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[ Abstract] There are many screening and diagnostic methods of diabetic microvascular complications
in clinic, however, the sensitivity and specificity vary differently from each other in diagnosis, which leads to
ignorance of early diagnosis and timely treatment in diabetic microvascular complications. SUDOSCAN is a
new device to detect diabetic microvascular complications, which has advantages of quickness, convenience,

noninvasion, quantity, reproduction and accurateness. It can also assess the possible occurrence of diabetic

microvascular complications by calculating the electrochemical skin conductance. To some extent, it plays a

vital role in early diagnosis and evaluation of treatment in diabetic microvascular complications.

[ Key words)

SUDOSCAN; Diabetic microvascular complications; Diagnosis

Fund program : National Natural Science Fundation of China(81471018)

A6 PR 976 I A8 I & 1) 7 A ik A AR
%, N AT b PR R Bl fh 2 48 (DPN) B £ 28 7 ik
JE 10 g e 22 R IR 2 E D AL T
RER AT A B K AT A 28 T 7 IR 195 A 55 5 O A
FRI% B ( DN) f 3 22 - B A 380 9 B /NBR DB 3 R
(eGFR) 5IR A/ WUBFEL o [H X BEAG A Y 77 45
H AL, HSEBRZ Wi RCR A 22 th R, 5 850,
I RORE TCAS 2 12 W K BHIG T . T ARk
SUDOSCANHEAAE Ky —F 487 (X B R L 48 5 A&
SiE AR B, W15 2 I RAS 2 A . SUDOSCAN 32
R JH B2 1) 85 1 B, 98 RIS R U0 20 B e o s T e 22

DOI:10.3760/cma. j. issn. 1673-4157.2017.06.011

PR 7210002 R T BBl K 2% 4 5 I PR B 2 B (i il 227
HRBERT) N IR

WASVEHE HEIN PR , Email ; shaojiaq@ hotmail. com

DReHA TR TPAL , 38 5 I 5 T S S - R
H a5 AL A8 R 23R (ESC) 5 05 IR I A&
P2 AR VT o WA DI RE T B, Sl 28 Wk B FEAIR,
L S0 55 5 PR MG ik ESC A AT 8 ol PR v Tk i
B RAE B K KU . B SUDOSCAN X 8 FR 5
ST I ACE I A (B R T e A
1 SUDOSCAN HJ1E R# & &% R 38

SUDOSCAN [ TAEEHLZLI/NT 4 V IR E R
F R K B S ) 5 - LB Sy il , 1 FH B E 3 vk
AR YN NSRS 2 S AR i N E=g LN Al
HRRT6E , 2 3 0 A0 PR S A I B E . T
— BB GRS S BE T ) 5 B 28 AR - 9 E A
Bzt . MR AR C S 4R, TR
I ReRE 2 D855 , 5 BOT R A TR EEREAIC, ESC A
Bifi 2 B AT o AR IR A 5 Ay 28 S O 6 2 T2 A



- 402 - [E FR PN 2 MR 5 24 7 2017 4E 11 A58 37 556 ] Int J Endocrinol Metab , November 2017, Vol. 37 ,No. 6

FEFC, i 2 A v X6 2 38 A7 B2 Ik it o o2 7 44 ik 1) A1
LI L 5 2 PO R B RN S AT B T ok
LI A, TR SRS T HU ;s B AR — IR
FLUTL , B[]/ 22 B h 46 (THB B v ) gl ie s — Ik,
THRIEH ) ESCH, 3007 0 wso AR BRAG M52
TEARHL R T R4 2, LA TS A A Fi%is X
B PR T ARSI 1 (1) R Rl 245 R T R B 5L
BT UEE S, SUDOSCANKG M 5¢ 4> Jo i , o5 &
MUEATHER, BT 7E 2 ~ 3 min N 58 ik 2 . W98 &
P, SUDOSCANKG 25 FASZ A FL 3R 5E | 32 483 1 5]
FRISNE , 245 5T o 0 Tk v, R 4% SR e

