known that diabetic neuropathies are frequently
asymptomatic. Kim et al*? reported that 6.8% of
their diabetic patients had asymptomatic electro-
physiologic CTS. However, the lack of reliable
information on electrodiagnostic discriminators
of CTS from DPN therefore has major implica-
tions in both clinical and research contexts.

The aim of this study was to evaluate whether
the sonographic findings in the median nerve
corresponded to the results of motor NCS in dia-
betic patients. Although NCS have also been
widely used for the diagnosis of CTS, they are not
perfect reference standards. Clearly, there have
been patients with clinically defined CTS with-
out any abnormality on NCS. Our data showed
that the CSA in the carpal tunnel was correlated
with areduced MCV and also with delayed laten-
cy. Moreover, the CSA in this study was signifi-
cantly larger in the diabetic patients with DPN
than in the control participants and diabetic
patients without DPN at the carpal tunnel level.
These findings suggest that asymptomatic CTS
exists in diabetic patients, and both entrapment
and other factors such as metabolic and vascular
causes affect diabetic polyneuropathy. We pre-
sume that the combination of NCS and sonogra-
phy may be able to estimate asymptomatic CTS
with diabetes mellitus more accurately.

It has been reported that histologic abnormali-
ties in diabetic neuropathy include axonal
degeneration in nerve fibers and primary
demyelination resulting from Schwann cell dys-
function. Early morphologic changes include
minimal alteration of myelinated and unmyeli-
nated fibers and axonal regeneration.?®?® Suzuki
et al*® reported that sorbitol itself and secondary
sodium accumulation caused by an increase in
sorbitol may have been major contributors to
the increase in intracellular hydration in a hydro-
gen 1 nuclear magnetic resonance study. It has
further been hypothesized that in individuals
with diabetes mellitus, the peripheral nerve is
swollen because of increased water content
related to increased aldose reductase conversion
of glucose to sorbitol.®! It is suggested that histo-
logic findings may reflect the internal echo in the
peripheral nerve. In our study, the correlation
coefficients were relatively low, even though the
size of the CSA correlated with NCS. We hypoth-
esize that an enlarged median nerve in diabetic
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patients may occur because of increased water
content rather than entrapment. Our findings
suggest that the nerve swelling may partly con-
tribute to slowing of nerve conduction.
Finally, a study with a much larger number of
participants might yield different results because
the small number of participants might have
limited this study. In addition, our study had
some other limitations that warrant discussion.
For example, advanced sonographic techniques
such as color Doppler and power Doppler imag-
ing were not used in this study. We also did not
attempt histologic evaluation, only sonographic
size measurement; therefore, our study design
certainly led to less evidence for discussion.
However, sonography is a noninvasive method
that can be used to evaluate detailed nerve struc-
tures, and measurement of the nerve CSA is an
easy method that gives important additional
information in patients with suspected neuropa-
thy. Further studies are needed to confirm the
findings in larger groups of diabetic patients.
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Ech@ Intensity, and Cross-sectional Area
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Objective. Early detection of nerve dysfunction is important to provide appropriate care for patiems i
with diabetic polyneuropathy. The aim of this study was 10 assess the echo intensity of the per |phera!
nerve and to evaluate the relationship between nerve conduction study results and sonographic find-;

ings in patients with type 2 diabetes mellitus. Methods. Thirty patients with type 2 disbetes (mean !
SD, 59.8 =+ 10.2 years) and 32 healthy volunteers (mean, 53.7 + 13.9 years) were enrolled in this Snudv
The cross-sectionat area (CSA) and echo intensity of the peri ipheral nerve were evaluated at the carpali
tunnel and proximal to the wrist (wrist) of the median nerve and in the tibial nerve at the ankle.;
Results. There was a significant increase in the CSA and hypoecho;c area of the nerve in diabetic

patients cornpared with controls (wrist, 7.1 = 2.0 mni?, 62.3% = 3.0%; ankle, 8.9+ 2.8 mm?, 57. 0%;
+ 3.9%; and wrist, 9.8 £ 3.7 mm?, 72.3% = 6.6%,; ankle, 15.0 = 6.1 mi?, 61.4% = 5.3% in con
trols and diabetic patients, respectively; # « (). Cross-sectional areas were negatively correlated with#
reduced motor nerve conduction velocity and delayed latency. Conclusions. These results suggest that;
sonographic examinations are useful for the diagnosis of diabetic neuropathy. Key words: cross-:
sectional area; diabetic neuropathy; echo intensity; median nerve; sonography; tibial nerve.
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Abbreviations

BEMI, body mass index; BSA, body surface area; CMAP,
compound muscle action potential; CSA, cross-sectional
area; CTS, carpal tunnel syndrome; DPN, diabetic poly-
neuropathy, MCV, motor nerve conduction velocity,
MMCV, median motor nerve conduction velocity, NCS,
nerve conduction study; ROC, receiver operating char-
acteristic; TMCV, tibial motor nerve conduction velocity;
TTS, tarsal tunnel syndrome
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he World Health Organization estimates thaty
more than 180 -million people worldwide have}
diabetes mellitus. This figure is estimated 0,
more than double by 2030." In Japan, the pum;
ber of diabetic patients has increased and reached 8%
million, and it is assumed that 35% to 45% of diabetic
patients have symimetric diabetic polyneuropathy
(DPN). Advanced DPN causes serious coniplications?
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such as diabetic foot ulcers, gangrene, and Charcot joint}
all of which worsen the quality of life of diabetic patients}
Therefore, early detection of nerve dysfunction s impor§
tant to provide appropriate care for patients with DPN.3¢
The diagnosis of diabetic neuropathy is based primari;]
ly on characteristic symptoms and is confirmed with az
nerve conduction study (NCS). Although imaging analy
ses for neuropathy have not been used for diagnosi
high-resolution diagnostic ultrasound equipment ha
improved greatly, making revelation of minute peripher:
al nerves by sonographic evaluatich possible? hecen
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studies using sonography for entrapment neu-
ropathy such as carpal tunnel syndroime (CTS)*®
have been presented. However, there are few
reports of DPN diagnosis using sonography. We
showed previously that the cross-sectional area
(CSA) of the median nerve in the carpal tunnetl of
patierits with DPN is greater than that of controls
and correlates with NCS.'° The aim of this study
was to assess the echo intensity of the peripheral
nerve and to evaluate the relationship between
NCS results and sonographic findings in diabetic
patients.

