib fracture (OR = 0.1, 95 % CI = 0.06–0.21), he-
mothorax (OR = 0.3, 95 % CI = 0.12–0.79), scapular
fracture (OR = 0.4, 95 % CI = 0.16–0.80), clavicle frac-
ture (OR = 0.3, 95 % CI = 0.23–0.46), and humeral frac-
ture (OR = 0.5, 95 % CI = 0.32–0.88).



Table 3 Associated injuries of adolescent and adult motorcycle riders

Motorcycle accident

Adolescent N = 635 Adult N = 1566 Odds Ratio (95%CI) p

Head trauma, n(%)

Neurologic deficit 6(0.9) 20(1.3) 0.7(0.30–1.85) 0.513

Cranial fracturea 89(14.0) 146(9.3) 1.6(1.20–2.10) 0.001

Epidural hematoma (EDH) 13(2.0) 24(1.5) 1.3(0.68–2.65) 0.395

Subdural hematoma (SDH) 34(5.4) 79(5.0) 1.1(0.71–1.61) 0.766

Subarachnoid hemorrhage (SAH) 40(6.3) 134(8.6) 0.7(0.50–1.04) 0.075

Intracerebral hematoma (ICH) 12(1.9) 25(1.6) 1.2(0.59–2.38) 0.628

Cerebral contusion 29(4.6) 72(4.6) 1.0(0.64–1.54) 0.975

Cervical vertebral fracture 2(0.3) 14(0.9) 0.4(0.08–1.55) 0.147

Maxillofacial trauma, n(%)

Maxillary fracture 65(10.2) 182(11.6) 0.9(0.64–1.17) 0.351

Mandibular fracturea 47(7.4) 52(3.3) 2.3(1.55–3.49) 0.000

Orbital fracture 28(4.4) 54(3.4) 1.3(0.81–2.06) 0.281

Nasal fracture 13(2.0) 29(1.9) 1.1(0.57–2.15) 0.761

Thoracic trauma, n(%)

Rib fracture+ 9(1.4) 183(11.7) 0.1(0.06–0.21) 0.000

Hemothorax+ 5(0.8) 39(2.5) 0.3(0.12–0.79) 0.010

Pneumothorax 17(2.7) 30(1.9) 1.4(0.77–2.57) 0.263

Lung contusion 7(1.1) 24(1.5) 0.7(0.31–1.67) 0.438

Hemopneumothorax 9(1.4) 26(1.7) 0.9(0.40–1.83) 0.680

Thoracic vertebral fracture 1(0.2) 15(1.0) 0.2(0.02–1.24) 0.053

Abdominal trauma, n(%)

Intra-abdominal injury 21(3.3) 33(2.1) 1.6(0.91–2.77) 0.099

Hepatic injurya 32(5.0) 32(2.0) 2.5(1.55–4.19) 0.000

Splenic injury 13(2.0) 29(1.9) 1.1(0.57–2.15) 0.761

Retroperitoneal injury 1(0.2) 4(0.3) 0.6(0.07–5.52) 0.662

Renal injury 6(0.9) 7(0.4) 2.1(0.71–6.35) 0.167

Urinary bladder injury 2(0.3) 4(0.3) 1.2(0.23–6.75) 0.808

Lumbar vertebral fracture 4(0.6) 24(1.5) 0.4(0.14–1.18) 0.087

Sacral vertebral fracture 4(0.6) 12(0.8) 0.8(0.26–2.56) 0.733

Extremity trauma, n(%)

Scapular fracture+ 7(1.1) 47(3.0) 0.4(0.16–0.80) 0.009

Clavicle fracture+ 41(6.5) 273(17.4) 0.3(0.23–0.46) 0.000

Humeral fracture+ 19(3.0) 86(5.5) 0.5(0.32–0.88) 0.013

Radial fracture 59(9.3) 150(9.6) 1.0(0.71–1.33) 0.835

Ulnar fracture 26(4.1) 68(4.3) 0.9(0.59–1.49) 0.794

Femoral fracturea 107(16.9) 126(8.0) 2.3(1.76–3.05) 0.000

Patella fracture 21(3.3) 45(2.9) 1.2(0.68–1.96) 0.589

Tibia fracture 60(9.4) 117(7.5) 1.3(0.93–1.79) 0.122

Fibular fracture 43(6.8) 94(6.0) 1.1(0.78–1.65) 0.499

Metacarpal fracture 24(3.8) 50(3.2) 1.2(0.73–1.96) 0.489
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Table 3 Associated injuries of adolescent and adult motorcycle riders (Continued)

Metatarsal fracture 23(3.6) 38(2.4) 1.5(0.89–2.56) 0.122

Calcaneal fracture 27(4.3) 99(6.3) 0.7(0.43–1.02) 0.058

Pelvic fracture 20(3.1) 49(3.1) 1.0(0.59–1.71) 0.980
+ and a indicated significant lower and higher incidences of the associated injury, respectively, in the adolescents than those adult patients (p<0.05).
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Helmet-wearing status of the motorcycle-related trauma
patients
Table 4 shows the results of the analysis of helmet-
wearing status among adolescent riders. As can be ob-
served, adolescent riders who had not worn a helmet
presented with a significantly lower first GCS score
compared to those who had worn a helmet (13.1 ± 2.9
vs. 14.4 ± 2.1, respectively, p = 0.000). A significantly
greater percentage of adolescent riders who had not
worn a helmet presented with unconscious status based
on GCS score ≤8 (12.4 % vs. 4.4 %, respectively, p =
0.002), head and neck injury based on AIS (52.6 % vs.
30.8 %, respectively, p = 0.000), and cranial fracture
(26.8 % vs. 10.9 %, respectively, p = 0.000), while a sig-
nificantly lower percentage presented with extremity in-
jury based on AIS (59.8 % vs. 72.2 %, respectively, p =
0.014). In contrast, no significant differences were found
between adolescent riders who had and had not worn a
helmet regarding incidence of maxillofacial trauma, re-
gardless of the type of maxillofacial trauma. While sig-
nificantly more patients who had not worn a helmet had
sustained severe injury (ISS 16–24; 18.6 % vs. 10.5 %, re-
spectively, p = 0.025), significantly fewer patients who
had not worn a helmet had an ISS less than 16 (76.3 %
vs. 85.2 %, respectively, p = 0.028). Although a signifi-
cantly higher percentage of adolescents who had not
worn a helmet required admission to the ICU (32.0 %
vs. 16.7 %, respectively, p = 0.000), no significant differ-
ences were found between adolescents who had and had
not worn a helmet regarding incidence of very severe in-
jury (ISS ≥ 25), NISS, TRISS, mortality, LOS, or LICUS.

Discussion
This study analyzed the demographics and characteristics
of injuries observed in a population of adolescents with
motorcycle-related injuries presenting at a Level I trauma
center. Analysis of the data indicates that adolescent
motorcycle riders comprise a major population of hospi-
talized trauma patients, have a higher severe injury score
compared to adolescents hospitalized for all trauma injury,
and present with a bodily injury pattern that differs from
that of adult motorcycle riders. It also revealed that a sig-
nificant percentage of adolescent motorcycle riders do not
wear a helmet, which, as motorcyclists have little other
protection from injury, puts them at high risk of injury.
A previous study found that the youngest motorcy-

clists, defined as those aged 16–19 years, were 1.30
(95 % CI = 1.10–1.54), 3.09 (95 % CI = 2.61–3.66), and
4.79 (95 % CI = 4.04–5.67) times more likely to be killed
and 3.67 (95 % CI = 3.34–4.03), 10.68 (95 % CI = 9.73–
11.71), and 18.03 (95 % CI = 16.43–19.78) times more
likely to be nonfatally injured compared to motorcyclists
aged 20–29, 30–39, and 40–49 years, respectively [9]. In
the current study, no significant differences were found
between adolescent and adult motorcycle riders regard-
ing ISS, regardless of the subgroup of injury severity;
NISS, TRISS; mortality; hospital LOS; proportion admit-
ted to the ICU; or LICUS. Similar studies in Singapore
also reported that most motorcyclist riders hospitalized
for treatment of trauma had a low ISS [13]. Considering
that almost all of motorcycles are forbidden on highways
in Asian cities and that most traffic accidents occur in
relatively crowded streets in these cities, we hypothesize
that the reason for the discrepancy between our findings
and those of previous Western studies is that most
motorcycle injuries in the Asian region occur at rela-
tively low velocity.
In contrast, the adolescent motorcycle riders were

found to have presented with a different bodily injury
pattern compared to the adult motorcycle riders. Based
on analysis of AIS, the adolescent riders presented with
a higher rate of injury to the face and abdomen, but a
lower rate to the thorax and extremities, and a higher
rate of cranial, mandibular, hepatic, and femoral fracture
but a lower rate of hemothorax and rib, thoracic verte-
bral, scapular, clavicle, and humeral fracture. Notably, the
adolescent motorcycle riders sustained a more than 2-fold
greater incidence of mandibular fracture, hepatic injury, and
femoral fracture compared to the adult motorcycle riders,
whereas the latter sustained a significantly higher rate of
injury around the thorax region; rib fracture, hemothorax,
and scapular, clavicle, and humeral fracture, all of which are
considered within the category of extremity injury.
A previous study by Jou et al. in Taiwan revealed that

motorcyclist fatality accounted for nearly 60 % of all
driving fatalities in the country between 2006 and 2008
[14]. They also found an association between higher fa-
tality rates and the factors of male sex, advanced age,
unlicensed status, not wearing a helmet, riding after al-
cohol consumption, and alcohol consumption of more
than 550 cc [14]. In the current study, 3 of 4 (75 %) fa-
talities among adolescents aged 13–19 years and 20 of
33 (61 %) among adults aged 30–50 years were found
to have involved motorcycle use. However, the number



Table 4 Injury characteristics of adolescent motorcycle riders
according to helmet-wearing status

Motorcycle accident

Helmet +
N = 522

Helmet-
N = 97

p

Gender, n(%) 0.972

Male 340(65.1) 63(64.9)

Female 182(34.9) 34(35.1)

GCS 14.4 ± 2.1 13.1 ± 2.9 0.000

≤ 8 23(4.4) 12(12.4) 0.002

9–12 22(4.2) 2(2.1) 0.313

≥ 13 477(91.4) 83(85.6) 0.073

AIS n(%)

Head/Neck 161 (30.8) 51 (52.6) 0.000

Face 156 (29.9) 33 (34.0) 0.417

Thorax 46 (8.8) 6 (6.2) 0.392

Abdomen 54 (10.3) 9 (9.3) 0.750

Extremity 377 (72.2) 58 (59.8) 0.014

Head trauma, n(%)

Neurologic deficit 4(0.8) 1(1.0) 0.789

Cranial fracturea 57(10.9) 26(26.8) 0.000

Epidural hematoma (EDH) 9(1.7) 3(3.1) 0.369

Subdural hematoma (SDH) 20(3.8) 8(8.2) 0.055

Subarachnoid hemorrhage (SAH) 30(5.7) 7(7.2) 0.575

Intracerebral hematoma (ICH) 9(1.7) 1(1.0) 0.619

Cerebral contusion 21(4.0) 3(3.1) 0.663

Cervical vertebral fracture 2(0.4) 0(0.0) 0.541

Maxillofacial trauma, n(%)

Maxillary fracture 52(10.0) 10(10.3) 0.917

Mandibular fracture 38(7.3) 7(7.2) 0.982

Orbital fracture 25(4.8) 3(3.1) 0.460

Nasal fracture 10(1.9) 3(3.1) 0.458

ISS 8.9 ± 7.5 9.8 ± 7.2 0.383

< 16 445(85.2) 74(76.3) 0.028

16–24 55(10.5) 18(18.6) 0.025

≥ 25 22(4.2) 5(5.2) 0.677

NISS 10.2 ± 8.3 11.0 ± 8.0 0.455

TRISS 0.973 ± 0.110 0.971 ± 0.106 0.997

Mortality, n(%) 2(0.4 %) 0(0.0 %) 0.541

LOS (days) 9.1 ± 8.7 8.7 ± 7.0 0.077

ICU

Patients, n(%) 87(16.7) 31(32.0) 0.000

LICUS (days) 6.3 ± 6.4 5.9 ± 5.5 0.612
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of fatalities among the adolescent motorcycle riders
examined was too small to analyze and draw any con-
clusions from.
Among several preventive measures, helmet wearing

in particular has been shown to protect against head and
other serious injuries and to be cost effective [9, 15, 16].
One study found a 37 % increased risk of serious/severe
traumatic brain injury that required hospitalization for
young motorcycle riders in states with limited-age hel-
met laws compared with youth in states with universal
helmet laws, with the greatest increase in risk observed
for the most severe type of head injury in the largest
group of injured young motorcycle riders: those aged
18–20 [4]. The study also revealed that the decrease in
helmet-usage rates for youth when universal helmet laws
are repealed leads to increases youth motorcycle fatality
rates and overall morbidity [4]. In the current study,
adolescent motorcycle drivers, but not pillions, were
found to be less likely to wear a helmet than adult
motorcycle drivers. Compared to patients who had worn
a helmet, a greater number of patients who had not
worn a helmet presented with unconscious status (GCS
score ≤8); had sustained head and neck injury, cranial
fracture, and severe injury (ISS 16–24); and had required
admission to the ICU. These findings indicate that wear-
ing a helmet may prevent head injury and reduce injury
severity among adolescent motorcycle riders. However,
among adolescent motorcycle riders who had sustained
very severe injury (ISS ≥25), no significant difference
was found regarding the percentage who had and had
not worn a helmet. Moreover, no significant differences
regarding NISS, TRISS, mortality, LOS, or LICUS were
found between those adolescent motorcycle riders who
had and had not worn a helmet.
The limitations of this study include the use of a retro-

spective design and the lack of availability of data re-
garding the circumstances of the mechanism of injury.
Although a study regarding the factors influencing
motorcycle crash victim outcomes found that traveling
in excess of 50 kph increased the risk of intracranial in-
jury (OR = 4.8) [17], lack of data regarding the motor-
cycle speed during accidents prevented analysis of the
effect of speed in the current study. Lack of data also
prevented the ability to analyze the impact of the type of
motorcycle; type of helmet material; or the use of any
other protective materials, such as knee braces. Lastly,
lack of exposure data prevented analysis of motorcycle-
related hospitalization based on exposure-based risk
(e.g., number of trips, hours of riding, and/or miles trav-
eled). As younger motorcycle riders generally do not
own motorcycles or travel as much as their older coun-
terparts in terms of distance and time, inability to
analyze exposure data may have led to underestimation
of the true risk for younger age groups.
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Conclusion
Adolescent motorcycle riders comprise a major popula-
tion of patients hospitalized for treatment of trauma.
This population tends to present with a higher injury se-
verity compared to other trauma patients and a bodily
injury pattern differing from that of adult motorcycle
riders, indicating the need to emphasize the use of pro-
tective equipment, especially helmets, to reduce their
rate and severity of injury.
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Obese patients who fall have less injury
severity but a longer hospital stay than
normal-weight patients
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Abstract

Background: The effects of obesity on injury severity and outcome have been studied in trauma patients but
not in those who have experienced a fall. The aim of this study was to compare injury patterns, injury severities,
mortality rates, and in-hospital or intensive care unit (ICU) length of stay (LOS) between obese and normal-weight
patients following a fall.

Methods: Detailed data were retrieved for 273 fall-related hospitalized obese adult patients with a body mass
index (BMI) ≥30 kg/m2 and 2357 normal-weight patients with a BMI <25 kg/m2 but ≥18.5 kg/m2 from the
Trauma Registry System of a Level I trauma center between January 1, 2009, and December 31, 2013. We used
the Pearson’s chi-squared test, Fisher’s exact test, the Mann Whitney U test, and independent Student’s t-test to
analyze differences between the two groups.

Results: Analysis of AIS scores and AIS severity scaling from 1 to 5 revealed no significant differences in trauma
regions between obese and normal-weight patients. When stratified by injury severity (Injury Severity Score [ISS]
of <16, 16–24, or ≥25), more obese patients had an ISS of <16 compared to normal-weight patients (90.5 % vs.
86.0 %, respectively; p = 0.041), while more normal-weight patients had an ISS between 16 and 24 (11.0 % vs. 6.6 %,
respectively; p = 0.025). Obese patients who had experienced a fall had a significantly lower ISS (median (range): 9
(1–45) vs. 9 (1–50), respectively; p = 0.015) but longer in-hospital LOS than did normal-weight patients (10.1 days
vs. 8.9 days, respectively; p = 0.049). Even after taking account of possible differences in comorbidity and ISS, the
obese patients have an average 1.54 day longer LOS than that of normal-weight patients. However, no significant
differences were found between obese and normal-weight patients in terms of the New Injury Severity Score
(NISS), Trauma-Injury Severity Score (TRISS), mortality, percentage of patients admitted to the ICU, or LOS in the ICU.

Conclusion: Obese patients who had experienced a fall did not have different injured body regions than did
normal-weight patients. However, they had a lower ISS but a longer in-hospital LOS than did normal-weight
patients.
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Background
Falls are a leading cause of injury and a significant public
health issue [1–3]. The incidence of falls that lead to
emergency unit admission is growing with the increased
size and rapid growth of the geriatric population [4, 5].
In addition, obesity is a worldwide health problem lead-
ing to a range of health consequences [6, 7]. While
obesity is known to increase the risk for a variety of
medical conditions including hypertension, diabetes mel-
litus, cardiac disease, and pulmonary thromboembolism
[8], the effect of obesity on the injury pattern and
outcome of trauma patients after a fall remains unclear.
Evidence was found that the effect of weight on the risk
of falling appeared to be linear; greater obesity was re-
lated to greater risk of falling [9–11]. Compared with
normal-weight respondents, the odds ratios (OR) for risk
of falling were 1.12 (95 % confidence interval [CI] =
1.01–1.24) for obesity Class 1 (BMI 30.0–34.9 kg/m2),
1.26 (95 % CI = 1.05–1.51) for obesity Class 2 (BMI
35.0–39.9 kg/m2), and 1.50 (95 % CI = 1.21–1.86) for
obesity Class 3 (BMI ≥ 40.0 kg/m2) [9]. In addition, obes-
ity was associated with a 25 % higher risk (95 % CI =
1.11–1.41; p < 0.0003) of having fallen in the previous
12 months compared to non-obese individuals [12].
Identification of the high-risk injury patterns and bet-

ter understanding of the epidemiology and outcome of
fall injury in obese patients are important in order to
cope with a rising number of obese patients. Therefore,
this study was designed to investigate the injury charac-
teristics, injury patterns, injury severities, and mortality
rates of adult obese patients admitted and treated for
fall-related injury in southern Taiwan over a five-year
period at a level I trauma center.

Methods
Ethics statement
Approval for this study was obtained from the hospital’s
institutional review board (IRB) before its initiation
(approval number 103-7110B). Given its observational
nature, the requirement for written informed consent
from each patient was waived by the IRB.

Study design
This retrospective study was designed to review all
16,548 hospitalized and registered patients added to the
Trauma Registry System from January 1, 2009, to
December 31, 2013, and select cases that met the follow-
ing inclusion criteria: (1) age ≥ 18 years, (2) BMI ≥ 30 kg/
m2 for obese patients and BMI < 25 but ≥ 18.5 kg/m2 for
normal-weight patients according to the World Health
Organization definition [13, 14], and (3) admittance due
to a fall accident. The patients who had sustained fall
injuries from all fall heights (<1 m, 1–6 m, >6 m) were
included, but those who had attempted suicide in the fall

or who had non-validated BMI values or incomplete
data were excluded.
To compare the injury patterns, mechanisms, severity,

and mortality of obese patients with those of normal-
weight patients, detailed data were retrieved on age, sex,
vital signs in the emergency department (ED), injury
mechanism, fall height (<1 m, 1–6 m, >6 m), transporta-
tion, injury time, Glasgow Coma Scale (GCS) upon ar-
rival at the ED, Abbreviated Injury Scale (AIS) severity
score for each body region, Injury Severity Score (ISS),
New Injury Severity Score (NISS), Trauma-Injury Severity
Score (TRISS), in-hospital length of stay (LOS), LOS in the
ICU, and in-hospital mortality. In addition, the pre-existed
comorbidities and chronic diesases including diabetes mel-
litus (DM), hypertension (HTN), coronary artery diseases
(CAD), congestive heart failure (CHF), cerebrovascular ac-
cident (CVA), and end-stage renal disease (ESRD) were
identified. A blood alcohol concentration (BAC) of 50 mg/
dL at the time of arrival at the hospital was defined as the
cut-off value according to the legal limit for drivers in
Taiwan. The primary outcomes were injury severity scores
(i.e., GCS, AIS, ISS, NISS, and TRISS), and the secondary
outcomes were LOS, ICU LOS, and in-hospital mortality.
The ORs of the injured regions and associated condi-

tions sustained by obese and normal-weight patients
were calculated with 95 % CIs. Data collected regarding
the obese and normal-weight population of patients who
had experienced a fall were compared using SPSS v.20
statistical software (IBM, Armonk, NY, USA). Pearson’s
chi-squared tests, Fisher’s exact tests, and independent
Student’s t-tests were used to analyze data as applicable.
The Mann Whitney U test was used to compare the AIS
severity scaling from 1 to 5 in each injury region. Or-
dinal data, like ISS and NISS, is presented as median
(range). Data were further analyzed by a multiple linear
regression adjusted for the effect of confounding vari-
ables (ie, comorbidity and ISS) to show the main effects
of obesity on LOS in hospital. All other results are pre-
sented as the mean ± standard error.

Results
Injury characteristics
Among the 2630 adult patients with fall accidents, 273
(10.4 %) were obese (BMI ≥ 30 kg/m2), and 2357
(89.6 %) were of normal weight (25 > BMI ≥ 18.5 kg/m2)
(Table 1). No statistically significant difference regarding
sex was found between the obese and normal-weight pa-
tients. The mean ages of the obese and normal-weight
patients were 60.6 ± 16.8 and 65.7 ± 17.1 years, respect-
ively (p <0.001). There were significant higher incidence
rates of the pre-existed comorbidities and chronic dis-
eases including DM, HTN, and CAD in the obese pa-
tients. The majority of patients in both groups fell from
a height < 1 m, implying that the majority of the patients
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Table 1 Demographics of the obese and normal-weight patients with a fall injury

Variables Obese Normal Odds ratio
(95 %)

P

BMI≥ 30 25 > BMI≥ 18.5

n = 273 n = 2357

Gender

Male 114(41.8) 1080(45.8) 0.8(0.66–1.09) 0.202

Female 159(58.2) 1277(54.2) 1.2(0.92–1.52) 0.202

Age 60.6 ± 16.8 65.7 ± 17.1 — <0.001

Comorbidity

DM 98(35.9) 497(21.1) 2.1(1.61–2.74) <0.001

HTN 153(56.0) 995(42.2) 1.7(1.36–2.25) <0.001

CAD 26(9.5) 137(5.8) 1.7(1.10–2.65) 0.016

CHF 8(2.9) 51(2.2) 1.4(0.64–2.91) 0.418

CVA 25(9.2) 216(9.2) 1.0(0.65–1.54) 0.997

ESRD 0(0.0) 7(0.3) — 1.000

Height of fall

< 1 m 213(78.0) 1859(78.9) 1.0(0.70–1.29) 0.745

1–6 m 59(21.6) 471(20.0) 1.1(0.81–1.50) 0.525

> 6 m 1(0.4) 27(1.1) 0.3(0.04–2.34) 0.354

Alcohol > 50, n(%) 4(1.5) 51(2.2) 0.7(0.24–1.88) 0.445

GCS 14.6 ± 1.7 14.4 ± 2.0 — 0.104

≤ 8 8(2.9) 80(3.4) 0.9(0.41–1.80) 0.687

9–12 6(2.2) 88(3.7) 0.6(0.25–1.34) 0.196

≥ 13 259(94.9) 2189(92.9) 1.4(0.81–2.49) 0.218

AIS, n(%)

Head/Neck 48(17.6) 537(22.8) 0.7(0.52–1.00) 0.050

Face 12(4.4) 154(6.5) 0.7(0.36–1.20) 0.169

Thorax 20(7.3) 174(7.4) 1.0(0.61–1.60) 0.973

Abdomen 16(5.9) 131(5.6) 1.1(0.62–1.81) 0.837

Extremity 217(79.5) 1792(76.0) 1.2(0.90–1.66) 0.203

ISS, median(range) 9(1–45) 9(1–50) — 0.015

< 16 247(90.5) 2027(86.0) 1.5(1.02–2.36) 0.041

16–24 18(6.6) 259(11.0) 0.6(0.35–0.94) 0.025

≥ 25 8(2.9) 71(3.0) 1.0(0.46–2.04) 0.940

NISS, median(range) 9(1–66) 9(1–75) — 0.070

TRISS 0.960 ± 0.112 0.958 ± 0.085 — 0.645

Mortality, n(%) 7(2.6) 55(2.3) 1.1(0.50–2.44) 0.812

Height of fall

< 1 m 4(1.5) 44(1.9) 0.8(0.28–2.19) 0.639

1–6 m 3(1.1) 11(0.5) 2.4(0.66–8.55) 0.171

LOS (days) 10.1 ± 10.3 8.9 ± 8.9 — 0.049

Controlled by Comorbidity & ISS — — 1.01(1.01–1.03) 0.004

ICU

Patients, n(%) 33(12.1) 375(15.9) 0.7(0.50–1.06) 0.099

< 16 15(5.5) 145(6.2) 0.9(0.51–1.53) 0.667

16–24 11(4.0) 167(7.1) 0.6(0.30–1.03) 0.057
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sustained a ground-level fall occurring upon walking or
with movement; however, this difference in patient num-
ber stratified by fall height (<1 m, 1–6 m, >6 m) was not
statistically significant.

Injury severity
No significant differences were found between obese and
normal-weight patients in GCS scores (14.6 ± 1.7 vs.
14.4 ± 2.0, respectively; p = 0.104) and the distribution of
the proportion of patients at different levels of con-
sciousness (GCS ≤8, 9–12, or ≥13) (Table 1). Analysis of
AIS scores revealed no significant differences in trauma
regions between obese and normal-weight patients.
Comparison of the composition of AIS severity scaling
from 1 to 5 in each region between obese and normal-
weight patients also did not show a significant difference
(Table 2). A significant difference in ISS was found
between obese and normal-weight patients (median
(range): 9 (1–45) vs. 9 (1–50), respectively; p = 0.015).
When stratified by injury severity (ISS of <16, 16–24,
or ≥25), more obese than normal-weight patients had
an ISS < 16 (90.5 % vs. 86.0 %, respectively; p = 0.041),
while more normal-weight than obese patients had an
ISS between 16 and 24 (11.0 % vs. 6.6 %, respectively;
p = 0.025). However, no significant difference were
found for NISS (median (range): 9 (1–66) vs. 9 (1–75),
respectively; p = 0.070), TRISS (0.960 ± 0.112 vs. 0.958 ±
0.085, respectively; p = 0.645), or in-hospital mortality
(2.6 % vs. 2.3 %, respectively; p = 0.645). We found that
obese patients had a significantly longer average in-
hospital LOS than did normal-weight patients (10.1 vs.
8.9 days, respectively; p = 0.049). Because the detected sig-
nificant higher incidence rates of DM, HTN, and CAD in
the obese patients or a higher ISS may be positively corre-
lated to a longer hospital stay, therefore, we performed a
multiple linear regression analysis to investigate the effect
of obesity, DM, HTN, CAD, and ISS on LOS (days) of
these patients. The analysis of variance table (Table 3) in-
dicates that the relationship between obesity and LOS is
significant (p = 0.005), LOS in obesity tends to be 1.54 day

Table 1 Demographics of the obese and normal-weight patients with a fall injury (Continued)

≥ 25 7(2.6) 63(2.7) 1.0(0.43–2.11) 0.916

LOS in ICU (days) 8.2 ± 8.8 7.8 ± 9.6 — 0.833

< 16 6.6 ± 6.7 6.3 ± 8.7 — 0.908

16-24 7.5 ± 6.6 7.7 ± 10.0 — 0.963

≥ 25 11.9 ± 12.5 13.3 ± 13.4 — 0.782

AIS ≥3 sites, n(%) 6(0.2) 78(3.3) 0.7(0.28–1.52) 0.323

Mortality 0(0.0) 0(0.0) — —

LOS (days) 16.2 ± 10.2 14.8 ± 12.2 — 0.784

ICU Patients, n(%) 3(50.0) 36(46.2) 1.2(0.22–6.14) 1.000

LOS in ICU (days) 11.3 ± 9.1 7.1 ± 6.4 — 0.293

Table 2 Explanatory variables by a multiple regression analysis
to investigate the effect of obesity, comorbidity, and ISS on LOS
of these patients

Variables Obese Normal Mann–
Whitney
U Test P

BMI≥ 30 25 > BMI≥ 18.5

n(%) n(%)

Head/Neck 48 537 0.210

AIS 1 2(29.2) 112(20.9)

AIS 2 4(8.3) 44(8.2)

AIS 3 10(20.8) 104(19.4)

AIS 4 15(31.3) 225(41.9)

AIS 5 5(10.4) 52(9.7)

Face 12 154 0.550

AIS 1 4(33.3) 71(46.1)

AIS 2 8(66.7) 83(53.9)

Thorax 20 176 0.804

AIS 1 4(20.0) 19(10.8)

AIS 2 5(25.0) 56(31.8)

AIS 3 5(25.0) 77(43.8)

AIS 4 6(30.0) 22(12.5)

AIS 5 0(0.0) 2(1.1)

Abdomen 17 131 0.413

AIS 1 4(23.5) 6(4.6)

AIS 2 7(41.2) 83(63.4)

AIS 3 6(35.3) 40(30.5)

AIS 4 0(0.0) 2(1.5)

Extremity 217 1792 0.073

AIS 1 9(4.2) 43(2.4)

AIS 2 86(39.6) 633(35.3)

AIS 3 121(55.8) 1114(62.2)

AIS 4 0(0.0) 2(0.1)

AIS 5 1(0.5) 0(0.0)
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longer, on average, than that of normal-weight patients,
even after taking account of possible differences in comor-
bidity and ISS. In addition, the relationship between ISS
and LOS is highly significant (p < 0.0005), with a one score
increase in ISS being associated with an average in-
crease of 0.64 day LOS, after adjusting for obesity and
comorbidity. However, no differences were noted in the
proportion of obese and normal-weight patients admit-
ted to the ICU as well as LOS in the ICU after stratifi-
cation into either group of injury severity (ISS of <16,
16–24, or ≥25). In addition, among those who had sus-
tained 3 or more body area injury (AIS ≥3 sites), there
were no difference in obese and normal-weight patients
admitted to the ICU, LOS in the ICU and in the hos-
pital, and the mortality.