2 SUDOSCAN Xt DPN i 5z &

Casellini 255" %t 83 | £Luk A1k DPN iy 2 #0#
PRI B E 5 210 A ERRMERIETT 8T R M, 5
FEFREAAFH L, £ DPN 35 A9 0T AR ESC {H B
fi%, H. ESC E5 T i b 28458 5 0P 43 38 B i B
A 25 S — TR B A G, AT R 2 40 3
IRV RT 2 5342 DPN (1 G4 45 R &
B, ESC {Hi2 K7 DPN [ — M, (R S PEAR
3R T8% F92% , /& ¥ ESC {H 32 ik & T /ERHE
(ROC) £ FTH A/ 0.8755 (P <0.01), Yajnik
S 265 1) 2 FRUBE PR H 43 54T SUDOSCAN |
SRR Ao 228 A8 1 1 1 ( MINST) i1 St 4 DU 4 30
B (VPT) A, K5 = 28 25 A0 e A, B A5 v 0L
/& ESC {8 5 MNSI[r] 4 7F 43 . MNSLIA % 3753 Fl VPT
ZESR A —E R R RE . FIRE, Gin%E D ik
142 5iFE PR 95 8835 43 5147 VPT F1SUDOSCANAG I,
SR, B ESC H5 VPT 2 HAHX (r=-0.45,
P <0.000 1), Mao 25" %t 357 f5i] 2 #4458 PR g5 H& 3
A3 AT R REAR PE4Y A 2R B BE43 (NDS) \VPT J%
SUDOSCANKG I , 45 5 & B, /% ESC {8 5 i 2
RIE4r (r= -0.124, P<0.05)  NDS (r= -0.300,
P<0.01) . VPT (r= -0.180, P<0.05) 4 & i A
%o B4, E AN Eranki 257 BFSE 4 7%, SUDOSCAN 12
Wr DPN (80N 82% |, Fr M 55%

W DR % 225 i XoF A P 22 i 225 48 ( DSPN) #£ DPN
i H L 38 AT 2 I R 25 A T 4 T A
P E R Y B IR TG G, S22 W DSPN A9 4 bs i, 15
KRR itk A, Bt 1 T3 st =0, R
THE]—FhIC A H 5 R R A A I T,
Smith%E X%} 55 (il Z8 I 12 Wi DSPN i 3% 1 42 44 {gk
FREAAR 435147 SUDOSCAN K 2% 1 Rz Jk 105 A6, K5 4
T RS 452 =450 a5 12 W i bt , 45
/R, DSPN &% F & ESC A B WAL F{d 54
{4, 11 DSPN 5 4 & 14 378 i o ik 1k 22 b 2805 78 ESC
HICH B 225 575 HLizWF 52 £5 tH SUDOSCAN 1 17 Jik 7

k12 Wi DSPN iy ROC il £ T 1 £ 43 51 4 0.761 |
0.752, LI A A 12T DSPNYE JC B I8 22 55, 1
FSUDOSCANTCA | i fH PR, 835 5 237, i X
THAIE 9% &5 S, I PR b ] g LR AR B Bk 3 A 1
DSPN [ ek A , (AT 75 B8 KAEAS 5 22 B it () F
FEARE— AR T LS .

H i, [ AN SFSUDOSCANFIY K ZH0AR 25 Xf
2 AR % 1 BRI A g e/  (E X 1 AU
PRGBSI A 2 A 22 Z I 3 3L, T Gandecka )
X 22404 B RRL8 ~ 314EMY 1 BUAH R i Fl 84 47 f
FEAMATTSUDOSCANKG 2, 25 S 7R, 1 RUBH R R
FH ESC HAR TR 218 % . Selvarajah 251" e it
L 45 5] 1 RUE PRI £ 5 1 T SUDOSCANKG I, - DA
25 AARBEAARVEXT BRZH ; 2 MR 56 WM 2 22 7 2512
Wrbr i, Hod 23 4] g 2512 Wk DPN, HOWUE ESC {H
(53.5 ps) BH B AIK Tl B BB & (771 ps) G
DPN f # (77.0 ps), 24 ESC U] 5 /N T 5% % T
77.0 s, BUE ESC i ROC 1<k F i f1 2 0. 85,
1ZWr DPN [ RURME N 87. 5% |, FE5 MR 76.2%

