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A cohort study of lipid levels and recurrence risk of ischemic stroke in a community-based natural
population in Songjiang District, Shanghai
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Abstract: [Objective] To investigate the recurrence of ischemic stroke (IS) and to analyze the association between four indices of total
cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and triglycerides (TG) and the risk
of IS recurrence by analyzing the follow-up data related to IS in the community-based natural population of Songjiang District, Shanghai, so as to
provide a scientific basis for improving the prognosis of stroke patients in the community and controlling IS recurrence. [Methods| A
prospective follow-up study was conducted among the IS patients in the community-based cohort population, collecting data about patient’s age,
gender, disease history, biochemical indicators, and etc. Cox regression model and restricted cubic spline model were used to analyze the
relationship between different levels of plasma lipids and the recurrence of IS in these patients. [Results] A total of 1 368 patients with IS were
included. The total follow-up duration was 7 171.46 person-years, with a median follow-up time of 6.24 years. There were 420 cases of IS
recurrence, resulting in a cumulative recurrence rate of 30.70%. The results of multivariate Cox regression analysis showed that the recurrence
risk of IS was reduced when the baseline TC and LDL-C levels of IS patients were in the ranges of 4.65-5.67 mmol+ L' and 2.52-3.46 mmol - L.,
respectively. The results of restricted cubic spline analysis showed a U-shaped relationship between baseline TC and LDL-C levels and the
recurrence risk in IS patients. [Conclusion] The cumulative recurrence rate of patients with IS in the community of Songjiang District in
Shanghai is high, and the levels of TC and LDL-C at baseline survey are correlated with the recurrence of IS in these patients. It is suggested to
pay more attention to the levels of LDL-C and TC in patients with IS, so as to improve the prognosis.
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Table 1 Basic characteristics of community-based IS patients [x+s,n(%)]

A h EIN V3 RER i p
Variable Overall population Recurrence Non-recurrence

P Gender 2.440° 0.118

% Male 576(42.11) 190(45.24) 386(40.72)

4 Female 792(57.89) 230(54.76) 562(59.28)
AE/% Agelyears 64.56+6.35 65.59+5.94 64.11+6.45 4.017"  <0.001
LU Married 1250(91.37) 390(92.86) 860(90.72) 1.691° 0.193
24 Smoking 302(22.08) 41(9.76) 440(46.41) 0.002" 0.968
TR Alcohol consumption 151(11.04) 93(22.14) 209(22.05) 1.005" 0.316
RS Tea drinking 359(26.24) 111(26.43) 248(26.16) 0.011° 0.917
IBIK Retired 1 190(86.99) 373(88.81) 817(86.18) 1.776" 0.183
SCALTERE Educational level 0.624" 0.732

/N2E R AR Primary school and below 972(71.05) 297(70.71) 675(71.20)

v E K

Middle school, high school and secondary vocational school S22 12D B 2250

FRIUK %L K P E Junior college and above 10(0.73) 2(0.48) 8(0.84)
50095 Coronary artery heart disease (CHD) 166(12.13) 58(13.81) 108(11.39) 1.595° 0.207
JWi 2 FE S 2 Family history of stroke 137(10.01) 45(10.71) 92(9.70) 0.329° 0.566
W4 e Systolic blood pressure(SBP)/mmHg 139.09+18.83 140.01+19.34 138.68+18.59 1.210" 0.227
&Pk E Diastolic blood pressure (DBP)/mmHg 81.24+10.27 81.34+9.62 81.20+10.56 0.247" 0.805
BMI/(kg-m™) 25.30+3.39 25.45+3.26 25.24+3.45 1.804" 0.278
25 1 I 3
Fafngﬁoo d glucose (FBG)/(mmol -L™) 5.47+1.69 5.54+1.76 5.44+1.65 1.033" 0.302
JRIR Uric acid/(pumol -L™") 310.00+82.56 314.05+85.72 308.20+81.10 1.209" 0.227
LDL-C/(mmol - L") 2.71+0.94 2.69+1.03 2.73+0.91 -0.759" 0.448
HDL-C/(mmol - 1.7") 1.36+0.34 1.37+0.37 1.36+0.33 0.559" 0.576
TC/(mmol -L™") 4.88+1.06 4.84+1.16 4.89+1.02 -0.895" 0.371
TG/(mmol - L") 1.78+1.36 1.75+1.30 1.79+1.38 -0.502" 0.616