Materials and Methods

Participants .

Thirty patients with type 2 diabetes were
enrolled in this study at the Gifu University
Hospital from October 2007 to January 2009 (17
men and 13 women; age range, 36-83 vears;
mean * SD, 59.8 + 10.2 years). Our control group
consisted of 32 healthy volunteers without dia-
betes mellitus or CTS (25 men and 7 women; age
range, 24-72 years; mean, 53.7 £ 13.9 years).
Patients’ wrists with symptoms of CTS were not
included in the study; those that were included
had negative Phalen test results. Every partici-
pant was able to walk unaided, and none had
received hemodialysis.

We studied a total of 95 peripheral nerves
{including 62 median nerves and 33 tibial nerves)
of 62 participants who received both sonography
and NCS. This study was approved by the
Institutional Review Board of Gifu University
Hospital, and informed consent was obtained

~ from all participants.

Sonographic Examinations

Sonographic examinations were performed by 1 -

of 2 experienced sonographers (with at leasi 10
vears of ultrasound experience) using a 6.0- to
14.0-MHz linear array probe (portable real-time
apparatus: EUB-7500; Hitachi Corporation, Tokyo,
Japan; or ProSound Alpha 10; Aloka Co, Lid,
Tokyo, Japar). Sonograms were quantitatively ana-
lyzed using Image].software (National Institutes
of Health, Bethesda, MD), and only the image
obtained by a specific zoom setting was used.
Computer analyses were performed by 2 other
sonographers who did not have any knowledge

of the electrodiagnostic results (observer A had
15 vears of experience, and observer B had 6
years of experience). All participants were in the
supine position on a table with fingers semiex-
tended during examination of the median
nerve and in the prone position during exami-
niation of the tibial nerve. The major axis, minor
axis, and CSA of the median nerve were mea-
sured at the carpal tunnel and at 5 cm proximal
to the wrist (wrist). The major axis, minor axis,
and CSA of the tibial nerve were measured at
the posterior medial malleolus (ankle). The
CSA was calculated by the indirect method
using the formula major axis x minor axis x st x
1/4 (square millimeters). There are 2 sono-
graphic measurement methods of the nerve
CSA: the indirect method (ellipscid formula)
and the direct method (tracing). Recently,
Alemén et al'! reported that median nerve CSA
measurements are reproducible by either the
direct or indirect method when a standardized
sonographic examination protocol is applied.
In addition, Sernik et al'? also reported a high
correlation (r = 0.99) between the areas caicu-
lated by the indirect and direct methods; con-
sequently, we used the easier indirect method
in our study. The volar wrist crease and pisi-
form bone or medial malleolus were used as
initial external reference points and tandmarks
during scanning. Transverse and longitudinal
sonograms of the nerve at each position were
recorded (Figure 1). The peripheral nerve’s
speckled pattern on sonography enabled us to
assess its size and echo intensity.

Of the 62 participants, 26 (42%; 13 diabetic
patients and 13 controls) were recorded as specif-
ic zoom images on the Hitachi EUB-7500 ultra-
sound equipment. The stored images were
further analyzed by 2 sonographers on a personal
computer using Imagef. Each observer received
training specific to this study before initiation of
the data collection. The images were saved as
JPEG files and transferred to a personal comput-
er for analysis. The monochrome sonograin was
quantized to 8 bits (ie, 256 gray levels). Histogram
analysis on sonography has been expected to
offer an objective index for estimating echo
intensity such as in diagnosis of fatty liver. The
region of interest was set to cover the entire
nerve, exciuding its hyperechoic rim. The bright-

J Ulirasound Med 2010; 29:697-708
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Fhe normal appearance of the peripheral nerve
should be readily recognized. The nerve consists
of multiple hypoechoic bands corresponding
to neuronal fascicles, which are separated by
hyperechoic lines that correspond to the
epineurium. Thus, the mean echogenicity was
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Figure 2. Effects of gain shift on the echo intensity in the median nerve. The line
connecting rectangles shows a change of the mean; the line connecting squares
shows a change of the SD; and the line connecting circles shows a change of the
percentage according to the gain shift

Intraobserver reproducibility was expressed as
the difference between 2 repeated measurement
results from the same observer. Interobserver
reproducibility was expressed as the difference
between 2 measurements obtained by 2
observers. Intraobserver reproducibility and
interobserver reproducibility were estimated
according to intraclass and interclass correlation
coefficients.

Electrophysiologic Examinations

Routine NCS was performed using conventional
procedures and standard electromyography
(Neuropack MEB-2200; Nihon Kohden Corporation,
Tokyo, Japan). All examinations were performed in
aroom with an ambient temperature of 25°C. The
skin surface temperature in all cases was 31°C to
33°C. Motor nerve conduction velocity (MCV)

Figure 3. Method of quantitative analysis for echo intensity using Image) software. A, The region of interest

was calculated from the distance of 2 stimulating
points and the difference in each response time,
and the compound muscle action potential
(CMAP) was recorded from the abductor pollicis
brevis muscle of the median nerve and the exten-
sor digitorum brevis of the tibial nerve.

The rough reference ranges for the MCVs from
the Gifu Laboratory are 50 m/s for the median
motor nerve conduction velocity (MMCV) and
40 m/s for the tibial motor nerve conduction
velocity (TMCV); therefore, we divided the
patients into 4 groups (median nerve >50 and
<50 m/s [high- and low-MMCV groups] and tib-
ial nerve >40 and <40 m/s [high- and low-TMCV
groups]) and compared them with the controls.

Statistical Analysis

The Mann-Whitney U test was used to compare
the data between 2 groups. Pearson correlation
coefficients were used to investigate the correla-
tion of the CSA and percentage of the hypoechoic
area with clinical parameters. Results are given as
mean + SD, and statistical significance was
assessed as P < .05. ‘

A receiver operating characteristic (ROC) curve
was fitted to sonographic measurements using
clinical DPN criteria as the reference standards to
determine the optimum cutoff point and to eval-
uate the diagnostic accuracy of sonographic
measurements. Receiver operating characteristic
curves are plots of the true-positive rate (sensitiv-
ity) against the false-positive rate (1.0 — specifici-
ty) for the different possible cutoff points of a
diagnostic test. The cutoff value at the Younden
index point indicates the optimum threshold. To
see the change of diagnostic accuracy according

wvas set to cover the entire nerve, includ-

ing the hyperechoic rim surrounding the nerve. The mean pixel brightness value was used for further analysis as a threshold. B, The percentage was
calculated using the Analyze Particles function on the hypoechoic area in the nerve after threshold input
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io reference standards, arrother ROC curve was
fitted using MCV results, and the sensitivity and
specificity of sonography and NCS were calculat-
ed and compared between 2 examinations.