SUDOSCAN L2 W DPN B S5 He 4 S e
B 5 SR T Casellind 277 1 BIF 5 45 5 R[], #5081k
(78% ) HURTHE M (92% ) , AT g s i ity ik
AN SR AR o A (7] il o T AS () 25 T PR T 3 B ) 5 75
BLIF 2l BTSRRI IIE SE 0 H BrAFIe 45 5
Y132 BISUDOSCAN X - #3i2 Wr DPN 45— 14 {H .
3 SUDOSCAN 3t DN 5 B E

2015 A3 [ I PR A 43 0 2 U 002 1 5 B 48 7
PR R, 3 A X IV 2 A 0 AT DS 07 A DN
TR [ 2 8T R RIS, B A el B
JRE 5 955 16 1E 35 %0 ( SUDOSCAN-MDRD ) il eGFR i ]
B R 495 A0 Lt A, W& B B A8 T )5 %, SUDOSCAN-
MDRDi{l DN )iz 9) 2k 57.5,ROC £~
R 0. 677, BB R 60. 0% |, 5 55 ME R 75. 0% |, i
B R 68. 7% , K ) S AEAR T 57. SHF, Bk A2 K
G, [ e Al T SRAUBESY, Luk 251
i SUDOSCAN X DN 7 FL 4 i A , 45 S8 W ow
SUDOSCAN-MDRD il DN ) 454 & Ky 53, Hidil
TR TT% |, 45 5 VE R 63% , 24 SUDOSCAN-MDRD
VR U1 sSAELIG T 53 B, B AR KU e R . R4
Luk %500 57 45 5 10 R PE Ho B8 35 S5 00 5 A B0
A AEANBRHEBR & B 2 A AR B PR S R FE R, 1
SR EBUBE A /D P 25 5, {H ¥ 4 7 SUDOSCAN Xif
TN DN A8 & A2 KB A — 2 I {E . Freedman
A DI Ak SR 7RI 25 5 2 SOME F HR
1 FH SUDOSCAN A6 0l 75 21 () | I 358 ESC H 5
eGFRA — & I AH &M , #2711 IR I ] FSUDOSCAN



[ i PN 2 iR 2 2017 4E 11 H 4537 %55 6 ] Int J Endocrinol Metab, November 2017, Vol. 37 ,No. 6 - 403 -

A3 ESC {H AR eGFROR AT DN A& A= 1 K
Wro B )5, Freedman 25" fi T 3 — 25 #F 5%, F 52
SUDOSCANRE n] i F 3112 Wi 9 Wi %7 55 [ DN &
%, T HIFRRINES 36 [ DN %, 0zaki%s' ™ BE5Y
2E 4l 32 1], SUDOSCAN-MDRD 5 eGFR & 1F 4 36
(r=0.67,P<0.05),
4 SUDOSCAN 3 #& PR % & B2 BT i (B

Sheshah Z£1' 4l A 296 5] v 435 B] 37 {71 A bR 355 8
FH S 2005 436 [E #4022 SIS WibR E L A2
2NDS =631 K A= M PRI K B0 1597 114 JRURS: ;5 45
2R, YNDS =64 HUUE ESC {H Y55 <50 psh, &
A DR JE S 1 97 DRI, 1) AR R R S 1 4 ) R
63.8% #l1 81.9% , ROC fhi £k F 1w FL 4 0.729, 4
NDS =64} HAUE ESC Y] 5 <70 s, GUBHEFIEE
SEME4r 9k 80.9% F1149.0% , ROC £ T 1 FL S
0.651 ; $275 WU ESC {H AT LA I A PR R 2 1Y % A=
AU, DT AT L2 300 SR B 10 i LA e ARG 8 B 2%
GinZ5" i i [ 142 {51 B JR 5 35 40 il i VPT Al
SUDOSCANA M, Hor 23 5] f2 # VPT >25 V ESC <
40 s, Z5H R I, 15 il H (56% ) A RT3, 34
BIVPT >25 V ESC >40 s, 5R1i 24 8 4(23% ) #
JETR T2 a5 R A R R 5 T R R
JXUS6: R PR 6 ER B AH 1L, VPT s - 2 3B ESC
EIRAK . WF 5T A RE R B, T 2 &8 ESC {5 7l DA%
B YL PR A B A o
5 SUDOSCAN tf7 T4 18

