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Does the Obesity Paradox Exist in Cognitive Function?: Evidence from the
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Background: There have been many studies on the associations between body mass index (BMI) and cognitive function. However, no
study has ever compared the associations across the methods of categorizing BMI. In this study, we aimed to fill the gap in the
previous studies and examine whether the obesity paradox is valid in the risk of cognitive function.

Methods: Of the 10,254 people aged 45 and older from the Korean Longitudinal Study of Ageing from 2006 to 2016, 8,970 people
were finalized as the study population. The dependent variable was whether a person has a normal cognitive function or not, and the
independent variables of interest were BMI categorized by the World Health Organization Western Pacific Regional Office
(WHO-WPRO) method, the WHO method, and a 10-group method. Covariates included sociodemographic factors, health behavior
factors, and health status factors. A generalized linear mixed model analysis with a logit link was used.

Results: In the adjusted model with all covariates, first, in the case of BMI categories of the WHO-WPRO method, underweight (odds
ratio [OR], 1.16; 95% confidence interval [Cl], 1.15-1.17), overweight (OR, 1.36; 95% Cl, 1.35-1.36), and obese (OR, 1.34; 95% Cl,
1.33-1.34) groups were more likely to have a normal cognitive function than a normal-weight group. Next, in the case of BMI
categories of the WHO method, compared to a normal-weight group, underweight (OR, 1.15; 95% Cl, 1.14-1.16) and overweight (OR,
1.06; 95% Cl, 1.06-1.07) groups were more likely to have a normal cognitive function; however, obese (OR, 0.62; 95% Cl, 0.61-0.63)
group was less likely to have it. Lastly, in the case of the 10-group method, as BMI increased, the likelihood to have a normal cognitive
function changed like a wave, reaching a global top at group-7 (26.5 kg/m*< BMI <28.0 kg/m?).

Conclusion: The associations between BMI and cognitive function differed according to how BMI was categorized among people aged
45 and older in Korea, which suggests that cognitive function may be positively associated with BMI in some categories of BMI but
negatively in its other categories. Health policies to reduce cognitive impairment need to consider this association between BMI and
cognitive function.
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Table 1. Characteristics of BMI standards at baseline
Criteria Category Cognitive impairment Normal cognitive function pvalue
WHO-WPRO standard <0.000™"
BMI <185 Underweight 163 (7.9) 181 (2.6)
185< BMI <23.0 Normal weight 9% (48.3) 2,977 (431)
230< BMI <250 Overweight 478 (232) 2,148 (31.1)
BMI >25.0 Obese 425 (20.6) 1,602 (23.2)
WHO standard <0000
BMI <185 Underweight 163 (7.9) 181 (2.6)
185< BMI <25.0 Normal weight 1,474 (71.5) 5125 (74.2)
25.0< BMI <30.0 Overweight 381 (185) 1,500 (21.7)
BMI >30.0 Obese 44 (2.1) 102 (1.5)
Standard categorized by 10-groups <0.000™"
BMI <185 Group-1 163 (7.9) 181 (2.6)
185< BMI <200 Group-2 196 (9.5) 468 (6.8)
200< BMI <215 Group-3 389 (18.9) 1,057 (15.3)
215< BMI <230 Group-4 411 (199 1452 (21.0)
230< BMI <250 Group-5 478 (232) 2,148 (31.1)
25.0< BMI <265 Group-6 197 (9.6) 810 (11.7)
26.5< BMI <280 Group-7 122 (5.9) 443 (6.4)
28.0< BMI <30.0 Group-8 62 (3.0) 247 (3.6)
30.0< BMI <320 Group-9 30 (1.5) 77 (1.1)
BMI >320 Group-10 14.(07) 25 (0.4)

Values are presented as number (%).

BMI, body mass index (kg/mz); WHO, World Health Organization; WPRO, Western Pacific Regional Office.

