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Abstract

Background: Stroke is a significant cause of mortality and disability among adults in China, with
dyslipidemia constituting a key risk factor. The non-high-density lipoprotein cholesterol to high-
density lipoprotein cholesterol ratio (NHHR) is a recently proposed composite lipid index that inte-
grates atherogenic non-high-density lipoprotein cholesterol and anti-atherogenic high-density lip-
oprotein cholesterol. In theory, NHHR provides a more comprehensive assessment of atheroscle-
rotic burden; however, robust large-scale prospective evidence on its association with stroke risk
in middle-aged and older Chinese populations remains insufficient. Objective: Utilizing data from
the China Health and Retirement Longitudinal Study (CHARLS), this study examined the association
between NHHR and stroke risk in middle-aged and older Chinese adults. Methods: This study ana-
lyzed data from the China Health and Retirement Longitudinal Study (2011~2020), including 10,983
participants aged = 45 years without prior stroke. Multivariable Cox regression, Kaplan-Meier anal-
ysis and restricted cubic splines (RCS) were used to assess the association with stroke risk, and sen-
sitivity analyses, subgroup analyses were performed to test robustness. Results: During the 9-year
follow-up, 960 incident stroke cases (8.74%) were recorded. Each 1-unit increase in NHHR was as-
sociated with a 5% elevated stroke risk (HR = 1.05, 95% CI: 1.00~1.10, P = 0.048). Compared with
the lowest quartile (Q1), the risk was significantly higher in Q3 (HR = 1.28, 95% CI: 1.05~1.56) and
Q4 (HR = 1.48, 95% CI: 1.19~1.83). RCS demonstrated a nonlinear association between NHHR and
stroke (Overall P = 0.001, Nonlinear P = 0.003). Among participants with NHHR values below the
inflection point, each 1-unit increase in NHHR was associated with a 16% increase in the risk of
incident stroke. Subgroup analyses indicated that this association was not modified by age, sex, ed-
ucation level, marital status, hypertension, diabetes, smoking status, alcohol consumption, or body
mass index (all interaction P values > 0.05). Conclusion: Elevated NHHR serves as a risk factor for
stroke risk in middle-aged and older Chinese adults, demonstrating a nonlinear association. These
findings suggest that this ratio may serve as a potential early-warning indicator for lipid management
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in populations at risk of stroke.
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1. 5]

06 2 o SR R B A i 2 S RT3 LA 5 A ke 2R B 2 5 B0 0 2E 24534 11— 4L
FEE 5 I RN AR R (OR AR A 10%~20%) Ak I ik 25 7R (R AR 20 80%~90%) [1]. [ 2015 i, i
At A R E AR TR SR I A2 SR R [2] . 2020 AEEE s R E 20 230 T ASETIA T, 2 5 A BRI
AARFET S AN 1/3 [3], 1 A7 # I 50%i8 AN IR E ThREIRAT, Qigshfeis. KBS, REMRK
TAEREFNE A SR AIE4]. THRRE N D ZRL, HEERARAR T P E N,
i 2 R 7 9 RO B A S PAE R OBk AR . BRI, ORI SR R 2R, TR R S AR A S i i g
SRR, KA — R R

1L g S5 S 25 ik ke R R A o G I R0 P A o F AR TR . I DASR, R  E IR  F OEL E E
(LDL-C)# M A MAREE W) “Ehrt” , HEFBRMEHZEI. HE-PAR (Prediction for Atherosclerotic
Cardiovascular Disease Risk in China) ¥ FTHE AW, RIff LDL-C #ilisbr, & R IR R s, 6t
A i 2 Fp RS AT 38 1 19% [5]. 53 HEL ] e, 25 B K 2% 2 i 8 1 (VLD L) R b 1) 35 P i 2 1 (1D L) S5 808
FK AR RE A TIUREL , KSR BRI I A R A A B AN R 5 [5] -

Ak v % 5 R 28 1 BH [ B (non-HDL-C){E A LDL-C 555% 42 H [ B (SR, 7 5 4 1 S e S350 ok 46 e Al
TLREEE A i fir o WEFCEE7R non-HDL-C I RES& SRS f Pk i A5 rp f 38 1 4 N SRR AT 1 B b T00 (R -1
[6]. #AT, H.4l non-HDL-C K #Eii o HDL-C BI{RH 28, HDL-C 7] 8 e 13 e IH [ B 4% 3 AT 1) JE 52 it B
T[] -

non-HDL-C 5 HDL-C LUE(NHHR)Z —FHi R E & NE RS (8]. HES T “B@hhkmttif” 5
“HUBhBKREREAL” Re B Ve, TEVPATRE R . TR AL PRI B A 55 22 b i UG 77 T L
HRFA[9]-[11] o JCILAE MG E EE J5THT, non-HDL-C 7K >F 1 B8 fEAff b Tl Co 106 1M 55 042, FANE H 28 ™ S [12]

