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Frailty and risk of mortality and vascular complications in adults with type 1 diabetes
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[Abstract] Objective: To investigate the associations between frailty status and the risks of mortality and vascular complications in
adults with type 1 diabetes (T1D). Methods: This prospective cohort study was based on the UK Biobank (UKB) and included
participants with TID at baseline. Frailty status was assessed using physical frailty (PF) and the frailty index (FID. The primary
outcomes included all-cause mortality, T1D-related and complication-related mortality, and incident macrovascular and microvascular
complications. Cox proportional hazards regression models were used to evaluate the associations between frailty status and each
outcome. Dose-response analyses , subgroup analyses, and multiple sensitivity analyses were further conducted. Results: A total of
1 571 participants with T1D at baseline were included in the mortality analyses, with a median follow-up of 13.4 years; among them,
1 207 participants without baseline vascular complications were included in the complication analyses. Based on PF and FI, 12.7%
and 28.5% of participants were classified as frail, respectively. After multivariable adjustment, compared with non-frail participants,
frail individuals had a significantly higher risk of all-cause mortality [PF: hazard ratio(HR)=2.76,95% confidence interval (CD): 1.92—
3.98; FI: HR=2.71, 95% CI: 1.71-4.31]. The risk of T1D-related and complication-related mortality was also markedly increased
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among frail participants (PF: HR 4.02, 95% CI: 2.21-7.28; FI: HR 4.14, 95% CI: 1.73-9.89). Among participants without baseline
vascular complications, frailty was significantly associated with higher risks of incident macrovascular complications (PF: HR=2.17,
95% CI:1.46-3.22; FI: HR=2.39, 95% CI: 1.61-3.54) and microvascular complications (PF: HR=1.66, 95% CI: 1.18-2.32; FI: HR=
2.05, 95% CI: 1.47-2.86). Dose -response analyses showed monotonic increases in the risks of multiple outcomes with increasing
frailty severity, whereas a non - linear association was observed between PF scores and the risk of microvascular complications.
Subgroup analyses showed that the association between FI and all-cause mortality was more pronounced among participants with lower
systolic blood pressure (SBP) or lower body mass index (BMD) , whereas the predictive effect of PF was relatively consistent across
subgroups. Sensitivity analyses yielded results generally consistent with the main analyses. Conclusion: In adults with T1D, frailty was
significantly associated with increased risks of mortality and incident vascular complications. Frailty assessment may help identify

individuals at higher risk of poor prognosis and provide additional support for risk stratification and management in this population.
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Table 1 Overlap between physical frailty and the frailty index [n(%)]
PF
K Non-frail Pre-frail Frail Total

Non-frail 152(9.68) 333(21.200 70(4.46) 555(35.33)
Pre-frail 119(7.57 464(29.54) 233(14.83) 816(51.94)
Frail 500.32) 50(3.18) 145(9.23) 200(12.73)
Total 276(17.57) 847(53.91) 448(28.52) 1571(100.00)

Observed agreement: 48%; Weighted kappa: 0.170(95% CI: 0.126-0.216) ; Spearman correlation: 0.371.

R2 IRIEIRES AT R RELFHE

Table 2 Baseline characteristics of the participants in accordance with physical frailty

PF
Baseline characteristic Overallw=157D 7N 16i=555)  Prefrail(n=816)  Frail(n=200) '
Follow-uplyears, M(Pas; Pr5) ] 13.4(12.5,14.2) 13.6(12.7,14.3) 13.3(12.5,14.D 13.0(10.7,13.9)  <0.001
Baseline age[ years, M(Pas; Prs) ] 56.0(48.0,62.0) 56.0(48.0,62.0) 55.0(48.0,62.0) 58.0(52.0,63.0) 0.007
Male[n(%)] 931(59.3) 344(62.0) 471(57.71 116(58.0) 0.268
Ethnicity[n(%)] <0.001

White 1 465(93.3) 536(96.6) 759(93.0) 170(85.0)

Not white 106¢6.7) 19(3.4) 57(7.0) 30(15.0)
Education[n(%) ] <0.001

Other qualifications 944(60.1) 298(53.D 503(61.6) 143(71.5)

University/College 627(39.9) 257(46.3) 313(38.4) 57(28.5)

Townsend deprivation index M(Pas, Pss) ] -1.8(-3.4,1.2) -2.2(-3.5,0.2) -1.8(-3.4,1.3) -0.2(-2.7,3.4) <0.001
Smoking status[n(%)] 0.556

Never 820(52.2) 301(54.2) 424(52.0) 95(47.5)

Previous 580(36.9) 197(35.5) 304(37.3) 79(39.5)

