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[Abstract] Objective To evaluate the causal relationship between periodontitis and diabetic
retinopathy (DR) with Mendelian randomization (MR) analysis. Methods Mutually independent SNP
associated with periodontitis and DR were screened out separately from two Genome-wide association study
(GWAS) databases (GLIDE and FinnGen) and selected as instrumental variables. A bidirectional two-
sample mendelian randomization analysis was conducted with methods of inverse variance weighted
(IVW) , MR-Egger regression and weighted median (WM). The causal association between periodontitis
and DR was estimated with odds ratios (OR). Cochran’s () test was employed to assess the heterogeneity
between individual single nucleotide polymorphisms (SNP). Additionally, the Mendelian randomization

pleiotropy residual sum and outlier (MR-PRESSO) test was used to detect SNP outliers. The MR -Egger
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intercept test was used to assess the horizontal pleiotropy of SNP, and a leave-one-out sensitivity analysis

was performed to examine the influence of individual SNP on the overall results. Results TVW did not

support a causal relationship between periodontitis and DR and its different stages background diabetic
retinopathy (PDR) and proliferative diabetic retinopathy (PDR) [ORpx=1.006,95% Cl,:(0.945,1.071),
Por = 0.852; ORupr = 0.978, 95% Clupr (0.862, 1.109) , Py = 0.7305 ORpor = 0.996, 95% Clopr (0.948,
1.046) , Popi = 0.869 |. The results of Cochran’s () test, MR-PRESSO, and the MR -Egger intercept test

revealed no heterogeneity or horizontal pleiotropy among instrumental variables (P> 0.05). Furthermore,

the leave-one-out sensitivity analysis confirmed that individual SNP had no significant influence on the

overall results. Conclusion This MR study did not support a bidirectional causal association between

periodontitis and DR in European populations.

[Key words] Periodontitis; Diabetic Retinopathy; Mendelian randomization analysis; Genome-

wide association study; Polymorphism, single nucleotide
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rs73155039 7 A G 0011 0.832 0.176 2.22x10° -0.030 0.105 0.775 0.072 0.209 0.730 -0.040 0.084 0.630 22.402
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1572933464 11 A G 0.044 -0.130 0.029 5.837x10°  -0.001 0.047 0.992 20.534

TE - BDR 1 35 U PR L 5 22 5 PDIR S 34 5 2008 PR LB 22 5 e SRy 9 (1A s EA SR S5 (2 6 PR 5 OA SR AR S5 BE (R 5 EAF
SRRSO AN HE R 3R 5 B0 A3 B NN 5 SE JBRIFRHERR 5 F 2 SNP [ F Gi T4k



A ] BE 2 F T 2435 (R TR 2024 4F- 6 A 46 18 %5 3 1 Chin J Stomatol Res(Electronic Edition ), June 2024, Vol.18, No.3

165

P06 8 2 1 PR SR B [ Roe = 1.006,95% ClLk (0.945,
1.071) , Py =0.852; ORupr = 0.978,95% CI 1, (0.862,
1.109) , Pyor = 0.7305 ORppi = 0.996,95% Clypi (0.948,
1.046) , Pr=0.869 |, J2 2 ,DR .BDR I PDR %} 7 Ji]
A1 PSR 880 7R TG i 25 PE [DR : ORor = 0.999, 95%
Cl (0.963,1.037) , Por = 0.963 ; ORypr = 0.1.010, 95%
Clyor (0.985, 1.035) , Pyoi = 0.432; ORppr = 0.1.015,
95% Clepr (0.960, 1.074) , P =0.599] . MR-Egger.
WM BT A4 55 TVW 2:—5 (P> 0.017,1812) .

= BUBE T

SR YE AT T I L 28 Cochran’s Q /356, 45 T. 5
A b 2 AR L B 38 S (P> 0.05) s MR-PRESSO £
B9 IRA A AN A ) SNP FEAE S E (P> 0.05,38 4) .