WEDR IS NS AR WE s N FEAE L, BB v R 1
I RER M 22 il 28055 48 (CIDP) KU 3 im 11 %, If6 IR
X CIDP £ 3% 38 % >k H e % 97 1, Névoret FI
Vinik """ ¥ SUDOSCAN 5 3 [ i 22 955 27 2 2312 Wi
WE K B 3 g o B A EE A, &5 R R PR,
SUDOSCANX} CIDP J5 7 %% S 19 ¥F- £ B8 BUER, #2278
SUDOSCANTH] H FCIDPIA YT 5 2R 13 Al 5 Rl 15 .
SUDOSCAN A F F-/IN#f 28 452 455 B A& &2 F A, Calvet
sELSDRC LIS ] 2 TR PR HE 2y IS FA T 4
(69 ) FNAE I 2R P AL (46 B)) Bl 1 455, &
PUHTE T L FBESCAE B & 8 Jm, i 5 & F . &
ESC {HHIFAR . 2% B 156 5% 25 50 AL 0 F Xof b 280 A8
B —EREWSCEER , B EZ N, X4 R
7 ESC E PTAE A K W BE U b IR 0 28 9% 28 1R )7 5
AT ROTA

S22, SUDOSCANAE Sy — B 7 70 i A AR Jk o T
I A8 I K RE A 6 A, PR HLAT fR 458 TS 6] | HE
R B 0 5 [ AN DRAS 2028 g 381 )
SE TR ESC (E U 1 12 W DPN, 3] L3
T TS 30 B R 2 RO 3 A 2205 728 JXUIG: {1 4k

PP 5 PR A RO U A 28 7 1 A A R 5
{HIESUDOSCANTE AN [R] A A [7] M duk B A [7) ol
FAS RIS W U] BT AN R R ok 7 2 TR A
2R Z ol ATIEVEBF SR IS A% R
PRI AR LA - A 1) B A2 W U (L, AT
RSP P TRl LA O R ) s S A AR B R
FRCRH S A9+ T it

2 % x #

[1] Putz Z, Tabak AG, Téth N, et al. Noninvasive evaluation of neu-
ral impairment in subjects with impaired glucose tolerance[ J].
Diabetes Care, 2009, 32 (1) 181-183. DOI. 10. 2337/dc08-
1406.

[2] Schwarz P, Brunswick P, Calvet JH, et al. EZSCAN™ a new
technology to detect diabetes risk [ J]. Br J Diab Vasc Dis,
2011,11(11):204-209. DOI:10. 1177/1474651411402629.

[3] Casellini CM, Parson HK, Richardson MS, et al. Sudoscan, a
noninvasive tool for detecting diabetic small fiber neuropathy and
autonomic dysfunction [ J ]. Diabetes Technol Ther, 2013, 15
(11) :948-953. DOI.10. 1089/dia.2013.0129.

[4]  Yajnik CS, Kantikar VV, Pande AJ, et al. Quick and simple
evaluation of sudomotor function for screening of diabetic neurop-
athy[ J]. ISRN Endocrinol ,2012,2012 :103714. DOI;10. 5402/
2012/103714.

[5] Gin H, Baudoin R, Raffaitin CH, et al. Non-invasive and quan-
titative assessment of sudomotor function for peripheral diabetic-
neuropathy evaluation[ J ]. Diabetes Metab,2011,37 (6) :527-
532. DOI.10.1016/]. diabet. 2011.05. 003.

[6] MaoF, LiuS, Qiao X,et al. Sudoscan is an effective screening
method for asymptomatic diabetic neuropathy in Chinese type 2
diabetes mellitus patients[ J]. J Diabetes Investig,2017,8(3):
363-368. DOI.10.1111/jdi. 12575.

[7] Eranki VG, Santosh R, Rajitha K, et al. Sudomotor function as-
sessment as a screening tool for microvascular complications in
type 2 diabetes[ J]. Diabetes Res Clin Pract,2013,101(3) :ell-
el3. DOI;10.1016/]. diabres. 2013. 07. 003.

[8] Smith AG, Lessard M, Reyna S, et al. The diagnostic utility of
Sudoscan for distal symmetric peripheral neuropathy[J].J Diabetes
Complications, 2014, 28 (4) :511-516. DOI; 10. 1016/j. jdia-
comp. 2014.02.013.

