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Conclusion

Objectives The aim of this study was to investigate associations between obesity indices and
cognitive functions using data from individuals older than 65 years in South Korea.

A total of 151 Koreans older than 65 years participated in this study voluntarily. Obe-
sity was determined using body mass index (BMI) and waist-hip ratio (WHR). Cognitive function
was evaluated using the Korean version of the Mini-Mental State Examination (MMSE-K). The
participants were divided into four groups according to BMI :
(18.5<BMI<23.0), overweight (23.0<BMI<25.0), and obesity (BMI>25.0), and two groups ac-
cording to WHR : normal (WHR<18.5) and abdominal obesity (WHR>0.8). Baseline characteris-
tics were compared among different BMI or WHR subgroups.

Results Older age and smoking habits showed an association with poor cognitive function.
Among different BMI groups, the overweight group had the highest scores of MMSE-K ; the item
scores for time and place orientation (4.48+0.770 and 4.80+0.500) and attention/calculation
(4.00£1.258) as well as total score (25.88+2.877). Overweight in BMI showed an association
with better cognitive function (OR,,4.:=0.098, 95% confidence interval=0.017-0.577).

In this study, the overweight group measured by BMI showed better cognitive
function than other groups. Overweight in elderly might be acceptable in order to maintain cogni-
tive performance. Further investigation regarding the underlying mechanism explaining the rela-
tionship between cognitive function and body weight will be needed.
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Table 1. Baseline characteristics according to the cognitive function

Characteristics n MMSE-K mean=standard deviation p-value
Age, years 151 24.68+4.101 0.003*
Sex 0.625
Male 35 24.24+4.829
Female 116 24.77+3.973
Educational level 0.121
llliteracy 35 23.52+4.355
Elementary school 65 24.48+4.117
Middle school 19 25.47%2.653
High school 22 26.12+3.689
College and postgraduate 10 27.20+2.280
Marital status 0.266
Single 0 -
Married 55 25.55+4.163
Divorced 2 27.00+1.414
Widowed 94 24.27+4.083
Children 0.479
Yes 146 24.74+4.128
No 5 23.25+3.500
Hypertension 0.603
Yes 86 24.53+4.220
No 65 24.97£3.910
Diabetes mellitus 0.909
Yes 34 24.60+4.435
No 117 24.71+4.020
Heart disease (myocardial infarction, 0.654
arrhythmia, angina pectoris, pacemaker insertion)
Yes 22 25.14+5.036
No 129 24.61+£3.965
Prior stroke or transient ischemic attack 0.837
Yes 28 24.46+5.222
No 133 24.71£3.950
Psychiatric history 0.921
Yes 24 24.60+3.775
No 127 24.70+4.196
Traumatic brain injury 0.224
Yes 7 21.00£6.870
No 144 24.91+3.813
Current alcohol consumption (drinks per week) 0.260
0 130 24.84+3.923
<1 14 24.50+4.523
1-2 1 28.00
>3 6 21.00+6.218
Smoking 0.000t
Never 122 24.87+3.735
Former 23 25.87+2.503
Current 6 18.00+7.746
Regular exercise (>4/week) 0.424
Yes 88 24.98+3.493
No 63 24.33+4.728

* 1 p<0.05 by the correlation analysis (Pearson’s correlation coefficient=—0.286), t : p<0.001 by the one-way analysis of variance.
MMSE-K : Korean version of the Mini-Mental State Examination
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Table 2. Cognitive function using MMSE-K and item scores among different BMI groups

Diagnostic criteria in BMI

MMSE-K scores

Normal weight (n=49) Overweight (n=36) Obesity (n=62) p-value
Total (30) 23.38+4.824 25.88+2.877 25.30£3.674 0.010*
Time orientation (5) 4.06+1.278 4.48+0.770 4.47+1.182 0.018*
Place orientation (5) 4.06%1.496 4.80+0.500 4.47+1.182 0.039*
Memoryregistration (3) 2.97+0.171 3.00+0.00 3.00+0.00 0.566
Attention and calculation (5) 3.03+1.623 4.00+1.258 3.77+1.377 0.021*
Memory recall (3) 1.62+1.074 1.60£1.118 1.72+0.984 0.791
Language (7) 6.06+1.043 6.28+0.843 6.37+0.817 0.326
Comprehension and judgment (2) 1.59+0.557 1.72+0.458 1.51+0.506 0.453

