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Abstract

The aim of this study was to assess the association of metabolic syndrome (MetS) and
vitamin D and urine microalbumin (MA) in Korean adults. The study subjects were Korean
adults 20 years or older (n=4,948). A covariance test adjusted for covariates was performed for
urine MA levels in relation to vitamin D status (vitamin D deficiency, vitamin D insufficiency,
vitamin D sufficiency). The key study results were as follows: First, in subjects without MetS,
after adjusting for related variables (age, gender, smoking, drinking, regular exercising, wast
measurement, body mass index, total cholesterol, triglycerides, high density lipoprotein
cholesterol, fasting blood glucose, and glomerular filtration rate), vitamin D levels were inversely
associated with Log-MA levels (p<0.001). Second, in subjects with MetS, after adjusting for
related variables, vitamin D levels were not associated with Log-MA levels (p=0.892). In
conclusion, vitamin D was inversely associated with urine MA levels in Korean adults without
MetS, but not in Korean adults with MetS.
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vitamin D insufficiency [25(OH)D =100, <20.0
ng/dL], vitamin D sufficiency [25(OH)D >20.0 ng/dL]
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H 1. SHPCHYRe] Adbsol £
n (%), Mean £ SD
Variables Total o] tARS =2 AEE= 2 p-value
(n=4,948) (n=3,656) (n=1,292)
HAH (years) 51.88 + 16.02 4975 £ 16.30 57.88 + 13.51 <0.001
g4 2,774 (56.1) 2,012 (55.0) 762 (59.0) 0.014
o1y 2,174 (43.9) 1,644 (45.0) 530 (41.0)
Sixf & 1,020 (20.6) 754 (20.6) 266 (20.6) 0.772
S 23 2,495 (50.4) 1,901 (52.0) 594 (46.0) 0.001
=S5k &5 313 (6.3) 240 (6.6) 73 (5.7) 0.246
BMI (kg/m°) 23.84 + 3.34 23.01 + 2,97 26.17 + 3.24 0.001
WM (cm) 81.50 + 9,58 78.91 + 8.73 88.83 + 7.97 0.001
SBP (mmHg) 120.08 + 16.98 116.39 + 15.45 130.52 + 16.77 {0.001
DBP (mmHgQ) 75.91 £ 10.49 7416 £ 9.71 80.86 + 11,01 <0.001
PP (mmHg) 44.18 * 13.80 42.24 + 12.39 49.66 *+ 15.96 {0.001
TC (mg/dL) 190.51 + 36.11 187.94 + 34.19 197.79 + 40.18 {0.001
TGs (mg/dL) 131.13 + 87.19 106.25 + 62.86 201.52 = 106.00 <0.001
HDL-C (mg/dL) 51.52 + 12.63 54,35 + 12.41 4353 + 9.42 0.001
FBG (mg/dL) 98.92 + 21.78 94.26 + 16.49 112,10 + 28.52 <0.001
BUN (mg/dL) 1465 + 4.49 1441 £ 431 1534 + 492 <0.001
Creatinine (mg/dL) 0.84 + 0.23 0.84 + 0.23 0.85 + 0.24 0.069
GFR (mL/min/1.73 m?) 86.14 + 16.93 87.50 + 16.84 82.28 + 16.61 {0.001
Log—-MA (ug/dL) 1.76 £ 154 159 £ 149 2.25 + 1,59 0.001
25(0H)D (ng/dL) 17.11 * 5.62 17.14 * 567 17.02 + 5.48 0.518
(10.0 365 (7.4) 264 (7.2) 101 (7.8) 0.712
> 10.0, € 20.0 3,264 (66.0) 2,410 (65.9) 854 (66.1)
> 20.0 1,319 (26.6) 982 (26.9) 337 (26.1)

BMI: body mass index, WM: waist measurement, SBP: systolic blood pressure, DBP: diastolic blood pressure, TC: total Cholesterol,
TGs: triglycerides, HDL-C: high density lipoprotein cholesterol, FBG: fasting blood glucose, BUN: blood urea nitrogen, GFR:
glomerular filtration rate, Log—MA: Log microalbumin, 25(0H)D: 25-hydroxyvitamin D.
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n (%), Mean * SD, (n=3,656)