[9] Gandecka A, Araszkiewicz A, Pilacinski S, et al. Evaluation of
sudomotor function in adult patients with longlasting type 1 diabetes
[J]. Pol Arch Intern Med, 2017, 127 (1):16-24. DOI: 10.
20452/ pamw. 3884.

[10] Selvarajah D, Cash T, Davies J,et al. SUDOSCAN; a simple,
rapid, and objective method with potential for screening for dia-
betic peripheral neuropathy [ J ]. PLoS One, 2015, 10 (10):
€0138224. DOI:10. 1371/journal. pone. 0138224.

[11]  #E A E, X ZH. SUDOSCAN Ufifr 2 BURH IR 85 B
NS AE B F ST (1], WA B R A 2440, 2016,37(5)
510-515. DOI:10.3969/j. issn. 1007-3205.2016.05.004.

[12] Luk AO, Fu WC, Li X, et al. The clinical utility of SUDOSCAN

in chronic kidney disease in Chinese patients with type 2 diabetes



- 404 -

[13]

[14]

[16]

[ B P9 40 iR 2 7 2017 4F 11 45 37 3555 6 1)

Int J Endocrinol Metab, November 2017, Vol. 37 ,No. 6

[J]. PLoS One,2015,10(8) :e0134981. DOI;10. 1371/jour-
nal. pone. 0134981.

Freedman BI, Bowden DW, Smith SC,et al. Relationships be-
tween electrochemical skin conductance and kidney disease in
type 2 diabetes[ J]. J Diabetes Complications,2014,28 (1) ;56-
60. DOI;10. 1016/j. jdiacomp. 2013. 09. 006.

Freedman BI, Smith SC, Bagwell BM, et al. Electrochemical
skin conductance in diabetic kidney disease[ J]. Am J Nephrol,
2015,41(6) :438-447. DOI;10. 1159/000437342.

Ozaki R, Cheung KK, Wu E, et al. A new tool to detect kidney
disease in Chinese type 2 diabetes patients; comparison of
EZSCAN with standard screening methods[ J]. Diabetes Technol
Ther,2011,13(9) :937-943. DOI.10. 1089/dia. 2011. 0023.
Sheshah E, Madanat A, Al-Greesheh F,et al. Electrochemical

[17]

[18]

skin conductance to detect sudomotor dysfunction, peripheral
neuropathy and the risk of foot ulceration among Saudi patients
with diabetes mellitus [ J ]. J Diabetes Metab Disord,2016,15:
29. DOI.10. 1186/540200-016-0252-8.
Névoret ML, Vinik Al. CIDP variants in diabetes: measuring treat-
ment response with a small nerve fiber test [ J ]. J Diabetes
Complications ,2015,29 (2) :313-317. DOI; 10. 1016/j. jdiacomp.
2014.10.012.
Calvet JH, Dupin J, Winiecki H, et al. Assessment of small fi-
ber neuropathy through a quick, simple and non invasive method
in a German diabetes outpatient clinic[ J]. Exp Clin Endocrinol
Diabetes,2013,121(2) :80-83. DOI10. 1055/s-0032-1323777.
(ks H $1:2016-03-23)

(E42% 400 7)

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Du J, Zhang M, Lu J, et al. Osteocalcin improves nonalcoholic
fatty liver disease in mice through activation of Nrf2 and inhibition
of INK[J]. Endocrine,2016,53 (3) :701-709. DOI. 10. 1007/
$12020-016-0926-5.

Beltran-Sanchez H, Harhay MO, Harhay MM, et al. Prevalence
and trends of metabolic syndrome in the adult U. S. population,
1999-2010[ J].J Am Coll Cardiol ,2013,62(8) :697-703. DOI.
10.1016/j. jace. 2013.05. 064.

Bao Y, Zhou M, Lu Z, et al. Serum levels of osteocalcin are in-
versely associated with the metabolic syndrome and the severity of
coronary artery disease in Chinese men [ J ]. Clin Endocrinol
(Oxt),2011,75(2):196-201. DOI. 10. 1111/j. 1365-2265.
2011. 04065. x.

