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Correlation between standardized F-wave latency and carotid intima-media thickness

in type 2 diabetes mellitus patients with peripheral neuropathy

LI Shuang' , FANG Guowei’, WANG Zhumei'

1. Electromyography Room of Special Examination Department, 2. Department of Endocrinology, Affiliated Hospital of Shan-
dong University of Traditional Chinese Medicine, Jinan, Shandong 250014, China

[ ABSTRACT] Aim  To explore the correlation between the standardized F wave latency and the carotid intima-
media thickness ( CIMT) in patients with type 2 diabetes mellitus (T2DM) peripheral neuropathy ( DPN). Methods
120 DPN patients who visited our hospital from March 2022 to May 2023 were selected as the study subjects, and were di-
vided into thickened group (n=157) and non-thickened group (n=63) based on CIMT. The general information and
standardized F-wave latency of two groups of patients were compared, and multivariate linear regression analysis was used to
investigate the relationship between standardized F-wave latency and CIMT.  Restricted cubic spline model was used to an-
alyze the dose-response relationship between standardized F-wave latency and CIMT thickening risk, and ROC curve was
used to analyze the predictive value of standardized F-wave latency for CIMT thickening.  According to the degree of DPN,
the patients were divided into severe group (n=42) and non severe group (n=78). Multivariate Logistic regression was
used to analyze the risk factors of severe DPN, and subgroup analysis was conducted on severe DPN in different CIMT.

Results The minimum, average, and maximum values of standardized F-wave latency were higher in the thickened group
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than those in the non-thickened group, and the difference between the two groups was statistically significant ( P<0.05).

There was a non-linear dose-response relationship between the minimum, average, and maximum values of standardized F-
wave latency and the risk of CIMT thickening (P<0.05). As the minimum, average, and maximum values of standard-
ized F-wave latency increased, the risk of CIMT thickening increased. =~ The minimum, average, and maximum values of
standardized F-wave latency were positively correlated with CIMT (P<0.05). Long duration of T2DM and elevated stand-
ardized F-wave latency were independent risk factors for severe DPN (P<0.05). The overall DPN severity was more se-
vere in the thickened group, and severe DPN occured more frequently in individuals with a minimum standardized F-wave
latency =13. 12 ms, a mean standardized F-wave latency =17.04 ms, or a maximum standardized F-wave latency =
19.35 ms.  The minimum, average, and maximum values of standardized F-wave latency had good predictive value for CI-
MT thickening.

Conclusion The standardized F-wave latency of DPN is closely related to CIMT.  As the minimum,

average, and maximum values of standardized F-wave latency increase, the risk of CIMT thickening increases, and together
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they affect the severity of DPN.
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A s F AR R A, KB R P AT
5 FWRE ¥ (B =240 g/d, L =220 g/d) . &
WA 1) A (o R R M 4R T (2015 4R ) ) #EAT
H &, K48 %k (body mass index, BMI)= K& (kg)/
4% (m)?, AHZE A8 h FERERKM 2 mL, 1
2= fg i #E (fasting blood glucose , FBG ) F1 4# {t, ifn 21 &
& (hemoglobin Alc,HbAlc) ,# it 0 iR & & ¥ it &
R EEJF 2 h i,
1.4 FREN F KBRS
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2.1 CIMTEEASKRIEEH—RIGKZ LR
HAJEZH %) T2DM fR RE AR I IR 41 88 0, FBG &
J& 2 h VAT HbAle T4 (P<0.05;% 1)

R 1. CIMT EEHS RIEEH—RIEART LR
Table 1. Comparison of general clinical data between

CIMT-thickened group and non-thickened group

WiH RIGIREH HRELH

(n=63) (n=57)
SR % 47.55+2.67 47.73+2.64 0.711
BH/ [ HI(%) ] 35(55.56)  32(56.15)  0.949
FIMLES /[ (% ) ] 14(22.22) 12(21.05)  0.877
R/ [ B(% ) ] 13(20.63)  11(19.29)  0.855
FWGES/ [ B1(% ) ] 23(36.50)  21(36.84)  0.970
RIS/ (%) ] 24(38.09)  29(50.87)  0.159
WA /[ (% ) ] 27(42.86)  32(56.14)  0.146
e ./ mmHg 101.93+1.27 101.72+1.96  0.482
#F5K H/mmHg 68.72+1.74  68.39+1.59  0.282
S35 80 ik e/ mmHg 76.17+2.33  76.29+2.38  0.781
BML/ (kg/m?) 23.22+1.89  23.27+1.87  0.885
D/ (R/5T) 87.96+0.41  87.89+0.35 0.319
&J5 2 h A/ (mmol/L) 11.45£0.96  12.53£0.55 <0.001
FBG/( mmol/L) 7.98+0.32  8.60£0.22  <0.001
HbAlc/% 7.72+0.42  8.02£0.56  0.001
[ MG/ [ (%) ] 32(50.79)  37(64.91)  0.118
T2DM Ji 8/ 4 13.82+0.51  14.24+0.55 <0.001

2.2 CIMTBEASKRIEEHABERAEN FIEER
HAE L 8]

MR bR ELL F B ORI S /ME R 3 R
HF i 19.5% , ¥ {E T+ 30.0% , e KAE T
25.2% (P<0.001;%2) .