* 1 p<0.05 by the 1-way analysis of variance. MMSE-K : Korean version of the Mini-Mental State Examination, BMI :

Body mass index

Table 3. Association between BMI and poor cognitive function (MMSE-K<24)

Diagnostic criteria in BMI

Normal weight OR (95% CI)

Overweight OR (95% CI) Obesity OR (95% CI)

Unadjusted 1.000 (ref.)
Model 1 1.000 (ref.)
Model 2 1.000 (ref.)
Model 3 1.000 (ref.)
Model 4 1.000 (ref.)

0.173 (0.043-0.689) 0.549 (0.215-1.404)

p=0.013* p=0.211
0.165 (0.034-0.813) 0.602 (0.202-1.792)
p=0.027* p=0.362
0.155 (0.037-0.649) 0.483 (0.179-1.304)
p=0.011* p=0.151
0.136 (0.032-0.573) 0.464 (0.166-1.296)
p=0.007* p=0.143
0.098 (0.017-0.577) 0.436 (0.122-1.553)
p=0.010* p=0.200

Logistic regression analysis :

Wald ¥ with d.f.=1 was used. Model 1

: adjustment made with socio-demographic characteristics

(age, sex, education levels, marital status and children) ; Model 2 : adjustment made with lifestyle characteristics (smoking habits,
alcohol consumption and exercises) ; Model 3 : adjustment made with clinical status (hypertension, diabetes mellitus, heart dis-

ease, stroke, psychiatric history and trauma) ;

32 22 AA7e& 2ol 2 A7 Auebs A
Apole}, vk =Qlof| A BMISF 2| uf Tt UX}ﬁ iR
o1 764 o]l Ao A HINET} &5 Al
olglo| @38 7FAsita H st Luchsmger o] A
6541l Al 924 Ato] o] IAF E= HIREQ] Hofl A i]”ﬂ
Hw=7h o AR ghe=rhal 3 Dahl 579 k= &
A¥er AR, =y 25]2 BMIS| vt d=stol
3 A, Fd Al 5o 91FS wAHOE H1E Qlof
o3| ld7] 9 AT Es U=} A7 WA= 7
7P7\]i S]] offeh. AR} ok 3 2 AT o
Ao A QA7) vk} FAof thgt = A= 2
Oﬂ% 2 4 A%, Kim 5772 BMI®] 74 &=7F wh
S5 o[ AAEASH L e dold 4= Qlrh= A
Eiﬁ}ﬁi ol IS S A tide
Aol sl Aats A8 4 glrk= A
eong 579 AtollAl= =gl9] njgta} 2l
ol yebto ISl A7
OS2 et 2 o) el ARSI,

oL

e

i
o

]

T
0 40 w2 oF O my

+

it

1

1

olr
2
ol
ol
N
_,d
>'3i F_R S

Model 4 : adjustment made with all factors above. * :
Confidence interval, MMSE-K : Korean version of the Mini-Mental State Examination, BMI :

<0.05. OR : Odds ratio, Cl :
Body mass index

FY719H 2o, 1019] BA|F T Hlgho] WHEA] Q1))
SAske} Qe A gReths oleldt ARk W] AE
27h Fzatolm L w3kl 2u) whAlo] ASE TS W
39} 7-e weto = SAE 4 9lon] AFe Wkt Xue
WS Arbs Aol 9 HolELEY & W9 B
BMIE: X|me] SI9ES ol Ag, 7| 4ol o7 e
weh BMIE WakshA| ek @e AolA] Xuf gl
e Alg R Al0] BHE T G, ok HANE, AF

27, oA S sk | el o UH Wkt A
ofbi 2% eo] BAIZH AZIThe 2L Jngeh ujet
A Ao el Alaste] Feart UL, 7o) v

© BMIZF 2518 Aule] & 91940 zke 4 gk 1
PEE 7% AT o] of i AJ7]of A gk 91X 7 7+ <
AL BTt thet AT} R AL oled How A

