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Abstract: [Objective] To explore the association between metabolic score for visceral fat (METS-VF) and

cardiometabolic multimorbidity (CMM) as well as cognitive function in the elderly population, revealing the role of METS—
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VF as an assessment tool in this population, and providing evidence and new perspectives for the early screening and
intervention strategies of CMM and cognitive function. [Methods] This study is based on cross—sectional data from the
Hubei memory and aging cohort study (HMACS) , which includes elderly individuals aged 60 and above. The METS-VF
index was calculated and divided into quartiles (Q1-Q4). CMM was assessed through a questionnaire, defining CMM as
the coexistence of at least two of the following conditions: diabetes, heart disease, and stroke. Standardized cognitive tests
were used to evaluate overall cognition, memory, language, executive function, and attention. Logistic and Linear
regression analysis was performed to explore the association between METS-VF and the risk of CMM as well as cognitive
function. A restricted cubic spline was used to test the dose—response relationship, and subgroup analysis was conducted to
assess the variation of METS—VF in different populations. Additionally, multinomial unordered logistic regression was used
to evaluate the performance of METS-VF in predicting CMM morbidity patterns. [Results] A total of 3 790 elderly
participants aged 60 and above were included. After adjusting for confounding factors, compared with the lowest quartile
(Ql) , the Q4 group of METS—VF was associated with a higher risk of CMM [OR=3.00,95%CI (2.18, 4.16) |, and with
lower scores in overall cognition [b=-0.12, 95%CI (-0.21,-0.04) |, attention [b=-0.14, 95%CI (-0.24,-0.05) |, and
executive function [6=-0.10, 95%CI ( -0.20, —=0.00) ]. Dose-response analysis did not show a nonlinear relationship
between METS-VF and either CMM or cognitive function (P for nonlinear > 0.05). Subgroup analysis revealed that the
male group with higher METS-VF had lower overall cognitive scores, while the female group showed lower executive
function scores (P for interaction < 0.05 for both). Multinomial unordered logistic regression analysis indicated that the
METS-VF index was associated with an increased risk of diabetes with coronary heart disease [OR=2.62,95%CI (1.66,
4.15) ] or concomitant stroke [ OR=2.66,95%CI (1.73, 4.09) |, especially in the group with both diabetes and stroke and
coronary heart disease, where the association between METS-VF and the risk was strongest. [ Conclusions] An increased
METS-VF is associated with a higher risk of CMM and lower scores in overall cognition, attention, and executive function
in the elderly population. Diabetes may be a key driving factor in the multimorbidity model. The METS-VF index can serve
as a dual—purpose tool for screening cardiovascular metabolic risks and assessing cognitive function.
Key words: metabolic score for visceral fat; cardiometabolic multimorbidity; cognitive domains; elderly population;
obesity
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| The total population of the HMACS database (N = 12 605) |

A4

| Exclude:

_»i 1.Aged <60 or missing (N = 65)
: 2.Missing all independent variables(N = 8 750)
: 3.Missing dependent variable (N = 0)

Individuals for finally analysis (N = 3790)

1 HRRREE
Fig.1 Flowchart of the study
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Table 1 Baseline characteristics of participants

[ +s, M(P,,P..), n(%)]

Q,

Q, Q, Q,

Characteristics Total (n=3 790) P
(n=954) (n=953) (n=936) (n=1047)

Sex <0.001
Female 1612(42.5) 274(28.7) 332(34.8) 391(41.8) 615(64.9)
Male 2178(57.5) 680(71.3) 621(65.2) 545(58.2) 332(35.1)

Residence <0.001
Rural 1105(29.2) 206(21.6) 234(24.6) 278(29.7) 387(40.9)
Urban 2 685(70.8) 748(78.4) 719(75.4) 658(70.3) 560(59.1)

Agelyears 71(67-76) 69(66-73) 70(67-75) 71(68-76) 73(69-78) <0.001

Age level <0.001
60-69 1293(36.8) 445(49.9) 335(39.2) 289(33.0) 224(25.0)
70-74 1094(31.1) 241(27.0) 279(32.7) 287(32.8) 287(32.0)
75-80 729(20.7) 144(16.2) 163(19.1) 198(22.6) 224(25.0)
>81 402(11.4) 61(6.8) 77(9.0) 102(11.6) 162(18.1)

Education level <0.001
<6 1291(34.3) 227(23.9) 260(27.5) 346(37.2) 458(48.5)
6-9 929(24.6) 239(25.2) 250(26.4) 230(24.7) 210(22.2)
>9 1549(41.1) 482(50.8) 437(46.1) 354(38.1) 276(29.2)