BT NHHR 7EC L RS TF-Aik o AR Bk B G 53 i 24 g B A B 25 D) OGR4 o — R iy
HH PR IS FE 7 7 1 AR AE Hp LN R A3 21 70 20 BIE o A S0 F o R S 7 22 0B R R A (CHARLS) BT IE #4: A
Fl, RGu5HT NHHR 5 o B AR a0 N BE G 2 A0 B RTIEVE DGR, s A0 L XU T g, e Ao 26 h
PRI TS B 45 5k AL B R VR TT -

2. ZPEH*E
2.1, HIRFKIR

A EERIE T CHARLS, X7 —Tiami e kAT, SAENRERX 45 £ KU EPEA
FHHE 2 eGP AT T RS S [13] WF 7T i i 2 s, B4 AN I GEvH 5 ML 2 A A f
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FEPEfL . CHARLS BAFI 2B 2 M AL R AR 7 618 1), T 2011 4E 6 A & 2012 £ 3 H MHHE 28 A4
B 150 NEL 450 MEX IR T B 5 e IR I [14). BEERE 2 ST RBEVT R, MR
BT A SRR IELABE VIR . S5 AT AL BHEERTE CHARLS 10 H fI M 5G_E A FF 1 i)
[13].

22. RMR

ABEFUEH 7 2011~2020 4F(1) CHARLS P £d . FRATHERR 1AM 1E 45 5 LT HEh R 8 5,
B NNHR CEEHIE S 58 . BICHETTI R R, AR A A se 8 H R4 A b s i /MRt HE
BRTESD . B, B\ BT 10983 44 FELE I AR A 7E 45 % 5 DA HIE A i 52 (12 538 4k, B T NHHR
THE R e B o« AR ST AR T 2250 [15], FRATARHE A4 NHHR PY 2367 B0R A 73 9 AN T4 [QL <
2.09; Q2 (2.09~2.83); Q3 (2.83~3.79); Q4 >3.79]. fF 2013 4F. 2015 4E. 2018 4FF1 2020 4 {15 HIL3 H]
W T &R AR . K1 SR T R RS R R A A .

CHARLS 2 A\#f (n=17, 705)

AT E NIRRT N B (n=6,722)
i 2 Ho 52 25 R 2 (n=181)

| LRI EA AT B E (n=413)
~ TC. HDLBUE[E# (n=5,812)
LWL B <45 % IR (n=219)
BE VI ) TP EE (n=97)

\/

M 2011 FEE] 2020 FIIRIFERELIH BN R BFE IS 5% (n=10, 983)

L — { ARAENHER Y4504
Q1 (n=2, 746) Q2 (n=2, 746) Q3 (n=2, 745) Q4 (n=2, 746)
172451 2 £ 3 2315 A5 v iR 248/l 25 R 3091 A< i

Figure 1. Research flowchart
1. RRIZE

23. A&

2.3.1. EZiAE

CHARLS 25 S S A2 B4 TGS THI 0] 46 V5 1R K LA DA RS A 2 . Hh b5 K% CHARLS LAE
N GREI D7 2 85 8 AU A A VTR (CAPN i 3E T 7 N A 3RS T A4 A DG, i
RO ThRe 12T BBV DL R A FRAH AT Sy (I W R A4 3% Bl ) S A 1) 5 3500 4y, e 3o A8 FH b
AR T ANRME LT e by, BEINE. SmfkE. b, mERMNETENESSEREE]RTT 3
MR, 13X = AN AME IS O e A1 £7 5K R (SBP A1 DBP). BtAL, A 1 AT A% 32 15 # (1)
f@RE, BTSN NS 55 G RS2 IR IR I8 A A 5 6 v 1520 T 4 o mh oo JEEAT 1E 4 20 HT
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2.3.2. EITARERES

TERIE TGRS W 2 b S, i SRR A5 7 It 17 300 190 228 3 i 2 v (0 AN A0 S o s 81 o 26 ASHIE 7 e
i A AR YE CHARLS BT 7T H 3030 75 58 S« IR RO 70 A SGEAT 7 6 T D7 R 3047 1 1) 3%
WA DI, IR “EEBREASHE BT ? 1Y “0” RS HERAMEHEE
LW EA RS, AR <17 RS 5EMEWEESEHEEE R F.

2.3.3. IHEAR
NHHR i+ AR A: NHHR =non HDL-C (mmol/L)/HDL-C (mmol/L). non-HDL-C FJi+ % A s fH [
BZ(TC)Jk 2z HDL-C.

2.3.4. GtEEE

TEAWFEA, e AT B W i AF h i) A E R R R N D Geih 8 & PRI Zottk) AR
HWERECCE T/AN%E mP RUR), SORA(CES. 8. ARG Sk FIRFE. TR
(AAS S BART « BRAE) RIGRAR 0 o S50 3 208l - 1R EE FR 2 (BMI) (THEOMARE /5 5 2 (kg/m?)) Hl = EE(TG)
C RMEF(CRP). JRER(UA). ZIRIMAE. 4 SBP it 140 mmHg F1/a% DBP #id 90 mmHg B, 2l
FELE[16]. 425 MEIMAEKSE > 126 mg/dL A/sk HbAlc > 6.5%, ZWiNbERp . ok, BRIRSE A&
JE BB LRI A T2