O]O

AF7HA] vekg QIR 75 7he] A AR AE
& Aol 23S grEo] gEo] gk SV &2 =
7] BMIg} A|ufjete] Axbdol Bt =& 1692 veh 4

www.knpa.orkr 451



J Korean Neuropsychiatr Assoc I 2013;52:447-453

3k Anstey 5270 wk2w, Fd719] AAYo] obd AF, = A
AZ, AF, BlRke] Aujo] 9J9E &kl &R &
=d7] BMISE Al eke] Aol thgh =744 A-HE Aljtst
Atk 2 At AufE ARkR] o= S e R g
o, Auj7t HEE 7] o d dA oA Zuje] 7S
of|AstaLzl 317] wjol XIDH T e E sk Ao}

A

e wasAm, XlﬂHﬂZFOM% AR 7
AteluA Aela, 291 718 9Al Hek ol
Hoz s ulgkat A|ojeke] TAleh ulgkat Xu)z Qs
7] ol4e] Q1471543 7 P THE PAE B Ao
o 7Pssit,

MMSE: gAelel 4 A3 8}3‘;—% A9 TNejaly, -

o1, 2 3 1A 1 2 2R wolT A
A, Tl 5, ol oA A12) 958 Hold o
Loha wal A Qlek E SEstolmy FApEo] et
MMSE A7 0|4 SxbSo] AARlat SUsHA 71013
A, FOF W AR, AR Fo) el 4 4
o] AsEin, 1 FAME F]ofalaolA b 4o A
5192 MelsAch, el A MMSE-Ke] Aol o

Ag3E A7) Q)
3=, s
7]04§]/k]— =1 /\]ﬂx% :TL/d oﬂ}\—] Aslo] WEES Ha1
o}%"itk MMSE-K¢} K-MMSE 2% MMSES #19J3}o] =+
W APgol gk=o] 2245k A S 7Hke o, MMSE-KelA]

AR i E-& o 7HsAd o] =k 2 Aol Al MMSE-
K AlFeHs & AR, Aaxde, o35 2 A
AP gEo] FAX SR FolotA AL, T8} FUsHA
IAFE, BT, AR S 7F ashs FA
< Bof vuta Aol Sl AR HYTHEE 2). 12U Al

HAGE, BaA, FAYS % A =2 AW &

o=, T RS A R

2 gloy, K-MMSES

oiﬂ

%

452

o] A7t - A ATk o) & A7 A Ei= 7|
B QIA|A5}Y] FA| = WS AFEES T o= gt Ao of
7] wfjito] ALt 2 o]l Agst= Alsdart
U= 7ol i, Alekrt AEAEAE A F- AL ]k
{111715013}—5— FHZ ARESlo] AAR HIRFo] ¢l ey
ArrEol & Aato] ALRE 7HsAdol 7] wiiEelth
xilvﬂr A7) 52 A2 TS WA AAEAE st
of AeleF WS WAIstaL, oy A|ooA o W 42
Y-S o s 71 A5 J3gsto] olgjgt BAE &
of g Zlo|t},

TR FR 2 HRH o] s WHRe ©]-8-5to] B7s)
RoLt, AA| AP AIA 1519 F 1465 ©] WHR 0.8 o4k
o g2 HERHgto) sigellar, o siEnte] Ao w &
FEo] & o 2 A3 HwA] FAA Fo4S A5k
of| Agto] 13t oli= U7 st Hol A A-edAE HAlst
of A7 RO R, & A 7heet At A =7t
251 ol Yk EAf E4do] WY E S 7HsAdol o
o} gEo] & Aot Mg fiof e At A vt
2} 654 o) Rl A B B|Ne] o] Erhe AMS
Hrgot= AR Hof o] ZpA|of gt F=714%] =97 e
g Aoz Holth,