Marital status <0.001
Single 979(26.2) 187(19.9) 237(25.0) 237(25.6) 318(34.2)
Married 2759(73.8) 751(80.1) 710(75.0) 687(74.4) 611(65.8)

Living status <0.001
Living alone 515(14.6) 101(11.6) 133(14.9) 106(12.2) 175(19.7)
Not living alone 3005(85.4) 767(88.4) 762(85.1) 763(87.8) 713(80.3)

Smoking <0.001
No 2737(73.3) 680(72.5) 651(68.7) 685(74.9) 721(77.3)
Yes 997(26.7) 258(27.5) 297(31.3) 230(25.1) 212(22.7)

Drinking 0.043
No 2751(74.3) 708(75.6) 665(70.7) 682(75.4) 696(75.2)
Yes 954(25.7) 228(24.4) 275(29.3) 222(24.6) 229(24.8)
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Characteristics ~ Total(n=3 790) 4 & & 4 P
(n=954) (n=953) (n=936) (n=1047)

Stable income <0.001

No 452(12.6) 88(9.7) 89(9.8) 120(13.6) 155(17.5)

Yes 3137(87.4) 823(90.3) 822(90.2) 762(86.4) 730(82.5)

PA <0.001

No 783(21.0) 165(17.6) 171(18.2) 192(21.0) 255(27.3)

Yes 2943(79.0) 770(82.4) 771(81.8) 724(79.0) 678(72.7)

Depression 0.005

No 3384(95.2) 860(95.1) 872(96.2) 830(96.3) 822(93.1)

Yes 171(4.8) 44(4.9) 34(3.8) 32(3.7) 61(6.9)

Diabetes <0.001

No 2715(71.6) 735(77.0) 708(74.3) 639(68.3) 633(66.8)

Yes 1075(28.4) 219(23.0) 245(25.7) 297(31.7) 314(33.2)

Heart disease <0.001

No 3090(83.0) 832(88.5) 788(83.7) 761(82.9) 709(76.6)

Yes 635(17.0) 108(11.5) 153(16.3) 157(17.1) 217(23.4)

Stroke <0.001

No 3051(82.0) 815(86.7) 776(82.6) 754(82.2) 706(76.3)

Yes 671(18.0) 125(13.3) 164(17.4) 163(17.8) 219(23.7)

FBG/(mmol/L.)  521(4.74,6.02)  5.13(4.71,5.96)  5.23(4.76,5.97)  525(4.74,6.06)  5.26(4.78,6.18)  0.035

TG/(mmol/L) 1.27(0.91,1.78)  1.21(0.89,1.66)  1.28(0.93,1.76)  1.30(0.92,1.82)  1.31(0.94,1.89)  0.046

HDL-C/(mmol/L) 1.34(1.16,1.59)  1.41(1.20,1.68)  1.36(1.18,1.59)  1.34(1.17,1.59)  1.26(1.08,1.48) <0.001

BMI/(kg/m?) 23.7(21.5,25.9) 20.9(19.3,22.3) 23.1(21.6,24.6) 24.5(22.9,26.19)  26.6(24.7,28.8) <0.001

WHTR 0.54(0.50,0.58)  0.47(0.45,0.49)  0.52(0.51,0.54)  0.56(0.54,0.58)  0.61(0.58,0.64) <0.001

Global 0.18(-0.64,0.80) 0.41(-0.30,1.00) 0.26(-0.48,0.83) 0.17(-0.71,0.74) -0.14(-0.86,0.58) <0.001

Memory 0.03(-0.63,0.70) 0.21(-0.45,0.94) 0.10(-0.51,0.71) -0.03(-0.76,0.68) -0.16(-0.73,0.54) <0.001

Language 0.02(-0.56,0.59) 0.02(-0.56,0.78) 0.02(-0.56,0.59)  0.02(-0.56,0.59) -0.17(-0.75,0.40) <0.001

Attention 0.21(-0.61,0.82) 0.42(-0.40,0.82) 0.21(-0.61,0.82) 0.01(-0.61,0.82) -0.20(-1.02,0.62) <0.001

Executive 0.20(-0.52,0.76) 0.29(-0.36,0.82) 0.27(-0.39,0.77) 0.22(-0.53,0.76) -0.06(-0.74,0.61) <0.001

CMM <0.001

No 3295(86.9) 886(92.9) 837(87.8) 816(87.2) 756(79.8)