“I] a:)f;b:lo
[Note] a: )f; b: t,

®2 ARXISBHE LA

Table 2 Basic situation of IS recurrence among the community-based patients

4151 S AL B EAVY & BT NAF /AR 5 RH E(95%C1)/(1 000 A4FE)™
Group Number of Total Cumulative recurrence  Follow-up person- Recurrence density (95‘7zCI)/ RR
recurrence cases rate (95%CI)/% year/years (1 000 person-year)

5 Gender

% Male 190 576 32.99(29.19~37.02) 2 965.62 64.07(55.78~73.57) 1.00

% Female 230 792 29.04(25.92~32.36) 4225.84 54.43(47.78~61.87) 0.85
RIS Agelyears

<60 63 280  22.50(17.84~27.93) 1582.93 39.80(31.12~50.69) 1.00

60~ 122 408 29.90(25.55~34.64) 2 188.05 55.76(46.79~66.52) 1.40

>65 235 680  34.56(31.08~38.21) 3 400.49 69.11(61.10~78.13) 1.73
BMI/(kg-m™)

<24 144 497  28.97(25.06~33.21) 2679.25 53.75(45.70~63.20) 1.00

24~ 195 595 32.77(29.04~36.73) 3078.47 63.34(55.21~72.56) 1.18

>28 81 276 29.35(24.29~34.98) 1413.74 57.29(46.30~70.71) 0.90
LDL-C/(mmol-1.™")

<34 325 1073 30.29(27.57~33.15) 5651.36 57.51(51.67~63.94) 1.00

3.4~ 95 295 32.20(26.97~37.91) 1520.10 62.50(51.14~76.20) 1.09
HDL-C/(mmol - L")

<1.0 61 187  32.62(26.06~39.91) 946.74 64.43(59.60~69.56) 1.00

>1.0 359 1181  30.40(27.84~33.08) 6224.72 57.67(52.12~63.89) 0.90
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%2 (%) Table2 (continued)
] R IR B g BHE R Bl N AF/AT: 2R (95%C1)/(1 000 A4E)™!
Group Number of Total Cumulative recurrence  Follow-up person- Recurrence density (95‘7?1(]1)/ RR
recurrence cases rate (95%C1)/% year/years (1 000 person-year)
TC/(mmol - L")
<52 272 871 31.23(28.18~34.44) 4529.01 60.06(53.54~67.45) 1.00
5.2~ 148 497 29.78(25.83~34.05) 264245 56.01(47.79~65.46) 0.93
TG/(mmol - L")
<1.7 260 844 30.81(27.79~34.01) 4 428.96 58.70(52.20~66.10) 1.00
1.7~ 160 524 30.53(26.74~34.60) 2 742.50 58.34(50.12~67.81) 0.99

23 mfEHISEAMMET-REXZ

i BT TR A% LR, AR IS 1S 3 1) HDL-C
LDL-C . TC TG M EAE , 7E P, Py Py Pos P AL EL S
AT R, 43 AL R 1 S R A, 2 H S 1S
SR B ) - R e FR e o WL 1~[& 4, 45
R, LDL-C 5 1S & & AU (P=0.003) \TC /K5 1S &
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Figure 1 Association of HDL-C with IS recurrence
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Figure 2  Association of LDL-C with IS recurrence
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(95%C1:0.518~0.958,P=0.025) ; TC [ P, 4H 1 P, 4 AH (95%CI:0.516~0.952, P=0.023) .0.696(95%CI:0.512~
BT P, Y IS &2 & XU ARG, IXURS: B 43531 24 0.701 0.945,P=0.020)., W33,

R3BE MRS 1SS A XU B SR

Table 3  Association between patient’s plasma lipid levels and the risk of IS recurrence

At FEH 1 Model 1* 2 Model 2 57 3 Model 3°
Variable HR(95%CI) P HR(95%CI) P HR(95%CI) P

HDL-C/(mmol-L™")