KH SPSS 27.0.1 Al R 4.4.2 #4741t 50 M. Giit W&V E O P AEAKT 0.05 (3Uf). 4% NHHR
DU 437 H5 A 20 ) LA S 2 AR B o 43 288 B fi I 7 0 LU RIS 37, T 2 482740 3R 7 Ay w67 50 (U 4367 ) %
B + brdEZ(SD). Xf 73 RAREATH 42, XFHEELLAZREMGH ANOVA B Kruskal-Wallis H #17 NHHR 41
[ ) L2

TERATHITE T, B8, 0.07%). #E F2E(10, 0.09%) WRIEIRIL(7, 0.06%) WL MEIR ML (217,
1.98%). HE R (93, 0.85%). il [E(1214, 11.05%). =57 MLFE(16, 0.15%). TG (1, 0.01%)#1 BMI (1767,
16.09%). A T Ik B TERRAB R FHN 2, X 2P B iR B AR FEAR Sk R, 2T
White 1 Groenwald $2 1t ¥ 77 V506 ik SR B4 3047 22 B4 b LA OREUCHE 1) S0 28 PR A TE ff 12

H NHHR DY 5 7 2R 5 i 3 Hh 1R R A2 % . SR Cox EL gl KU AR RS PP A NHHR -5 2 Hh XU 2 [1]
[R5 o B E MUK EL(HR) A 95% BB X [A](C1) o N T MR A IS FEVR AR A B J5 R, PR T = AN A5
RIS NHHR 5 i 26 A U FRTEG 2R o 1% = MRV AR R 1 GRS &) A AY 2 (R AF 8 L 14031
USOA. Z0E « BMI BT TREE) FIREAY 3 (4B A0S . M5, 4500, #0E . BMIL mlfi s FEIRIE . 2 B IpE |
CRP. UA. TG. WRHH S RIPARSL AT %) o

FE A R B P AR N, SR P BRI = VRRE 45 (RCS) K1 B NHHR A% 4% 7 XU 22 18] i 785 6 2R 1 A
Ko BAVEAE T 43 )2 Cox BAZ R [R1 VAR RS0 A [V 2H (RS PRI B0E U5 =i s BB PRI
W PGP BMIEAT AL 0T By JZES50oh, B 7R Al S, #E. BMIL miflE.
BEPRG . ZSHEIMAE. CRP. UA. TG WHH R GFRRIL . R ALER LUAS 36 3347 28 BAE FH 4047

3. &R
3.1. BERIFE

34 10,983 %42 5%, 5160 4 5 A1 5823 44 Aotk IR H 59.28 £9.477 % . NHHR 2w
B, AN 2.83. 1% NHHR WA 800 410 2 5 38 AR A AR E, 25 KRB, &
KAFEE NHHR E ) F 8 i w3 8 (P < 0.05), ttAhERY. TC. TG. CRP. LDL. UA. BMI FlIfLEYy
B NHHR {E [ T i S (P 8 <0.05). AHELZ F, HDL NI HLH A B ke . eah, AN .
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JHZE AT LE I E NHHR B R & R, 0% 1.

Table 1. The basic data and biochemical characteristics of participants grouped by quartiles of NHHR
= 1. & NHHR S U5 AR S 5E R E AR BIRFE LHEHE