Results

Detailed demographic data for the diabetic
patients and controls are shown in Table 1. There
were no significant differences in age, height,
weight, or body mass index (BMI) between con-
rols and diabetic patients. Intracbserver repro-
ducibility was high for both observers (observer A,
intraclass correlation coefficient = 0.998; observer
B: SD = intraclass correlation coefficient = 0.987);
interobserver reproducibility was also high (inter-
class correlation coefficient = 0.995). Results of the
sonographic examinations and NCS of the diabet-
ic patients and controls are shown in Table 2.
Cross-sectional areas in the high-MMCV group
were 8.8 + 2.1 muny® in the carpal tunnel and 6.7 +
1.4 mun?® in the wrist. Cross-sectional areas in the
low-MMCV group were 14.0 = 6.1 mm? in the
carpal tunnel and 9.8 + 3.7 mm?® in the wrist. Cross-
sectional areas in the controls were 8.3 + 1.8 mm?
in the carpal tunnel and 7.1 + 2.0 mm? in the wrist.
There was a significant increase in the median
nerve CSA in the low-MMCV group compared
with that in the controls (carpal tunnel, P < .00
wrist, P < .05) and the high-MMCV group (carpal
wnnel, P < .001; wrist, P < .01). Cross-sectional
areas in the ankle were 15.0 + 6.1 mm? in the low-
TMCV group, 8.8 + 2.9 mm? in the high-TMCV
group; and 8.9 + 2.8 mm?in the controls. There was
a significant increase in the tibial nerve CSA in the
low-TMCV group compared with that in the con-
trols (P < .01) and the high-TMCV group (P < .05).

The percentage of the hypoechoic area was sig-
nificantly increased in the low-MMCV group
compared with that in the controls (P < .01) and
the high-MMCV group (P < .05). Sonograms and
histograms of the diabetic patients and controls
are shown in Figure 4.

The MCV and CMAP of both the median and
tibial nerves in the low-MCV group showed a sig-
nificant decrease compared with those in the
controls and the high-MCV group. On the other
hand, latency was significantly slower in the low-
MCV group than in the controls and the high-
MCV group.

1 Ultrasound Med 2010; 22:697-708
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Table 3 shows the correlation results between
several sonographic findings and characteristics
in the median nerve. The CSA in the carpal tun-
nel showed a significant correlation with age (r=
0.306; P < .05), MCV (r = -0.655; P < .001}, latency
(r=0.552; P <.001), and CMAP (r=-0.311; P<.05).
Int the wrist, the CSA was also significantly coire-
lated with age (r = 0.266; P < .05), iy suriace
srea (BSA; r = 0.271; P < .05), MCV (r = -0.502;
P < 001), latenicy (r = 0.296; P < .05), and CMAP
(r=-0.285; P < .05). The percentage of the hypoe-
choic area showed a significant correlation with
MCV (r =—0.624; P < .001) and latency (r = 0.595;
P< 01).

Table 4 shows the correlation results between
several sonographic findings and characteristics
in the tibial nerve. The CSA in-the ankle showed
a significant correlation with age (r=0.493; P<.01),
weight (r=0.359; P < .05}, BMI (r=0.454; P<.05),
MCV (r = -0.532; P < .01), latency (r = 0.525; P <

01), and CMAP (r=-0.414; P < .05). The percent-

age of the hypoechoic area showed a significant
correlation with weight (r = 0.432; P < .05), BMI
(r = 0.432; P < .05), BSA (r = 0.435; P < .05), MCV
(r=-0.565; P< .01), and latency (r=0.466; P < .05).

The latency period of the median nerve was
divided into 3 groups: latency of less than 3.5
milliseconds, latency of 3.5 to 4.0 milliseconds,
and latency of greater than 4.0 milliseconds. The
MCV of the median nerve was also divided into 3
groups: MCV of less than 50 m/s, MCV of 50 to
55 m/s, and MCV of greater than 55 m/s.
Categorizing of participants into tertiles of laten-

Table 1. Characteristics of All Participants

Farameter Controls Diabetic Patients
n 32 30
Malefernale 25/7 17/13
Age, y 537 139 588 = 10.2
Height, c¢m 1642 6.9 161277
Weight, kg 625%95 626+ 102
BMI, % 226x28 24129
Duration, y NA 154+ 107
HbATc, % NA 89x19
CVRR, % NA 1.96 £ 1.18
Presence of sensory symptoms, n (%) NA 47 (14/30)
Bilaterally decreased or absent NA 66.7 (20/30)
Achilles tendon, n (%)
Decreased vibratory sensation, n (%) NA 66.7 (20/30)

CVRR indicates coefficient of variation of R-R intervals; HbA
At and NA, not applicable.

1¢, hemoglobin
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Table 2. ¢ p! Electrophysiologic Measurements of Patients With Dial

es Mellitus and Controls

Tibial N

Median Nerve

s

Controls High MMCV  Low MIMCV

{n=z14)

(n=32)

e 15)

Ograpnic mea e

urermen

el of carpal tunnel, mm? 8 88+ 2.1
of 5 cm proximal to the wrist, mm? 0 6714
of posterior medial malleolus, mm? 89 = 8829 5.0 R

Sonographic measurements (echo intensity)

0 : 273x1.2
Hypoechoic area, % 3 9 60.3 +2.7
Electrophysiologic measurer
MCV, mv/s 549 x43 53.1%28 3 5 50.1 3.3 421 +£19 358=+24%"
Latency, ms 3706 3.8+05 1.7 + 1.3¢8 41+£05 45+038 5.6 £ 1.0%
13.7 49 6.4 £ 3.2° 8 2 187 £ 6.8 10.3 £ 4.1¢ 5945

Mann-Whitney U test: #P < .001 versus controls; P < .001 versus high MIMCV: <P < .05 versus controls; “P < .01 versus high MMCV; ¢P < .01
ntrols; 'P < .05 versus high TMCV. 9P < .05 versus high MMCV; "P < .01 versus high TMCV,