Current 171€10.9 57(10.3) 838(10.8) 26(13.0)

Alcohol intake frequency[n(%)] <0.001

Occasionally/Never 405(25.8) 84(15.1) 226(27.7) 95(47.5)

1-2 per week/1-3 per month 545(34.7 196(35.3) 287(35.2) 62(31.0)

Daily/3-4 per week 621(39.5) 275(49.5) 303(37.D 43(21.5
HbA1c[mmol/mol, M(Pys, P ] 59.8(52.3,68.2) 58.5(52.1,66.6) 60.5(52.8,68.9) 60.2(50.2,72.5) 0.013
BMI category[n(%)] <0.001

<25 kg/m’ 466(29.7) 217(39.D 223(27.3) 26(13.0)

25-<30 kg/m’ 616(39.2) 245(44.D 318(39.0) 53(26.5)

=30 kg/m’ 489(31.1D 93(16.8) 275(33.D 121€60.5)

SBPLmmHg, M(Pss, P55 ]

Baseline complications[n(%) |

364(23.2)

91(16.4)

190(23.3) 83(41.5)

136.5(126.5,148.00 136.5(127.0,150.5) 136.5(126.5,147.0) 136.0(125.8,147.3) 0.483

<0.001

BMI: body mass index; SBP: systolic blood pressure; HbAlc: glycated hemoglobin.
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(20.18%) , Hor 1244511 (7.89%) 48 F T1D Fe HAH Rk
M S IR . R4 BT EIRE S5
PR IR T o 7E 70 70 PR AE 2 N 1 2R E (AR 1R
PRGN Pl BOE TR A AR RIF RO A5 7 R
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HARBTAR A m B E G SIEEIEHMEL,
TR 55 20 A 5 2 A PR AR T2 U 2 7t v, HORE s 2

Tt 7 558 5% (PF: HR=1.80, 95% CI: 1.34~2.41; HR=
2.76,95% CI:1.92~3.98; FI: HR=1.72,95% CI: 1.10~
2.68; HR=2.71,95% CI: 1.71~4.31) . 7ET1D J¢H:3F
ROREARSRBET 7T, K 55 2H (1) XU 5 3% vy T R 55
2H (PF: HR=4.02, 95% CI: 2.21~7.28; FI: HR=4.14,
95% Cl: 1.73~9.89) . WAk, 1 Nidk 224 & 7 M i
PF&E3E 01 AN BT, 4 BRIAE TR T1D R I & hEAH
KFE T HR 43 51 N 1.37 (95% CI: 1.23~1.52) Fll
1.53(95% CI: 1.30~1.81), FIEEHE I 0.1 AN B4, Hof
[ HR 43 5 N 1.37(95% CI: 1.21~1.56) F1 1.44 (95%
CI: 1.17~1.76).
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Table 3 Baseline characteristics of the participants in accordance with frailty index

FI

Baseline characteristic Overall(n=1 571 Non-frail(n=276)  Pre-frail(n=847) Frail(n=448) P
Follow-uplyears, M(Pas; P15 ] 13.4(12.5,14.2) 13.6(12.9,14.2) 13.5(12.6,14.3) 13.1(12.0,14.00  <0.001
Baseline age[ years, M(Pas; Prs) ] 56.0(48.0,62.0) 53.0(46.0,60.0) 56.0(48.0,62.0) 58.0(50.5,63.00  <0.001
Male[7(%)] 931(59.3) 190(68.8) 488(57.6) 253(56.5) 0.002
Ethnicity[ n(%)] 0.252

White 1 465(93.3) 255(92.4) 798(94.2) 412092.00
Not white 106€6.7) 21(7.6) 49(5.8) 36(8.00
Education[n(%) ] <0.001
Other qualifications 944(60.1) 137(49.6) 497(58.7) 310069.2)
University/College 627(39.9) 139(50.4) 350(41.3) 138(30.8)
Townsend deprivation index{ M(P,s; P»)]  —1.8(=3.4,1.2) -2.2(-3.6,-0.3)  -2.0(=3.5,0.9 -0.8(-2.9,2.5) <0.001
Smoking status[7(%) ] <0.001
Never 820(52.2) 175(63.4) 441(52.1 204(45.5)
Previous 580(36.9) 75(27.2) 327(38.6) 178(39.7)
Current 171€10.9) 26(9.4) 79(9.3) 66(14.7)
Alcohol intake frequency[n(%) ] <0.001
Occasionally/Never 405(25.8) 41(14.9 188(22.2) 176(39.3)
1-2 per week/1-3 per month 545(34.7 94(34.D 301(35.5) 150(33.5)
Daily/3—4 per week 621(39.5) 141(51.D 358(42.3) 122(27.2)
HbA 1c[mmol/mol, M(Pss, Ps) ] 59.8(52.3,68.2) 57.6(50.7,65.2) 59.6(52.5,67.9) 61.6(52.7,71.5)  <0.001
BMI category[ n(%) ] <0.001
<25 kg/m’ 466(29.7) 110€39.9) 274(32.3) 82(18.3)
25-<30 kg/m’ 616(39.2) 123(44.6) 354(41.8) 139(31.00
=30 kg/m’ 489(31.1D 43(15.6) 219(25.9 227(50.7)

