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HE . BH W& MBI AF IR L TAFR SR B AR (CAS) #TREMNAL, VAR R A 2R
fi B CAS FREN A RREFHAL R RIE, ik SR 2017F 22017 FO A LTI LEAREE
FE AT IR ALAR AR GG 324 HIBR L TAAE AR R, RAE %% (LASSO ) RIUF A IRAT T a9 IE R F,
BT ANE N et AT (NB) 4R S AEIR AR CAS TREHEA, # A 2k F THHIE (ROC) &£ i L FBR AL
AFE CAS If A IR 3 09 32— BRI IR 4547, HEm & S M I64F + BRBIASR TR, 42 ROC W&
Foik Tl L5 H % (DCA) ML T @R (AUC) FodlkH 2 7 @57 bR L 5 s TREALR ey, 455F
LASSO ke B3 % 11 % C, 8% (C,=28.185), LT SANM T B4 Fih, AR E | BIR, 4KIE. R
R R B S RRIBARRAL Rk X APIRE AKE AR R G (LDL ) R BR( UA o484 C B & & ( hs—CRP ),
FREHA AUC # 0.758 (95% CI : 0.701, 0.782), #BMEH 93.3% (95% CI : 0.917, 0.948), 45 A 47.1%
(95% C1:0.458,0.486 ), #HE ROC W & i A% BUK MAE ARG AR 9 In 5 R, B 2 HESE (tcpO, ) BRILFEHK
(ABI) Fodfnifi 28 40 3 FAGAR, FHFAANTRERE, 23 0F AR + JORMBATRERA, £ AUC A
0.835 (95% CI : 0.795, 0.860), #BEA 76.7% (95% CI : 0.739, 0.796), 4FFH A 88.2% (95% CI : 0.846,
0.917 ), DeLong ## & )5 A2 R T H % (P<0.05), DCA 2R B FERBEH 02 ~ 1.0, ¥R
FEAF + BRI IR TREREA 695 W A 5 TAT S TRERAR . i BRI IRIE AR 2T T AL AL CAS A RAF
) FREANALF UG B S AT o
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Early warning value of skin microcirculation index for carotid
atherosclerosis in occupational workers*
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Abstract: Objective To Explore the early warning value of skin microcirculation index for CAS of
occupational workers, and to provide new clues and basis for CAS early warning value research from the perspective
of skin microcirculation. Methods Totally 324 occupational workers were selected as the research object who took
occupational health examinations in a certain hospital of the heavy industry group from February to September in
2017. The Lasso algorithm was used to extract the characteristic variables in the common indicators, and the warning

model of the professional population CAS was constructed by the NB classifier. A single skin microcirculation index
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with high value for CAS screening in occupational population was selected by ROC curve and common indicator
+ skin microcirculation warning model was established, ROC curve and DCA analysis were used to compare its
advantages with initial early warning models from both AUC and net income. Results The Lasso algorithm has
the smallest C, value (C, = 28.185) after compressed to the 11th step. The variables included at this time are age,
education level, smoking status, drinking status, salt level, physical exercise, AS family history, diastolic blood
pressure, LDL, UA and Hs-CRP. The early warning model AUC is 0.758 (95% CI: 0.701, 0.782), the sensitivity
is 0.933 (95% CI: 0.917, 0.948), and the specificity is 0.471 (95% CI: 0.458, 0.486). The results of screening
the skin microcirculation index according to the ROC curve retained the three indicators of tcpO,, ABI and
perfusion percentage and were included in the early warning model. The established common indicator + skin
microcirculation warning model had AUC of 0.835 (95%CI: 0.795, 0.860), sensitivity of 0.767 (95% CI: 0.739,
0.796), and specificity of 0.882 (95% CI: 0.846, 0.917), the DeLong test showed that the latter fit better than
the former (P < 0.05). The results of DCA analysis showed that the net benefit of the common indicator + skin
microcirculation early warning model was larger than the initial early warning model in the threshold probability

