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Abstract

Stroke is one of the leading causes of disability and mortality worldwide, and abnormalities in gly-
colipid metabolism are important risk factors. Traditional observational studies are susceptible to
confounding bias and reverse causation, while Mendelian randomization (MR) utilizes genetic var-
iants as instrumental variables, providing more reliable causal inference. The GLM7 index is a re-
cently proposed composite metabolic-aging indicator integrating age, BMI, fasting glucose, insulin,
triglycerides, LDL-C, and HDL-C. Since age lacks a genetic basis, this review focuses on the six herit-
able metabolic components of GLM7 and systematically summarizes MR evidence on their associa-
tions with stroke. Eligible original MR studies were identified through searches in PubMed, Web of
Science, CNKI, and Wanfang databases. Results showed that LDL-C (especially small dense subtype)
has the most robust causal association with ischemic stroke (particularly large artery stroke) (Grade
1). Elevated BMI and triglycerides increase the risk of ischemic stroke (Grade 2). HDL-C shows a
protective effect against ischemic stroke but increases the risk of intracerebral hemorrhage (Grade
2/3). Glycemic traits (represented by HbA1c) and insulin resistance are positively associated with
stroke risk, while direct evidence for fasting glucose and fasting insulin remains inconsistent
(Grade 3). Significant heterogeneity exists in the effects of different components on large artery,
small vessel, and cardioembolic stroke. This review also discusses methodological frameworks for
conducting MR analysis on the composite GLM7 index, including genetic instrument construction,
correction for horizontal pleiotropy, and expected differences from observational studies. Future
studies should focus on cross-ethnic validation, multivariable MR, and genome-wide association
studies of GLM?7 to further clarify the causal effects of this index.
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1. 5|

A ARV ] 4 3 B TR SRR 1) R R K 2, R 1220 JiETRR B, Ao AR
H4d 80%. REEGUMEMMAC I H&SME. HRWE. IS E RS E R, (HiX 5
Ty 52 1R A w5 A0S ) (R R OC SR BT, HE DA HA AT 5 1) IR RAHE BT . 7 /R BE LA (Mendelian randomization,
MR)FI B 4648 e E v T HAR &, TR AR E T T B BE AL BC, 52 05 R IR DR 25 AN s AR 1Y)
SN, RERSSRAL E AR I IR RAIEHE , A R RER 22 b B T AR R R I A R LR DG R I AL
R A S i 2 o A o B T B LA 0 2025 48, Wang Z5 [1]9E T [ 5 i e 58 77 1 & (NHANES)
B, FPR T —FhEE LA IR ISR AR R 2 2 A B e fa B —— iR A1 7 X+ (glycolipid metabo-
lism 7 factors, GLM7) [1], HitH AR A: GLM7 =logio[(FF#t x BMIx ZXJEIMHE x R E x TG x LDL-
C)/HDL-C]. %354 B ELE A VAL /MAEACU S5 R P B AP EDIRES , BUmi i GLM7 (EE 3 3R R
Sy RHEPU BB A 3 B AR AR M s KB TH 5 . GLM7 B35 1K -BAN i 8 55 7 R AR (S R b
f % ). BEACHH(TG. LDL-C. HDL-C)FARG /0 A1 (BMI)LL B SE #4252 ANYERE, fig i 3 4 Thi 3t S LA LA 1)
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FE A

RHeE BRI . £ NHANES & ILBASIFT CHARLS BAEBA S, GLM7 St Co il 2« BB IRI . AP Al
P SR 1) R Y R AP TN e, FEs2 i TAEAFAE 28 F T F(AUROC) 1. #] 0.87~0.97, t£T TyG
et AIP SfLgikifiata . R, HRiET GLM7 MIWF M TSI B, BIAIEE EZkE M
SEPEBABIREFE, 5 20 o A DR SR O 3R 47 75 i o AR B LA 7 V2 PSSR . [EAREE R, GLMT iR
B SR EE H PR (Age). BT H PR ae A B AL IR (A AE Yo MR AR s e ), TG
PAERN MR SRR B AR, H H AT T AR 2= E R (i R FE) S I 26 s 1) MR IESE A TR 5l
PERCR, N PRREDR BT A, AR R AT GLMT W B BRI A /MR 4, B BMIL 2
PEpE. . Hil=Es. LDL-C f1 HDL-C, RAZiMiF Fik & pisy 5 M A b () F i R BEN AL IR, =
2B A R DR R AKONE T8 I B S R ) o A o I TR R S v R, RN R SR IR GLMT B AR5
W EAB R BEN AR TR T i 5% .