Serum 25(OH)D
Variables HIEIZI D 85 (n=264) HERR D 252 (n=2,410) HIEIZ D 52 (n=982) p-value
(<10.0 ng/dL) (>10.0, <20.0 ng/dL) (>20.0 ng/dL)

o1 (years) 45.59 + 17.10 47.84 + 16.01 55.57 * 15.32 0.001
A 192 (72.7) 1,390 (57.7) 430 (43.8) 0.001
oy 72 (27.3) 1,020 (42.3) 552 (56.2)
Sixy A 33 (12.5) 442 (18.3) 279 (28.4) {0.001
S 8F 114 (43.2) 1,259 (52.2) 528 (53.8) 0.009
55& 85 8 (3.0) 157 (6.5) 75 (7.6) 0.027
BMI (kg/m?) 21.88 + 2.68 23.12 + 3.08 23.05 + 2.69 {0.001
WM (cm) 75.12 + 8.25 78.87 + 8.94 80.03 + 8.00 <0.001
SBP (mmHg) 115.35 *+ 17.30 115.61 + 14.99 118.59 + 15.83 0.001
DBP (mmHg) 73.68 + 9.84 74.09 + 9.87 71.45 + 9.26 0.441
PP (mmHQ) 4415 + 13.61 4152 +£ 11,71 4167 £ 1293 <0.001
TC (mg/dL) 183.16 + 33.30 187.90 + 34.32 189.29 + 34.05 0.035
TGs (mg/dL) 100.16 * 60.00 106.78 * 66.48 106.58 * 53.77 0.262
HDL-C (mg/dL) 5526 + 12.39 54.49 + 12.48 53.75 £ 12.24 0.133
FBG (mg/dL) 92.12 + 13,55 93.83 + 16.36 95.88 + 17.37 0.001
BUN (mg/dL) 12.99 * 5.46 14.11 + 4.05 15.51 + 4.34 0.001
Creatinine (mg/dL) 0.80 + 0.38 0.83 £ 0.23 0.87 £ 0.19 <0.001
GFR (mL/min/1.73 m%) 92.53 + 20.49 88.56 + 16.67 83.54 + 15.34 0.001
Log—MA (4g/dL) 1.85 + 1.31 1.59 * 1.49 1.51 + 1.51 0.003
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Log-MA % 25(OH)D9) ié
Al, 225 + 159 pg/mL 2 1

n (%), Mean * SD, (n=1,292)
Serum 25(OH)D

Variables HIEI2 D £ (n=101) H|ElEl D 258 (n=854) H[EZl D £& (n=337) p-value

(<10.0 ng/dL) (>10.0, <20.0 ng/dL) (>20.0 ng/dL)
o1 (years) 53.69 + 15.62 57.12 + 13.62 61.09 + 11.87 {0.001
A 68 (67.3) 503 (58.9) 191 (56.7) 0.161

o 33 (32.7) 351 (41.1) 146 (43.3)
Six ¢ 14 (13.9) 175 (20.5) 77 (22.8) 0.155
°4KH sx 37 (36.6) 414 (48.5) 143 (42.4) 0.025
St &5 5 (5.0) 53 (6.2) 15 (4.5) 0.473
BMI (kg/m?) 24,48 + 3.69 26.30 + 3.24 2575 + 3.04 0.019
M (cm) 88.96 + 8.28 88.94 * 8.09 88.51 + 7.60 0.700
SBP (mmHg) 131.06 + 19.10 130.44 + 16.46 130.58 + 16.87 0.937
DBP (mmHg) 82.08 + 12.81 81.10 + 10.56 79.90 + 11.50 0.122
PP (mmHg) 50.68 + 16.10 49.34 + 15.99 48.98 + 15.14 0.386
TC (mg/dL) 199.96 + 42.54 198.59 + 40.37 195.09 + 38.97 0.340
TGs (mg/dL) 236.27 + 129.92 202.77 = 106.50 187.93 + 93.83 <0.001
HDL-C (mg/dL) 42.82 + 8.66 43.45 + 9.61 43.95 + 9.12 0.519
FBG (mg/dL) 112.18 + 30.43 113.40 + 30.87 108.77 + 20.33 0.058
BUN (mg/dL) 13.44 + 410 1520 + 496 16.25 + 485 <0.001
Creatinine (mg/dL) 0.82 + 0.21 0.85 + 0.25 0.87 + 0.22 0.218
GFR (mL/min/1.73 m?) 86.02 + 18.50 82.65 + 16.53 80.22 + 15.97 0.005
Log—MA (z9/dL) 2.31 + 1.41 2.26 + 1,61 221 + 159 0.824
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WA 5L [ 210 2ok ] A Sell A ulEt
9 D ol whet o Aol & Hole BgE A¥
(p<0.001), F3(p<0.001), FAFTHP<0.00D), =+F
ZHp=0.009), T =5(p=0.027), BMI (p<0.001),
WM (p<0.001), SBP (p<0.001), PP (p<0.001), TC
(p=0.035), FBG (p<0.001), BUN (p<0.001), creatinine
(p<0.001), GFR (p<0.001), Log-MA (p=0.003) 5°1%1
31, DBP (p=0.441), TGs (p=0.262), HDL-C (p=0.133)
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S folF Aol wolx i
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of Uy 4
HAREFZOIA WERL D 0] 2 gl ¢
A B4 [E 33t 2ok tAHEFElA ve D
el mek frelg Aolg ol W AF(p<O0I)