2%
FR%

Tik
Ivw
MR-Egger
WM
Ivw
MR-Egger
WM
Ivw
MR-Egger
WM
VA
MR-Egger
WM
Ivw
MR-Egger
WM
IVw
MR-Egger
WM

nSNP
16

FRE% BDR 16

FR% PDR 16

DR FR% 62

BDR FRR 39

PDF FR% 53

235 BT 7 T, MR-Egger [F] A3 BRI i 7~ 45 2 %,
PRI 0, H P>0.05, R TOK 2300k (R4) . H
— IR SRS SNP, T3 OR (B 5365 22 IALE B
G AT, £ & BB SNP (& 5 R 3 R 37 45

(K 3), UEHIZ MR 3 s SRR fa il

it

%

ARG 8 B PR AR MR 532k, 0B 4 JR R
5 DR J HARTAZ3 9 BDR F1PDR Z [R] () AR &
SEIR IR P R R 5 DR AR LS.
REFEVF Z 058 /s « AU DR 5 2 Jil & ™ 5
JERLEAR T, o JH 465 DR E AR B A,
{FL I B B T 32 ok LSRRI, L EE ¢

P.value OR (95% CI)
0.852 - 1.006 (0.945 ~1.071)
0.648 o 1.020 (0.940 ~1.107)
0.840 *!* 1.008 (0.929 ~1.095)
0.730 H— 0.978 (0.862 ~1.109)
0.704 - 0.967 (0.940 ~1.147)
0.850 - 0.984 (0.836 ~1.160)
0.869 W 0.996 (0.948 ~1.046 )
0.839 - 1.007 (0.944 ~1.074)
0.824 w 0.993 (0.930 ~1.060 )
0.963 [ 0.999 (0.963 ~1.037)
0.102 - 1.052 (0.991 ~1.117)
0.815 i 1.007 (0.952 ~1.064)
0.432 " 1.010 (0.985 ~1.035)
0.169 " 1.031 (0.988 ~1.075)
0.297 h 1.018 (0.984 ~1.053)
0.599 - 1.015 (0.960 ~1.074)
0.414 . 1.042 (0.945 ~1.148)
0.370 - 1.037 (0.958 ~1.122)

0 I 2
RPHEE PHGTSES

2 3FORIETEESRAF R W REAR F AR FEHLAE (MR A T HE A ZRARIE ZRARIEUR R T MRS [E ik B A 2 28 . i ey B R 2R 38 n 5
2 R A B9 FEELEE (OR) |, i €6 7K 2R R m Al T LAY 95% B A5 X 10 (C1) o 2K FH Bonferroni 3 IEAG I /K U, 24 P < 0.017 B, Fern o0 M4t 547
TERERIR R OC R o nSNP: TR Z S PEN A 80 H s DR WE DR X B AE s BDR « 15 37 AU i A0 0SS5 2 5 PDR « 38 8 AU P 00 19X A5

AF S TVW 235075 22 A s WML A P 8k

Fa4 FEHEMZAERR
-y e Cochran’s Q MR-PRESSO MR-Egger
Q18 df P{E PE i SE PE
ERLES DR 2.486 5 0.779 0.996 0.009 0.010 0.427
BDR 3.117 4 0.538 0.562 0.019 0.025 0.485
PDR 0.005 5 0.962 0.998 0.006 0.013 0.642
DR ZREDS 12.002 8 0.151 0.481 0.010 0.014 0.494
BDR 2.025 3 0.567 0.318 -0.022 0.020 0.390
PDR 5.698 9 0.770 0.159 0.012 0.013 0.395
F : MR-PRESSO Jhy ifi 7K B AL 22 25 M 5% 22 I BSBE I 5 df Oy 1 P JEE 5 SE S Amafiis s DR S W s 10 10 JEE 2% 3 BDR Ay 5 53¢ TRURE DR 400 1)