SBP[mmHg,M(st,Pu)]

Baseline complications[n(%) ]

136.5(126.5,148.0) 136.5(125.3,148.5) 136.5(127.0,148.5) 136.3(126.5,147.5) 0.676

364(23.2)

23(8.3)

155(18.3)

186(41.5)

<0.001

BMI, body mass index; SBP, systolic blood pressure; HbAlc, glycated hemoglobin.
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Levels of significance: P < 0.05(log-rank test).
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Table 4 Association of frailty status with all-cause mortality and T1D- and complication-related mortality

Incidence rate” Model 1° Model 2
Characteristic Fvents %) HR(95% CD P HROS%CD P
All-cause mortality
PF
Non-frail 67 9.2 1.00 - 1.00 -
Pre-frail 175 17.1 1.87(1.41-2.48)  <0.001 1.80(1.34-2.41) <0.001
Frail 75 32.1 3.05(2.17-4.29)  <0.001 2.76(1.92-3.93) <0.001
Continuous(per 1 unit) 1.40(1.27-1.55)  <0.001 1.37(1.23-1.52) <0.001
FI
Non-frail 23 6.3 1.00 - 1.00 -
Pre-frail 148 13.7 1.95(1.26-3.04) 0.003 1.72(1.10-2.68)  0.017
Frail 146 27.2 3.54(2.27-5.54)  <0.001 2.71(1.71-4.31) <0.001
Continuous(per 0.1 unit) 1.49(1.33-1.67)  <0.001 1.37(1.21-1.56) <0.001
T1D-related and complication-related mortality
PF
Non-frail 21 2.9 1.00 - 1.00 -
Pre-frail 69 6.7 2.35(1.44-3.84)  <0.001 2.17(1.31-3.59)  0.003
Frail 34 14.6 4.45(2.54-7.78)  <0.001 4.02(2.21-7.28) <0.001
Continuous(per 1 unit) 1.53(1.32-1.78)  <0.001 1.53(1.30-1.81> <0.001
FI
Non-frail 6 1.6 1.00 - 1.00 -
Pre-frail 55 5.1 2.79(1.20-6.49) 0.017 2.18(0.93-5.12>  0.072
Frail 63 11.8 5.86(2.51-13.66) <0.001 4.14(1.73-9.89)  0.001
Continuous(per 0.1 unit) 1.55(1.29-1.85)  <0.001 1.44(1.17-1.76)  <0.001

Levels of significance: P < 0.05(Cox regression model). *The incidence rate was calculated at the end of follow-up of 13.4 years and reported as

per 1 000 person-years. Model 1 was adjusted for age, sex, ethnicity, educational level, Townsend deprivation index. Model 2 was adjusted for age,

sex, ethnicity, educational level, Townsend deprivation index, smoking status, alcohol intake frequency, BMI, SBP, T1D duration and HbAlc and base-

line complications. HR: hazard ratio; CI: confidence interval; BMI: body mass index; SBP: systolic blood pressure; HbAlc: glycated hemoglobin.
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Table 5 Association of frailty status with incident macrovascular and microvascular complications

Incidence rate’ Model 1° Model 2
Characteristic Fvents (%) HR(95% CD P HR(95% CD P
Macrovascular complications
PF
Non-frail 77 13.3 1.00 - 1.00 -
Pre-frail 161 22.7 1.70(1.29-2.23) <0.001 1.53(1.15-2.02) 0.003
Frail 48 40.6 2.57(1.78-3.72) <0.001 2.17(1.46-3.22) <0.001
Continuous(per 1 unit) 1.37(1.23-1.53) <0.001 1.33(1.18-1.49) <0.001
FI
Non-frail 39 12.2 1.00 - 1.00 -
Pre-frail 145 17.7 1.40€0.98-2.00) 0.066 1.27(0.89-1.82) 0.193
Frail 102 38.5 2.88(1.97-4.20) <0.001 2.39(1.61-3.54) <0.001
Continuous(per 0.1 unit) 1.61(1.41-1.84) <0.001 1.53(1.32-1.7D <0.001
Microvascular complications
PF
Non-frail 133 24.4 1.00 - 1.00 -
Pre-frail 212 31.0 1.27(1.02-1.58) 0.033 1.05(0.84-1.31) 0.698
Frail 57 51.8 2.06(1.50-2.83) <0.001 1.66(1.18-2.32) 0.003
Continuous(per 1 unit) 1.24(1.12-1.37) <0.001 1.13(1.02-1.26) 0.022
FI
Non-frail 57 18.3 1.00 - 1.00 -
Pre-frail 221 28.6 1.50(1.12-2.01) 0.007 1.30€0.96-1.74) 0.085
Frail 124 48.8 2.57(1.86-3.54) <0.001 2.05(1.47-2.86) <0.001
Continuous(per 0.1 unit) 1.40(1.25-1.58) <0.001 1.34(1.17-1.52) <0.001