2. AU R STHiE)

KT RGLER AT . A6 24 PE AL PubMed. Web of Science. H[E %1 (CNKI)FI T
T EE . R R RV A A 2026 4 4 H 15 Ho R &RiE . “mEm/RBENLL” AND ((“fxerh”
OR “@iifL 4 OR “NIMAE " ) AND ( “/BiE40” OR “IfiLfE” OR “MBiyE” OR “Hih =Mf&” OR
YR EREER A REEEE” OR “mi% AR R AMEEEE” ). JECR R N: (“Mendelian randomization” OR
“MR”) AND (“stroke” OR “ischemic stroke”) AND (“BMI” OR “obesity” OR “glucose” OR “insulin” OR “tri-
glyceride” OR “LDL-C” OR “HDL-C”). ZiAfrifE: 1) #FE N GLM7 4850+ T & — A4k (BMI
M RS R Bl =8, LDL-C. HDL-C); 2) &R i i (L HEwh it 46 v S A . KB ik 4
o N E A D UEEREZE): 3) R EAE/RBENIAL TR 4) SRR ST, HERRPRE: 1) JFrh3E SO0k
2) XUEHE. PFE. (E1F: 3) EEKK. HMAUIFIE AL IE SO SRR . IR S I 900
FikZ: Grade 1l N IVW &2 H T BUs: 2 b7 77 5 (MR-Egger AU A7 £055) 77 17— B H A2 fd; Grade
2 N VW 2% HEURIE 77 1) — BUEAR A I Grade 3 N ZE/D—Ff MR J7& B ZHAFEA 2
Grade 4 NTC & KR K REGEHEA L . s LR RN, KRB COCHR 580 f, £ H 54 420
T o 220 [ AR RN AR L HERR ANAH SGSCHR 350 J Je, AN 70 F AT A ST B 1k 4SO HRRR 41 (Bl A
TE8 20 G JOVEBRICA S 15 L AEJEEY 6 5R), BN 29 R EIA SRR BEALLEE AL (BMI 7 R BHE
K% 6 5 S E 4R, HM=F 4% . LDL-C 4 . HDL-C 4 ). XHAIFERMFENIE 1. GLMT J5h
€ P AE H PR (Age, year). BT H AR TCIEAE Ny A8 R BENLAGHIE 78 1) 2 R A2 B (A7 AE P Mk
ARG LA 7Y, H H AT A 2 SRS (i B ) S5 ik A2 i ) MR W FTIESE AN e 70 b
WK, NORRE AW 8, AR AT GLMT AT AR s, B BMIL IG5
#. Hh=Mf8. LDL-C fl HDL-C /N/MEkx.

3. GLM7 &R 5 5 k2 ) R B /RBEHL L IR
3.1. {&FRIEH(BMI)

B IR BEALALHIE T — BOC R TR 2 (BMI) T 5 5 6 26 b RSB INAAE R R G R . Li %[22 T UK
Biobank 1 GIANT I B3 (£ R 30, 8% TR0 1Y) BMI BESE N 1 ANARiE 2, Sl i 25 v () XU 39 0 24 16%
(OR = 1.16, 95% CI 1.10~1.23). Daghlas 55 [3]ik— R B A T IR AR ZEE AL, 3 BMI B30 1
ANFRUEZS, CIE A 2E XU 0 20% (OR = 1.20, 95% C1 1.08~1.33), 4Rt Kl 1 XI fE A5 174
26%[FI 8N, Yang S5 [4]FEIAEIESE BMI SR 2 1 52 A 9% (8 = 0.16, P = 1.63 x 10°°), H.&k v = B4 H
TERBNKAEH . BhAh, Wang [5]557E 2 Flge NBEHHIRAE T BMI G2 A XU 1 IR RAEH - R Marini 25[6]
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IR FEAR A EL BMI 550087 1 5 28 O)TK, (A2 Jm i MR B T SCRE BMI AR DA 25 H (10 R SR XU [A]
o SEEUEYE 90N Grade 2 (ZH—3, AFED RIS R).