P, (<1.08) 1.000 1.000 1.000

P, (1.08~) 0.877(0.652~1.180) 0.387 0.893(0.662~1.205) 0.460 0.911(0.673~1.234) 0.548

Py, (1.25~) 0.825(0.608~1.119) 0.216 0.808(0.595~1.098) 0.173 0.850(0.623~1.160) 0.306

Py, (1.42~) 0.769(0.567~1.042) 0.091 0.806(0.590~1.103) 0.178 0.862(0.623~1.193) 0.372

P, (1.64~) 0.964(0.722~1.287) 0.804 0.991(0.731~1.344) 0.955 1.094(0.789~1.517) 0.590
LDL-C/(mmol-L™")

P, (<1.94) 1.000 1.000 1.000

P, (1.94~) 0.848(0.635~1.132) 0.263 0.857(0.641~1.146) 0.298 0.874(0.652~1.171) 0.367

P, (2.52~) 0.721(0.532~0.977) 0.035 0.725(0.534~0.984) 0.039 0.733(0.540~0.997) 0.048

P, (2.95~) 0.687(0.507~0.931) 0.016 0.697(0.514~0.947) 0.021 0.704(0.518~0.958) 0.025

P, (3.46~) 0.911(0.684~1.213) 0.523 0.975(0.729~1.306) 0.868 0.980(0.731~1.314) 0.894
TG/(mmol - L")

P,, (<0.99) 1.000 1.000 1.000

P,, (0.99~) 0.921(0.682~1.244) 0.593 0.950(0.702~1.285) 0.738 0.928(0.686~1.256) 0.627

P, (1.29~) 0.913(0.674~1.237) 0.557 0.981(0.722~1.333) 0.902 0.927(0.679~1.266) 0.635

Py, (1.66~) 0.925(0.685~1.250) 0.612 1.011(0.745~1.371) 0.946 0.947(0.692~1.296) 0.733

P, (2.20~) 0.971(0.719~1.310) 0.847 1.077(0.794~1.461) 0.635 0.961(0.692~1.335) 0.812
TC/(mmol - L.™")

P,, (<4.01) 1.000 1.000 1.000

P, (4.01~) 0.802(0.600~1.072) 0.136 0.819(0.611~1.098) 0.182 0.819(0.610~1.100) 0.185

P, (4.65~) 0.690(0.511~0.931) 0.015 0.701(0.517~0.949) 0.022 0.701(0.516~0.952) 0.023

P, (5.12~) 0.681(0.505~0.918) 0.012 0.698(0.514~0.946) 0.021 0.696(0.512~0.945) 0.020

P, (5.67~) 0.830(0.625~1.104) 0.200 0.923(0.685~1.243) 0.597 0.895(0.662~1.210) 0.472

(] a: B8 1 BRI R A0 HT o b AR 2 PR AR I i) S 30 SCAB R E ORI IR ARG 5 MR 3 /AR EY 2 Al | 3JE— 2598 BMIFBG
SBP . DBP JRI& .CHD A h 52 1 2
[Note] a: Model 1 is a univariate analysis; b: Model 2 adjusts for age, gender, marriage status, educational level, retirement, smoking, alcohol
consumption, and tea drinking; c¢: Model 3 further adjusts for BMI, FBG, SBP, DBP, uric acid, CHD, and family history of stroke on the basis
of model 2.

25 LALLM oM W HAR DR A R AR 1S B
HRPEE S RS O RS TR S50 2, BRI TC 524tk R AR 1S 5 R AFAE

HATLDL-C M TC 5 ISE & N CH 2 hr. 45 Rk P<0.05)., WLk 4.

RBI/R,LDL-C 54t WH 5 1S B R AFAE R, 5

x4 AFENMAGAKF-5 1S 5 & R I 020 247
Table 4 Subgroup analyses of association between different blood plasma lipid levels and the risk of IS recurrence
gaell A e}
s Gender Smoking Alcohol consumption
Variable 5 Male 4 Female JZ Yes 7 No JZ Yes 7 No
HR 95%CI HR 95%CI HR 95%CI1 HR 95%CI1 HR 95%CI HR 95%C1

LDL-C/(mmol -L™")

P,, (<1.94) 1.000 1.000 1.000 1.000 1.000 1.000

P, (1.94~) 0.973 0.649~ 0.744  0.482~ 0.692 0.392~  0.924 0.659~ 0.576 0.263~ 0.907 0.663~
1.459 1.126 1.220 1.297 1.261 1.240