Figure 4. Transverse sonograms and histograms of the nerve at each level. A, Sonogram of the median nerve in a control partici-
wrist. B, Histogram o m of

gl

e median nerve in a control pa

ticipant’s wrist. C, Sc

Jian nerve in 2 diabetic patient’s

wrist. D, Histogram of the median nerve in a diabetic patient’s wrist (continued)
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sible, with a
ticipants in the lowest thle of
to 14.6 mm? in participants in the hxghesl mmlc
(Figure 5). The latency period of the tibial nerve
was divided into 3 groups: latenicy of less than 4.5
milliseconds, latency of 4.5 to 5.0 Lmlh(em d
and latency of greater than 5. () miilliseconds. The
MCV of the Ub]d] nerve was also divided into 3
groups: MCV of less than 40 m/s, MCV of 40 to 50
m/s, and MCV of greater than 50 m/s. The CSA of
the tibial nerve stratification was 16.3 mm?” in
participants in the highest tertile for both param-
eters (Figure 6).
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Figure 4. (continued) E, Sonogram of the tibial nerve in a control participant’s ankle. F, H
Sonogram of the tibial nerve in a diabetic patient’s ankle. H, Histogram
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Table 3. Correlation Between Several Sonographic Findings and
Characteristics in the Median Nerve

Correlation Coefficient

CSA Percentage of

Parameter Carpal Tunnel Wrist Hypoecheic Area
Age 0.306° 0.2662 0.358
Height -0.041 0.187 -0.020
Weight 0.131 0.217 0.232
BMI 0.186 0.189 0.328
BSA 0123 0.271# 0.182
CVRR -0.050 D125 0.101
HbATC -0.251 -0.098 0.301
Duration 0.298 0.173 -0.219
MCV -0.655 -0.502" -0.624%
Latency 0.552° 0.2962 0.595¢
CMAP -0.311# -0.2852 -0.336

The CSA and percentage of the hypoechoic area were compared with the
participant’s age, physical parameters, coefficient of variation of R-R inter-
vals (CVRR), hemoglobin A1c (HbA1Tc) level, duration, and nerve conduc-
tion study by Pearson correlation coefficients.

P < 05:"P < .001; P < .01.

raphy than NCS, but the specificity was similar
between sonography and NCS (Table 5).

Discussion

Diabetes mellitus is becoming a major cause of
premature disability in Japan, and peripheral
neuropathy is a common complication of dia-
betes.!? The diagnosis of diabetic neuropathy is

Table 4. Correlation Between Several Sonographic Findings and
Characteristics in the Tibial Nerve

Correlation Coefficient

Farameter CSA  Percentage of Hypoechoic Area
Age 0.4932 0.062
Height -0.079 0.182
Weight 0.359° 0.432"
BVl 0.454° 0.432°
BSA 0.229 0.435"
CVRR 0.195 -0.038
HbATC 0.241 0.156
Duration 0.018 -0.109
MCV -0.532¢2 -0.565%
Latency 0.525° 0.466"
CMAP -0.414° -0.321

The CSA and percentage of the hypoechoic area were comipared with the
participant’s age, physical parameters, coefficient of variation of R-R inter-
vals (CVRR), hemoglobin Alc (HbATC) level, duration, and nerve conduc-
tion study by Pearson correlation coefficients

%P < 01; 5P < .05.
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Figure 5. Cross-sectional area stratification in the median nerve
by combining tertiles of latency and MCV. The CSA increased
from 7.1 mm? in participants in the first tertiles of both nerve
conduction study parameters to 14.6 mm? in participants in the
third tertile of latency and MCV. The latency was divided into 3
groups: latency of less than 3.5 milliseconds, latency of 3.5 to
4.0 milliseconds, and latency of greater than 4.0 milliseconds.
The MCV was also divided intc 3 groups: MCV of less than 50
mvs, MCV of 50 to 55 m/s, and MCV of greater than 55 m/s.

based on its characteristic symptoms and can be
confirmed with NCS.!3-'6 However, NCS is time-
consuming, slightly invasive, and generally not
well tolerated for repeated evaluations.'” In con-
trast, sonographic examinations can be per-
formed to assess peripheral nerves with less
discomfort and have already been used for the
evaluation of disorders of the peripheral nervous
system. 1

Figure 6. Cross-sectional area stratification in the tibial nerve by
combining tertiles of latency and MCV. The CSA was 16.3 mm?
in participants in the highest tertile of both latency and MCV.
The latency was divided into 3 groups: latericy of less than 4.5
milliseconds, latency of 4.5 to 5.0 milliseconds, and latericy of
greater than 5.0 milliseconds. The MCV was also divided into 3
groups: MCV of less than 40 m/s, MCV of 40 to 50 mvs, and
MCV of greater than 50 m/s.

J Ultrasound Med 2010; 29:697-708



Conventional motor and sensory NCS has been
widely used to diagnose DPN.1%-%* Symiptoms of
DPN appear bilaterally from the toes or the soles
of the feet. Thus, NCS in the lower limbs should
be more suitable to assess DPN severity. Howevet,
NCS irt the lower limbs is time-consuming, and
the action potential in the lower limbs sometimes
cannot be evoked in cases of patients with
advanced DPN. Some previous studies have
reported that nerve conduction velocity slowing
in the upper limbs is similar to that in the lower
limbs of diabetic patients.?>? Skin temperature
and humidity, however, easily affect the sensory

Watanabe et af

nerve conduction velocity at the time of mea-
surement. Mizumoto et al¥’ reported that they
chose instead to look at distal motor latency and
the MCV because the sensory nerve conduction
velocity was not measurable in many paticnts
and appeared fo be an unsuitable parameter. For
the reasons above, we performed only the motor
nerve conduction study.