BB AR RIBHICER (n=580)
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Y

I3 5 A R % 22 7 2
HEBR S HH K 3R (n=350)
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Y
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Figure 1. PRISMA flow diagram of literature screening
1. XHERiRiERAEE

3.2. BEEIMPE(FBG)

25 M IR 5 0 A Hh R TR SR 56 REEAR T MR BFF 70 80— 2 AR — 8k . Georgakis 25717 F K A%
GWAS i KB, 1BAE TN HbALe (MK MBS /K F) 8 1%, i M PR A6 A XU 34 i 36% (OR =
1.36, 95% CI 1.21~1.53), JUHXF KBk A AT /N L8 AR rpogo sy 25 s 2 I AR B 5 4% i I 2R O 6
HREk. BT H 7%, Georgakis 254 7ok H MAGIC K1) 133,010 #iI4EHE R AHE GWAS
Kb, AR 20 AN 52 BEIUBEAR G SNP V58 T HAT & (F i1t E19>10), Seit Dok x4 bR oot 25 o
P A [RS8 e AN A2 500%), X R B 2 R U R Be ks Hh S35 DR R IR B Rl 2 — o Yuan 25 [8] 78 I 2o
2 MHEAE R N 1 mmol/L, KBk A XK IS 0 71% (OR = 1.71, 95% CI 1.13~2.59), % A A Sk Ifi 2k 2
WATRRHE R 2SO T B AL I TR AR R IEARE(? < 0.4), WANTHE SNP (L 714y, R
T2 3.6%, SiithiE R, RE AR TS Georgakis 2545 R, Lee ZE[9]7EHRE AREF R K
A% i At 5 AR ) B 25 R B E R (OR = 1.05, P = 0.062), #E/xm] BEFETE NBESE Bk . 0T 98 3k T 5 [
KOoGES #il KCPS-11 ##&, FEARE R /NN 42 NSRRI SC SNP), F it &G <10), A5 1T
B e WS, AR A B 5E A 8 oA AR IR IE S RN A BEAN ], AT e S BGOSR AT 2 5. 27600
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FE A

Hikds, MmEAE R (LA HbALe AARER) 5 2 v UG AR DG, 825 A I w1 B 2 D8 e AN —
WG 4> 24N Grade 3.

33. BR=E

JiE 5 F AR AR 2 IR B AP AR 5, R RE S s S rh XU AR DG 8 . Yuan S IILIE A TN 7D 2 T ik &
RN LA ECRAL, /NI A XU N 2.30 £5(OR = 2.30, 95% CI 1.04~5.09). % 5014 FH (125 8
i i 218k T H R MAGIC 1% B2(108,557 il 414 R 9% A HE), X 38 A~ SNP, fi##eJ5 2 0.5%, F it
HHE(L 12), FE—ERS TERARTRE, XEVFRE T ILSAL T EAS X A 5 R . Georgakis
SEDUBR S AR N R, RIS+ (OR = 1.33). KEhkA 41 (OR = 1.60) /M L% 25 HF1(OR =
1.63)¥) 2 IEAHK . B TR T 2 1R GWAS R 51 53 4~ SNP /E il 5 R HRPii LEAS R, XL SNP
IR 52 kS 2. Hl =B A HDL-C A%, MR )7 7 BARMY 0.7%, (A T HARE LI ™ i It 3t e A 46
WE, KT 280 ARG, 45 BT AFa . AT, Zhu Z5[10] LA & 2550 & = 282 e SN B R, &
RN A A 1) S 2 ORI s AT SRR R 5 SUAS [ (2 R A A R T A B R IR 5 R K), L B 2R
PIRE A 1A SNP (INSR &), Seit DA, BAPESS FAN A8 B4 S I AR B AR Bl 5 R 1R 1) R SRA R
F . de Ruiter Z£[11]PE 5147 2 MR 23 T th R UESE S B R 5 2 BRI &R o 20 508 A T 1
PR 2 R 5 2 GWAS (et 10 4~ SNP, AL 8 1Y), F Giit Emik(L i F =195, B F = 14.2),
HAEAEA R (Lt 261,920 4], (HAFFAHED), GittkDhRon 2 RIS &, X AT RE & H 1t 45
R FEFEH, XA - Re S B EE LIRS R vs BRI 2R R RS Thach XK. iE
YE5r 2% N Grade 3.

