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ABSTRACT

Association of Serum Vitamin D with Insulin Resistance and

Beta Cell Function in Korean Health Checkup Examinees

Kim, Han Soo

Advisor : Prof. Ryu, So Yeon, M.D, Ph.D
Oepar tment of Health Science,

Graduate School of Chosun University

Objectives: This study was conducted to examine the association of serum vitamin D
with insulin resistance and S—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. Medical checkup questionnaire and  additional
questionnaire were distributed through the subjects, and results records and blood
chemical test result data were collected. To find the association of 25(0OH) D with
HOMA—-IR and HOMA—{, the used statistical analysis were ANOVA and ANCOVA.
Results: Of the study subjects, the level of serum 25(OH) D defined by deficient
group(<10.0 ng/mL), insufficient group(10.0—19.9 ng/mL) and sufficient group(=20.0
ng/mL) was 38.5%, 48.1% and 13.4%, respectively.

According to the level of serum 25(0OH) 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).

As a result of ANCOVA, adjusted mean of HOMA—IR with related variables were

_iV_
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statistically significant different in the level of serum 25(0H) D(p<0.001).

According to the level of serum 25(0OH) D, the mean values of HOMA-£ were
84.69%£1.07 in sufficient group 78.41%+1.04 insufficient group and 80.48%+1.04 in
deficient group and there were not statistically significant(p<0.572).

Conclusion: In this study, the insufficient level of 25(0OH) D concentration in the
blood is very high in healthy adults who live in rural areas without diabetes, the
25(0H) D level and HOMA—IR are also related, when 25(0OH) D was deficient, it
was found that HOMA-—IR significantly increased. In order to improve the health
related to 25(0OH) D, it is necessary to provide sufficient information related to
supplementation with 25(OH) D and to induce improvement of lifestyle, and it is
necessary to improve the health improvement effect through this It is thought that

progress of research to confirm the measurement is necessary.

Key Words: Beta cell function; Insulin Resistance; Vitamin D
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[.A &

Vitamin D[25—hydroxyvitamin D, 25(0H) D]+= AWl &3l|=+= #]-&4 vlgiwio=
S2] A oA I Zaat 7] o]0 4 2o Helslhe o, = At
of A Ak 25 Ted IAxAd =ES = 22t Bouillon et al, 2008;
Zhang & Naughton, 2010; Christodoulou et al, 2013; Wacker et al, 2013). Vitamin
Dol 2 WS Foff Aol =Ed w v F Jﬁléoﬂfﬂ srstAY, Aol Ay

T e A e SAE AAE FEliA JA Ul FEo] RHEEo Tt Prietl et
al, 2013). Vitamin D& 2o]2A4 A1FHsA] %3+ 49 E}E JFo| A FH3] s 5

ot o] wFo] @A g B

I

, Aol ARt AdstAY 2ol AdAlE ARS-st
= 57 ol uwgl d% Vitamin D7} FFa|AX A ¥tH(Gonzalez et al, 2007;
Holick et al, 2008; Moan et al, 2008).

#H+ duidellA Vitamin D 22 A AAHoR F7kslal = FAH0]aL(DIPART
group, 2011), $-2vete Vitamin DO AfEo] Azg FFolty, =%

ol ot Al 471(2007-2009%)ollA °F 65.0%(Choi et al, 2011b), Al 57]
(2010—-2011 )0l d= < 71.7%(Jung, 2013), Al 67](2013— 2014 )= <F
74.0%% Vitamin D¢ 2 Eo] AA Z7}star 9+ FAo|tHKim et al, 2017).

d= Vitamin D& <=244 23K Snijder et al, 2005)3} tl&Eo] 9=(Mora et al,
2008), W< wk3-(Barbara et al, 2013), ©]dA@d5(Parikh et al, 2004), ¥
(Pittas et al, 2010), YA 21423 Choi et al, 2011a), Ad#A ZHAZH(Kelishadi et
al, 2014), 9= (Kayaniyil et al, 2010) ¥ tA}5F(Ford et al, 2005)3} 2 H]
<A Agke] Aol glol A Faf 2d A dad AYA AR e T8 9T

LI -

< sk A FHEAdo] dvhal ke Vitamin DOl tigk o] A &Aooz Frlsial gl
AR AololM goll F o] Friehd Ao duds EhjEte] g9 T IS 7
Ak Pittas et al, 2007). 22y Hx 2 A 28 Aloa s "3 A

oy

A de] SR st dewle] S7kR ojofx|aL, Akgel= Rl gk A3

_1_
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o] yeh} Ql&do] Srksltete @S FAAITIAl XS " o9k e BS-E
¢ AgAolgka d(Pittas et al, 2007; Mitri et al, 2011). Vitamin D¢} <!
AatAol] thak M3 Aol A<Qle] Vitamin D 5 Qladleo] A e AE
vebd = 9= Fae 44 a<lel#kar sthDing et al, 2014). HEg W Vitamin
do] SVt = A tiEo] Al 28 dx 2 dAeSaY
A 99lS SMAIZIG AL Baskeith(Pittas et al, 2007; Dutta et al, 2013; Tao et
al, 2013; Ding et al, 2014).

