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ABSTRACT

Purpose: This study examined the association between the serum 25-hydroxyvitamin D concentration and the cognitive
functions in Korean elderly, Methods: The subjects were 393 adults aged 60 years or older who participated in the
Yangpyeong cohort between July 2009 and August 2010, The subjects were classified into deficiency, insufficiency, or
adequacy groups according to the serum 25—hydroxyvitamin D concentration diagnostic criteria suggested by the US Institute
of Medicine (IOM). The cognitive function was assessed based on the Korean version of the Mini-Mental State Examination
(MMSE—KC). The dietary intake was assessed using the quantitative food frequency questionnaire with 106 food items,
Results: The proportions of deficiency, insufficiency, or adequacy in serum 25—hydroxyvitamin D were 6,6%, 44.5%, and 48,9%,
respectively. The serum 25-hydroxyvitamin D concentration was significantly higher in men than in women and in outdoor
workers than in other occupations, The adequacy group had higher MMSE-KC scores than the other two groups, but not to
a significant degree. The proportion of cognitive impairment tended to decrease with increasing serum vitamin D concentration
to deficiency, insufficiency, and adequacy (p for trend = 0,029). The deficiency group had a 2.28 times higher risk of cognitive
impairment than the adequacy group, but the difference was not statistically significant (OR, 2,28; 95% CI, 0,18 ~ 1,07, p for
trend = 0,119). Conclusion: The serum vitamin D concentration tended to be associated with the cognitive function in elderly
Koreans living in rural areas, To confirm the associations, further longitudinal studies with large samples were required,
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Fig. 1. The averages of serum 25-hydroxyvitaomin D concentrations according to general characteristics. Each bar presents the mean =
SD. Letters above bar represent significant differences by one-way ANOVA followed by post hoc with Tukey test.
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Table 1. General characteristics of the study subjects according to serum 25-hydroxyvitamin D concentrations

Serum 25-hydroxyvitamin D concentrations

Characteristics Deficiency Insufficiency Adequacy p-value'!
(n=26) (n=175) (n=192)
Age (yrs) 67 * 647 669 =5 66.8 = 4.7 0.986
Sex, n (%) < 0.0001
Men 3(11.5) 56 (32) 109 (56.7)
Women 23 (88.5) 119 (68) 83 (43.2)
Height (cm) 152.9 + 7.9° 155.2 + 8.2° 158.7 + 8.3° < 0.0001
Weight (kg) 56.1 +10.3° 59.6 + 8.4 60.8 +9.4° 0.034
Body Mass Index (kg/m?) 239 £3.7 24.8 £2.9 241 £ 3.1 0.104
Education, n (%) 0.351
Uneducated 6 (23.1) 39 (22.3) 36 (18.9)
Elementary school 16 (61.5) 96 (54.9) 94 (49.2)
Middle school 2(7.7) 23 (13.1) 29 (15.2)
High school or higher 2(7.7) 17 9.7) 32 (16.8)
Occupation, n (%) 0.030
Interior 7 (26.9) 29 (16.6) 16 (8.3)
Exterior 15 (57.7) 111 (63.4) 141 (73.4)
Others 4 (15.4) 35 (20) 35 (18.2)
Current drinker, n (%) 6 (23.1) 55 (31.4) 103 (53.7) < 0.0001
Current smoker, n (%) 0 (0) 3(1.7) 0 (0) 0.152
Regular exerciser, n (%) 3 (11.5) 54 (30.9) 50 (26.0) 0.104
Dicbetes mellitus, n (%) 0.827
Yes 2(7.7) 19 (10.9) 18 (9.4)
No 24 (92.3) 156 (89.1) 174 (90.6)
Hypertension, n (%) 0.710
Yes 6 (23.1) 51 (29.1) 50 (26.0)
No 20 (76.9) 124 (70.9) 142 (74.0)
Heart disease, n (%) 0.248
Yes 0 (0) 8 (4.6) 4 (2.1)
No 26 (100) 167 (95.4) 188 (97.9)
Hyperlipidemia, n (%) 0.784
Yes 0 (0) 2 (1.0 3 (1.6)
No 26 (100) 173 (98.9) 189 (98.4)
Dietary supplements, n (%) 0.061
Yes 0 (0) 32 (18.3) 32 (16.7)
No 26 (100) 143 (81.7) 160 (83.3)

1) p-value by one-way ANOVA for continuous variables and the Chi-square test for categorical variables

2) Mean = SD

3) Letters represent significant differences by one-way ANOVA followed by post hoc with Tukey test.
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Table 2. Nufrient intake of the study subjects by serum 25-hydroxyvitamin D concentrations