Physiological response & procedures performed at the ED
Upon arrival at the ED, no significant differences
were found for GCS of <13, systolic blood pressure
(SBP) of <90 mmHg, heart rate of >100 beats/min,
or respiratory rates of <10 or >29. Furthermore, no
significant differences were found in the odds for re-
quiring procedures, including cardiopulmonary resus-
citation, intubation, chest tube insertion, and blood
transfusion, at the ED (Table 4).

Discussion
In a retrospective review of all blunt trauma patients
admitted to the ICU at a Level I trauma center, prior
study demonstrated that there was no difference be-
tween obese and lean patients in the type of traumatic
brain injury [15]. Another study demonstrated similar
injury patterns of fewer head but more chest and lower
extremity injuries [16]. It has also been reported that
obese trauma patients sustained more pelvic, rib, and
lower extremity fractures but fewer liver injuries, man-
dibular fractures, and cerebral injuries than those non-
obese trauma patients [17]. Based on our analysis of the
AIS scores, obese patients presented no significant dif-
ference of injuries to body region from normal-weight
patients. Comparison of the composition of AIS severity
scaling from 1 to 5 in each region also did not show a
significant difference between obese and normal-weight
patients.
Longer hospitalizations of obese patients result in in-

creased morbidity and are associated with impaired mo-
bility, higher incidence of respiratory complications,
more venous thromboembolic events, and higher noso-
comial infection rates [18]. For example, obesity resulted
in nearly twofold-increased odds for developing cardiac
and pulmonary complications after a hip fracture as well

Table 3 Comparison of the composition of AIS severity scaling from 1 to 5 in each region between obese and normal-weight patients

Variable Parameter estimate Standard error 95 % CI for parameter P-value

Intercept 2.600 0.362 (1.891–3.310) 0.000

Obesity 1.543 0.544 (0.477–2.610) 0.005

DM 0.990 0.418 (0.170–1.809) 0.018

HTN 0.485 0.354 (−0.209–1.178) 0.171

CAD 0.962 0.690 (−0.392–2.315) 0.164

ISS 0.642 0.032 (0.579–0.705) 0.000

The multiple linear regression equation is given by: LOS (days) =2.60 + 1.54*(obesity) + 0.99*(DM) + 0.49*(HTN) + 0.96*(CAD) + ISS*0.64, depending on obesity
(o = normal weight, 1 = obesity), DM (0 = no DM, 1 = DM), HTN (0 = no HTN, 1 = HTN), CAD (0 = no CAD, 1 = CAD), and ISS (scores) of these patients

Table 4 Physiological response and procedures performed upon arrival at the ED

Variables Obese Normal Odds ratio
(95 %)

P

BMI≥ 30 25 > BMI≥ 18.5

n = 273 n = 2357

Physiology at ER, n(%)

GCS < 13 14(5.1) 168(7.1) 0.7(0.40–1.23) 0.218

SBP < 90 mmHg 3(1.1) 26(1.1) 1.0(0.30–3.31) 1.000

Heart rate > 100 beats/min 52(19.0) 357(15.1) 1.3(0.96–1.82) 0.092

Respiratory rate < 10 or >29 0(0.0) 6(0.3) — 1.000

Procedures at ER, n(%)

Cardiopulmonary resuscitation 0(0.0) 1(0.0) — 1.000

Intubation 3(1.1) 34(1.4) 0.8(0.23–2.49) 1.000

Chest tube insertion 2(0.7) 23(1.0) 0.7(0.18–3.19) 1.000

Blood transfusion 8(2.9) 56(2.4) 1.2(0.59–2.63) 0.574
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as significantly increasing the odds of developing infec-
tious complications (OR 3.8; 95 % CI 1.9–7.6, p < 0.001)
[19]. It has been reported that the mean duration of
orthopedic surgery in morbidly obese patients was 30 %
longer than in non-obese patients [20]. Moreover, med-
ically stable obese patients were found to be almost
twice as likely to experience delayed fracture fixation
due to preference of the surgeon [20]. In addition,
obesity in critically ill patients is significantly related to a
prolonged duration of mechanical ventilation and inten-
sive care unit length of stay [21, 22]. In this study, al-
though obese patients had a significant lower ISS than
normal-weight patients who had experienced a fall, the
obese patients had a significantly longer in-hospital LOS
than did normal-weight patients. Even after taking ac-
count of possible differences in comorbidity and ISS, the
obese patients have an average 1.54 day longer LOS than
that of normal-weight patients.
Limitation of this study involves the use of a retro-

spective design with its inherent selection bias and the
lack of available data on the circumstances of the
mechanisms of injury. In addition, the patients dead on
hospital arrival or accident scene are not included into
the Trauma Registry Database, thus creating a selection
bias. Moreover, some well-established risk factors, in-
cluding prior falls, inappropriate use of medications, gait
or balance problems, and functional limitations, were
not documented and analyzed in this study. Finally, this
study is only descriptive and, therefore, unable to assess
the effects of any particular treatment intervention; it
could only rely on the assumption that assessment and
management are uniform between obese and normal-
weight populations.

Conclusion
The obese adult patients presented with similar injury to
the body region following a fall in comparison with
normal-weight patients. The obese patients had signifi-
cantly lower ISS but significantly longer in-hospital LOS
than did normal-weight patients. However, mortality, the
percentage of patients admitted to the ICU, and LOS in
the ICU exhibited no statistically significant differences
between obese and normal-weight patients.

Level of evidence
Epidemiological study, level III.
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Use of the reverse shock index for
identifying high-risk patients in a five-level
triage system
Jung-Fang Chuang1†, Cheng-Shyuan Rau2†, Shao-Chun Wu3, Hang-Tsung Liu1, Shiun-Yuan Hsu1, Hsiao-Yun Hsieh1,
Yi-Chun Chen1 and Ching-Hua Hsieh1*

Abstract

Background: The ratio of systolic blood pressure (SBP) to heart rate (HR), called the reverse shock index (RSI),
is used to evaluate the hemodynamic stability of trauma patients. To minimize undertriage in emergency
departments (EDs), we evaluated whether RSI < 1 (i.e., SBP lower than HR) could be used as an additional
variable to identify patients at high risk for more severe injury within a level category of the five-level Taiwan
Triage and Acuity Scales (TTAS) system.

Methods: Data obtained from the Trauma Registry System, including triage level according to the TTAS
system, were retrospectively reviewed for trauma admissions from January 2009 through December 2013 in a
Level I trauma center. In our study, the primary outcomes were injury severity as measured using different
scoring systems, including the Glasgow coma scale (GCS), abbreviated injury scale scores, and the injury
severity score (ISS), and in-hospital mortality. The secondary outcomes were hospital and intensive care unit
(ICU) length of stay (LOS).

Results: Of 10,814 trauma patients, 348 patients (3.2 %) had RSI < 1, whereas 10,466 (96.8 %) had RSI ≥ 1.
Those with RSI < 1 had greater injury severity, a higher incidence of commonly associated injuries, lower GCS
scores, greater deterioration of vital signs, and a higher incidence of procedures those with RSI ≥ 1. Patients
with RSI < 1 also worse outcomes including hospital and ICU LOS, a greater frequency of ICU admission, and
higher in-hospital mortality. Although the five-level TTAS system provides good prioritization of patients with
major trauma, using the additional criterion of RSI < 1 could identify the patients at higher risk within the
same triage level (I–III).

Discussion: The alert of a trauma patient’s SBP being lower than his/her HR (RSI < 1) without the requirement of any
additional equipment makes the concept of RSI particularly valuable in crowded EDs for identifying high-risk patients.
RSI < 1 may serve as a principle trigger for action in the ED to alert trauma surgeons to the need for early intervention
and timely preparation upon patient arrival particularly for those patients triaged in levels II and III of the TTAS system.

Conclusions: RSI < 1 upon arrival at an ED is an alarming sign of an associated worse outcome. Within the same triage
level from level I to level III, patients with RSI < 1 had worse outcomes than those with RSI≥ 1. The inclusion of RSI in
the TTAS system may help to identify patients with more serious injuries who need an upgraded management level.

Keywords: Reverse shock index (RSI), Shock, Injury severity score (ISS), Mortality, Five-level triage system
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Background
In Taiwan, the five-level Taiwan Triage and Acuity
Scales (TTAS) system was adapted from the Canadian
Triage and Acuity Scales (CTAS) and was found to be a
reliable triage system that accurately prioritizes the
treatment of patients in the emergency department (ED)
[1, 2]. The TTAS guidelines recommend a time to phys-
ician assessment based on the triage acuity level accord-
ing to a classification of patients in descending order as
follows: level I, resuscitation; level II, emergency; level
III, urgent; level IV, less urgent; and level V, non-urgent
[3]. It has been estimated that nearly one in three pa-
tients who experienced major trauma were undertriaged
according to an analysis of 36,395 major trauma patients
from the Nationwide Emergency Department Sample of
the United States in 2010 [4]. Accurate triage of trauma
patients is essential for trauma centers to avoid undert-
riage and poorer care or conversely overtriage and wasting
of valuable resources and funding. To minimize undert-
riage, it is of the utmost importance to identify patients
who are at high risk for severe injury; therefore, continu-
ous evaluation of the triage system to provide greater
acuity for use in emergency care is valuable for ensuring
greater patient safety and more timely utilization of appro-
priate ED resources.
Hypovolemic shock is the most common type of shock

in patients who experience traumatic injury. To identify
hypovolemic shock, isolated vital signs such as heart rate
(HR) or systolic blood pressure (SBP) have been revealed
to be unreliable [5, 6]. Tachycardia failed to be useful as
an isolated vital sign to predict the need for interven-
tions commonly associated with hemorrhage control [6].

In addition, because there are compensatory mecha-
nisms to increase cardiac output and maintain tissue
perfusion despite a relatively low blood pressure, the re-
liance on SBP alone may delay recognition of the shock
state [7]; for example, young patients who present with
tachycardia and mild hypotension are at risk of losing
their compensatory mechanisms, and therefore, they may
slip into profound shock [7]. Furthermore, hemorrhagic
shock occurs more rapidly in patients with penetrating in-
juries than in those who experience blunt trauma, and
similar patterns regarding the cardiac index, mean arterial
pressure, pulse oximetry, and transcutaneous oxygen ten-
sion indexed to FiO2 were found [8]. Moreover, different
parameters other than vital signs, such as the Glasgow
coma scale (GCS), are useful for triaging patients with
head injuries [9]. By contrast, the shock index (SI), or the
ratio of HR to SBP, has also been studied as a marker of
significant injury in trauma patients with hypovolemic
shock [10]. The SI upon ED arrival may be considered a
clinical indicator of hypovolemic shock with respect to
transfusion requirements and hemostatic resuscitation
[11]. The SI has been previously emphasized to serve as a
capable measure for assessing hemodynamic instability
[11–15] and identifying patients requiring hospital admis-
sion and/or intensive care therapy despite vital signs that
may not appear strikingly abnormal [16, 17]. When
healthy blood donors were subjected to a defined blood
loss of 450 mL, the SI substantially increased, whereas HR
and SBP, taken as separate values, remained within their
normal ranges [18]. It has been demonstrated that an
abnormal SI portends a worse outcome in critically ill pa-
tients [15]. In addition, patients with SI ≥ 1.0 despite

Fig. 1 Distribution of trauma patients according to the reverse shock index (RSI)
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prehospital crystalloid resuscitation had significantly
higher transfusion requirements and higher mortality than
general major trauma patients [12].
Although the SI is an extremely practical and valuable

predictor of outcome in trauma patients, the calculation
of SI as the ratio of HR to SBP is odd and appears contra-
dictory to the basic concept of shock. Generally, the idea
of an unstable hemodynamic status is impressed upon
practitioners as the patient’s SBP being lower than the HR
but not the HR being higher than the SBP, as indicated by
the SI. Therefore, we prefer to calculate the ratio of SBP
to HR as the reverse shock index (RSI) to evaluate
hemodynamic stability in trauma patients. RSI < 1 indi-
cates that the SBP is lower than the HR, implying that the
patient is probably in shock. Moreover, the RSI could be
used upon the arrival of first responders at the site of in-
jury without any additional calculation or equipment.
To minimize the chance of undertriage, many systems

have adopted extensive lists of variables related to the

mechanism of injury and patient demographics, but they
often have little or no scientific validation. The objective
of this study was to minimize the risk of undertriage in
the ED by evaluating whether RSI < 1 as an additional
variable can identify patients who are at high risk for more
severe injury within a level category of the TTAS system.

Methods
Study design
This retrospective study was conducted at the Kaohsiung
Chang Gung Memorial Hospital, a 2400-bed facility and
Level I regional trauma center that provides care to
trauma patients primarily from South Taiwan. This study
reviewed all 16,548 hospitalized and registered patients
added to the Trauma Registry System from January 1,
2009 to December 31, 2013. During this time, patients
who were transferred from other hospitals were not in-
cluded in the study population because their condition
was generally stable after management or procedures

Table 1 Demographics and injury characteristics of the hospitalized trauma patients

Variables RSI < 1 RSI≧ 1 Odds ratio p

N = 348 N = 10466 (95 % CI)

SBP Mean (mmHg) 90.9±29.0 146.0±29.7 - -

HR Mean (beats/min) 123.4±61.3 86.4±16.0 - -

RSI Mean 0.8±0.2 1.7±0.5 - -

Range 0.0−0.9 1.0−8.1 - -

Gender

Male 255 (73.3) 6631 (63.4) 1.6 (1.25–2.02) <0.001

Female 93 (26.7) 3835 (36.6) 0.6 (0.50–0.80) <0.001

GCS 12.1±4.0 14.4±2.0 – <0.001

≤8 69 (19.8) 411 (3.9) 6.1 (4.57–8.02) <0.001

9–12 36 (10.3) 338 (3.2) 3.5 (2.41–4.96) <0.001

≥13 243 (69.8) 9717 (92.8) 0.2 (0.14–0.23) <0.001

AIS, n (%)

Head/Neck 139 (39.9) 2513 (24.0) 2.1 (1.69–2.62) <0.001

Face 83 (23.9) 1946 (18.6) 1.4 (1.07–1.76) 0.013

Thorax 114 (32.8) 1197 (11.4) 3.8 (3.00–4.76) <0.001

Abdomen 100 (28.7) 652 (6.2) 6.1 (4.75–7.76) <0.001

Extremity 226 (64.9) 7590 (72.5) 0.7 (0.56–0.88) 0.002

ISS, median (IQR) 13 (5–22) 5 (4–9) - <0.001

<16 192 (55.2) 9152 (87.4) 0.2 (0.14–0.22) <0.001

16–24 81 (23.3) 947 (9.0) 3.0 (2.36–3.95) <0.001

≥25 75 (21.6) 367 (3.5) 7.6 (5.74–9.96) <0.001

Mortality 34 (9.8) 103 (1.0) 10.9 (7.28–16.31) <0.001

Ward LOS (days) 17.0±17.8 8.9±9.7 - <0.001

ICU

n (%) 168 (48.3) 1606 (15.3) 5.1 (4.15–6.40) <0.001

LOS (days) 12.3±19.5 8.6±10.2 - <0.001
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had been performed in the previous hospital. In
addition, patients who had incomplete data regarding
vital signs, GCS, or triage level were excluded. In total,
10,814 trauma patients were enrolled in the study. Ap-
proval for this study was obtained from the hospital’s in-
stitutional review board (IRB) with approval numbers
103-4599B and 103-5679B before its initiation. The in-
formed consent requirement was waived according to
the IRB regulations.
Detailed patient information was retrieved from the

Trauma Registry System of our institution, and it included
data regarding triage level according to the TTAS system,
age, sex, vital signs on arrival, GCS score assessed on ar-
rival at the ED, details of procedures performed at the ED
(intubation, chest tube insertion, and blood transfusion),
abbreviated injury scale (AIS) scores for each body region,
injury severity score (ISS), length of stay (LOS) in the hos-
pital, LOS in the intensive care unit (ICU), in-hospital
mortality, and complications associated with the injuries.
The ISS is expressed as the median and interquartile range

(IQR, Q1-Q3). The RSI was calculated as the ratio of SBP
to HR (RSI = SBP/HR). In our study, the primary out-
comes were injury severity as measured using different
scoring systems (GCS, AIS, and ISS) and in-hospital mor-
tality. The secondary outcomes were hospital LOS and
ICU LOS. Odds ratios (ORs) were calculated with 95 %
confidence intervals (CIs).
Data were compared using SPSS version 20 statistical

software (IBM Corporation, Armonk, NY, USA). We
used Pearson’s χ2 test, Fisher’s exact test, or the inde-
pendent Student’s t-test, as applicable. All results are
presented as means ± standard errors. A p-value of <0.05
was considered as statistically significant.

Results
Worse outcomes of patients with RSI < 1
From January 1, 2009 to December 31, 2013, the Trauma
Registry System included 16,548 hospitalized and registered
patients. After excluding 5734 patients who were trans-
ferred from other hospitals or who had incomplete

Fig. 2 The hospital length of stay (LOS) of the trauma patients with reverse shock index (RSI) < 1 (red line) and RSI ≥ 1 (black line)

Table 2 Physiological responses of and procedures underwent by the hospitalized trauma patients

Variables RSI < 1 RSI≧ 1 Odds ratio p

N = 348 N = 10466 (95 % CI)

Physiological response, n (%)

GCS < 13 105 (30.2) 749 (7.2) 5.6 (4.41–7.13) <0.001

Respiratory rate <10 or >29 15 (4.3) 33 (0.3) 14.2 (7.66–26.47) <0.001

Procedures performed, n (%)

Cardiopulmonary resuscitation 12 (3.4) 11 (0.1) 33.9 (14.87–77.48) <0.001

Intubation 82 (23.6) 369 (3.5) 8.4 (6.45–11.03) <0.001

Chest tube insertion 36 (10.3) 172 (1.6) 6.9 (4.74–10.06) <0.001

Blood transfusion 44 (12.6) 264 (2.5) 5.6 (3.99–7.85) <0.001
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data, the study group included 10,814 patients. Of these
patients, 348 patients (3.2 %) had RSI < 1, and 10,466
(96.8 %) had RSI ≥ 1 (Fig. 1). The mean RSIs of the
patients with RSI < 1 and RSI ≥ 1 were 0.8 ± 0.2 and 1.7

± 0.5, respectively (Table 1). A statistically significant
difference regarding sex was found between patients
with RSI < 1 (255 men [73.3 %] and 93 women [26.7 %])
and those with RSI ≥ 1 (6631 men [63.4 %] and 3835

Table 3 Associated injuries of the hospitalized trauma patients

Variables RSI < 1 RSI≧ 1 Odds ratio p

N = 348 N = 10466 (95 % CI)

Head trauma, n (%)

Cranial fracture 37 (10.6) 623 (6.0) 1.9 (1.32–2.67) <0.001

Epidural hematoma (EDH) 22 (6.3) 401 (3.8) 1.7 (1.09–2.64) 0.018

Subdural hematoma (SDH) 38 (10.9) 770 (7.4) 1.5 (1.09–2.18) 0.013

Subarachnoid hemorrhage (SAH) 51 (14.7) 869 (8.3) 1.9 (1.40–2.57) <0.001

Intracerebral hematoma (ICH) 14 (4.0) 169 (1.6) 2.6 (1.47–4.45) 0.001

Cervical vertebral fracture 11 (3.2) 91 (0.9) 3.7 (1.97–7.02) <0.001

Maxillofacial trauma, n (%)

Orbital fracture 3 (0.9) 226 (2.2) 0.4 (0.13–1.24) 0.098

Nasal fracture 6 (1.7) 120 (1.1) 1.5 (0.66–3.46) 0.323

Maxillary fracture 31 (8.9) 680 (6.5) 1.4 (0.97–2.05) 0.074

Mandibular fracture 14 (4.0) 265 (2.5) 1.6 (0.93–2.79) 0.084

Thoracic trauma, n (%)

Rib fracture 56 (16.1) 833 (8.0) 2.2 (1.65–2.98) <0.001

Sternal fracture 3 (0.9) 14 (0.1) 6.5 (1.86–22.69) 0.001

Hemothorax 20 (5.7) 150 (1.4) 4.2 (2.60–6.77) <0.001

Pneumothorax 16 (4.6) 163 (1.6) 3.0 (1.80–5.15) <0.001

Hemopneumothorax 30 (8.6) 125 (1.2) 7.8 (5.16–11.81) <0.001

Lung contusion 15 (4.3) 111 (1.1) 4.2 (2.42–7.28) <0.001

Thoracic vertebral fracture 14 (4.0) 93 (0.9) 4.7 (2.64–8.29) <0.001

Abdominal trauma, n (%)

Intra-abdominal injury 18 (5.2) 126 (1.2) 4.5 (2.70–7.42) <0.001

Hepatic injury 42 (12.1) 182 (1.7) 7.8 (5.44–11.05) <0.001

Splenic injury 26 (7.5) 87 (0.8) 9.6 (6.13–15.14) <0.001

Retroperitoneal injury 10 (2.9) 12 (0.1) 25.8 (11.06–60.07) <0.001

Renal injury 12 (3.4) 45 (0.4) 8.3 (4.34–15.78) <0.001

Urinary bladder injury 3 (0.9) 17 (0.2) 5.3 (1.56–18.32) 0.003

Lumbar vertebral fracture 14 (4.0) 179 (1.7) 2.4 (1.38–4.20) 0.001

Sacral vertebral fracture 7 (2.0) 62 (0.6) 3.4 (1.57–7.58) 0.001

Extremity trauma, n (%)

Scapular fracture 13 (3.7) 160 (1.5) 2.5 (1.41–4.45) 0.001

Humeral fracture 15 (4.3) 468 (4.5) 1.0 (0.57–1.63) 0.886

Radial fracture 28 (8.0) 1069 (10.2) 0.8 (0.52–1.14) 0.188

Ulnar fracture 28 (8.0) 514 (4.9) 1.7 (1.14–2.52) 0.008

Pelvic fracture 44 (12.6) 269 (2.6) 5.5 (3.91–7.70) <0.001

Femoral fracture 57 (16.4) 842 (8.0) 2.2 (1.67–3.00) <0.001

Tibial fracture 37 (10.6) 768 (7.3) 1.5 (1.06–2.13) 0.021

Fibular fracture 26 (7.5) 425 (4.1) 1.9 (1.26–2.88) 0.002
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women [36.6 %]). There were also significant differ-
ences in GCS scores and the distribution of scores (≤8,
9–12, or ≥13) between the RSI < 1 and RSI ≥ 1 groups.
Analysis of AIS scores revealed that patients with RSI < 1
had significantly higher rates of injuries to the head/neck,
face, thorax, and abdomen, whereas patients with RSI ≥ 1
displayed significantly higher rates of injuries to the ex-
tremities. Comparisons of trauma injury scores of the pa-
tients with RSI < 1 and those with RSI ≥ 1 revealed
significant differences in the ISS between the groups (13
[5–22] vs. 5 [4–9]; p < 0.001) regardless of the stratifica-
tion by injury severity (ISS of <16, 16–24, or ≥25). Like-
wise, we also found significant differences in in-hospital
mortality rates between the two patient groups. The OR
of mortality of the patients with RSI < 1 was 10.9-fold
greater than that of patients with RSI ≥ 1 (95 % CI = 7.28–
16.31). A significantly longer hospital LOS was found
among patients with RSI < 1 than among those with RSI ≥
1 (Fig. 2). Likewise, a significantly larger proportion of
patients with RSI < 1 were admitted to the ICU, and the
ICU LOS was significantly longer in this group. Further-
more, the patients with RSI < 1 exhibited a higher OR for
presenting with worse hemodynamic measures than those
with RSI ≥ 1 (Table 2). These measures included a GCS
score < 13, SBP < 90 mmHg, HR > 100 beats/min, and a
respiratory rate of <10 or >29 times/min. In addition, pa-
tients with RSI < 1 had higher odds for requiring proce-
dures at the ED, including cardiopulmonary resuscitation,
intubation, chest tube insertion, and blood transfusion.
Patients with RSI < 1 had a statistically significantly higher
OR for sustaining multiple types of trauma in the head,
thorax, abdomen, and extremities (Table 3), although
there were no significant differences regarding the rates of
maxillofacial trauma and certain types of extremity trauma
(humeral fracture and radial fractures).

Good prioritization of patients using the TTAS system
The overall study population of 10,814 trauma patients
was triaged into levels I (623 patients), II (3333 patients),
III (6522 patients), IV (314 patients), and V (22 patients).
The comparative injury characteristics between levels I
and II as well as between levels II and III are shown in
Table 4. Differences between sexes were found between
levels II and III (p < 0.001) but not between levels I and
II (p = 0.173). Good prioritization using the five-level
TTAS system was found with significant differences
among patients with major trauma (levels I–III) regard-
ing ISS, hospital LOS, the proportion of patients admit-
ted to the ICU, ICU LOS, and mortality.

Patients with RSI < 1 within levels I–III had worse
outcomes
We compared patients with RSI < 1 and those with RSI ≥
1 in levels I–III (Table 5). In level I, there were 130 pa-
tients with RSI < 1 and 493 patients with RSI ≥ 1. No
sex-related differences were found in this group. The pa-
tients with RSI < 1 had worse outcomes than those with
RSI ≥ 1 regarding ISS and ICU LOS but not hospital
LOS, the proportion of patients admitted to the ICU, or
mortality. In level II, there were 153 patients with RSI <
1 and 3180 patients with RSI ≥ 1. A higher proportion of
male patients had RSI < 1 in this level. The patients with
RSI < 1 had worse outcome than those with RSI ≥ 1 re-
garding ISS, hospital LOS, the proportion of patients ad-
mitted to the ICU, and mortality but not ICU LOS. In
level III, there were 59 patients with RSI < 1 and 6463
patients with RSI ≥ 1. No sex-related differences were
found in this group. The patients with RSI < 1 had worse
outcomes than those with RSI ≥ 1 regarding ISS, hospital
LOS, the proportion of patients admitted to the ICU,
and mortality but not ICU LOS.