HEL M (beta cell, B—cel)= A7 4419 AFANA Q&) I F Exlddl #Hefst
o, QA W dio] Aed w daeds FHlgte] s e 98s drk(Kasuga,
2006; Pittas et al, 2007). &% Vitamin D % WlE}l A|3Ee] EA8= Vitamin D
&4 (Vitamin D receptor, VDR)®} A%HS &af dadl F0] 2 dx 2H&o] 23A<I
q3FS Frhal &P rtH(Kamycheva et al, 2007; Mitri et al, 2011). AAF AeloA] <l
& o]

A Aol AL Aol el ARbEt ARTF HA ko Aol wHH Qladl]

e
Mo ® 9

o,

)
&
FN
o
ut
o
:oé
r o
e
r
2
ot

Y

Bo) 2 el mAm APl Wek AL Jlsel Frspt AL Gk 2% A s
& Aspat R R P B R

A o A oA Qe
S50 Iur AGAE Ay A 28 @ FA3A ®tH(Kang et al, 2002;
Chiu et al, 2004). Jhrtel #AwHEste] oladd AT} odudl ErlE Hdshs H7o

HEl HNE 7]%5S H7FeE A 3EEE HOMA-IR(Homeostasis model assessment of

kr
ok
(o
il
mE

Insulin resistance)?} HOMA - B(Homeostasis model assessment of Beta cell
function)7} AAI= AL ATHTao et al, 2013; Gao et al, 2015). FH7HA] =49 A A
TE2 Vitamin D9} HOMA A3 HOMA-IR¥} HOMA-BE ©|&3t A= o]
Ha Qo kel QIF B AW fFol W Vitamin D F3 HOMA #1329 ¥4
Aol ek ATE A3k AdE AAEL AE %StHDel Gobbo et al, 2011;
Dutta et al, 2013; Tao et al, 2013; Cai et al, 2014; Gagnon et al, 2014). =ru] <
T4 % Vitamin D %% HOMA-IRS o3t #gds molstaal Al=rt =3l
v A5 A 7E 443 (Choi et al, 2014), H737] 93 (Lee et al, 2009), H|TF AQ1
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(Lee et al, 2014) 2 A 28 ZuW(Ryu et al, 2014)S tioz =3go] glom,
A4} Adel(Choi et al, 2011; Song et al, 2014)S Aoz 3+ Vitamin D%}
HOMA-IR®] A7 ol Wol REsir), w3k 9] ko] Hla] o4& Vitamin
D¢} HOMA-IR¥ tEo] 7] HOMA- o #adS 7 Aldlgh A% of7] gle

= of Ulste] 7k A7 ARS v
A7s AA A2 £AxE gte® dF Vitamin D 5% HOMA-IR % HOMA-S
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A AT g%
% Vitamin D9} HOMA-IR % HOMA-pB2 #aEAdl #st fo3k A A¥9s A=
7] St FHASe] Ha wHESFE A4S 98l G-power Program(version
3.1.9.2)% ARgsIgitE # AFE frelaeeS 0.05%, FA4 #AA4=He 0.80(80%)=,
=9 WaE 1902, (group)S 37ME AAF P, HEHow Q3 HA FERS4E=
3457 o7 FAE AL

A A= 20173 59 1945 20173 79 3197H4 A sig 424

oM AZAZE W2 AR Aefsigian, Akl 713E el Wl Al el W
1

N
of\
s
o

e
oL

T AR 45570l e 1 Foll ATt Fo] ARAE gl AsoMel gk i
A= 4167(82.2%) 01T ©] T FaWS JAMRFE At vty gnw RS H5&
SRl o m EXxel Sue Al 257y o sishA AHAlelA 3 "7 7]Eol
126.0 mg/dLE Z¥g =t 179 AQe 3745 (FAF 1997, A=}F 175%) S HFE
AT A= dAstel AAlRGint o] Aot 2AdistuEd 7l AW &8 4]

(Institutional Review Board, IRB)olA AT+ %5908 we & S=35t%THIRB No.
2017—02—011—-002).
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471(BSM—330, Inbody Co. Ltd, cheonan, Korea)® =433t} AAZA5=(Body
Mass Index, BMDE BMI=#%(kg)/Ad(m)*2 AR, 25.0 kg/m'E 7152
ks Ao R oS HAT H HRte R FFHIIUTHWHO, 2000).

et SN =57] d(Systolic blood pressure, SBP)¥} o]€t7] d<H(Diastolic
blood pressure, DBP)2 J|ZAAIES HA 108 o]4te] obgS F3 & Twdw koAl
o] g sl 5 Aol A AFEdUA(BPBIO-320S. Inbody Co. Ltd, Cheonan,

Korea)E ol&3to] S48t d 52 571 d¢ 120 mmHg vwhe]al, o|ghr

o
140 mmHg v]wto]ar, o]dr] &< 80 mmHg ©]%F = 90 mmHg 7|9HS] Alghe 118
o} A7](Pre—hypertension) &, £%7] d%to] 140 mmHg ©]4}o]
mmHg ©]%3 Az RE mPgtoletn ks Wy ndEe oS B8 A}

e (Hypertension) &2 #7331 tH(Chobanian et al, 2003).