™ p<0.0001.
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Table 2. General characteristics of study sample at baseline

Variable Category Cognitive impairment Normal cognitive function p-value
Age (yr) 4564 574 (27.8) 5,001 (72.4) <0.000™
65-75 791 (38.4) 1,492 (216)
>75 697 (33.8) 415 (6.0)
Sex Male 578 (28.0) 3423 (49.6) <0.000™
Female 1,484 (72.0) 3,485 (504
Education Elementary school or less 1,716 (832) 2,358 (34.1) <0000
Middle school 169 (8.2) 1,337 (19.4)
High school 144 (7.0) 2,323 (336
University or more 33 (1.6) 890 (12.9)
Marital status Married 1,236 (59.9) 5921 (85.7) <0000
Separated 12 (0.6) 54 (0.8)
Divorced 32 (1.6) 150 (22)
Widowed 775 (37.6) 716 (10.4)
Single 7(0.3) 67 (1.0)
Region Rural 684 (33.2) 1,430 (207) <0.000"
Urban 643 (31.2) 2,325 (33.7)
Metropolitan 735 (35.6) 3,153 (45.6)
Religion No 1,015 (492) 2,987 (432) <0000
Yes 1,047 (508) 3,921 (56.8)
Equivalent household income 1st quantile 775 (37.6) 1,380 (20.0) <0.000""
2nd quantile 648 (31.4) 1,666 (24.1)
3rd quantile 363 (17.6) 1,859 (26.9)
4th quantile 276 (134) 2,003 (29.0)
Regular exercise No 1,621 (7856) 3,858 (55.8) <0000
Yes 441 (21.4) 3,050 (44.2)
Smoking Current non-smoker 1,793 (87.0) 5412 (783) <0000
Current smoker 269 (13.0) 149 (217)
Drinking Current non-drinker 1,891 (91.7) 6,481 (93.8) <0000
Current drinker 171 (8.30) 427 (6.2)
ADL Independent 1,818 (882) 6,825 (98.8) <0.000"
Dependent 244 (11.8) 83 (1.2)
Instrumental ADL Independent 1,489 (722) 6,335 (91.7) <0.000""
Dependent 573 (27.8) 573 (8.3)
Hypertension No 1,334 (64.7) 5,244 (75.9) <0.000"
Yes 728 (35.3) 1,664 (24.1)
Diabetes mellitus No 1,714 (83.1) 6,195 (89.7) <0000
Yes 348 (16.9) 713 (10.3)
Heart disease No 1,919 (93.1) 6,631 (96.0) <0000
Yes 143 (6.9) 277 (4.0)
Cerebrovascular disease No 1,945 (94.3) 6,779 (98.1) <0.000"
Yes 17 (5.7) 129 (1.9)

Values are presented as number (%).
ADL, activities of daily living.
p<0.0001.

2

WHO-WPRO7|%, WHO7| %, 107] -0 & BMIS E-235}0] ¢1%]7
SIRo] APE BB QAR 82l A 2, A7

B ool 20062016 1FSALIAAREE o] R3)o] e 8.91, A 8.90e BAR A5-E o] k= d, WHO-WPRO

i
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Figure 1. Adjusted odds ratio and its 95% confidence interval for each BMI category according to each method of categorizing BMI. (A)
WHO-WPRO standard. (B) WHO standard. (C) Standard categorized by 10-groups. BMI, body mass index (kg/m2); WHO, World Health

Organization; WPRO, Western Pacific Regional Office.
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Table 3. Univariable analysis: associations between BMI and normal cognitive function

Criteria Category OR (95% CI)
WHO-WPRO standard (ref: 18.5< BMI <23.0; normal weight)
BMI <185 Underweight 090 (0.90-0.91)
23.0< BMI <25.0 Overweight 147 (1.4041.41)
BMI =250 Obese 139" (1.38-1.40)
WHO standard (ref: 18.5< BMI <25.0; normal weight)
BMI <185 Underweight 089 (0.88-0.90)
25.0< BMI <300 Overweight 1.07" (1.07-1.08)
BMI >30.0 Obese 065" (0.64-0.66)
Standard categorized by 10-groups (ref: 23.0< BMI <25.0; group-5)
BMI <185 Group-1 050" (0.50-0.50)
185< BMI <200 Group-2 047 (0.47-0.48)
200< BMI <215 Group-3 059" (0.59-0.60)
215< BMI <230 Group-4 077" (0.77-0.78)
25.0< BMI <265 Group-6 098" (0.97-0.98)
265< BMI <280 Group-7 1.05" (1.04-1.05)
28.0< BMI <300 Group-8 098" (0.97-0.99)
30.0< BMI <320 Group-9 069 (0.68-0.70)
BMI >320 Group-10 027" (027-0.28)

BMI, body mass index (kg/mz); OR, odds ratio; Cl, confidence intervals; WHO, World Health Organization; WPRO, Western Pacific Regional Office; Ref: reference category.