Table 4 Comparison of the trauma patients regarding sex and outcomes in levels I–III in the Taiwan Triage and Acuity Scales
system

Variables Triage

I II III IV V

N = 623 N = 3333 I vs. II N = 6522 II vs. III N = 314 N = 22

Odds ratio (95 % CI) p Odds ratio (95 % CI) p

Gender 0.173 <0.001

Male (n, %) 455 (73.0) 2344 (70.3) 1.1 (0.94–1.38) 3899 (59.8) 1.6 (1.46–1.74) 175 (55.7) 13 (59.1)

Female (n, %) 168 (27.0) 989 (29.7) 0.9 (0.72–1.06) 2623 (40.2) 0.6 (0.57–0.69) 139 (44.3) 9 (40.9)

ISS

Median (IQR) 17 (10–25) 8 (4–13) <0.001 4 (4–9) <0.001 4 (4–9) 4 (4–9)

LOS (days) 19.3±19.8 11.3±11.1 <0.001 7.3±7.3 <0.001 7.2±7.1 9.0±8.5

ICU

n (%) 416 (66.8) 809 (24.3) 6.3 (5.21–7.54) <0.001 499 (7.7) 3.9 (3.43–4.37) <0.001 47 (15.0) 3 (13.6)

Days 12.5±14.9 8.3±11.3 <0.001 7.2±7.1 0.040 8.1±8.7 4±2.6

Mortality 96 (15.4) 27 (0.8) 22.3 (14.4–34.5) <0.001 14 (0.2) 3.8 (1.99–7.25) <0.001 0 (0.0) 0 (0.0)
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Inaccurate prioritization of patients with RSI < 1 within
levels II and III in the TTAS system
As shown in Table 6, the 348 trauma patients with RSI < 1
were triaged into levels I (130 patients), II (153 patients),
III (59 patients), IV (5 patients), and V (1 patient). The
comparative injury characteristics between levels I and II

as well as between levels II and III are shown. Sex-
related differences were found between levels II and
III (p = 0.010) but not between levels I and II (p = 0.293).
Good prioritization of trauma patients with RSI < 1 using
the TTAS system was achieved between levels I and II but
not between levels II and III. The difference between
levels I and II was significant concerning ISS, hospital
LOS, the proportion of patients admitted to the ICU, ICU
LOS, and mortality. However, none of these outcome
measurements was significantly different between levels II
and III, implying there was an inaccurate prioritization be-
tween levels II and III for patients with RSI < 1.

Inaccurate prioritization of patients with RSI < 1 within
levels II and III in the TTAS system
To investigate the outcomes of patients with SBP < 90
who were inappropriately triaged to a level other than
level I in the TTAS system, further stratification of 153
patients with RSI < 1 in level II or III using the criterion
SBP < 90 was performed. We found that in level III, no
patient had SBP < 90. In triage level II, there were 67 pa-
tients with RSI < 1 and SBP < 90 and 86 patients with
RSI < 1 and SBP ≥ 90 (Table 7). Notably, these nonhypo-
tensive patients with RSI < 1 who were triaged in level II
displayed significant differences from those with RSI ≥ 1
concerning ISS, hospital LOS, the proportion of patients
admitted to the ICU, and mortality, indicating the RSI < 1
is useful for identifying high-risk patients triaged in level
II who displayed a nonhypotensive status.

Discussion
The assessment and treatment of trauma patients upon
arrival to the ED is essential in the presence of life-
threatening injuries. Prospectively identifying patients
who would benefit from trauma care is essential to the
success of trauma systems. However, this remains an on-
going challenge for prehospital providers and the physi-
cians in attendance in the emergency room, who have
limited data to make the decision. Moreover, this deci-
sion has been clearly illustrated to have implications for
patient outcomes [19]. In this study, we analyzed the in-
jury characteristics of all trauma patients hospitalized in
a Level I trauma center and found that patients who pre-
sented with RSI < 1 had a higher injury severity, a higher
incidence of commonly associated injuries, a worse
physiological response, and a greater frequency of under-
going procedures than those with RSI ≥ 1. Furthermore,
patients with RSI < 1 also had worse outcomes including
hospital and ICU LOS, the proportion of patients admit-
ted to the ICU, and in-hospital mortality. Moreover, al-
though we found that the five-level TTAS system could
provide good prioritization of patients with major
trauma, within the same triage level from level I to level

Table 5 Sex and outcomes of the trauma patients with reverse
shock index (RSI) < 1 or RSI ≥ 1 in levels I–III of the Taiwan
Triage and Acuity Scales system

Triage: I RSI < 1 RSI≧ 1 Odds ratio p

Variables N = 130 N = 493 (95 % CI)

Gender 0.990

Male (n, %) 95 (73.1) 360 (73.0) 1.0 (0.65–1.55)

Female (n, %) 35 (26.9) 133 (27.0) 1.0 (0.65–1.54)

ISS

Median (IQR) 20 (12–29) 17 (9–25) - 0.007

LOS days 21.8±22.9 18.7±18.8 - 0.102

ICU

n (%) 92 (70.8) 324 (65.7) 1.3 (0.83–1.92) 0.277

Days 15.5±22.9 11.7±11.5 - 0.030

Mortality 26 (20.0) 70 (14.2) 1.5 (0.92–2.49) 0.105

Triage: II RSI < 1 RSI≧ 1 Odds ratio p

Variables N = 153 N = 3180 (95 % CI)

Gender 0.025

Male (n, %) 120 (78.4) 2224 (69.9) 1.6 (1.06–2.32)

Female (n, %) 33 (21.6) 956 (30.1) 0.6 (0.43–0.95)

ISS

Median (IQR) 10 (4–17) 6 (4–13) - <0.001

LOS days 15.0±14.3 11.1±10.9 - <0.001

ICU

n (%) 61 (39.9) 748 (23.5) 2.2 (1.54–3.01) <0.001

days 8.8±14.8 8.2±11.0 - 0.698

Mortality 7 (4.6) 20 (0.6) 7.2 (2.98–17.31) <0.001

Triage III RSI < 1 RSI≧ 1 Odds ratio p

Variables N = 59 N = 6463 (95 % CI)

Gender 0.846

Male (n, %) 36 (61.0) 3863 (59.8) 1.1 (0.62–1.78)

Female (n, %) 23 (39.0) 2600 (40.2) 0.9 (0.56–1.61)

ISS

Median (IQR) 5 (4–16) 4 (4–9) - <0.001

LOS days 12.2±10.4 7.2±7.2 - <0.001

ICU

n (%) 15 (25.4) 484 (7.5) 4.2 (2.33–7.62) <0.001

Days 7.0±6.9 7.2±7.2 - 0.932

Mortality 1 (1.7) 13 (0.2) 8.5 (1.09–66.15) 0.041
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III, patients with RSI < 1 had worse outcomes than those
with RSI ≥ 1.
Under the circumstance of many patients waiting in

crowded EDs for hours before being evaluated [20], tri-
age tools are expected to have high sensitivity in dis-
criminating emergency conditions in terms of risk
management for the care of trauma patients. However, it
is also important for triage systems to balance both patient
safety and system efficiency. In a study of the reproducibil-
ity of the five-level CTAS, the overall interrater agreement
was moderate among five experienced nurses, with a glo-
bal κ of 0.44 (95 % CI = 0.40–0.48) [21]. It has been re-
ported that through years of practice, nurses might
interpret and integrate the CTAS differently, developing
an individualized usage of the tool, which also could lead

to lower interrater reliability [21]. The diversity among
several aspects of nursing triage may point to a safety risk
for patients. One of the major benefits of using the RSI for
evaluation at the ED is that it can be used quickly when
first responders arrive without the requirement of any
additional equipment or cost. Following the advanced
trauma life support paradigm of “keep algorithms simple,”
RSI < 1 may serve as a principle trigger for action in the
ED. RSI < 1 also can alert trauma surgeons to the need for
early intervention and timely preparation upon patient ar-
rival. In this study, the OR for mortality of the entire
trauma patient population with RSI < 1 was more than 10-
fold greater than that of patients with RSI ≥ 1. In addition,
the ORs for mortality of the patients with RSI < 1 were ap-
proximately 8.5- and 7.2-fold greater than those for pa-
tients with RSI ≥ 1 in triage levels III and II, respectively.
The inclusion of the RSI in the TTAS triage system may
help to identify patients with serious injuries who need an
upgraded management level and avert morbidity or mor-
tality after a severe injury. Even if we are unable to identify
reductions of morbidity and mortality after addition of the
RSI in the TTAS triage system, we may conservatively
assume they exist. However, a prospective study is war-
ranted to validate the aforementioned hypothesis.
In this study, good prioritization of the five-level

TTAS system is found with significant differences
among patients with major trauma (levels I–III). How-
ever, inaccurate prioritization in levels II and III of the
TTAS system was found when the patients had RSI < 1.
The middle group (level III) is most problematic because
it includes the greatest number of patients, but this
group had a relatively low mortality rate. These findings
may result in physicians not paying close attention to
these patients to avoid using limited resources that could
be reserved for other potentially sicker patients, which

Table 7 Comparison of trauma patients with reverse shock
index (RSI) < 1 and systolic blood pressure ≥ 90 with those with
RSI≥ 1 in level II

Triage II RSI < 1 RSI > 1 Odds ratio p

Variables SBP≧ 90 n = 3180 (95 % CI)

n = 86

Gender

Male (n, %) 72 (83.7) 2224 (69.9) 2.2 (1.24–3.94) 0.006

Female (n, %) 14 (16.3) 956 (30.1) 0.5 (0.25–0.81) 0.006

ISS

Median (IQR) 10 (4–18) 6 (4–13) - <0.001

LOS

Days 15.8±15.3 11.1±10.9 - 0.006

LOS in ICU

n (%) 36 (41.9) 748 (23.5) 2.3 (1.51–3.62) <0.001

Days 10.3±18.4 8.2±11.0 - 0.499

Mortality 10 (11.6) 20 (0.6) 20.8 (9.41–45.92) <0.001

Table 6 (RSI < 1). Comparison of the trauma patients with reverse shock index < 1 in levels I–III in the Taiwan Triage and Acuity
Scales system

Variables Triage

I II III IV V

N = 130 N = 153 I vs. II N = 59 II vs. III N = 5 N = 1

Odds ratio (95 % CI) p Odds ratio (95 % CI) p

Gender 0.293 0.010

Male (n, %) 95 (73.1) 120 (78.4) 0.7 (0.43–1.29) 36 (61.0) 2.3 (1.21–4.45) 3 (60.0) 1 (100)

Female (n, %) 35 (26.9) 33 (21.6) 1.3 (0.78–2.31) 23 (39.0) 0.4 (0.23–0.82) 2 (40.0) 0 (0)

ISS

Median (IQR) 20 (12–29) 10 (4–17) <0.001 5 (4–16) 0.098 5 (3–14) 10 (10–10)

LOS (days) 21.8±22.9 15.0±14.3 0.002 12.2±10.4 0.169 4.3±9.6 11-

ICU

n (%) 92 (70.8) 61 (39.9) 3.7 (2.22–6.01) <0.001 15 (25.4) 1.9 (1.00–3.80) 0.051 0 (0) 0 (0)

Days 15.5±22.9 8.8±14.8 0.046 7.0±6.9 0.648 – –

Mortality 26 (20.0) 7 (4.6) 5.2 (2.18–12.47) <0.001 1 (1.7) 2.8 (0.34–23.10) 0.324 0 (0) 0 (0)
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that may make the physician less alert and make the lim-
ited resources being taken away from other potentially
sicker patients [22]. The original recommendation of
those endorsing the TTAS was that level III patients
should be evaluated by a physician within 30–60 min.
This recommendation is likely to be safe for these pa-
tients. Unfortunately, there are instances in which level
III patients may wait for hours in a crowded ED before
they are actually placed in a treatment area and evalu-
ated by a physician. In this study, level III comprised
60 % of all patients, but this group had a low mortality
rate (0.2 %). If these higher-risk level III patients are
reassigned to level II by delineating the high-risk group
of patients using RSI < 1 as an additional criterion, one
would expect that placing these patients in a higher tri-
age category may reduce delays in their evaluation and
treatment and subsequently reduce the morbidity associ-
ated with such delays. Although different parameters
such as age [23, 24], GCS [9], injury mechanisms [25],
and injury regions [26] appear to be outcome predictors
of trauma patients irrespective of vital signs, the alert of
a trauma patient’s SBP being lower than his/her HR (RSI
< 1) without the requirement of any additional equip-
ment makes the concept of RSI particularly valuable in
crowded EDs for identifying high-risk patients.
Our analysis has several limitations. First, our data

were collected prospectively as part of the required
trauma registry process, but our questionnaires and ana-
lyses were performed retrospectively, making them sub-
ject to the limitations of all retrospective studies.
Second, injured patients who died prior to arrival at the
hospital or who were discharged from the ED were not
included in the sample, which could result in bias. Third,
the impact of pre-existing comorbidities on the course
of hospitalization and mortality remains unclear. In
addition, the lack of available data regarding the circum-
stances of the injury and the factors influencing the
decision-making regarding patient management may
have biased the outcome, particularly because the study
population was limited to a single urban trauma center.
Last, some important data other than LOS and mortal-
ity, including costs, delays in treatment, and complica-
tions, were not evaluated, and these data may provide
limited information concerning the outcome evaluation.

Conclusion
Our analysis of data on trauma admissions at a Level I
trauma center spanning 5 years indicated that patients
with RSI < 1 had worse outcomes including hospital and
ICU LOS, the proportion of patients admitted to the
ICU, and in-hospital mortality. Although the five-level
TTAS system could provide good prioritization of pa-
tients with major trauma, within the same triage level
(I–III), the patients with RSI < 1 had worse outcomes

than those with RSI ≥ 1. The inclusion of the RSI in the
TTAS triage system may help to identify the patients
with serious injuries who need to be shifted to a higher
triage category.
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Tranexamic acid (TXA), an inhibitor of fibrinolysis, reduces blood loss after total knee 
arthroplasty. However, its effect on minimally invasive total hip arthroplasty (THA) is not 
clear. We performed a prospective, randomised double-blind study to evaluate the effect of 
two intravenous injections of TXA on blood loss in patients undergoing minimally invasive 
THA.

In total, 60 patients (35 women and 25 men with a mean age of 58.1 years; 17 to 84) who 
underwent unilateral minimally invasive uncemented THA were randomly divided into the 
study group (30 patients, 20 women and ten men with a mean age of 56.5 years; 17 to 79) 
that received two intravenous injections 1 g of TXA pre- and post-operatively (TXA group), 
and a placebo group (30 patients, 15 women and 15 men with a mean age of 59.5 years; 23 
to 84). We compared the peri-operative blood loss of the two groups. Actual blood loss was 
calculated from the maximum reduction in the level of haemoglobin. All patients were 
followed clinically for the presence of venous thromboembolism.

The TXA group had a lower mean intra-operative blood loss of 441 ml (150 to 800) versus 
615 ml (50 to 1580) in the placebo (p = 0.044), lower mean post-operative blood loss (285 ml 
(120 to 570) versus 392 ml (126 to 660) (p = 0.002), lower mean total blood loss (1070 ml (688 
to 1478) versus 1337 ml (495 to 2238) (p = 0.004) and lower requirement for transfusion 
(p = 0.021). No patients in either group had symptoms of venous thromboembolism or 
wound complications. 

This prospective, randomised controlled study showed that a regimen of two intravenous 
injections of 1 g TXA is effective for blood conservation after minimally invasive THA.

Cite this article: Bone Joint J 2015;97-B:905–10.

Anaemia is a recognised complication of total
hip arthroplasty (THA).1 The blood loss after
primary THA has been reported to range from
646 ml to 1770 ml.2-4 In a retrospective study
of 370 hip and knee arthroplasties, a rate of
transfusion of 69% was reported when the
patients’ pre-operative level of haemoglobin
was < 13 g/dl.5 Allogeneic transfusion is asso-
ciated with a risk of infection, viral transmis-
sion, immunological reaction and fluid
overload.6-9 Therefore, some form of blood-
saving strategy is mandatory for patients
undergoing THA. 

Tranexamic acid (TXA), an inhibitor of
fibrinolysis, reportedly reduces peri-operative
blood loss in cardiac surgery as well as in total
knee arthroplasty (TKA).10-12 However, the tim-
ing and dosage of TXA in THA remains contro-
versial. Administration of TXA after cementing
the femoral component failed to reduce bleed-
ing.13 Other uncertainties regarding the efficacy
of TXA in THA relate to variation in dose and
whether to use TXA with or without a subse-

quent bolus or infusion.14-18 Low doses of TXA
(10 mg/kg) administered pre-operatively to
patients undergoing THA have yielded con-
trasting results, with some authors reporting an
increase in the need for transfusion, others a
reduction in blood loss and use of transfused
blood and some that the peri-operative blood
loss remained unchanged.13-15,19,20 It has been
reported that a single pre-operative 1 g intra-
venous bolus of TXA reduced the early post-oper-
ative blood loss but not the intra-operative and
late blood loss in THA.21 One report examining
pharmokinetic data in healthy volunteers has sug-
gested that a larger dose of TXA (20 mg/kg),
which can be maintained for eight hours, may
cause thromboembolism.22 There is also some
evidence of benefit when it is applied topically.23 

Minimally invasive THA has become popu-
lar in recent years. The potential benefits of
this technique are believed to be a reduction in
soft-tissue trauma, less post-operative pain,
more rapid rehabilitation, and shorter hospital
stay.24-26 However, there has been little
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research documenting the blood-saving effect of TXA in
minimally invasive THA. Hourlier et al27 reported a 20%
reduction of blood loss using erythropoietin, if the pre-
operative level of haemoglobin was < 11.5 g/dl, and TXA
(30 mg/kg) before operation in minimally invasive primary
THA (133 patients) compared with a matched historical
control group (82 patients) which did not receive TXA.
However, the use of an historical control group may have
introduced a confounding variable as surgical technique
may have altered. Therefore, we undertook a prospective
randomised, double-blind study to evaluate the effect of
TXA on peri-operative blood loss and transfusion require-
ments in minimally invasive THA.

Patients and Methods
A power study was based on the results of a pharmaco-
kinetic study on TXA in THA by Benoni et al.22 In that
study, which compared ten patients with ten matched con-
trols, TXA reduced post-operative blood loss by a mean of
255 ml. A sample size calculation showed that 30 patients
in each group were required to confirm this difference at
an 85% statistical power and alpha error of 0.05.

The inclusion criteria for this study were patients aged
≥ 18 years with osteoarthritis of the hip secondary to
degeneration, inflammatory arthritis, gouty arthritis, ace-
tabular dysplasia or osteonecrosis of the femoral head,
and undergoing primary unilateral minimally invasive
THA. Patients were excluded if the pre-operative level of
haemoglobin was < 10 g/dl, or there was a history of
ischaemic heart disease, myocardial infarction, cerebro-
vascular disease, thromboembolic disease or ipsilateral
infection of the hip.

Between July 2011 and June 2013, a total of 96
patients were assessed for eligibility; 26 were excluded
because they did not meet the inclusion criteria (n = 5) or
they refused to participate (n = 21). In all 70 patients
were randomly allocated into two groups. Randomisa-
tion was undertaken using a computer-generated
method. TXA (50 mg/ml, total 1 g/20 ml) or placebo
(saline, 20 ml) was packed in numbered envelopes by an
assistant (Y-J Yang) not involved in this study. A total of
ten of the 70 patients dropped out of the study because
of incomplete data, or refusal, after allocation. An inten-
tion-to-treat analysis was performed for the remaining
60 patients (35 women and 25 men, mean age 58.1 years;
17 to 84). Complete data were available for 30 patients
in each group (Fig. 1). Those in the TXA group received
two doses of TXA (1 g) intravenously, one ten minutes
before the incision and one three hours later. Those in the
placebo group received two equivalent volumes of nor-
mal saline, with the same timing as the TXA group. All
the drugs were handled by the anaesthetist during the
operation and the nurse in charge at the operating thea-
tre recovery suite, both of whom were not involved in the
study. The study had ethical approval and all patients
provided informed consent.

Pre-operative laboratory data including the level of
haemoglobin (Hb), haematocrit (Hct), platelet count,
activated partial thromboplastin time (APTT), and pro-
thrombin time (PT) were collected. The demographic
details, including age, gender, body mass index, diagnosis,
American Society of Anesthesiologists (ASA)28 grade and
pre-operative laboratory data, were similar in the two
groups (Table I).

All THAs were unilateral and uncemented using the same
prosthesis (Versys system, Zimmer, Warsaw, Indiana). They
were performed or supervised by the same surgeon (JWW),
under general anaesthesia, using a posterior approach and a
minimally invasive method according to Dorr et al.24 The
patients received 1 g cefazolin which was given intravenously
as a prophylactic antibiotic. The incision was a mean of
10 cm long (standard deviation (SD) 2 cm), splitting the glu-
teus maximus for 6 cm and using a 3 cm to 4 cm posterior
capsular flap with preservation of quadratus femoris muscle
and the gluteus maximums tendon.

The intra-operative blood loss was recorded from the
contents of the suction bottle and the estimated blood loss
through weighing the swabs. The post-operative blood loss
was recorded from the contents of two intra-articular
drains every two hours in the first eight hours, and then
every eight hours in the next 32 hours. Routine thrombo-
prophylaxis involved enoxaparin 40 mg subcutaneously
each day between the first post-operative day and dis-
charge, after which, patients were given 25 mg of indo-
methacin three times a day (orally or by suppository) for
four weeks.29 No other techniques such as anti-embolic
stockings or pneumatic compressive devices were used. The
Hb and Hct levels were measured on the first, second and
fourth days after operation. The blood volume was
assumed to normalise on the fourth day. The total Hb loss
was calculated by subtracting the Hb level on the fourth
post-operative day from the pre-operative value. Actual
blood loss was calculated as described by Nadler et al30

using the maximum post-operative decrease in the Hb level
adjusted for the weight and height of the patient. The for-
mula is summarised as actual blood loss = (total blood
volume × change in Hb level/mean Hb) + volume transfused.

The indication for intra-operative red blood cell transfu-
sion was blood loss exceeding 25% of total blood volume
or 1000 ml. The trigger for the transfusion of allogeneic red
blood cells post-operatively was a Hb level < 8 g/dl (or 8 g/dl
to 9 g/dl in older patients with cardiopulmonary disease).

The patients were reviewed at two weeks, and one and
three months post-operatively. The status of the wound
including haematoma formation, ecchymosis or infection,
was recorded. If deep vein thrombosis was suspected, for
example, by swelling of the leg by > 3 cm compared with
the contralateral leg,31 bilateral antegrade venography was
performed, and CT angiography if pulmonary embolism
was suspected clinically.
Statistical analysis. The Mann–Whitney U test was used to
determine differences in the distribution of demographics



A REGIME OF TWO INTRAVENOUS INJECTIONS OF TRANEXAMIC ACID REDUCES BLOOD LOSS IN MINIMALLY INVASIVE THA 907

VOL. 97-B, No. 7, JULY 2015

and in pre-operative clinical data and also the differences in
the length of the wound, hospital stay, actual blood loss,
intra-operative blood loss, post-operative Hb level, and post-
operative drainage between the two groups. Descriptive
data, including the rate of transfusion and mean units of
blood transfused, were compared using the chi-squared test.
The Statistical Package for Social Sciences version 13 (SPSS
Inc., Chicago, Illinois) was used for all statistical compari-
sons. The level of statistical significance was set at p < 0.05. 

Results
The mean follow-up was six months (four to 20). The mean
length of the wound was similar in the two groups (TXA,
9.16 cm vs placebo 9.23 cm), as was the mean length of stay
(5.66 vs 5.86 days) (Table II). The mean operating time was
118 minutes (98 to 163) in the TXA group and 113 minutes

(83 to 166) in the placebo group; this difference was not
statistically significant (p = 0.214, Table II).

The mean number of red cell transfusions was significantly
less in the TXA group than in the placebo group (2; 6.7% vs
9; 30%, p = 0.02, Table II). The mean number of units of red
cell transfusion was less in the TXA group than the placebo
group (0.13 U vs 0.32 U, p = 0.02, Table II). Despite differ-
ences in the rate and amount of transfusion between the
groups, the post-operative levels of Hb on the first, second
and fourth days were similar (Table II).The mean intra-
operative blood loss, the total drainage and the volume of
drainage in the first four, six and eight hours were all signifi-
cantly less in the TXA group than in the placebo group (Table
III). The mean actual blood loss was also less in the TXA
group than in the placebo group (Table III) representing a
total reduction of blood loss of 20% in the TXA group.

Allocation

Analysis

Enrolment
Assessed for eligibility (n = 96)

Excluded (n = 26)
- Not meeting inclusion criteria 
  (n = 5)
- Declined to participate 
  (n = 21)

Randomised (n = 70)

Allocated to TXA group (n = 34)
- Received allocated intervention 
  (n = 32)
Two patients refused study

Lost to follow-up
(Give reasons) (n = 0)
Discontinued intervention 
(Give reasons) (n = 0)

Allocated to placebo (n = 36)
- Received allocated intervention 
  (n = 32)
Four patients refused study

Lost to follow-up
(Give reasons) (n = 0)
Discontinued intervention 
(Give reasons) (n = 0)

Analysed (n = 30)
- Excluded from analysis 
  (Data incomplete) (n = 2)

Analysed (n = 30)
- Excluded from analysis 
  (Data incomplete) (n = 2)

Follow-up

Fig. 1

Flow chart of the patients included in the trial. TXA, tranexamic acid.
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Throughout the study, there were no significant compli-
cations, including deep infection, deep-vein thrombosis,
pulmonary embolism, dislocation of the hip or peri-
prosthetic fracture.

Discussion
The mean reduction in the total blood loss of 20% in the
TXA group compared with the placebo group was statisti-
cally significant (p = 0.004). Both intra- and post-operative
blood loss were less in the TXA group. These findings are
consistent with other studies using TXA in patients under-
going THA with a dose of 10 mg/kg, 15 mg/kg with or

without continuous infusion or one 1 g bolus before
surgery.14-16,21,32-35

The reported efficacy of TXA in studies on THA has
shown a greater discrepancy than its use in TKA. TXA
administered before deflation of the tourniquet after TKA
saved 45% and 48% of blood in two studies.11,12 Previous
studies reporting promising results using TXA in
THA,14,15,32-35 have recorded blood loss intra- and post-
operatively; this only partially reflects actual blood loss,
which should be measured from the maximum Hb loss
after surgery adjusted for the weight and height of the
patients and the amount of allogenic blood transfusion.21

Table I. Details of the patients

TXA (n = 30) Placebo (n = 30) p-value*

Mean age (yrs) (range) 56.5 (17 to 79) 59.5 (23 to 84) 0.637
Mean BMI (kg/m2) (range) 25.2 (18.9 to 48.6) 25.6 (17.4 to 33.0) 0.281
Mean female gender (n, %) 20 (62.5) 15 (50)
Diagnosis

Osteoarthritis, Osteonecrosis, and others 16/14/2 14/11/5 0.064
Haemoglobin (g/dl) (range) 13.4 (10 to 16.1) 13.3 (10.8 to 16) 0.894
Mean haematocrit (n, %; range) 40.4 (30.9 to 48.9) 40.4 (33.9 to 47) 0.905
Mean PT INR (range) 0.98 (0.9 to 1.09) 0.99 (0.9 to 1.06) 0.453
Mean APTT INR (range) 0.99 (0.78 to 1.36) 0.99 (0.89 to 1.27) 0.840
Mean platelet count (1000/mL) (range) 255.2 (155 to 350) 240.7 (124 to 384) 0.248

ASA risk (n, %) 0.118
ASA I 4 (1.25) 0
ASA II 23 (71.8) 23 (76.7)
ASA III 5 (15.6) 7 (23.3)

* The Mann–Whitney U test was used for statistical analysis
TXA, tranexamic acid; BMI, body mass index, SD, standard deviation; ASA, American Society of Anesthesiolo-
gists; PT-INR, prothrombin time-international normalised ratio; APTT-INR, activated partial thromboplastin time-
international normalised ratio

Table II. Post-operative data for all patients

TXA (n = 30) Placebo (n = 30) p-value*

Mean operating time (mins) (range) 118 (98 to 163) 113 (83 to 166) 0.214
Mean wound length (cm) (range) 9.16 (6.5 to 15) 9.23 (7 to 12) 0.783
Mean hospital stay (days) (range) 5.66 (4 to 9) 5.86 (4 to 8) 0.603
Patients requiring a blood transfusion (n, %) 2 (6.7) 9 (30) 0.021
Mean units of transfusion (SD) 0.13 (0.50) 0.32 (0.54) 0.02
Mean post-operative haemoglobin level (g/dl) (range)

Day 1 10.8 (9.2 to 13.9) 10.4 (8 to 13.9) 0.251
Day 2 10.1 (8.3 to 13.4) 9.7 (7 to 13.4) 0.088
Day 4 9.8 (8.1 to 12.5) 9.3 (7.1 to 11.8) 0.290

* The Mann–Whitney U test was used for statistical analysis except for transfusion rate and volume of transfusion, in 
which, the chi-squared test was used 
TXA, tranexamic acid; SD, standard deviation

Table III. Peri-operative blood loss of all patients

TXA (n = 30) Placebo (n = 30) p-value*

Mean intra-operative (ml) (range) 441 (150 to 800) 615 (50 to 1580) 0.044
Mean drainage amount (ml) (range)

0 to 4 hrs 55 (10 to 210) 99 (40 to 390) 0.003
0 to 6 hrs 75.4 (10 to 240) 140 (40 to 470) 0.004
0 to 8 hrs 92.5 (5 to 260) 155 (10 to 530) 0.011
> 8 hrs 195 (60 to 450) 237 (25 to 450) 0.051

Mean total drainage (ml) 285 (120 to 570) 392 (126 to 660) 0.002
Mean actual blood loss (ml) 1070 (688 to 1478) 1337 (495 to 2238) 0.004

* The Mann–Whitney U test was used for statistical analysis
TXA, tranexamic acid; SD, standard deviation
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In a previous study, we reported that one intra-operative
bolus of TXA in minimally invasive TKA gave a reduction
of 43% in mean actual blood loss, compared with a
placebo group.36 In this study, the blood-saving effect of
two intravenous doses of TXA for patients undergoing
minimally invasive THA was 20%, which is similar to the
18.4% in the recent report by Rajesparan et al,21 who
measured actual blood loss using maximum Hb reduction.
One bolus of 10 mg/kg TXA before the incision was
thought to produce a therapeutic blood concentration of
5 mg to 10 mg/L for three hours,33 thus, theoretically
reducing bleeding during surgery. Husted et al32 reported
that a pre-operative bolus of 10 mg/kg TXA followed by
continuous infusion of 1 mg/kg/hour for ten hours reduced
total and post-operative blood loss but not the intra-
operative blood loss in primary THA. Other factors that
affect intra-operative bleeding during THA may be related
to the patient’s comorbidities, the surgeon’s commitment to
haemostasis, the operating time and the method of anaes-
thesia.32 The pharmacokinetic effect of TXA is to delay
fibrinolysis by blocking the lysine binding sites on the plas-
minogen molecule, thereby inhibiting the activation of plas-
minogen to plasmin.15 Theoretically, it has no influence on
primary haemostasis and coagulation.31 Our findings were
similar to those of Ekbäck et al15 who used 10 mg/kg TXA
pre-operatively in routine THA.