Levels of significance: P < 0.05(Cox regression model). *The incidence rate was calculated at the end of follow-up of 13.4 years and reported as

per 1 000 person-years. tModel 1 was adjusted for age, sex, ethnicity, educational level, Townsend deprivation index. £Model 2 was adjusted for age,

sex, ethnicity, educational level, Townsend deprivation index, smoking status, alcohol intake frequency, BMI, SBP, T1D duration and HbA Ic.
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Dark lines represent hazard ratios, and shaded areas represent 95% Cls. Data were fitted by using the restricted cubic spline with three knots (refer-

ence values: PF=0, F1=0.10). Individuals with PF=5 were excluded due to insufficient sample size (n=2). Models in panels A=D were adjusted for age,

sex, ethnicity, educational level, Townsend deprivation index, smoking status, alcohol intake frequency, BMI, SBP, T1D duration, HbAlc and complica-

tions. Models in panels E-H were adjusted for the same covariates, except for complications. Levels of significance: P < 0.05.
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Figure 2 Dose-response associations of frailty with the risks of all-cause mortality, T1D-related and complication-related

mortality, and incident macrovascular and microvascular complications
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Baseline characteristic FP per 1-point increase at baseline P for interaction ~ FI per 0.1-point increase at baseline P for interaction

Sex
Male - 1.37(1.20-1.56) 0.811 - 1.44(1.23-1.68) 0.272
N Female - 1.44C1.17-1.77) ™ 1.25(1.00-1.56)
ge
<60 years - 1.35(1.15-1.58) 0.515 - 1.51(1.26-1.80) 0.090
>60 years — 1.57(1.34-1.84) - 1.34(1.11-1.62)
Smoking status
Never - 1.31(1.09-1.57) 0.402 1.32(1.08-1.61) 0.193
Previous 1.53(1.31-1.80) 1.28(1.04-1.58)
Current - 1.09€0.81-1.45) —_— 1.87(1.36-2.57)
Alcohol intake frequency
Daily/3-4 per week 1.47(1.24-1.75) 0.208 1.38(1.08-1.76) 0.107
1-2per week/1-3 per month ~ —— 1.43(1.19-1.73) _— 1.63(1.32-2.02)
(%ccasionally/Never — 1.21€0.99-1.48) ™ 1.16(0.93-1.45)
<25 kg/m’ —_— 1.65(1.27-2.14) 0.155 —_— 1.56(1.20-2.03) 0.031
25-30 kg/m’ - 1.37(1.14-1.65) —_ 1.55(1.25-1.92)
SB%3O kg/m’ —-— 1.25(1.07-1.46) ™ 1.1500.94-1.41)
=130 mmHg - 1.37(1.21-1.54) 0913 - 1.25(1.08-1.46) 0.016
<130 mmHg —_ 1.32(1.06-1.65) —_— 1.85(1.43-2.40)
T1D duration
<10 years ™ 1.17€0.97-1.41) 0.087 —_ 1.35(1.06-1.72) 0.863
Hli“llo years - 1.49(1.30-1.70) - 1.37(1.18-1.60)
)
<53 mmol/mol - 1.11€0.89-1.38) 0.287 - 1.11€0.83-1.49) 0.474
=53 mmol/mol - 1.45(1.28-1.64) - 1.45(1.26-1.67)
Baseline complications
0 - 1.34(1.15-1.55) 0.713 —_ 1.31(1.08-1.58) 0.563
Yes - 1.35(1.16-1.59) — 1.41(1.17-1.69)
n SN SN n SN QN
S = — o o S = —~ o o
Hazard ratio Hazard ratio

