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= Abstract =

Objectives: This study was conducted to examine the association of serum Vitamin D with insulin
resistance and G-cell function in Korean health checkup examinees.

Methods: This study subjects were 374 healthy adults (199 males, 175 females) over the age of 20, who
visited a general hospital medical center located in Haenam-gun, Jeollanam-do. To find the association of Vitamin
D with HOMA-IR and HOMA-G the used statistical analysis were ANOVA and ANCOVA.

Results: Of the study subjects, the level of serum Vitamin D defined by deficient group, insufficient group
and sufficient group was 38.5%, 48.1% and 13.4%, respectively. According to the level of serum Vitamin D,
the mean values of HOMA-IR were 1.92+1.08 in sufficient group, 1.99+1.04 in the insufficient group and
2.91+1.05 in deficient group and there were statistically significant different(p<<0.001). The mean values of
HOMA-G were 84.69+1.07 in sufficient group, 78.41+1.04 in the insufficient group and 80.48+1.04 in
deficient group, and there were not significant. As a result of ANCOVA, adjusted mean of HOMA-IR were
statistically significant different (p<0.001), but those of HOMA-G were not statistically significant according
to the level of serum Vitamin D.

Conclusion: The insufficient level of serum Vitamin D was relatively high in healthy adults who live in
rural area, and it was found that HOMA-IR significantly increased when Vitamin D was deficient. To
prevent insulin resistance or diabetes, it is necessary to provide sufficient information related to sufficient

production of Vitamin D such as Vitamin D supplement, sun exposure, food intake and etc.
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) MA| A% 9 ot 23
AR AZe AR A 2rae AR
e we GPnEAtel o8 GeatA 45
gt A4 2 AFE A4S e Hs,
A e el AEF 4193547 (BSM-330,

Inbody Co, Cheonan, Korea)® ZA3}lith A4
Zx 42 (Body Mass Index, BMI)E= BMI=AZ
(kg)/AFm)’2 Axtsla, 250 kg/mE 71E
o7 Hvks AR olts HAlT P Hvo R
I F A TH21.

g9t SAHAA FF7] E(Systolic  blood
pressure, SBP)¥} ©]¢t7] &<} (Diastolic blood
pressure, DBP) I HAARAIES FH 4 10 ©]dY]
e HI T FHH ALY #E Flo] =
AEkRLol A 215 E 9 Al (BPBIO-320S. Inbody Co.
Ltd, Cheonan, Korea)E ©]&3}o] =A3}Sth
gt v F571 8% 120 mmHg vwhe
ol¢t7] ¥t 80 mmHg vkl AR
(Normal) 2.2, §~%7] &<t 120 mmHg ©]%
140 mmHg W]wke]az, o]¢k7] &9t 80 mmHg ©]
EE 90 mmHg "R AR 1¥Eeb A
(Pre-hypertension) 2, +%7] @9}to] 140 mmHg
o]de] At olgkr] dste]l 90 mmHg ©]%#
APRRE a¥gfolgta ke WEAY ¥ oF

83k Algls 28 (Hypertension) & &2
ol

-

H

o,
o>

5
rie

o
oz

N,

=
o) sheby @Ak A7 dAd AY 84 ol F
FE] HA 8ARE ol T 51 Aol A o] Fol Xt
UE:] ()]

szttt Ao e AL A TE
& (Fasting Blood Sugar, FBS), ZZd|~H =
(Total cholesterol, TC), %’3A1"H(Triglyceride,
TG, 1E%E Zd2=HE(HDL-Cholesterol, HDL-C)
o] #42 BECKMAN COULTERAFS] A4 Al
oFs ol&3tlaL, As A3E #417] OLYMPUS