Senographic criteria for the diagnosis of neu-
ropathy have been proposed by several studies.
Cartwright et al®® evaluated the CSA reference
value studied for nerve sonography. In their
study, the mean area of the tibial nerve at the

Figure 7. Receiver operating characteristic curves fitted for difference modality. A, When the ROC curve was fitted using sonographic
CSA results, the CSA of the carpal tunnel was most effective. B, When the ROC curve was fitied using the sonographic hypoechoic
area, the area of the tibial nerve was most effective. €, When the ROC curve was fitted using NCS MCV results, the MCV of the tib-
ial nerve was most effective. D, When the ROC curve was fitted using NCS latency resulis, the iatency of the tibial nerve was most

effective.
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ankle was 13.7 mm?, which was greater than the
value of 8.9 mm® that we obtained. They also
reported that age and height showed weak corre-
lations with the nerve CSA, whereas weight and
BMI showed stronger correlations with the nerve
CSA. Their study participants’ mean BMI and
weight were 26.5 and 74.5 kg, respectively, which
were markedly greater than those of our partici-
pants, explaining the discrepancy with our find-
ings. Mean normal median nerve CSA values
cited in the literature vary between 6.1 and 10.4
mim?; the difference between these normal val-
ues constitutes 51% of the normal median nerve
CSA (8.4 min®), which is similar to our result of
8.3 mm*® The aim of our study was to evaluate
whether the sonographic findings in the median
and tibial nerves corresponded to the resulis of
motor NCS in diabetic patients. We found that
the CSA of both median and tibial nerves in dia-
betic patients were significantly larger than those
in controls. Carpal tunnel syndrome and tarsal
tunnel syndrome (TTS) are the most common
entrapiment neuropathies. A cross-sectional
study of diabetic neuropathy reported by Dyck et
al'® found that polyneuropathy was the most
common form of diabetic neuropathy, followed
by CTS. It is well known that diabetic neu-
ropathies are frequently asymptomatic. Kim et
al® reported that 6.8% of diabetic patients had
asymptomatic electrophysiologic CTS. The most
common eticlogies of TTS are mass lesions in the
tunnel such as lipomas, ganglions, osteochon-
dromas, varicosities, and synovitis because of
rheumatoid arthritis or chronic uremia; however,
to our knowledge, TTS is a rare complication of
diabetes mellitus. Using sonography in the medi-

Tabie 5. Comparison of Sensitivity and Specificity Between
Senography and NCS

Parameter

Sensitivity, % Specificity, %

Sonography

CSA (median nerve, carpal tunnel) 68.2 850
CSA {median nerve, wrist) 545 70.0
SA (tihial nerve, ankle) 75.0 70.6
Hypoechoic area (median nerve, wrist) 50.0 917
Hypoechoic area (fibial nerve, ankle) 54.5 875
NCS
MCY (rnedian nerve) 675 855
MCV {tibial neive) 87.5 238
Latency (redian nerve) 57.1 769
Latency (tibial nerve) 875 68.8
706

an nerve, Sernik et al'? showed decreased

echogenicity of the median nerve in symptomat-

ic CTS wrists. Although sonography provides

excellent detail of peripheral nerve parenchymat

changes, there is currently a lack of quantitative

examinations of peripheral nerve echogenicity.

We therefore attempted to create a standardized
quantitative analysis of sonographic images to

allow a more objective assessment of nerve
echogenicity in diabetic patients. This study was
not designed to compare sonographic findings
with histological changes; rather, the intent
of this initial study was to develop a method of
computer quantitation of echogenicity changes
and to assess for a correlation with NCS. In our
data, it appears that the percentage of the hypo-
echoic area of the peripheral nerve was signifi-
canily greater in lower-MCV patients with
diabetes mellitus compared with controls and
higher-MCV patients with diabetes mellitus. It is
likely that these findings reflect pathologic
changes, although the pathogenesis of nerve
enlargement and an increasing percentage of the
hypoechoic area in peripheral nerves are uncer-
tain because affected median or tibial nerves
have rarely been biopsied in patients with dia-
betes mellitus.

Diabetic neuropathy is characterized by axonal
foss combined with demyelination, which is
reflected in typical neuropathophysiologic find-
ings, including reduced CMAP amplitudes com-
hined with slowed nerve conduction. With regard
to the relationship between sonography and NCS
in this study, we found an increased CSA of the
peripheral nerve in diabetic patients, especially
those with a low MCV, compared with healthy
controls. Moreover, the percentage of the hypoe-
choic area in the median nerve increased signifi-
cantly compared with the controls and diabetic
patients with a high MCV. According to ROC
curve analysis, to investigate whether using
sonography and NCS could judge the diagnostic
accuracy for DPN, we compared the sensitivity
and specificity of different modalities. Both the
sensitivity and specificity were higher for NCS
than sonography. These results are consistent
with current widely accepted status of NCS as
being more sensitive than sonography in the
evaluation of polyneuropathy and CTS. However,
although sonographic measurement had insuffi-

J Ultrasound Med 2010; 29:697-708



cierit sensitivity, its specificity was similar to that
of NCS. In addition, sonography was able to
directly show morphologic change in the periph-
eral nerve. Compared with NCS, sonography
caused less discomfort to patients and took less
time. For these reasons, we have insisted on the
possibility of using sonography to diagnose
DPN.

Severinsen and Andersen® reported that the
nerve conduction velocity may be reduced not
only because of loss of the fastest conducting
axons but also demyelination and acute metabol-
ic dysregulation, which may cause lower nerve
conduction velocity. Suzuki et al®! repoited that
sorbitol itself and secondary sodium accumula-
tion caused by an increase in sorbitol may be
major contributors to the increase in intracellu-
lar hydration using a 'H-nuclear magnetic reso-
nance study. Tt has further been hypothesized
that the peripheral nerve is swollen in individu-
als with diabetes mellitus because of increased
water content related to increased aldose reduc-
tase conversion of glucose to sorbitol.3* We
hypothesize that an increased hypoechoic area
of the peripheral nerve in diabetic patients may
oceur because of increased water content, which
is also a cause of an enlarged peripheral nerve.
Furthermore, our data showed that CSAs were
negatively correlated with both a reduced MCV
and delayed latency. Our findings may reveal
that asymptomatic CTS or TTS exists in diabetic
patients, and both entrapment and other factors
such as metabolic or vascular causes affect DPN.

Finally, our study was an sonographic exami-
nation only; therefore, it remains unknown
exactly what causes increased the hypoechoic
area or CSA. In addivion, there were sormne lirita-
tions of our study that warrant discussiorn
because advanced sonographic techniques such
as color and power Doppler imaging were not
used. However, sonography is a noninvasive
method that can be used to evaluate detailed
nerve structures. Further studies are needed to
confirm these findings in larger groups of diabet-
ic patients and in other types of neuropathy.
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FIWIA—=REA VAUV EELBICHBADREREERRT DY JFIVEEYEEL L TORENSHS. ChREBP
(carbohydrate response element binding protein) [FEE&IICRE SN 2EEARFBECFOFEZEDHESHT TH
%. ChREBPI3U VELIC K DESEMNIFIEN, B VBYEIC KD ESEMNTIET 2. ChREBP [FFHRICEH T 28
FHamD60% %L, FRCORBEREEI Y I—4 VTR PiEEHE LUTEX DL ORETTS. ChREBP DIIIH!E
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5%V 3—RIC KB ChREBPEMSALEHEICINZ T, BERHHERRY

Z RIS E DR TOREZZSOIARDRENEE L BHOND.