SFH5H(p=0.025), BMI (p=0.019), TGs (p<0.001),
BUN (p<0.001), GFR (p=0006) %olx, ¥4
(p=0161), TAFT(P=0155), TFH2¢] &F(p=0473),
WM (p=0.700), SBP (p=0973), DBP (p=0.122), PP
(p=0386), TC (p=0.340), HDL-C (p=0519), FBG

E 4. H tAES2F & HASZZ0IM HIEHR! D4

&0 e Log-MAQ|

(p=0.058), creatinine (p=0.218), Log-MA (p=0.824) 5
< T AolE HolA gkt
4. H| AEER 3 UASZZ0A HIEFE D
220 T2 Log-MAS| HrZt Hlw
H] tjAtS a3} thAksSatell A HIE D ol
£ Log-MA®] Hatgk vlas [ 419 2o} vlEw]

= vitamin D deficiency, vitamin D insufficiency,
vitamin D sufficiency & WrlS o, %, A, &
T8, 758, +553, SBP, DBP, WM, BMI, TC,
TGs, HDL*C, FBG 3! GFR 55 ®BAg 59 Aol
A, vitamin D deficiency, vitamin D insufficiency,
vitamin D sufficiency®] = % Log-MA 3 gH(M =
SE) 747} 1.88 + 0.09 pg/mL (1.70 - 2.06), 1.61 = 0.03
pg/mL (155 - 1.67), 1.47 + 0.05 pg/mL (1.37 -1.56) &
2 et D7} 27H8 5 Log-MA S # 3k frolst

A 28I tHp<0.001). 2y tAESEo s &
HAHAFE B 3o AufolA] vitamin D deficiency,
vitamin D insufficiency, vitamin D sufficiency 9] & &
Log-MA Hutgt2 247y 232 = 015 pg/mL (202 -
262), 225 + 0.05 pg/mL (215-2.35), 224 + 0.08 ug

/mL (20(7*240) o=z ugw Dy} ZiEeE
Log-MA Bt gt& 218 2ke]7} fIATHp=0.892).
"3t Hlm

Model 1, 313, MES 288!; Model 2, Model 10]] F7tXo2
WC, TC, TGs, HDL-C & FBGE HXSH; Model 4, Model 20f

Log-MA levels («gdL)
Variables Model 1 Model 2 Model 3 Model 4
M + SE (95% ClI)] M £ SE (95% ClI)] [M + SE (95% ClI)] M + SE (95% CI)]
H| cHAES &2 (n=3,656)
HIEIZI D BZ 1.91 + 0.09 1.91 + 0.09 1.87 + 0.09 1.88 + 0.09
[25(0H)D (ng/dL)  10.0] (1.73-2.09) (1.73-2.09) (1.69-2.05) (1.70-2.06)
HIEIRI D 252 1.61 = 0.03 1.61 = 0.03 1.61 + 0.03 1.61 = 0.03
[25(0H)D (ng/dL) > 10.0, ¢ 20. o] (1.55-1.67) (1.55-1.67) (1.55-1.66) (1.55-1.67)
HEIZI D &8 1.46 + 0.05 1.46 + 0.05 1.47 + 0.05 1.47 + 0.05
[25(0H)D (ng/dL)> 20.0] (1.36-1.55) (1.36-1.55) (1.38-1.57) (1.37-1.56)
p-value { 0.001  0.001 < 0.001  0.001
HASEZ (n=1,292)
HIEHR D BZ 2.38 + 0.12 2.38 + 0.16 2.31 £ 0.15 2.32 £ 0.15
[25(0H)D (ng/dL) ¢ 10.0] (2.07-2.69) (2.07-2.70) (2.01-2.62) (2.02-2.62)
HIEIZI D 258 2.27 + 0.05 2.27 *+ 0.05 2.25 £ 0.05 2.25 + 0.05
[25(0H)D (ng/dL) > 10.0, < 20. 0] (2.16-2.38) (2.16-2.38) (2.15-2.35) (2.152.35)
HIEI D &2 2.17 + 0.09 217 + 0.09 2.24 * 0.09 2.24 + 0.08
[25(0H)D (ng/dL)= 20.0] (2.00-2.34) (2.00-2.34) (2.08-2.41) (2.07-2.40)
p-value 0.443 0.452 0.918 0.892
HX{st | A oS XA}

Ho

S5US 28 Model 3, Model 20 £7HHo 2 BMI,
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a2 AFelME E 7 Algkd ol Sl AA,
HIER D= Aol whet 42219 Wsrh depxich 2
ATl A= Aol 2 HERR DE AR &34
7] ]Oﬂ o BAE AT F fldeh B4, HE
= 1A & 2 8 (parathyroid hormone, PTH)
Folt}, ey 2012d FUAAF AR
Oﬂ @ A7t g7 Wil = & MAS} HE}
71 Do) #EAolA PTH & HAWMSE ARS8 538}
ek ‘iWH, B ATE gHdTo)y] Wi JAAAAE
AE Frh Qlon R e FAXALE FIA FIE
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