of 0.2 to 1.0. Conclusions The skin microcirculation index has a excellent early warning value and clinical

application prospect for the occupational population CAS.
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(receiver operating characteristic, ROC ) 2R 6 A e ik
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)45, SR FHTEDC T 7 2T R, LN A FEAS . SC
PRRREE . WRAHRPARI . ARTERIRDL . S ERFERE | IR T
Bl KRR AL S S A5 . A DGR o B S (DA,
B R R AT 1 3 H52E 64 H LU Q1K
TR FPE AL T 1R RS 1L04EUL . O
ERFREEIR , FEEERE <3 o/d s EVEESE T, fEaEh
3~ <6g/d; BEAREME, fEEEE = 6 mmol/L.
DB R A5 PR RA AiZ s = 31K, = 30 min/IX,
Rz AL,

122 fhisied RS KAT A MR, R
TG . sk kA 4. O R - iR
BHHSE TAEA B st s, Ge— i F e A e
UDEX-Twin [ %4 B gl F il R ( HASZ B wobkX
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DU PR 1 B A0 T3 = TR 1 ~ 2 em BB IAL,
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PRFR e AR e ISR 3 K, B2 3 Ik
IR T 0 R ot 1 1 X (A A G e 28 0 A
@ e IR« SRS Peri Flux 5100 #0623 4
VU S8 T I A (it ML i B AE R BRA FD, ) X E
FEXT AT K R SOE AG LR AT o i |4 A BIE 5 X6
G HASH . WERIIME, ERBFFTXT G E T 30 min
PEATRERSHIAE 22 ~ 24 CHIRAEE N, TRIZLZE),
SKHPERMY, DU, R, Rambul
T T T P Y AT TR R B R A, R R R T
SETIEIE, AT R BORR Sk SRR SR ETC
BRI R AACAE B R b, ARPEAR R Rk {5 5 Il
FIMFAL, Wit Perisoft FRAFDEAT /M FALHE, 15
EURAE BAE IR IC S L FE b e e v B JER I 3 )
BFEIA 1.5 min, JEE SRICTHE MR 44 CLEFF 6 min
DL b, BRR AAE He 3 Ol in R 2= i 3 Ik
FEHBCHPIME, IR AT X 28 B S0 TR Sk A T
BT F e, I BT 3 ~ 4
VR VM AR TR B o 00 S5 3 5 0 o, st [ 00 g
TR . T M KA REE . OISR A -
Ivi] — {7 LA 8 7 A e e I s Az i P 45 20 (23
s 2 (GINEEEY R B PR A RAF )
AT SEh kAR A, BRSMIR S ~ 12 MHz, WF5Y
X G FAAMZTRAFAMEM , BRI, Sk 17
FRIA M, AR A . A PN 50 0 ik ot A5 1

AT, AESUR TR SR S O i A T
WAL, WENICEAT IR S8 R 3, X Sia) bk
I3 AL SN IKFNETN SR TR A, R A
B, A3 AR AR 4 Ab il AR R 4 1.5 em
ARAGIN IMT F92 5% FREEATRE a4 AR 5t o 25 HX
XL A AP SRSk . STNshk. S5tz
JkANZ o ALV S BE 1.5 em AU IMT, %4077
TE CAS BEHUJ L I HOp AL %5 1.5 om {37 E I IMT,
ARG 2015 45 € i A v 1f A R 75 A A e )
4 CAS 2& S H B IMT 38 JZ ot A A AL BB 2 Fh i
OUHPAT R 1 R YIRSk, BNk, Bioh 3k
BBk 5> AT RFBALE IMT = 1.0 mm B FE
IMT 34J5 5 USSRk, SNBIK. S5shkFsizh
kA3 XAMEEFRALAY IMT = 1.5 mm, &4 500N 1T
MAEEN, SR PR A RS 5 = T 8 321 IMT /9 50%,
U5 Ry Sl Bk sk A R AL BT B
123 Rt d  REDITIN G IR 2SIk
15 ml FARSLEER M T, T3 h LA 4 500 v/min &
0> 8 min, RAVEMEREGICEENREH (LDL), JK
M2 (UA), 8 C IV (hs—CRP) SFMAEAAERR,
AR SR Y KRG — A TR, LDL : 432k 428, LDL<
2.6 mmol/L. "N FEAHIKE32.6 ~ < 3.4 mmol/L. HE 1K ;
34 ~ <41 mmol/L. HHZHE ; LDL = 4.1 mmol/L K
T . JRER « B > 420 wmol/L, 2t >357 wmol/L
IEFAE, AR TR % . hs—CRP = 434 3 2K,
hs—CRP<1.03 mg/L I fE B 5 103 ~ 3.00 mg/L
HRERERE 5 hs—CRP>3.00 mg/L A s G
1.3 SitEFE