P for interaction (the likelihood ratio test). Levels of significance: P < 0.05. Multivariable Cox models were adjusted for age, sex, ethnicity, educa-

tional level, Townsend deprivation index, smoking status, alcohol intake frequency, BMI, SBP, T1D duration, HbAI¢ and complications.
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Figure 3  Stratified analyses for the association between frailty measures and all-cause mortality
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Table 6  Association of frailty status with incident macrovascular and microvascular complications, with death as a competing

risk
Fine-Gray model’
Characteristic Events Incidence rate (%) sHR(95% CD P
Macrovascular complications
PF
Non-frail 77 13.3 1.00 -
Pre-frail 161 22.7 1.44(1.09-1.9D 0.011
Frail 48 40.6 2.07(1.38-3.10) <0.001
Continuous(per 1 unit) 1.30(1.16-1.47) <0.001
FI
Non-frail 39 12.2 1.00 -
Pre-frail 145 17.7 1.23(0.86-1.76) 0.260
Frail 102 38.5 2.17(1.46-3.24) <0.001
Continuous(per 0.1 unit) 1.50(1.29-1.75) <0.001
Microvascular complications
PF
Non-frail 133 24.4 1.00 -
Pre-frail 212 31.0 0.99(0.79-1.25) 0.950
Frail 57 51.8 1.49(1.06-2.10) 0.022
Continuous(per 1 unit) 1.10€0.98-1.24) 0.092
FI
Non-frail 57 18.3 1.00 -
Pre-frail 221 28.6 1.25(0.93-1.67) 0.130
Frail 124 48.8 1.91(1.37-2.66) <0.001
Continuous(per 0.1 unit) 1.31(1.15-1.49) <0.001

Levels of significance: P < 0.05(Fine-Gray subdistribution hazard model). *The incidence rate was calculated at the end of follow-up of 13.4 years
and reported as per 1 000 person-years. {Fine-Gray model adjusted for age, sex, ethnicity, education level, Townsend deprivation index, smoking status,

alcohol intake frequency, BMI, SBP, T1D duration and HbAlc. sHR, subdistribution hazard ratio.
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Table 7 Association of frailty status with all-cause mortality, T1D-related and complication-related mortality, and incident

macrovascular and microvascular complications: a sensitivity analysis excluding events occurring within the first

year after baseline

Sensitivity analysis’

Characteristic

Events Incidence rate (%) HR(95% CD P
All-cause mortality
PF
Non-frail 65 9.0 1.00 -
Pre-frail 169 16.5 1.78(1.33-2.40) <0.001
Frail 71 30.4 2.68(1.85-3.89) <0.001
Continuous(per 1 unit) 1.37(1.23-1.52) <0.001
FI
Non-frail 23 6.3 1.00 -
Pre-frail 142 13.2 1.64(1.05-2.57) 0.029
Frail 140 26.1 2.61(1.64-4.15) <0.001
Continuous(per 0.1 unit) 1.37(1.20-1.56) <0.001
T1D-related and complication-related mortality
PF
Non-frail 21 2.9 1.00 -
Pre-frail 67 6.6 2.09(1.26-3.47) 0.004
Frail 32 13.7 3.73(2.04-6.81) <0.001
Continuous(per 1 unit) 1.52(1.29-1.80) <0.001
FI
Non-frail 6 1.6 1.00 -
Pre-frail 53 4.9 2.12(0.90-4.9®) 0.085
Frail 61 114 4.05(1.69-9.69) 0.002
Continuous(per 0.1 unit) 1.43(1.16-1.76) <0.001
Macrovascular complications
PF
Non-frail 72 12.5 1.00 -
Pre-frail 152 214 1.55(1.16-2.07) 0.003
Frail 46 38.9 2.24(1.49-3.37) <0.001
Continuous(per 1 unit) 1.33(1.18-1.5D) <0.001
FI
Non-frail 38 11.9 1.00 -
Pre-frail 136 16.6 1.22(0.85-1.76) 0.286
Frail 96 36.3 2.32(1.55-3.47) <0.001
Continuous(per 0.1 unit) 1.51(1.30-1.76) <0.001
Microvascular complications
PF
Non-frail 126 232 1.00 -
Pre-frail 198 28.9 1.05(0.83-1.32) 0.696
Frail 53 482 1.67(1.18-2.36) 0.004
Continuous(per 1 unit) 1.13(1.01-1.26) 0.037
FI
Non-frail 57 18.3 1.00 -
Pre-frail 207 26.8 1.23(0.92-1.66) 0.167
Frail 113 44.6 1.91(1.36-2.68) <0.001
Continuous(per 0.1 unit) 1.32(1.16-1.51) <0.001

Levels of significance: P < 0.05(Cox regression model). *The incidence rate was calculated at the end of follow-up of 13.4 years and reported as
per 1 000 person-years. T Sensitivity analysis: excluding events occurring within 1 year after baseline to reduce reverse causation. All models adjusted
for age, sex; ethnicity, educational level, Townsend deprivation index, smoking status, alcohol intake frequency, BMI, SBP, T1D duration and HbAlc.