AU480(Beckman Coulter, USA)S o]&3sle] &

A%, FaQ, W F Wvick Y, A0S 4

#= A (Photometry) 0.2 =43t AE=

Y 2~ 8| Z(LDL-cholesterol, LDL-C)& Friede

wald®] &24]ol we} LDL-C=TC-HDL-C+TG/5)=

Arkd ARE AREEFRaL, S/8A o] 4000 mg/dL
3

o1gel Aol A FUE ol gl HHWow

oA AFZe] VFOo R FIHYAEHZS 2400
mg/dL °17, F4A%2 2000 mg/dL °]Xd, L
£ 400 mg/dL v, ARUE F
d2HES 1600 mg/dl oo shsivH24]
TEHF(FBS, Fasting Blood Sugar)& ‘383
Zo] 100.0 mg/dL vl AbeF e “AAHNormal)
o= ‘FEHGo] 1000 mg/dL o]dolAl 126.0
mg/dL VR AF S 5N (IFG, Impaired
Fasting Glucose) & 3393 th.
g5 ded =9 HER D s=E A
o= 4] 98 W AE w4171 ARCHITECT
i-1000SR(Abbott, USA)S ©]-&3te] s}shikg m|
A= T B2 (Chemiluminescent Microparticle
Immunoassay, CMIA)S. 2 ®A1&}9t}l. Vitamin
D+ 1.25(0H) Do} 25(0H) D= EA)3k=d], QA
Yol &A= &5 vlEtR D 99.95%7F 1t
Z/d 4?1 25(0H) Dolw WHh7]= 2-3Folt). 1
g8l 1.25(0H) D= 0.05%°l &35t
W71 5-6A17tel] E3tetel. whEba HlER] D
TEE Qs gotry] fsiAe F3t
&

4
=i
24491 25(0H) D2 =743k zlo] dnk4
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i
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5) HOMA-IR & HOMA- B

HOMA-IR % HOMA-pg2] AAS A xR
Matthews A4H]S o] 8-3te], HOMA-IR=[3 &
Hmg/dL) &5 d&d  FE(U/mL)/405]=,
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HOMA- 5=[360x & OJ d E=QU/mL)/s
P (mg/mL)-63]2 #-g-8ko] AbstaleH26].

2 ATE g8ty o7d BE AT AR5 F
IBM SPSS WIN(ver. 21.0) &4 =

g . AT g Ake] YRk E@Jﬂr

A H3 Adue B4 dod 38y HAF Al

=

4 Fd 7 A5S 243

Model 20 A€ 53 2 AW 5420 A &+

o, AA| &5 ofF, Ak 2EYA off 715
8 of R, FHF 1% AR AdFATE F7t

W53, Model 4i= Model 3ol & 3}s}H3

y
At BB FIA2EE, FYAY, TUE 2
ddBa £57] B % olg] AL F7b

AT HEW 453 HOMA-IR 3! HOMA-

£ greol Aatd XS HX & 9o A4
XS W57 fl8l $A ZEadA log@to®
A2k ok BAS AAsEA AL, Aol A
o= Tl BHikste] AAEETE BE S A
FrolEe p<0.062 AA S

1. AR ek Sd, dagz, FEy
EM U Ho¥ 3lsix ZAl| mE HOMA-IR
2 HOMA-3 9| #HY
A7 hdAke] HOMA-IR3} HOMA- 2] 43

NG B BAE J)5Te] ey

N
~
N
~

arlmj

2.33+1.77%} 80.42+1.590]%c) &
HOMA-IR®| #=#S Lol Az, A4
ol A 20-2941% 2.27+1.70, 30-39A41= 2.56+1.74,
94l 2.11£1.69, 50-5941E 2.64+1.86, 6041
1.84+1.81%2 AA] ol m& HOMA-IR
Btk frolg Apolrt Ul om, AR
2% 30diel wls] 60t o]de], 50l H]
60th o]/do] WEktH(p=0.003). & Bt 7
2005k o]dlE 2.26+1.76, 201-300%H
2.16£1.70, 3019+ o] 4L 266+1.85=
it 25 & HOMA-IRS Hir gt
zkol7b qilom, ARSRA ANEE=

O b oo oo o'
o i LMC’?JL

\]rlr rlo rlo
I+

:10 o
ANl
=

201-300%F o] 18] 3019 ol A 3= %tHp=0.034).
A, A o5 1§ 73 HOMA-IRE
o)k zol7F gl

At EAlo] wE HOMA-Bo #HAS &
ol Ay} AA vo]oAl 20-294= 80.94+1.56,
30-3941%  87.19+1.58, 40-4941=  75.74+1.62,

