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[Abstract] Objective To evaluate the association of different obesity phenotypes and their components with the
risk of cognitive impairment in older Chinese adults, and to assess the association between obesity and cognitive
impairment in different cognition-related genetic backgrounds. Methods A cross-sectional study based on the West
China Health and Aging Cohort was conducted. Logistic regression was applied to estimate the association of obesity
phenotypes and components with cognitive impairment in older Chinese adults stratified by APOE gene and polygenic
risk scores. Results A total of 7316 participants were enrolled, of whom 1820 had cognitive impairment. Weight gains
were associated with a reduced risk of cognitive impairment (odds ratio [OR] = 0.96, 95% CI, 0.95-0.97). Being
overweight with a normal waist-to-hip ratio was a protective factor for cognition (OR = 0.74, 95% CI, 0.61-0.90), whereas
the coexistence of elevated waist-to-hip ratio and overweight did not increase the risk of cognitive impairment. Sarcopenia
was associated with an elevated risk of cognitive impairment. This association was found in both overweight (OR = 2.03,
95% CI, 1.71-2.41) and non-overweight older adults (OR = 1.86, 95% CI, 1.58-2.20), and was significant across all
polygenic risk score strata. Conclusion Increasing body mass may serve as a key protective factor against cognitive
decline in older adults. Having sarcopenia and obesity is associated with an elevated risk of cognitive impairment,
independent of genetic susceptibility.
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Fig 1 Flowchart and study design
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x1 MRS5HHEHE
Table 1 Characteristics of the participants

Characteristic Normal cognition (n = 5496) Cognitive impairment (n = 1820) P
Agelyr., X£s 68.71 £5.61 69.61 £ 6.55 <0.001
Female/case (%) 2870 (52.2) 1152 (63.3) <0.001
Education/case (%) <0.001

Below primary school 1609 (29.3) 688 (37.8)

Primary school 1284 (23.4) 334 (18.4)

Secondary school and above 2603 (47.4) 798 (43.8)
Manual laborer/case (%) 3477 (63.3) 1385 (76.1) <0.001
Diabetes/case (%) 854 (15.5) 301 (16.5) 0.329
Hypertension/case (%) 2037 (37.1) 680 (37.4) 0.841
Anxiety/case (%) 386 (7.0) 155 (8.5) 0.040
Depression/case (%) 477 (8.7) 256 (14.1) <0.001
Smoking/case (%) <0.001

Never 3995 (72.7) 1443 (79.3)

Previous smoking 652 (11.9) 151 (8.3)

Current smoking 849 (15.4) 226 (12.4)
Drinking/case (%) 812 (14.8) 216 (11.9) 0.002
Body mass/kg, X+ s 60.78 + 9.86 58.30 £ 9.68 <0.001
BMI/(kg/mz), Xts 24.53 £3.25 24.46 £ 3.38 0.453
BMI at age 25/(kg/mz), xts 21.76 £3.38 22.16 £3.80 <0.001
WHR (X +s) 0.89 + 0.06 0.89 £ 0.07 0.303
Calf circumference (X £ ) 33.64 + 3.04 32.99 +3.03 <0.001
Grip strength/kg, X+ s 23.38 +8.58 19.62 £ 8.19 <0.001
Skeletal muscle mass/kg, X+ s 22.02 +5.42 20.69 + 4.09 <0.001
Lean body mass/kg, X+ s 4093 +7.29 38.70 + 6.80 <0.001
Percentage of body fat/%, X+ s 32.39+7.44 33.21+7.66 <0.001
Visceral fat area/cmz, X+s 99.31 £35.87 100.40 + 38.14 0.266
TG/(mmol/L), X+ s 0.35+0.51 0.34 £ 0.53 0.431
TC/(mmol/L), X+ s 1.65 +0.21 1.65 £ 0.21 0.425
HDL-C/(mmol/L), X+ s 1.64 +0.43 1.66 + 0.44 0.056
LDL-C/(mmol/L), X+ s 2.91+0.82 2.89 +0.81 0.405
ApoAl/(g/L), X+ 1.68 +0.25 1.69 £ 0.26 0.022
ApoB/(g/L), X+ s 0.93 +0.23 0.93 £0.23 0.948
Glucose/(mmol/L), X+ s 5.90 + 1.63 6.02 +1.90 0.006
SBP/mmHg, X+ s 140.39 + 18.13 141.64 + 17.84 0.011
DBP/mmHg, X+ s 84.69 = 10.90 84.74 £ 10.98 0.874
APOE]/case (%) 0.006