J7A% s PDR Ay S4B RO DR 1R 00 JES 22



166 e 1 R A F 9T 2938 (L TR 2024 4F 6 F %6 18 4555 3 1 Chin J Stomatol Res(Electronic Edition), June 2024, Vol.18, No.3

Q 1572712882 = @ 1510143801 1
1573155039 1 15184267200 .
1510143801 = 15148287804 i
152021075 1 153779291 .
1576734229 x 176734229 1
154811024 1 154811024 X
159954920 E 1572712882 -
15139182625 1 152021075 L
15184267209 15138868497 -
1613220384 1 15151226504 X
1517071023 : 1517071023 =
153779291 1 150954920 1
1536666676 ! 1$73155030 S
15138868497 1 1513220384 1
15148287804 1 1535666676 >
1151226594 > 15139182625 x
Al . Al :

. [ . . . U !

-0.05 0.00 005 010 e =0 0.0 01

oot MR leave-one-out sensitivity analysis for
MR leave-one-out sensitivity analysis for 5 gty
“periodontits' on 'DR" ‘periodontits’ on ‘BDR'

1 1510456405
15149340530

A 15620202
15210211

1573155039 w7011 =
. 7280507
: 6308507 x
s
1510143801 3 1511243147
: i
159964920 "rs502225
1 152495062
. $1751018
s
1576734229 = AL
1 1577873003
1115444115
152921075 152523953
1 15140473543
e
. s
154811024 < o681
40356
. 15145526532
172712882 152523504
1 1562397687
it
. s
1535666676 = 177987569
1556175143
. 15144260139
813220384 1516968859
1578608178
. 1574912105
15139182625 = R
. 17766070 a
: i
1$17071023 "
17805376
: pi
. 413175
153779291 1511774990
B 15151102334
x 138080301
s
15184267209 152476601 =
1 15111960990
710583
rs74290509 =
. 1535695736
: g :
s
1151226594 = i8aaa1
1 153130593
159394157
= 18192574
1 1528669773
1 152854003
Al 159273401 =
[ Al ey ¥
-0.04 0.00 0.04 -0.050 -0.025 0.000 0.025
MR leave-one-out sensitivity analysis for MR leave-one-out sensitivity analysis for
| is'on PDR' DR on ‘pen 4
1510490924
@ 18511615 e 1513202327
152256594 1510456405 =
1572841399 157260507
R34337125 1572841399
2296329
15115305913 152023497
1s911178 = 1511243147 -
. 154546147
rea290s - 1512482947 B
1559356242 = 15705699
1517208209 1559356242
1526710 = 1541297640
- 152676275 -
15147350763 = 12495062
151419675 1528732194 ~
152495962 pad71se3s
4713704 179244404
s 15114584960
1574203920 151419675 -
15139334417 vsggggusa =
177483376 x 182523504
1575028206 1555971330
1510432241 z 15181502780
- 15181072797
15115470510 - 172933464 =
1$56175143 - 13129205 -
15146949209 - 15115470510
1574912105
1s78608178 12955568
1510947458 134729112 =
17236737 1535198068
rs41317547 15146266330
15114098953 152476601
52476601 = 112907757 -
157908691 O 1511083103 0
- 1
: ey
159276710 - 1743771
: R
159265254 = 1510922008 -
rs9274478 15150479353 =
1$7750000 1574603815
1541268932
Fa4G70856! 1557071012
153957146 151664446 -
1528479464 re2854003 -
. rs:
1311783487 T 1528479464
. 1511753487
Al -
. 1 . Al T
-0.02 0.00 0.02 0. 0
MR leave-one-out sensitivity analysis for s e s
"BDR' on periodontits MR leave-one-out sensitivity analysis for
"PDR’ on ‘periodontits'