3.4. Hih=HEE(TG)

Z A0 MR 7833 H I = B8 (TG) Fh iy Y s i A 26 o JXURS:, IR RSN L P4 . Bai 45[12]
RILIBAE ) TG AEH9 I 1 /N FAhr, SRt 26 b XU 351 9% (OR = 1.09, 95% CI 1.03~1.15).  Georgakis
ZE[13)R T TG 5/ A A XU IE A IS(OR = 1.15, 95% C1 1.05~1.27) . Qin Z5[14]78 R I TG 5 KBk A
HFAFTESE R T DRI (OR = 1.20, 95% CI 1.03~1.40). %A1, Zhao %[15]7F (Nature Communications) A7t
HRKIL TG 5P RERIKR. BMETF, TG Fh i 5 Gk M 26 o XU 390 4 1E v B8 R4 B9 E
f#, UEHE 24N Grade 2.

35. (KEBEEEBDEEE(LDL-C)

LDL-C 2 fisi 26 11, 45 51 42 KK A BE A e 2 o 110 g it PR SR KU R 3R 2 — o Yu 25 [16] K B /N5 LDL-
C (S-LDL-C)B3im 1 MrtZE, KBNBkA RS 35 0 48% (OR = 1.48, 95% C1 1.12~1.96), A EKIE/G
3923 . Wang S5 [17]H40F 5238 4% T (¥ /)y LDL R0k A [ B 5 45 o (OR = 1.14) AR B ik 45 1 (OR = 1.34) 1,
Bx 3 N AH % o Cail ZF[18][RIFEHR /)N LDL BURE 5 K 3h Bk 45 b XU 39 i 31% (OR = 1.31, 95% C1 1.09~1.56) .
Qin Z5:7F B A5 B MR %25 LDL-C 5 KNk 2 () IEAH(OR = 1.46), {HZASERIE G RNIRTY, 17
INFBEER ) IR 1 B /T o 45 A KE, LDL-C (JUI /N W 2Y) Sl i 14 2 v (O 3L A2 K B Bk T ) 1)
RIS OC RUEHE I AR 4, WEHE 42240 Grade 1.

3.6. B EREERBEEEHDL-C)

HDL-C 5 2% 7 A R SR 6 2R IR 24 BRI RFAIE o R 2, HDL-C RIUAIRI A EK . Bai
LRI HDL-C &7 1 ANBAAE, 25 Hp XU P44 7% (OR = 0.93, 95% CI 0.88~0.97). Georgakis Z5[13]3F—
$FSE HDL-C Fh i 5 /M L 25 XU B AR (OR = 0.85, 95% CI1 0.78~0.92) % [ i i /5 5 R AR U /MFH 5% . Qin
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FE A

M EL ] HDL-C 5 /M8 2 v A AR 714 52 B (OR = 0.86, 95% C1 0.75~0.99) . #R1f, Wang &5 & I HDL-
C 5 i HA I JXURS: 384 I AH 5 (OR = 1.74, 95% CI 1.23~2.45), #2715 HDL-C Xt i 4 A H i 4 26 o ) 25082 )
FHI o A, HDL-C S i 26 o () OR3P FHAIESE 7320 Grade 2, 1% ot 1L 4 XU B4 il Gradee 3 (1E
b (5 1).