50-59A41= 84.46+1.52, 604 ©] -2 68.01+1.66°.%
A7) volo] w2 HOMA-pB9 Hitghe 23
zpo] 7k Ao, 20thell BlE] 60t o] /el A, 30
el Bl 60t o] ol A, 50thel s 60t o]
ol Al SATtH(p=0.030). ¥, A& A%, aS
FE, 9 H3 7 257 HOMA-GS frofs
zko] 74 GlATH Table 1).
A F3y AE 546 m2 HOMA-IRS]
HEAE ol A 7} 2.07+1.65,
. S 4ol w2 HOMA-IR9
frejgh zolE AR IL(p<0.001), AL
Ao & ket 245+1.77, & T
213£1.75% 414 &5 ofF-o] wE& HOMA-IR®
Btk frold zol7b AATHP=0.020). I
5 A g 214+1.70, 1EE H7|}
2.31£1.74, 118 sto] 272+2000.% gt of o
w2 HOMA-IRS] Hirghke f2ldk zol7} 9l
om ARSEA Adpr Aol wla] ™ gtelA
E=ATHP=0.036). THA HE ofFoA =
o = —,‘—_L

=
O =1 (e}
S5 v

A3lo] gl 2 2.1311.69, A= T 2.H4+1.89=
577 e ool wE HOMA-IR® H#ahe
Felat Aol7h AATHP<0.00D).
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Table 1. Comparisons of HOMA-IR and HOMA-G levels according to general characteristics of

study subjects

. . HOMA-IR' HOMA-5
Variables NO&) Mean+SD P-value” Mean+SD P-value'
Gender

Male 199(532)  233+171 0536 7851415 0.404
Female 10 468 2264183 81.75+1.63
Age (years)

20-29 * B(RT) 2274170 0.003 80.94£156 0.030
30-39° & 27 256174 b>e, d>e 87194158

40-49 © 8(B6) 2114169 B &8P de
50-59 ¢ 710 190) 2644186 84.46+1.52

> 60° B 1200 184+181 6301+1.66
Marital status

No married 1000 267)  231+1.69 0.063 82,8041 52 0.249
Married UT660)  223+178 T7196£1.63

Other (73 29+187 80.04+1.48
Educational attainment

Under High school 162( 43.3) 218+1.85 0.121 76.31£1.70 0.08
Above college 202 567) 239170 82.96+1.50
Family income (10* won)

< 2 153 422)  226:176 0.034 81.60+1.63 0.343
201-300 ° 1400 374) 2164170 h<c 76.55+1.60

> 301° 76( 20.3) 266£1.85 83.35+1.49
Total 74010000 2.33+1.77 8042159

* p-value by one way ANOVA(p<0.05).

HOMA-IR: Homeostasis model assessment of Insulin resistance;

of Beta cell function

Hlal] JEdas = 3th(p<0.001). A2

2 A)o]

2.06+1.63, HAF =
A AR G w2
7!

u]u}o] 253+
HOMA-IR®] Hifghe
21o]7F AAIL(p<0.001), T o

o5 HAt FH AR E frelek 2ozt gldith
g F3 9 Ay 54 upE HOMA- G2
HAFS ol A} &5 A, FA AN,
2E# 2 o AlA S, Fd A AR g9
of - 7hEE e o R FaH A% dA, A4
G2 ol A Hit gk HOMA-B9 28k #}o] 7}
A ATH Table 2).

Aol 33t4 Al w2 HOMA-IRS A4S
Hlw 3k Ayl FFY2HES 2400 mg/dL vgko]

*HOMA*IB- Homeostasis model assessment

2.23+1.79, 240.0 mg/dL ©]’de] 262+1.64% FF
HAE 29 F£Fd wE HOMA-IRY HFzke
Fo) 3k zko]7F 2L (p=0.030), T4 200.0
mg/dL. v]Rte] 215+1.69, 2000 mg/dL °]XFe]
300£1.H42 FAEAYe] e 1 HOMA-IR®
Btgke el zol7b AR THp<0.001). 1t

I E FY2EHEY AEE ZFU2HE FF

2 HOMA-IR 3t gk ok Zpol7} gl
o} 5}8h2 FAlel] e HOMA-po] #Ad<

Hugh A3 FEHE2EHE Z**X]“P e =2

HHE Ad= ii’ﬂ*Eﬂ < HOMA-pB%

olgt o] fI v (Table 3)

