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Abstract
Study design Cross-sectional.
Objectives To determine the obesity cutoff values for body mass index (BMI) and waist circumference (WC) in Korean men
with motor complete spinal cord injury (SCI).
Setting Tertiary level hospital in Seoul, Korea.
Methods BMI (kg/m2) was calculated and WC (cm) was measured in each participant in the supine position. Percentage of
total body fat (%) was determined using whole-body dual-energy X-ray absorptiometry. Receiver operating characteristic
curves were generated to determine the obesity cutoff values for BMI and WC. The optimal cutoff values were determined
using the Youden index. Identified cutoff values were compared with those of 195 age- and BMI-matched men in the general
population (GP), obtained from the Korea National Health and Nutrition Examination Survey.
Results This study included 52 Korean men with motor complete SCI. A BMI of 20.2 kg/m2 and WC of 81.3 cm were
identified as obesity cutoff values in Korean men with motor complete SCI. The area under the curve (AUC) was 0.928,
specificity was 100%, and sensitivity was 84.8% according to the ROC curve of BMI for participants. AUC was 0.964,
specificity was 100%, and sensitivity was 84.8% in the ROC curve of WC for participants. A BMI of 22.5 kg/m2 and WC of
85.5 cm were identified as obesity cutoff values in age- and BMI-matched men in the GP.
Conclusions The obesity cutoff values in Korean men with motor complete SCI that were determined in this study were
lower than those of the Korean GP and western people with SCI.

Introduction

Obesity is the clinical manifestation of excess of fat tissue
and releases a lot of biochemical substances such as leptin.
Increased fat tissue affects the insulin resistance, inflam-
matory condition, and hormonal homeostasis and results in
obesity-associated complications like cardiovascular disease
(CVD) [1]. Therefore, it is important to measure body fat
mass to assess obesity.

To evaluate the body composition and body fat mass,
several methods like underwater immersion and body

plethysmography are needed but are difficult to apply in
clinical practice. Although dual-energy X-ray absorptio-
metry (DXA), magnetic resonance imaging (MRI), and
computerized tomography (CT) are thought to be clinically
more applicable, these are being used for research purposes
rather than clinical assessment [2]. For this reason, the
surrogate measures that can be used easily to assess fat mass
are needed. Among the surrogate measures, waist cir-
cumference (WC) and body mass index (BMI) are generally
used. Therefore, it is important to establish the cutoff value
of WC and BMI for excessive body fat mass in determining
whether to start management for obesity in clinical
environment.

The cutoff values for obesity in WC and BMI are dif-
ferent for sex, race, and specific population. Especially,
several previous studies have demonstrated that the body
composition of people with spinal cord injury (SCI) differs
from that of the general population (GP), and the percentage
of total body fat (PBF) was reported to be 8–18% higher in
people with SCI than in their age-, height-, and weight-
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matched subjects from the GP [3–6]. Therefore, obesity can
be underestimated in people with SCI when the cutoff value
of obesity in the GP is applied.

Because of these concerns, efforts have been made to
establish cutoff values in people with SCI for accurate
assessment of obesity in western countries. Laughton et al. [7]
recommended that the BMI cutoff value for obesity in wes-
tern people with SCI should decrease to 22.0 kg/m2, which is
lower than the cutoff value recommended by the World
Health Organization (WHO) for non-Asian GP, 30.0 kg/m2.
In addition, some epidemiologic studies of normal Asian
populations have shown that a high PBF with a low BMI and
WC is more likely to occur in Asians than in the western
population [8–11]. Therefore, CVD risk factors and comor-
bidities could be more probable in the Asian population than
in other ethnic groups, even with a low BMI or WC [8, 12].
For this reason, applying cutoff values for western people
with SCI to the Asian population is not appropriate, and it is
important to establish Asian-specific cutoff values for obesity
for people with SCI. However, reports on obesity cutoff
values in Asian individuals with SCI remain scarce [2]. The
present study aimed to determine the obesity cutoff values for
BMI and WC in Korean men with motor complete SCI based
on body composition analysis.

Methods

Study population

This study included people with SCI who visited a tertiary
level general hospital outpatient clinic between November
2013 and April 2015. The inclusion criteria of this study were
as follows: (1) men with motor complete SCI, (2) age over
18 years, and (3) injury duration over 12 months. Individuals
with other systemic diseases that could cause weight loss or
muscle deterioration, such as diabetes, cancer, and/or any
other chronic illnesses, were excluded. Demographic data,
including age, location and level of the lesion, and injury
duration (in years), were recorded for each participants by
trained interviewers using a standardized assessment form
(American Spinal Injury Association Impairment Scale, AIS).
An experienced rehabilitation physician classified each injury
according to the level and severity.