For mortality outcomes, models additionally adjusted for baseline complications.
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Table 8 Association of frailty status with all-cause mortality, T1D-related and complication-related mortality, and incident

macrovascular and microvascular complications: a sensitivity analysis using multiple imputation (n=2 664 for

mortality analyses; n=1 952 for complication analyses)

Sensitivity analysis’

Characteristic

Events Incidence rate (%) HR(95% CD P
All-cause mortality
PF
Non-frail 131 11.2 1.00 -
Pre-frail 335 20.0 1.60(1.28-2.01) <0.001
Frail 174 38.9 2.42(1.86-3.15) <0.001
Continuous(per 1 unit) 1.29(1.20-1.38) <0.001
FI
Non-frail 43 7.8 1.00 -
Pre-frail 276 16.1 1.58(1.14-2.20) 0.006
Frail 321 31.2 2.10(1.50-2.95) <0.001
Continuous(per 0.1 unit) 1.28(1.16-1.40) <0.001
T1D-related and complication-related mortality
PF
Non-frail 45 3.8 1.00 -
Pre-frail 128 7.6 1.63(1.13-2.37) 0.010
Frail 71 15.9 2.45(1.58-3.80) <0.001
Continuous(per 1 unit) 1.30(1.15-1.46) <0.001
FI
Non-frail 13 2.4 1.00 -
Pre-frail 105 6.1 1.82(1.02-3.27) 0.045
Frail 126 12.2 2.31(1.26-4.24) 0.007
Continuous(per 0.1 unit) 1.24(1.06-1.44) 0.006
Macrovascular complications
PF
Non-frail 141 15.6 1.00 -
Pre-frail 263 23.7 1.27(1.01-1.60) 0.039
Frail 91 40.7 1.81(1.34-2.45) <0.001
Continuous(per 1 unit) 1.21(1.11-1.32) <0.001
FI
Non-frail 65 13.6 1.00 -
Pre-frail 246 19.4 1.28(0.97-1.68) 0.087
Frail 184 37.5 1.97(1.46-2.67) <0.001
Continuous(per 0.1 unit) 1.44(1.29-1.62) <0.001
Microvascular complications
PF
Non-frail 223 26.0 1.00 -
Pre-frail 346 32.7 1.07(0.89-1.28) 0.498
Frail 111 53.5 1.64(1.27-2.13) <0.001
Continuous(per 1 unit) 1.15(1.07-1.24) <0.001
FI
Non-frail 91 19.7 1.00 -
Pre-frail 361 30.2 1.34(1.06-1.69) 0.016
Frail 228 49.1 1.96(1.51-2.54) <0.001
Continuous(per 0.1 unit) 1.34(1.21-1.48) <0.001

Levels of significance: P < 0.05(Cox regression model). *The incidence rate was calculated and reported as per 1 000 person-years. TMultiple im-
putation analysis: using m=20 imputed datasets to handle missing data. All models adjusted for age, sex, ethnicity, educational level, Townsend depriva-
tion index, smoking status, alcohol intake frequency, BMI, SBP, T1D duration and HbAlc. For mortality outcomes, models additionally adjusted for base-

line complications.



- 852 - MO

VS PN

546 555 6 1
20266 A

M, AR FAN RS T JRBRYE . 5 — AF N — T
SVENT 7T, AHF 7 TCIR @ R S5 TID AN R 45 R i A
KR B LEBUBAE 53 o HEBR B U7 90 5 (14
D K AEFE T B RCRE FA I, AH O IE [m] SRR ATS SR
FRAEAAAE , (H HH T R 55 4% B e ey ™ B R o 0 4
PR BRI T B4, DR AN B8 58 4 HE R 2 1 (R SR 1 ]
Ae. 35, BEPIRSAUE R HEAT V-G, Rt —2b
PR 1 55 B I 18] 22 40, 1R 20 AR R AIE K He 5 45 /) 1) 0%
2, =, % UKB REFEAR R K, HA R
RETTID W AR, FETH T8 BIRE AR S AT
AR, JCHARAETB 5 53 250 W h G vk 24 Be vT e 52 2]
—E S, Mt PF V73 K I 2 5 e b ()
WIVEor RS o BAL 260D o ZEPY, 52 55 PEAS 138 422
HBETHRREELE, TR ANEIZ R . BRI
I8 3 RE 3 B d i A Bt B8 A B A AR T 8 ke
SEIEAT W, RGN T2 BT AR A i 5%, 30 7
B FE R PR3 AH 9C I K 9 18 T R R A 78 25
Ko A, B T 5 95 7 B A8 v 1) AN A4 B m) BB A B
DAL I AN B8 52 2 R B A 00 i £ I B2 R o 285 1, UKB 2
5 A0 Blode A RO A i A — s R M, A 5
48 S A JFC A T A Bt XN H o AT 7 A
T2 FEAL T BAF A i LSS

gx b, e K FARM R 55 VPG 7, S5 IS
TID HBEH A RPET: TID e H IR IEF I T Vi
I8 R M A I RS R AR ARG 3G A 26 o 1 3 AR
T1D 35 1) 5% 55 VPl 5 57 2, DU ik 5 1A US4 51
FARAAARALT TSR o