2. CIMT IBEAERIBEAREN FIEBERPABERILER
Table 2. Comparison of standardized F-wave latency

between CIMT-thickened group and non-thickened group

AL ms
WiH RIGIREAH H4 R
(n=63) (n=57)
Fruiedl F SRR/ ME 13.1520.91  15.71+1.83  <0.001
FRuedl F ORISR 14.1621.65  18.40+1.63  <0.001
Friedl F ORI BRI 16.69+1.37  20.89+1.58  <0.001
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2.3 CIMT 5#r#Ed FiEB RN XR

FER AR bR fb F R 0 e/ ME 5
AN 1 ms, CIMT JEEEHEAN 4. 881 mm( P<0.001) ;i
BRI R IG  briefl F IR S/ MES S cIMT
FBFEIEMHC(B>0,P<0.05), [FHFE, brififl F ik
TR Y (A dee KA AE TR 5 055 CIMT & 254
X:(P<0.05;%3) .
2.4 FREN FOEEREART CIMT 182155 9 T
DN

ROC £k 434 7R, bR AL T 3 W AR 30 o /s
{8 S A B R AE 0 CIMT 484 J55 A il 28 1 v AR
(area under the curve , AUC) 43714 0. 848 0. 845 FI
0. 829 , ¥ HA B i B FHANME (P<0. 00153 4)
2.5 CIMTiEERK SFREML FiRBRENOTE-
S AVEXA

BRI S7 R S R AR vEAL B TR )
() e/ IMEL I E A R KA S5 CIMT 34 5 XU 4 47
TEARLRAMEFI N K 2 (P<0. 05) , YhnifiEfk F g
PRIAR I/ IME =13. 12 ms Y =17. 04 ms K
{H=19.35 ms B, BEE bR ELL F 300k 199 10 B/
18 - 208 1 5 KA TH 8, CIMT 189 J5E JXUR: 334 in | 5

EAIE(P<0.05; K1),

3. CIMT S5ixgL F BRI S T & Em A5
Table 3. Multiple linear regression analysis of CIMT

and standardized F-wave latency

CIMT
S|
B(95% CI) P
FRUERL F BRI e/ ME
A AR 4.881(2.806 ~6.404) <0.001
FA 4.593(2.171 ~6.389) <0.001
T 2 4.322(2.623 ~6.691) 0.019
FrifEdl F s RV 2
AP HE AR 6.712(3.782 ~9.866) 0.013
B ] 6.628(3.381 ~9.898) 0.002
I 2 6.206 (30201 ~9.752) <0.001
Frifidl F s IR R R (B
AR R 3.226(1.537 ~5.158) <0.001
B 1 3.544(1.703 ~5.602) 0.012
B 2 3.168(1.205 ~5.682) 0.007

AR 1 PR AR PR B Sl R s S — I PR R
SO R 2 AR 1 B SERE B R T2DM 5 FE FBG &S 2 hoIfil
W R A L BRT CIMT B9S2,

F 4. AL FIRBRETN CIMT /28 ROC M ER
Table 4. ROC curve results of standardized F-wave latency in predicting CIMT thickening

S AUC 95% CI P Raadia RAGE ZPBFEEL
FRUEAL i R A S5/ IMEL 0.848 0.182 ~0.975 <0.001 0.715 0.886 0.591
FRUELL B VAR DI 34 (E 0. 845 0.461 ~0.923 <0.001 0.694 0.892 0. 605
FRUELL B VAR I B R (E 0.829 0.514 ~0.901 <0.001 0.719 0.896 0.597

4F 4r 41
& & &
a1 T a
= = =
= 1| = 1} = 1t
(&) (&) O

okl 1 1 1 1 1 okl 1 1 1 1 1 okl 1 1 1 1 1

10 11 12 13 14 15 14 15 16 17 18 19 16 17 18 19 20 21
Fik R R/ME/ms FiBGE R 1418 /ms Fig B R & K E/ms