NHHR [ 437 %%

RHE PSR P&
Q1 (<2.09) Q2 (2.09~2.83) Q3 (2.83~3.79) Q4 (>3.79)
% 53%(n) 10983 2746 2746 2745 2746
HE(X+s, %) 59.28 + 9.48 59.73 + 9.85 59.43 +9.73 58.88 +9.16 59.07 + 9.13 0.004
R[4 (%)] <0.001
5 5160 (46.98) 1421 (51.75) 1237 (45.05) 1236 (45.03) 1266 (46.01)
% 5823 (53.02) 1325 (48.25) 1509 (54.95) 1509 (54.97) 1480 (53.90)
HEKTF[4 )] <0.001
XEH 3137 (28.56) 827 (30.12) 819 (29.83) 758 (27.61) 733 (26.69)
=y 3V 4431 (40.34) 1144 (41.66) 1111 (40.46) 1102 (40.15) 1074 (39.11)
I &L 3415 (31.09) 775 (28.22) 816 (29.72) 885 (32.24) 939 (34.20)
US A4 (%)] 0.164
By 1323 (12.05) 361 (13.15) 333 (12.13) 319 (11.62) 310 (11.29)
(B 9660 (87.95) 2385 (86.85) 2413 (87.87) 2426 (88.38) 2436 (88.71)
(Jf;ﬁfﬁ{ma 23.47 +3.65 21.93 +3.22 22.92 +3.45 23.97 +3.56 25.05 + 3.58 <0.001
pyilE il 190.21 172.04 185.18 195.62 211.86 <0.001
[M (Pzs, P7s), mg/dL] (167.01,215.34)  (151.93,194.07) (163.92,206.44) (173.20,216.88)  (187.11, 240.47)
Hl = 106.20 70.80 92.04 119.47 183.20 <0.001
[M (Pzs, Prs), mg/dL] (75.22,156.20)  (56.64,91.82)  (72.57,120.36)  (91.15,155.76)  (132.75, 265.50)
mEEREA 49.10 65.34 53.35 46.01 36.34 <0.001
[M (Pzs, Pzs), mg/dL] (40.21, 59.92) (57.22,75.00)  (47.55, 60.70) (40.59, 51.42) (31.31, 41.75)
R EREN 114.05 93.94 113.27 125.26 130.67 <0.001
[M (Pzs, P7s), mg/dL] (93.17,137.24)  (78.87,109.79)  (97.04,129.90)  (105.54,14459)  (103.22, 158.12)
C RREH 1.04 0.75 0.90 1.07 1.42 <0.001
[M (P2s, P+s), mg/L] (0.55,2.17) (0.44, 1.69) (0.49, 1.89) (0.60, 2.20) (0.80, 2.86)
7 JE A 102.42 99.36 100.80 102.60 108.18 <0.001
[M (Pas, P7s), mmol/L] (94.50,113.58)  (91.98,108.54) (93.24,110.16)  (95.04,113.04)  (99.00, 124.74)
JRER(X £s , mg/dL) 447 +1.26 427+1.21 429 +1.19 448 +1.23 4.83+1.33 <0.001
i 2 R A [ 44 (%)] <0.001
f 960 (8.74) 172 (6.26) 231 (8.41) 248 (9.03) 309 (11.25)
7 10,023 (91.26) 2574 (93.74) 2515 (91.59) 2497 (90.97) 2437 (88.75)
WHRR L[4 (%)] 0.001
AR A 6734 (61.31) 1590 (57.90) 1712 (62.35) 1730 (63.02) 1702 (61.98)
Z WA 939 (8.55) 206 (7.50) 231 (8.41) 215 (7.83) 287 (10.45)
S 3310 (30.14) 950 (34.60) 803 (29.24) 800 (29.14) 757 (27.57)
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g
AR BL[ 4 (%)] <0.001
H 3644 (33.18) 1119 (40.75) 894 (32.56) 824 (30.02) 807 (29.39)
7 7339 (66.82) 1627 (59.25) 1852 (67.44) 1921 (69.98) 1939 (70.61)
15 1% 995 52 [44 (%0)] <0.001
H 4741 (43.17) 948 (34.52) 1097 (39.95) 1257 (45.79) 1439 (52.40)
7 6242 (56.83) 1798 (65.48) 1649 (60.05) 1488 (54.21) 1307 (47.60)
i FR 7 s[4 (%)] <0.001
H 912 (8.30) 111 (4.04) 174 (6.34) 237 (8.63) 390 (14.20)
x 10071 (91.70) 2635 (95.96) 2572 (93.66) 2508 (91.37) 2356 (85.80)
186 BELIAE i 5 52 [44 (%)] <0.001
H 1124 (10.27) 340(12.44) 290 (10.59) 255 (9.32) 239 (8.73)
x 9822 (89.73) 2394 (87.56) 2449 (89.41) 2480 (90.68) 2499 (91.27)
T L 2[4 (%)] <0.001
a 1323 (12.09) 287 (10.51) 313 (11.44) 322 (11.77) 401 (14.64)
7 9618 (87.91) 2443 (89.49) 2423 (88.56) 2414 (88.23) 2338 (85.36)
LR S [44(%)] 0.951
H 109 (1.00) 27 (0.99) 28 (1.02) 29 (1.07) 25 (0.91)
7 10,827 (99.00) 2707 (99.01) 2712 (98.98) 2693 (98.93) 2715 (99.09)
R KA PR HAT 2K, SRER, WAEhBEEmE. RN BRI AR

o M AR PR O MLAEP 0 FA P REPE BE o A, X MES 55 10 NHHR. BMI LU MRS R 27K T8

o Gk 9 FEMBEY, LA 960 12 53 KA T KA,

SRIEERDN 8.74%. A NHHR DY 7367 £ i

APRAEZR N Ql: 17.92%; Q2: 24.06%; Q3: 25.83%;: Q4: 32.19%. 5 NHHR # == 5E&MEL,
NHHR BRI 25 # B2 () R A R R PR, WAk 2.

Table 2. The baseline characteristics of participants grouped by the status of stroke occurrence

F 2 REBREMEDDENSSERELRE

A PSEEN Tofigi 2 o 2% e P&

e SEAEA)! 10,983 (100.00%) 10,023 (91.26%) 960 (8.74%)

(X £s, %) 59.28 + 9.48 59.08 + 9.52 61.28 + 8.82 <0.001

R[4 (%)] <0.001
45~60 6085 (55.40) 5652 (56.39) 433 (45.10)
>60 4898 (44.60) 4371 (43.61) 527 (54.90)

P[4 (%)] 0.237
5 5160 (46.98) 4691 (46.80) 469 (48.85)
% 5823 (53.02) 5332 (53.20) 491 (51.15)
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o
/Lﬁ
48