HIE 53T R FH SPSS 20.0 Al R3.4.3 Se 4R A2
Bl fFEIES AT R ORISR « ARfE2(x +s)
Fon, HB e K ge, ASHRMIEZS A5 i LA A BOr
VUM M ( Py, Pry) 37, HEBER A Mann—Whitney
EHATAESERS ; THERRI LIRS LR, T
B xS, RIVEZRA Y (least absolute shrinkage
and selection operator, LASSO ) TEEE PSS AR, 3
TFANZE DL (naive bayesian, NB ) 73S 854 Z HH )
NFF CAS TRERAY 5 fdi ] ROC Pk e x Ol A HE
CAS G RN (L 25 14 B — B JORAVATE P4 b i 7
FHEEFR + B RIAAE P BUE A 5 il it ROC 2k Fnik
T M7 (decision curve analysis, DCA ) M AUC
Agnlicas 2 77 B S RO A L34 . KKk i
a=0.05 (X)), P<0.05 hERAFITHE X,
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BB 2 s 430 %
2 #R 1% R ZH SE AR T AE P IR (52.3% ). X BRULA G

21 WAMRNIHELRER

3 328 A (58] A O STk DA B A G IR RN, g A W)
URAF B R A FHARARIPOL TN CAS iR, 4146 A 10
ARG AR AT AR, AR RSN R R
172 R 24 Wi s ke AR g L s O, 1T 5
Kappa=116.696, R TZIKIH T (variance inflation
factor, VIF ) =15.279, F£WFAEEILLMHER %, XH
LASSO 5332 fif e 22 5 IR 2R M A 100 LA B S IURRAIE AR
KA R IMAEE: . LASSO Bk7EE45 2155 11 4
C, i/ (€,=28.185), IEHN AR BA 4R . ik
FREE . WM. RS, EERARE . IREBR. shlkoeRE
mEfb RS . &F3K% . LDL, UA fil hs—CRP, PHLLIFEAE
WA FAFAE 22 (P <0.05), JRFIZHTE 40 % KL b5
Y K ZH (88.3% ), ikt HRZH EEAEHTE 30 ~ <50 %
(78.4% ). B SCALFREERAR, Dhmrhalih L2205k
F (52.0% ). XFFELH AN AH LA ( 62.7% ) = Tl
21 (38.6% )o TR MANIRI L] (74.5% ) 1= T35l
2H(53.8% ). JoIZH AR AR 5 1 MR 6 £2( 52.6% ),

VKRNI (47.1% 1 52.9% ), Tiidws i 2H
HFIRFBEE (749%) WXL (47.1%). WA
FELE B KR AR AL S S A B L1/, 43000 9.4%
1 2.0% 5 19 40 AT HE 40 7 LDL AN hs—CRP 4345 17
1EZES (P<0.05), W4 LDL B g6 (19.9% )
Tt el (4.7% ) KT X HRAL (26.8% F115.1% ).
95 191 41 155 hs—CRP A E5 1 (19.9% ) 2 T i
2 (0.0% )o HBAPH 243 25 5 7 i 191 246 5 % HR 41
FEEPSKIE A UA TR HLER, 2R EGi#E L (P>
0.05). W& 1,
2.2 AR KMIEIMERRILE