The reported doses of TXA are variable. Some studies
have reported a blood-saving effect of TXA at 10 mg/kg
with or without continuous infusion before THA.13-15

However, Claeys et al34 considered that a dose of 10 mg/kg
would not be sufficient to prevent post-operative bleeding.
Lemay et al19 reported no change in total blood loss in
patients undergoing THA using a 10 mg/kg bolus before
surgery and then a 1 mg/kg/hour infusion until skin closure.
Others have reported that a pre-operative bolus of 15 mg/kg
is cost effective in patients undergoing THA.5,8 The

administration of 20 mg/kg before THA would reduce the
fall in Hb from a mean of 3.8 g/dl to 2.8 g/dl (p < 0.05).17

However, in a study on healthy volunteers, a larger dose of
20 mg/kg maintained for eight hours was predicted to
influence the risk of thromboembolism.22 In TKA, one bolus
of 1 g TXA was thought to produce a plasma concentration
above minimum therapeutic level for four hours.33 Previous
studies have shown a promising reduction of post-operative
blood loss in primary THA.33,37 However, operative blood
loss may increase if the operating time is extended. Yama-
saki et al37 suggested that the regime of TXA should be
changed if the operation is prolonged. DiGioia et al38

reported a mean operating time of two hours in a group of
patients undergoing minimally invasive THA patients which
is longer than a mean of 76 minutes reported by Husted et al
in patients undergoing routine THA.32 Our regime was 1 g
TXA before incision, followed by a bolus three hours later
and our mean operating time for minimally invasive THA
was 118 minutes in the TXA group and 113 minutes in the
placebo group, which is similar to that reported by DiGioia
et al.38 This regime reduced the mean intra-operative blood
loss from 615 ml to 441 ml (p = 0.044) and mean actual
blood loss from 1337 ml to 1070 ml (p = 0.004) in patients
undergoing minimally invasive THA.

The requirement for transfusion has varied in different
studies investigating the blood-conservation effect of TXA
in THA. In 11 prospective randomised trials, only six studies
reported fewer transfusions in the TXA group than in a pla-
cebo group (Table IV). This might be because of the absence
of strict criteria for transfusion, which we applied in our
study. In the current study, the number of patients receiving
red cell transfusion was decreased to 2/30 (6.7%) from 9/30
(30%) when TXA was used (p = 0.021). One patient in the
TXA group and four in the placebo required red cell trans-
fusions intra-operatively. The decision to transfuse was
made by the anaesthetist. A similar situation has been

Table IV. Studies on transfusion reduction after THA with tranexamic acid prophylaxis

Authors Regime of intravenous tranexamic acid
Number of
patients VTE prophylaxis Transfusion protocol

Reduction of 
transfusion

Ido et al33 1 g pre-op. and 3 hrs after operation 42 None None No change
Benoni et al14 10 mg/kg pre-op only 40 LWMH Hb 8 to 10 g/dl No change
Husted et al32 10 mg/1kg pre-op and then 1 mg/kg/h x 10 hrs 40 LWMH None Effective
Johansson et al16 15 mg/kg only 100 LWMH Hb < 9 g/dl Effective
Niskanen and 
Korlala35

10 mg/kg pre-op and 8 hrs, 16 hrs later 39 LWMH Hct 0.28 to 0.30 No change

Ekbäck et al15 10 mg/kg pre-op. and 10 mg/kg 3 hrs later
with 1 kg/kg/h infusion x 10 h

40 LMMH Hb < 27% No change

Lemay et al19 10 mg/kg pre-op and 1 mg/kg/h infusion 
before skin closure

40 LMWH + 
mechanical

Hb < 7 g/dl or Hb < 9 g/dl 
(elderly patient)

Effective

Claeys et al34 15 mg/kg pre-op only 40 LMWH Hb < 8.5 g/dl Hct < 27% Effective
Rajesparan et al21 1 g pre-op only 73 LMWH None Effective
Garneti and Field20 10 mg/kg pre-op only 50 Mechanical None Effective
Yamasaki et al37 1 g pre-op only 42 None None Not mentioned

THA, total hip arthroplasty; Pre-op, pre-operative; VTE, venous thromboembolism; LWMH, low molecular weight heparin; Hb, haemoglobin; Hct, 
haematocrit
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mentioned in a meta-analysis of the use of TXA in THA.39

Our data showed that TXA is effective in decreasing intra-
and post-operative bleeding and, therefore, decreasing the
requirement for transfusion in patients undergoing mini-
mally invasive THA.

A limitation of this study is that the design used only two
arms involving two doses of TXA and placebo. The efficacy
and safety of one dose TXA was therefore not investigated. 

In conclusion, our prospective randomised, double-blind
study showed that two intravenous injections of 1 g of
TXA, one before operation and one three hours later,
reduced the peri-operative and actual blood loss and the
need for transfusion in patients undergoing primary mini-
mally invasive cementless THA.
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abstract

Mini-Midvastus Total Knee Arthroplasty in 
Patients With Severe Varus Deformity
Hao-CHen Liu, MD; Feng-CHiH Kuo, MD; CHung-CHen Huang, MD; Jun-Wen Wang, MD

Patients with severe varus deformity of the knee (≥15° varus) usually are not con-
sidered good candidates for minimally invasive total knee arthroplasty (TKA). The 
goal of this study was to retrospectively investigate outcomes in patients with severe 
varus deformity after minimally invasive TKA. A study group of 52 patients with 
a tibiofemoral mechanical axis of 195° or greater was compared with a matched 
control group of 55 patients with a tibiofemoral mechanical axis of less than 195°. 
Clinical and radiographic evaluations according to the American Knee Society rating 
system were obtained preoperatively and postoperatively, and postoperative patient 
satisfaction in the 2 groups was compared. All patients were followed at a mean 
of 3 years (range, 2-5 years). Preoperatively, clinical knee and function scores and 
range of motion were inferior in the study group compared with the control group 
(P<.001). However, at the latest follow-up, both groups of patients were satisfied 
with the clinical results, and no significant differences were found in the knee and 
function scores (P>.05). Radiographic evaluation showed no differences in the me-
chanical axis, femoral component valgus angle, and tibial component valgus angle, 
and all outliers of the radiographic parameters between the 2 groups postoperatively 
(P >.05). The study results showed that mini-midvastus TKA did not result in more 
inaccurate implant positioning in patients with severe varus deformity of the knee. 
The clinical outcome in the group with severe varus was comparable to that in the 
group with less severe varus [Orthopedics. 2015; 38(2):e112-e117.]
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Severe varus deformity of the knee 
is a challenge for the orthopedic 
surgeon during total knee arthro-

plasty (TKA). Successful TKA requires 
returning the knee alignment to 5° to 7° of 
valgus, with good soft tissue balancing in 
flexion and extension. This is sometimes 
difficult in knees with severe varus defor-
mity.1,2 Teeny et al2 reported significantly 
higher varus mechanical axis of the knee 
and longer operative times in patients with 
preoperative severe varus deformity than 
in patients without deformity undergoing 
TKA. However, other authors reported no 
difference in knee scores and postopera-
tive alignment between severely deformed 
and slightly deformed knees undergoing 
TKA.3,4 Using the technique of postero-
medial release and osteotomy of the tibial 
flare, severe varus deformity can be cor-
rected and result in pain-free motion and 
stability in a high-volume joint center.5

Minimally invasive TKA has been as-
sociated with a shorter hospital stay, less 
postoperative pain, and more rapid return 
of function than standard TKA.6-8 Howev-
er, because of increased malalignment of 
the tibial component in some reports,9,10 
this procedure is not suggested for use in 
knees with severe varus deformity (>15° 
varus), more than 10° flexion contrac-
ture, or range of motion (ROM) of less 
than 110°.8,11 Furthermore,  because of a 
preoperatively larger bowing deformity 
of the femur in knees with severe varus, 
worsened postoperative mechanical axis 
was noted after minimally invasive TKA 
in these knees compared with knees with 
less varus deformity.12 The goal of this 
study was to retrospectively investigate 
whether severe varus deformity would 
increase malalignment of the components 
and therefore affect clinical outcome in 
patients undergoing midvastus minimally 
invasive TKA and followed up for 2 to 5 
years.

Materials and Methods
Records of a consecutive series of 

467 patients who underwent unilateral 

primary TKA between January 2006 and 
December 2007 were reviewed. Patients 
who underwent minimally invasive TKA 
because of varus osteoarthritis during that 
period were selected for this study. Exclu-
sion criteria were inflammatory arthritis, 
posttraumatic arthritis, postosteotomy 
knee arthritis not amenable to minimally 
invasive TKA, valgus knee deformity, and 
previous knee surgery. The study group 
included 52 patients (52 knees) with a 
preoperative tibiofemoral mechanical axis 
of 195° or greater (≥15° varus). A selected 
matched group of 55 patients (55 knees) 
with less severe varus deformity and a 
tibiofemoral mechanical axis of less than 
195° (<15° varus) was included as the 
control group. The control group and the 
patient group were matched in terms of 
sex, age, body mass index, and disease, 
which was osteoarthritis in all patients. 
The authors’ institutional review board 
approved this study.

All operations were performed or su-
pervised by the senior author (J.-W.W.), 
who had performed more than 100 mini-
mally invasive TKA procedures before 
the study. Minimally invasive TKA was 
performed using the mini-midvastus ap-
proach of Haas et al,13,14 who wrote that 
“the skin incision was made along the me-
dial aspect of the patella to the medial bor-
der of the mid to distal tibial tubercle. The 
vastus medialis oblique muscle was split 
approximately 2 cm in line with its fibers 
from the super medial pole of the patella.” 
All patients received general anesthesia. 
All TKA procedures were unilateral and 
were cemented with the same prosthesis 
(NexGen, Legacy Posterior-Stabilized 
Prosthesis; Zimmer, Warsaw, Indiana). A 
tourniquet was inflated to a pressure of 
300 mmHg before the incision and de-
flated after wound closure. The tourniquet 
time was recorded. Specific instruments 
were used to accommodate the small in-
cisional wound. The patella was subluxed 
laterally but was not everted. The distal 
femur was resected from the medial to the 
lateral side with an intramedullary guide. 

The goal was to place the femoral com-
ponent in 6° valgus. In the case of severe 
femoral bowing (>5°), a 7° valgus cut was 
selected. An extramedullary guide system 
was used to resect the proximal tibia from 
the medial to the lateral side. The goal 
was to place the tibial component at 90° 
to its anatomic axis in the coronal plane 
and at a 3° downslope in the lateral plane.7 
Soft tissue balancing after bone resection 
in patients with severe deformity was 
achieved with the technique described by 
Clayton et al.15 The technique includes 
step-by-step subperiosteal release of the 
medial collateral ligament and pes anse-
rinus tendons from their tibial insertions 
until medial and lateral soft tissue balance 
is achieved. Posterior capsular release and 
posteromedial release are necessary for 
additional severe flexion contracture of the 
knee. The entire procedure was performed 
through the mini-incision without length-
ening the wound. Two drains connected to 
a vacuum bag were placed postoperatively 
for hematoma drainage. The drains were 
removed on the second postoperative day. 
The total amount of blood loss, which in-
cluded blood drainage accumulated in the 
drain 36 to 48 hours postoperatively, was 
measured.

All patients received enoxaparin 20 
mg subcutaneously every 12 hours until 
discharge; after that, they received indo-
methacin orally or by suppository for at 
least 4 weeks.16 No other modalities of 
thromboembolic prophylaxis, such as foot 
pumps or antiembolic stockings, were 
used. The postoperative rehabilitation 
program included routine mobilization 
and continuous passive motion exercise 
on the first postoperative day. The crite-
ria for discharge were ROM of the knee 
of greater than 90°, a clean wound with-
out discharge, and the ability to walk with 
walker support.

All patients were evaluated clinically 
preoperatively and postoperatively at 3 
months, 1 year, and annually thereaf-
ter using the Knee Society knee scoring 
systems.17 The Western Ontario and Mc-
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Master Universities Osteoarthritis Index 
(WOMAC) scoring system18 was used 
only at the latest follow-up for evalua-
tion of patient satisfaction. Radiographic 
evaluation was performed with standard 
anteroposterior and lateral weight-bearing 
views of the knee and skyline patellar and 
long-leg weight-bearing radiographs of 
the leg, including the hip, knee, and ankle, 
both preoperatively and postoperatively 
at follow-up. The coronal tibiofemoral 
mechanical axis was defined by the angle 
between the femoral and tibial mechanical 
axes as measured on the weight-bearing 
anteroposterior long-leg radiographs.12 
Femoral bowing angle was defined as 
the angulation between the proximal and 
distal quarters of the femoral diaphysis 
in the coronal plane.19 A femoral bowing 
angle of greater than than 5° was consid-
ered substantial.20 The postoperative com-
ponent alignment angles in the coronal 
plane, including the femoral valgus angle 
and tibial valgus angle, were measured 

with standing anteroposterior radiographs 
of the knee as well as the radiolucent lines 
at the bone-cement interface, as recom-
mended by the Knee Society.21 All mea-
surements were performed by an inde-
pendent blinded observer (C.-C.H.). The 
ideal postoperative coronal tibiofemoral 
mechanical axis was defined as a neutral 
mechanical axis (180°), the ideal femo-
ral valgus angle was defined as 96°, and 
the ideal tibial valgus angle was defined 
as 90° in the coronal plane. Deviation of 
greater than 3° from the ideal was consid-
ered an outlier.12

Statistical Analysis
Collection and data analysis were 

performed with SPSS version 15 soft-
ware (SPSS, Inc, Chicago, Illinois). The 
authors identified differences in demo-
graphic features and preoperative clini-
cal and radiographic data, including age, 
body mass index, wound length, tourni-
quet time, operative blood loss, preopera-

tive ROM, tibiofemoral mechanical axis, 
knee score, function score, WOMAC 
score, and postoperative clinical and ra-
diographic data between the study group 
and the control group using the Mann-
Whitney U test. Categorical data were 
compared with the chi-square test. A 
power of 83% was achieved with group 
sample sizes of 52 and 55 to detect a dif-
ference of -0.7 between the 2 groups. The 
test statistic used was the 2-sided Mann-
Whitney U test, with a significance level 
of P<.05.

results
Mean follow-up was 3 years (range, 

2-5 years). The demographic features of 
the patients, including sex, age, and body 
mass index, were similar between groups 
(Table 1), and there were no statistically 
significant differences between the study 
group and the control group in wound 
length in knee extension, tourniquet time, 
or blood loss (Table 2).

Because of the more severe varus de-
formity in the study group than in the 
control group, the patients in the study 
group tended to have worse preopera-
tive knee ROM (98°±9.3° vs 118°±9.2°, 
P<.001), Knee Society knee score 
(39±4.8 vs 51±7.8, P<.001), and func-
tion score (42±5.9 vs 52±6.7, P<.001) 
(Table 3). At the latest follow-up, knee 
ROM was consistently less in the study 
group (124°±6°) than in the control group 
(128°±8°) (P=.024). Nevertheless, post-
operative knee scores, function scores, and 
WOMAC scores were similar between the 
2 groups (Table 4).

Several complications occurred in both 
groups of patients, including 1 superficial 
wound infection in each group, 1 deep 
venous thrombosis in the study group, 2 
deep venous thromboses in the control 
group, and 1 pulmonary embolism in the 
control group, but no pulmonary embo-
lisms occurred in the study group. No pa-
tients in either group had deep infection, 
periprosthetic fracture, instability, or pa-
tellar dislocation.

Table 1

Demographic Data 
Characteristic Study Group (n=52) Control Group (n=55) P

Age, mean, y 72.4 73.7 .152

  SD (range) 4.2 (66-80) 5.3 (53-84)

Female, No. (%) 43 (83) 45 (82) .906

Body mass index, mean, kg/m2 27.6 26.9 .160 

  SD (range) 2.51 (22.7-33) 3.2 (20.5-38.47)

Table 2

Intraoperative Data
Parameter Study Group Control Group P

Wound length in knee extension, mean, cm 9.7 9.3 .522

  SD (range) 1.2 (8-13) 0.9 (8-12)

Tourniquet time, mean, min 96.3 92.6 .373

  SD (range) 7.3 (83-117) 5.6 (80-101)

Blood loss, mean, mL 553 460 .041

  SD (range) 186 (300-1050) 155 (201-850)
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Other than the more severe tibiofemo-
ral mechanical axis in the varus angle of 
the study group preoperatively (≥195°), 
the severity of femoral bowing preopera-
tively was also greater in the study group 
than in the control group (patients with 
>5° bowing, 56% vs 13%, P<.001) (Table 
3). At the latest follow-up, no difference 
was noted in the postoperative tibiofemo-
ral mechanical axis between the 2 groups 
(180.6° vs 181.2°, P=.097). The percent-
age of outliers with a postoperative tibio-
femoral mechanical axis greater than 3° 
was 8% in the study group and 4% in the 
control group (P=.364). Femoral valgus 
angle was 94.7° (range, 92°-97°) in the 
study group, which did not differ from 
the finding of 95.5° (range, 92.5°-98.2°) 
in the control group (P=.21). The percent-
age of postoperative femoral valgus angle 
outliers (>3°) did not differ between the 
2 groups (11% vs 8%, P=.451), nor did 
postoperative tibial component coronal 
alignment tibial valgus angle (90.7° vs 
91.4°, P=.41). The percentage of postop-
erative tibial valgus angle outliers (>3°) 
was 4% in the study group and 2% in the 
control group, showing no significant dif-
ference (P=.527) (Table 4). No radiolu-
cent lines, loosening of the components 
at the cement-bone interface, or wear of 
polyethylene or osteolysis around the 
prosthesis occurred in any patient in ei-
ther group.

discussion
A limited number of studies have in-

vestigated clinical outcome and radio-
graphic accuracy of the implant position 
in minimally invasive TKA procedures 
in patients with severe varus deformity 
because patients with severe varus de-
formity (≥15° varus) of the knee have 
not been considered good candidates for 
minimally invasive TKA.11 However, with 
the increasing experience of some sur-
geons in knee arthroplasty in high-volume 
centers, minimally invasive TKA is now 
being gradually accepted in patients with 
severe varus deformity.12 In the current 

study, preoperative characteristics, in-
cluding age, sex, primary diagnosis, and 
body mass index, were similar between 
the study group (≥15° varus) and the con-
trol group (<15° varus) (Table 1). Intraop-

erative data, including wound length and 
tourniquet time, were also similar, except 
that the study group had higher drainage 
blood loss than the control group, possi-
bly because of more extensive soft tissue 

Table 3

Preoperative Clinical and Radiographic Data
Parameter Study Group Control Group P

Range of motion, mean 98° 118° <.001

  SD (range) 9.3° (75°-115°) 9.2° (100°-135°)

Knee Society knee score, mean, points 39 51 <.001

  SD (range) 4.8 (30-50) 7.8 (40-63)

Knee Society function score, mean,  
  points

42 52 <.001

  SD (range) 5.9 (30-54) 6.7 (40-61)

Tibiofemoral mechanical axis, mean 160.4° 171.8° <.001

  SD (range) 4.7° (145.6°-165°) 1.7° (167°-174°)

Femoral bowing >5°, No. (%) 29 (56) 7 (13) <.001

Table 4

Postoperative Clinical and Radiographic Data
Parameter Study Group Control Group P  

Range of motion, mean 124° 128° .024

  SD (range) 6° (105°-130°) 8° (110°-135°)

Knee Society knee score, mean,  
  points 

90 92 .052

  SD (range) 3.9 (84-98) 4.6 (84-99)

Knee Society function score,  
  mean, points

92 93 .065

  SD (range) 3.1 (86-98) 3.8 (85-98)

WOMAC score, mean, points 33.2 32.8 .112

  SD (range) 10.1 (14-55) 5.8 (26-37)

Tibiofemoral mechanical axis,  
  mean

180.6° 181.2° .097

  SD (range) 1.8° (176.2°-183.6°) 1.3° (177.4°-184.3°)

  Outliers ±3°, No. of knees (%) 4 (8) 2 (4) .364

Femoral valgus angle, mean 94.7° 95.5° .21

  SD (range) 1.3° (92°-97°) 1.5° (92.5°-98.2°)

  Outliers ±3°, No. of knees (%) 6 (11) 4 (8) .451

Tibial valgus angle, mean 90.7° 91.4° .41

  SD (range) 1.1° (88°-94°) 1.3° (87.5°-93.4°)

  Outliers ±3°, No. of knees (%) 2 (4) 1 (2) .527

Abbreviation: WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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release in the study group (Table 2). Nev-
ertheless, at the latest follow-up after min-
imally invasive TKA, clinical outcomes 
(Knee Society knee score, function score, 
and WOMAC score) and radiographic 
findings were similar in the study group 
(≥15° varus) and the control group, even 
though the patients in the study group had 
more severe deformities and worse clini-
cal scores preoperatively. However, these 
findings were not consistent with the study 
by Niki et al,12 who reported inferior ra-
diographic accuracy of coronal alignment 
of the mechanical axis postoperatively be-
cause of the greater bowing angle of the 
femoral diaphysis after minimally inva-
sive TKA in the group with severe varus 
compared with the group with less varus. 
In that report, minimally invasive TKA 
was performed with the compact cutting 
guide developed for quadriceps-sparing 
approaches in which the instrument land-
mark is used only for resection of the 
medial side of the distal femur. Cutting 
of the lateral side of the distal femur was 
performed free-hand, and this technique is 
more likely to be inaccurate and to cause 
outliers of the femoral valgus angle of the 
component. The mini-midvastus approach 
of minimally invasive TKA offers better 
visualization of the lateral femoral con-
dyle, and the specific instrument is used to 
cut the medial and lateral femoral condyle 
at the same time, allowing more accurate 
distal femoral cutting.7 Furthermore, the 
authors tend to cut the distal femur at 7° 
valgus in patients with a femoral bowing 
angle greater than 5° and at 6° valgus in 
patients with normal femoral angula-
tion. Therefore, the current study results 
showed no difference in the postoperative 
tibiofemoral mechanical axis and femo-
ral valgus angle between knees with se-
vere varus deformity and those with less 
varus deformity, even though 56% of the 
patients with severe varus deformity had 
a femoral bowing angle greater than 5°, 
which was similar to the 53% of patients 
with femoral bowing of greater than 4° in 
the report by Niki et al.12

Dalury and Dennis9 reported that min-
imally invasive TKA was more likely to 
result in varus tibial alignment (<87° in 
4 of 30 patients) than was the standard 
incision (no malalignment). Early failure 
caused by malpositioning of the compo-
nents and instability is considered a risk 
factor for minimally invasive TKA if the 
procedure is performed by low-volume 
surgeons.10 In view of the learning curve 
and the surgical volume of an arthro-
plasty surgeon, minimally invasive TKA 
showed significantly better clinical out-
comes in length of hospital stay, need for 
inpatient rehabilitation after discharge, 
narcotic use, and need for assistive de-
vices postoperatively in the hands of a 
high-volume arthroplasty surgeon after 
a substantial learning curve of 50 pro-
cedures.22 The annual number of TKA 
procedures performed at the authors’ in-
stitution is approximately 900, and the 
senior author (J.-W.W.) had experience 
with more than 100 minimally invasive 
TKA procedures before this study. The 
authors’ finding of low numbers of outli-
ers in the postoperative tibiofemoral me-
chanical axis, femoral valgus angle, and 
tibial valgus angle (>3° deviation from 
the ideal) after minimally invasive TKA 
in knees with severe varus was compa-
rable with the results of King et al23 after 
a substantial learning curve. In a study 
of 600 mini-subvastus TKA procedures, 
Schroer et al24 reported no increase in 
complications during an initial learning 
curve of 100 procedures.

Limitations
This study had several limitations. 

First, the authors’ radiographic evaluation 
was based on 2-dimensional analysis of 
standing radiographs, which may show 
projection-related errors in varus-valgus 
alignment.25 Three-dimensional comput-
ed tomographic evaluation is more accu-
rate in coronal and rotational alignment of 
the components.26 Second, no patients in 
this study underwent minimally invasive 
TKA with computer-assisted navigation. 

Because of the high surgical volume in 
the operating room, computer-assisted 
navigation is not the authors’ first choice 
in minimally invasive TKA. Third, this 
was not a prospective randomized study. 
However, the authors retrospectively ana-
lyzed 2 groups of patients undergoing the 
same type of surgery in the same period 
performed by the same surgeons using the 
same technique, the same implant, and 
the same protocol. However, the patients 
differed in severity of knee deformity. Fi-
nally, the postoperative outliers of the me-
chanical axis were 4% in the control group 
and 8% in the study group, which favored 
the control group. Even though this differ-
ence was not significant, a greater sample 
size with a longer-term follow-up may 
show some differences.

conclusion
This study investigated the effect 

of minimally invasive TKA without 
computer-assisted navigation in patients 
with severe varus deformity and clinical 
follow-up of more than 3 years. The find-
ings showed no adverse clinical outcomes 
as a result of poor implant position after 
minimally invasive TKA in patients with 
severe varus deformity. Further follow-
up is necessary to validate the long-term 
clinical effectiveness of mini-midvastus 
TKA in patients with severe varus defor-
mity.
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Altered exosomal protein expression in the
serum of NF-κB knockout mice following
skeletal muscle ischemia-reperfusion injury
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Abstract

Background: The NF-κB signaling pathway plays a role in local and remote tissue damage following ischemia-reperfusion
(I/R) injury to skeletal muscles. Evidence suggests that exosomes can act as intercellular communicators by
transporting active proteins to remote cells and may play a role in regulating inflammatory processes. This
study aimed to profile the exosomal protein expression in the serum of NF-κB knockout mice following skeletal
muscle ischemia-reperfusion injury.

Results: To investigate the potential changes in protein expression mediated by NF-κB in secreted exosomes
in the serum following I/R injury, the levels of circulating exosomal proteomes in C57BL/6 and NF-κB−/− mice
were compared using two dimensional differential in-gel electrophoresis (2-DE), liquid chromatography tandem
mass spectrometry (LC-MS/MS), and proteomic analysis. In C57BL/6 mice, the levels of circulating exosomal proteins,
including complement component C3 prepropeptide, PK-120 precursor, alpha-amylase one precursor, beta-enolase
isoform 1, and adenylosuccinate synthetase isozyme 1, increased following I/R injury. However, in the NF-κB−/− mice,
the expression of the following was upregulated in the exosomes: protease, serine 1; glyceraldehyde-3-phosphate
dehydrogenase-like isoform 1; glyceraldehyde-3-phosphate dehydrogenase; and pregnancy zone protein. In contrast,
the expression of apolipoprotein B, complement component C3 prepropeptide, and immunoglobulin kappa light chain
variable region was downregulated in NF-κB−/− mice. Bioinformatic annotation using the Protein Analysis
Through Evolutionary Relationships (PANTHER) database revealed that the expression of the exosomal proteins
that participate in metabolic processes and in biological regulation was lower in NF-κB−/− mice than in C57BL/6 mice,
whereas the expression of proteins that participate in the response to stimuli, in cellular processes, and in the immune
system was higher.