GhREBP. pEEEE
key words

FUIC

HEH% O BIEAR (refeeding) I[ZFFHERBEE (liver type
pyruvate kinase ; LPK) ® gl & B R E# 3% (FASN (fatty
acid synthase) ¥ ACC1 (acetyl CoA carboxylase 1))
DEEFRAVSRICFEINS ZDOBRIZA VA v
VTFNVICMAE, FNVA—AV T F VR BEEREE R
4. ChREBP (carbohydrate response element binding
protein) X, Lpk BIEF DT O E—% —ICFETH TN
I— A& #HEE (ChoRE) KEETHEERFLELT,
Uyedabiz X WREE &Nz . ChREBP IR DI 2,
B, B EDAES HRR2CEEL L CERREREIT
IR THCREET LY. ChREBPOEMEETFIX, L
BOBERERBZTFREHERRAEREEZFICIMRT,
Ny =2 VEERORET, BHEREZERET B
FHEET 2 EZBICH5 977 (F1).

ChREBP D)L 1—ZRIC K BiEMAL
BRUIEEE LR

ChREBPIZ, /' Vva—Z2 v 72 &k WL, &5
HF Mlx (Max like protein X) L ~"7 0¥ 4 v —%FmK L,
BHBEFDOT7OE— 5 —ERICHFET 2 ChoRE (T v ¥
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v ZARF| . CACGTGNSCACGTG) IX&T 2997 . 7
J— 2|2 X AChREBPOEHALBEICB WV TIE, F0
O— 25" VE (XuSP) 25/ Vva— AL 7 VinERFL L

7‘)1/:1 &

PEH 42 (G6Pase)

GEPREH LUV
J1)a- }7/§®uﬂg

N2 =R B

|
R ER s ‘_‘" (G6PDH, TKT)

fETER (LPK

IERrBR SR D /%
EEOHEE

BERh & BB ONADPH D &

7t FIVCoA

IRRA & AR
(FASN, ACC1, Elovi6)
(NURZ20K 2V

BX1 ChREBP DZMEEGET

ChREBP |3 #RHERES (liver type pyruvate kinase ; LPK), N\ b—2UVE
1t #2 & (glucose-6-phosphate dehydrogenase | G6PDH, transketolase :
TKT), %74 %E= (glucose 6 phophatas ; G6Pase), BERAERLRER
(acetyl CoA carboxylase 1 : ACC1, fatty acid synthase : FASN, Elovie
HE) HEDKBHRIRZHEET 5. ChREBP DRBBROIEIRBEIICLD, B
FCERUSIVO—R (Gle) #5 U 3—5"Y TIEL HEORUVVHAHEEE & U
THERLEHERI DT ENTED.
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domain as in RelB .
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(3). ZhitMondoASMIx & V25 724.0> ChREBP 7 7

3 - THHRFEN T2 MCR (Mondo conserve region) -

YN AEETH DO 9T (M3). 51, MCRERI
T 2B 2 BT &, MCR2 38 X U'MCR3 &7 v I —
ARSHICEh AERTH S L, MCRIEHA14-3-35 ~
NIBIHEEL, MBBARELZRELTWEZ L, MCR2E
MCRS 2ME& 27 )V 3 — A B B1F 5 ChREBP & EE M 0
BIZBE L TWAI L2 EMHLP ok Thbh,
ChREBP DA~ DRBHEL L BB EZF IO0E—F —HD
ChoRE~D#&4 45 % % ChREBPIEMLEBIZ LSO L
RAAZZXRZIDHBENTVEIEFALLICSN
72T &g 73— Rk A ChREBP DM LS (&
D HITDNAKSEEORAE) 27X D EEMICHL»Ic UL, #
BTBAIRY v 72 FO—20RECHBECERICE
BEEbLI L.

(1] ChREBP e rRs s

.....................................................................................

1. FREICHITEEE

ChREBPRHBD EBY, BERBZTHIFRY VY
YEBEx S — ¥ (LPK) R EHEBREEZTH 57 £F IV CoA
HNEF TS —¥ (ACCL) RIEIBE S BBER (FASN) OF
B, S5 BEEBEAROBIINADPHE##ET 295 2T
BEERNRV M- VEBEROBERTHLINVI—R6Y ¥
BBk EBE (G6PDH) * TKTORBR* EICHASH T 29,
ChREBP®D ./ v 277 <9 AT, BEZ,PLOEED
BAEOET L BB ARRAEEORBEORTIC &L b IR
BILEBHERPERE~YY ADI0%EREIETTAY. &
52, BHBEREOET IZI—& LT, #IlBERDONADP/
NADPHHIZ v 779 b= 2 TEWD . 1, 4 ¥ 2
VYIS FMCEDERL S, BBARRBEREORR Y
FEIT 2 SREBPIcD /) v 77 b=y ATRIFRICBIT S
ERFERERBBITIEE DSO%RRETH L. LEOERIE, 7
TI-AIC X D EBIL IS ChREBPE, £ VAU VT LD
EE LS5 SREBPLcIZ & 1) BBRFEE A B ASTHAMICHRE &
NBZEEEWRTEY.