E 1. CIMT £ERE SHREN FiEERANHE-REXR

Figure 1. Dose-response relationship between CIMT thickening risk and standardized F-wave latency

2.6 AE DPN EEEEENIRRERILE
T2DM JiFE &5 B DPN IV EE R & (P<
0.05) ., HEHFRAEI F IR R/ ME R AR B E

ATt 21.1% , F 3 E TR 31.4% , I K E T H
27.8% (P<0.001;3%5) .
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% 5. "[E DPN 2 E E2EMIER T EEE
Table 5. Clinical data comparison of patients with different degrees of DPN

H EE UL (n=T8) A (n=42) b

i/ % 47.90+2.23 47.62+3.02 0.258
B/ [ (% ) ] 38(48.72) 29(69.05) 0.493
EMES/ [ (%) ] 14(17.95) 12(28.57) 0.751
DR/ [ (% ) ] 14(17.95) 10(23.81) 0.851
BRIRIR R L/ [ H(% ) ] 25(32.05) 19(45.24) 0.756
PSR/ [ (%) ] 30(38.46) 23(54.76) 0.933
MR/ [ (% ) ] 33(42.31) 26(61.90) 0.966
i s/ mmHg 101.86+1.33 101.80+1.67 0.509
&7 5K ./ mmHg 68.63=1.82 68.54=1.46 0.967
S8 ik / mmHg 76.19+2.45 76.22+2.21 0.996
BMI/ (kg/m*) 23.23£1.29 23.25+1.78 0.241
LR/ (R 87.9520. 42 87.92+0.37 0.232
45 2 h I8/ (mmol/L) 11.39+0. 38 12.63+0. 42 0.029
FBG/ ( mmol/L) 7.92+0. 36 8.67+0.27 0.045
HbAlc/% 7.67£0.39 8.09+0.48 0.023
il 55 248 il % 46(58.97) 23(54.76) 0.994
T2DM Ji L/ 46 13.89+0.52 14.310.52 0.017
FruEdt F AR 5 /ME/ ms 13.08+1.21 15.84+1.76 <0.001
FrUEdl F AR 31H/ ms 14.13+1.78 18.57+1.64 <0.001
FrRUEdl F B AR R K IE/ ms 16.45+1.23 21.03+1.89 <0.001

2.7 #Wm DPN FREMNZ EE Logistic 3417

Z N E Logistic [81 94381 W7~ , T2DM Yk 2 4
B 1 A EEE DPN XU 34 38. 1% (P<0.05)
PRuEAL F O AR B/ IME BRI 1 ms, XURS: 3

62.2% (P<0.001) , br#Efb F i AR W Y18 B
WhN 1 ms, KU HE N 51. 6% (P<0.001) , brififk F
PO AR W B KA AR I 1 ms, XU 3400 0. 576 1%
(P<0.05;%6),

% 6. 0T DPN 2 E Y /2 1 B 2= [0 )3 534
Table 6. Regression analysis of risk factors affecting the degree of DPN

Tt H B SE Wald x* OR 95% CI P
45 2 h A 0.305 0.391 0. 609 1.357 0.136 ~1.906 0.062
FBG 0.491 0.739 0. 442 1.635 0.079 ~2.425 0.088
HbAlc 0.547 0. 685 0.638 1.729 0.037 ~2.591 0.076
T2DM J5 2 0.322 0.248 1.694 1.381 1.105 ~1.922 0.003
FruEdl F AR R/ IME 0.483 0.283 2.920 1.622 1.316 ~1.757 <0.001
FruEdl F AR {E 0.416 0.322 1.669 1.516 1.279 ~1.842 <0.001
FruEdt F AR R R (E 0.454 0.609 0.557 1.576 1.163 ~1.967 0.013
2.8 A[E CIMT EE DPN BIEH 5 47 3 i

AR 37 7 B 2 A5 45 21 (9715 0 R o 4 AR
Wi, T AE A R bR AL F R 40 R, AT
CIMT HE i DPN Wy & E 22 5%, 4R Bos 3 RA W
SR DPN FREE R, B DPN 2 & AR fEbR ik F
WV AR B/ ME =13. 12 ms & SFHE =17. 04 ms
FH KM =19.35 ms F (£ 7).

