Advances in Clinical Medicine Ifi/REE223 &, 2024, 14(5), 1062-1070 Hans )0
Published Online May 2024 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2024.1451526

E?i%frxﬁiﬁmw}"" F2BIGER IR S RSB
ARKXFR

MR, BRARIES, IREARL, Rpegt

NIRREFEERETEN SR, IR
ANFR RS REE R, R U
IMFRREFEERERL LR Ui
NARKFEFEERUER G E AL, LR G

ks H . 20244F4H16H; FHHEM: 202445 H13H; kA HM: 20244F5420H

H E

B BEREZIKFRFEK BRI OZRAKABINE, T2DMAZETS K KRERFLEEMN. HIK:
RABRBRRERBZEPERRKR, IHERRERT R AR SRR R 5 F R S /. T B
iR FIMR-Egger[5] )97 (MR-Egger regression). IO A1#7%:(Weighted median, WME). i¥ 75 Z N
% (Inverse variance weighted, IVW). f&j#{tii1i% (Simple mode). JIBUEEL 1= & 38 5 Z A BEHL R R
¥%(Inverse variance weighted random effects) 65 5] JIARRY ¥t 2 2 ¥ FR % 5 3 55 B (R SR Ok R AT 18
IRBENAL AT G55 IVWRERBL B RSIERRARFRAEREER, IVWHEHLASER N ER2BERFE 4
B X MER; MR-Egger[Bl HEFEHPE>0.05, Bk HKISNPAFERER S, FibLE
IR BENALAEAHIF 52 b D9 R SRAE M B8 O ¥ R BRI 45 R PIE 19 <0.001, M & JSCTEREHLANMIVW
B, & FAPEELE/REI T EHRRERE RN R MERRERE, BALRETRER, #
PR DA e 2 RN PR R 5 S MR E R SRR R

XA
2RUBHIRIA, 55, DRHENT, ZAUREENLL, RRAHAF

Causality between Type 2 Diabetes and
Frailty Based on Mendelian Randomization

Hongfei Liul2*, Linzeng Qi3, Yingjie Sun, Xiaorong Luan*#

'Department of Geriatric Endocrinology, Qilu Hospital of Shandong University, Jinan Shandong
’School of Nursing and Rehabilitation, Shandong University, Jinan Shandong

e (E
"EIAEE .

SCESIF: MR, BRI, PAIEA, Zemelk. BT AAEKBENLLIRR 2 BUBERE SIESSHIBIR K R D). IRREE 2
Ji€, 2024, 14(5): 1062-1070. DOI: 10.12677/acm.2024.1451526


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2024.1451526
https://doi.org/10.12677/acm.2024.1451526
https://www.hanspub.org/

itk 4%

3Department of Orthopaedics, Qilu Hospital of Shandong University, Jinan Shandong
*Department of Infection Management, Qilu Hospital of Shandong University, Jinan Shandong

Received: Apr. 16", 2024; accepted: May 13", 2024; published: May 20", 2024

Abstract

Background: With the continuous development of China’s economic level and the aging of the
population, the incidence of T2DM and frailty continues to increase. Objective: To explore the
causal relationship between type 2 diabetes and frailty and provide genetic evidence for the risk
association between diabetes and frailty. Methods: This study employed six regression models,
namely MR-Egger regression, weighted median (WME), inverse variance weighted (IVW), simple
mode, weighted model, and inverse variance weighted random effects, to conduct Mendelian ran-
domization analysis on the causal relationship between type 2 diabetes and frailty. Results: The
IVW model showed that diabetes is a risk factor for frailty, while the IVW random effects model
demonstrated a statistically significant impact of type 2 diabetes. The P-values for the intercept
terms in the MR-Egger regression were all more than 0.05, indicating no genetic pleiotropy for the
selected SNPs, thus confirming that Mendelian randomization is an effective method for causal in-
ference in this study. The P-values for heterogeneity tests were all <0.001, highlighting the impor-
tance of the random effects IVW model. Conclusion: By employing the two-sample Mendelian ran-
domization method to account for confounding factors and reverse causality, unbiased estimates
were obtained, supporting the existence of a causal relationship between type 2 diabetes and
frailty.
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1. 51§