35 oS R

FrG e P B R a2k

Conflict of Interests:

The authors declare no competing interests.

{EZ TR AR :

JA Bk S BT T S B A AL B S 5 ZE IR BT
WA I S R BRI T A s R 2 5 3
RS 28\ Bt BB, R B VR AN 96 1 ST AL 45 3 I SO
N2 &5

Author’ s Contributions:

ZHOU Yiwen was responsible for research design, data
analysis and manuscript writing; LI Shuang was responsible for
research design and paper revision; LIU Jingfei, CHEN Qihang,
YANG Chun, and GAO Tianyu participated in literature retrieval
and methodology; CHEN Yang, GU Yong, and YANG Tao were
responsible for research guidance, paper review and funding

support.
[(S% k]
[1] PATSOUKAKI V, LIND L, LAMPA E, et al. Risk differ-

(2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

ences and underlying factors of cardiovascular events and
mortality in patients with type 2 diabetes versus type 1 di-
abetes: a longitudinal cohort study of swedish nationwide
register data [J]. Lancet Diabetes Endocrinol, 2025, 13
(10):848-862

HARJUTSALO V, PONGRAC BARLOVIC D, GROOP P
H. Long-term population-based trends in the incidence of
cardiovascular disease in individuals with type 1 diabetes
from finland: a retrospective, nationwide, cohort study[J].
Lancet Diabetes Endocrinol, 2021,9(9): 575-585
ROSENGREN A, DIKAIOU P. Cardiovascular outcomes
in type 1 and type 2 diabetes[J]. Diabetologia, 2023, 66
(3):425-437

WEI Y, ANDERSSON T, TUOMI T, et al. Adult-onset
type 1 diabetes: predictors of major cardiovascular events
and mortality[J]. Eur Heart J,2025,46(38):3776-3786
WA B 22, 28 BE, AF. 161 BB g1 Y
95 TR LB 5 RCRE Bl PR PR I B R S IR PR 3R 70
Friy ] MR R R S Rk CH AR BHERROD , 2021, 41(9)
1364-1368

HU Q Z, GU H L, QIN Y, et al. Clinical characteristics
and related risk factors of microvascular complications in
161 adult-onset classic type 1 diabetes mellitus patients[J].
Journal of Nanjing Medical University (Natural Sciences),
2021,41(9): 1364-1368

VERGES B. Cardiovascular disease in type 1 diabetes, an
underestimated danger: Epidemiological and pathophysio-
logical data[J]. Atherosclerosis, 2024, 394: 117158

KIM D H, ROCKWOOD K. Frailty in older adults[J]. N
Engl ] Med, 2024,391(6):538-548

HOOGENDIJK E O, AFILALO J, ENSRUD K E, et al.
Frailty : implications for clinical practice and public
health[J]. Lancet, 2019,394(10206): 1365-1375
FRIED L P, TANGEN C M, WALSTON J, et al. Frailty in
older adults: evidence for a phenotype[J]. J Gerontol A
Biol Sci Med Sci, 2001, 56(3): M146-M156
ROCKWOOD K, MITNITSKI A. Frailty defined by deficit
accumulation and geriatric medicine defined by frailty [J].
Clin Geriatr Med,2011,27(1):17-26

MIRKOWSKI K, VELLONE E, ZOLKOWSKA B, et al.
Frailty and heart failure: clinical insights, patient outcomes
and future directions[ J]. Card Fail Rev,2025,11: 05
VERDURI A, CARTER B, LARAMAN ], et al. Frailty
and its influence on mortality and morbidity in COPD: a
systematic review and meta - analysis [J]. Intern Emerg
Med, 2023, 18(8):2423-2434

ZHANG F, WANG H, BAL Y, et al. Prevalence of physi-
cal frailty and impact on survival in patients with chronic

kidney disease: a systematic review and meta-analysis[J].