REIRF(X +s, kg/m?) 23.47 +3.65 23.39 + 3.64 24.23 +3.66 <0.001
Ea=F SREACH] 0.019
WH 3137 (28.56) 2849 (28.42) 288 (30.00)
N LR 4431 (40.34) 4019 (40.10) 412 (42.92)
Wi &L E 3415 (31.09) 3155 (31.48) 260 (27.08)
WS IR 4 (%)] 0.05
gy 1323 (12.05) 1188 (11.85) 135 (14.06)
oS 9660 (87.95) 8835 (88.15) 825 (85.94)
7 K 102.42 102.24 104.94 <0.001
[M (P2s, P7s), mmol/L] (94.50, 113.58) (94.32,113.22) (95.94, 118.13)
W SR L[4 (%)] 0.006
AT 6734 (61.31) 6173 (61.59) 561 (58.44)
Z HTIRAH 939 (8.55) 831 (8.29) 108 (11.25)
TR 3310 (30.14) 3019 (30.12) 291 (30.31)
o 1ML 975 52 [ 4 (%)] <0.001
H 4741 (43.17) 4156 (41.46) 585 (60.94)
¥ 6242 (56.83) 5867 (58.54) 375 (39.06)
AR DL[ 44 (%)] 0.615
H 3644 (33.18) 3333 (33.25) 311 (32.40)
x 7339 (66.82) 6690 (66.75) 649 (67.60)
BRI 2[4 (%)] <0.001
H 912 (8.30) 784 (7.82) 128 (13.33)
& 10071 (91.70) 9239 (92.18) 832 (86.67)
SEECMR IR R[4 (%)) <0.001
H 1323 (12.09) 1141 (11.43) 182 (19.06)
x 9618 (87.91) 8845 (88.57) 773 (80.94)
NHHR 2.83[2.09,3.79] 2.80 [2.06, 3.76] 3.14[2.35,4.10] <0.001
NHHR Y4307 $[ 44 (%)] <0.001
Q1 2746 (25.00) 2574 (25.68) 172 (17.92)
Q2 2746 (25.00) 2515 (25.09) 231 (24.06)
Q3 2745 (24.99) 2497 (24.91) 248 (25.83)
Q4 2746 (25.00) 2437 (24.31) 309 (32.19)
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3.2. NHHR 5RzZFh R X R
AW R S 5% BRI & & AR ) Kaplan-Meier 2k I 2.

16—
44k |NHHR4
S — a1
T
Bl |
&
E 4
3 2f |
O 1 1 1 1 I 1 I
1 2 3 4 5 6 7 8 9

Time(years)
7¥: Cumulative Hazard = 271 X&, Time = Kf[a](4F).

Figure 2. Kaplan-Meier survival curves for cumulative stroke risk by NHHR level
& 2. N NHHR 7k EH RFAZEsh KU A9 Kaplan-Meier 4 7214k

3.3. ZEE Cox EVIHRE

R g T = A Cox LAl RS [E] A5 B SR it 7 1o 26 o XU 55 NHHR 22 [ AR OGP, L4 3 7EREAY 1+,
NHHR B R In—AN, i & A XU 548 i 7% (hazard ratio (HR) = 1.07, 95%# 15 [X 8] (CI) = 1.04~1.09,
P <0.001). 5 Q1 ZHAHLL, Q2 )25 i 2 RS 34 m 35% (HR 1.35, 95% CI 1.11~1.65, P = 0.003),
Q3 A2 53 i 26 RS 3840 45% (HR 1.45, 95% CI 1.20~1.76, P < 0.001), Q4 411112 5 3 fini 26 rh XU 1
i 84% (HR 1.84,95% CI1.53~2.22, P <0.001). 7EMEAL 2 thifi % [ 4EES . PR, U500, ZEIRHLA BMI,
SERAT B G . A 3 Rk AT T RS MR BERE . TG CRP. UA. 2 M HE K7 WA
AR UL B AR . PRSI OSHH . ZE RO BMI. £7458 Cox [RH M B 45 A B Gt s L.
NHHR () Q3 & 5 ¥ iz XKt Q1 415 54 = 28% (HR 1.28, 95% CI 1.05~1.56, P = 0.016), Q4 41
(112 535 W& R L QL 41253 &1 48% (HR 1.48, 95% Cl 1.19~1.83, P < 0.001).

Table 3. Cox proportional risk regression model for the relationship between NHHR and stroke risk
Fz 3. NHHR S Fzrsh KU < A9 Cox k45 KUEE [E])F 1% 8L

B 1 A 2 7Y 2

HR (95% CI) P HR (95% CI) P HR (95% CI) P

5

NHHR $5%k 1.07 (1.04~1.09) <0.001 1.05 (1.02~1.08) <0.001 1.05 (1.00~1.10) 0.048

Q1 2] ZHR ZH

Q2 1.35 (1.11~1.65) 0.003  1.30 (1.07-1.59) 0.009 1.27 (1.04~1.55) 0.017
Q3 1.45(1.20~1.76)  <0.001  1.34 (1.10~1.63) 0.004 1.28 (1.05~1.56) 0.016
Q4 1.84 (153-2.22)  <0.001 159 (1.31-1.93)  <0.001  148(1.19-1.83)  <0.001

VE: B 1OREEATASERE, BUR 2 MR CAERS. M. A8, ECEIRGUA BMI; B 3 7R 2 iR Bt 2D
VR T EILE . BEIRE. TG. CRP. UA. ZEMZIMBEAKSE . WO PRIEPIR L
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3.4. PREIMESL HHES

UbAh, FEHIE ERTA R R)E, 2R =IRFESR T R I A o XS 5 NHHR 2[R AEAE R 2 MEAH S
(Ef£ P =0.001, EZkfE P =0.003), LKA 3.