2 RUBE R (Type 2 diabetes mellitus, T2DM) & — PS8 A M, 5 BURRAE R IR 5 = AL R & B
M Dy REIOR, FEUMMEF . T2DM (GHEREEEMRZH, 2R THEFEN, HIREK, VIHT6
B AR SRR, (A RACIHA I H], 2 RECEFIFRRE, WO MR MERAR[2]. LR
AR BWE[4]5F, MEEE RS E A G FERE T2DM AT S A s R o, AR 2020 4,
T ERAEN T2DM BHRECLIEH] 10.9%, 2914 117 10AN[5]. i3] 2030 45, RE T2DM E& HEH
WE2MNVLE, REskeE.

T 55 (Frailty) 2 45 i1 - 2 g sl A2 FURES O RE A 6], S BHLAA R AP A T4 k4, AT 51 AR
WIS FREAL, ARMEVLARES B AR IR ETEGR ,, 7R 77 FEFRAME BOIR L IZET T B (1) — PG PRER I 7] 8
5t T A= 24 23 (World Health Organization, WHO) (4 27, AR AT 6000 75 65 % KM UL EINEA =
55(8].

BEAEOEIC R, MK TS 2 S 80 T2DM B3 L S5 0R 0 — N B R N [9]. 8 /REENLIL
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(Mendelian randomization, MR) & —Ff 85 Z2 () [ EHEWT /778 10], RIS AS AL 05, W s R 2 265 1
(single nucleotide polymorphism, SNP), /4 T. A4 & (instrumental variable, IV), 73 HIHF 7 IV 5 255 K 2
SERIAI ORI, DAERT B8R N 545 R PUEIR R R o AWM H MR B4, 24 SNP #5881V,
PATRTS T2DM 5355 2 Al PRIR K & .

2. BESH*E
2.1. ¥IEKIR

ARWFFCRIFH T2DM 1ENEEE N ZE, 5 T2DM BE KK SNP /EA T R R, HIHENSERTE,
P REA MR 3 M7 (1) 7712553047 R B ORI 73 M7 - T2DM BB REAS SR E T 9% [ AE M0k A 2 (UK Biobank) [ 4
FE K| 2H A 77 (genome wide association study, GWAS), #FF6 GNEI AN Fh, fFE 22,340 44 T2DM
H N 439,238 44F T2DM Hi3, 5 9,851,867 > SNP. FE55 B EREAR AT 2021 4E kK £ T Aging Cell
T 2R SR EUR I E 2% (1 GWAS BIFFL[9], 7 7E NHGRI-EBI #0488 o iZ 4 72 A HI 3L 35 175,226
N, BIRERGINANR, & 7,589,717 4~ SNP.

AT T2DM SNP ik i 5 T2DM A %X SNP, 145 5 T2DM KBV P AE/NT 5 x 1078,
EBATH( < 0.001 BUREEEE < 10,000 kb) K5/ N SRR KT 0.01 [¥) SNP. B, FATHZHEL
TIXEE SNP 45 AREENIER . A RBEENFEFAR, LA EA]S T2DM FEESS I SNAR . AriE iR A
P1E.

2.2. G FERE

2.2.1. MR =M EERE
MR ZER 35 L LN =AM AR (K 1):
1) THAZS G 59 RE X Z EATERERAH KR
2) THEAE G H5IRARHE CAHEAAL,
3) THARE GAUEI AR E X 4R Y r=EEH, BRI 2.

_ o CoRmER)

-
-
> 2
-
”
-
-

G (SNP) X (T2DM) » Y (ERB)

Figure 1. Directed acyclic graph of instrumental variables

E1. TATEREETTEE

2.2.2. MR ERXBITE 5%

FEAREFE AT 9 MR 73 A3 T« (1) MR-Egger [F1U3 : 127 VE 48 B ANAL 28 2 A1 55k Ad 1 SNP-
FFEXT SNP-Z5 RN . [Pl EERE G 2 A 22, BB R R D IR IR 2 30 . (2) IiBUh Az
HUE(WME): %75 a3t T EAMA SNP LR A 19256 25 A7 08 B A7 BORAE TN . (3) 3875 22 Al
IRAVW): 7 VR E I — BB AR AR 0 B R A BT TVW PR, 518 . BB e BT SNP
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HAEA R R, T 5 [ RN BB, — i . (4) fa s flivhid: 207k SNP-Z5 585 SNP-
T e B TR] B R [ A ORAS T 2R (5) BB ik 2T VRSRALT IVW J7ik, (B FH ARl - (3 7 22
VEOURLE . (6) 375 ZEANBC BRI i 2 B 30 5 Z2 G 73 M 4 R s T A B A7 A8 W F) S B
VU4 P38 5 ZE AR BE LR R 82 o