Conclusions: The data presented in this study suggest that NF-κB might regulate exosomal protein expression
at a remote site via circulation following I/R injury.
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Background
Ischemia-reperfusion (I/R) injury to the skeletal
muscle leads to the production of oxygen free radicals,
resulting in the occurrence of tissue lipid peroxidation
upon re-oxygenation, and release of pro-inflammatory
cytokines such as IL-6, IL-1, and TNF-α through the
NF-κB signaling pathway. In addition, I/R injury to
the skeletal muscle not only affects the muscle but
also causes injury to remote organs, which can lead
to multiple organ failure and death [1–3]. NF-κB
plays an important role in the pathogenesis of I/R
injury to the skeletal muscle. Regulation of the initial
phase of NF-κB activation provides physiological
protection against severe ischemic stress [4, 5]. Se-
lective inhibition of NF-κB has been suggested as a
potential therapeutic intervention to treat I/R injury
[6, 7]. Moreover, it has been reported that inhibition
of NF-κB prevents local and remote organ injury fol-
lowing I/R injury [8].
Exosomes are small, spherical vesicles that are se-

creted upon fusion of the limiting membrane of multi-
vesicular bodies with the plasma membrane [9]. It has
been proposed that exosomes act as intercellular com-
municators with the carried active cytosolic proteins,
mRNAs, and miRNAs [10]. The exosome content can
also be transferred into the target cells, either through
the direct fusion of exosomes with the cell membrane
or through active uptake, which is mediated by endo-
cytosis [11, 12]. The secretion of functional proteins
by several cell types, including those of the skeletal
muscle [13, 14], has been described as being associ-
ated with exosomes [15–17], and is involved in cellular
stress responses [18–20] as well as in the modulation
of immunological responses [19, 21, 22]. Importantly,
the presence of oxidative or hypoxic stress can modulate
the expression of biologically active proteins in cell-
derived exosomes [9, 20, 22–24], suggesting that stress-
related signaling via the exosomes could occur through
the transfer of the exosomal protein content.
However, the active circulating exosomal proteins

that may potentially participate in the regulation of
biological responses following I/R injury to the skeletal
muscle remain poorly understood. Moreover, although
the inhibition of the NF-κB signaling pathway prevents
injury to remote organs following I/R injury [8], it
is not known whether there is an NF-κB-mediated
change in the expression of circulating exosomal pro-
teins during I/R injury. Therefore, the aim of this
study was to profile the change in the expression of
exosomal proteins in the serum of C57BL/6 and NF-κB−/−

mice following I/R injury to the skeletal muscle, using the
complementary techniques of two-dimensional electro-
phoresis (2-DE) and liquid chromatography tandem mass
spectrometry (LC-MS/MS).

Methods
Animal handling
Twelve NF-κB−/− (B6.Cg-Nfkb1tm1Bal/J) mice purchased
from the Jackson Laboratory (Bar Harbor, ME, USA) and
twelve C57BL/6 mice purchased from BioLasco were used
in this study (Taipei, Taiwan). The animals were housed in
a specific-pathogen-free (SPF) facility that is accredited by
the Association for Assessment and Accreditation of
Laboratory Animal Care International (AAALAC). All
surgical procedures, including analgesia, were performed
according to national and institutional guidelines. Animal
protocols were approved by the Institutional Animal Care
and Usage Committee of the Chang Gung Memorial Hos-
pital (permission number No. 2012091304). Briefly, mice
were anesthetized using intraperitoneal injection of an
anesthetic cocktail, which consisted of 0.1 mg/g ketamine
and 0.01 mg/g xylazine (0.01 mL/g body weight). The
anesthetized mice were restrained in the supine position
on a heated pad to maintain their body temperature at
37 °C. The model of skeletal muscle I/R injury was per-
formed according to our previous report [25]. The quadri-
ceps muscle was perfused at the femoral artery and was
then carefully separated from the femoral bone and from
the underlying adductor muscle group. In the ischemic ex-
perimental group, ischemia was induced by carefully pla-
cing a microvascular clamp across the proximal site of the
vascular pedicle for 4 h, after which the clamp was re-
moved. The presence of good vascular flow through the
pedicle was verified with direct magnified vision. In the
sham-operated group, the muscle was isolated without in-
ducing ischemia with a microvascular clamp. The incision
wound was closed with interrupted sutures (4–0 nylon su-
tures), and the animals were allowed to awaken during the
remaining reperfusion time.

Muscle histochemistry
To evaluate basic muscle morphology after I/R injury, the
muscles of sham-operated mice and of experimental mice
subjected to ischemia for 4 h and reperfusion for 4 h, 1 day,
or 7 days were harvested. The muscles were subsequently
covered in Tissue Tek O.C.T. compound (Sakura Finetek
Inc., Torrance, CA, USA), frozen in liquid nitrogen–cooled
isopentane, and stored at −80 °C until cryosectioning
(7 μm). Sections were stained with hematoxylin and eosin.

Western blotting of nuclear p65
Nuclear protein extracts of the experimental muscles of
C57BL/6 and NF-κB−/− mice at 4, 16, and 48 h after I/R
injury were used for Western blot analysis using NE-PER
extraction reagents according to the manufacturer’s
protocol (Pierce Biotechnology, Rockford, IL). Protein
extracts (30 μg) were separated on 10 % SDS-
polyacrylamide gels, and transferred to nitrocellulose
membranes. Membranes were blocked using nonfat
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milk in Tween-20/Tris-buffered saline (TBST), and in-
cubated with monoclonal rabbit anti-p65 antibody (Cell
Signalling) and anti-lamin B1 (Santa Cruz, CA, USA),
followed by goat anti-rabbit horseradish peroxidase-
conjugated secondary antibodies. Nuclear extract of
human umbilical vein endothelial cells (HUVECs)
against 10 ug/mL LPS (L3755; Sigma, St Louis, MO)
treatment for 24 h was used for positive control of p65
expression according to our previous report [26]. The
expression of nuclear p65 protein was assessed against
that of lamin B1 using a FluorChem 8900 imaging sys-
tem (Alpha Innotech, San Leandro, CA) (n = 4), and
the intensity of each band was quantified using auto-
background subtraction during spot density analysis
using the AlphaEaseFC software (Alpha Innotech).

Exosome isolation
For proteomic analysis of the exosome contents, six
C57BL/6 mice and six NF-κB−/− mice were used; in both
cases, three mice were from the sham-operated group
and three from the I/R injury experimental group.
Whole blood was drawn from the sham-operated mice
and mice subjected to ischemia for 4 h and reperfusion
for 1 day, respectively, and collected in RNAprotect Ani-
mal Blood Tubes (Qiagen, Valencia, CA, USA) without
anticoagulant. The whole blood samples were incubated
at room temperature for 15 min and centrifuged at
3000 × g for 15 min. Subsequently, white blood cells
were carefully removed from the corresponding layers,
and the serum (250 μL) was extracted and thawed on
ice. The supernatants were transferred to sterile tubes
containing 63 μL ExoQuick Precipitation Solution (Sys-
tem Biosciences, Mountain View, CA, USA) and were
then mixed. The mixtures were incubated for a mini-
mum of 12 h at 4 °C and were subsequently centrifuged
at 1500 × g for 30 min at 4 °C. The resuspended exo-
some pellets were then lysed in a protein lysis buffer.

Scanning electron microscopy
The exosome isolates were attached to double-sided ad-
hesive tape, fixed to a stage, and then coated with nano-
gold particles. The exosomes were photographed using a
JEOL JSM-5300 scanning electron microscope (Tokyo,
Japan) for analysis of size and morphology.

Proteomic analysis
The exosomes were lysed in lysis buffer containing 2 % so-
dium dodecyl sulfate (SDS), 1 % Triton-X100, 0.1 M Tris
(pH 7.4), and one tablet of Complete EDTA-free protease
inhibitors (Roche, Indianapolis, IN, USA). Protein concen-
trations in the exosome lysates were determined using a
BCA protein assay (Pierce, Rockford, IL, USA). The lysis
mixture was incubated at room temperature for 60 min
and was then centrifuged at 15,000 × g for 60 min at 4 °C.

Following centrifugation, the resulting supernatant was
collected and then quantified with a 2D QUANT Protein
Assay Kit (GE Healthcare, Piscataway, NJ, USA). The
supernatant containing 300 μg of total cellular protein
(20 μL) was mixed with a sample buffer (7 M urea, 2 M
thiourea, 4 % CHAPS, 65 mM DTT, 0.2 % ampholytes,
and a small amount of bromophenol blue) to obtain a final
volume of 450 μL. 2-DE analysis was performed using a
24 cm Immobiline DryStrip (GE Healthcare). Subsequent
rehydration followed by isoelectric focusing (set at the
highest current, 50 μA/gel, 20 °C) and then SDS-
polyacrylamide gel electrophoresis were performed. Fol-
lowing electrophoresis, silver staining, which is compatible
with mass spectrometry, was conducted. The gel was
scanned using a UMAX Power Look 1100 transmission
scanner to obtain images, which were subsequently ana-
lyzed with the PDQuest software, version 7.1.0. The pro-
tein spots (protein expression with changes greater than
twofold, following I/R injury) were excised from the gels
and were then subjected to in-gel digestion, after which
LC-MS/MS was performed. The resulting data were ana-
lyzed using the Mascot database.

Enzyme-linked immunosorbent assay (ELISA)
To investigate whether the exosomal proteins identified
are also present in the serum or the experimental skel-
etal muscle after I/R injury, expression of a representa-
tive exosomal protein, the complement component C3
prepropeptide, which was upregulated in C57BL/6 mice
but downregulated in the exosomes of NF-κB−/− mice,
was measured. The analysis was performed using exo-
somes from the sham-operated mice and from mice sub-
jected to 4-h ischemia and reperfusion for 1 d (n = 4 for
each group). C3 prepropeptide expression was measured
by ELISA using a commercially supplied kit (Genway
Biotech, San Diego, CA, USA). Briefly, each sample was
diluted 1/100,000 in blocking buffer (50 mM Tris,
0.14 M NaCl, 1 % BSA, pH 8.0) and added to the wells
of a 96-well plate coated with 100 μl of 2 μg/ml rabbit
anti-human C3 prepropeptide. After incubation with
1:10,000 diluted horseradish peroxidase conjugate,
100 μl enzyme substrate 3,3',5,5'-tetramethylbenzidine
(TMB) was added for 30 min, then 100 μl of 2 M H2SO4

was applied to each well to stop the TMB reaction. The
absorbance at 450 nm was measured using an ELISA
plate reader. Each dilution was measured alongside a set
of standards and the results averaged. Results are
expressed as micrograms per milliliter (μg/mL) of serum
and exosomes or per milligram (μg/mg) of tissue protein.

Functional analysis of the exosomal proteome
Proteins that had twofold or greater expression and were
identified by LC-MS/MS were analyzed using the Protein
Analysis Through Evolutionary Relationships (PANTHER;
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http://www.pantherdb.org) classification system. The PAN-
THER classification system is a comprehensive method that
combines gene function, gene ontology (GO), pathway, and
statistical analysis tools to facilitate the analysis of large-
scale, genome-wide data from sequencing, proteomics,
or gene expression experiments [27]. The PANTHER
system allows the prediction of protein classifications
based on the proteins’ GO, biological processes, and
molecular functions.

Results
Histological analysis involving hematoxylin and eosin
staining of the muscles from the experimental group con-
firmed the presence of I/R injury (Fig. 1). In comparison
to the findings in the sham-operated group, increased
swelling of muscle fibers with loss of contact integrity
among muscle fibers and increased cellular infiltration
were found after I/R injury. This morphological change in
muscle fibers could still be observed 7 days after the I/R
injury. Western blot analysis of the nuclear protein ex-
tracts revealed a significant p65 nuclear translocation in
the experimental muscle at 4 and 16 h but not 48 h after
I/R injury in the C57BL/6 mice. In contrast, no p65 nu-
clear translocation was found in the NF-κB−/− mice (Fig. 2).
The electron microscopy experiments performed using
the purified exosome samples obtained from the serum
revealed the presence of vesicles that were derived from
a C57BL/6 mouse, with an approximate diameter of
50–200 nm (Fig. 3). A proteomics approach involving
2-DE was used to characterize the changes occurring in
the serum exosomes following I/R injury and to com-
pare such changes seen in C57BL/6 and NF-κB−/− mice.
The resulting protein pattern was observed in a silver-
stained 2-DE gel, and a representative image is shown
in Fig. 4. The imaging software facilitated the analysis

of protein spots on the gel. Protein spots that exhibited
a twofold or greater change in expression levels were
excised from the silver-stained gels and identified using
LC-MS/MS analysis (Table 1). Following I/R injury to
the skeletal muscle in C57BL/6 mice, an increase was
found in the level of circulating exosomal proteins, in-
cluding complement component C3 prepropeptide, PK-
120 precursor, alpha-amylase 1 precursor, beta-enolase
isoform 1, and adenylosuccinate synthetase isozyme 1.
However, in the NF-κB−/− mice, the expression of the
following were upregulated in the exosomes: protease,
serine 1; glyceraldehyde-3-phosphate dehydrogenase
(GAPDH)-like isoform 1; GAPDH; and pregnancy zone
protein. The expression of apolipoprotein B (ApoB),
complement component C3 prepropeptide, and im-
munoglobulin kappa light chain variable region was
downregulated in NF-κB−/− mice. In C57BL/6 mice, the
expression levels of C3 prepropeptide in the exosomes
and serum after I/R injury were significantly higher
than those in the sham group (Fig. 5). However, the
fold increase in expression was much higher in the exo-
somes than in the serum, indicating that the majority
of the C3 prepropeptide was located in exosomes. In
contrast, the expression level of C3 prepropeptide was
significantly lower in both exosomes and serum of the
NF-κB−/− mice after I/R injury. There was no signifi-
cant change in C3 prepropeptide expression in the I/R
skeletal muscle in both C57BL/6 and NF-κB−/− mice,
indicating that the I/R muscle is not the source of C3
prepropeptide in the exosomes. The data were subse-
quently subjected to ontology and pathway analyses
using the PANTHER software and were then classified
based on their respective protein classes, molecular
functions, and biological processes. Exosomal proteins
that were found to have a greater than twofold change

Fig. 1 Hematoxylin and eosin staining of the cryosectioned muscles of sham-operated mice and the muscles of experimental mice subjected to
ischemia for 4 h and reperfusion for 4 h, 1 day, or 7 days
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in expression following I/R injury in the NF-κB−/− mice
were classified into six GO categories, that is, immunity
proteins (22.2 %), enzyme modulators (22.2 %), hydro-
lases (11.1 %), oxidoreductases (11.1 %), proteases
(11.1 %), and signaling molecules (11.1 %). However, in
the C57BL/6 group, the functions of the differentially
expressed genes consisted of enzyme modulators
(28.6 %), hydrolases (14.3 %), ligases (14.3 %), lyases
(14.3 %), signaling molecules (14.3 %), and immunity
proteins (14.3 %) (Fig. 6). In terms of the molecular
function categories, the proteins in both mouse groups
that belonged to the functional categories of regulation
of enzyme activity, binding, and catalytic activity were
highly overrepresented (Fig. 6). In terms of the bio-
logical processes, most of the clusters identified were
associated with the categories of metabolic processes,
responses to stimuli, biological regulation, cellular pro-
cesses, and immune system processes (Fig. 7). The ex-
pression of proteins that participate in metabolic
processes and biological regulation was lower in NF-κB
−/− mice than in C57BL/6 mice, whereas the expression
of proteins that participate in the response to stimuli,
cellular processes, and immune system processes was
higher.

Discussion
Our analysis revealed that, during I/R injury, the NF-κB-
mediated alterations in the expression of circulating exo-
somal proteins are related to biological processes that
are involved in complement activation, proteolysis, cellu-
lar processes, response to stimuli, regulation of catalytic
activities, and glycolysis. The putative influences of these
proteins on the downstream pathways that are related to
I/R include cellular processes, cell communication, and
signaling pathways. Based on the classes of exosomal
proteins, our data also revealed that the expression of
oxidoreductases is upregulated in NF-κB groups, sug-
gesting that the inhibition of NF-κB may modify the ex-
pression of the redox modulation enzymes in the
exosomes secreted. Oxidoreductases are enzymes that
catalyze numerous redox reactions. Their actions include
the catalysis of the transformation of free, neutral oxy-
gen gas into oxygen free radicals, superoxide, hydroper-
oxide, single oxygen molecules, and hydrogen peroxide.
They also make up the most important free radical

Fig. 2 Expression fold of p65 in Western blot analysis of the nuclear protein extracts of the experimental muscles at 4, 16, and 48 h after I/R injury in C57BL/6
and NF-κB−/− mice. (*p< 0.01, compared to sham-operated mice in quadruplicate) Ctrl, Control sham-operated mice; Pos, Positive control of p65 expression

Fig. 3 Electron microscopic image of purified serum exosomes
derived from a normal C57BL/6 mouse

Fig. 4 2-DE protein patterns in serum exosomes from C57BL/6 and
NF-κB−/− mice after I/R injury. (a) C57BL/6 sham control; (b) C57BL/6
I/R injury; (c) NF-κB-/- sham control; (d) NF-κB-/- I/R injury.
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scavenger systems exemplified by catalase, superoxide
dismutase, and glutathione peroxidase [28]. Oxidoreduc-
tases represent one of the most important free radical
scavenger systems and play a cytoprotective role beyond
their antioxidant function [29–31]. The possibility of
exosomal oxidoreductases in the NF-κB−/− mouse serum
contributing to a protective role for the distal organs
after I/R muscle injury is interesting and requires further
investigation.
The complement system is a host defense system that

identifies injured cells, recruits inflammatory cells, and in-
duces cell lysis [32]. The complement component C3 is a
pro-inflammatory protein and an important component of
the complement cascade. Expression of complement com-
ponent one is elevated through oxidative stress following is-
chemic reperfusion [33]. Moreover, many reports have

attributed the protective effects of antioxidants to their cap-
acity to suppress the expression of complement component
C3 [34–36] and the subsequent blocking of NF-κB activa-
tion which inhibits complement component 3 [37]. Import-
antly, the complement cascade has been implicated in the
process of I/R injury. In this study, the expression of the
complement component C3 prepropeptide in the serum
exosomes of C57BL/6 mice was upregulated in response to
I/R muscle injury; however, the expression of this protein
was downregulated in NF-κB−/− mice. In addition, although
the expression levels of C3 prepropeptide were significantly
higher in the exosomes and serum after I/R injury, the fold
increase in expression was much higher in the exosomes
than in the serum, indicating that most of the C3 prepro-
peptide was located in the exosomes. Thus, exosomes may
participate in inflammatory processes in remote organs
during I/R muscle injury; however, such inflammatory ef-
fects transmitted by exosomes may decrease during NF-κB
inhibition. However, this hypothesis requires further experi-
ments to be validated.
The upregulation of protease, serine one and preg-

nancy zone protein, an inhibitor of proteinases, was ob-
served in the NF-κB−/− groups, suggesting that the
modulation of the function of T lymphocytes and fi-
brinolysis by these proteins was negatively regulated
through the NF-κB pathway following I/R injury [38,
39]. GAPDH, a glycolytic enzyme, has been recently
identified as being involved in the initiation of apop-
tosis [40]. The expression of a phosphorylation-
defective GAPDH mutant during I/R injury reduces cell
apoptosis [41], suggesting that GAPDH may play a crit-
ical role in the progression and spread of ischemic
damage [42]. In this study, the expression of exosomal
GAPDH was upregulated in the NF-κB−/− groups, sug-
gesting that the expression of exosomal GAPDH is NF-
κB-independent and that there may be a negative

Table 1 Proteins exhibiting a twofold or greater change in expression levels in serum exosomes from C57BL/6 and NF-κB−/− mice in
response to I/R injury (p < 0.05)

ID Name Score Expression

C57BL/6 gi|387114 complement component C3 prepropeptide 1963 up

gi|2739028 PK-120 precursor 2421 up

gi|160358819 alpha-amylase 1 precursor 2557 up

gi|6679651 beta-enolase isoform 1 850 up

gi|6671519 adenylosuccinate synthetase isozyme 1 1577 up

NF-κB−/− gi|16716569 protease, serine, 1 1330 up

gi|309266468 glyceraldehyde-3-phosphate dehydrogenase-like isoform 1 1346 up

gi|6679937 glyceraldehyde-3-phosphate dehydrogenase 1075 up

gi|34785996 pregnancy zone protein 1192 up

gi|27371137 apolipoprotein B 2617 down

gi|387114 complement component C3 prepropeptide 2372 down

gi|158346648 immunoglobulin kappa light chain variable region 3238 down

Fig. 5 Expression levels of C3 prepropeptide measured by
enzyme-linked immunosorbent assay (ELISA) in the exosomes,
serum, and experimental skeletal muscle of C57BL/6 and NF-κB−/−

mice after I/R injury (*p < 0.01, compared to sham-operated mice
in quadruplicate)
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feedback loop of regulation following I/R injury
through NF-κB-independent pathways.
In our study, the expression of ApoB was downregulated

in NF-κB−/− mice but not in C57BL/6 mice. ApoB is the
primary apolipoprotein of low-density lipoproteins and is
responsible for transporting cholesterol to the tissues. The
retention and modification of ApoB in the extracellular

matrix, followed by proliferation and inflammation, can
lead to the chronic progression of atherosclerotic lesions
[43]. Alpha-amylase is an enzyme that hydrolyses the
bonds of large, α-linked polysaccharides, such as those in
starch and glycogen, yielding glucose and maltose. Our re-
sults indicated that the expression of alpha-amylase pre-
cursor was elevated in C57BL/6 mice. In previous studies,

Fig. 6 Alteration in serum exosome protein expression after I/R injury. Protein classes were identified and analyzed by mass spectrometry
and PANTHER software

Fig. 7 Analysis of exosomal proteins identified by mass spectrometry using PANTHER software. Exosomal proteins isolated from C57BL/6 or NF-κB−/− mice
were classified using PANTHER based on (a) their molecular functions and (b) biological processes
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this enzyme has been described as a biomarker of injury
to peripheral organs in the serum [44, 45]. Ischemia
caused a moderate release of enzymes and an increase in
the activity of alpha-amylase [46]. The damage due to is-
chemia and reperfusion in the pancreas of rats was associ-
ated with increased levels of serum alpha-amylase [47].
The elevated plasma levels of alpha-amylase were also in-
vestigated in advanced chronic heart failure secondary to
ischemic cardiomyopathy [48]. In response to I/R injury,
exosomes may serve as carriers of alpha-amylase in the
serum and elevation of levels of alpha-amylase in circula-
tion is inhibited by the NF-κB signaling pathway.
Although our data do not provide definitive and exact

evidence of the function of the serum exosomes in re-
mote organs following I/R injury, our findings do sup-
plement the current knowledge base regarding their
potential function in the regulation of inflammation.
The data presented in this study suggest that NF-κB
might regulate exosomal protein expression at remote
sites via the circulation, following I/R injury.
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Abstract 

Introduction: The balance between regulatory T cells (Tregs) and effector T help cells (Th cells) 
is critical for the control of adaptive immune response during nerve transplantation. However, 
whether the homeostasis of immune regulation between Tregs and Th cells requires toll-like 
receptor (TLR) signaling is unclear. The aim of this study is to profile the distribution of spleen 
Tregs and Th cells in a mouse model of nerve xenografting in the TLR2 and NF-κB gene knockout 
mice. 
Methods: The sciatic nerve was taken from a SD rat or an allogeneic mouse and transplanted to 
a right back leg of recipient C57BL/6, TLR2-/-, or NF-κB-/- mice by subcutaneous transplantation. 
After 7 days, the T lymphocytes were then isolated from spleen, stained with phenotyping kits, and 
analyzed by flow cytometry.  
Results: The results showed that Tregs were decreased after nerve xenografting in the recipient 
C57BL/6 mouse. In addition, nerve xenografting also increased the Th1 and Th17 but not the Th2 
cell populations. In contrast, amelioration of the Tregs elimination was found in TLR2-/- and 
NF-κB-/- mice after transplantation of the nerve xenograft. Moreover, the mice lacking TLR2 or 
NF-κB showed attenuation of the increase in Th1 and Th17 cells after nerve xenografting.  
Conclusions: TLR signaling is involved in T cell population regulation during tissue transplanta-
tion. Knock-out of TLR2 and NF-κB prevented Tregs elimination and inhibited Th1- and 
Th17-driven immune response after nerve xenografting. This study highlighted the potential of 
inhibiting TLR signaling to modulate T cell-mediated immune regulation to facilitate tolerance to 
nerve transplantation. 

Key words: Nerve xenografting, Toll-like receptor (TLR), Regulatory T cells (Tregs), T help cells (Th cells) 

Introduction 
Nerve allograft had been reported to success-

fully treat the gap of the injured peripheral nerve. 
However, neurologic recovery with nerve allotrans-
plantation is still limited by immune response 

over-activation and graft rejection and requires a 
short-term use of immunosuppressive agents. Nerve 
allo- or xeno-transplantation results in activation of 
both innate and adaptive immunity. TLRs are sensors 
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of both innate and adaptive immunity, and they play 
critical roles in nerve graft rejection and dysfunction 
after transplantation [1, 2]. Moreover, pathogens, 
surgical trauma and ischemic injury in the graft may 
also result in TLR stimulation [3]. Activation of TLRs 
may initiate intracellular signal transduction and lead 
to activation of the transcription factor, NF-κB, to re-
lease proinflammatory cytokines, such as IL-1β, 
TNF-α, and IL17 [4, 5]. 

CD4+ regulatory T cells (Tregs) expressing 
FOXP3 play a critical role in the maintenance of im-
mune tolerance during tissue transplantation [6]. The 
presence of Tregs is associated with allograft survival 
[7-9]. However, other phenotypes of T lymphocytes 
such effector T helper cells including CD4+INFγ+ Th1, 
CD4+IL4+ Th2, and CD4+IL17+ Th17 cells exert delete-
rious effects on tissue by activating of dendritic cells 
macrophages, and antigen-presenting cells. They se-
crete cytokines to activate inflammatory pathways, 
mainly through macrophage activation. However, 
overactivation of either pathway may cause tissue 
damage and result in graft rejection [10-12]. Tregs can 
regulate and suppress Th cells function mainly by 
cell-to-cell contact-dependent and anti-
gen-independent mechanisms [13, 14]. Therefore, 
prolonged allograft acceptance requires Tregs, and 
the balance between Tregs and Th cells is critical for 
the inhibition of autoimmunity and the magnitude of 
the adaptive immune response [10, 15]. 

A previous study demonstrated that TLRs play a 
role in the maintenance of Tregs, are involved in T cell 
development [16]. Activation of TLRs can reprogram 
naïve T cells or Tregs to become effector Th cells [2, 
17]. Therefore, TLR2 and its downstream target, 
NF-κB, may play a role in the homeostasis of immune 
regulation between Tregs and Th cells. Moreover, 
nerve xenografting had been reported to induce more 
severe immunoresponse of the recipient than the 
nerve allografting. Therefore, in this study, the aim is 
to investigate the role of TLR2/NF-κB on the homeo-
stasis of immune regulation between Tregs and Th 
cells by profiling their distribution in the spleen in a 
mouse model of nerve xenografting using the TLR2 
and NF-κB gene knockout mice. 

Methods 
Animal experiments 

C57BL/6 mice and SD rats were purchased from 
BioLasco (Taipei, Taiwan). Tlr2-/- (B6.129-Tlr2tm1Kir/ 
J), and NF-κB-/- (B6.Cg-Nfkb1tm1Bal/J) mice were 
purchased from Jackson Laboratory (Bar Harbor, 
USA). All housing conditions were maintained, and 
surgical procedures, including analgesia, were per-
formed in an Association for Assessment and Ac-

creditation of Laboratory Animal Care Internation-
al-accredited SPF facility according to national and 
institutional guidelines. Animal protocols (permission 
number No. 2012091304) were approved by Chang 
Gung Memorial Hospital. Briefly, mice or rats were 
anesthetized with a combination of ketamine and 
xylazine, and the right back leg incision was made. 
The sciatic nerve (1 cm) was taken from a SD rat and 
transplanted to a right back leg of recipient mice by 
subcutaneous transplantation. This type of trans-
plantation is defined as xenograft. The donor sciatic 
nerve taken from the same species of mouse is defined 
as allograft. The mice were sacrificed after 7 days after 
the surgery, and the spleen was removed for the T 
lymphocytes isolation. 