25

P for overall = 0.001
P for nonlinear = 0.003

20

o

Hazard ratio (95% Cl)
>

0.5

0.0
0 5 10 15 20
NHHR

Figure 3. Restricted cubic spline analysis of NHHR and the risk of stroke
B 3. NHHR 5 ix = KB B PR I S R SR 4

3.5. BUEMRI SR

S L . BRI . TG CRP. UA. ZSMRIMFE /KT WA ATEIR W LA R AE0% MRS US4
A RGA BMI AL &, X NHHR 564 R A RBHEAT BUE 204, NHHR A AR o & AR 1 SR AT
1EBRE 2N (P for likelihood test = 0.002), = AA&TI 5, NHHR FG A H & A A IE 7] < BX[OR (95% Cl): 1.06
(1.00~1.12)], 4 NHHR KT~ 4.01 i, NHHR Flfix &6 ok A8 1E 7] SCEK[OR (95% Cl): 1.16 (1.03~1.31)],
2 NHHR 5T 4.01 1, KA NHHR A2 h R A CEE, W2k 4.

Table 4. Analysis results of the association threshold between NHHR and the occurrence of stroke
& 4. NHHR 5ixZEh & & XK E S

gl HR (95% CI) P1E
pE¥N 1.06 (1.00~1.12) 0.049
LI 4,01
<4.01 1.16 (1.03~1.31) 0.012
>4.01 0.98 (0.89~1.09) 0.777
LR LG 56 0.002
3.6. YELHSTHT

NHHR 5 A ok 28 UG 2 (MR SRBRAZ 4RI . V). #0A . W80, s BEIRE . WO, PRI .
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F E

BMI #7502 . TESEA TR B R IAF, NHHR 552 o RS 2 IR SRR AN SZ AR 8 PRSI, B0A
OSOR. LR . BEPRI . UL PGB BMI SN . MR, IXEARE S NHHR Z AR W 52 H.
fER, BIOERZE MG AR LGHARM I P> 0.05), MK 4.

A n (%) HR (95%CI) P 3¢ HAEHPE
SR 10983 (100.00) 1.05 (1.00 ~ 1.10) I 0.056
(%) ! 0.153
45-60 6085 (55.40)  1.08 (1.02 ~ 1.15) e 0.006

>=60 4898 (44.60)  0.99 (0.92 ~ 1.07) F 0.848

L ! 0.345
Bk 5160 (46.98)  1.08 (1.02 ~ 1.14) m 0.012

M 5823 (53.02)  0.99 (0.91 ~ 1.08) b 0.848
KT | 0.590
H 3137 (28.56)  1.12 (1.01 ~ 1.25) = 0.039
INERUAR 4431 (40.34)  1.00 (0.92 ~ 1.09) b 0.964

e DL 3415 (31.09)  1.06 (0.98 ~ 1.14) (2% 0.150

WS WRRIL i 0.173
LEe 1323 (12.05)  0.99 (0.84 ~ 1.16) [ 0.902

[ 9660 (87.95)  1.06 (1.00 ~ 1.11) j=i 0.037

e AL ! 0.720
i 6242 (56.83)  1.06 (0.98 ~ 1.14) b 0.128

2 4741 (43.17)  1.04 (0.97 ~ 1.11) +-4 0.267

B b | 0.908
1 10071 (91.70)  1.06 (1.01 ~ 1.12) tef 0.030

& 912 (8.30) 1.00 (0.88 ~ 1.14) = 0.976

e | 0.650
AN 6734 (61.31)  1.04 (0.97 ~ 1.12) e 0.253

i LA 939 (8.55) 1.06 (0.90 ~ 1.24) b 0.474
B 3310 (30.14)  1.06 (0.97 ~ 1.15) i 0.194

e} : 0.393
o 7339 (66.82)  1.06 (0.99 ~ 1.14) [ 0.074

& 3644 (33.18)  1.03 (0.95 ~ 1.12) b 0.436

B TR (kg/m?) ! 0.880
<18.5 771 (7.02) 1.04 (0.71 ~ 1.52) e—-—| 0.842
18.5-24 5684 (51.75)  1.03 (0.95 ~ 1.12) b 0.418

24-28 3292 (29.97)  1.06 (0.98 ~ 1.15) e 0.146

>=28 1236 (11.25)  1.04 (0.91 ~ 1.18) e 0.571

0 I >

Figure 4. Forest plot of subgroup analysis of NNHR and stroke risk
4. NNHR FnBsZ& o XU 9 Te 26 53 47 R AR E]