2.2.3. B S T

TR T BAR B £k, W LAMEH MR-Egger J7¥E[11]. AnSENE T AR A 0, B8k
FRIG P AN G2, U] LK) 52 AN AEAE A3 - Leave-one-out 5 (1 J5 B2 % — B 4 %4 SNP, 15454 SNP
BIE RS, DA HIWE SRR T AR B EAEH SER BN R 545 5488 2 (A i B et .
2.3. TR

FTA 43 W 359K XU 8 35 R BRI 0.05 FRATE FH R SR 4.2.2 BORIEAT 40T, 3% F TwoSampleMR
BAF LT MR 2347 .
3. &R
3.1.SNP &

AW AT RIAEA SNP E B a3 | R, Zad PRAHILEC /133 68 4~ SNP. fEIXEE SNP 1, 2L
SR HE 5 T2DM [ B 48 36 B 9—0.0205539 F 0.0146745, H: 53550 HKBME N 0.0492. b4, iX 68
AN SNP [ F et & KT 10, RUJZEA T HARAGLET T HA S

Table 1. The effect sizes of various SNP on T2DM and frailty
5% 1. & SNP ¥} T2DM MR HRI R &

R E e TS| T2DM 255
SNPs PJEERES & F it &
oAt 557 H (7] B SE P B SE P
rs10195252 2 165513091 C/T —0.0035322  0.00045299 6.30E-15  —0.004  0.0034 02306  60.8024755
1510421566 19 46159123 T/C 0.00377769 0.00049403 2.10E-14  0.0033  0.0037 03715  58.4726829
151064173 6 32627480 A/G 0.00834518 0.00051552 6.10E-59  0.0144  0.0038 0.0001609  262.0467
1510811660 9 22134068 A/G —0.0071013 0.00058755 1.20E-33  —0.0053  0.0044  0.2278 146.07775
1510830963 11 92708710 G/C 0.00478562 0.00049727 6.30E-22  0.0017  0.0037  0.6423  92.6165095
1510974438 9 4291928 C/A 0.00280019 0.00046601 1.90E-09  —0.0044  0.0035 02029  36.1059633
1511257655 10 12307894 T/C 0.00422685 0.00054714 1.10E-14  0.0075  0.0041 0.0642303 59.6813073
15112674299 3 63982670 T/C —0.0037258 0.00065403 1.20E-08  —0.0141  0.0049 0.00386901 32.4511751
15114355928 6 32265881 T/G 0.0110325  0.0013364 1.50E-16  0.0492  0.0099 5.87E—07 68.1514246
1511658063 17 36103872 G/C —0.0038931 0.00045816 1.90E-17  —0.0016  0.0034  0.6369  72.2034226
151169299 12 121429194 C/T 0.00265339 0.00044735 3.00E-09  0.0064  0.0033 0.0524397 35.1812427
rs11712037 3 12344730 G/C —0.0045367 0.00068705 4.00E-11  0.0071  0.0051  0.1639  43.6014438
rs11720108 3 123069058 T/C —0.0040812 0.00051621 2.70E-15  —0.0015  0.0038  0.7038  62.5050147
1511759026 6 126792095 G/A 0.00393527  0.0005316  1.30E-13  —0.0114  0.004 0.00395503  54.80085
51182395 7 157032924 G/T 0.00281587 0.00046713 1.70E-09  0.0028  0.0035 04156  36.3378293
151215468 13 80707429 G/A —0.0041615 0.0004918  2.60E-17  0.0048  0.0037  0.1927  71.6037478
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rs1260326 2 27730940 C/T 0.0036418  0.00045401  1.00E-15 —0.0052  0.0034 0.123 64.3435728
rs12910361 15 77782335 G/A 0.00354186 0.00049084 5.40E—-13 0.0039 0.0037 0.2895 52.0702862
rs13116313 4 96121988 G/A —0.002755  0.0004997  3.50E-08 —0.006 0.0037 0.1064 30.3970289
151320164 8 95960767 A/G —0.0026447 0.00044473 2.70E-09  —0.0043  0.0033 0.1895 35.3644711
1513262861 8 41508577 A/C —0.0044371 0.00059253 7.00E-14 —0.002 0.0044  0.646399  56.0767241
151333045 9 22119195 C/T 0.00249961 0.00044558  2.00E—08 0.0109 0.0033  0.00096701 31.4691731
rs13414381 2 43567218 C/T —0.0053685 0.00066711 8.50E—16 0.0074 0.005 0.134 64.7606694
rs1496653 3 23454790 G/A —0.003955 0.00055162  7.50E-13 0.0022 0.0041  0.597301  51.4044875
rs17168486 7 14898282 T/C 0.00322875 0.00058983  4.40E—-08 0.0025 0.0044 0.5645 29.9652612
rs17753004 20 62445068 A/G —0.0031065 0.00052413 3.10E-09  —0.0143  0.0039 0.0002616 35.1277376
rs1783541 11 65294799 T/C 0.00301673 0.00053932 2.20E-08 0.0086 0.004 0.03264  31.2886103
rs1800961 20 43042364 T/C 0.0087451 0.00128329 9.50E-12 0.0031 0.0093  0.736801  46.4386878
rs1810534 20 32437142 T/C 0.00272865 0.0004467  1.00E-09 —9.00E-04 0.0033  0.791899  37.3131416
rs2183237 14 38803756 A/G —0.0028544 0.00051859  3.70E—08 —0.0093  0.0039  0.01583  30.2962905
1s2237895 11 2857194 C/A 0.00435582  0.00045028  3.90E—22 —0.0022  0.0033 0.5189 93.5785827
152258238 12 66221060 T/A 0.00528048 0.00072204 2.60E-13  5.00E-04 0.0054 0.925 53.4844948
152303700 19 7976529 C/T —0.0029377 0.0004822  1.10E—09 —0.0037  0.0036 0.3069 37.1166002
15231361 11 2691500 A/G 0.00368685 0.0005137  7.10E—13 0.0042 0.0038 0.2695 51.5110331