ChREBP 2*HFIRII BT 2 FRRFBE G LD 60% 2 RETT 5 =
&b, ChREBP O&EFEE O IFHII EHERFHEOY
BUZORNBEER, EXLIPBEERFETNVIVATH
5 0b/lob<7 AL ChREBP/ v 7 7T VI I ARKE S
ob/ob ChREBP™ "= 2% s L 72" FE~v XA TH,
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ob/ob< 7 A & kX T, ChREBP® R 19 & {& F (Lpk
FASN, ACC17% &) DmRNARRENET L & b1, WHE
EREZoRE BHEEBNEOUE BFOUE e
BHEENVETEIUBREORESR LN FIROBRIT,
ChREBP ®shRNA (small hairpin RNA) % ob/ob=< 7 2
TRESELBEPERBIIZ VL TVEEME~ 7 A2
Mix DS Z RBEELBAILRONZ9. Lzdts
< ChREBPUEAZ FV v 7Ly Fu—bOWREENE L
TEETHLI LPTRBEINT:

% 512, ob/ob ChRREBP™' "< 9 ATRLNLHBHVREE
D127 a—FVERCL D EBDNLIFEAED B
A< REob/obRIADT)I—FrOBFEBLIZE
X rsadihvorya-FUrERIE248THL. L
LD, FROEBRPHLIHCHEML TS 20120,
FSETIR4EN 7)) a—-7F v 2ER/LTwA I LIlh
3. BEULULYWOZVI—FVEABREEND, ) a—
FU1gE L B0, 3mIOKSPLEE LS (EELEYS
Va—4Tigidlkcal ¥ HBTEL I L L2 B) e, T2
NVE—BFBEOD L THEFIHESB . FRICEFES NS
T —% ob/ob< ™ A L oblob ChRREBP /"< 2 ¥ TH#&
T3 &, FY)2—5 (300 vs.1200kcal) B X U BERA
(1971 vs. 432kcal) £ %2 5. L7:4%o> CChREBPIZ, Hi#
KBWTHENBW Y-, e LTELLDTRL, 3
BOBVWHHEEFE LTERX L L) CRHETI2EERTTH
BEEZABVY . B rROXIRTVI-FUOER
% & N BFEERIZ, ChREBP shRNA % Mix O ¥4k T i
COEIRHENREONE Y0290 BELLRTF
v A OVAEEE (BB OMRTHLI L, ERELT v
77 M7 ATk~ % & ChREBP D& EF R R
BWIEaELZLNS. L7245 T, ChREBPOEEFNE
ZIREELICIRTAERNE, AR Y v vy FO-AOD
WERL L THETHLEEIZLND.

ChREBP % SREBPlcd ## L T, BRI &R RER PN
V=R VEREL PEBARRCEELZEETFORERE
RETH. LeLiads, BERBECETIAEARBERORESR
RHIMECTRL L. BERICE LTI, SREBPIciZZ )V
IFxF—LOREHZF L DIZx L, ChREBPIILPK 0ER
2RAGLTHY . BHARICOWTH, ChREBP IR 5
OF FYERBLFRO ) 3—4 VE*H#EAT 5 G6Pase
ORBEFHAMLTVHO D TSR SREBPI ) v 7
T T AL oblob= Y AN EXRBW T, B
BUEBOLTHES ) a—7 v OBRALZERSWEEREEOY
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EFIZR 5% v, SREBPlc& ChREBP D G6Pase&IZF
T2 RARBOENE, M7 ATRONLIERNE
MBOECERBL TR LEbhDY,

2. MhERRICHIF D'

1) BERGHERE

ChREBPIZFFRRLAL T3, B BIHAR HR% EOR
BBIUVBEETORESMSNTVA?. ChREBP mRNA
OEBE I ITILIMR OB~ DO MO ER I FHE
Aha®, F: BREBOS v PEREBHABRICBWVT,
ChREBP mRNA OBREEIHWMT 5. L L7220, B
MO EEZBREBREHAR TR LBBOFETH L Z L2,
ChREBP 2B ERFAH VN OBEELZELH 5 L Bbh
5. 5%, BEHEHROSERLT T4 RIA P4 LV ORER
HiC 81} 5 ChREBP DR EFIOBHEABLE L Bbh b,

2) B B

ChREBPIIFE SR C LR RHTH. 7 X4 YR Y
J—<HRTH5INS-1fifa Tk, ChREBP D EFIEH I
Lpk® FASNz bOBIZFRALFET LY. 12 ¥
FWTRIEBEEZ VA, EFSIIERANBESL LTO
SEDSE FMBOBENLR X URHERICBT 2R8I
WTBRANRZED TS,

HHHIC

ChREBP 12 BT BRSO 60% 2 HHATHER
REERTTH 5. ChREBPOEMREIIIE, BARR SR
Twa Y B B VB{EEF VAT, ChREBPEIR
FORBAH 2 ChREBP ¥ v Ny BEOLRAE 2 Oz
BEFAFETEENDDH S, ChREBP OREBEHIHI Pk
FRMHEREELR DA R) v 2 ¥y FO— ARBROW
FZOou 572, ChREBPDIEHASEBOEBEIIHH
DEIES —7 Y FOFHPYERBETHSS.
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@I =5

27 ) b BIEIRNT GWAS) DR % S %4 72
IR B I FEDSURERE

2006 EICEHERF TCF7L20 &8 i@ E F &
ORE, SHEMETI 7O T 51+, SNPsEAE
DO E WRERRBEEESHE L THE S,
TCF7L21 T h % THERRBEBETF & L TE2< FHEEh
TWhED - IBEFTHY, ChERDICBEFH
WEDUNR—RVIRTATADETHSB. BET
EXRROICH BRMIC S Y/ L T OSNPsEER L
AEEC L Y, 24/ LEERBIT(GWAS) ' RIEEICE
V), HHEX, CDKN2B, CDKAL1, IGF2BP2% & D4EH
DIFRERRBSUZ I EFERICTRE S L.
LTROBEFORSETUILROYETHERRR
EENEEFROSh, ANBEFHEALBRIMET N
THBZEVFBEaNA. TEHIEICSVTD
GWASHHETE N, KCNQIDA > hO 15D ZEY

BEBHEHE LCRAEES ML, L LIEROBRRA
F (RS, REEL E)ICHERT, KRLEDEETF
SR LIERRORETFHOERMIIREATE
WEWIBEDEEN. SHSOUBRRESE
BEFSHIBABZTHAOP, ZhOBERKT
BETEAREST v AL (BRERE) IS ETEM
THOF—a7THY, BLAIBNTREDEERR
DLEBPASHPICESEWRY EREEMRER L4
WS EILEETRNETHD. LIy - THREBETY,
EERSUSHRATOREERETH, FHewd
tb, CUAEBREADZZALEBOFI»Y
552326 THY, ZHELEFRNEBEOHERYL
VICBIBEADRBICE > TEELEHEHE TV 3.