9o 191 25 A6 BRZH 78 28 B 48 03 TR (tepO,). B .
B BRIEFEEL CABL), Jn#ARTIMGAEE . AR
MR E O A SR X (P <0.05), Rl
1A tepO,. ABL R FEIEA: & 40 AR X B4, /et
S 0 S ) 1 20 1 1| RV RS S TN o 1 4B = e 4 4 E
PHLH PRI . k8% (TBL) FUNAAJS i 3 i v
WHER LG (P>0.05), W% 2,

F1 WHZ LASSO HiXRINE A EEEME # (%)

a8 SRR WA
e G SRYe T I T T
A 171 1(06) 19 (11.1) 96 (56.1) 55(322) 33(19.3) 89 (52.0) 49 (28.7) 66 (38.6) 17 (9.9) 88 (31.5)
XFHRZH 153 16 (10.5) 39 (255) 81(529) 17 (11.1) 18 (11.8) 67 (43.8) 68 (44.4) 96 (62.7) 11 (72) 46 (30.1)
x fH 40.584 9.630 19.064
Pl 0.000 0.008 0.000
- Rl R TR Bk Sk RERE AL

MGG BRI — A iR e A & o JE

gl 92 (53.8) 10 (58) 69 (404) 24 (14.0) 57(333) 90 (52.6) 128 (749) 43 (25.1) 155 (90.6) 16 (9.4)
SR 114 (74.5) 4 (26) 25(229) 35(229) 80(523) 38(248) 72(47.1) 81(529) 150 (98.0) 3 (2.0)
X MH 15.083 26.118 26.407 8.001
P {8 0.001 0.000 0.005
, FAgINES LDL/ ( mmol/L ) UA/ ( pmol/L) hs—CRP/ ( mg/L.)
- <90mmHg = 90mmHg HREUKT AEAT h&Hhe  THE E¥ R wE  hE AE
FRBIE  126(73.7) 45(263) 63 (36.8) 66 (38.6) 34 (19.9) 8 (4.7) 133(77.8) 38 (222) 116(67.8) 38 (22.2) 17(19.9)
XL 111(72.5) 42 (27.5) 21 (13.7) 68 (44.4) 41 (26.8) 23 (15.1) 116(75.8) 37 (24.2) 124(81.0) 29 (19.0) 0 (0.0)
X E 0.053 28.028 0.175 17.530
P1H 0.818 0.000 0.676 0.000
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2.3 BRI T A CAS Y B BRI INTE R IF I

W I 5% 6 G2 5 B 250 8 ko 7 12 W 45 AR O )
Wi CAS IE# SR ki) &briE, i/ ROC g 7
AP TN CAS 9 THERAS He kS B4 48 A 0 A6 1) e AR I
FHE S, I AUC FI P IEIE BE AR N P8 45, ROC
M oA 45 R R WK RIREE | tep0,. B, BEE.
ABIL. TBI. JRFEAHT I 0 & . s i o 1
FLI A HE R A 43 L 9 AR AR I FHE 5318 31.8°C .
59.0 mmHg,159.0 mmHg,111.0 mmHg.1.1.0.8.8.0 PU,
66.2 PU 1 803.0%, H P tepO,. B, BEJE. ABI.
TR I 378 9 A R A IV T 43 LU ROC 283
P TIEMELR DL B, HAUCS0.5, HZ AUC #3621
GEREAGHERE L (P <0.05), BARABIGEH Rk
TG A W 0K A2 AR 3 A 22 ~ 24 CIYE IR
B, MR EEFE AR AR M v v U e R R
S Y SR DX IR, FLAAR SRR Tk 25 S
AUC>0.5, {H i T a8 A 2 i 1] B8 B ek, I HL 2% i 3|
R ST B 4 5 X R A A IR 95 S L A
HROC Ml Ze T 5 e AN 23 32 M 15 25 B S I R
T Ie IR T AF 78 485 SR % b . ABT R 1 40 e 2
2 AN AATERR, HAY L A R AL Bh kol i 1, AL
I I T AR M R R, B
PR A IR X, I H_EiRg5 R0 TBI 7eR
BZFIG IR bAE, 22 55 R84 X (P >0.05), il
Z BEFE I PRI S RN SE A I, DR AR R 45 101 25
IFEE ARG RN, BTG HE bRl R R . B
FE. BEFE . TBIL AR i 3 VE 2 A0 B S i i v
HEHERRE, £ tepO,. ABI FIMLARHERE &40 1 3 3