1s2793829 1 120461253 T/C 0.00447507 0.00071823  4.60E-10 0.0038 0.0053 0.4767 38.8212
152796441 9 84308948 A/G —0.0034839 0.00044981 9.50E—15 —0.0033  0.0033 0.3285 59.9892109
152972144 2 227101411 G/A 0.00386474 0.00046492  9.30E—17 0.0069 0.0035 0.0461105 69.1024503
rs301043 12 95887021 G/A 0.00260062 0.00047158  3.50E—08 0.0073 0.0035 0.0383504 30.4123799
rs3383 6 143073041 C/T 0.00279938 0.00046252  1.40E—09 0.0014 0.0034 0.6844 36.6316974
rs34715063 15 38873115 C/T 0.00472233  0.00066837  1.60E—12 0.0052 0.005 0.2988 49.9203325
rs34744311 10 94467287 T/C —0.0049677 0.0004594  3.00E-27  —0.0031  0.0034 0.3679 116.934671
1s34872471 10 114754071 C/T 0.0146745 0.00048948 1.80E—-197 0.0135 0.0036  0.0002216 898.775859
1s35612982 6 20682622 C/T 0.00694287 0.00058089  6.30E—33 0.0025 0.0043 0.5598 142.851821
3798519 6 50788778 C/A 0.00351907 0.00057883 1.20E-09 —1.00E-04 0.0043 0.9741 36.9622372
rs3802177 8 118185025 A/G —0.0045101 0.00048148 7.40E-21  1.00E-04 0.0036 0.9835 87.7440187
rs429358 19 45411941 C/T —0.0033938 0.0006158  3.60E—08 0.0037 0.0046 0.4142 30.3744101
rs459193 5 55806751 G/A 0.00322651 0.00051003  2.50E-10 0.0091 0.0038  0.0169899  40.0197699
rs4660303 1 40060473 A/G 0.00352585 0.00053232  3.50E-11 0.0193 0.004  1.10E-06  43.8709665
rs4686471 3 187740899 C/T 0.00277132  0.00045772  1.40E-09  5.00E-04 0.0034 0.8866 36.6580854
rs4689394 4 6291003 G/C 0.00436989 0.00045469  7.20E—22 0.006 0.0034 0.0745899  92.3643702
14727554 7 102383690 A/C 0.00286534 0.00045518 3.10E-10  6.00E-04 0.0034 0.8631 39.6266985
1s5213 11 17408404 T/C —0.0034532 0.00046814 1.60E—13 0.003 0.0035 0.3867 54.4124385
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rs58432198 1 51256091 T/C —0.003943  0.00069593  1.50E—-08 0.0104 0.0052  0.0433002 32.1004724
1s6567160 18 57829135 C/T 0.00376256 0.00052601 8.50E—13 0.003 0.0039 0.4484 51.1656938
rs6679677 1 114303808 A/C 0.00429112  0.00073711  5.80E—09 0.0171 0.0055  0.001736  33.8905853
156885132 5 14768092 G/C —0.0048998 0.00075312  7.70E-11 —0.01 0.0056  0.0759906 42.3271942
157174878 15 90434888 G/A —0.0033156 0.00050711 6.20E-11 0.0018 0.0038  0.630099  42.7477105
1572802365 16 75246035 C/G —0.0062551 0.00083109 5.20E-14  —0.0118  0.0062 0.0575904 56.6469117
rs74567345 5 102301358 C/T 0.00863228 0.00103112 5.70E-17  —0.0122  0.0077 0.1101 70.0862166
rs7615045 3 185521126 G/A 0.00538022 0.00047828 2.30E—29 0.012 0.0036  0.0007936  126.540685
rs76895963 12 4384844 G/T —0.0205539 0.00172161 7.40E-33 —2.00E-04 0.0128 0.9886 142.534148
1s77464186 11 72460398 C/A —0.0054715 0.00061258 4.20E-19 0.0042 0.0045 0.3487 79.7792311
157807512 7 130448914 T/C 0.00284072  0.00049051  7.00E-09 0.0029 0.0037 0.4277 33.5403978
1579687284 1 214150821 C/G 0.00865526 0.00121422 1.00E—12 0.0116 0.0091 0.2014 50.8119044