Yes 495(13.1) 68(7.1) 116(12.2) 120(12.8) 191(20.2)

METS-VF 6.85 (6.48,7.15)  6.17(5.90,6.35)  6.69(6.59,6.77)  6.99(6.92,7.07)  7.33(7.24,7.47) <0.001

PA: physical activity.
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(2.18,4.16) ] . [FI}F, Q4 40 METS-VF 5 5 A% i1 &
N [6=-0.12,95%CI (-0.21,-0.04) | .13 [ b=
-0.14, 95%CI ( -0.24, -0.05) | . i 7 [b=-0.10,
95%CI (-0.20,-0.00) ] D REAF 70 AH G o #a S5k 50
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M REAR , 2B METS-VF 5545 CMM XU K2\ A1
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Table 2 The association between METS-VF, CMM, and cognitive domain functions

. Q, Q, Q, Q, P for
Variables U
Ref OR (95%CI) OR (95%CI) OR (95%CI) trend
CMM 1(Ref) 1.66(1.20,2.31) 0.002 1.75(1.27,2.44) <0.001 3.00(2.18, 4.16) <0.001 <0.001
Diabetes 1(Ref) 1.03(0.80, 1.34) 0.809 1.56(1.21, 2.02) <0.001 1.50(1.14, 1.97) 0.004 0.001
HD 1(Ref) 1.26(0.86, 1.85) 0.231 1.34(0.91, 1.99) 0.142  1.56(1.05, 2.33) 0.029 0.031
Stroke 1(Ref) 1.26(0.88,1.79) 0.206 1.30(0.90, 1.87) 0.163  1.26(0.86, 1.86) 0.240 0.144
. Q, Q, Q, Q, P for
Variables
Ref b (95%C1) b (95%C1) b (95%C1) trend
Global 0(Ref) -0.12(-0.19, -0.04) 0.003 -0.10(-0.18, =0.02) 0.013 -0.12(-0.21, -0.04) 0.004 0.003
Memory 0(Ref) -0.08(-0.18, 0.02) 0.098 -0.12(-0.22, -0.02) 0.014 -0.07(-0.17, 0.04) 0.194 0.080
Language  O(Ref) -0.06(-0.15, 0.03) 0.195 -0.05(-0.14, 0.04) 0.279 -0.06(-0.16, 0.03) 0.195 0.219
Attention 0(Ref) -0.10(-0.19, -0.01) 0.027 -0.07(-0.16, 0.02) 0.125 -0.14(-0.24, -0.05) 0.002 0.003
Executive  0(Ref) -0.05(-0.14, 0.04) 0.258 -0.08(-0.17, 0.02) 0.119 -0.10(-0.20, —0.00) 0.047 0.018

Model adjusted for sex, age, education, residence, living situation, marital status, stable income, smoking, drinking, physical activity, and

depression; OR: odds ratios; b: effect size; CI: confidence interval; Ref: reference; HD: heart disease.
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Model adjusted for sex, age, education, residence, living situation, marital status, stable income, smoking, drinking, physical activity, and
depression; OR: odds ratios; b: effect size; CI: confidence interval; Ref: reference; P for overall is the overall association test, and P for nonlinear is the
nonlinear test.

B2 ETFREENEIEE L 5 BR 1% F 4 (RCS) #h4k

Fig. 2 Restricted cubic spline (RCS) curves derived from multivariable—adjusted regression models