AR bR, FFANATBR . WK 3,
2.4 tEHR T A CAS &Rz

L LASSO B ¥E 065 19 11 WS bRi i [ A8 it
B k4 R R A f, Ad R AN 2R DLt Hirde e Rl T
N CAS TR, fdiF] ROC 2P BIL & RO
2 R R SRS | BEAILE X 80% Bds HEF Tl 25
T4y 20% BTN, SE Laplace il £t 1 Fr
TR T, DA Ak 3RS 9 N 57 3 P A sl B 2
BB . B T A CAS ¥R FZHIR i AUC
9 0.758 (95% CI : 0.701, 0.782), #PE N 93.3%
(95% CI : 0.917, 0.948), FE5HEH 47.1% (95% CI -
0.458, 0.486), ROC HZR45 R LI 1., 76 E i
RIELAR F, YRIN tepO,. ABI FUALGEHEE f2 28 b2 3 13
F RAE A TR e b, B SR IHRAE TN CAS T
BEARY T80 R R B0E 146 A 5 BT B AUC 24 0.835
(95% CI : 0.795, 0.860 ), HUEMER 76.7% (95% CI -
0.739,0.796 ), F: 5 88.2% (95% C1:0.846,0.917 ),
ROC Hi£k &5 LI 2., 1T DeLong K56 HL 5% 2 FhAR
RIS, HERER (Z2=-2013, P=0.044), £WHH
BRI R BE AL T8 AR bRk TUE AR . 2 Fh i
B BRI SRR L3R 4.
2.5 {Ef DCA o#f 2 #RBIH) &5 25

Sk T Sy 4 T b % B I DRSO [, i e 3k
KERR % H & 89 “Decision Curve” RIES R F M"Y,
PE— 25 DCA S FT 88 0B JER S0 48 b Je BR L T
N CAS T AR 55 5 FHAR bR g2 L TN CAS i
B ) i 25 D 4. HEAR BRI TN EAAR CAS Ak
BPPRR AR O A TR, K AR R

*®2 WARKMBERERILR

ZH 5 n RFRE/ (C, X+s)  tepO/ (mmHg, x+s) K/ (mmHg, x+s) BEE/ (mmHg, x+s)  ABI (x+s)
IR 171 28.53 +2.39 56.20+ 11.78 153.74 £ 21.57 118.16 = 26.80 1.13+0.18
it B 153 28.80 + 2.68 61.81+12.85 143.76 £ 21.10 110.70 £ 27.23 1.17+0.14
t1Z 8 0.956 4.081 -4.200 -2.484 2.350
PH 0.340 0.000 0.000 0.014 0.019
a3 TBIM (P,. P,) tﬂ%ﬁ&ﬂ%/ﬁiiﬁgi; g[PU, ﬂu%)’a}‘ﬂ?ﬁi?&gﬁ; g[PU, mﬁfﬁz}iﬁi ih)/[]%,
R 0.88 (0.79, 1.00) 9.80 (6.25, 12.60) 71.5 (5475, 90.20) 752 (580, 896)