1s860262 7 28194397 A/C —0.0040552  0.0004445  7.30E—20  —0.0103  0.0033  0.001854  83.2306633
1s9271731 6 32593612 G/A 0.00559819 0.00056865 7.20E—23 0.0212 0.0042  434E-07 96.9171421
rs9379084 6 7231843 A/G —0.0058525 0.00071623 3.10E-16  —0.0074  0.0054 0.1696 66.769808
1s9937354 16 53799847 A/G 0.00543965 0.00044979  1.10E-33 0.0043 0.0033 0.1936 146.260207

3.2. SNP [B| R RIERLE

83T Cochran Q J7V3EAT SNP [H] 17 0 AT IS, 45 SR 27 SNP [A/A /RS E I R (P < 0.001, 0 =
181.028).
3.3. BN

8T MR-Egger [FIEVERHTHBUBME T, S5 3 BR#FEE/NT 0.001, H PEARGRIIFE (P =
0.799), KB MR 73 25 FA 52 3 22 2501t fo il
3.4. T2DM 53§58 MR 434f

TSR E 2 FoR, IBCRAREGE . W07 ZEINBGE ZOMBUR BN E IR R A H Gt R . B’
SRS BT B0 B2 SNP [AIAAE B 2 1) S 50k, R85 25 BB AT 3082 [RIAE S s A G v 2 i R 45 R (P
<0.001, OR =2.49,95% CI: 1.78~3.48), HI{EHARABEH, T2DM S5 MAEAEIERFRIC R, Ktk
PATEE R R PEER . B3 BTER N T2DM 55500508 K.