T lymphocyte isolation and flow cytometry 
analysis 

The spleen was removed from the mice and dis-
sected. Splenic cell suspensions were gently pressed 
through a sterile 100 μm nylon mesh, and lympho-
cytes were isolated by ficoll gradient centrifugation 
(GE Healthcare, Sweden). The isolated lymphocytes 
were stained with a mouse Th1/Th2/Th17 pheno-
typing kit (the fluorescent antibodies: CD4, IFN-γ, 
IL-4 or IL-17A for detecting Th1, Th2 or Th17) and a 
mouse Th17/Treg phenotyping kit (the fluorescent 
antibodies: Foxp3 and CD4 for detecting Tregs) (BD 
Pharmingen, USA), and were acquired in a BD LSR II 
flow cytometer (BD Biosceinces, USA).  

Statistical analysis 
The data collected were analyzed using SPSS 

v.20 statistical software (IBM, Armonk, NY) for the 
independent Student’s t-tests. All results are pre-
sented as the mean ± standard error. A p-value less 
than 0.05 was considered statistically significant. 

Results 
Nerve xenografting decreased Tregs 
population in wild type mice but not in TRL2-/- 
or NF-κB-/- mice  

To determine whether TLR2 or NF-κB plays a 
role in Tregs population modulation in nerve trans-
plantation, we isolated spleen T lymphocytes from 
wild type or TLR2-/- or NF-κB-/- mice to analyze 
CD4+Foxp3+ Tregs population in nerve allografts or 
xenografts. By flow cytometry analysis, we found that 
the CD4+Foxp3+ Tregs population was decreased in 
the spleen of control wild-type mice after nerve xen-
ografting compared to that after allografting. How-
ever, elimination of the Tregs population was ame-
liorated in NF-κB-/- mice (Fig 1). The results indicate 
that NF-κB may participate in Treg-mediated immune 
suppression after nerve xenografting. 
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Figure 1. Knock-out of TLR2 and NF-κB prevented Tregs elimination after nerve xenografting. (A) Flow cytometry analysis of CD4+Foxp3+ 
Tregs population in nerve allografts or xenografts. (B) Quantification of the CD4+Foxp3+ Tregs population from flow cytometry analysis. The CD4+Foxp3+ 
Tregs population was decreased after nerve xenografting compared to allografting. Data are representative of 3 experiments with similar results. (n=3-5, 
*p < 0.05 and **p < 0.01 vs corresponding allograft). 

 

Knock-out of TLR2 or NF-κB decreased Th1 
but not Th2 cells after nerve xenografting 

 To determine whether TLR2 or NF-κB plays a 
role in Th1 or Th2 population regulation after nerve 
xenografting, we analyzed the Th1 or Th2 population 
after nerve xenografting compared to allografts in 
wild-type, TLR2-/- and NF-κB-/- mice. The flow cy-
tometry analysis results indicate that knock-out of 
TLR2 or NF-κB decreased of Th1 but not Th2 popula-
tion relative to the populations in control wild-type 
mice (Fig 2). 

Knock-out of TLR2 or NF-κB inhibited the 
Th17 population increase after nerve 
xenografting 

 To determine whether the Th17 population is 
involved in TLR2- or NF-κB-dependent pathways, we 
analyzed Th17 cell population in wild-type, TLR2-/-, 
or NF-κB-/- mice after nerve xenografting compared to 
allografting. We found that the Th17 population ele-
vation was inhibited after nerve xenografting in 
TLR2-/- and NF-κB-/- mice (Fig 3). TLR2 and NF-κB 

may play a role in Th17-medated immune response 
after nerve xenografting.  

Treg/(Th1+Th17) balance is TLR2 or NF-κB 
dependent after nerve xenografting 

 The balance between Tregs and Th cells is criti-
cal for the inhibition of autoimmunity. The results of 
the flow cytometry analysis showed that balance of 
the Tregs population over the Th1 and Th17 popula-
tion was disturbed in wild-type mice after nerve 
xenografting. The value of Treg/(Th1+Th17) was de-
creased in control wild type but not in TLR2-/- or 
NF-κB-/- mice (Fig 4).  

Discussion 
Successful transplantation depends on the mod-

ulation of adaptive immunity in graft transplantation, 
as previous studies demonstrated that T cells are 
necessary and sufficient to reject almost all allogeneic 
tissues [18]. Tregs function as immune suppressors in 
regulating effector Th cells [13]. Therefore, the balance 
between Tregs and Th cells is critical for inhibition of 
the autoimmune response and graft rejection. 
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Figure 2. Knock-out of TLR2 and NF-κB prevented Th1 but not 
Th2 elevation after nerve xenografting. (A) Th1 and (B) Th2 cell 
expression in wild type or TLR2-/- or NF-κB-/- mice in xenografts compared 
to allografts by flow cytometry analysis. Data are expressed as fold in-
creases (mean±SD) and are representative of 3 experiments with similar 
results. (n=3-5, *p < 0.05 vs control wild-type mice). 

 
 
 
 

 
Figure 3. Knock-out of TLR2 and NF-κB inhibited Th17 increase 
after nerve xenografting. The Th17 cell population was increased after 
nerve xenografting compared to allografts in wild-type but not in TLR2-/- or 
NF-kB-/- mice, as observed by flow cytometry analysis. Data are presented 
as the mean ± SD and are representative of 3 experiments with similar 
results. (n=3-5, *p < 0.05 vs control wild type mice). 

 
Figure 4. Ratio of Treg/(Th1+Th17) in wild type, TLR2-/-, NF-κB-/- 
mice after nerve xenografting. The value of Treg/(Th1+Th17) was 
decreased in control wild type but not in TLR2-/- or NF-kB-/- mice. Data are 
presented as the mean ± SD. (n=3, *p<0.05 vs control wild-type mice). 

 
TLRs are the first-line sensor for innate immun-

ity, and mounting evidence suggests that stimulation 
of TLR activated serious inflammatory responses 
which resulted in tissue injury and graft rejection after 
transplantation [1, 18, 19]. Although TLRs and T cells 
are known to play major roles in innate immunity, 
whether knock-out of TLRs can regulate the T cell 
population after tissue transplantation remains un-
known. To determine whether TLR2 is important in 
the modulation of Tregs and Th cells in tissue trans-
plantation, we used a model of nerve transplantation 
in TLR2 or NF-κB knock-out mice. Our study demon-
strated that knock-out of TLR2 or NF-κB prevented 
Tregs elimination and increased the population of Th1 
and Th17 cells after nerve xenografting. Recent stud-
ies suggested that TLR ligands regulate T cell activa-
tion, as well as T cell differentiation [17, 19]. There-
fore, TLR2 ligands may modulate T cell population 
through NF-κB by direct action because TLR2 are 
present on Tregs and Th cells. TLR2 was reported play 
a role in Tregs proliferation, and activation of TLR2 
can cause increased activity of Tregs [20, 21]. In addi-
tion, reduction of Tregs was observed in TLR2-/- mice 
[22]. However, TLR2 also promotes Th1 and Th17 cell 
polarization [23]. Activation of TLRs also activates 
effector Th cells to enhance Th cell-mediated cytotox-
icity and result in transplantation failure [8, 20]. 
Therefore, the graft immune tolerance and transplan-
tation success may correlate with the balance of 
Treg/Th cells [8, 24].  

The TLR2-coupled protein, MyD88, is reported 
to be important for Th17 immunity against allogeneic 
grafts [25]. A similar study also suggested that TLR2 
signaling leads to Th1 immunity [26]. Although a 
previous study suggested that TLR2 activation pro-
motes the Th2 immune response [27], knock-out of 
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TLR2 altered Th1 but not Th2 population after nerve 
xenografting in this study. According to the Th1/Th2 
balance hypothesis [10], the TLR2-NF-κB signaling 
pathway might have influenced the Th1-driven im-
mune response in our nerve xenograft animal model. 

Th17 cells, a newly recognized distinct subset of 
T helper cells, have been shown to play an important 
role in murine autoimmune diseases. They express a 
variety of potent proinflammatory cytokines in sev-
eral autoimmune states [28]. Stimulation of 
TLR-induced NF-κB activation promotes differentia-
tion of activated T cells into Th1 and Th17 cells [29]. 
Th1 and Th17 cells both activate in response to tissue 
transplantation to produce cytotoxicity [2]. Our re-
sults demonstrated that decrease of the Th1 and Th17 
population in nerve xenografting in the TLR2-/- or 
NF-κB-/- mice, implying that reduction of Th1 and 
Th17 population may ameliorate tissue damage after 
nerve transplantation. 

Conclusions 
In conclusion, our results suggest that TLR2 and 

its downstream target NF-κB are important in im-
mune homeostasis. Knock-out of TLR2 or NF-κB 
prevented Tregs elimination and inhibited Th1 and 
Th17 populations increase, and thus may impair Th1- 
and Th17-driven immune response after nerve xeno-
grafting. TLR2 inhibitors may further provide a po-
tential prevention strategy for innate immuni-
ty-mediated graft rejection.  
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Abstract 

Introduction: The balance between regulatory T cells (Tregs) and effector T help cells (Th cells) 
is critical for the control of adaptive immune response during nerve transplantation. However, 
whether the homeostasis of immune regulation between Tregs and Th cells requires toll-like 
receptor (TLR) signaling is unclear. The aim of this study is to profile the distribution of spleen 
Tregs and Th cells in a mouse model of nerve xenografting in the TLR2 and NF-κB gene knockout 
mice. 
Methods: The sciatic nerve was taken from a SD rat or an allogeneic mouse and transplanted to 
a right back leg of recipient C57BL/6, TLR2-/-, or NF-κB-/- mice by subcutaneous transplantation. 
After 7 days, the T lymphocytes were then isolated from spleen, stained with phenotyping kits, and 
analyzed by flow cytometry.  
Results: The results showed that Tregs were decreased after nerve xenografting in the recipient 
C57BL/6 mouse. In addition, nerve xenografting also increased the Th1 and Th17 but not the Th2 
cell populations. In contrast, amelioration of the Tregs elimination was found in TLR2-/- and 
NF-κB-/- mice after transplantation of the nerve xenograft. Moreover, the mice lacking TLR2 or 
NF-κB showed attenuation of the increase in Th1 and Th17 cells after nerve xenografting.  
Conclusions: TLR signaling is involved in T cell population regulation during tissue transplanta-
tion. Knock-out of TLR2 and NF-κB prevented Tregs elimination and inhibited Th1- and 
Th17-driven immune response after nerve xenografting. This study highlighted the potential of 
inhibiting TLR signaling to modulate T cell-mediated immune regulation to facilitate tolerance to 
nerve transplantation. 

Key words: Nerve xenografting, Toll-like receptor (TLR), Regulatory T cells (Tregs), T help cells (Th cells) 

Introduction 
Nerve allograft had been reported to success-

fully treat the gap of the injured peripheral nerve. 
However, neurologic recovery with nerve allotrans-
plantation is still limited by immune response 

over-activation and graft rejection and requires a 
short-term use of immunosuppressive agents. Nerve 
allo- or xeno-transplantation results in activation of 
both innate and adaptive immunity. TLRs are sensors 
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of both innate and adaptive immunity, and they play 
critical roles in nerve graft rejection and dysfunction 
after transplantation [1, 2]. Moreover, pathogens, 
surgical trauma and ischemic injury in the graft may 
also result in TLR stimulation [3]. Activation of TLRs 
may initiate intracellular signal transduction and lead 
to activation of the transcription factor, NF-κB, to re-
lease proinflammatory cytokines, such as IL-1β, 
TNF-α, and IL17 [4, 5]. 

CD4+ regulatory T cells (Tregs) expressing 
FOXP3 play a critical role in the maintenance of im-
mune tolerance during tissue transplantation [6]. The 
presence of Tregs is associated with allograft survival 
[7-9]. However, other phenotypes of T lymphocytes 
such effector T helper cells including CD4+INFγ+ Th1, 
CD4+IL4+ Th2, and CD4+IL17+ Th17 cells exert delete-
rious effects on tissue by activating of dendritic cells 
macrophages, and antigen-presenting cells. They se-
crete cytokines to activate inflammatory pathways, 
mainly through macrophage activation. However, 
overactivation of either pathway may cause tissue 
damage and result in graft rejection [10-12]. Tregs can 
regulate and suppress Th cells function mainly by 
cell-to-cell contact-dependent and anti-
gen-independent mechanisms [13, 14]. Therefore, 
prolonged allograft acceptance requires Tregs, and 
the balance between Tregs and Th cells is critical for 
the inhibition of autoimmunity and the magnitude of 
the adaptive immune response [10, 15]. 

A previous study demonstrated that TLRs play a 
role in the maintenance of Tregs, are involved in T cell 
development [16]. Activation of TLRs can reprogram 
naïve T cells or Tregs to become effector Th cells [2, 
17]. Therefore, TLR2 and its downstream target, 
NF-κB, may play a role in the homeostasis of immune 
regulation between Tregs and Th cells. Moreover, 
nerve xenografting had been reported to induce more 
severe immunoresponse of the recipient than the 
nerve allografting. Therefore, in this study, the aim is 
to investigate the role of TLR2/NF-κB on the homeo-
stasis of immune regulation between Tregs and Th 
cells by profiling their distribution in the spleen in a 
mouse model of nerve xenografting using the TLR2 
and NF-κB gene knockout mice. 

Methods 
Animal experiments 

C57BL/6 mice and SD rats were purchased from 
BioLasco (Taipei, Taiwan). Tlr2-/- (B6.129-Tlr2tm1Kir/ 
J), and NF-κB-/- (B6.Cg-Nfkb1tm1Bal/J) mice were 
purchased from Jackson Laboratory (Bar Harbor, 
USA). All housing conditions were maintained, and 
surgical procedures, including analgesia, were per-
formed in an Association for Assessment and Ac-

creditation of Laboratory Animal Care Internation-
al-accredited SPF facility according to national and 
institutional guidelines. Animal protocols (permission 
number No. 2012091304) were approved by Chang 
Gung Memorial Hospital. Briefly, mice or rats were 
anesthetized with a combination of ketamine and 
xylazine, and the right back leg incision was made. 
The sciatic nerve (1 cm) was taken from a SD rat and 
transplanted to a right back leg of recipient mice by 
subcutaneous transplantation. This type of trans-
plantation is defined as xenograft. The donor sciatic 
nerve taken from the same species of mouse is defined 
as allograft. The mice were sacrificed after 7 days after 
the surgery, and the spleen was removed for the T 
lymphocytes isolation. 

T lymphocyte isolation and flow cytometry 
analysis 

The spleen was removed from the mice and dis-
sected. Splenic cell suspensions were gently pressed 
through a sterile 100 μm nylon mesh, and lympho-
cytes were isolated by ficoll gradient centrifugation 
(GE Healthcare, Sweden). The isolated lymphocytes 
were stained with a mouse Th1/Th2/Th17 pheno-
typing kit (the fluorescent antibodies: CD4, IFN-γ, 
IL-4 or IL-17A for detecting Th1, Th2 or Th17) and a 
mouse Th17/Treg phenotyping kit (the fluorescent 
antibodies: Foxp3 and CD4 for detecting Tregs) (BD 
Pharmingen, USA), and were acquired in a BD LSR II 
flow cytometer (BD Biosceinces, USA).  

Statistical analysis 
The data collected were analyzed using SPSS 

v.20 statistical software (IBM, Armonk, NY) for the 
independent Student’s t-tests. All results are pre-
sented as the mean ± standard error. A p-value less 
than 0.05 was considered statistically significant. 

Results 
Nerve xenografting decreased Tregs 
population in wild type mice but not in TRL2-/- 
or NF-κB-/- mice  

To determine whether TLR2 or NF-κB plays a 
role in Tregs population modulation in nerve trans-
plantation, we isolated spleen T lymphocytes from 
wild type or TLR2-/- or NF-κB-/- mice to analyze 
CD4+Foxp3+ Tregs population in nerve allografts or 
xenografts. By flow cytometry analysis, we found that 
the CD4+Foxp3+ Tregs population was decreased in 
the spleen of control wild-type mice after nerve xen-
ografting compared to that after allografting. How-
ever, elimination of the Tregs population was ame-
liorated in NF-κB-/- mice (Fig 1). The results indicate 
that NF-κB may participate in Treg-mediated immune 
suppression after nerve xenografting. 
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Figure 1. Knock-out of TLR2 and NF-κB prevented Tregs elimination after nerve xenografting. (A) Flow cytometry analysis of CD4+Foxp3+ 
Tregs population in nerve allografts or xenografts. (B) Quantification of the CD4+Foxp3+ Tregs population from flow cytometry analysis. The CD4+Foxp3+ 
Tregs population was decreased after nerve xenografting compared to allografting. Data are representative of 3 experiments with similar results. (n=3-5, 
*p < 0.05 and **p < 0.01 vs corresponding allograft). 

 

Knock-out of TLR2 or NF-κB decreased Th1 
but not Th2 cells after nerve xenografting 

 To determine whether TLR2 or NF-κB plays a 
role in Th1 or Th2 population regulation after nerve 
xenografting, we analyzed the Th1 or Th2 population 
after nerve xenografting compared to allografts in 
wild-type, TLR2-/- and NF-κB-/- mice. The flow cy-
tometry analysis results indicate that knock-out of 
TLR2 or NF-κB decreased of Th1 but not Th2 popula-
tion relative to the populations in control wild-type 
mice (Fig 2). 

Knock-out of TLR2 or NF-κB inhibited the 
Th17 population increase after nerve 
xenografting 

 To determine whether the Th17 population is 
involved in TLR2- or NF-κB-dependent pathways, we 
analyzed Th17 cell population in wild-type, TLR2-/-, 
or NF-κB-/- mice after nerve xenografting compared to 
allografting. We found that the Th17 population ele-
vation was inhibited after nerve xenografting in 
TLR2-/- and NF-κB-/- mice (Fig 3). TLR2 and NF-κB 

may play a role in Th17-medated immune response 
after nerve xenografting.  

Treg/(Th1+Th17) balance is TLR2 or NF-κB 
dependent after nerve xenografting 

 The balance between Tregs and Th cells is criti-
cal for the inhibition of autoimmunity. The results of 
the flow cytometry analysis showed that balance of 
the Tregs population over the Th1 and Th17 popula-
tion was disturbed in wild-type mice after nerve 
xenografting. The value of Treg/(Th1+Th17) was de-
creased in control wild type but not in TLR2-/- or 
NF-κB-/- mice (Fig 4).  

Discussion 
Successful transplantation depends on the mod-

ulation of adaptive immunity in graft transplantation, 
as previous studies demonstrated that T cells are 
necessary and sufficient to reject almost all allogeneic 
tissues [18]. Tregs function as immune suppressors in 
regulating effector Th cells [13]. Therefore, the balance 
between Tregs and Th cells is critical for inhibition of 
the autoimmune response and graft rejection. 
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Figure 2. Knock-out of TLR2 and NF-κB prevented Th1 but not 
Th2 elevation after nerve xenografting. (A) Th1 and (B) Th2 cell 
expression in wild type or TLR2-/- or NF-κB-/- mice in xenografts compared 
to allografts by flow cytometry analysis. Data are expressed as fold in-
creases (mean±SD) and are representative of 3 experiments with similar 
results. (n=3-5, *p < 0.05 vs control wild-type mice). 

 
 
 
 

 
Figure 3. Knock-out of TLR2 and NF-κB inhibited Th17 increase 
after nerve xenografting. The Th17 cell population was increased after 
nerve xenografting compared to allografts in wild-type but not in TLR2-/- or 
NF-kB-/- mice, as observed by flow cytometry analysis. Data are presented 
as the mean ± SD and are representative of 3 experiments with similar 
results. (n=3-5, *p < 0.05 vs control wild type mice). 

 
Figure 4. Ratio of Treg/(Th1+Th17) in wild type, TLR2-/-, NF-κB-/- 
mice after nerve xenografting. The value of Treg/(Th1+Th17) was 
decreased in control wild type but not in TLR2-/- or NF-kB-/- mice. Data are 
presented as the mean ± SD. (n=3, *p<0.05 vs control wild-type mice). 

 
TLRs are the first-line sensor for innate immun-

ity, and mounting evidence suggests that stimulation 
of TLR activated serious inflammatory responses 
which resulted in tissue injury and graft rejection after 
transplantation [1, 18, 19]. Although TLRs and T cells 
are known to play major roles in innate immunity, 
whether knock-out of TLRs can regulate the T cell 
population after tissue transplantation remains un-
known. To determine whether TLR2 is important in 
the modulation of Tregs and Th cells in tissue trans-
plantation, we used a model of nerve transplantation 
in TLR2 or NF-κB knock-out mice. Our study demon-
strated that knock-out of TLR2 or NF-κB prevented 
Tregs elimination and increased the population of Th1 
and Th17 cells after nerve xenografting. Recent stud-
ies suggested that TLR ligands regulate T cell activa-
tion, as well as T cell differentiation [17, 19]. There-
fore, TLR2 ligands may modulate T cell population 
through NF-κB by direct action because TLR2 are 
present on Tregs and Th cells. TLR2 was reported play 
a role in Tregs proliferation, and activation of TLR2 
can cause increased activity of Tregs [20, 21]. In addi-
tion, reduction of Tregs was observed in TLR2-/- mice 
[22]. However, TLR2 also promotes Th1 and Th17 cell 
polarization [23]. Activation of TLRs also activates 
effector Th cells to enhance Th cell-mediated cytotox-
icity and result in transplantation failure [8, 20]. 
Therefore, the graft immune tolerance and transplan-
tation success may correlate with the balance of 
Treg/Th cells [8, 24].  

The TLR2-coupled protein, MyD88, is reported 
to be important for Th17 immunity against allogeneic 
grafts [25]. A similar study also suggested that TLR2 
signaling leads to Th1 immunity [26]. Although a 
previous study suggested that TLR2 activation pro-
motes the Th2 immune response [27], knock-out of 
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TLR2 altered Th1 but not Th2 population after nerve 
xenografting in this study. According to the Th1/Th2 
balance hypothesis [10], the TLR2-NF-κB signaling 
pathway might have influenced the Th1-driven im-
mune response in our nerve xenograft animal model. 

Th17 cells, a newly recognized distinct subset of 
T helper cells, have been shown to play an important 
role in murine autoimmune diseases. They express a 
variety of potent proinflammatory cytokines in sev-
eral autoimmune states [28]. Stimulation of 
TLR-induced NF-κB activation promotes differentia-
tion of activated T cells into Th1 and Th17 cells [29]. 
Th1 and Th17 cells both activate in response to tissue 
transplantation to produce cytotoxicity [2]. Our re-
sults demonstrated that decrease of the Th1 and Th17 
population in nerve xenografting in the TLR2-/- or 
NF-κB-/- mice, implying that reduction of Th1 and 
Th17 population may ameliorate tissue damage after 
nerve transplantation. 

Conclusions 
In conclusion, our results suggest that TLR2 and 

its downstream target NF-κB are important in im-
mune homeostasis. Knock-out of TLR2 or NF-κB 
prevented Tregs elimination and inhibited Th1 and 
Th17 populations increase, and thus may impair Th1- 
and Th17-driven immune response after nerve xeno-
grafting. TLR2 inhibitors may further provide a po-
tential prevention strategy for innate immuni-
ty-mediated graft rejection.  
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Weight-reduction through a low-fat diet
causes differential expression of circulating
microRNAs in obese C57BL/6 mice
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Abstract

Background: To examine the circulating microRNA (miRNA) expression profile in a mouse model of diet-induced
obesity (DIO) with subsequent weight reduction achieved via low-fat diet (LFD) feeding.

Results: Eighteen C57BL/6NCrl male mice were divided into three subgroups: (1) control, mice were fed a standard
AIN-76A (fat: 11.5 kcal %) diet for 12 weeks; (2) DIO, mice were fed a 58 kcal % high-fat diet (HFD) for 12 weeks; and
(3) DIO + LFD, mice were fed a HFD for 8 weeks to induce obesity and then switched to a 10.5 kcal % LFD for 4
weeks. A switch to LFD feeding led to decreases in body weight, adiposity, and blood glucose levels in DIO mice.
Microarray analysis of miRNA using The Mouse & Rat miRNA OneArray® v4 system revealed significant alterations in the
expression of miRNAs in DIO and DIO + LFD mice. Notably, 23 circulating miRNAs (mmu-miR-16, mmu-let-7i,
mmu-miR-26a, mmu-miR-17, mmu-miR-107, mmu-miR-195, mmu-miR-20a, mmu-miR-25, mmu-miR-15b, mmu-miR-15a,
mmu-let-7b, mmu-let-7a, mmu-let-7c, mmu-miR-103, mmu-let-7f, mmu-miR-106a, mmu-miR-106b, mmu-miR-93,
mmu-miR-23b, mmu-miR-21, mmu-miR-30b, mmu-miR-221, and mmu-miR-19b) were significantly downregulated in
DIO mice but upregulated in DIO + LFD mice. Target prediction and function annotation of associated genes revealed
that these genes were predominantly involved in metabolic, insulin signaling, and adipocytokine signaling pathways
that directly link the pathophysiological changes associated with obesity and weight reduction.

Conclusions: These results imply that obesity-related reductions in the expression of circulating miRNAs could be
reversed through changes in metabolism associated with weight reduction achieved through LFD feeding.

Keywords: Diet-induced Obesity, MicroRNAs, High-fat Diet, Low-fat Diet

Background
Obesity is associated with insulin resistance and an ab-
normal inflammatory response [1], and the strong asso-
ciations suggest that adipose tissue plays a prominent
role in the onset and progression of these comorbidities
[2]. White adipose tissue (WAT) has been characterized
as an endocrine organ [3], as it produces endocrine-
acting peptides such as leptin, and it is metabolically
important, with excess levels being associated with
metabolic syndrome [4, 5]. High fat uptake leads to

metabolic alterations in adipose tissue that increase the
levels of circulating free fatty acids in the blood [6].
This leads to macrophage activation and the production
of proinflammatory cytokines via Toll-like receptors,
resulting in inflammation in adipose tissue [6]. When
allowed ad libitum access to a high-fat diet (HFD),
C57BL/6J mice develop insulin resistance and obesity
in a manner that resembles disease progression in humans
[7]. Increased energy expenditure and decreased energy
intake are the two most commonly recommended lifestyle
changes to reduce adiposity and restore insulin sensitivity
in the treatment of diet-induced obesity (DIO) and associ-
ated comorbidities [8]. Calorie restriction is effective in
improving insulin sensitivity and decreasing both body
weight and percent body fat [9]. In addition, reductions in
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body weight and improvements in insulin sensitivity can
also be achieved by reducing the percentage fat in a diet,
i.e., by switching from a HFD to a low-fat diet (LFD) [10].
MicroRNAs (miRNAs) are endogenous small RNAs

that post-transcriptionally regulate gene expression,
and they have been demonstrated to have important
roles in numerous disease processes. There is growing
evidence that miRNAs play an important role in regu-
lating adipose tissue pathways that control a range of
processes, including adipogenesis, insulin resistance,
and inflammation [11–13]. Many miRNAs are dysregu-
lated in the metabolic tissues of obese animals and
humans, potentially contributing to the pathogenesis of
obesity-associated complications [11–13]. In addition,
recent studies identified several miRNAs expressed in
metabolic organs that could be used as feasible thera-
peutic targets for obesity and its consequent patholo-
gies [11, 13]. Recently, circulating serum miRNAs were
found to display specific expression patterns, suggesting
that miRNA profiles may represent fingerprints for
various diseases [14, 15]. In addition, despite the ubi-
quitous presence of ribonucleases, serum miRNAs
levels are remarkably stable and reproducible [16, 17],
and they function in cell-to-cell communication [18].
Currently, how changes in miRNA profiles might affect
adipose tissue at the functional and molecular level and to
what extent they differ in response to weight-reduction
strategies are not well understood. This information is im-
portant in the development of dietary anti-obesity in-
terventions [19]. As circulating miRNAs potentially
play an important role in regulating the pathophysi-
ology of obesity and they are potential therapeutic tar-
gets, we hypothesized the weight reduction may change
the circulating miRNAs expression. Our study aim was
to profile the expression of circulating miRNAs in a
mouse model of DIO with subsequent weight reduction
achieved through LFD feeding.