2 Aol dubE o g QR|7| 5ol FFF vA= Ao
HA e A H BSpEo] MMSE-K #5¢F 54
O HolR] gL, QIA7|Foll S 1A= B
A=A eteng A4 Aus Ayt =2lglto] 4]
A2 Algto] Qirk EdE £ A= k2lY]
{8l MMSE-KRF AH8-319=d,
o] 0‘01%*%‘&?01&] A3t Q1A]7]
Qomam =
L5 AME-5Ho f“*ol X715 B7H7} 3 :
%%104%4 EAo& ¢l3lo] BMI?F MMSE-K H4¢]
TAof| AT & 4= glom g QA Bl 93 A
71340_1 A2 A7) E asict
OFAIZHA] eRlof| A BIRk}: {1275 ZF Aol thalA

12

o

Mook o o
o i rjr oft Ho

)

o
Mo 0N

o, oo mn l-ﬂ.l
©
Iror

F
o [
Rlorle o 2

BgorLoo
ol
ok

£ i

o3
N

o
4> 2
é
rlr
o
inj
—1N
N
R
»
rO
209
oY, o
(A
)
N
ofr

S~
=

)
fo
P‘l"
o
_\3

L oRpat AukE Holw glo] wglelA Hgkt Q1X 7l
7re] Al A3 shaslolok stal, 2 A1) ARHEE

sefste] Al lolof 3 Aolth, Eat PR o 2
AT ATE B welolq AX7)E $A5L A7)
HHE WA SRt A A WS Aok, Mg
21A71%:9] Aol Tt 7141 0] Bk 71212 v

7149l 5] A Eolof 3 ol

2 e



Lolof A HIZta MMSE-K2| HEHS I HJ Lee, et al.

a4 2

65A1] oA} 10191 41E tiAto 2 vk} MMSE-K 4
7re] Azdel disl 2AKsE A3}, BMI= MMSE-K= 37}
g A7) 5a e AddE B, 53] dAF(23.0<
BMI<25.0)21 =g1oA] Q1A|7]50] 7 S-=3om T4
Z AA7}E QA7) 5 ATHMMSE < 24)] tisf W& =S
Aatal A4t 252 ¥

A8kl Q1A)7]5 A

& Hof =2l - v - MMSE-K.
Acknowledgments

o] = = ofAtel@E] A ot T E R

Conflicts of Interest
The authors have no financial conflicts of interest.

REFERENCES

1) Kivipelto M, Ngandu T, Fratiglioni L, Viitanen M, Kareholt I, Win-
blad B, et al. Obesity and vascular risk factors at midlife and the risk
of dementia and Alzheimer disease. Arch Neurol 2005;62:1556-1560.

2) Xu WL, Atti AR, Gatz M, Pedersen NL, Johansson B, Fratiglioni L.
Midlife overweight and obesity increase late-life dementia risk: a
population-based twin study. Neurology 2011;76:1568-1574.

3) Gustafson D, Lissner L, Bengtsson C, Bjorkelund C, Skoog I. A 24-
year follow-up of body mass index and cerebral atrophy. Neurology
2004;63:1876-1881.

4) Ward MA, Carlsson CM, Trivedi MA, Sager MA, Johnson SC. The
effect of body mass index on global brain volume in middle-aged
adults: a cross sectional study. BMC Neurol 2005;5:23.

5) Jagust W, Harvey D, Mungas D, Haan M. Central obesity and the ag-
ing brain. Arch Neurol 2005;62:1545-1548.

6) Gunstad J, Paul RH, Cohen RA, Tate DF, Spitznagel MB, Gordon E.
Elevated body mass index is associated with executive dysfunction in
otherwise healthy adults. Compr Psychiatry 2007;48:57-61.

7) Gustafson D, Rothenberg E, Blennow K, Steen B, Skoog 1. An 18-
year follow-up of overweight and risk of Alzheimer disease. Arch In-
tern Med 2003;163:1524-1528.

8) Luchsinger JA, Patel B, Tang MX, Schupf N, Mayeux R. Measures
of adiposity and dementia risk in elderly persons. Arch Neurol 2007;
64:392-398.

9) Dahl AK, Lopponen M, Isoaho R, Berg S, Kiveld SL. Overweight
and obesity in old age are not associated with greater dementia risk. J
Am Geriatr Soc 2008;56:2261-2266.

10) Stewart R, Masaki K, Xue QL, Peila R, Petrovitch H, White LR, et al.
A 32-year prospective study of change in body weight and incident
dementia: the Honolulu-Asia Aging Study. Arch Neurol 2005;62:55-
60.