& OR (95% C1) P
MR-Egger B33k 2.27 (1.04 to 4.94) 0.042640983

IARh s i _— 2.44 (1.66 to 3.57) 0.000004610
EHEMRE 1 ——— 2.49 (1.78 to 3.48) 0.000000101
L . 2.19(0.97 t0 4.92) 0.062362763
AER % b —— 2.34 (1.55 to 3.55) 0.000153982
WA EMBENRRE | ———— 2.49 (1.78 to 3.48) 0.000000101
[
1

Figure 2. Forest plot showing the results of Mendelian randomization analysis

2. HRREFRREERBENL SR
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MR Test
Inverse variance weighted / Weighted median
/ MR Egger Weighted mode

Simple mode

0.02- »

-0.02-

SNP effect on Frailty index || id:ebi-a-~GCST90020053

-0.04- : G .
0.1 0.2 0.3
SNP effect on Type 2 diabetes || id:bbj—a-153

Figure 3. Scatter plot of T2DM and frailty
3. T2DM 5 SEME=E

4. WHig

b T E 2 AR RRSE R R AN LI AN, T2DM RIS 55 (1 AW SR RR S m. B arm)
M EINA, FE§55E T2DM [ —FhEi i 3f R0, T2DM 5SS EEM AR, ERNAMNF2 %50 R
FWEFESS 73X — W si. Kong SF[12]MWF 7R, A E L X 4 T2DM B G IF 355 K 5910 10 24k
BRI 20.1%F0 49.1%. 5E T2DM 244 AL, 249 T2DM 3 H 5 5 K AEFEFH(OR = 1.61, 95%
CI: 1.47~1.77, P < 0.001). At 5UZRALI AW T T (BLSA-ID) [13]/0%EHE Bn, Z4F T2DM BE 135 &
I AN KI5 R 5 7 T AF T2DM B (9051 19.32%E0 11.92%F01 12.32%Et 7.04%) . E AN —IH A 14]
KL, FEIX 60 % DL E T2DM HE (1555 BN 228 10% 2 25%.

£ G S PEIRAT o3 S 0F 90 5 V208 25 5 52 31 IR n) TR SR G IR RNV FE Vi ) DR 3R (s, AT 11055 T
FEE R T R S RE . AHELZ R, MR 2087 W mT ARE G-t T AL R SR OGRS, R PERFF 5T
PRI DR 2R 2 TR ) IR SR 56 2RI o ASHIF 78R T KRR ) GWAS TS 808, R PIREA MR 2087 7 0 78 7R
[E] 4 9] F ) T2DM X T 32 55 (MR . ZEIB% A IR S AR T2DM 2 38 3 55 10 A2 XU

T2DM S A A 5 2 MR, il HbAle, MIEAEA. BHIER C. HhFE. EHRAR.
HFEE[15]. TERFGIVEDLT, RN BT e AH ¢ AR n, BT DU CE =) HbAle HAR[16]. &4
NGER W ThEEZ . BT, 5 FEBRANEARED, VIRRE THIAE, SIhaeREiG17]. mEH
B AR S Z4 ARTZE 55 52 50AH G, A% AR I IOAE 9 1T p 28 A2 e 51 [ 18], IX e 25 7] B ik
SCH, WATREAAERRRIME R . BRIIER C w7 RLid ) PR P EA R 2 e R DR (UL AT 2 ) >R
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T LM RS SRR L[ 19] 0 W BIAAAE S 2 AE N R IR 2 R 258, SEAMA B IR N3
e EEFS I, BHELENEHEREST BN, XS atNRiE. GEETHRES A
K[20]. UMbk, ARMIREMIZE) B g EEE R 2 —. HF7EER Y, T2DM & R A&
A 5 SN A 58 07 2 T AT G R TS 5 55 (21 5 3 & St Co i I A = 7 EA T 2K R AR L
FI R INEF T2DM BEJE TR RS KL SRR R . =98] R S 2 HAhE IR A RE5 R,
PR ET. BEhEE S TR BRI AR AR S (22]. RlL, T2DM SRS FEmE, faFEK, M
IR BIFN P G & T2DM & IF S5 R E R N 3R, IR =55 900 G B2, SRELERE SRy, E9R
AT EEEE . SRR O, AR 2305 e AETE Rk, UGS H s
BRI LA A 597, FAR T TR ARV R, IRRE RGPS B, A 8k U B K, 38
A DAE SESE T2DM S HWife, WU G IS, PRCERE R T2 23].

BIRAT AL T T2DM 2 E M S SNPs /8 T RAR &, R MR /&% T2D 532553047 R R
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