Methods
Ethics statement
This study was conducted in strict accordance with
guidelines on the use of laboratory animals, and every
effort was made to minimize the suffering of affected an-
imals. Animal protocols were approved by the IACUC of
Chang Gung Memorial Hospital, Taiwan (permission
number No. 2012091002).

Animal experiments
C57BL/6NCrl mice were purchased from BioLasco (Taipei,
Taiwan). Animals were housed, and surgical procedures, in-
cluding analgesia, were performed in an Association for
Assessment and Accreditation of Laboratory Animal Care
International-accredited SPF facility according to national
and institutional guidelines. In this experiment, 18 male,

wild-type C57BL/6NCrl mice were randomly assigned to
three subgroups (n = 6 in each group) as follows: (1)
control, mice were fed a standard AIN-76A (fat: 11.5
kcal %) diet ad libitum for 12 weeks; (2) DIO, mice
were fed a 58 kcal % HFD (D12331; Research Diets
Inc., New Brunswick, NJ) ad libitum for 12 weeks to
induce obesity; and (3) DIO + LFD, mice were fed a
58 kcal% HFD (D12331) ad libitum for 8 weeks to
induce obesity and then fed a 10.5 kcal% LFD (D
12329; Research Diets Inc.) for 4 weeks. Weight mea-
surements were performed weekly, and a glucose tol-
erance test was performed at the beginning and end
of the experiment to confirm that HFD-fed mice de-
veloped an obese and glucose intolerance phenotype.
Briefly, mice were fasted for 5 h, and baseline blood
glucose levels were measured with an Accu-Check
Advantage blood glucose meter (Roche, New Jersey,
USA) using blood collected from the tail vein. Mice
(n = 6 in each group) were injected intraperitoneally
with 2 g of glucose per kilogram body weight in
sterile PBS. The glucose level was measured via tail
vein blood (~10 μL) at t = -30 and 0 (pre) and t = 15,
30, 60, 90, and 120 min after the glucose infusion.
Data were averaged and graphed as blood glucose
level as a function of time. To reflect the circulating
levels of glucose during the glucose tolerance test
(GTT), we calculated the total area under the curve
(AUC) of the glucose concentration versus time by
the linear trapezoidal rule for the period of 0 - 120
min after glucose infusion. To avoid the effect of loss
of blood in GTT experiment or uncertain effect or
repeat tail punctures on subsequent miRNAs expres-
sion and cytokine assay, additional groups of mice
under the same model were used for further experi-
ments. After the end of the experiment, all mice were
euthanized, and the abdominal mesenteric WAT of
each mouse was removed and weighed. The adipose
tissue block embedded in paraffin was sectioned at 5 μm
to measure the adipocyte area. Three 5 μm-thickness sec-
tions of the same fat specimen at 50 μm distance was
mounted on glass plate and stained with hematoxylin and
eosin. Two different microscopic fields (magnifica-
tion × 100) per plate were photographed and 100 adi-
pose cells were arbitrarily selected in the center of
field and their cell diameters were assessed by tracing
the outline of each adipocyte. The mean adipocyte
area was measured from the WAT of control and ex-
perimental mice (n = 4 in each group) using Image-Pro
Plus image analysis software (Carl Zeiss, Oberkochen,
Germany) and expressed in terms of square micrometers.
The cells were randomly chosen, and the person analyzing
the images was blinded to the group assignments. At the
indicated time of the experiment, 1 mL of whole blood
was collected via cardiac puncture into a plain tube and
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allowed to clot for 1 h. Samples were centrifuged at
3000 × g for 10 min, and sera were aliquoted and stored
at −80°C until further analysis.

Cytokine assays
Serum cytokine concentrations were analyzed using
two complementary Bio-Plex suspension arrays (M60-
00003J7 and M60-00007NY) covering all cytokine bio-
markers potentially involved in inflammation (n = 6 in
each group). Eleven biomarkers (IL-1β, IL-2, IL-4, IL-
5, IL-6, IL-10, IL-12(p70), IL-17, GM-CSF, IFN-γ, and
TNF-α) were assessed simultaneously using the Bio-
Plex system (BioRad, Hercules, CA). Assays were
performed on four biological replicates per the manufac-
turer’s instructions. Results are expressed in picograms
per milliliter of serum.

RNA isolation and preparation
Total RNA was extracted from serum using the mir-
Vana™ miRNA Isolation Kit (Life Technologies, NY).
Purified RNA was quantitatively evaluated by measuring
its absorbance at 260 nm using an SSP-3000 Nanodrop
spectrophotometer (Infinigen Biotechnology, Inc., City
of Industry, CA), and RNA quality was assessed using a
Bioanalyzer 2100 (Agilent Technologies, Santa Clara,
CA). Total RNA (10 ng) was reverse-transcribed into
cDNA using a TaqMan miRNA Reverse Transcription
Kit (Applied Biosystems, Foster City, CA). Target miR-
NAs were reverse-transcribed using sequence-specific
stem-loop primers, and cDNA was used for quantitative
real-time polymerase chain reaction (qPCR).

miRNA microarray analysis
The Mouse & Rat miRNA OneArray® v4 (Phalanx
Biotech Group, Hsinchu, Taiwan) array used in this
experiment contains 144 experimental control probes,
1157 unique mouse miRNA probes, and 680 rat
miRNA probes, based on the miRBase 18 database.
Three biological replicates of each group of mice
were used in miRNA microarray experiments. Mouse
genome-wide miRNA microarray experimental and
statistical analyses were performed by Phalanx Biotech
Group. Briefly, fluorescent targets were prepared from
2.5 μg of total RNA using the miRNA ULS™ Labeling
Kit (Kreatech Diagnostics, Amsterdam, Netherlands).
Labeled miRNA targets enriched using NanoSep 100K
(Pall Corporation, Port Washington, NY) were hybridized
to The Mouse & Rat miRNA OneArray® v4 in Phalanx
hybridization buffer in the OneArray® Hybridization
Chamber. After overnight hybridization at 37 °C,
non-specifically bound targets were removed by three
washing steps (Wash I, 37 °C, 5 min; Wash II, 37 °C,
5 min and 25 °C, 5 min; and Wash III, rinse 20 times).
Slides were dried by centrifugation and scanned using an

Axon 4000B scanner (Molecular Devices, Sunnyvale,
CA). The signal intensities of Cy5 fluorescence in each spot
were analyzed using GenePix 4.1 software (Molecular
Devices, Sunnyvale, CA) and processed using R language
(http://www.r-project.org/) with two packages: limma
(http://www.bioconductor.org/packages/release/bioc/html/
limma.html) and genefilter (http://www.bioconductor.org/
packages/release/bioc/html/genefilter.html). Spots with
flag < 0 were filtered out, and the remaining spots were log
2 transformed and normalized using the 75 % media scaling
normalization method. Normalized spot intensities were
converted into gene expression ratios between the control
and treatment groups. Spots with expression ratios ≤0.5
or ≥2, as well as with p < 0.05, were selected for further
analysis. Differentially expressed miRNAs were subjected
to hierarchical cluster analysis using average linkage
and Pearson’s correlation as the measure of similarity.
The miRNA array data have been deposited in the
NCBI Gene Expression Omnibus with the accession
number GSE61005. Five miRNAs detected by array
analysis were selected and quantified by qPCR using
the Applied Biosystems 7500 Real-Time PCR System (Life
Technologies) to confirm the upregulation of miRNA ex-
pression in the DIO+ LFD group. Twenty-five femtomoles
of single-stranded cel-miR-39 synthesized by Invitrogen
(Carlsbad, CA) was spiked into 400 μL of serum as an in-
ternal control for the expression of each miRNA.

Target prediction, GO enrichment, and KEGG pathway
analyses
Target prediction was performed to identify the target
genes of the identified dysregulated miRNAs by inte-
grating all three public databases (TargetScan, PicTar,
and miRanda). This method firstly mapped all target
gene candidates to GO terms in the database (http://
www.geneontology.org/), calculated gene numbers for
each term, and then used a hypergeometric test to find
significantly enriched GO terms in target gene candidates
compared to the reference gene background. Bonferroni’s
correction for the p-value was used to obtain a corrected
p-value. GO terms with corrected p-values ≤ 0.05 were de-
fined as significantly enriched in target gene candidates.
To reveal the main pathways in which the target gene can-
didates are involved, pathway analysis using a major public
pathway-related database, KEGG, was performed to iden-
tify significantly enriched metabolic pathways or signal
transduction pathways in target gene candidates com-
pared with the whole reference gene background. Genes
with FDR ≤ 0.05 were considered significantly enriched
among the target gene candidates.

Statistical analysis
The body weight of mice are expressed as the mean with
a confidence interval. All other experimental data are
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expressed as the mean ± standard error of the mean.
Analysis of variance combined with a Bonferroni post
hoc correction was performed to identify significant dif-
ferences in body weight, weight of fat, adipocyte area,
glucose levels, and serum cytokine levels. A p value of
0.05 was regarded as the level of statistical significance.

Results
LFD decreased body weight and adiposity
In comparison with the C57BL/6NCrl mice fed the stand-
ard diet, feeding with the HFD significantly increased body
weight (Fig. 1). By contrast, after the change from HFD
feeding to LFD feeding, the body weight of DIO mice

decreased quickly, with the mean body weight stabilizing
after 4 weeks on the LFD. Abdominal mesenteric WAT
was also significantly larger in the DIO mice than in con-
trol mice, and the mice that were switched to the LFD had
significantly less abdominal mesenteric WAT than those
that remained on the HFD (Fig. 2a). However, the lower
amount of abdominal mesenteric WAT was not accom-
panied by a significantly smaller adipocyte area (Figs. 2b
and 3). Notably, because the fat specimen chosen at 50
μm distance was less than the mean diameter of the adi-
pocytes, there may be exist a selection bias that some
measured adipocytes were repeatedly calculated. However,
we expect this selection bias is not significant because the
tissue section was chosen in a fixed distance and the
counting of high number of adipocytes could decrease the
deviation of calculated mean adipocyte area. After injec-
tion of glucose to the control mice, blood glucose levels
increased to a peak of 350 mg/dL after 15 min, and then
gradually returned to baseline after 120 min. In the DIO
mice, blood glucose concentrations at 30 to 120 min dur-
ing the GTT were significantly higher than those in the
control mice (Fig. 4a). HFD-fed animals displayed signifi-
cant impairment in glucose tolerance, as evidenced by a
90 % higher incremental glucose AUC (Fig. 4b). In
addition, significantly lower glucose level was observed at
30 min after glucose injection for the LFD-fed mice rela-
tive to the HFD-fed mice (Fig. 4a), resulting in an around
15 % lower glucose AUC (Fig. 4b).

LFD did not induce the differential expression of
inflammatory cytokines
Of the 11 biomarkers measured (IL-1β, IL-2, IL-4, IL-5,
IL-6, IL-10, IL-12 (p70), IL-17, GM-CSF, IFN-γ, and

Fig. 1 The body weight of C57BL/6NCrl mice on a weekly basis till
12 weeks (n = 6 in each group). Control: the mice fed with the
standard diet; DIO: the mice fed with high-fat diet; DIO + LFD: the
mice fed with high-fat diet for 8 weeks to induce obesity, then
change to low-fat diet for subsequent 4 weeks. *(red color), P < 0.05
vs. control. *(green color), P < 0.05 vs. DIO. The body weight of mice
are expressed as the mean a ± 80 % confidence interval

Fig. 2 a The weight of abdominal mesenteric white adipose tissue and b the adipocyte area of C57BL/6NCrl mice in groups of control, DIO, DIO
+ LFD at 12w. **,P < 0.01 vs. control. ††, P < 0.01 vs. DIO (n = 4 in each group)
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TNF-α), IL-1β had the highest expression in serum,
followed by TNF-α, IL-10, and IL-12 (p70) (Fig. 5).
However, there were no significant differences in expres-
sion among the groups.

Upregulated miRNA targets in microarray analysis
Greater than 2-fold differences in serum miRNA expres-
sion between DIO mice and controls as well as between
DIO + LFD and DIO mice (p < 0.05) were identified for
further analysis. The microarray and qPCR results were
in agreement, with a Pearson correlation value of 0.891
(Additional file 1), under the limitation of only five miR-
NAs being selected for analysis. Unsupervised hierarch-
ical clustering of all differentially expressed serum
miRNAs was conducted to separate samples from ex-
perimental or control subjects into different groups
(Fig. 6). In microarray experiments of DIO mouse sera,
eight miRNAs were upregulated, and 34 were down-
regulated (Table 1). In addition, in the sera of DIO +
LFD mice, 28 miRNAs were upregulated, and 10 were
downregulated (Table 2). As shown in the Venn dia-
gram in Fig. 7, notably, 23 of the 28 upregulated miR-
NAs in DIO + LFD mice (mmu-miR-16, mmu-let-7i,
mmu-miR-26a, mmu-miR-17, mmu-miR-107, mmu-miR-

195, mmu-miR-20a, mmu-miR-25, mmu-miR-15b, mmu-
miR-15a, mmu-let-7b, mmu-let-7a, mmu-let-7c, mmu-
miR-103, mmu-let-7f, mmu-miR-106a, mmu-miR-106b,
mmu-miR-93, mmu-miR-23b, mmu-miR-21, mmu-miR-
30b, mmu-miR-221, and mmu-miR-19b) were downregu-
lated in the DIO mice. Only five miRNAs (mmu-miR-
451, mmu-miR-223, mmu-miR-92a, mmu-miR-200c,
and mmu-miR-873) were differentially expressed, im-
plying that the majority of miRNA downregulation as-
sociated with obesity could be reversed by LFD treatment.
By contrast, of the eight upregulated miRNAs in DIO
mice, only one (mmu-miR-711) was significantly down-
regulated in DIO + LFD mice.

Target prediction and function annotation
To further understand the physiological functions and
biological processes associated with the 23 miRNAs,
target prediction was performed by integrating three
public databases (TargetScan, PicTar, and miRanda),
and 1082 target genes were identified. GO annotation
and KEGG pathway analysis was also performed to
identify functional modules regulated by these 23 miR-
NAs. In GO annotation analysis, cellular processes,
biological regulation, metabolic processes, primary

Fig. 3 Hematoxylin and eosin stain of the paraffin-embedded white adipose tissue at 5 μm section of C57BL/6NCrl mice in groups of control,
DIO, DIO + LFD at 12w

Fig. 4 Blood glucose concentrations (a) and area under the curve (AUC) quantification (b) during a 120-min glucose tolerance test in groups of
control, DIO, DIO + LFD at 12w. *(red color), P < 0.05 vs. control. *(green color), P < 0.05 vs. DIO
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metabolic processes, and cellular metabolic processes
were the most significantly enriched GO terms (Fig. 8).
KEGG pathway analysis revealed 142 pathways associ-
ated with these miRNA targets. Among these, meta-
bolic pathways were the most enriched, with 1024
associated genes, followed by MAPK signaling, actin
cytoskeleton regulation, secondary metabolite biosyn-
thesis, focal adhesion, insulin signaling, calcium sig-
naling, cytokine-cytokine receptor interaction, tight
junctions, phagosomes, and adipocytokine signaling
pathways (Table 3). These results suggest that these
targets have a high possibility of being regulated by
miRNAs during obesity and weight reduction through
LFD feeding; however, the possibility of false-positive
results from the prediction algorithm always exists.

Discussion
Switching to a LFD is an effective intervention to pro-
mote weight loss and improve metabolic health parame-
ters in obesity [19]. Although morbid obesity is
considered a systemic inflammatory state, the serum in-
flammatory profile of C57BL/6 mice, as measured by an
antibody array, revealed that DIO mice had higher lep-
tin, IL-6, and LPS-induced chemokine concentrations
and lower concentrations of all other chemokines/cyto-
kines than control mice [20]. In this study, we demon-
strated that LFD feeding reduced the body weight and
adiposity of DIO mice; however, there was no significant
difference in the expression of the 11 measured cyto-
kines between DIO and DIO + LFD mice, suggesting that
DIO mice may be in an early state of obesity. By con-
trast, significantly dysregulated miRNAs were identified
in both groups. Notably, most (23 of 28) of these circu-
lating miRNAs were upregulated in DIO + LFD and
downregulated in DIO mice, implying that the downreg-
ulation of these miRNAs by obesity could be reversed by

LFD treatment. In addition, target prediction and func-
tion annotation revealed that the target genes associated
with these 23 differentially expressed miRNAs are
involved in metabolic, insulin, and adipocytokine signal-
ing pathways that directly link the pathophysiological
changes that occur during obesity and weight reduction.
Therefore, whether miRNA supplementation represents
a potential therapeutic strategy to treat obesity is an in-
teresting topic requiring further robust investigations to
clarify.
As many miRNAs are extensive regulators of adipo-

cyte development and function, their differential ex-
pression in the adipose tissue of mice in response to
HFD-induced obesity has been explored and discussed
in a number of articles [11–13, 21]. For example, in a
microarray experiment, 26 miRNAs were upregulated in
WAT in response to HFD feeding, including mmu-miR-
342-3p, mmu-miR-222, mmu-miR-221, mmu-miR-142-
3p, mmu-miR-142-5p, mmu-miR-21, mmu-miR-335-5p,
mmu-miR-146a, mmumiR-146b, mmu-miR-647*, and
mmu-miR-379, whereas the following miRNAs were
downregulated: mmu-miR-141, mmu-miR-200a, mmu-
miR-200b, mmumiR-200c, mmu-miR-122, mmu-miR-
204, mmu-miR-133b, mmu-miR-1, mmu-miR-30a*,
mmu-miR-130a, mmu-miR-192, mmu-miR-193a-3p,
mmu-miR-203, mmu-miR-378, and mmumiR-30e*
[21]. Some of the circulating miRNAs identified in this
study have also been reported in the adipose tissue of
DIO mice or implicated in adipogenic processes [11–
13], including Let-7, miR-103, miR-15, the miR-17-92
cluster (miR-17, miR-20a, and miR-92a), miR-21, miR-
221, and miR-30b. However, these miRNA that were
previously reported to be upregulated in adipose tissue
were downregulated in DIO mice but upregulated in
DIO + LFD mice in this study, casting doubt on the
suggestion that these circulating miRNAs originated

Fig. 5 Concentrations of serum cytokines (IL-1β, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12(p70), IL-17, GM-CSF, IFN-γ, TNF-α) analyzed by the Bio-Plex
Multiplex cytokine assay at 12w in the mice in groups of control, DIO, DIO + LFD (n = 6 in each group)
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from the adipose tissue of obese mice. Notably, al-
though the origin of circulating miRNAs is debatable,
the expression profile of circulating miRNAs is obvi-
ously different from those in pathological tissues [22–
24]. Whether these circulating miRNAs originated from
adipose tissue, blood cells, or other cells of the circulat-
ing system requires further experimentation to clarify.
In this study, some of the identified dysregulated miR-

NAs have been linked to obesity or adipogenesis in the
literature. Among them, five members of the Let-7 fam-
ily (mmu-let-7a, mmu-let-7b, mmu-let-7c, mmu-let-7f,

and mmu-let-7i) were dysregulated in response to obes-
ity and weight reduction following LFD feeding. Mice
with global overexpression of Let-7 are viable, but they
have reduced body size and weight [25]. In mice, 12
genes encode members of the Let-7 family, which in-
cludes nine slightly different miRNAs (Let-7a, Let-c, and
Let-7f [all encoded by two genes], and Let-7b, Let-7d,

Fig. 6 Hierarchical cluster analysis of differentially expressed circulating
miRNAs in the serum of C567BL/6 mice in groups of control, DIO,
DIO + LFD (n = 3 in each group)

Table 1 miRNA targets dys-regulated more than 2-fold in serum
of C57BL/6NCrl mice at 12w high-fat diet-induced obesity vs.
control (P-value < 0.05)

Up-regulated Down-regulated

DIO Fold
(log2)

p-value DIO Fold
(log2)

p-value

mmu-miR-711 2.15 0.00 mmu-let-7i −3.98 0.01

mmu-miR-712 1.58 0.04 mmu-miR-16 −3.83 0.01

mmu-miR-713 1.41 0.03 mmu-miR-15a −3.02 0.01

mmu-miR-714 1.12 0.05 mmu-miR-26a −2.61 0.00

mmu-miR-715 1.07 0.01 mmu-miR-107 −2.53 0.00

mmu-miR-716 1.05 0.04 mmu-miR-106b −2.51 0.01

mmu-miR-717 1.05 0.05 mmu-miR-17 −2.49 0.00

mmu-miR-574 1.03 0.03 mmu-miR-93 −2.36 0.00

mmu-let-7b −2.33 0.00

mmu-miR-15b −2.31 0.02

mmu-miR-25 −2.26 0.04

mmu-let-7c −2.20 0.00

mmu-miR-20a −2.17 0.00

mmu-miR-103 −2.16 0.00

mmu-miR-221 −1.97 0.00

mmu-miR-195 −1.86 0.03

mmu-miR-21 −1.85 0.00

mmu-miR-106a −1.82 0.00

mmu-let-7a −1.70 0.01

mmu-let-7f −1.67 0.04

mmu-miR-30c −1.55 0.05

mmu-let-7d −1.52 0.02

mmu-miR-19b −1.41 0.01

mmu-miR-30e −1.35 0.02

mmu-miR-30a −1.34 0.02

mmu-miR-23b −1.32 0.03

mmu-miR-486 −1.28 0.03

mmu-miR-30b −1.25 0.01

mmu-miR-130b −1.25 0.05

mmu-miR-106b* −1.14 0.02

mmu-miR-185 −1.10 0.03

mmu-miR-18a −1.06 0.01

mmu-miR-17* −1.04 0.04

mmu-miR-148b −1.01 0.04
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Let-7e, Let-7g, Let-7i, and miR-98 [all encoded by one
gene]). All Let-7 family members are believed to have
similar functions because they share a common seed re-
gion (nucleotides 2–8), which mediates interactions be-
tween miRNA and target mRNAs [25]. Furthermore,
Let-7 transgenic mice exhibit impaired glucose tolerance
because of diminished glucose-induced insulin secretion,
and anti-miR–induced silencing of Let-7 has been
proven to improve blood glucose levels and insulin re-
sistance in obese mice [25].
In vivo, miR-103 is downregulated in the mature adi-

pocytes of obese mice [26] and upregulated during the dif-
ferentiation of human and murine pre-adipocytes [27, 28].

A 9-fold upregulation of miR-103 was noted during
early adipogenesis in 3T3-L1 pre-adipocyte cells, and
lipid droplet formation was accelerated when it was ec-
topically expressed [26]. miR-103 is also upregulated
during porcine adipogenesis, and its inhibition sup-
presses adipogenesis [26].
miR-15a overexpression leads to a decrease in the

number, but an increase in the size, of murine adipo-
cytes by inhibiting Delta-like 1 homolog expression [29].
In a study of miRNA libraries reconstructed from pre-
and post-differentiated 3T3-L1 cells, it was noted that
miR-15a may not be related to the actual differentiation
process, but it may induce growth arrest and/or hormo-
nal stimulation [30]. In addition, the miR-17-19 cluster,
which comprises seven miRNAs (miR-17-5p, miR-17-3p,
miR-18, miR-19a, miR-20, miR-19b, and miR-92-1) and
promotes cell proliferation in various cancers, has been
demonstrated to be significantly upregulated at the
clonal expansion stage of adipocyte differentiation. MiR-
17-92 has been revealed to target Rb2/p130, an import-
ant early regulator of pre-adipocyte clonal expansion
[31], and the stable transfection of 3T3L1 cells with
miR-17-92 resulted in accelerated differentiation and in-
creased triglyceride accumulation after hormonal stimu-
lation [32]. The adipogenic miR-21 has also been
demonstrated to be upregulated in human obesity [33]
and to enhance adipogenesis in human adipose tissue-
derived mesenchymal stem cells (hASCs) by mediating
TGF-β signaling [34].
The miR-30 family has been found to be important for

adipogenesis [12]. In this study, miR-30a, miR-30b, and
miR-30c were significantly downregulated in obese mice,
and miR-30b was significantly upregulated after LFD
feeding. MiR-30 family members are strongly upregu-
lated during adipogenesis in human cells, and inhibition
of miR-30 inhibits adipogenesis [12]. miR-30 family
members have also been demonstrated to act as positive
regulators of adipocyte differentiation in a human adi-
pose tissue-derived stem cell model [35]. Overexpression
of miR-30a and miR-30d stimulates adipogenesis, and it
has been demonstrated that miR-30a and miR-30d target
RUNX2, a major regulator of osteogenesis and a potent
inhibitor of PPARγ, the master gene in adipogenesis
[36]. MiR-30c has been found to be upregulated in adi-
pogenesis and to enhance adipogenesis in hASCs, and it
appears to target two genes (PAI-1 and ALK2) in distinct
pathways [37]. Moreover, miR-30d has been identified as
a positive regulator of insulin transcription [38].
Furthermore, in this study, eight miRNAs (mmu-miR-711,

mmu-miR-712, mmu-miR-713, mmu-miR-714, mmu-miR-
715, mmu-miR-716, mmu-miR-717, and mmu-miR-574)
were upregulated in DIO mice. Of these, miR-712 is
a mechanosensitive miRNA that is upregulated in
endothelial cells by disturbed flow, which regulates

Table 2 miRNA targets dys-regulated more than 2-fold in
serum of C57BL/6NCrl mice following 4 w low-fat diet after 8
w high-fat diet-induced obesity vs. 12 w high-fat diet-induced
obesity (P-value < 0.05)

Up-regulated Down-regulated

DIO + LFD Fold
(log2)

p-value DIO + LFD Fold
(log2)

p-value

mmu-miR-16 3.48 0.00 mmu-miR-1983 −3.29 0.05

mmu-let-7i 3.23 0.01 mmu-miR-5112 −2.39 0.02

mmu-miR-26a 2.57 0.02 mmu-miR-1894 −2.18 0.02

mmu-miR-17 2.38 0.02 mmu-miR-5109 −1.88 0.01

mmu-miR-107 2.35 0.02 mmu-miR-711 −1.80 0.00

mmu-miR-451 2.34 0.00 mmu-miR-351* −1.37 0.04

mmu-miR-195 2.28 0.01 mmu-miR-700 −1.19 0.01

mmu-miR-20a 2.06 0.01 mmu-miR-1940 −1.15 0.03

mmu-miR-25 1.88 0.03 mmu-miR-204* −1.14 0.02

mmu-miR-15b 1.85 0.01 mmu-miR-125b −1.09 0.03

mmu-miR-15a 1.83 0.01

mmu-let-7b 1.73 0.00

mmu-let-7a 1.69 0.00

mmu-let-7c 1.64 0.02

mmu-miR-103 1.61 0.01

mmu-let-7f 1.57 0.01

mmu-miR-106a 1.56 0.01

mmu-miR-106b 1.48 0.04

mmu-miR-93 1.37 0.01

mmu-miR-23b 1.34 0.02

mmu-miR-21 1.23 0.01

mmu-miR-223 1.18 0.04

mmu-miR-30b 1.16 0.02

mmu-miR-221 1.11 0.01

mmu-miR-19b 1.06 0.02

mmu-miR-92a 1.05 0.02

mmu-miR-200c 1.03 0.02

mmu-miR-873 1.00 0.04
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endothelial dysfunction and atherosclerosis [39, 40].
MiR-717, which was first reported in mice, is encoded
by intron 3 of the body mass-associated glypican-3
(Gpc3) gene, and it plays an important regulatory role
in renal osmoregulation. Meanwhile, Gpc3 knockout
mice display increased body mass, renal dysplasia,
and perinatal mortality [41]. Bioinformatics analysis
enables functional annotation of MiR-717 orthologs to

determine the effect of its target genes on fat-related
traits [42]. However, the effects and mechanisms of
these eight upregulated miRNAs in the obese mice in
this study are poorly understood.