P, (2.52~) 0.922 0.593~ 0.600  0.395~ 0.737 0.533~  0.740 0.520~ 0.635 0.233~ 0.733 0.536~
1.435 0.914° 0.974 1.052 1.730 0.984"

Py, (2.95~) 0.703 0.439~ 0.664  0.447~ 0.531 0.286~  0.743 0.524~ 0.258 0.075~ 0.735 0.534~
1.124 0.998° 0.984° 1.063 0.887° 0.985°

P, (3.46~) 1.224 0.797~ 0.761  0.516~ 0.730 0.380~  0.982 0.704~ 0.635 0.250~ 0.945 0.696~
1.884 1.124 1.402 1.363 1.614 1.284
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Iy 57 Gender %46 Smoking PRI Alcohol consumption
V:;iile 5 Male 1 Female J& Yes 7 No I Yes # No
HR 95%C1 HR 95%Cl HR 95%Cl HR 95%Cl HR 95%C1 HR 95%C1
TC/(mmol-L™")
I (<4.01) 1.000 1.000 1.000 1.000 1.000 1.000

P, (4.01~) 0914 0.613~ 0.684  0.447~  0.721 0.396~  0.823 0.588~ 0.588 0.244~ 0.837 0.614~
1.362 1.048 1.312 1.153 1.416 1.142

P, (4.65~) 0.884 0.580~ 0.543  0.353~  0.952 0.550~  0.620 0.433~ 0.611 0.241~ 0.703 0.510~
1.349 0.837¢ 1.647 0.888* 1.546 0.969°

Py, (5.12~) 0.908 0.590~ 0.533  0.349~  0.726 0.399~  0.659 0.465~ 0.479 0.177~ 0.708 0.515~
1.396 0.815" 1.322 0.934° 1.297 0.973*

P (5.67~) 1.073 0.668~ 0.702 0.478~ 0.535 0.236~ 0.857 0.621~ 0.641 0.238~ 0.848 0.627~
1.725 1.030 1.210 1.181 1.729 1.148

(] AP A ot AR Ak ) WS ARSI AR B GRAK KA KIS (iKS .BMILFBG .SBP .DBP JRIZ .CHD il A< K 1 5 5 a: P<0.05.
[ Note | Model adjusts covariates: age, gender, marriage status, educational level, retirement, smoking, alcohol consumption, tea drinking, BMI,

FBG, SBP, DBP, uric acid, CHD, and family history of stroke; a: P<0.05.

3 itig

AWFFEIET LT F AR AT BAS A TR AE
PEBAFIBIFSY , R Cox B 53H7 | BR 14 37 AL 4% o3 Hr
Ik, o TSR /K -5 1S &2 & Gk . BF5E
gERLH], FITTAMTIX IS BRUR & R4, IS L E 11
LDL-C J TC/K -5 1S 52 & RS Z M AF A CHR A 2
“URIOCHE  HR AP R Z B HDL-C X TG /K5
IS5 K KU 2 [AIFFAE I o 3P/ I B G IS A 1Y
LDL-C J TC 7KW i 5 4 a1, DAl 35 28 5 s, By 1k
ISE..

AMFFE KB, 2 rP i8] 6.24 4F AR , LI TT AL
TLIX IS B k%0 30.70% K T Chen 25 ]
S AP AEYIREAR PE (CKB) 4T I — T XA 55 IS (1)
S4B KR (41.00%) , Horp B PE B ARIRE 1S B 1)
8RR X5 2R AR IR AT i 2 SR A ]
16 H A HEAT I — 301 =] P A B A 5% S L 1S B9 S 4R
KR 35.30% ", S AKIFSE A e L AR T X
FIRE i X R s i 2s o e YR R & e
I6; PR 2% A AR