%3 METS-VF 5 CMM & i\ %043 18i 9 5< BX B9 I8 48 5 47
Table 3 The subgroup analysis of the association between METS—VF and CMM, as well as cognitive domains
Count  Percent Q, Q, Q, Q, P for
Variables Group )
In 1% Ref OR (95%CI) OR (95%CI) OR (95%CI) inter—action
CMM
Sex Female 1485 423 1(Ref)  1.56(0.85,2.87) 1.71(0.94,3.09)  3.64(2.14,6.20) e
Male 2025 57.7 1(Ref)  1.71(1.16,2.51) 1.67(1.12,2.49)  2.28(1.47,3.53) ’
Residence Rural 1053 30 1(Ref)  1.72(0.96,3.09) 1.60(0.90,2.86)  2.93(1.71,5.02) 0.861
Urban 2457 70 1(Ref)  1.61(1.08,2.39) 1.70(1.13,2.54)  2.74(1.82,4.13) )
Age <75 2484 70.8 1(Ref)  1.67(1.14,2.46) 1.85(1.25,2.73)  3.25(2.21,4.78) 0.363
=75 1026 29.2 1(Ref)  1.60(0.86,2.97) 1.53(0.83,2.82)  2.43(1.36,4.37) .
Education <0 649 18.5 1(Ref)  1.21(0.56,2.64) 0.82(0.38,1.77)  1.85(0.93,3.7) 0915
=0 2 861 81.5 1(Ref)  1.76(1.22,2.52) 1.96(1.36,2.82)  3.09(2.15,4.46) .
P for
Count Percent Q, Q, Q, Q,
Variables  Group ) inter—
In 1% Ref b (95%C1) b (95%C1) b (95%C1) .
action
Global
Sex Female 1055 42.1  0(Ref) -0.18(-0.32, —0.04)  0.01(-0.13,0.14) -0.13(-0.26, —0.01) 0.009
Male 1450 57.9 O0(Ref) -0.08(-0.18,0.01) -0.17(-0.27, -0.07) -0.10(-0.21,0.02) .
Residence  Rural 849 339 O0(Ref) -0.12(-0.26,0.02) -0.12(-0.25,0.02) -0.09(-0.23,0.04) 0.878
Urban 1656  66.1  O0(Ref) -0.11(-0.20, -0.02) -0.08(-0.18,0.02) -0.12(-0.23, -0.02)
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P for
Variables  Group Count - Percent  Q, © O Q inter—
In 1% Ref b (95%CI) b (95%CI) b (95%C1) .
action
Age <75 1750 699  0(Ref) -0.12(-0.21, -0.03) -0.12(-0.21, -0.02) -0.15(-0.25, —-0.05) 1000
>75 755 30.1  O(Ref) -0.12(-0.29,0.04)  -0.10(-0.27,0.06)  -0.12(-0.28,0.04)
Education <0 486 19.4  O(Ref) -0.14(-0.33,0.05)  -0.10(-0.28,0.08)  —0.03(-0.21,0.14) 0319
>0 2019  80.6 O(Ref) -0.09(-0.18,0.00)  -0.11(-0.21, -0.02) -0.16(-0.26, -0.06)
Memory
Sex Female 995 42 O(Ref) -0.17(-0.35,0.00)  -0.04(-0.21,0.13)  -0.05(-0.21,0.10) 0101
Male 1373 58  O(Ref) -0.04(-0.15,0.08)  -0.17(-0.29, -0.05) -0.08(-0.23,0.07)
Residence  Rural 719 304  O(Ref)  0.04(-0.14,0.22)  -0.07(-0.25,0.10) 0.04(-0.14,0.21)
Urban 1649  69.6  0(Ref) -0.12(-0.23,0.00)  -0.12(-0.24,0.00) -0.1(-0.24,0.03) -390
Age <75 1672 706  O0(Ref) -0.11(-0.22,0.00)  -0.18(-0.30, -0.07) -0.11(-0.23,0.01) 0595
>75 696 294  O(Ref) -0.01(-0.23,021)  -0.02(-0.23,0.19)  -0.01(-0.22,0.19)
Education <0 392 16.6  0(Ref)  0.09(-0.18,0.36)  -0.01(-0.26,0.24) 0.07(-0.17,0.32) 0578
>0 1976 834 O(Ref) -0.09(-0.20,0.02)  -0.14(-0.25, -0.03)  -0.1(-0.22,0.02)
Language
Sex Female 1277 423  0(Ref) -0.07(-0.23,0.09)  -0.05(-0.20,0.10)  -0.12(-0.26,0.03) 0,495
Male 1745 577  0O(Ref) -0.06(-0.16,0.05)  -0.05(-0.17,0.06) 0.01(-0.13,0.15)
Residence  Rural 866 287  O(Ref) -0.12(-0.29,0.04)  -0.08(-0.24,0.07)  -0.07(-0.22,0.09)
Urban 2156 713  0(Ref) -0.04(-0.15,0.06)  -0.04(-0.15,0.07)  -0.07(-0.19,0.06) 051
Age <75 2169 718 O0(Ref) -0.05(-0.15,0.05) -0.06(-0.17,0.05)  -0.08(-0.20,0.04) 0957
>75 853 282 O(Ref) -0.10(-0.28,0.08)  -0.03(-0.21,0.14)  -0.05(-0.22,0.13)
Education <0 498  16.5  O0(Ref) -0.12(-0.35,0.12)  -0.03(-0.26,0.19)  -0.01(-0.23,0.21) 0415
>0 2524 835 O(Ref) -0.05(-0.15,0.05)  -0.07(-0.17,0.03) -0.1(-0.21,0.01)
Attention
Sex Female 1027 421  O0(Ref) -0.2(-0.35, -0.04) -0.03(-0.19,0.12)  -0.18(-0.33, -0.04) 0.160
Male 1413 579  0(Ref) -0.06(-0.16,0.05) -0.1(-0.20,0.01)  -0.12(-0.25,0.01)
Residence ~ Rural 847 347  O0(Ref) -0.19(-0.35, -0.04) -0.12(-0.27,0.03)  -0.17(-0.31, -0.02)
Urban 1593 653  0(Ref) -0.05(-0.16,0.06)  -0.03(-0.14,0.08)  —0.12(-0.24,0.00) 037
Age <75 1695  69.5 O0(Ref) -0.09(-0.19,0.01)  -0.08(-0.18,0.03)  -0.16(-0.27, -0.05) 0978
>75 745 305 O(Ref) -0.12(-0.30,0.05)  -0.07(-0.24,0.11)  -0.13(-0.30,0.04)
Education <0 491  20.1  O(Ref) -0.18(-0.38,0.03)  -0.12(-0.31,0.07)  -0.07(-0.26,0.11)
>0 1949  79.9 0(Ref) -0.06(-0.16,0.03)  -0.07(-0.17,0.04)  -0.17(-0.28, -0.06) 0341
Executive
Sex Female 843 43 0(Ref) -0.04(-0.21,0.12) 0.09(-0.08,0.25)  -0.04(-0.18,0.11)
Male 1117 57  O(Ref) -0.06(-0.17,0.05)  -0.19(-0.31, -0.07) -0.14(-0.29,0.00) 0027
Residence ~ Rural 425  21.7  O(Ref)  0.03(-0.20,0.26)  -0.14(-0.37,0.10)  -0.13(-0.35,0.09) 0.444
Urban 1535 783  0(Ref) -0.06(-0.16,0.03)  -0.06(-0.16,0.05)  -0.09(-0.21,0.02)
Age <75 1418 723  0(Ref) -0.06(-0.16,0.04)  -0.03(-0.14,0.07)  -0.09(-0.21,0.02) oLl
>75 542 277  O(Ref) -0.1(-0.32,0.11)  -0.27(-0.48,-0.06) —0.26(-0.48, -0.05)
Education <0 152 7.8  O(Ref)  0.02(-0.35,0.39)  -0.34(-0.72,0.04) 0.02(-0.34,0.37) 0156