3 Ak (leave-one-out) K 5 i fE/R BEAILIL (MR) 20T FUBURE A ~ C: PR RAE R 2258 BE DRG0 AS35 22 (DR 75 S AR PR 1R T
Jpa A8 (BDR ) FIHEFE AYBE PRG0N B 228 (PDROKRIR A 25 )55 ;D ~ F: DR .BDR Fl PDRARUAE 52 58 , F R 5 VE Rl Jmi o WAL AR 37 2Bk SNP
Jii IR ASON 11 B A [X 8] 5 Periodontitis : 48 4%



FPAE T PR 2T 2 s (L T 0) 2024 4F 6 2 18 4556 3 1] Chin J Stomatol Res (Electronic Edition) , June 2024, Vol.18, No.3 167

IRAT RN RLARL Ty ik R 78 A BB . EZAEAE LR
A : (1) WS SR AR A7 PR, M DA 3 fl 22
TRZ2 2R I BAFAE R ) BRS04 PRLER 40 T 1)
WERRPE R REAL 5 (2) FJE & 5 DR AFAE LR 1
FERI IR W BB AR 2% R 3R 1 2 SRt 7 5 (3)
JA R 5 DR ¥R RGAPERNS , Z 6 TR RER ARG
AT K I BE T B BB FE . A 55 1 LA /Y
CWAS KA R, 5| At A T HAS & R
X[ TSMR 73BT HR 58 4 Jil 48 55 DR Z [A] 9 R R OCHK
AR, AR . o, th AR S 1 43
e s, AR SR BEAIL L 7 A 4855 s 4855 S
R AR S 2 A AL, TR R 25 W 41 22 R] TR 4% A
R, HR, SEPRURPE 2 8] 1 SC B A A
BNl S O N N A NS E S QSIS S 3 =
BT KA GWAS B, R 2% 8 Aok T
HAR B R TF T MR iR 0L aE . Nik— 0T
At R R0, T A S v, ARSI DR 28853y
DR M H AR5+ BDR FIPDR. R IVW MR-Egger
AWM 3 P52 EAT XA TSMR 23 Hr A 485 5 — 3k, A
SHFA AR XF DR \BDR 3 PDR A3 PRS0 , A %
+¥ DR . BDR 5 PDR X} 7 J&l & 09 I SR &0 . R H
Cochran’s Q ;% \MR-PRESSO £ %; . MR-Egger [7] 5
TR RN B — LA PR A BT T s R R B A
f) SNP 7775 5 v AL 22 sk, Ui W% MR 437 45
SRR

ABIFFEARAT I B 1 5 2R 5 DA A SR I AN
A, AL ATRER IR . (D E AN F AR5 DR Z
A G BRI O AEAEAS . TRA T - R 45 R A2
FIVR 2 PR 2 b B Ml A A0S ) PRLAR B FAE5 (2) MR
TR 15 5 i 5 45 Jm) 22 B) S 4 A G (BT Ji] 6 A
DR &4 & RIMHLHIE 2% , AR AR IRt AH DG 1 1]
B 45 3 Fh Lk MR J5 125 % RE44I 2 A1 17 14 BH
PECHEE 5 (3) 27 J& 9 Fl DR 5 HAth g 4 %, T B
T 5 2 7 A ] 2 SR B, A REHEBR 24 J8] 46 F1 DR =22 1]
(AR S PT REJE—FRAEREBL S . (HIGIE Il , A fF
FELE AR DUEIC T Ji 28 F DR AH G M 55 ]
B2 FNE AN R TR Z |, I R )2 1HT 3 75 T AR A AR
FLOCHRPETS J5 10 B IE 3 S, WA 9 LA 43 3 By 3

A GFRAMAFAE—E R RYE . B 58, h FAFsR
BHEAR R H RN IS8 1 AT, PR IR o5 25 SRASREAR,
FEIERAHL N DR A5 AT [l R R LS
NHEE AR RAIE . LU, O S ) GWAS ¥