4. Q7 dPRel ol sebd gl
gol 5o1a] Zaks A4 A A9 84 o FHE Ha 8ARE ol FAL s F)
T8 AR A6l 9 mA 5 gl AEelA ol FolArh ek Aulel A

B A3)g FA)E AREEe] oF 5 mLICBC 2 mL+SST 3 mL]9 o4& 13}

d

2
(Fasting Blood Sugar, FBS), %<& o83 FFd~HE
(Total  cholesterol, TC), SAAW(Triglyceride, TG), i¥%E FH2HE
(HDL—Cholesterol, HDL—=C)¢] 4] A]ek2 BECKMAN COULTERARS] A& AlFS
o]-galltt. Ad%x F#|~HE(LDL—cholesterol, LDL—C)<> Friede wald®] 32l w
g AYE FH2HE=FTFU2HE-LEE FHSHE+TAAL)E A ARE
ARESERlaL, S8l 400.0 mg/dL o) Af-ell= A BARlE ol&ste] APyew

g3kt (Friedewald et al, 1972). 25 A38l £417] OLYMPUS AU480(Beckman

Coulter, USA)E o] &35}y 3% F4H(Photometry) 0.2 SA3I3] o A= AH]

}‘.1_[‘
o
et
ol
o
2
o
ol
o
d
o
oft |

i

[«

I
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A AlofS o] g3sl3ith
ol glekd AL gEe] Ve FHEAHES 240.0 mg/dLi, ZAAE 200.0
mg/dLE, TUE FY2HZES 40.0 mg/dLE, AUE ZH2HZL 160.0 mg/dLE &

AtH(Expert Panel, 2011).

% Insulin H%¢} Vitamin D ¥55 AFHoz FHsr] 8 WIAs £497]
ARCHITECT i—1000SR(Abbott, USA)<S o|&3sle] 3pshd=3 wA gzl HIEAH

(Chemiluminescent Microparticle Immunoassay, CMIA) 2.2 #23}3it}. Vitamin D&
1.25(0H) D¢ 25(0H) DE EAsk=dl, IAl Wl &A= d% Vitamin D&
99.95%7} T3+ AAQl 25(0H) Deol¥ Wk 2-3Folt). 1eu A Eol
1.25(0H) D& 0.05%°l Z¥slH Wkl7]= 5-6AI1%tel] Exfsit)h, weba] Vitamin DO
A5 w55 Al gotiy] flsiAe S3F 4491 25(0H) DR F43ke 3lo] ¢
HEA 9] W o|tH(Weisman, 2013). oF2 25(0H) D =0 thgh 7152 oM = 3
5] 244 nprt glov, A8 AgelA= dF 25(0H) DO 7S 20.0 ng/mLE A}
&35kl Itk Holick, 2007). & AFelA= HA B3} A5+ 540 wat d5 25(0H)
D 45 20.0 ng/mL o A= FET2Z, 10.0-19.9 ng/mLS A= EFET
o= =

Aoz sk vHHolick, 2007).

5. HOMA-IR % HOMA-pZ
HOMA-IR % HOMA-pRB9 Ak X]EE Matthews — AAFAS  o]-&sfod,

HOMA-IR=[&% d9(mg/dL)x¥5 <1&H +5%=(uU/mL)/405]12, HOMA- B=[360%
5 QlEd X (uWU/mL)/3 5 Q%(mg/mL)—%]i A-g3to] ALleltH(Matthews et
al, 1985).
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2 AFE feto +HE BE AT A= FAAEl= IBM SPSS WIN(ver. 21.0) &
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HOMA-IR ¥ HOMA-pB2] #AAS dolrr] 98 T-HAH
3t om, AMS HAL Scheffe's testE A3 25(0H)
o E HOMA-IR 2 HOMA-BE vlwslr] 98] 47012 Modele ©]&3lo &
A3kt Model 12 BA3HA] 249k, Model 2% Model 1914 A3
o] & A Hy It A5 BAFAUTE Model 32 Model 29 4
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A QT WA YA 54, 4% 58, 49Y 54 o

314 24 A

1 QAT dgAte] gy 54
A idAke] 25(0H) D2 %E% Ago] 38.5%, EZEIo] 4
13.4%0]1t}. dukd B4 5 Ao g ZgTto] 32.2%,

8.1%, =E-o]
ZHo| 53.3%, =

2 =
Bito] 14.5%, A& m;ﬁo] 45.7%, BZ5T0] 42.3%, Fia°] 12.0%9°oH, A
Hol| w2 25(0H) D] 327 23k 2Fol7F AATHp=0.027). AA| ool 20—-29

Ae AFTo] 435%, EFETO] 50.6%, FETol 5.9%, 30-394E A
36.5%, EEE0] 57.6%, =50 5.9% %, 40—49A41= AYPLo] 38.6%, EF
47.7%, S0l 13.7%, 50—59M= ZA¥To] 38.1%, EFw°] 38.0%, %
23.9%, 604 o2 Aol 33.3%, B wol 42.3%, FTETO] 24.4% %2

tolo] w2 25(0H) D E¥7} 98 zol7F AATHp=0.005). nS G4

st £ olsl= 2P0l 35.2%, B0l 45.7%, TE0] 19.1% =, W
oA Aol 41.0%, &
25(0H) D/] W 7F gk 2ol 7 JtH(p=0.016)(Table 1).