2. H|EF2I D £&==0f U= HOMA-IR 2 HOMA-
Aol H|m

A thakate] HlEM D fEe 0] 385%,
o] 48.1%, F&-te] 13, %l AE}. HIERR

EETT
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D sl w2 HOMA-IRS |3 Zx} nlewl o § FzF WE o FaA A7 AA B A
D 5o w2 HOMA-IR®| Hizhe B A6 AEFANFE F712 2489 45(Model 3), 24
A9l 9-(Model 1), Z8T& 291+1.05, B35+ T2 280+1.05, EFETS 2005104, FETS
L 1.99+1.04, FETE 1.92+1.082 HIEM D 210+1.082 ®IERY] D FFo] wE HOMA-IR]
Foll W HOMA-IR®] gk 23k zkol7f B2 fFolek 2oz A ATHP<0.001). Model
AATHP<0.001). Model 1o Lukzl EAJ<1 A 3ol "o slahy AL F HF AE AED FF
A dol 9 Y At T A5S BAT H§ d2HE, SAAY, 1UE FYU2EHEY $57)
(Model 2), AT 293+1.05 EEFETLS ot % oolEetE wix e F7b HAS
1.98+1.04, =E2 1.95£1.082 H|E D 59 749-(Model 4), ZHTS 278+1.04, BEFETS
2 HOMA-IR®| Hi gk foldk Apol7k QI 200:1.04%, FETS 218+1.08% HEW D
TH(p<0.001). Model 2o A& F3 2 A" 5 ol W& HOMA-IR®| gk Folg ztol7t
ARl &5 A, AA &% oY, P4 2EYX A A THP<0.001)(Table 4).

Table 2. Comparisons of HOMA-IR and HOMA- £ levels according to lifestyle habit and medical
history of study subjects

. 0 HOMA-IR' HOMA-S
Variables NOe) Mean=SD P-value” Mean+SD P-value’
Alcohol drinking

Non-drinking 200(535) 2.07£1.65 <0.001 7866+1.63 0448
Drinking 174(46.5) 259+1.86 81.59+1.54

Smoking status

Non-smoking 213(57.0) 2.20£1.82 0.09% 78.79+1.61 0591
Past-smoking 69(18.4) 2.27£1.60 79.201.60
Current-smoking 92(24.6) 2.56£1.73 35315
Stress perception

No 228(61.0) 2.38£1.79 0.136 81.10£1.57 0483
Yes 146(39.0) 217172 78.34+1.62
Physical activity

No 201(53.7) 245+1.77 0.020 .665+1.57 0.145
Yes 173(46.3) 213515 77.051.62
Sleeping time (hour)

<6 137(36.6) 2.19+1.73 0.055 79.26£1.56 0.39
7-8 122(32.6) 2.19+1.67 83.63+1.59

>9 115(30.7) 2.55%1.89 77.21%1.63
Blood pressure

Normal® 131(35.0) 2.14£1.70 0.036 80.55+1.62 0.8%4
Pre-hypertension” 192(51.3) 2.31£1.74 a<c 80.25+1.56
Hypertension® 51(136) 2.72%2.00 T177+1.64
Co-morbid state

No 286(76.5) 2.13£1.69 <0.001 78.26+1.60 0.09%
Yes 83(235) 294+1.89 85.99+1.54
Subjective health status

Good ? 19%(52.1) 2.01£1.63 <0.001 7703+1.59 0118
Fair 120(345) 251184 a<c, a<b 8.66+1.57

Poor © 50(13.4) 307+1.82 771.79+1.61
Body Mass Index' (kg/m?)

Normal 177(47.3) 2.06£1.63 <0.001 7157157 0.222
Overweight or obesity 197(52.7) 253£1.85 82.26+1.61

* p—value by one way ANOVA(p<0.05).
"HOMA-IR: Homeostasis model assessment of Insulin resistance; *HOMA*ﬁ. Homeostasis model assessment
of Beta cell function
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Table 3. Comparisons of HOMA-IR and HOMA- G according to blood chemistry tests levels of study

subjects
. . HOMA-TR” HOMA- g’
Variables NCo Mean+SD P-value” Mean+SD P-value”
(mg/dL)
< 2400 302(80.7) 2.23+1.79 0.030 79.79+1.61 0816
> 2400 72(19.3) 2624164 80.93+1.52
TG' (mg/dL)
< 2000 301(805) 2.15+1.69 <0001 T875£1.62 0.180
> 2000 73(195) 3.00+1.94 85414146
HDL-C" (mg/dL)
> 400 308(82.4) 2.24+1.74 0070 79.65+1.63 0601
< 400 66(17.6) 258+1.%6 81.68+1.41
LDL-C® (mg/dL)
< 1600 331(835) 2.28+1.77 044 80.22+1.59 0.768
> 1600 43(11.5) 242+1.76 7851+161
FBG® (mg/dL)
< 1260 357(9%.2) 2.29+1.03 0.007 82.27+1.02 <0001
> 1260 17( 48) 335+1.15 49.90+1.12

* p-value by one way ANOVA(p<0.05).