it HRLL 0.80 (0.73, 1.02) 8.19 (7.80, 11.55) 71.9 (54.40, 87.90) 643 (419, 775)

t/Z 18 -0.927 -4.131 -0.500 -5.075

P18 0.331 0.000 0.617 0.000
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£ 3 9 MREBAMIBEIMEMRIGHERM T A CAS 9 AUC Fisg R
IR 31.8C 0.032 0.533 0.477 0.588 1.021 0.307
tepO, 59.0 mmHg 0.031 0.621 0.566 0.674 3.858 0.000
BT 159.0 mmHg 0.031 0.637 0.582 0.690 4.476 0.000
A 111.0 mmHg 0.032 0.580 0.524 0.635 2.507 0.012
ABI 1.1 0.032 0.585 0.529 0.639 2.664 0.008
TBI 0.8 0.032 0.531 0.514 0.183 0.968 0.333
IAAHT I JE 8.0 PU 0.031 0.636 0.581 0.688 4370 0.000
TR Il v v 66.2 PU 0.032 0.484 0.460 0.571 0.483 0.629
I 4 803.0% 0.030 0.663 0.609 0.715 6.464 0.000
=) S
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1- HESE 1- 5tk
B 1 ¥IETE#EER ROC Mk B2 HHRER+ ERERERTZEEER ROC Mk

K 28.9% T FTEIISENCHN “case—control”, LA “0”
FORKTRRAL, DL 17 RoRFEHIAL. G50 BN BT
02 ~ 1.0 X[E], B0 3 IR K GG 46 bR S B 1

LR AR IR TR R BB, HRUE M (E
ML TR . UL 3.

F 4 2 Fh LASSO+NB FRZiE R iy s T &

L
L - - - -
R - - - -

W AERR + Bk
AR T AR

fififk
E#

0.226 0.472 0.679 0.537

0.774 0.528 0.321 0.463

- - 0.007 0.109 0.591 0.292
- - 0.081 0.252 0.545 0.122
0.204 0.480 0.007 0.117 0.547 0.328
0.796 0.520 0.089 0.236 0.561 0.114
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gk 4

WA AR
TifL 0.182 0.467 0.350 0.511
IEH 0.146 0.528 0.325 0.472
W DR + BK
THAEER BT
TifL, 0.175 0.453 0.372 0.511
EH 0.130 0.520 0.350 0.463

0.088 0.401 0.635 0.036 0.328
0.089 0.439 0.642 0.041 0.317
0.095 0.394 0.657 0.036 0.307
0.081 0.455 0.634 0.049 0.317

WA AR
TifL 0.153 0.445 0.401 0.591
IEH 0.154 0.439 0.407 0.634
B DR + BAK
THAEERFUEAE Y
fifL, 0.161 0.46 0.380 0.613
EH 0.179 0.423 0.398 0.610

0.409 0.934 0.066 0.715 0.285
0.366 0.943 0.057 0.780 0.220
0.387 0.752 0.724 0.956 0.044
0.390 0.248 0.276 0.951 0.049

0.774 0.226 0.759 0.190 0.051
0.772 0.228 0.756 0.195 0.049
0.766 0.732 0.737 0.204 0.058
0.234 0.268 0.715 0.244 0.041

VIR T AR
itk 0.336 0.409 0.212 0.044
IEH 0.138 0.463 0.260 0.138
W HEAE + Btk
TR B T A AR
itk 0.358 0.380 0.212 0.051
EH 0.146 0.455 0.260 0.138
e — CAS Fl
— FHEAR + S A A
a All
X8
= o~
'EE'." (=)
< t L . "
(=)
0.2 0.4 0.6 0.8 1.0
[ HEE 3
3 2 MiRE#AF) DCA S
3 iTig

KA AL e SHUARARR ShBE s DA G, B

AT BEAE £k PT DL S e sl Ik s Ao s Ak 1 2 R, 7
K48 A [ e sl L 22 2 R AL S 28 ] R Ak Tt
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