T el AE oF Gt 7 A5A= 25(0H) DO 27 198 Akeo|rt

o,
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Table 1. General characteristics of study subjects by 25(0H) D level

25(0H) D (ng/mL)

Variables N(%) < 10.0 10.0—19.9 > 20.0 P—value
144(38.5) 180(48.1) 50(13.4)
Gender
Male 199(53.2) 64(32.2) 106(53.3) 29(14.5) 0.027
Female 175(46.8) 80(45.7) 74(42.3) 21(12.0)
Age (years)
20—29 85(22.7) 37(43.5) 43(50.6) 5( 5.9) 0.005
30—39 85(22.7) 31(36.5) 49(57.6) 5( 5.9)
40—49 88(23.6) 34(38.6) 42(47.7) 12(13.7)
50—59 71(19.0) 27(38.1) 27(38.0) 17(23.9)
= 60 45(12.0) 15(33.3) 19(42.3) 11(24.4)
Marital status
No married 100(26.7) 40(40.0) 54(54.0) 6( 6.0) 0.058
Married 247(66.0) 90(36.4) 117(47.4) 40(16.2)
Other 27( 7.3) 14(51.9) 9(33.3) 4(14.8)
Educational attainment
Under High school 162(43.3) 57(35.2) 74(45.7) 31(19.1) 0.016
Above college 212(56.7) 87(41.0) 106(50.0) 19( 9.0)
Family income (10* won)
= 200 158(42.2) 65(41.1) 72(45.6) 21(13.3) 0.910
201-300 140(37.4) 52(37.1) 70(50.0) 18(12.9)
= 301 76(20.3) 27(35.5) 38(50.0) 11(14.5)
— 10 —
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E
A EFolA 5 o2 AFTo| 51.7%, EFETO
=5

39.8%, o0l 8.5%, w8 & ATl 23.1%, EFwo]l 57.8%,

19.1%9°omM, AA &5 oo wE 25(0H) DO E¥7F #23 Zo|7b ATt

(p<0.001). AAFAFIN AAS AFTo] 36.7%, %%—5%01 45.2%, SOl
ﬂor_q,

18.1% =, FAZF L vwke A7) 40.1%, EZE7°] 50.8%, =E7°] 9.1%
A AeEFA o] w2 25(0H) DO HE7} f28k 2Fo]7F AU THp=0.040)(Table 2).
I gbell &5 ofF, & AN, HA 2Eds o5 Ha A AIRE 89 o5 71E5E

gE o, FaH A3 IAelM = 25(0H) Dol 23271 +4]3k Afel7h ISl

_11_
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Table 2. Lifestyle habit and medical history of study subjects by

25(0H) D level

25(0H) D (ng/mL)

Variables N(%) <~ 100 10.0-19.9 = 200 P—value
Alcohol drinking
Non—Drinking 200(53.5)  72(36.0)  94(47.0)  34(17.0)  0.080
Drinking 174(46.5) 72(41.4) 86(49.4) 16( 9.2)
Smoking status
Non—smoking 213(57.0) 92(43.2) 91(42.7) 30(14.1) 0.062
Ex—smoking 69(18.4)  27(39.1)  36(52.2) 6( 8.7)
Current—smoking 92(24.6) 25(27.2) 53(57.6) 14(15.2)
Stress perception
No 228(61.0) 87(38.2) 114(50.0) 27(11.8) 0.482
Yes 146(39.0) 57(39.0) 66(45.2) 23(15.8)
Physical activity
No 201(53.7) 104(51.7) 80(39.8) 17( 8.5) <0.001
Yes 173(46.3) 40(23.1) 100(57.8) 33(19.1)
Sleeping time (hour)
= 6 137(36.6) 54(39.4) 61(44.5) 22(16.1) 0.607
7—8 122(32.6) 43(35.2) 63(51.6) 16(13.2)
= 9 115(30.7) 47(40.9) 56(48.7) 12(10.4)
Blood pressure
Normal 131(35.0) 45(34.4) 60(45.8) 26(19.8) 0.081
Pre—hypertension 192(51.3) 81(42.2) 93(48.4) 18( 9.4)
Hypertension 51(13.6) 18(35.3) 27(52.9) 6(11.8)
Co—morbid state
No 286(76.5) 103(36.0) 143(50.0) 40(14.0) 0.203
Yes 88(23.5) 41(46.6) 7(42.0) 10(11.4)
Subjective health status
Good 195(52.1) 69(35.4) 94(48.2) 32(16.4) 0.390
Fair 129(34.5) 54(41.9) 61(47.2) 14(10.9)
Poor 50(13.4) 21(42.0) 25(50.0) 4( 8.0)
BMI (kg/m?)
Normal 177(47.3) 65(36.7) 80(45.2) 32(18.1) 0.040
Overweight or obesity 197(52.7) 79(40.1) 100(50.8) 18( 9.1)
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3. A7 AR €Y 553 HAF A7

gl 3skx Al A3 T FFe e S0l 240.0 mg/dL v AP0l 35.8%, =
ZRT0] 49.3%, FEa0] 14.9%, 240.0 mg/dL oS Aol 50.0%, EFE-o]
43.1%, FET0] 6.9%% oM, FFY2HE S50 W2 25(0H) D 23k 2jol7t gl
tziu}(pzo.o:;g). FAAYNA 200.0 mg/dL W AfTro] 36.5%, EFEO]
48.2%, FE-0] 15.3%, 200.0 mg/dL o] ZATo] 46.6%, BFETo| 47.9%, =
Fartol 5.5%MJ#, TAAY o w2 25(0H) D gk zelrt Uk
(p=0.048)(Table 3).

vt nE% FYAHE AUE ZFEaHEdA4E 25(0H) DY BXE7 f93E 2lo)

7F SASIH
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Table 3. Results of blood chemistry tests of study subjects by 25(0H) D level

25(0H) D (ng/mL)