Serum 25-hydroxyvitamin D concentrations

Nutrients Deficiency Insufficiency Adequacy p-value”
(n=26) (n=175) (n=192)
Total energy (kcal) 1.442.0 = 84.9% 1,469.0 = 33.0 1,544.4 = 30.7 0.202
Carbohydrate (g) 307.5+16.2 299.4 = 6.3 317559 0.117
Protein (Q) 458 = 3.5 485+ 1.4 50.1 1.3 0.471
Fat (g) 142 +23 18.4 +0.9 18.4 +0.8 0.203
Total fatty acid (g) 9.33 = 1.64 12.24 + 0.64 12.26 + 0.59 0.224
Polyunsaturated fatty acid (Q) 2.80 +0.37 3.29 £0.14 3.26 £0.13 0.452
Monounsaturated fatty acid (Q) 3.756 +0.83 531 £0.32 5.26 +0.30 0.199
Saturated fatty acid (g) 3.70 £0.79 5.42 = 0.31 5.34 £0.28 0.116
Cholesterol (mg) 88.3 £19.8 108.8 + 7.7 110.3 7.2 0.578
Fiber (g) 152+1.3 15.0+0.5 157 £0.5 0.600
Vitamin A (ugRE) 523.9 +73.2 453.1 £ 28.5 463.8 + 26.5 0.655
Retinol (ug) 29.5 + 8.4 42.7 + 3.4 42,7 +3.2 0.336
Vitamin D (ug) 1.56 =0.37 1.78 £0.15 1.70 =£0.13 0.821
Vitamin E (mg) 5.74 =0.56 6.05 +0.22 6.16 £0.20 0.778
Vitamin K (ng) 149.6 + 155 148.8 = 6.0 148.9 + 5.6 0.999
B-carotene (uQ) 2,987.7 = 422.4 2,488.8 = 164.5 2,547.0 = 152.9 0.534
Thiamin (mg) 0.62 =0.06 0.70 = 0.02 0.75 = 0.02 0.082
Riboflavin (mg) 0.58 = 0.07 0.68 +0.03 0.70 = 0.03 0.289
Niacin (mg) 8.51 +0.78 9.17 £0.30 9.58 +0.28 0.360
Folate (uQ) 397.3 = 32.1 390.6 +12.5 4129 +11.6 0.433
Vitamin Bs (Mg) 1.16 =0.08 1.14 =0.03 1.20 = 0.03 0.383
Vitamin B2 (ug) 3.15+0.70 3.89 +0.27 3.93 £0.25 0.576
Vitamin C (mg) 71.0+10.0 76.0 + 3.9 83.9 =3.6 0.241
Calcium (mg) 281.3 =414 343.7 = 16.1 341.8 +156.0 0.350
Phosphorus (mg) 609.0 = 56.6 675.0 =220 695.9 =205 0.344
Iron (mg) 9.15+0.77 9.41 £0.30 9.86 £0.28 0.463
Potassium (mg) 1,695.7 =167.9 1,769.6 = 65.4 1,841.0 = 60.8 0.608
Sodium (mg) 2,939.7 £ 291.2 2,690.9 = 113.4 2,832.6 £ 105.4 0.548
Zinc (Mg) 8.13 £ 0.60 8.39 £0.23 8.95 = 0.22 0.163

1) p-value by general linear model adjusting for age, sex

2) Mean = SD



470/ 8% vlekn Db <1x)7]5te)

Table 3. Average of MMSE-KC" part score by serum 25-hydroxyvitamin D concentrations

Serum 25-hydroxyvitamin D concentrations

Deficiency Insufficiency Adequacy D—VOlU@Q'
(n=26) (n=175) (n=192)
Orientation 9.00 +0.27% 8.95+0.11 9.17 £0.10 0.280
Immediate recall 2.90 £0.07 2.89 £0.03 2.95 +0.03 0.280
Aftention and concentration 225 +0.34 277 £0.14 2.89 £0.13 0.195
Delayed recall 1.30 £ 0.22 1.28 = 0.09 1.28 = 0.08 0.995
Language test 5.38 = 0.09 5.35 = 0.07 5.44 + 0.07 0.672
Test of spatial ability 0.54 = 0.09 0.60 = 0.04 0.61 £0.03 0.774
Judgement 1.93 =0.06 1.89 +0.03 1.89 +0.02 0.787
Total score 23.30 = 0.72 23.73 £0.30 24.23 +0.28 0.299
1) MMSE-KC: Korean version of the Mini-Mental State Examination in the Korean version of CERAD Assessment Packet
2) p-value by general linear model adjusting for age, sex, and education level
3) Mean = SD
Table 4. Percentage of cognitive impairment by serum 25-hydroxyvitamin D concentrations
Serum 25-hydroxyvitamin D concentrations
Deficiency Insufficiency Adequacy pvalue”  p for frend?
(n=26) (n=179) (n=192)
Cognitive impairment (%) 0.069 0.029
Yes 53.8 38.3 31.9
No 46.2 61.7 68.1

1) p-value by the Chi-square test for categorical variables
2) p for frend by Cochran-Armitage test