=0 1808 922  O(Ref) -0.03(-0.13,0.06) -0.07(-0.17,0.03) -0.12(-0.23, -0.01)

Model adjusted for sex, age, education, residence, living situation, marital status, stable income, smoking, drinking, physical activity, and
depression; OR: odds ratios; b: effect size; CI: confidence interval; Ref: reference
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I TR R BIGE T 7 SCF E OCleE , (UR  Ah
PR AR METS-VF {H.5 3 Fl 2 & 14 Fuig JXUR:
149 4 46 56 (P {8 <0.05, FDR {i <0.05) , H i,
METS-VF 1B 58 iR 5 1 rf XUE 3R 90 A =i 0 1
Jog KUK [ 6 4, 0R=2.66,95%CI (1.73,4.09) ], 1A},
METS-VF{E-5 =8 0 AFEE CMM Bpatsi=X rp
P O I06 M fo o, 2 R AR N RE 19 3.70 £% [95%C1
(2.03,6.72),P{f<0.001,FDR & <0.001 ],

&4 METS-VF5 CMM HimtE H B
Table 4 The association between METS—-VF and

CMM disease patterns
Variables OR (95%CI) P FDR
No disease 1(Ref)

1.14(0.88, 1.47)  0.314 1.000
1.29(0.99, 1.70)  0.063 0.445
1.44(1.19, 1.74)  <0.001  0.001
Stroke + HD 1.87(1.25, 2.81)  0.003 0.017
Diabetes + HD 2.62(1.66, 4.15) <0.001 <0.001
Diabetes + Stroke  2.66(1.73, 4.09) <0.001 <0.001
Diabetes + HD

+ Stroke

P for Log-likeli-

Stroke only
HD only

Diabetes only

3.70(2.03, 6.72) <0.001 <0.001

<0.001

hood ratio

Model adjusted for sex, age, education, residence, living
situation, marital status, stable income, smoking, drinking,
physical activity, and depression; OR: odds ratios; CI: confidence

interval; Ref: reference.
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