Table 1. Summary of MR evidence for each metabolic component of GLM7 with stroke

%< 1. GLM7 &R SZEF A MRIEEL R &R

BURIE 2 BT —

By BhECR R g NS

GIANT, (IR E I
BMI 75 UK Biobank, KENK A
MEGASTROKE AN

1E[A), OR JEH P %E%m?%

1.09~1.25 Aotk Grade 2

, , MAGIC, 1 . T
rf(’iiméf@ 6% UK Biobank, ﬂﬁmgﬁf;q; '“‘gig’%igﬁ WAR—%  AENME  Grade3
MEGASTROKE
MAGIC, i R T4 IE A (B 5 2=
JREE 45 DIAGRAM, ﬁkﬁfﬁitﬁ ), WaATxR WAA—F LEREZHME  Grade3
UK Biobank 1Bk
UK Biobank N " N .
Hih =g e ’ Rk, ZHIER, $Bou . TREZHKFZ
e 4R SO hmged soEmExm 0 o gy 2
UK Biobank, . 1IERJCHE KRB .
LDL-C 455 GLGC, x ;ﬁfgﬁp WAY), OR il —F %i“if;?% Grade 1
MEGASTROKE 1.14~1.48 &
UK Biobank L A ol e i P 2 Hp R Grade 2 (Ht
HDL-C 4% GLGC. st BORT -z memze LR
MEGASTROKE Fi 4 85-0.93); *I/i rade
HH I RS 3 n (0 4 1)

4. BRI IIRZE R E R R EF N

GLM7 AR 3 X6 AN [ A v AL f) R SR RN AF AR 35 22 5 LDL-C (J0 2 /N3 W A R H il = g
F= BN K B K R AR A 25 i (LAS) XU, LR LDL-C 0N i N FR i (OR YR 1.31~1.48). &
HEPUAT HoALc [RIE 38 I K S kORI /I I A6 7R R, 1T HDIL-C %o i I ek 26 r (R 51 2 /08 o 2 0 28) LA
FHER . 2 IEMEFT BMI [N AR V2, (25 IR 0 PR R 95 A 40 HbALe B . O P44 2E (CES)
SRR R IO R OGRS, B BMI Ab, 2230 I8 A0 pE Fa br R SBoR B 3% 598k . EAE A, HDL-C
Sof Jii H AL (ICH) 52 500 AR IR, $ 7 FLAE HA i 2w e (R AR [RIE R LA o I T PR R S M 22 SR
Bl Skt A [ AR 30 B 11 TSR i 9 35 T 2 140 A 2 M B AT A AT 6

5. GLM7 E &8 B I TR E/RBEVLIL 53 B 5 3R F 4R T
5.1. GLM7 i@ TEMENEREFZSEES
H AT M JCEN X GLM7 2 & F8 B0 4 25 DR 20 G BC T 78 (GWAS) , [ e i) 2 FL 53 A% T 2 m] R LT S
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FE A

HEGERAERBBAZI(I UK Biobank. H E1 M BT BE LR 5T) it HAE AL 2 5 1) GLMT {H(GLMT =
logio(Age x BMI x FBG x Insulin x TG x LDL-C/HDL-C)), #AJ5 & GWAS 155 GLM7 &35 M) SNP
(P <5x107%), LMEATEZE. %75 HEH IR GLM7 56 80N, HEK A [F i B 2% fr
A RS I A AN R A BB . TR R M H 2 B R BN AL (MVMR)HESE, K GLMT (24
53 [F AR R R A NARRY, ki T H % 123 B SRS AR I AR G o AR DT VE TGV B 49 B GLMT F—45
BOIPURAG T o 258 KU P 0k 2 0 B 40 IR A% IR 1T 23 (GRS) % GLMT7 2 s AT A (e J= X
X)), RE K ZLE S GRS /BN T HAR & . XM ik B RIE, (H TR Z R A S HE AT e 5] N 3E
M)

5.2. KPHBHMAIBEE SKIES %

GLM7 1ER— AN HEREACHT . 5 UK R 2 I 2 4 B A 48hs, HidfE T AW S @it 24
A A T B e AR R A Ty KT 2 R R R R o RN SRS B - 1) /R TR AR Sk A, B PhenoScanner
AR EHERR S AR R R (L SRE R F)AHOCHT SNP; 2) KA MR-Egger [E1)3, i i AEE Ik
R TT MEZ R, A EIEA R (P> 0.05) MR /K28 3) R b 80k, %5k
75 %5 /b 50% ) T2 AR A7 U e SR Bt AR e A5 115 4) DA MR-PRESSO J7 v A6 -5 4 B SNP, £Z1E
ZHME T 5) FRZAE MR, BRI F R WIE . BEAR 2528 ) 8 N BEEY AT 1R 8