Conclusion
This study identified the expression profile of circulat-
ing miRNAs in a mouse model of DIO and DIO with

Fig. 7 Venn diagram of the changed miRNAs in the serum of C567BL/6 mice in groups of DIO and DIO + LFD

Fig. 8 Partial gene ontology (GO) classification annotated for the predicted target genes of 23 interesting up-regulated miRNAs. The figure shows
partial GO enrichment for the predicted target genes in cellular component, molecular function, and biological process. All the P < 0.001
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subsequent weight reduction through LFD feeding. The
results demonstrated that the majority of miRNA down-
regulation in association with obesity could be reversed by
LFD feeding. Target prediction and function annotation
revealed that the target genes associated with these 23 dif-
ferentially expressed miRNAs are involved in metabolic,
insulin, and adipocytokine signaling pathways that directly
link the pathophysiological changes that occur during
obesity and weight reduction.
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Background. This study aims to investigate the effect of feeding low-fat diet (LFD) to diet-induced obesity (DIO) mice lacking
TLR5 (TLR5−/−), which have a tendency to develop glucose intolerance with increased adiposity, compared to that in C57BL/6
mice. Results. TLR5−/− and C57BL/6 male mice were divided into three subgroups: (1) control, mice were fed a standard AIN-76A
(fat: 11.5 kcal%) diet for 12 weeks; (2) DIO, mice were fed a 58 kcal% high-fat diet (HFD) for 12 weeks; and (3) diet, mice were fed a
HFD for 8 weeks to induce obesity and then switched to a 10.5 kcal% LFD for 4 weeks.The glucose intolerance inDIOTLR5−/−mice
was more significant than that in DIO C57BL/6 mice and was not attenuated by a switch to the LFD. Weight-reduction with LFD
had significantly decreased the epididymal fat mass in C57BL/6 mice but not in TLR5−/− mice. In addition, the LFD-fed TLR5−/−
mice showed significantly higher expression of ghrelin in the serum and resistin in the epididymal fat than that in C57BL/6 mice.
Conclusions. This study demonstrated that TLR5 gene knockout impairs some effects of weight-reduction in DIO.

1. Introduction

Obesity is associated with insulin resistance and an abnor-
mal inflammatory response [1, 2]. High-fat uptake leads to
metabolic alterations in the adipose tissue that is associated
with the synthesis and release of a huge amount of proinflam-
matory adipokines and cytokines such as leptin, resistin, PAI-
1, IL-6, IL-10, andTNF-𝛼 [2]. Increased level of the circulating
free fatty acids also leads to macrophage activation and the
production of proinflammatory cytokines via Toll-like recep-
tors (TLRs) [3]. The adipocytes and preadipocytes isolated
from the adipose tissues of the ob/ob and db/db mice, which
are leptin and leptin-receptor-deficient, respectively, were
characterized by significant upregulation of TLR1 to TLR9
expression than that with wild type cells [4–6]. Upregulated
expressions of TLR1 to TLR9 and TLR11 to TLR13 are also

observed in adipose tissues of high-fat diet- (HFD-) induced
obesemice or leptin-deficient obesemice [7].Themagnitudes
of the obesity-induced upregulation of theTLR1,TLR4,TLR5,
TLR8, TLR9, and TLR12 genes in the visceral adipose tissue
were even greater in the diet-induced obesity (DIO) mice
than in the ob/ob mice [7]. These upregulated expressions
of TLRs in the expanded adipose tissues of obese mice are
linked with downstream NF-𝜅B, IRFs, and STAT-1 activation
and upregulated expressions of cytokines and chemokines via
MyD88-dependent and MyD88-independent cascades [7].

Evidence collected from these inbred mouse strains sug-
gests that the detrimental effects in metabolism due to HFD
are strain dependent, and some strains such as C57BL/6J and
C57BL/6N are genetically predisposed to metabolic defects
resulting fromHFD feeding [8, 9].WhenC57BL/6Jmicewere
fed a high-fat diet (HFD) with ad libitum, they developed
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insulin resistance and obesity in a manner that resembles
disease progression in humans [10]. Furthermore, mice lack-
ing Toll-like receptor 5 (TLR5), on a mixed C57BL/6J and
C57BL/6N genetic background, develop insulin resistance
and increased adiposity [11–13]. These mice exhibit hyper-
phagia and develop hallmark features of metabolic syndrome
including hyperlipidemia, hypertension, insulin resistance,
and increased adiposity [13]. The TLR5−/− mice consumed
about 10% more food, had greater stool output, and did not
significantly impact the efficiency of dietary energy harvest
than wild type littermates [13]. The TLR5−/− mice also
exhibited a reduced response to exogenous insulin relative to
wild type mice. In addition, the insulin resistance of TLR5−/−
mice is not entirely dependent on increased food consump-
tion or adiposity seeing that the lean TLR5−/− mice after 12
weeks of food restriction regimen still exhibited a decreased
response to exogenous insulin [13]. TLR5 is a transmembrane
protein that is highly expressed in the intestinal mucosa and
recognizes bacterial flagellin. HFD and bacteria interact to
promote early inflammatory changes in the small intestine
that contribute to the development of susceptibility to obesity
and insulin resistance [12]. The low-grade proinflammatory
signaling in TLR5-deficient mice may attenuate insulin sig-
naling, resulting in increased food consumption that drives
other manifestations of metabolic syndrome [13]. Moreover,
the humans with the segregation of a dominant nonsense
polymorphism (R392X, rs5744168) lack TLR5 function and
become susceptible to type 2 diabetes [14].

Decreased energy intake and increased energy expendi-
ture, which reduces adiposity and restore insulin sensitivity,
are the two most commonly recommended lifestyle changes
to treat DIO and its related disorders [15]. Calorie restriction
is effective in improving the insulin sensitivity and decreasing
both body weight and percent body fat [16]. Moreover,
switching from a HFD to a low-fat diet (LFD) can reduce
body weight and improve insulin sensitivity by reducing the
percentage of fat in a diet [17]. Although food restriction
prevents obesity, but not insulin resistance, in TLR5-deficient
mice [13], limited information is known regarding the LFD
effect on TLR5-deficient obese mice. In this study, we aim to
investigate the diet effect of LFD feeding on the DIO mice
lacking TLR5 against C57BL/6 mice.

2. Materials and Methods

2.1. Animal Experiments. C57BL/6NCrl mice were pur-
chased from BioLasco (Taipei, Taiwan). TLR5−/− (B6.129S1-
Tlr5tm1Flv/J) mice were purchased from Jackson Labora-
tory (Bar Harbor, ME, USA). Animals were housed, and
surgical procedures, including analgesia, were performed in
Association for Assessment and Accreditation of Laboratory
Animal Care International-accredited SPF facility according
to national and institutional guidelines to minimize the suf-
fering of affected animals. Animal protocols were approved
by the IACUC of Chang Gung Memorial Hospital, Taiwan
(permission number 2012091002). In this experiment, 24
male TLR5−/− and 24 male C57BL/6NCrl mice were ran-
domly assigned to three subgroups (𝑛 = 8 in each group) as

follows: (1) control, where mice were fed a standard AIN-76A
(fat: 11.5 kcal%) diet with ad libitum for 12 weeks; (2) DIO,
wheremice were fed a 58 kcal%HFD (D12331; Research Diets
Inc., New Brunswick, NJ) with ad libitum for 12 weeks to
induce obesity; and (3) diet, where mice were fed a 58 kcal%
HFD (D12331) ad libitum for 8 weeks to induce obesity and
then fed a 10.5 kcal% LFD (D 12329; Research Diets Inc.)
for 4 weeks. Weight measurements were recorded weekly,
and an intraperitoneal glucose tolerance test (IPGTT) was
performed at the beginning and end of the experiment to
confirm that HFD-fed mice developed an obese and insulin-
resistant phenotype. Briefly, mice were allowed to fast for
5 h, and baseline blood glucose levels were measured with
an Accu-Check Advantage blood glucose meter (Roche, NJ)
using blood samples collected from the tail vein. Mice were
injected intraperitoneally with 2 g of glucose (in sterile PBS)
per kilogram body weight. The glucose level was measured
via tail vein blood (∼10 𝜇L) at 𝑡 = −30 and 0 (pre) and 𝑡 = 15,
30, 60, 90, and 120min after the glucose infusion. Data were
averaged and graphed as blood glucose level as a function
of time. To reflect the circulating levels of glucose during
the glucose tolerance test, we calculated the total area under
the curve (AUC) of the glucose concentration versus time
by the linear trapezoidal rule for the period of 0–120min
after glucose infusion. In the end of the experiment, all mice
were euthanized, and the epididymal white adipose tissue
(WAT) of eachmousewas collected andweighed.The adipose
tissue block embedded in paraffin was sectioned at 5 𝜇m to
measure the adipocyte area. Three 5 𝜇m-thick sections of the
same fat specimen at 50 𝜇m distance were mounted on glass
plate and stained with hematoxylin and eosin. Two different
microscopic fields (magnification ×100) per plate were pho-
tographed and 100 adipose cells were arbitrarily selected in
the center of field and their cell diameters were assessed by
tracing the outline of each adipocyte. The mean adipocyte
area was measured from the epididymal WAT of control and
experimentalmice (𝑛=8 in each group) using Image-ProPlus
image analysis software (Carl Zeiss, Oberkochen, Germany)
and expressed in terms of square micrometers. The liver
embedded in paraffin was sectioned at 5 𝜇m and stained with
hematoxylin and eosin. At the end of the experiment, 1mL of
whole blood was collected via cardiac puncture into a plain
tube and allowed to clot for 1 h. Samples were centrifuged
at 3000×g for 10min, and sera were aliquoted and stored at
−80∘C until further analysis.

2.2. Cytokine Assays. Cytokine concentrations in the serum
and epididymalWATwere analyzed using Bio-Plex Cytokine
Assay (Mouse Diabetes 8-Plex, cat. number 171-F7001M, Bio-
Rad,Hercules, CA) including ghrelin, gastric inhibitory poly-
peptide (GIP), glucagon-like peptide-1 (GLP-1), insulin, lep-
tin, plasminogen activator inhibitor type 1 (PAI-1), glucagon,
and resistin, which are potentially involved in obesity-associ-
ated diabetes. Expressions of IL-6, IL-10, and TNF-𝛼 in the
adipose tissue were also assessed using the Bio-Plex system
(BioRad). Assays were performed on four biological repli-
cates as per the manufacturer’s instructions. Results were
expressed in picograms per milliliter of serum or per milli-
gram of adipose tissue.
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Figure 1: The body weight of C57BL/6 and TLR5−/− mice on a weekly basis till week 12 (𝑛 = 8). Control: the mice fed with the standard diet;
DIO: the mice fed with high-fat diet; diet: the mice fed with high-fat diet for 8 weeks to induce obesity and then we change to low-fat diet for
subsequent 4 weeks. ∗ (red color), 𝑝 < 0.05 versus DIO.

2.3. Statistical Analysis. All experimental data are expressed
as the mean ± standard error of the mean. Analysis of vari-
ance combined with a Bonferroni post hoc correction was
performed to identify significant differences in body weight,
weight of fat, adipocyte area, glucose levels, and serum cyto-
kine levels. 𝑝 ≥ 0.05 was regarded as the level of statistical
significance.

3. Results

3.1. LFD Reduces the Body Weight Gain by HFD Feeding.
HFD-fed C57BL/6 and TLR5−/− mice gained more body
weight compared to regular chow, as shown in Figure 1. At
the end of the experiment, the difference in body weight
gained between the DIO and control groups reached 10.8 g in
C57BL/6 mice (38.5 ± 1.2 versus 27.7 ± 1.8 g) and 15.3 g in
TLR5−/− mice (45.3 ± 2.3 versus 30.0 ± 2.5 g). The TLR5−/−
mice gainedmoreweight byHFD feeding thanC57BL/6mice
at week 12. The LFD-induced weight-reduction in DIO mice
became significant at week 2 and week 3 for C57BL/6 and
TLR5−/−mice, respectively, and the bodyweight decreased by
8.1 g in C57BL/6 mice (38.5 ± 1.2 versus 30.4 ± 1.3 g) and by
8.7 g in TLR5−/− mice (45.3 ± 2.3 versus 36.6 ± 2.9 g) 4 weeks
later. After 4weeks of LFD feeding, 21.0%and 19.2% reduction
inbodyweightof theDIOC57BL/6 andTLR5−/−mice, respec-
tively, were recorded.

3.2. TLR5−/− Present SevereGlucose IntoleranceThanC57BL/6
Mice. In the control C57BL/6 mice, glucose infusion increa-
sed the blood glucose levels to a peak of 300mg/dL after
15min and then gradually returned to baseline after 120min
(Figure 2). HFD-fed animals displayed significantly higher
blood glucose concentrations at 30 to 120min during the
IPGTT compared to control mice, which is evident by a 36%

higher incremental glucose AUC. In addition, significantly
lower glucose level was observed in LFD-fed mice at 30
and 60min after the glucose infusion against the HFD-fed
mice, resulting in around 15% lower glucose AUC. In control
TLR5−/− mice, the response to glucose infusion was quite
similar to that in C57BL/6 mice. In DIO TLR5−/− mice, glu-
cose infusion increased blood glucose levels to a peak of
420mg/dL after 30min and then gradually decreased but
did not return to the baseline after 120min. With a 60%
higher incremental glucose AUC, the glucose intolerance in
DIO TLR5−/− mice was more significant compared to DIO
C57BL/6 mice. Furthermore, unlike C57BL/6 mice, no sig-
nificantly lower glucose level or glucose AUCwas observed in
LFD-fed TLR5−/− mice during IPGTT after glucose infusion
against DIO TLR5−/− mice.

3.3. TLR5−/− Present Different Adiposity Response to Weight-
Reduction Than C57BL/6 Mice. As revealed in Figure 3, the
histologic examination of epididymal fat demonstrates that
HFD increased the size of adipocytes and induced a signifi-
cant level of adipocyte hypertrophy at the end of the experi-
ment in both C57BL/6 and TLR5−/− mice. HFD for 8 weeks
increased the average epididymal fat mass by ∼1.9 g and ∼
1.7 g in C57BL/6 and TLR5−/− mice, respectively, compared
to those fed on regular chow. Notably, histologic examination
also revealed that the size of adipocytes was significantly
larger in the control TLR5−/− mice compared to C57BL/6
mice. In addition, although a switch to the LFD had sig-
nificantly decreased the epididymal WAT in C57BL/6 mice,
the decrease of epididymal fat mass was not significant in
TLR5−/− mice. Moreover, there was no reduction in the
diameter of fat lobules after a switch to LFD feeding in both
C57BL/6 and TLR5−/− mice.
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Figure 2: Intraperitoneal blood glucose concentrations of (a) C57BL/6 and (b) TLR5−/− mice and (c) the quantification of area under the
curve (AUC) during a 120min intraperitoneal glucose tolerance test (IPGTT) in groups of control, DIO, and diet at week 12. ∗𝑝 < 0.05.

3.4. HFD Induces Severer Hepatic Steatosis in TLR5−/− Than
C57BL/6 Mice. Hepatic steatosis is a common metabolic
complication associated with obesity. In this study, the histo-
logical examination revealed that HFD induced progressively
enlarged vacuoles, suggesting hepatic fat deposition in the
liver of C57BL/6 and TLR5−/− mice. Moreover, the liver of
DIO TLR5−/− mice had more hepatic fat deposition with
various size of fat cells compared to DIO C57BL/6 mice
(Figure 4). However, no fat deposition was found in the liver
of C57BL/6 and TLR5−/− mice after LFD feeding for 4 weeks.

3.5. TLR5−/− Present Different Cytokine Response to Weight-
Reduction Than C57BL/6 Mice in Serum. DIO increased the
expression of ghrelin, GIP, GLP-1, insulin, leptin, PAI-1, gluc-
agon, and resistin (Figure 5) in the serum of C57BL/6 mice,
and weight-reduction with LFD feeding significantly reduced
their expressions.However, inTLR5−/−mice,GIP,GLP-1, insu-
lin, leptin, PAI-1, glucagon, and resistinwere already higher in
the control mice compared to C57BL/6 control mice. DIO in
the TLR5−/− mice was not associated with the upregulation
of the cytokines ghrelin, GIP, GLP-1, insulin, leptin, PAI-1,
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Figure 3: (a) Hematoxylin and eosin stain of the paraffin-embedded epididymal white adipose tissue at 5𝜇msection of C57BL/6 and TLR5−/−
mice in groups of control, DIO, and diet at week 12. (b)The weight of epididymal white adipose tissue and (c) adipocyte area of C57BL/6 and
TLR5−/− mice in groups of control, DIO, and diet at week 12. ∗𝑝 < 0.05 versus control. #𝑝 < 0.05 versus DIO.
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Figure 4: Hepatic steatosis in the hematoxylin and eosin stain of the paraffin-embedded liver at 5 𝜇m section of C57BL/6 and TLR5−/− mice
in groups of control, DIO, diet at week 12.

glucagon, and resistin.Weight-reduction via LFD feeding sig-
nificantly reduced the expression of circulating GIP, GLP-1,
insulin, leptin, glucagon, and resistin in the TLR5−/−mice but
not ghrelin and PAI-1. The LFD-fed TLR5−/− mice showed
significantly higher ghrelin expression in the serum com-
pared to DIO TLR5−/− mice.

3.6. TLR5−/− Present Different Cytokine Response to Weight-
Reduction Than C57BL/6 Mice in Fat. In C57BL/6 mice,
DIO increased the expression of leptin, PAI-1, and resistin
(Figure 6) as well as IL-6, IL-10, and TNF-𝛼 (Figure 7)
in the epididymal WAT. Weight-reduction via LFD feeding
significantly reduced their expression. In TLR5−/− mice,
leptin, PAI-1, glucagon, and resistin as well as IL-6, IL-10,
and TNF-𝛼 were already higher in the control mice than
those in the C57BL/6 control mice. In contrast, DIO in the
TLR5−/− mice results in significant downregulation of leptin,
PAI-1, glucagon, resistin, IL-6, IL-10, and TNF-𝛼. In addition,
weight-reduction via LFD feeding resulted in an increased
expression of resistin in the epididymal WAT of the TLR5−/−
mice, but no significant change in the expression of leptin,
PAI-1, glucagon, IL-6, IL-10, and TNF-𝛼 was found.

4. Discussion

In this study, HFD feeding significantly increased the body
weight and adipocyte size in both TLR5−/− and C57BL/6
mice. After 12 weeks of HFD feeding, the TLR5−/− mice
gained more weight and showed significantly higher glu-
cose intolerance and hepatic steatosis than C57BL/6 mice.
Although, switching to a LFD is effective in weight-reduction
and improves metabolic health parameters in obesity [18],

weight-reduction with LFD in the TLR5−/−mice resulted in a
different response regarding the change of weight of epididy-
mal WAT, glucose tolerance, and cytokines response in the
serum and adipose tissue compared to the C57BL/6 mice.

Visceral fat is a highly active tissue from the metabolic
point of view [19, 20]. Nowadays it is assumed that unfa-
vorable changes in the secretion of adipose tissue hormones
and inflammatory cytokines caused by obesity influence the
development of metabolic syndrome [21]. Excess of visceral
adipose tissue and increased production of adipokines are
mostly responsible for metabolic complications [21]. As the
big adipocytes are more prone to rupture and therefore
obviously constitute a focus of inflammation, a positive
correlation between adipocyte size and TNF-𝛼, IL-6, and C-
reactive protein was reported [22]. Adipose inflammation
and ectopic fat deposition in extra-adipose tissues collectively
resulted in impaired glucose homeostasis [23] and several
lines of evidence prove that chronic inflammation causatively
contributes to insulin resistance development in obesity [24,
25]. Additionally, because approximately 75% of weight lost
by dieting is composed of adipose tissue [26], it is believed
that the health benefits that result from weight loss are due to
the reductions in proinflammatory secretions by adipocytes
and the influence those secretions have on cell types in
other tissues [27–29]. In this study, although a switch to the
LFD had significantly decreased the epididymal fat mass in
C57BL/6 mice, this effect was not found in TLR5−/− mice.
Moreover, glucose intolerance was still significant in LFD-
fed TLR5−/− mice than C57BL/6 mice. However, there was
no reduction in the diameter of fat lobules after a switch to
LFD feeding both in C57BL/6 and in TLR5−/− mice.

In this study, the LFD-induced weight-reduction resulted
in a different cytokine response in serum and adipose tissues
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Figure 5: Concentrations of serum cytokines including ghrelin, gastric inhibitory polypeptide (GIP), glucagon-like peptide-1 (GLP-1),
insulin, leptin, plasminogen activator inhibitor type 1 (PAI-1), glucagon, and resistin analyzed by the Bio-Plex Multiplex cytokine assay at
week 12 in the C57BL/6 and TLR5−/− mice in groups of control, DIO, and diet. ∗𝑝 < 0.05 versus indicated group. #𝑝 < 0.05 versus control
C57BL/6 mice.
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Figure 6: Concentrations of adipose tissue cytokines analyzed by the Bio-Plex Multiplex cytokine assay at week 12 in C57BL/6 and TLR5−/−
mice in groups of control, DIO, and diet. ∗𝑝 < 0.05 versus indicated group. #𝑝 < 0.05 versus control C57BL/6 mice.
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Figure 7: Concentrations of adipose tissue cytokines including IL-6, IL-10, and TNF-𝛼 at week 12 in C57BL/6 and TLR5−/− mice in groups
of control, DIO, and diet. ∗𝑝 < 0.05 versus indicated group. #𝑝 < 0.05 versus control C57BL/6 mice.

of TLR5−/− and C57BL/6 mice. In C57BL/6 mice, weight-
reduction via LFD feeding could significantly reduce the
DIO-related expression of ghrelin, GIP, GLP-1, insulin, leptin,
PAI-1, glucagon, and resistin in the serum and PAI-1, resistin,
IL-6, IL-10, and TNF-𝛼 in the epididymal WAT. In the
TLR5−/− mice, although LFD feeding significantly reduced
the expression of circulating GIP, GLP-1, insulin, leptin, gluc-
agon, and resistin, no such effect was found in the ghrelin
and PAI-1. The LFD-fed TLR5−/− mice showed significantly
higher ghrelin expression in the serum compared to the DIO
mice. In addition, weight-reduction via LFD feeding resulted
in an increased expression of resistin in the epididymal WAT
of the TLR5−/− mice but there were no significant changes
in the expression of leptin, PAI-1, glucagon, IL-6, IL-10, and
TNF-𝛼.

Among these investigated cytokines, the difference in res-
ponse of ghrelin, PAI-1, and resistin between TLR5−/− and
C57BL/6 mice during the weight-reduction gained much
attention. Ghrelin and the ghrelin receptor are expressed by
lymphocytes, monocytes, and dendritic cells; therefore, there
was no significant change in ghrelin expression in the fat
deposits of TLR5−/− or C57BL/6 mice during DIO with HFD
and weight-reduction with LFD. Potent anti-inflammatory

effects of ghrelin were reported on the expression of IL-1𝛽, IL-
6, and TNF𝛼 in the liver, spleen, lungs, andmesenteric lymph
nodes of LPS-treated mice associated with an attenuation
of the LPS-induced anorexia [30]. Activation of the ghrelin
receptor also results in an inhibition of proinflammatory
cytokine expression and an increase in survival in various
inflammatory disease models [31, 32]. The strong correlation
of plasma level of PAI-1 with body mass index (BMI) and
visceral accumulation of body fat suggests that PAI-1 is an
adipose tissue-derived circulating peptide [33]. A direct cor-
relation between the expression of PAI-1 in adipocytes and its
serum concentration has been observed [34–36]. In addition,
increased concentration of PAI-1 was found in the blood
of obese patients, with some exhibiting insulin resistance
[37]. Concentration of PAI-1 in blood decreases with weight-
reduction via increased physical activity and caloric restric-
tion [38]. The reduction in PAI-1 levels after weight loss is
more associated with the degree of weight loss than with tri-
glyceride or insulin changes [39]. Resistin is predominantly
expressed in adipocyte and immunocompetent cells as a pro-
inflammatory cytokine and participate in obesity-associated
inflammation [40–42]. Increased resistin concentration has
been observed in mice with genetically and diet-induced
obesity [43]. In obese individuals, the amount of resistin in
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adipose tissue, especially visceral adipose tissue, is signifi-
cantly higher compared to individuals with normal weight
[43, 44]. It has also been reported that increased serum resis-
tin levels in obese patients with insulin resistance [45] and
resistin impair glucose homeostasis and insulin action in
mice [44, 46].

The variation in the expression of cytokines during
weight-reduction with LFD feeding is yet to be explored. It
may be attributed to the significantly higher expression of
cytokines in the serum (GIP, GLP-1, insulin, leptin, PAI-1,
glucagon, and resistin) and in the fat (leptin, PAI-1, glucagon,
resistin, IL-6, IL-10, and TNF-𝛼) deposits of the control
TLR5−/− mice. Because the proteins measured in this study
might originate frommyriad cell types, including adipocytes,
immune and epithelial cells, it is hard to ascertain the source
of production. However, there was no evidence that TLR5
plays the role of a direct upstream mediator of the differently
expressed ghrelin, PAI-1, and resistin. In this study, whether
there are different expressions of IL-1𝛽, IL-18, and IL-22,
which had been reported to be involved inmetabolic disorder
and insulin sensitivity [47–49], is interesting but yet investi-
gated. Notably, it had been reported that the mice deficient in
IL-22 receptor are prone to developing metabolic disorders
after the feeding with HFD [49]. In addition, the administra-
tion of exogenous IL-22 in genetically obese leptin-receptor-
deficient (db/db) mice and mice fed with HFD reverses many
of the metabolic symptoms, including hyperglycemia and
insulin resistance [49]. However, whether there is similar
effect of IL-22 administration in the TLR5−/− mice, which
had already a higher expression of leptin that differs from the
db/dbmice, warrants further investigation.

Gastrointestinal tract plays an important role in DIO and
other nutrition-related disorders, as it represents the route by
which all nutrients and other sources of energy are ingested,
processed, and absorbed [50]. Microbiota play an important
role in the complex network of molecular and cellular inter-
actions that link genotype to phenotype and have potential
implications for obesity and diabetes. Evidence of the connec-
tion between overall gut microbial composition and obesity
had been provided [51, 52]. In addition, emerging literature
has implicated HFD-induced alterations in gut microbiota in
the obesity epidemic [53]. Notably, development of obesity
in genetically or diet-induced obese mice is associated with
dramatic changes in the composition andmetabolic function
of the microbiota. This trait is transmissible as colonization
of germ-free mice with an “obese-gut-derived” microflora
results in a much greater increase in total body fat and leads
to obesity [11, 12]. In addition, gut microbiota of TLR5−/− and
wild type littermate mice were significantly different in their
species composition [13]. Transplantation of TLR5−/− micro-
biota into wild type germ-free mice conferred many aspects
of the TLR5−/− phenotype to the wild type germ-free hosts,
including hyperphagia, obesity, hyperglycemia, insulin resis-
tance, and elevated levels of proinflammatory cytokines [13].
Lean TLR5−/− mice exhibited a decreased response to exoge-
nous insulin, which suggests that their insulin resistance is
not entirely dependent on increased food consumption or
adiposity [13]. Therefore, the study of the change and its

impact on the gutmicrobiota of TLR5−/−mice duringweight-
reduction with LFD feeding might provide more important
information regarding the distinct effects ofweight-reduction
in obese TLR5−/− and C57BL/6 mice.

5. Conclusion

In conclusion, this study demonstrates that weight-reduction
with LFD resulted in a difference in response in TLR5−/− and
C57BL/6mice regarding the change of epididymal fat weight,
glucose tolerance, and cytokines response in the serum and
adipose tissue.These results also indicate that the knockout of
TLR5 gene impaired some effect of weight-reduction in DIO.

Conflict of Interests

The authors declare that they have no competing interests.

Authors’ Contribution

Shao-Chun Wu contributed to the drafting of the paper.
Cheng-Shyuan Rau provided and coordinated the resources.
Chia-JungWuandChia-Wei Linwere involved in the acquisi-
tion of histological morphology and protein expression. Tsu-
Hsiang Lu, Yi-ChanWu, and Siou-Ling Tzeng contributed to
the acquisition of the study specimens. Ching-HuaHsieh was
responsible for the design and coordination of the data acqui-
sition and analysis, as well as writing and revising the paper.
All authors read and approved the final paper. Shao-Chun
Wu and Cheng-Shyuan Rau indicate equal contribution to
the authorship.

Acknowledgment

The work was supported by the grant from Chang
Gung Memorial Hospital CMRPG8C0351 awarded to
Cheng-Shyuan Rau with TLR-related experiments and
CMRPG8B1421 and CMRPG8D1351 awarded to Ching-Hua
Hsieh.

References

[1] D. M. L. Tsukumo, M. A. Carvalho-Filho, J. B. C. Carvalheira et
al., “Loss-of-function mutation in toll-like receptor 4 prevents
diet-induced obesity and insulin resistance,” Diabetes, vol. 56,
no. 8, pp. 1986–1998, 2007.

[2] R. Monteiro and I. Azevedo, “Chronic inflammation in obesity
and the metabolic syndrome,” Mediators of Inflammation, vol.
2010, Article ID 289645, 10 pages, 2010.

[3] G. Betanzos-Cabrera, D. Estrada-Luna, H. Belefant-Miller, and
J. C. Cancino-Diaz, “Mice fed with a high fat diet show
a decrease in the expression of ‘toll like receptor (TLR)2
and TLR6 mRNAs in adipose and hepatic tissues,” Nutricion
Hospitalaria, vol. 27, no. 4, pp. 1196–1203, 2012.
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