€2/3 4537 (82.6) 1453 (79.8)

€4 882 (16.0) 343 (18.8)

Missing 77 (1.4) 24 (1.3)
Healthy eating index (X ) 10.02 + 1.88 9.71 £ 1.99 <0.001
Physical activity/case (%) 0.245

<2h/d 2606 (47.4) 899 (49.4)

2-4h/d 2033 (37.0) 661 (36.3)

>4 h/d 857 (15.6) 260 (14.3)

BMI: body mass index; WHR: waist-to-hip ratio; ApoAl: apolipoprotein Al; ApoB: apolipoprotein B; SBP: systolic blood pressure; DBP: diastolic blood
pressure; TG: triglyceride; TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol.
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x2 EHASSIAMERIXER (n=7316)

Table 2 The association between obesity index and cognitive impairment (n = 7316)

Obesity index Model 1 Model 2 Model 3
OR 95% CI P OR 95% CI P OR 95% CI P

Body mass 0.96 0.95-0.97 <0.001 0.96 0.95-0.97 <0.001 0.96 0.95-0.97 <0.001
BMI 0.99 0.97-1.01 0.245 0.99 0.97-1.01 0.232 0.99 0.97-1.01 0.242
BMI at age 25 1.03 1.02-1.05 <0.001 1.03 1.01-1.05 <0.001 1.03 1.01-1.04 <0.001
WHR 1.12 1.02-1.22 0.015 1.12 1.02-1.23 0.016 1.12 1.02-1.23 0.015
Calf circumference 0.94 0.92-0.96 <0.001 0.94 0.92-0.96 <0.001 0.94 0.92-0.96 <0.001
Grip strength 0.95 0.94-0.96 <0.001 0.95 0.94-0.96 <0.001 0.95 0.94-0.96 <0.001
Skeletal muscle mass 0.97 0.96-0.98 <0.001 0.97 0.96-0.98 <0.001 0.97 0.96-0.98 <0.001
Lean mass 0.96 0.94-0.97 <0.001 0.96 0.94-0.97 <0.001 0.96 0.94-0.97 <0.001
Percentage of body fat 1.01 0.99-1.02 0.263 1.01 0.99-1.02 0.265 1.01 0.99-1.02 0.247
Visceral fat area 1.00 1.00-1.00 0.897 1.00 1.00-1.00 0.974 1.00 1.00-1.00 0.950
TC 0.91 0.70-1.19 0.495 0.93 0.72-1.22 0.617 0.94 0.72-1.22 0.631
LDL-C 0.97 0.90-1.03 0.299 0.97 0.91-1.04 0.347 0.97 0.91-1.04 0.354
HDL-C 0.96 0.84-1.10 0.586 0.97 0.85-1.11 0.641 0.97 0.85-1.11 0.665
TG 0.93 0.84-1.04 0.221 0.94 0.84-1.04 0.238 0.94 0.84-1.04 0.235
ApoAl 0.92 0.74-1.16 0.494 0.94 0.75-1.18 0.582 0.94 0.75-1.18 0.601
ApoB 0.96 0.76-1.21 0.720 0.97 0.77-1.23 0.805 0.97 0.77-1.23 0.809
Glucose 1.05 1.02-1.08 0.001 1.06 1.02-1.10 0.002 1.06 1.02-1.10 0.002
Systolic blood pressure 1.00 1.00-1.01 0.010 1.00 1.00-1.01 0.005 1.00 1.00-1.01 0.005
Diastolic blood pressure 1.00 1.00-1.01 0.124 1.00 1.00-1.01 0.084 1.00 1.00-1.01 0.075

OR: odds ratio; the other abbreviations are explained in the note to Table 1. Model 1 is adjust for age, sex, education, BMI, and occupation. Model 2 is
adjusted for the findings for hypertension, diabetes, anxiety, and depression on the basis of Model 1. Model 3 is adjust for smoking and drinking on the basis of
Model 2.

x3 EBERBESIANERSHNEZR (n=7316)

Table 3 The association between obesity phenotypes and cognitive impairment (n =7316)

Phenotypes ; Model 1 Model 2 Model 3
OR  95%CI P OR  95%CI P OR  95%CI P

Generalized obesity (BMI)

Normal 3104 Ref

Underweight 168 131 0.93-1.85 0.120 1.33 0.94-1.88 0.107 1.33 0.94-1.88 0.107

Overweight 3074 093 0.83-1.05 0.231 094 0.83-1.05 0.281 094 0.83-1.06 0.293

Obese 970  0.95 0.80-1.12 0.520 0.94 0.79-1.12 0.513 095 0.80-1.12 0.527
Life-course obesity (current BMI combined BMI at 25 yr.)