Lerchbaum E, Schwetz V, Nauck M,et al. Lower bone turnover
markers in metabolic syndrome and diabetes: the population-
based Study of Health in Pomerania[ J]. Nutr Metab Cardiovasc
Dis,2015,25(5) :458-463. DOI:10. 1016/j. numecd. 2015. 02. 002.
Jung KY, Kim KM, Ku EJ, et al. Age- and sex-specific associa-
tion of circulating osteocalcin with dynamic measures of glucose
homeostasis[ J]. Osteoporos Int,2016,27 (3) :1021-1029. DOI.
10.1007/500198-015-3315-7.

Bao YQ, Zhou M, Zhou J,et al. Relationship between serum os-
teocalcin and glycaemic variability in type 2 diabetes [ J]. Clin
Exp Pharmacol Physiol,2011,38 (1) :50-54. DOI.10. 1111/j.
1440-1681.2010. 05463. x.

Diaz-Lopez A, Bullo M, Juanola-Falgarona M, et al. Reduced
serum concentrations of carboxylated and undercarboxylated osteo-
calcin are associated with risk of developing type 2 diabetes melli-
tus in a high cardiovascular risk population: a nested case-control
study[ J]. J Clin Endocrinol Metab,2013,98 (11 ) :4524-4531.
DOI:10. 1210/jc. 2013-2472.

Hwang YC, Jee JH, Jeong IK,et al. Circulating osteocalcin level
is not associated with incident type 2 diabetes in middle-aged
male subjects; mean 8. 4-year retrospective follow-up study[ J].
Diabetes Care,2012,35(9) :1919-1924. DOI;10.2337/dc11-2471.
Wei J, Ferron M, Clarke CJ,et al. Bone-specific insulin resist-

ance disrupts whole-body glucose home ostasis via decreased

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

osteocalcin activation[ J]. J Clin Invest,2014,124 (4) .1-13. DOI.
10. 1172/JCI72323.
Mizokami A, Yasutake Y, Gao J, et al. Osteocalcin induces re-
lease of glucagon-like peptide-1 and thereby stimulates insulin se-
cretion in mice[ J ]. PLoS One,2013,8(2) :e57375. DOI; 10.
1371/journal. pone. 0057375.
Otani T, Mizokami A, Hayashi Y,et al. Signaling pathway for
adiponectin expression in adipocytes by osteocalcin [ J ]. Cell
Signal ,2015,27 (3) :532-544. DOI: 10. 1016/j. cellsig. 2014.
12.018.
Ferron M, Wei J, Yoshizawa T, et al. Insulin signaling in osteo-
blasts integrates bone remodeling and energy metabolism [ J].
Cell ,2010,142(2) :296-308. DOI: 10. 1016/]j. cell. 2010. 06.
003.
Reyes-Garcia R, Rozas-Moreno P, Jimenez-Moleon JJ, et al. Re-
lationship between serum levels of osteocalcin and atherosclerotic
disease in type 2 diabetes[ J]. Diabetes Metab,2012,38 (1) ;76-
81. DOI:10. 1016/j. diabet. 2011.07. 008.
Yamashita T, Okano K, Tsuruta Y, et al. Serum osteocalcin lev-
els are useful as a predictor of cardiovascular events in mainte-
nance hemodialysis patients[ J]. Int Urol Nephrol,2013,45(1) ;
207-214. DOI:10.1007/s11255-012-0156-6.
Hwang YC, Kang M, Cho IJ,et al. Association between the cir-
culating total osteocalcin level and the development of cardiovas-
cular disease in middle-aged men:; a mean 8. 7-year longitudinal
follow-up study[ J]. J Atheroscler Thromb,2015,22 (2) :136-
143. DOI.10.5551/jat. 25718.
Jung CH, Lee W], Hwang JY ,et al. The preventive effect of un-
carboxylated osteocalcin against free fatty acid-induced endotheli-
al apoptosis through the activation of phosphatidylinositol 3-ki-
nase/ Akt signaling pathway[ J]. Metabolism,2013,62(9) :1250-
1257. DOI:10. 1016/]. metabol. 2013. 03. 005.
Dou J, Li H, Ma X, et al. Osteocalcin attenuates high fat diet-in-
duced impairment of endothelium-dependent relaxation through
Akt/eNOS-dependent pathway [ J ]. Cardiovasc Diabetol, 2014,
13.74. DOI:10. 1186/1475-2840-13-74.

(ki H $:2016-12-02)