The data for 195 age- and BMI-matched (±3 years, ±
1 kg/m2) men in the GP were obtained from the Korea
National Health and Nutrition Examination Survey
(KNHANES) 2011, by using the greedy method.

BMI

Weight (kg) and height (m) were measured in each parti-
cipant. Weight was measured using a digital wheelchair

scale (Kyongin Medical, Seoul, Korea), and the weight of
the wheelchair was subtracted from the total weight of the
participant and wheelchair. Height was measured in the
supine position by the physiatrist. The heights of partici-
pants with ankle plantar flexion contracture were measured
from the heel to the top of the head. Since participants with
knee flexion contracture could not keep their legs straight,
the leg sections were divided into the following two sec-
tions: (1) from the hip joint to knee joint and (2) from the
knee joint to ankle joint. The length of each section was
measured and summed. BMI was calculated by dividing
weight by height squared (m2).

WC

WC was measured at the end of normal expiration with the
participants in the supine position using a flexible measur-
ing tape that was placed at the level midway between the
lowest rib and iliac crest; the recorded value was rounded to
the nearest 0.1 cm [13, 14]. WC was measured by an
experienced physician twice, and the mean value was used
for analysis. The variability between the measurements was
<0.1 cm in all participants

In the KNHANES, WC was measured in the same
method for all participants, except that they were measured
in upright position with the arms hanging freely.

Body fat mass

Total body fat mass (kg) and PBF were determined using
DXA (Lunar Prodigy; GE Healthcare, Madison, WI,
USA). Participants were transferred from the wheelchair
to an adjustable height stretcher car with the help of two
persons and then moved to the scanner bed using a
transfer board. A trained technician performed all scans
using the Lunar software (version 13.31) to measure PBF.
Obesity was defined as a PBF of 23% or greater for those
aged 20–39 years and 24% or greater for those aged over
40 years [10].

In the KNHANES, PBFs were measured on different
DXA instruments (Discovery QDR-4500W; Hologic Inc.
Bedford, Massachusetts, USA) and APEX software. A
number of studies reported that there is a significant dif-
ference between the PBF values measured by the two
devices, therefore KNHANES data were converted to Lunar
instrument using the published equation: PBFLunar=
−2.173+ 1.119 PBFHologic [15–18].

Statistical analyses

Data are presented with mean, standard deviation, 95%
confidence interval (CI), and median. The Shapiro–Wilk
test was used to assess the normality of the data. Pearson’s
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product-moment analyses were performed to determine the
correlations of BMI and WC with PBF.

Receiver operating characteristic (ROC) curves were
generated to determine the obesity cutoff values of BMI and
WC for people with SCI and age- and BMI-matched men in
the GP. The optimal cutoff values were determined using
the Youden index: maximum = insensitivity + enspecifi-
city −1. This index has a range from 0 to 1, with the values
closer to 1 indicating that the biomarker’s effectiveness is
relatively large, while the values closer to 0 indicate limited
effectiveness. The Youden index uses the maximum vertical
distance of the ROC curve from a specific point on the
diagonal line (i.e., the chance line) [19].

All statistical analyses were performed using Statistical
Package for the Social Sciences version 23.0 (IBM Corp.,
Armonk, NY, USA). A P-value <0.05 was considered to be
statistically significant.

Results

Participants characteristics

The characteristics of the participants are presented in
Table 1. The study included 52 Korean men with motor
complete SCI. The mean (SD) age of the participants was
42.1 (11.4) years, and the mean (SD) injury duration was
13.2 (8.0) years. Of the 52 individuals with SCI, 35 had a
cervical lesion, while 17 had a thoracic lesion. All partici-
pants had motor complete SCI according to the AIS, with
33 individuals classified as A and 19 classified as B.

BMI

The mean (SD) BMI was 22.6 (2.9) kg/m2 for men with SCI
and 22.9 (2.7) kg/m2 for age- and BMI-matched able-bodied

men. Both data were normally distributed. BMI was sig-
nificantly correlated with PBF (r = 0.509, P < 0.0001, for
men with SCI; r = 0.577, P < 0.0001, for age- and BMI-
matched able-bodied men) (Fig. 1a, b). According to the
ROC curve of BMI for men with SCI, the area under the
curve (AUC) was 0.928, and the optimal cutoff value was
20.2 kg/m2. Specificity was 100%, and sensitivity was
84.8% (95% CI, 0.851–1.000; P < 0.0001). In contrast,
according to the ROC curve of age- and BMI-matched men
in the GP, AUC was 0.789, and the cutoff value was cal-
culated as 22.5 kg/m2. Specificity was 66.7%, and sensi-
tivity was 81.7% (95% CI, 0.741–0.861; P < 0.0001)
(Fig. 1c, d). When the BMI cutoff value of 20.2 kg/m2 was
applied for obesity, 75% (39/52) of participants were
identified as being obese (95% CI, 63–87%). However,
when the cutoff value of matched men in the GP (22.5 kg/
m2) was applied, 44% (23/52) of participants were identified
as being obese (95% CI, 31–57%).