AIREAS T 3 AN 2, PEFR R I il RXH 4 B i ) s
M) s T 16 35 910 58 UG8 — , B R 58 3% , Bk 5%
6 T ELZ5 - K A JE T SN 266 15U A o P 45 1] T
91 G A AF 5 S T 7 B 96 2 P < 1101 1
ARG ARG & SNP IR, e, RS E
15T 4 PR 53 BT R 030 MR AR5 ) (B35 , (R4
SRAME VL ST S HERE T HAR B K28t L, ir
PR A TG TR T RIS T ) GWAS I
SEIHE , D B 2R S RIF ST A T B0 IE

gi b, B /DTERC AHE T, MR 58 45 AN SE
FEF A M DR Z A e SR R . BB 24l
2 BETATIR S SR TG & R 5 S5
S BV 22 (R 9 AH S I s A 78 5 MRS m] 22 75
Bz W NBE Y FERR A A 48 R DR Z [a] RAR G
RO TR A FEM AR
FIZERZE P 17 R A7 25 rho
YEB T LW R B SR R S 4
BT SCRERES S W HE - FTEHS S IR SCIB L 2 28 S0

2 % X W

[1] TangJ, Kern TS. Inflammation in diabetic retinopathy [J]. Prog
Retin Eye Res,2011,30(5) :343-358. DOI: 10.1016/j.preteyeres.
2011.05.002.

[2] Kinane DF, Stathopoulou PG, Papapanou PN. Periodontal diseases
[J]. Nat Rev Dis Primers, 2017,3(1) : 1-14. DOI: 10.1038/nrdp.
2017.38.

[3] Saeedi P, Petersohn I, Salpea P, et al. Global and regional
diabetes prevalence estimates for 2019 and projections for 2030
and 2045: Results from the International Diabetes Federation
Diabetes Atlas, 9th edition[]J]. Diabetes Res Clin Pract, 2019,
157:107843. DOI: 10.1016/j.diabres.2019.107843.

(4] ZERSE, BRI, TR, 5F 8 585 0 s VAR I IR 22 AR 5
PEREFE )], FREBE %, 2023, 43 (10) : 939-944. DOI:
10.13591/j.enki.kqyx.2023.10.015.

[5] Park MS, Jeon J, Song TJ, et al. Association of periodontitis
with microvascular complications of diabetes mellitus: A
nationwide cohort study[J]. J Diabetes Complications, 2022, 36
(2):108107. DOI: 10.1016/j.jdiacomp.2021.108107.

[6] Lindner M, Arefnia B, Ivastinovic D, et al. Association of
periodontitis and diabetic macular edema in various stages of
diabetic retinopathy [J]. Clin Oral Investig, 2022, 26 (1) :505-
512. DOI:10.1007/500784-021-04028-x.

[7]  Yamamoto Y, Morozumi T, Hirata T, et al. Effect of periodontal
disease on diabetic retinopathy in type 2 diabetic patients: A
cross-sectional pilot study[J]. J Clin Med, 2020,9(10) : 3234.
DOI:10.3390/jcm9103234.

[8] Tandon A, Kamath YS, Gopalkrishna P, et al. The association

between diabetic retinopathy and periodontal disease [J]. Saudi J



168

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Ak 1 s B2 2 E AT 2 0 (R TR 2024 4F 6 H 26 18 %555 3 1) Chin J Stomatol Res (Electronic Edition) , June 2024, Vol.18, No.3

Ophthalmol, 2021, 34 (3) : 167-170. DOI: 10.4103/1319-4534.
310412.

Alvarenga MOP, Miranda GHN, Ferreira RO, et al. Association
between diabetic retinopathy and periodontitis—A systematic
review | J ]. Front Public Health, 2021, 8:550614. DOI: 10.3389/
fpubh.2020.550614.