Yukio HORIKAWA : Present status and future plan for identifying susceptibility gene to type 2 diabetes in the post

genome-sequencing era. Diabetes Journal, 37 : 95~103, 2009

IUBHIC

SHIAIZAD |, TR TERT &I, 7
J LA TDOSNPs % BV 72 (kR B9 B R AR 25
RREEOIEITEN, ZOREIRE S sz,
) AEITO10~30F{BOSNPs 3 &E — xR
TR &, HEABRECEVERZIMEEETFLME
ETEBDLIIIh -7z, FEFE, bBEICBNT
Y AFEOERNIY Y- TALTHB I L
7 ATE Yz PRI N

&4 7 L BEEBEIT (Genome-Wide Association
Study : GWAS) ER L 7-E¥RIZEF, #2407
IZAMDET, 4V FTLAEERMEL A
ooy 8RB EBENHITO NG, £/5 4

vy oiosRibe v, BNy vy T
Z118 (http : //hapmap.org /index.htmlen) 2 & 9,
E MEEFEMY .y TOBBEIEALI LY
GWASIZKZ{FE5 LT3, HftPhase T
oy Ty TF— % CIASNPSIERV A ENTE
Y 4FEH% (Caucasian, Japanese, Han Chinese,
Yoruba) £ 1L ZF 11D 400 F B LI_EDOSNPsE ] &
PEATE Ty o DEEERADZEHTE, FE
FIAMER L IL E VT ETIIENTES.
20064 12 i E R F TCF7L20 £ T, EGEMAT
LREE XN BFEEETFEDFMASNPs # 4
vy ATk o THRAERFRR EEE T2 H
ELTHEIN, TORIFIETAABIBNT
oREEIR R & DBENRES Eh Tz, ZOH%O

Ik Bk B R EE S RIS R SRS
R mE1-1
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7/ LIER(CWAS) DRRE D S R MR BRI A DR 12

£1 BRAEBREC 5 3K RIEANER

RAF | RAF 95% Cl
Gene SNP ID P OR RAF-C | OR-C
/Case | /Cont upper | lower
SLC30A8 rs13266634 0.60 056 | 1.7X10° | 1.20 1.10 1.30 0.65 112
SLC30A8 rs3802177 0.61 057 | 2.7X10° | 1.19 1.10 1.29
HHEX rs1111875 0.33 0.27 }22X10" | 133 1.22 1.45 0.53 1.13
HHEX rs7923837 0.22 0.17 }7.0X10™ | 143 1.29 1.58 0.62 1.22
CDKNZ2B rs10811661 0.62 053 {19X10% | 1.44 1.32 156 0.83 1.20
IGF2BP2 rs4402960 - 0.35 0.31 | 1.1X10* | 1.18 1.09 1.29 0.29 1.14
IGF2BP2 rs1470579 0.37 033 | 2.8X10° | 1.20 1.10 1.30 0.30 1.17
CDKAL1 rs7754840 0.47 0.41 | 4.0X10* | 1.27 1.18 138 0.31 1.12
CDKAL1 1rs7756992 0.53 0.47 | 2.0X10* | 1.26 1.16 1.36 0.26 1.2
TCF7L2 rs7903146 0.061 | 0.036 | 5.6X10° | 1.76 1.45 2.13 0.18 1.37
KCNJ11 rs5219 0.37 0.36 0.066 1.08 0.99 117 0.46 1.14
PPARG rs1801282 0.97 0.96 0.075 1.21 0.98 1.49 0.82 1.14
KCNQ1 rs2237892 0.68 0.59 | 1.2X10% | 1.49 1.37 1.62 0.93 1.29
HNF1B rs7501939 0.35 031 | 93X10° | 118 1.09 1.29 0.45 1.10

RAF : risk allele frequency ; RAF-C . risk aliele frequency of Caucasians

GWASI=T, HHEX, CDKN2B, CDKAL1, IGF2BP2
% E DRBOBRREZELIN, TCF7L2Y X
2 SFIDGWASTOEER L & S IZPORICTRE X
N7t FEROEETORZMET Y M DONTIR
HAETEHERREBIE L OBENED S, A&
EHATRRRREEETINLNTHE I AR
N7 FhbAREICBVW T DI L7 4
TuPx s FOGWASDORER, KCNQIDA » + 1
V150 F BN B A NBMERR IS 51 3 EE AR
SULEELE UCREE X h7="(F1).

| GWAS T DA B & i H )

FPGWASITILEY &3y — (R 2B T 5
YV TNERPE(ERERE) DBRELR EWRT Y
4 VHREBETH 5. Bonferroni®d & 3 120.05% &
ERTE > OHEERETIZ2ERERES, B
Bi, BRA v X 6o FRAEEZEET B HENE
bRTW3, 2RERFEODEDOBEE LR TER
oy X, TEOBEDER Ay X=%FHA v XX
MU/ BERARE(LEL) JTHEREIhSE. 2%0F
BkKiEARRD B L, ALITERLEETINE D
DPOEBL v ZIFERA 9 XE 28T 4« OBHA
ko THER. 2213 »2EROERA v
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Ek33) Lo IR E

ZIE1X10°4 — & — (B ) O 2 5 10[EDEIR
FERENEOBENH B bW T 5L, BalA
y ZIHIXI0DF — 4 — & FEENB. 247
A0S — %088 L, pEDRHEA8X107 L7
ThE (BBH0sE) , EOBEERT &MY
DESA 9 XiZI0E 2D, ThHBEHL L TH
F XN BEFERRNNBEOBERFERT S
LS5 Z&icksd, B—DGWASTI DE#E%
» ) 7 TERDIE, TCF7L2, KCNQIX FTOD &
TH5, 7=k ZIFORM1.37% 2T BTCF7L2TH
ZTHRTE, pllie LD L DIITRET 2 £80%
OREFEBZ-OICBEKTOERT JVEE
($930%) TEBIET1,2008 2L 5 D&BF, X
BEOY Y ILBLBEICEAEEICES. S LH
K ADSEE (F95%) 2 4TI 7255,700%7F 2K
BWHEIZARBDTH B, Z-prior probability
(BHIHER, p/ N TFHTERA v ) eF v X
b, #EE X hi-HEDFPRP (False Positive
Report Probability) 21274 2 Hkd & 5°.
DIFiZ, GWASTHZE & h7- bRz
BEFOIBT, I3—-Hv 7y EBRATEER
EABRES CUURD SN BETIIONTECH
T 5.
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