T2DM 1 N — i 2 2R VE A48 PR B | I A E
()32 A F A B 2 3 T AR 4R ) i Bk
R DPN S T2DM WL IF R AEZ — A R
PR A 358 S AU 7 A R 3 AN HE R, DPN AR
TR MRS o B A S i 9 It
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& 7. AE CIMT EE DPN HIEA 5317
Table 7. Subgroup analysis of severe DPN with different CIMT

RIEL (n=63)

AL (n=57)

bRl F AR P
Bk  EEDPN/[BI(%)]  HIE  EE DPN/[HI(%)]

FruEdl F AR5/ ME <13.12 ms 47 4(8.51) 22 2(9.09) <0.001
=13.12 ms 16 8(50.00) 35 28(80.00) <0. 001

FruEdl F AR {E <17.04 ms 49 3(6.12) 25 4(16.00) <0.001
=17.04 ms 14 9(64.29) 32 26(81.25) <0. 001

FruEdt F ISR R R (E <19.35 ms 52 6(11.54) 31 10(32.26) <0.001
=19.35 ms 11 6(54.55) 26 20(76.92) <0. 001

O Z 1 B A BT AR A5 000 A A R b 48 2T A i
1, BRI IR S8 P L1 B D) g A S
AR, AR AR A S e, AR OR, A R 2F
WA A, DPN [ & IR HLE 2 Wi AR K if
7R AR T R BORT Y 2 AT AT
DPN {11l A BB AL 15 AR A T LT

CIMT 7] Jsz bl 1fiL 757 B (7% 95 AR A1 D, A2 I IR
AL S KR R Ak ) T ZE 8 b, HLG S B 43 4
D Hi A5 e ARG B B T I AR O B 5 R
BT W PRI BB CIMT B4 55 Z R AR S 4 %
A I R FEAFE S B AR, H 2 AT DLAS B o
Al BB 118 DRI AE 5 2 i RG] e 4 D 1 2
% DPN [ nT e, F i Sy AL ep RS I v ) e o
PO IR T UL 3is S p 2000 ) 4% 5 2 v i FRA
BEAN M T 1R 2 30 it ) o A, HE S T LS T S A
25 % JE 1B w22 ) A5 05 15 . UL R R T A
DPN Wy5CHE Tk 2 — 16 DPN B | F I ag ik
HIZER IR R AR A S B 0, nT BE 2 & AR
MM S, BEAERFFT R WYY DPN (35 9 fil 2
R R DINE S F O AR TR | Sl 22 D RE Y
P A 5 a0 A A A Sl 2 2 ks A B Ak 1) 2
BUIMIE, F v R fe/ M F R e 2648 J: 1)
B HRARAS , HEAE K 4R % i 28 2 2k (1) SR 1) D R A2 0,
AL G o8 2 BT F P AR 07 24 (A ol e — [
H IS8, ASBF5E [R5 52 T AR 4L F v AR
I S/ ME B R R AE, 9 DPN A 1A £ 41t
THEAMAMA, BRAETF RS F SR
/IMEXT DPN F-- 92 e B 4 e (9 ORI LI
FE I R A 229738 [ B, HL 5 8 AT BE R 1 I PR IR
P, F R F-E R I R & 0 ph 4% &
TIREVEAt i br , L AE 1 38 5 55 il 2 150 5 R g % i
Bitioe, ARWFE4E R s, DPN B ArELL F ik
AR (/IME L CEYE R R ) 5 CIMT 2 B3
IEARSE , HL= 8 X% CIMT 38 J5 25 1A 458 5 A 3900 47y

{8, BREE S, RE AR R WoR | brifEfE F I TR 30
W de/IME SF S4B A KB 5 CIMT 14 J5 XU 22 (1]
AR - RN E R A AR AL F R
FE, CIMT $ AR 2 8 1T, WFoE R, & b
ARG S5 P 350 28 P9 IS A i 4895 72, T 5 &
PR AL BESY , P2 F PRI K A Eh
KSR RERTE Ak 5 | A Y I A R i JRE T gl 2 ot £ o AL
091 &3 nel v g 1V E R 7 TR S B o R ol Ol
PRI CIMT 35 2 [ Y IEAH SC O R e T #h e 5
M58 R GE 2 A7 6 A0 B 5200 1) 52 2 4%, X Fi A
H RSN T DPN Sl K RERE Ak () i J T % T
— R ER AN, 2 A A SR, R A
A& DPN £ 0 &, # F DPN 2 % AR 7Ebrififk F
TSR I . 7E DPN s B FR b | b 25 4
CINizGEUR AT G RN IR0 Qi el IKER A B
FAE SIS 1445 f in i 3l ks R B b i i L T
i, S kORI RERE AL Y & A= 0 RT B o 52 e 1l A R Y
P 28 S T R 28 35 T ) R K A — 25 R ok 2295
A5 PRIRPR AL 5 I A AR Z AR B R

AT AT AE — 2 1Y Jmy BR M, 98 A RE A AH X B
— BRI T EE A e, O TR SR A R
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