3.7. WU ST

BUSHEN TS IR, ToW 8 A HER & 9 A BB, NHHR 515 3¢ XU ) T M54 52 235 1
B E 5 MF 6), AT LS BB A Rl
4. ¥

AHF LT 4 [E M TG MEBA B (CHARLS) (I 9 “EBEVIXUIE, R RS 7 I 70 5 1 15 2R 1 i o e
EC AR (NHHR) 5 m ] 224 TR A5 U PSSR 70 R T 4 SR TR SR LN R+ NHHR FHi5 2 b

HEE NN A R A BRI 3R, —H IR YRR R, R LR PT A D il 2 v 6 I i e B A
FETE TR -
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Table 5. Multivariate Cox regression analysis of NHHR and the risk of stroke after excluding patients with diabetes and
hypertension
% 5. HIRHERBANSMESEG NHHR SiKZE R RIS E % Cox BVANH

A 1 BRA 2 AL 2
45
HR (95% CI) P1E HR (95% Cl) P1E HR (95% CI) P1E

NHHR $5 % 1.06 (1.03~1.09) <0.001 1.04 (1.01~1.08) 0.008 1.06 (1.01~1.11) 0.027

Q1 2 28 2

Q2 1.33 (1.08~1.63) 0.007 1.29 (1.04~1.58) 0.018 1.29 (1.04~1.58) 0.018

Q3 1.48 (1.21~1.81) <0.001 1.38 (1.12~1.70) 0.002 1.38 (1.12~1.70) 0.003

Q4 1.72 (1.41~2.09) <0.001 1.51 (1.23~1.85) <0.001 1.52 (1.21~1.91) <0.001

e AR L RHHTA R, MR 2 AR T ER. MR, . ZERGUR BMI; 1R 3 AR 2 f Rl Bk 25
PHEE T TG. CRP. UA. FHRIMLHEAE WM. R

Table 6. Multivariate Cox regression analysis of NHHR and stroke risk after removing the extreme percentiles (1% and 99%)
of NHHR

52 6. M NHHR R 5L (1%F0 99%) /5 NHHR S Xz R 9% E %= Cox BT

B 1 i 2 7Y 2

HR (95% CI) P1E HR (95% Cl) P1E HR (95% CI) P1E

A

NHHR $5%k 1.07 (1.04~1.09) <0.001 1.05 (1.02~1.08) <0.001 1.05 (1.00~1.10) 0.048

Q1 2] ZHR ZH

Q2 1.35 (1.11~1.65) 0003  1.30 (1.07~1.59) 0.009 1.27 (1.04~1.55) 0.017
Q3 1.45 (1.20~1.76) <0.001  1.34 (1.10~1.63) 0.004 1.28 (1.05~1.56) 0.016
Q4 1.84 (1.53~2.22) <0.001 159 (1.31~1.93)  <0.001 1.48 (1.19~1.83)  <0.001

VE: AL RHTAS RS, BA 2 R T AR, MR . ZERDUR BMI, R 3 AR 2 (R B35
VBT BIME. WERB. TG. CRP. UA. ZSIE MK W@, HOmeRa.

NEBARYS S8, R AR R G a1 2R A7, 2 I i 20 ok B0 A B (AS) B 4k e A LA T B 11 %
O, ZEYPONE R A ) O AR . Ho, (R ERE A(LDL), JLHEZ/NM% LDL (Sd-
LDL)F4AfLiE 1% LDL (Ox-LDL), #ifsE 2 o0 EmEMEUR A G[17]. LDL FORIRIE - B T 3k A i
T, S R A S T SR AR, A BB KR R A BE R I A% O s [RIRS, Ox-LDL EA 5RZI 1 {E
RAEEARRE, BeOE M A B A (T TE IAE RIS FEIT A2 . 993D e ME[18] [19]. X L8 fE
SLE N T RS KRR BE B I R i3 R AR E AL, D AR T4 B Al

52 AN, B R AR 1 (HDL) U R 30 S5 225 1 o i T/ R4 RS . HDL A% 0o Th A A2 JE [ 1 3o
1Z(RCT), BI M ELEE B ik BE 5 M40 B TE P 19 41 JE 4 220K 22 4 (1) L[] P 2 3 22 P AR AT AR BN k[ 7] 0 BE LB
(2, IARHT 787~ HDL ORGP A Gog s L IH BT 2 e AR &, R PR Srddl. Puiise Sl j R 4m
Dife[20]-[23]. DAItL, JeARH R, LDL ZK-T B (e H R AN ROV 2Y) ot SR 2 i 2 ik o3 A A5 A I
TERUIOCEE “HEF” , MRA EHEhAeR HDL N 2 EALHUR R KR “ORyE” EH .. I T
SRR 2 0 A HR R AR R ) L S A B

X LDL-C V32 M B 5, (R Z IR 7R, UK LDL-C ] BEAS A2 LA 4 TH 1R ) i 4%

DOI: 10.12677/acm.2026.1652000 1951 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1652000