Variables N(%) P—value
< 10.0 10.0—19.9 = 20.0
‘TC (mg/dL)
< 240.0 302(80.7) 108(35.8) 149(49.3) 45(14.9) 0.043
= 240.0 72(19.3) 36(50.0) 31(43.1) 5( 6.9)
TG (mg/dL)
< 200.0 301(80.5) 110(36.5) 145(48.2) 46(15.3) 0.048
= 200.0 73(19.5) 34(46.6) 35(47.9) 4( 5.5)
"HDL-C (mg/dL)
= 40.0 308(82.4) 115(37.3) 148(48.1) 45(14.6) 0.269
< 40.0 66(17.6) 29(43.9) 32(48.5) 50(13.4)
SLDL-C (mg/dL)
< 160.0 331(88.5) 127(38.7) 158(48.2) 43(13.1) 0.920
= 160.0 43(11.5) 17(37.0) 180(47.8) 7(13.4)
°TC : Total cholesterol, "TG : Triglyceride, YHDL—C : HDL cholesterol, °LDL—C : LDL
cholesterol
— 14 —
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B. A7 gAY ARty EA4, A48 538, Ay 54 2 89 3
2 AA}F Ao W& HOMA-IR 2 HOMA-RB9 ##HA

L A5 gzt duba 54 & HOMA-IR 2 HOMA—-pB9] ##&
4
At Ao wE HOMA-IRS #AAS ol Az, AA| volox] 20-294
2.27+1.70, 30—3941% 2.56+1.74, 40—4941= 2.11+1.69, 50—5941% 2.64+1.86,
604 o] 1.84+1.812 A volo] w2 HOMA-IRS] HT#-2 723 Zol5 RSl
ow ARSEA A= 30Tl Bl 60t ool 50tHell Bl 60t o]do] =A LhEr
WoHp=0.003). ¥ H 7 258 2009 o]dk= 2.2641.76, 201-300%H] o]a}
= 2.16+1.70, 3015k o4& 2.66+1.85% et 7} A5 wE HOMA-IRY it
e Fo3k AjolE BHYom AIFEA AngE 201-300%dd] BlE] 301wk =
A YRS THp=0.034). 1 Yol A, AE of R, wF FFEoA= {Fo xolE HolA|
ekt

Antd EAe] wE HOMA-R9] #AAS ol Ay, AHA| yoloa 20-294%
80.94+1.56, 30—-3941% 87.19%1.58, 40—49A1= 75.74+1.62, 50-594=
84.46%1.52, 604 o] 68.01+1.6622 AA] Yolo] wE HOMA-F2 BHiks &
ofgk ztolE Hom, 20de] HIE| 60t o]dellA], 30t BIal] 60t o]/dell A, 50thel
Hlal 60t o]Aatell A Al LERGTH(p=0.030). I Yol AW, AE o} ws = 9o
Bt 7H ASdAE frog AfolE Holx] ttH(Table 4).
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Table 4. Comparisons of HOMA-IR and HOMA-B levels according to general
characteristics of study subjects

Variables HOMA—IR® HOMA-g°
MeantSD P—value MeanxSD P—value

Gender

Male 2.33%x1.71 0.586 78.51+1.55 0.404
Female 2.26%+1.83 81.75+1.63
Age (years)

20—-29 @ 2.27£1.70 0.003 80.94+1.56 0.030
30-39 ° 2.56x1.74 b>e, d>e 87.19£1.58 a>e, b>e,
40—49 °© 2.11+1.69 75.74+1.62 d>e
50—59 ¢ 2.64%+1.86 84.46%1.52

= 60 ° 1.84£1.81 68.01£1.66
Marital status

No married 2.31£1.69 0.063 82.89£1.52 0.249
Married 2.23%£1.78 77.96%£1.63

Other 2.92+1.87 89.04+1.48
Educational attainment

Under High school 2.18%£1.85 0.121 76.31£1.70 0.085
Above college 2.39+1.70 82.96£1.50
Family income (10* won)

= 200° 2.26x1.76 0.034 81.60%£1.63 0.343
201-300 ° 2.16x£1.70 b<c 76.55%+1.60

= 301 ° 2.66%+1.85 83.35%+1.49
“HOMA-IR : Homeostasis model assessment of insulin resistance, PHOMA-(

Homeostasis model assessment of Beta cell function.
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2. AT TAAY AE F@% A9y =
HOMA-39] #&A

A S Ay EAo] w2 HOMA-IRO #HAS ol Ay 3=
2.07+1.65, €57} 2.59+1.86% 2F offo] w HOMA—IRQ Bk freolgh zbo]
E HEa(p<0.001), AA FE ofRolAd E QR 245%1.77, & T
2.13+1.752 A7 Z%F of¥o] w2 HOMA-IRS Hgke 3t Aol= HAY
(p=0.020). 3¢+ oJB7} AArel AS 2.14+1.70, 23S+ A7} 2.31+1.74%, wEt
o] 2.7242.002.2 HQt of o m HOMA—IRQ B g zlolE BHlom A}

= A3 %it o 2.13+1.69, 9}% TS 2.9441.898 FHX } tga.ﬂ o] Flof| u}
HOMA—IRQ] gk Folg 2polE BYtHp<0.001). F4 1% =
2.01+1.63, B&2 2.51+£1.84, Y82 3.07+1.822 34 717 <
HOMA—-IR®] B gk frefeh Apolg Hlom F3d vls] BedsS, 5 B3] o
BA4E = YERTHp<0.001). ADZAGTE= Aol 2.06£1.63, A5 2 H|gto]
2.53+1.85% AATFAF] wE HOMA-IRS ik o3 ol wdY
(p<0.001), L Hfoll &4 o5, Hi 2EHE off, Pt A1 ARl 7ot zfo]
I:'—_ EO]X] O}olr/}_