Normal 2834 Ref

Overweight only now 3015 0.86 0.76-0.97 0.016 0.86 0.76-0.98 0.022 0.86 0.76-0.98 0.020

Overweight only at 25 yr. 438 125 1.00-1.57 0.049 124 0.99-1.55 0.065 124 0.99-1.55 0.065

Overweight at both 1029 1.24 1.05-1.45 0.009 1.24 1.06-1.46 0.009 1.24 1.05-1.46 0.010
Central obesity (BMI combined with WHR)

Normal 1771 Ref

Overweight only 1035 0.74 0.61-0.90 0.002 0.74 0.61-0.90 0.002 0.74 0.61-0.90 0.002

High WHR only 1501 1.00 0.85-1.17 0980 0.99 0.84-1.17 0910 0.99 0.84-1.17 0.926

Central obesity 3009 0.98 0.86-1.13 0.802 0.98 0.86-1.13 0.833 099 0.86-1.14 0.859
Sarcopenic obesity (BMI combined with grip strength)

Normal 1516 Ref

Overweight only 2063 1.00 0.84-1.19 0986 1.00 0.84-1.20 0.959 1.01 0.84-1.20 0.954

Sarcopenia only 1756 2.07 1.75-2.45 <0.001 2.03 1.72-241 <0.001 2.03 1.71-241 <0.001

Sarcopenic obesity 1981 1.89 1.60-2.23 <0.001 1.86 1.58-2.20 <0.001 1.86 1.58-2.20 <0.001
Metabolic obesity (BMI combined with metabolic factors)

Normal 680 Ref

Overweight only 444  1.00 0.75-1.34 0.997 1.02 0.76-1.36 0.886 1.02 0.76-1.36 0.892

Metabolic unhealthy only 2592 1.23 1.00-1.50 0.048 1.25 1.02-1.55 0.034 125 1.02-1.55 0.035

Metabolic obesity 3600 1.09 0.90-1.33 0.370 1.13 0.91-1.39 0.262 1.13 0.92-1.39 0.256

The abbreviations are explained in the notes to Table 1 and Table 2. Model 1 is adjusted for age, sex, education, BMI, and occupation. Model 2 is adjusted the
findings for hypertension, diabetes, anxiety, and depression on the basis of Model 1. Model 3 is adjusted for smoking and drinking on the basis of Model 2.
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1.02 ~ 1.55, {UHHAEAE B OR=1.13, 95%CIL: 0.92 ~ 1.39) .
2.4 FBEEXKE S EHIEMERESI\MER

1L 4R 8 & (PRS-Q1: OR=0.75, 95%CI:
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F4 RIBIERFRBIPRSS EHIAFBERR R (n=7316 )
Table 4 Risk of cognitive impairment stratified by obesity phenotypes and PRS (n =7316)

PRS-Q1 (OR [95% CI]) PRS-Q2 (OR [95% CI]) PRS-Q3 (OR [95% CI]) PRS-Q4 (OR [95% CI])

Ref

Phenotypes

Generalized obesity (BMI)
Normal
Underweight 1.39 (0.67-2.87)
Overweight 0.88 (0.68-1.13)
Obese 0.80 (0.56-1.15)

Life-course obesity (current BMI combined with BMI at 25 yr.)
Normal

Overweight only now

Overweight only at 25 yr. 1.13 (0.70-1.81)

Overweight at both 1.22(0.87-1.72)
Central obesity (BMI combined with WHR)

Normal

Overweight only 0.67 (0.45-0.99)"

High WHR only 0.81 (0.58-1.14)

Central obesity 0.80 (0.60-1.08)

Sarcopenic obesity (BMI combined with grip strength)
Normal
Overweight only 0.87 (0.61-1.24)
Sarcopenia only
Sarcopenic obesity

Metabolic obesity (BMI combined with metabolic health)