YHOMA-TR: Homeostasis model assessment of Insulin resistance; 2)HOMA*IB’. Homeostasis model assessment of
Beta cell function; "TC: total cholesterol; * TG: triglyceride; “HDL-C: high-density lipoprotein cholesterol,;
“LDL-C: low-density lipoprotein cholesterol; *FBS: fasting blood sugar,

Table 4. Association of HOMA-IR and Vitamin D
Vitamin D (ng/mL), N(%)

Variables <100 10.0-19.9 > 200 Prvalue
144(385) 180(43.1) 50(13.4)
HOMA-IR'
Model 1 9291+1.05 1.99+1.04 192+1.08 <0.001
Model 2 9.93+1.05 198+1.04 195+1.08 <0.001
Model 3 2.801.05 2.00+1.04 2.10£1.08 <0001
Model 4 2.78+1.04 2.00+1.04 2.18+1.08 <0001

j p-value by ANCOVA.
HOMA-IR: Homeostasis model assessment of Insulin resistance
Model 1 [mean *+ SE], Non adjusted;
Model 2 [mean = SE], Adjusted for gender, age and family income;
Model 3 [mean + SE], Adjusted for gender, age, family income, alcohol drinking, physical activity, stress
perception, co-morbid state, subjective health status and BMI;
Model 4 [mean + SE], Adjusted for gender, age, family income, alcohol drinking, physical activity, stress
perception, co-morbid state, subjective health status, BMI, TC, TG, HDL-C, SBP and DBP.

HIER D F=o] e HOMA-GZ Blulgh Ay} AR WE o i A 17 1A 9 A
HEFY D =50l w2 HOMA-B9] Hitga B AGAFE F712 B4 e Z-9-(Model 3), Model
Ast7] Al @%(Model 1), 2872 80.48+1.04, 3o o e AAl T dF AE AEY =
BRI 7841+1.04, TETS 84.69+1.07= H] FH =" E, FAY, 18 FHEHEY 75
ElYl D g0l & HOMA- B2 gk f2] gt 7189t B oolgt ]%%‘—% Ao 2 271 WA G
ZFo] 7k A THp=0.572). Model 1o dxkA 57421 8- +(Model 4) BE Z-FelA HER D G5
A, AAl deo] B9 Bt T A5S BAT & HOMA-B9] Hatgh2> 193 Zpol7t glsd
7d$-(Model 2), Model 20 A& 53 2 Awy tH(p>0.05)(Table 5).

S48 &5 AN, AA & AR, BAh 2Ed
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Table 5. Association of HOMA-G and Vitamin D

Vitamin D (ng/mL)

Variables < 100 10.0-199 > 200 P-value"
144(38.5) 180(48.1) 50(13.4)

HOMA-B

Model 1 80.48+1.04 78.41+1.04 84.69£1.07 0.572

Model 2 80.00£1.04 78.18+1.04 87.18+1.07 0.356

Model 3 77.94£1.04 78.81£1.04 91.10£1.07 0.133

Model 4 77.87+1.04 78.73+1.04 91.84+1.07 0.111

* p-value by ANCOVA.

' HOMA-G. Homeostasis model assessment of Beta cell function

Model 1 [mean + SE], Non adjusted;
Model 2 [mean = SE], Adjusted for gender, age and

family income;

Model 3 [mean * SE], Adjusted for gender, age, family income, alcohol drinking, physical activity, stress
perception, co-morbid state, subjective health status and BMI;
Model 4 [mean + SE], Adjusted for gender, age, family income, alcohol drinking, physical activity, stress
perception, co—morbid state, subjective health status, BMI, TC, TG, HDL-C, SBP and DBP.
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