WC

The mean (SD) WC was 88.1 (9.9) cm for men with SCI
and 80.9 (10.2) cm for age- and BMI-matched able-bodied
men. Both data were normally distributed. WC was also
correlated with PBF PBF (r= 0.711, P < 0.0001, for men
with SCI; r= 0.514, P < 0.0001, for age-and BMI-matched
able-bodied men) (Fig. 2a, b). In the ROC curve of WC for
men with SCI, the AUC was 0.964, and the optimal cutoff
value was identified as 81.3 cm. Specificity was 100%, and
sensitivity was 84.8% (95% CI, 0.908–1.000; P < 0.0001).
In the ROC curve of WC for matched able-bodied men, the
AUC was 0.791, and the cutoff value was calculated as
85.5 cm. Specificity was 85.2%, and sensitivity was 61.7%
(95% CI, 0.722–0.860; P < 0.0001) (Fig. 2c, d). When
applying the WC cutoff value of 81.3 cm, 75% (39/52) of
participants were considered obese (95% CI, 63–87%).

Table 1 Patient characteristics
SCI (N = 52) GP (N = 195) P-value

Mean±SD (95% CI) Median (IQR) Mean±SD (95% CI) Median (IQR)

Age (years) 42.1 ± 11.4
(38.9–45.3)

39.0
(32.0–51.0)

42.8 ± 11.3
(41.2–44.4)

40.0
(33.0–52.0)

0.710

BMI (kg/m2) 22.6 ± 2.9
(21.8–23.4)

22.1
(20.2–25.1)

22.9 ± 2.7
(22.5–23.3)

22.0
(21.0–25.0)

0.233

WC (cm) 88.1 ± 9.9
(85.3–90.9)

88.4
(81.2–97.1)

80.9 ± 10.2
(79.5–82.3)

80.0
(75.0–88.0)

<750.01

FM (kg) 22.9 ± 7.2
(20.9–24.9)

23.3
(17.7–28.6)

13.9 ± 5.1
(13.2–14.6)

13.3
(10.2–17.0)

<100.01

PBF (%) 32.8 ± 7.7
(30.6–34.9)

33.5
(28.2–38.3)

20.4 ± 5.5
(19.6–21.2)

20.0
(16.0–24.0)

<160.01

BMI body mass index, CI confidence interval, FM fat mass, GP age- and BMI- matched men in general
population, IQR interquartile range, PBF percentage of total body fat, SCI Patient with spinal cord injury, SD
standard deviation, WC waist circumference
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When applying the cutoff value of matched able-bodied
men in the GP (85.5 cm), 60% (31/52) of participants were
considered obese (95% CI, 47–73%).

Discussion

We identified the cutoff value of BMI as 20.2 kg/m2 and
WC as 81.3 cm for obesity in Korean men with SCI. The
calculated cutoff value for age- and BMI-matched able-
bodied men was 22.5 kg/m2 for BMI and 85.5 cm for WC.
Identified cutoff values of BMI and WC were lower than
those of matched men in the GP. Moreover, as shown in
Table 1, PBF was different between the SCI group and
matched men in the GP. These results were consistent with
other studies that reported that people with SCI have higher
PBF and lower cutoff values than the GP [3, 5–7]. When
cutoff values of age- and BMI-matched men in the GP were

applied to people with SCI, a number of obese participants
could be considered non-obese. They might be neglected,
therefore not receiving adequate management for obesity.

In addition, the identified cutoff value for BMI
(20.2 kg/m2) was lower than that for western people with
SCI (22.0 kg/m2), as reported by Laughton et al. [7], and the
identified cutoff value for WC (81.3 cm) was lower than
that for western people with SCI (94 cm), as suggested by
Ravensbergen et al. [20]. This study showed that con-
siderably lower anthropometric surrogate obesity cutoff
values should be applied to Asian people with SCI com-
pared with the GP and western people with SCI.

