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The association between accelerated phenotypic age acceleration

and osteoarthritis; a prospective cohort study
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Abstract : Objective To explore the association between accelerated phenotypic aging( PAA) and risk of osteoarthritis( OA) ,
and to assess the modifying effect of genetic susceptibility, as well as the mediating effect of body mass index (BMI) on the
PAA — OA association. Methods

proportional hazards regression models was employedto analyze the association between PAA and OA, and pathway analysis was

Using baseline survey, diagnostic, and genetic data from the UK Biobank (UKB), Cox
employed to explore the mediating effect of BMI. Results ~ With an average follow — up of 13.7 years, a total of 42 977
incident OA cases were recorded. PAA acceleration was significantly associated with an increased risk of OA(HR =2. 13, 95%
CI:2.11 -2.15). BMI mediated 77. 1% (95% CI.65.5% —92.1% ) of the total effect. Further subgroup analyses revealed
that the PAA — OA association was significant across all subgroups, including different sex, age, and BMI levels. No gene —
PAA interaction was identified for OA risk. Conclusion PAA is an independent risk factor for OA, and BMI is an important

mediating variable in the PAA — OA association. This study provides novel insights and public health implications for delaying

aging and preventing OA.
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Table 1 The baseline characteristics of study participants [x +s,1n(% ) ]
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AL W s AN S R Fi P i’
AR () 56.08 +8.08 56.05 +7.93 56.12 £8.25 5.26 0.022
PA(%) 49.58 +9.06 46.65 +8.17 52.96 +8.84 38 223.64 <0.001
51 7018.12 <0.001
4k 148 196(53.18) 90 340(60.56) 57 856(44.68)
LR 130 468 (46.82) 58 837(39.44) 71 631(55.32)
TDI -1.58£2.92 -1.78 £2.79 -1.33£3.04 1 648.72 <0.001
HERE 1014.03 <0.001
=] 29 080(10.44) 16 426(11.01) 12 654(9.77)
e 46 046(16.52) 25 145(16.86) 20 901(16.14)
s 91 104(32.69) 44 894(30.09) 46 210(35.69)
Bk 112 434(40.35) 62 712(42.04) 49 722(38.40)
W2 AR 5 730.05 <0.001
AT KR 27 751(9.96) 9 015(6.04) 18 736(14.47)
PAHTI 94 011(33.74) 50 742(34.01) 43 269(33.42)
WA 155 984(55.98) 88 974(59.64) 67 010(51.75)
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<25 97 014(34.81) 59 825(40.10) 37 189(28.72)
25~29.9 120 798(43.35) 64 679(43.36) 56 119(43.34)
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TE e FR T Y KB A Kruskal — Wallis 4 38 H 3 S4B 45 10F

2.2 PAA 5 OA 09 X8k ZAEKIEE,PAA 5
& OA U 52 5 3 1E M) OCHR (£ 2) o XY PAA /E i
AR (FEHE N 1 B4, HR =1.02,95% CI;1.01 ~
1.02,P <0.001) PUsrfi s 5 (H s vs FflkeH, HR =

1.22,95%CI:1.18 ~1.25,P <0.001 ) & — /32K 75
(PAA >0 vs PAA <0 ,HR =1.13,95% CI.1. 11 ~1.15)
B, 2 BRI B G it 22 B S, HAFFE i 25 70 i
KFZR (P for trend <0.001 ), 7EHEFR Fifi U7 5 15 1)



PR TR B2 2% 2026 4E55 53 #2% 10 ] Modern Preventive Medicine, 2026, Vol. 53, NO. 10

- 1769 -

(HR =1.12,95% CI:1. 10 ~ 1. 14) FIHp7AS A 28 4D
I ABECHR =1.12,95% CI:1. 09 ~ 1. 16) [ UL 4
Brop, SRR OR RS fd . Y iE— 2D R IEWE PR AR 25
A HE R XG SJE , PAA 5 OA [ SB35 BE BT A 2 1k

WSS A B2k L (HR =1.07,95% CI:1. 05 ~
1.09) ,#&75 PAA Xt OA {4 JXURS: T80 B8 7 4 ~7 F BE £
Il A2 W A 507 o

2 PA Fl PAA 55 OA KA XU % 6 B%
Table 2 The association of PA and PAA with the risk of OA

N B - fei 1 Ay 2
AR Zé%\%z HR (95% CI) PIH HR (95% CI) Pl
PA (LA ) 42 977/278 664 1.02(1.02 ~1.03) <0.001 1.02(1.02 ~1.03) <0.001
PAA (4015 ) 42 977/278 664 1.02(1.01 ~1.02) <0.001 1.02(1.01 ~1.02) <0.001
PAA U4 %L
01 10 133/69 755 1.00 Ref. 1.00 Ref.
) 10 312/69 851 1.06(1.04 ~1.09) <0.001 1.06(1.03 ~1.08) <0.001
03 10 620/69 777 1.12(1.09 ~1.15) <0.001 1.10(1.07 ~1.13) <0.001
04 11 912/69 281 1.28(1.25 ~1.32) <0.001 1.22(1.18 ~1.25) <0.001
PAA 37
Ak 21 851/149 177 1.00 Ref. 1.00 Ref.
sk 21 126/129 487 1.17(1.15 ~1.19) <0.001 1L13(1.11 ~1.15) <0.001
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Table 3 Subgroup analysis of the association between PAA and the risk of OA

W2H VZX YN 4§ HR (95% CI) P1E 3ZH P {H
53]
L 18 559/130 468 1.11(1.08 ~1.15) 0.001 0.001
ik 24 418/148 196 1.13(1.10 ~1.16) 0.001
I (4)
<60 18 661/164 780 1.12(1.09 ~1.16) 0.001 0.088
=60 24 316/113 884 1.13(1.10 ~1.16) 0.001
BMI(kg/m?*)
<25 10 780/97 014 1.04(1.00 ~1.08) 0.062 0.992
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HERE
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rh 7 245/46 046 1.15(1.10 ~1.21) 0.001
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W AR B
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DA 16 573/94 011 1.10(1.07 ~1.14) 0.001
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RIPIR L
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&1 8
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LR R0 A
B 3 033/13 250 1.09(1.01 ~1.17) 0.001 0.089
% 39 944,265 414 1.13(1.10 ~1.15) 0.001
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Fig. 1  Stratified analysis of Genetic Risk Score, PAA, and the
risk of incident OA
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Fig.2 Joint analyses of Genetic Risk Score,PAA,and the risk of incident OA
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Proportion Mediated (PE) = 77.1%***, 95% CI (65.5%, 92.1%)

Indirect Effect (facur) = 0.012%** 95% C1(0.011, 0.012)

Direct Effect () = 0.004**, 95% CI (0.001, 0.006)

Total Effect (f) = 0.016***,95% CI (0.013, 0.018)

TE:OA FORHE AR s HR F75 MUK Lo 5 CF 37 A7 X PAA 3£
71 Phenotypic Age acceleration, & Y 4F & il # ; BMI 3 /8 Body mass
index, A BTHE%L
B3 MRERETE PAA 55 OA S0 U OCIk 4 A
Fig. 3 The mediating effect of BMI in the association between
PAA and the risk of OA
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