11) Janssen I, Katzmarzyk PT, Ross R. Waist circumference and not body
mass index explains obesity-related health risk. Am J Clin Nutr 2004;
79:379-384.

12) Stevens J, Cai J, Pamuk ER, Williamson DF, Thun MJ, Wood JL. The
effect of age on the association between body-mass index and mortal-
ity. N Engl J Med 1998;338:1-7.

13) Johnson DK, Wilkins CH, Morris JC. Accelerated weight loss may
precede diagnosis in Alzheimer disease. Arch Neurol 2006;63:1312-
1317.

14) WHO Expert Consultation. Appropriate body-mass index for Asian
populations and its implications for policy and intervention strategies.
Lancet 2004;363:157-163.

15) Skoog I, Lernfelt B, Landahl S, Palmertz B, Andreasson LA, Nilsson
L, et al. 15-year longitudinal study of blood pressure and dementia.
Lancet 1996;347:1141-1145.

16) Park JH, Kwon YC. Modification of the Mini-Mental State Examina-
tion for use in the elderly in a non-western society: Part I. Develop-
ment of Korean version of Mini-Mental State Examination. Int J Geri-
atr Psychiatry 1990;5:381-387.

17) Park JH, Kwon YC. Standardization of Korean Version of Mini-Men-
tal State Examination (MMSE-K) for use in the elderly. Part II. Di-
agnostic validity. J Korean Neuropsychiatr Assoc 1989;28:508-513.

18) Escobar JI, Burnam A, Karno M, Forsythe A, Landsverk J, Golding
JM. Use of the Mini-Mental State Examination (MMSE) in a commu-
nity population of mixed ethnicity. Cultural and linguistic artifacts. J
Nerv Ment Dis 1986;174:607-614.

19) Luchsinger JA, Tang MX, Shea S, Mayeux R. Hyperinsulinemia and
risk of Alzheimer disease. Neurology 2004;63:1187-1192.

20) Peila R, Rodriguez BL, White LR, Launer LJ. Fasting insulin and in-
cident dementia in an elderly population of Japanese-American men.
Neurology 2004;63:228-233.

21) Kopelman PG. Obesity as a medical problem. Nature 2000;404:635-
643.

22) Kim HJ, Oh ES, Lee JH, Moon JS, Oh JE, Shin JW, et al. Relation-
ship between changes of body mass index (BMI) and cognitive de-
cline in Parkinson’s disease (PD). Arch Gerontol Geriatr 2012;55:70-
72.

23) Jeong SK, Nam HS, Son MH, Son EJ, Cho KH. Interactive effect of
obesity indexes on cognition. Dement Geriatr Cogn Disord 2005;19:
91-96.

24) Barrett-Connor E, Edelstein SL, Corey-Bloom J, Wiederholt WC.
Weight loss precedes dementia in community-dwelling older adults. J
Am Geriatr Soc 1996;44:1147-1152.

25) Kamogawa K, Kohara K, Tabara Y, Uetani E, Nagai T, Yamamoto M,
et al. Abdominal fat, adipose-derived hormones and mild cognitive
impairment: the J-SHIPP study. Dement Geriatr Cogn Disord 2010;30:
432-439.

26) Gustafson D. A life course of adiposity and dementia. Eur J Pharma-
col 2008;585:163-175.

27) Anstey KJ, Cherbuin N, Budge M, Young J. Body mass index in
midlife and late-life as a risk factor for dementia: a meta-analysis of
prospective studies. Obes Rev 2011;12:e426-e437.

28) Bleecker ML, Bolla-Wilson K, Kawas C, Agnew J. Age-specific
norms for the Mini-Mental State Exam. Neurology 1988;38:1565-
1568.

29) Brandt J, Folstein SE, Folstein MF. Differential cognitive impairment
in Alzheimer’s disease and Huntington’s disease. Ann Neurol 1988;23:
555-561.

30) Kang YW, Na DR, Han SH. A validity study on the Korean Mini-
Mental State Examination (K-MMSE) in dementia patients. J Korean
Neurol Assoc 1997;15:300-308.

www.knpa.orkr 453