546 55 6 1
20266 A

FYE,Z I XE S RIS S RN 1 RS BRI PE T R I ROE XU I D IR 78 L) ].
M ERR RS CH R R , 2026, 46(6) : 840-853 :

853 -

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

BMC Nephrol, 2023, 24(1):258

HANLON P, FAURE I, CORCORAN N, et al. Frailty mea-
surement, prevalence, incidence, and clinical implica-
tions in people with diabetes: a systematic review and
study - level meta - analysis [J]. Lancet Healthy Longev,
2020, 1(3):e106-e116

CAO X, LI X, ZHANG J, et al. Associations between frail-
ty and the increased risk of adverse outcomes among 38,
950 UK Biobank participants with prediabetes: prospec-
tive cohort study[J]. JMIR Public Health Surveill, 2023,
9:¢45502

WEN L, LU Y, LI X, et al. Association of frailty and pre-
frailty with all-cause and cardiovascular mortality in dia-
betes: three prospective cohorts and a meta-analysis [J].
Ageing Res Rev, 2025, 106: 102696

HAAPANEN M J, JANSSON SIGFRIDS F, YLINEN A, et
al. Frailty outperforms conventional risk factors for pre-
dicting complications and death in type 1 diabetes [J].
Diabetes Res Clin Pract, 2025,230: 112984

GOLDING J A, YONG EST,HOPE SV, et al. Type 1 di-
abetes and frailty: a scoping review [J]. Diabet Med,
2024,41(8):e15344

SUDLOW C, GALLACHER J, ALLEN N, et al. UK Bio-
bank: an open access resource for identifying the causes of
a wide range of complex diseases of middle and old age[J].
PLoS Med, 2015, 12(3):e1001779

THOMAS N J, MCGOVERN A, YOUNG K G, et al. Iden-
tifying type 1 and 2 diabetes in research datasets where
classification biomarkers are unavailable: assessing the
accuracy of published approaches[J]. J Clin Epidemiol,
2023,153:34-44

OSTROMINSKI J W, CHO SM J, VADUGANATHAN M,
et al. Cause-specific death in adults with type 1 diabetes
and type 2 diabetes: insights from the UK Biobank[J]. Di-
abetes Obes Metah, 2025,27(1):422-427

DAMANTI S, DE LORENZO R, CITTERIO L, et al. Frailty
index; frailty phenotype and 6-year mortality trends in the
frasnet cohort [J]. Front Med (Lausanne) , 2024, 11:
1465066

SUN Y, LI W,ZHOU Y, et al. Long-term changes in frail-

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

ty and incident type 2 diabetes: a prospective cohort study
based on the UK Biobank [J]. Diabetes Obes Metab,
2024,26(8):3352-3360

ZHANG X, ZHAO S, HUANG Y, et al. Diabetes-related
macrovascular complications are associated with an in-
creased risk of diabetic microvascular complications: a
prospective study of 1 518 patients with type 1 diabetes
and 20 802 patients with type 2 diabetes in the UK Bio-
bank[J]. J Am Heart Assoc,2024,13(11):e032626

KIM D H, JENSEN A, JONES K, et al. A platform for phe-
notyping disease progression and associated longitudinal
risk factors in large-scale EHRs, with application to inci-
dent diabetes complications in the UK Biobank[J]. JAMIA
Open, 2023, 6(1): 00ad006

LI F R, HUKPORTIE D N, YANG ], et al. Microvascular
burden and incident heart failure among middle-aged and
older adults with type 1 or type 2 diabetes[]J]. Diabetes
Care,2022,45(12):2999-3006

ZHONG Q,ZHOU R, HUANG Y N, et al. Frailty and risk
of metabolic dysfunction-associated steatotic liver disease
and other chronic liver diseases[J]. J Hepatol, 2025, 82
(3):427-437

SKYLER J S, BAKRIS G L, BONIFACIO E, et al. Differ-
entiation of diabetes by pathophysiology, natural history,
and prognosis[ ] ]. Diabetes, 2017, 66(2):241-255
HALLSTROM S, HIRSCH I B, EKELUND M, et al. Char-
acteristics of continuous glucose monitoring metrics in
persons with type 1 and type 2 diabetes treated with multi-
ple daily insulin injections [J]. Diabetes Technol Ther,
2021,23(6):425-433

PAN Z, CUN D, WANG W, et al. Causal relationship be-
tween frailty and diabetes subtypes: a bidirectional Men-
delian randomization study [J]. Medicine (Baltimore) ,
2025,104(42): 45288

JAYANAMA K, THEOU O, GODIN J, et al. Relationship
of body mass index with frailty and all - cause mortality
among middle - aged and older adults [J]. BMC Med,
2022,20(1):404

(WF5: 2026-02-12; &8 : 2026-04-20; 3 : 2026-04-20)

(ALm#: 2 KD