Arjunan P, Swaminathan R, Yuan J, et al. Invasion of human
retinal pigment epithelial cells by porphyromonas gingivalis
leading to vacuolar/cytosolic  localization and  autophagy
dysfunction in-vitro [J]. Sci Rep, 2020, 10(1) : 7468. DOI: 10.
1038/541598-020-64449-8.
Chiu CJ, Chang ML, Kantarci A, et al. Exposure to
porphyromonas gingivalis and modifiable risk factors modulate
risk for early diabetic retinopathy [J]. Transl Vis Sci Technol,
2021,10(2):23. DOI:10.1167/tvst.10.2.23.

Arjunan P. Eye on the enigmatic link: Dysbiotic oral pathogens
in ocular diseases; The flip side[J]. Int Rev Immunol, 2021, 40
(6):409-432. DOI:10.1080/08830185.2020.1845330.

Lawlor DA, Tilling K, Davey Smith G. Triangulation in
aetiological epidemiology[J]. Int J Epidemiol, 2016,45(6) : 1866~
1886. DOI: 10.1093/ije/dyw314.

ARTRYE , BGOSR IH , 45, 8K AL T e WA R
PRSRSAEWT P S I ). AR TRT PR 2R, 2019,53(6) :619-
624. DOI:10.3760/cma.j.issn.0253-9624.2019.06.015.

KRB I BE R RIAL, 46 AR BERLAL A 5 ) 9 15
B T JRE (7). A R R 2 s, 2022,57(10) £ 1072-
1078. DOI: 10.3760/cma.j.cn112144-20220228-00077.

Shungin D, Haworth S, Divaris K, et al. Genome-wide analysis
of dental caries and periodontitis combining clinical and self -
reported data [J]. Nat Commun, 2019, 10(1) : 2773. DOI: 10.
1038/s41467-019-10630-1.

Kurki MI, Karjalainen J, Palta P, et al. FinnGen provides

genetic insights from a well - phenotyped isolated population (Il

[20]

[25]

Nature, 2023, 613(7944) : 508-518. DOI: 10.1038/s41586-022-
05473-8.

Hemani G, Zheng J, Elsworth B, et al. The MR -Base platform
supports systematic causal inference across the human phenome
[J]. Elife, 2018,7:e34408. DOI: 10.7554/eLife.34408.

Hemani G, Tilling K, Davey Smith G. Orienting the causal
relationship between imprecisely measured traits using GWAS
summary data [J]. PLoS Genetics, 2017, 13 (11) : e1007081.
DOI:10.1371/journal.pgen.1007081.

Burgess S, Thompson SG, CRP CHD Genetics Collaboration.
Avoiding bias from weak instruments in Mendelian randomization
studies [J]. Int ] Epidemiol, 2011, 40 (3) : 755-764. DOI: 10.
1093/ije/dyr036.

Bowden J,
randomization: A review[J]. Res Synth Methods, 2019,10(4) :
486-496. DOI:10.1002/jrsm.1346.

Burgess S, Thompson SG. Interpreting findings from Mendelian

Holmes MV. Meta - analysis and Mendelian

randomization using the MR-Egger method [J]. Eur J Epidemiol
2017,32(5):377-389. DOI: 10.1007/510654-017-0255-x.
Bowden J, Davey Smith G, Haycock PC, et al. Consistent
estimation in Mendelian randomization with some invalid
instruments using a weighted median estimator [J]. Genet
Epidemiol,, 2016,40(4) :304-314. DOI: 10.1002/gepi.21965.
Noma H, Sakamoto I, Mochizuki H, et al. Relationship between
periodontal disease and diabetic retinopathy [J ]. Diabetes Care,
2004,27(2):615. DOI: 10.2337/diacare.27.2.615.
Burgess S, Davies NM, Thompson SG, et al. Instrumental
variable analysis with a nonlinear exposure -outcome relationship
[J]. Epidemiology, 2014,25(6) : 877-885. DOL: 10.1097/EDE.
0000000000000161.

(s H 1:2024-02-21)

(AR T18)