Inayama et al. [21] suggested a WC cutoff value of 81.3
cm for abdominal obesity in Japanese men with SCI
through measuring visceral fat area using computed tomo-
graphy (CT). The abovementioned WC cutoff value (81.3
cm) is the same as that identified in the present study. At
least in part, this similarity might be explained by a smaller

Fig. 1 Scatter plots and receiver operating characteristic (ROC) curve
of body mass index (BMI) of 52 participants and age- and BMI-
matched 195 men in the general population (GP). Pearson’s product-
moment analyses were performed to determine the correlations of BMI
with percentage of body fat (PBF). ROC curves were generated to
determine the obesity cutoff values of BMI. The area under the ROC

curves are shown. The optimal cutoff values were determined using
the Youden index. a The correlation between BMI and PBF of par-
ticipants. b The correlation between BMI and PBF of age- and BMI-
matched men in the GP. Regression lines and confidence intervals are
shown. c The ROC curve of BMI for participants. d The ROC curve of
BMI for age- and BMI-matched men in the GP
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ethnic difference between Korean and Japanese populations
compared to the likely differences between Korean and
western populations.

The reason why the PBF of people with SCI tends to be
higher than GP is thought to be that people with SCI
experience changes in body composition, metabolic rate,
and autonomic function and have a sedentary lifestyle after
injury [22, 23]. The reason for the difference in PBF from
western and Asian people is not clear, but it could be
explained by their physical differences. Asian people have
relatively shorter legs and slender body shape so they are
more likely to have less muscles and connective tissues but
more body fat mass than western people [8]. Thus, Asian
people have higher PBF with relatively lower BMI and WC.
It could underestimate obesity, therefore increasing the

development of obesity-related complications like CVD
[8, 12].
In age- and BMI-matched able-bodied men, WC was

measured in the standing position after normal expiration
with the arms hanging freely. However, all people with
motor complete SCI were unable to independently maintain
a standing posture; therefore, WC was measured while lying
in the supine position in the present study and previous
research. However, Eriks-Hoogland et al. [24] chose a 30°
supine position in order to mimic the standing position as
much as possible. Furthermore, no standardized WC mea-
surement protocols indicating the exact location of the
measuring tape are available. Some researchers measured
WC at the narrowest part of the waist after normal expira-
tion [20, 24, 25], while others measured WC at the level of

Fig. 2 Scatter plots and receiver operating characteristic (ROC) curve
of waist circumference (WC) of 52 participants and age- and body
mass index- matched 195 men in the general population (GP). Pear-
son’s product-moment analyses were performed to determine the
correlations of WC with percentage of body fat (PBF). ROC curves
were generated to determine the obesity cutoff values of WC. The area

under the ROC curves are shown. The optimal cutoff values were
determined using the Youden index. a The correlation between WC
and PBF of participants. b The correlation between WC and PBF of
age- and BMI- matched men in the GP. Regression lines and con-
fidence intervals are shown. c The ROC curve of WC for participants.
d The ROC curve of WC for age- and BMI- matched men in the GP
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the umbilicus [21, 26] or at the midpoint between the top of
the iliac crest and the lower margin of the last palpable rib
in the midaxillary line [13, 14]. In the present study, we
chose the midpoint between the top of the iliac crest and the
lower margin of the last palpable rib for the following
reasons. First, the umbilicus may not be an appropriate
landmark in persons with obesity as this position changes
with increases in fat mass [27]. Second, in many persons
with SCI, the narrowest waist seemed to be at the lowest rib
[27]. WCs of age- and BMI-matched men in the
KNHANES data were measured in the same method except
that they were measured in the standing position.

The present study had limitations. First, this is a sample
of convenience, so it may not be truly representative of the
target population. Especially, there was a very wide post-
injury duration distribution (median 11.4 years, IQR=
7.0–20.4). Gorgey et al. [28] reported that there was no
correlation between PBF and post-injury duration (r= 0.16,
P= 0.3). Second, we only included participants with motor
complete SCI; therefore, it could be inappropriate to use the
obesity cutoff values identified in this study in people with
incomplete injury. Third, due to the relatively small number
of participants, we did not provide the cutoff values
according to the lesion level (paraplegia vs. tetraplegia) and
for women.

Conclusion

In conclusion, this study identified a BMI cutoff value of
20.2 kg/m2 and a WC cutoff value of 81.3 cm for obesity in
Korean men with motor complete SCI, which are much
lower than those of western people with SCI and Korean
men in the GP. The findings from this study can help
evaluate obese people with motor complete SCI who might
be regarded as non-obese when the cutoff values for the GP
or western people with SCI were applied.
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