W o, i LDL-C /K -5 1S & & KUK 22 7]
FETERHR o ABIFSE Cox AU (013 73 A 45 2R s, 7E 1S
BHE T BT LDL-C Y P,,4H (<1.94 mmol - L), P 4H
(2.52~<2.95 mmol L") #il P, #(2.95~<3.46 mmol L)
B8 e AU BEATR , JRURS: B 439l 24 0.733(959%CI: 0.540~
0.997) .0.704(95%CI: 0.518~0.958) ; #H%% T TC [¥) P,
2 (<4.01 mmol L"), P41 (4.65~<5.12 mmol - L") F1 P,
24 (5.12~<5.67 mmol - L") A & & KU S, AU HE 43
514 0.701 (95%CI H9 0.516~0.952) . 0.696 (95%CI
0.512~0.945) . AN, BRI PE ST T BRI AT 45 R 18
7N IS ) LDL-C J TC/KF-5 1S & % AU =2 [] ()55
-SRI RAFAEAE LA DG, B AR S UV R 3

P2 1S B B LDL-C /K FTC A& il 76 A A
PRI, AREAIR IS & & AR o —T0AE &4 A
JEFFIZEFE o BT BN 5 X 52 LDL-C /K PR AR
1.00 mmol- L, 1S & & F {444 ¢ Lb 451 98 /b 21% (RR=
0.79,95%C1:0.770~0.810) . X T JCAH & S 14 1E
NHE, M LDL-C 7K R #2175 3.37 mmol - L' LA F ¢
FE NP 5 EE AT AR e
6 A 1S9 s R, K LDL-C 7K S48 il 8
2.59 mmol L™, ARG IF G 22 & 1S5 & . 1 H AR B ik
SRR RE AL O I BB 12 B R FU S e 7 UK 2 5
B 5E M 3.10 mmol - L™'. AHFFE R, 1S B 19 LDL-C
KA 3.08 mmol - L7 B, 1S 52 & AU B M1, X 5 H AR T
Bl 6 F 458 T, AT RESE AN A AIE ST A TRER] R I D
NHE X R AR T oA g s A, 1S AR N I A
IKF4 il AE TEAR K-, LB 5 T O, TR IS 2 & .
ARG LS R A B, 1S B B IR 48 A b, LDL-C A1
TCIK-5 1S B R AFAE IR, FE TR+ X i A v o5 &
KNLEA G B AT ISR X 1 2 100 B 46 b ) 56 7
5P, AT R, LDL-C 54PE W aH 5 18 5 Kk
FEAERER  TC 5 4otk AR AR B 1S B/ A A7 AE
SRR, $ 7 0L AN B 6 L 1 1S R A 1 i g I
B,

LG 7K XF 1S e A & Ji 7= AR AN K52 0] F) 3k 42 5
ANBE— | I RAFSE S IESE , 0S8 S 2 s ik
SRR AL ) B R Z2H01S B —FE e fE IS IR R
HHISERMK, Mg B KB AT
FE SRS RE BRI — 20 & AR AR AR AT A , BH 2E
MRS T B P it i, BEBR R 24, e BB ke ¥, 3K
it PR B PA B LA 10 DX o P/ 2 P R g
A T — 2 S BUS KAE S Kk . BFoE I, A
W 25 I E IR YR, IS5 1815 206, LK
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TR o PRI, s e i 2 rh 28 3 I A 4
B F ek B E WU, BRARIS & & KU 2 A7 B2

AW FATAE— 2 SR BRI, WF 98 T R 1S F B ¥k B
T AT REARAR St B T ) AR — E R
il AR A ZE A B KB 38 R B2 50t , &
AESZ AR INBETE bR A8 1h 15 1S FR 35 52 e XU Sk

ZE BNk AT & PLIS B E 1Y TC X LDL-C /K-
EJIS 5 AU Z [A] A 31 k- P I 6 RAFAEAR R G R
HCUTBIERE, TC KK 4.65~<5.67 mmol - L™ \LDL-C
IKEAE T 2.52~<3.46 mmol - L B4 & KBS e i . 36
2 TC . LDL-C 7KV 5 J8 37 1S 5 & Z [ AAAE OCHK , dil
JnsE X 1S f 35 TC \LDL-C /K- 1 33, LASkE £ 35 1l
J&i o ARG IEARFE LT A SR AT BRI 1Y
REPEBR I ZT , B0 o B b, 43 1 4 30N /K5
IST R R, 1T ISR AR A v 2% 151 B v I e
M IR LA S
({3 7 W A SO 52 B o 7 o A 2 o %)
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