A F3 9 AwE 5Ao| whE HOMA-Bobe] #AgS dold A, &5 o5 &
A AR, A 2EHs 5 AA SE, Fat U ARE 9 ofF 7Y By
THH A% AA, ADGA G BEi> HOMA- B9 #5238 Zfo]E Ho|x] gt}
(Table 5).

it :.: o
jﬂ 1%

r
N
o
2 o
il
o
4l
=
o
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Table 5. Comparisons of HOMA—-IR and HOMA-—B levels according to lifestyle
habit and medical history of study subjects

, HOMA—-IR® HOMA- /"
Variables
MeanxSD P—value Mean+SD P—value

Alcohol drinking

Non—drinking 2.07£1.65 <0.001 78.66+£1.63 0.448
Drinking 2.59+1.86 81.59+1.54

Smoking status

Non—smoking 2.20%+1.82 0.095 78.79%+1.61 0.591
Past—smoking 2.27£1.60 79.20£1.60
Current—smoking 2.56+1.73 83.53%1.55

Stress perception

No 2.38%1.79 0.136 81.10£1.57 0.483
Yes 2.17£1.72 78.34%+1.62
Physical activity

No 2.45%+1.77 0.020 82.65+1.57 0.145
Yes 2.13x1.75 77.05+1.62

Sleeping time (hour)

= 6 2.19+1.73 0.055 79.26+1.56 0.399
7—8 2.19+£1.67 83.63%£1.59

=9 2.55+1.89 77.21£1.63
Blood pressure

Normal® 2.14£1.70 0.036 80.55+1.62 0.894
Pre—hypertension® 2.31x1.74 a<c 80.25%1.56
Hypertension® 2.72%2.00 77.77+1.64

Co—morbid state

No 2.13£1.69 <0.001 78.26+1.60 0.096
Yes 2.94+1.89 85.99+1.54

Subjective health status

Good * 2.01+1.63 <0.001 77.03£1.59 0.118
Fair ° 2.51+1.84 a<c, a<b 85.66+1.57

Poor ¢ 3.07£1.82 77.79%x1.61
BMI (kg/m?)

Normal 2.06+1.63 <0.001 77.57+1.57 0.222
Overweight or obesity 2.53%+1.85 82.26+1.61

“HOMA-IR : Homeostasis model assessment of Insulin resistance, PFHOMA— £ : Homeostasis

model assessment of Beta cell function.
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3. AF WAt ¥l SSh" PAb Ase] wE HOMA-IR %
HOMA-ge] #a4

ol s}ebA HAF Aol wE HOMA-IR® #+1A
240.0 mg/dL m]¥ke] 2.2341.79, 240.0 mg/dL ©]%Fo]
o wE HOMA-IRY Hitgk2 723 =ol& %L(=0mwx A 200.0
mg/dL w|Rke] 2.15+1.69, 200.0 mg/dL o)Al 3.00+1.94%2 FAXe] G50 wE
HOMA—-IR®] HH#ghe 423t 2po]2 BAtHp<0.001). 2 ¥o] wdx Zge =3
AUE FYAHZS HOMA-IRS Hakah 23k AJo]& Holx| gk
Yol s}ahA HAl At w2 HOMA-RB9] #aAS vlust 4%, FZu2eE, T4
1%, 1EE ZEsHE, A FEsHES HOMA-BY Baad fos zelg B
o]#] 2F4TH Table 6).

Hlugk Ay, FEYsHE
=

2
Y 2HE

o

N
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Table 6. Comparisons of HOMA—-IR and HOMA—-B according to blood chemistry

tests levels of study subjects

Variables ‘HOMA-IR "HOMA—-G

MeanxSD P—value MeanxSD P—value

*TC (mg/dL)

< 240.0 2.23%1.79 0.030 79.79£1.61 0.816

= 240.0 2.62+1.64 80.93£1.52

*TG (mg/dL)

< 200.0 2.15%+1.69 <0.001 78.75%£1.62 0.180

= 200.0 3.00+1.94 85.41£1.46

YHDL—C (mg/dL)

= 40.0 2.24%+1.74 0.070 79.65+1.63 0.691

< 40.0 2.58%+1.86 81.68£1.41

SLDL-C (mg/dL)

< 160.0 2.28%+1.77 0.494 80.22%+1.59 0.768

= 160.0 2.42%+1.76 78.51%+1.61

“TC : Total Cholesterol, PTG : Triglyceride, YHDL-C :

cholesterol

_20_
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C. 25(0H) D <9 W& HOMA-IR ¥ HOMA-pB4] H|iL

1. 25(0H) D s ©& HOMA-IR® H]iL

25(0H) D <o w& HOMA-IRS Hlwd ZAx, 25(0H) D FFd wa
HOMA-IRS] H#3k2 2437 19 A$-(Model 1), A2 2.91+1.05, EFET
1.9941.04, ¥ 1.924+1.08% 25(0H) D F<=o w2 HOMA-IR®] HA#e
oJgk zto]E HATH(p<0.001).