53. SMEMMRPTAHRER

T WL 78 5 IR 2 R (A5 5 30 AR R BRIR ) R0 1) R SR (2R miT AR e 22) o s, £
AR R B 5 45 SR I ORICHEE . 1 MR BIF TR 8% 78 R o T HAR &, e A R AN, A%
KRR Kk, F GLM7-MR 58/ RN AR (OR) I GEAR T WL E2 M A S & k8. fldn, BMI
LRt MR 7 HR ATIA 1.5~2.0, 1 MR #F50H [ OR £7F 1.1~1.3 2 [A]. tk4h, HDL-C 7EM%2
PEWE IR RBUA— B AR IR Z, (H MR B 78 H2 R S0 Bl vk A< e (R AR 47 38R/, LS H I 7] e A7
FEBS o IR AR AT T MR AIF 7T A2 DR S 4 W7 o g 4048

6. GLM7 &R EREAEXEFARZZE MR FEFHRT

GLM7 AR A 43 3 5 i i 2 o JRUR: T A S ok 52 % P B A D 28 AH LR TG . AL
WG, WBERFEAGUTIE N A S0, 0 25 AR W R A, kT T v H i =l (TG) AR AR 25 i 2
FI(VLDL)K 5 (AR, e R IR 25 m it 8 A 7 SR 8 RE s I R g 5 kb, /g 3K . LDL-C
(T /N 25 M 2Y) 55 H 7 = B AE S K FERE A BEHE b B W 2N TG JHm {2k /N % LDL 5
FLIFI A, /N LDL 55 55 4 A I 8 3% I 9 B, I K Ak SR AR A AL . HDL-C U8 3ok I 3] B3t 4 i
FPLRIEH, HoE LR ERN . XA ESIR, B R ML N T GRS T A
e 8 I LSRRG

HAT, 24 MR B 7R AR ST, APPSR S 5 2 R RS, 28 T a3 Tl (1 22
FAEFRA AN o AR B AT S AE BN, 2278 & AR B ALAL (Multivariable MR, MVMR) 2
BT —MAERLH . MVMR AJER — B gy N 2 AR R, I B A 2 ER s, Al
FEl CEB RREMN. Fln, HFEERE BMIL 2SR LDL-C 44N MVMR B8, w] g dt BMI Xt
AT R RN A TS S 4 ILRE AL G A 5. A, MVMR 36 ] 5@ g9 A SRFR I (40 BMI x TG) 56 3622 H.
YRR, B2y 220 B (Ind2 HDL-C /KF-23 J2) R 58 inise sz HAE F

X GLM7 451850, AKM MVMR B AR EL DL T 560%: 1) K GLM7 78N o3 A 1R R 22 B
AN MVMR B, Al b 8 o S0, R0 HH LR SRS A6 b XU FIAZ Lo i ar s 2) RR gy - Ik
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%

437 A H IR 384 TR SNP 5 SNP [IFRAR), KU 770 B35 IR BAR s 3) M0 I 4% i 4 /R
KL (Network MR) 7735, #4224 B 2 N A 20 T HE 24, 198 A 6] 0368 B o ) 0 BBE RS2 (81l - BMIL —
BEHRGT — TG — /&5 LDL — KEWIKA ). 388719 0 R K B 48 5 GLMT % s 2 1) 5 24
MBS R, R AT O AT TR AL B S 1 .

7. Wit ERE
7.1 FERMESE

ARLER ARG T GLMT7 AR B 75 06 2 b i) A R BE A LA RS o 32 2R BLEL4E: 1) BMIL LDL-
C AHih = Fa Tt & — SO b0 i P 2 v XU, JE IR KB kAN /N U 8 s 2) B4R 578 (LA HbALe
AR FR) 5 A Hp RS 3G A 5%, (HL 2 I IR 119 B2 DR SRR A7 41 3) R B ZR AR Ak s I R 5 3K P
Joe 26 (O 1) R /N LA ST ) A R SR XU PR 25 4) HDIL-C il it 26 oy BB (R4 1 T, (LT A 488 o i S 1
SRR 3 B) AN [ B 23 %o 26 v 7 TR B 50N A7 A S5 35 22 57, LDL-C R BRI T RSk ZE o, 1B % 24470 F HbALe
El b N AN R
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