F E

PR IR A i SRS o 2023 4 (b IR ST BESE ) 55 T non-HDL-C 7 e il 4= 3R S ik o AR AL IR 2 1
Futar 7 T B A AN AR E[24] o 35 A — T [ T RE P AFIAIE S, RIfsE LDL-C &b T BARAK T, 45 R IR [ i
T, i 2w A P i A F AR XURSE AT 2 S B4 1 159% 11 19%, #2715 LDL-C ANGE 56 478 i Sl Bk sk FE i1k,
N EE FUAH G KU [5] - 2023 4 — T R A VP 5 Meta 43 #T 27k, LDL-C/HDL-C FU AR 5 i 25 o KU 1 5 3%
¥ £ 9 RR = 1.24 (95% CI: 1.11~1.39), TC/HDL-C A & I 208 558 RR = 1.19 (95% Cl: 1.00~1.40) [25].
SEA AW TR, NHHR & 1 AL A o XU 1S 0 5%, 55 i DY 4357 B0 2R 35 e AR VY 43 5 48 AU T i
48%, WM EEARAT REKT. FERBHEE, BT ARPARENBFNR. 508 L(ERES. &
RAEAE A RLR) MG BT AR ZE R, SOV EA E E MR AL (HERkE, NHHR
H non-HDL-C XJ a8 ik s #E A0 25 F1 67fr (1 R AR RE JJ A HDL-C fRHE 5., W REBLHR— IR FR br s i&
A HTEZ NI 5 R 2

NHHR E AR G eS8, BE T BBkl FEa#E 1L 5 (non-HDL-C: & LDL-C. VLDL-C )5
PRAFE %53 (HDL-C) o AR B 78 0E S5 H 0] rb BN I 2 rp Uy BT R 3 A, 50 S PRt e 4518 —
. MA 25 A\AE 29,928 NALEIBAFH & B, NHHR 525 o 2 1EAH(OR = 1.24, 95% CI: 1.03~1.50, P
=0.026), Ff#E NHHR EE 3G, s 26 o XU Z 8T 36 n[26]. /£ WANG %5(2025)7E 817 44 fii 2% N #H
KIL, NHHR SR —AN A, A %0 ks XS 0 13.2% (OR = 1.13, 95% ClI: 1.02~1.25, P = 0.018) [27].
HAN 25 NG 853 i 2% 2, FRYE NHHR ACPR I 20 7L, I NHHR w210 3 ks 1 s Ak
AERR AR R =8, X — RISk FERE LR A LH S FE Y& non-HDL-C {233t fig i i ALa ik
IR, A% HDL-C il 55 ML A8 PR, 3 [RIIs S AR € 11 A0 AR T i [28] [29]

BeAh, BMERN. (4 55 4.01) R I EAT BB IGKRE Lo 24 NHHR < 4.01 i), X[KBE NHHR 7%
B IN(OR =1.16,95% CI: 1.03~1.31), T i BIE G KRB 2k . IX v e e B 1 9 7 T AE == il : (1) HE
JRAR U SR (I PR s AR iRy NHHR 8 Bl 7™ 2 5 5 2 KPR JOREARAS , sy JHG At JRURS: (8] 3% (L v T
AR T RE E SRR R (2) A WA : NHHR > 4.01 F9ME R §8 2RO M 30T 8 51
BREAF, 5 2 15 RSl

AN, WS SRR Non-HDL-C B & Fr G Bk Fe i lie e e, BAZSIIRGEEm, ERRE.
U A A0 5 H I = WU S A\ R i 1k T £ [30] . 2023 4F H [ I g FR 45w B 2 UK Non-HDL-C 1E A
LDL-C b 7ed8hs T RBEEAG[31]. i NHHR #F—5%4 HDL-C MRS 1EH, 1A 4= i S IR i
AN IR s el )T €77 = S PR AR TR

R A BRZE AR A A E S, AT 7T 8 IR Y NHHR a5y o [ A 2248 A2 XU 432 FR) 52
F¥abs, HHRW AR, tHEFEE, EHTERZET 5. 454 2024 4 (b E RS HEEm ) Xk
R GE, NHHR A BONIE KPG8 (U0 China-PAR)HI#M 78 T B, & SHEUEL IR IR T .

SR, AWFFA LA RRYE. (1) o 5 3Rk s, o) aestis Ok SR 2w El . (2) ik
L2 NHHR Ml 2R fe S ML . (3) REWE Z BEIRRIER, RRBIAIA T # % . (4) CHARLS A
Fil S Z A& rp oy R (SR P ot R ) B, ROR TR A R ER AL 7S . (B) A FEACR A I L — K NHHR
WEE, ARG BE 5 BA (8] 006 KPR S B a7 S5 AR R 3R, T REAd 4 SR T OR~F o BRI H v] e 3k DA
S RARIG o B 5 T AR B AR R s FERR VR YT 50 U RURDIRAS 2 AH B, 5 AR Aab 2,
AT REARAS NHHR 5546 2 [ KA OC I . RSk 45 & B RS A 245 5, HRAE 4S9 H
SRAHEWT 7 1k — D IRAIE .

ZEEPTR, Bm i NHHR 7K 5 o [ o2 48 N 26 b XU RS A oG, B2 RSt Bk . AF Fi 4l
FAEIR NHHR AJ Ayl 4 o 2538 KU 23 2 K TR 8 B KT AE R A
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