1.30 (0.91-1.85)

Normal

Overweight only 1.00 (0.53-1.91)
Metabolic healthy only 1.44 (0.93-2.24)
Metabolic obesity 1.16 (0.75-1.80)

0.75 (0.57-0.97)"

1.48 (1.05-2.10)"

0.72 (0.33-1.56)

0.76 (0.58-0.99)"

0.73 (0.50-1.08)

1.38 (0.85-2.26)
1.13 (0.78-1.63)

1.29 (0.90-1.84)
1.01 (0.74-1.38)

0.70 (0.48-1.04)

0.88 (0.44-1.78)

1.41 (0.88-2.27)
1.04 (0.64-1.67)

0.71 (0.54-0.93)"

0.45 (0.27-0.74)"

1.85 (1.28-2.69)"
1.55 (1.07-2.23)"

Ref

Ref

Ref

Ref

2.05 (1.01-4.14)"

0.92 (0.72-1.19)
1.00 (0.69-1.43)

0.83 (0.63-1.08)
1.11 (0.69-1.80)
1.19 (0.85-1.67)

0.81 (0.54-1.21)
0.94 (0.67-1.33)
0.90 (0.67-1.22)

1.24 (0.86-1.80)

247 (1.72-3.55)""
1.86 (1.29-2.68)"

0.88 (0.50-1.56)
0.97 (0.63-1.49)
0.88 (0.57-1.36)

1.32 (0.62-2.80)
1.11 (0.87-1.42)
1.17 (0.81-1.67)

1.03 (0.80-1.34)
1.43 (0.90-2.27)
1.62 (1.16-2.27)"

0.97 (0.65-1.45)
1.18 (0.84-1.66)
1.28 (0.95-1.74)

1.09 (0.76-1.56)
2.21(1.54-3.16)""
2,51 (1.78-3.54)""

1.31 (0.74-2.35)
1.21 (0.78-1.89)
1.29 (0.83-2.00)

QI: quartile 1; Q2: quartile 2; Q3: quartile 3; Q4: quartile 4; the other abbreviations are explained in the notes to Table 1 and Table 2. P<0.05,” P < 0.01,

" P<0.001.
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Obesity phenotypes OR (95% CI) APOE €2/e3 OR (95% CI) APOE &4
Generalized obesity i i
Normal 1 [Reference] H 1 [Reference] :
Underweight 1.39 (0.96-2.03) T E— 0.78 (0.30-2.04) i m——————_
Overweight 0.92 (0.81-1.05) o 1.03 (0.78-1.36) o S
Obese 0.99 (0.82-1.20) oo 0.81 (0.52-1.25) i By
Life-course obesity
Normal 1 [Reference] ‘ 1 [Reference] '
Overweight only now  0.86 (0.75-0.99) - 0.91 (0.67-1.23) o
Overweight only at 25y  1.22 (0.95-1.57) e 1.25 (0.75-2.10) !
Overweight at both 1.23 (1.03-1.48) jre— 1.34 (0.92-1.95) e ——
Central obesity :
Normal 1 [Reference] H 1 [Reference] 1
Overweight only 0.75 (0.61-0.93) i 0.80 (0.50-1.28) W
High WHR only 0.95 (0.79-1.14) il s 1.42 (0.97-2.08)
Central obesity 0.95 (0.81-1.11) bty 1.31(0.93-1.84) pE——
Sarcopenic obesity 3
Normal 1 [Reference] ’ 1 [Reference] )4
Overweight only 0.99 (0.81-1.20) i i 1.03 (0.68-1.58) B p—
Sarcopenia only 1.95 (1.62-2.36) | —— 2.15(1.43-3.23) i S ——
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Metabolic obesity
Normal 1 [Reference] H 1 [Reference] ¢
Overweight only 0.94 (0.68-1.30) S 1.74 (0.86-3.54) :
Metabolic unhealthy only 1.15 (0.91-1.45) P — 1.78 (1.09-2.90) I ————
Metabolic obesity 1.05 (0.83-1.32) [ : *‘I’—“ l : \ 1.55 (0.95-2.52) | : T—T—T*‘*l
0 05 10 15 20 25 0 05 10 15 20 25

2 RIBIEFREFIAPOES RHINFBERR R ( n=7215)
Fig 2 Risk of cognitive impairment stratified by obesity phenotypes and APOE (n=7215)
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