™ p<0.0001.
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Table 4. Multivariable analysis: associations between BMI and normal cognitive function

2|

Criteria \WHO-WPRO WHO 10-Groups

WHO-WPRO standard (ref: 18.5< BMI <23.0; normal weight)

BMI <185; underweight 1167 (1.15-1.17)

230< BMI <25.0; overweight 136" (1.35-1.36)

BMI >250; obese 134 (1.33-1.34)
WHO standard (ref: 18.5< BMI <25.0; normal weight)

BMI <185; underweight 1157 (1.14-1.16

25.0< BMI <30.0; overweight 106" (1.06-1.07

BMI >30.0; obese 062" (061-0.63
Standard categorized by 10-groups (ref: 23.0< BMI <25.0; group-5)

BMI <185; group-1 0.70™ (0.69-0.70)

185< BMI <20.0; group-2 054" (0.53-0.54)

20.0< BMI <21.5; group-3 063" (0.63-0.63)

215< BMI <23.0; group-4 079" (0.79-0.79)

25.0< BMI <265, group-6 099" (0.98-0.99)

265< BMI <28.0; group-7 1.03"(1.02-1.03)

280< BMI <30.0; group-8 091 (0.90-0.92)

30.0< BMI <32.0; group-9 065" (0.64-0.66)

BMI >32.0; group-10 022" (0.22-0.23)
Age (ref: 45-64 yr)

6574 yr 064" (0.64-0.64) 063" (0.63-0.64) 064" (0.63-0.64)

>75 yr 037" (0.36-0.37) 036" (0.36-0.36) 037" (0.36-0.37)
Sex (ref: male)

Female 007" (0.05-0.10) 007" (0.05-0.09) 007" (0.05-0.10)
Education (ref: elementary school or less)

Middle school 152" (1.47-1.56) 1.4 (1.37-1.45) 148" (144-15)

High school 132" (1.27-1.36) 124" (1.20-1.29) 124" (1.20-1.28)

University or more 1966 (18.54-20.84) 1847 (17.41-19.58) 1860 (17.54-19.73)
Marital status (ref: married)

Separated 051" (0.49-0.52) 050" (0.48-0.52) 050" (0.48-0.52)

Divorced 096" (0.94-0.98) 0.98 (0.96-1.00) 093" (0.91-0.95)

Widowed 0717 (0.70-0.71) 070" (0.69-0.70) 072" (0.71-0.72)

Single 20859 (90.17-482.54) 208.06"" (89.88-481.64) 221.90"" (96.16-512.03)
Region (ref: rural)

Urban 155" (1.53-157) 154 (1.53-1.56) 156" (1.54-157)

Metropolitan 087" (0.85-0.88) 087" (0.85-0.88) 088" (0.87-0.90)
Religion (ref: no)

Yes 123" (1.22-1.23) 123" (1.23-1.23) 123" (1.22-1.29)
Equivalent household income (ref: 1st quantile)

2nd quantile 1117 1) 1117 (1.10-1.11) 1117 (1.1041.11)

3rd quantile 1327 (1.32-1.33) 1327 (1.32-1.33) 1327 (1.32-1.33)

th quantile 1427 (1.42-1.43) 143" (1.42-1.43) 1427 (1.41-1.42)
Regular exercise (ref: no)

Yes 130" (1.29-1.30) 1307 (1.29-1.30 130" (1.29-1.30)
Smoking status (ref: current non-smoker)

Current smoker 144" (1.43-1.45) 143" (1.42-1.44) 145" (1.44-1.45)
Alcohol use (ref: current non-drinker)

Current drinker 066" (0.66-0.67) 065" (0.65-0.66) 067" (0.66-0.67)
ADL (ref: independent)

Dependent 037" (0.37-0.37) 037" (0.37-0.37) 037" (0.37-0.38)
Instrumental ADL (ref: independent)

Dependent 040" (0.40-0.40) 040™" (0.40-041) 040" (0.40-0.40)
Hypertension (ref: no)

Yes 053" (053-0.53) 053" (0.53-053) 053" (0.52-0.53)
Diabetes mellitus (ref: no)

Yes 087" (0.86-0.88) 087" (0.86-0.87) 086" (0.86-0.87)
Heart disease (ref: no)

Yes 061" (0.60-0.61) 061" (0.60-0.61) 061" (0.61-0.62)
Cerebrovascular disease (ref: no)

Yes 063" (0.62-0.64) 063" (0.63-0.64) 063" (0.62-0.63)

Values are presented as odds ratio (95% confidence interval).

BMI, body mass index (kg/m?); WHO, World Health Organization; WPRO, Western Pacific Regional Office; Ref, reference group; ADL, activities of daily living.

™ p<0.0001.
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