Model 10 €k 5491 A4, HA] vpo] B & W4t 7 &A5S BT 4-9-(Model

oﬂ 2 HOMA—-IRQ] H3ke 23k ztol& BATHp<0.001).
Model 2] A& &3 9 Aule 549 5 ofF AlA] &5 ofF HA 2EfX o

LSRR R o R, Tk

i a7 2 AAZFAGTE F7HE BT 4-5(Model 3),
AYTE 2.80+1.05%, BFETLE 2.00+1.04%, FETLE 2.10+1.08% 25(0H) D <
ol W& HOMA-IR®S] gk g xfol& EATHp<0.001).

Model 3ol dH sleh4 AAL T 5 AA AR FFA2EHE, S4AY, 1EE 9
2HEY 57188 2 oldrdes e R 7 B A-5-(Model 4), AY
2.78%£1.04, BFwvS 2.00£1.042, F2 2.18+1.08% 25(0H) D FTo &
HOMA-IR®] Bgte Fo8 2ko]E B3l th(p<0.001)(Table 7).

i)
M
rlo
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Table 7. Association of HOMA—IR and 25(0OH) D

25(0H) D (ng/mL)

Variables P—value
< 10.0 10.0—19.9 = 20.0

HOMA-IR

Model 1 2.91£1.05 1.99+1.04 1.9241.08 <0.001

Model 2 2.93%1.05 1.98+1.04 1.95£1.08 <0.001

Model 3 2.80£1.05 2.00£1.04 2.10£1.08 <0.001

Model 4 2.78+1.04 2.00£1.04 2.18+1.08 <0.001

Model 1 [mean *+
Model 2 [mean *
Model 3 [mean *

activity, stress perception, co—morbid state, subjective health status and BMI;

E], Non adjusted;
E], Adjusted for gender, age and family income;

SE], Adjusted for gender, age, family income, alcohol drinking, physical

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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2. 25(0H) D <9 W& HOMA—-RB9 v

25(0H) D =l w2 HOMA-BE uvlust 2y 25(0H) D ol w& HOMA-S
o HAFe HAI}Y] He AF(Model 1), AR 80.48+1.04, EFTETS
78.41£1.04, FETL 84.69+1.07% 25(0H) D 4o w}E HOMA—- G2 Hitgke
o3k z}o]E HolA| UTHp=0.572).

Model 1ol dwrz 54421 A, AA vo] 3 & Hit 7 &5S BAS 4-9(Model
2), A3 T2 80.00£1.04, EZE T 78.18%1.04, F¥ T 87.18%1.07=
25(0H) D <=l W& HOMA- B9 Bt #ofgh 2fol& HolA] ZUdtH(p=0.356).
Model 2] A& HF3 2 2dw= 5421 al
oA Y R, FHE A7 A B AEEATE TR BAS A9-(Model 3),
AT 77.9411.04, BEFETS 78.81£1.04, FETS 91.10£1.07= 25(0H) D
woll W& HOMA- B9 et gk 723k zlol& HolA| 8hth(p=0.133).

Model 3e @ s}8t4 AL & dF Ad AR F FdzvHE, S84, 1EE
g 2dHE3 57199 R olfdsts v T e R F7F B -9-(Model 4), At
2 77.87£1.04, BESETS 78.73£1.04, T2 91.84£1.072 25(0H) D F<9
w2 HOMA - B9 gk fefeh Zol7k gllth(p=0.111)(Table 8).

i

(
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Table 8. Association of HOMA— 8 and 25(0H) D

25(0H) D (ng/mL)

Variables P—value
< 10.0 10.0—19.9 = 20.0

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 77.871£1.04 78.73£1.04 91.84+£1.07 0.111

Model 1 [mean *+
Model 2 [mean *
Model 3 [mean *

activity, stress perception, co—morbid state, subjective health status and BMI;

E], Non adjusted;
E], Adjusted for gender, age and family income;

SE], Adjusted for gender, age, family income, alcohol drinking, physical

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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M
o

218 g 204 o) AT 4 374%E =

HOMA—-IR % HOMA-pBote] #HAAdS Yolr ST & A7-e] +8 A¥e #d
BA% Fo 25(0H) D 5ol W& HOMA-IRS f23F Aol7} glom, A
HOMA—-IR®o] 7F& %A yehdtl 25(0H) D o W& HOMA-BolA =

ZFo] 7k it

=2
X

Jo HoE 4o
5
il

L
o

8% 25(0H) D 52 20.0 ng/mL oS FEE, 20.0 ng/mL "|wHe BFET
10.0 ng/mL W|¥HE AFro 2 F7skal JtH(Holick, 2007). ©] 7] m=2w & A

T OdALe] 25(0H) D 3 Agto] 1447 (38.5%) 0], BZ5-0] 1808 (48.1%)
ojm, Fwro] 509 (13.4%) 2.2 25(0H) D9 F&=7f B35 3ol sldstes v&ol
86.6% = = e
Ay Aol S-vkel Aol dF 25(0H) D 23 5% 2010~2011d A 57] =
NAGGF2AL ARE &S AT A Ay, 4 1T T P 65.9%, 94
o] 77.7%°014 25(0H) D7} 20.0 ng/mL wRke 2 YeldE=d(Jung, 2013), 2 A4 2
Vs BSEs ol IRl gAY A w2 FEoldrh AdRldlA 25(0H)
S &% 25(0H) D A& ¥=, 89 &5 A
o] FEIIA EAY FEIAT Ao)d wF3 #HEE dAE Adgomn A=
= 2 2 3o g it
of o] A yehes Aeolgtar AzkE™, 25(0H) D A4
g |FojxjoF & Zlo g AlgFr)