Table 5. Odds ratio (OR) and 95% confidence interval (95% CI) for the risk of cognitive impairment by serum 25-hydroxyvitamin D

concentrations

Serum 25-hydroxyvitamin D concentrations

Adequacy Insufficiency Deficiency p for trend”
n=192) (n=17%) (n=26)
Model 1" (OR, 95% Cl) 1.00 (Reference) 1.27 (0.81 ~ 2.01) 2.42 (0.99 ~ 5.85) 0.074
Model 22 (OR, 95% CI) 1.00 (Reference) 1.21 (0.76 ~ 1.92) 2.28 (0.93 ~5.57) 0.119

OR and 95% CI were obtained using multiple logistic regression analysis

1) Model 1: adjusted age, sex and education level
2) Model 2: adjusted age, sex, education level and drink
3) p for frend by Cochran-Armitage test
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o} Y wd gEo webdE A7 ake whed) [(32)
Aojae agx] ok 2ol Hla) Ao ojxolA o
dlof) 757} wBEs Azt Bl ole 2L ATt Lhe
Aoz Az

G% HEtY DO ke HIERI D A=kl ol g
= W=t [33]. vl o5& €4 BIE D sk o
2t Y] o & v BiE D AR £ dah Al
HIE D %7} 7H =2 3ho] 315 236.7 1U (5.91 pg)
=2 A8t the AR 189.8 TU (4.75 pg), 164.6
U (4.12 pg), 183 7} we Fo] 1452 U (3.63 pg)2
M BEst 2% vehl D ATl wolth
4] 2 AFelE §oHolAE gror), FHol
1.70 pg/d, F=5<to] 1.78 pg/d, Z2Bwo] 1.56 pg/dS A3
Sto] FEtollAl Aol s BERN D 3ol =8k
o) e, Rt dete]h AAIRE el 9 AdF 7
Ol A 654 o] =¢1e] HEH D S F el 15 pe/d
Q1 A} ek uff, A o B A F o] vl RSk
[35]. Yoo & [36]9] AAtoll ojstd M= FHE HEkdl D
tofelHo] A5 o]-8-5t0f 2009'd = RIATFFFRA el 2
ok thAH=9] BIE D AF e ALt Ayt 65~ 74
Al gdat o =919] HlEkl D 352 22 3.70 pgt
2.25 peRick kA & Ato A HlEll D A Fwro] 7=
SHA| U2 A& AA A5 755 = ok} HIER D go]
gHo] 0] fo|= QIFE Ao AlmHrh & A JU
AL 230 A A58t Hlo]EHo] AE ARERE W,
Yoo 5 [36]9] = AUAFFEEA ARE 0]8-5}
AFAE 53 HlolEH|o]| s ARSI e Bz oS
7 dlolEuo] 29 zpolz Qlaf A FS At Tl AA
Hlusk7|ofl= Alghg ol ok 5 f-2uet -8 Al
tigt HIERN D glofEfHo] a7} w7bA o2 SR]E= Fo|
st} fEuehs AHAEC] FEisto] Aol o5l
Hgf| ol e R97F SolE5aL, A RAREE ZojA
o725 F3 Bl D Mol At [37]. =9ES
i Zgof Alefo] won, stz Qs wFe| ekl D
g ol AstE = HERI Do| 37 < S5ttt
[19,38]. H[EFT] DO] § AlFo2e= 57, A, AR §
fr " A= 5o fAE HAl Fol /e [39], HEH D
HES odsly] fleiMe sid AFS A3 7P 24
3 oz Az

9] QA7 |5 HEoh= Al7A| = HIER] D &
A (Vitamin D receptor, VDR)7} &3t} [40]. 7t} A%
2 7A 43k 1,25-dihydroxyvitamin D= @ og B
v]z]o] v D A%l A (Vitamin D-binding protein,
DBP)#} A3t F, A2 = o]F3te VDRI A3ttt
[41]. o) 2RI e T o], mA §A%e] U
ol 2Hg3Lo RN Tl o] Fofatet [42]. w]ehul
D& M A7 24 W ZAw9] P 24, =4 4k

4~ 34 A4 (inducible nitric oxide synthase, iNOS)2] %
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X715 Ast f1Fd=7t 3.688) F7FskRAL) [13]. F=oll
A QJA7 s AsE s o] 194 ¢ fETh %
HIEH D F=7}F S@ekon, QA7) Aste] $3les Hl
BNl D7} 71 W o] 7 =& kel HlE 2. ISHH =
of & A+t Axpet ARSI [15]. A7) A+ = At
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23t EA o] HekE 52 Ao A HlE] D&} ¢1%]
7] Atol€] Aol SISl 65A] o =915 6WXt
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wHT A7 Ash A=t L6v) =ATh [21]. Selhub
9} Miller [14]¢] A AFTE GrofA= vjelyl D 2
Hato] AR QIA7|5 A5k fFEEC] Lov) w3
™, 4 & IA]7]59 A5kt U= YE = E7F 1.58
vl =Qtth 1L, Przybelski 5 [48]9] 2.9 SRIE o
Aro 72 Zs)st oAl AofAs A v|El D =7} 25
ng/mL o]3}Ql AlgE-EoA dFUef 314 50,000 [US] 7
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