=
)
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2,

9 2SS AT AFHSHAY, 2238 49 Vitamin D JUAE V¥ o2 BHE
25(0H) D Z3<] 7HH°] 53| 7Fee Aot (Yeon et al, 2014).
TollAE S G AdRls dide® dF 25(0H) DS HOMA-IR®S ¥+l
I'Jr 25(0H) D9} HOMA-IR®S| ke olgh xfol& KAtk dF A4
HTE BAS Folk 25(0H) D o] 23, B
HOMA—IRQ] e 2.1841.08, 2.00£1.04, 2.78%1.040]910H, Fol5h
AHp<0.001).
T 80819 @xHe] gl AUS utem AW, ¥, s, 1 A
d B 55 B3 Zx FF 25(0H) D 53 HOMA-IRS Hgke
A Aow Baudk A7 (Liu et al, 2009)9F T A9l 1.3827%% EH*ORQ
2 $-o 25(0H) D % HOMA—-IR®| gk
d A A3o]ti(Tao et al, 2013). 25(0H)
D+ Vitamin D F8A9} 733t H3t3S zhi= 50—-60 kDa®A}o]al, Vitamin D &A1=
Aol webAE FYoll Yxstar Jok(Shi et al, 2002). 3 25(0H) D7} 292 7
9 95(0H) D9 &4&0] BE32 Vitamin D -841E 8% &) oA U d9-<
ZAs= 7)Ed AHHoR BAA e vA dEd AIYS HAAZIGA =Y
(Pittas et al, 2007; Dutta et al, 2013), o}&7k4= 25(0H) D9+ HOMA-IR®] ¥&
Aol ik MAYSS Bt BExAE Ga vk dA7A] AuEa s vjdes
= A4, 25(0H) D& AE4 T2EOR AXE oA AE7 ol vl §48
ZAE ¢ g Mz AE AY 7%5S Foax gy By A7 HOMA-IRY 12
Yot 2@ A H3s sk 93-S eh(Shin & Kwun, 2012). 41, 25(0H) D
AT WHSol TelatH AT Ale|EFRIIQIE T
—1(Interleukin— IL-1), <1EFZ—-6(Interlukin—6, IL—6), &% IA} AR} «a
(Tumor necrosis factor—a, TNF—a)]le FTEZ AsAA £4S S3pA0
(Cohen—Lahav et al, 2006; Mora et al, 2008). &% 25(0H) D7} 2= 7%, <A
ul gate] Z7iF dde] Edom olox] HE 33t aHES A7l BH(Dimauro

o o
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et al, 2007). o] &34

9 BHE A4 =AY, 2kl #oste] s
el AR G3S = 4 dtH(Maestro et al, 2000; Dunlop et al, 2005). Y4,
Ao wE dF 25(0H) D7F 1&d #8719 WS FXAY 2w o= A%
= AXdel Jd&d NS FXFo RN QlEd APHS WA/ el IS -+
Ch(Pittas et al, 2007). oA, A o] Ao e G 2 dalsSa T sty
g z2do #ofst= Vitamin D 83471 SA48=dl, ©]& &3 Pro—insulin®l]A
Insulin®.29] Age FHAPNozHN Ad&ad WS Zolete] Auelr e 4 2
wall 7t A&l o] FAXA =t P FUH(Bland et al, 2004; Dunlop et al,
2005). olgfgk WiAYZ o R F3el] & uf dF 25(0H) D7F HOMA-IR®] S7tel 43
S HE F 7FeAdo] Sisl B2 Flo= AlmHh
HhHel "% 25(0H) Do} HOMA-IRS] #HAAge] glth= A8 d7 A7k JATHDel
Gobbo et al, 2011; Song et al, 2014). "W}y A2 T& AFE E3) 25(0H) D
¢} HOMA—IRel #gh <A AAI7E Aste]ojol & 3o AlmFTh
HOMA-IR®]ol| Qladd &0 2 ol HAgh whedo] lokar &elA Sl= HOMA- 59
RS gl Az, dF 25(0H) D& HOMA-B9 Hiahke FoshA sttt
(p=0.572). 98] TFAHESFE BAI} For dF 25(0H) D =7 #AATS-=
HOMA—B9] 4zkS 91.84+1.07, 78.73+£1.04, 77.87+1.04% Elton, 25(0H)
D ol wE HOMA- B9 gk frolahA] &Stk (p=0.111).
o] &% 25(0H) D &3 HOMA-po #Hdo] glvk= 22 da A5+ A3t f
AF8FITHDel Gobbo et al, 2011; Cai et al, 2014). A4l <A ol o] =13t
el AEoME 7 Xud wxo WaE Ad3] 1# 9 dlgste] dEwe] 71Edd
P B HHE AdE @ es @3] = dEolth(Kayaniyil et al, 2010).
o

& ATelM= 25(0H) D7F /lade] 7edhes dddol = & e, tiide] B3

r
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Lo

= 7HAL A e A Aol HoR niFE u HlE Alxe] )]l e
1S o= Wz},
AT Ao RE ted Ak A, ARls tde R g Ao, A A Yo
=3kE o] A7) o]Fo] W AR AA Al e HEAS FHsl=d ool Utk
A, A A B wF AR o 25(0H) D BEA A3 ool dig dRE +3
A Fakqivh A, ©E ¢l 7] wjite] 25(0H) D9 HOMA-IR ¥ HOMA-pG9] ¥
del g <13 BAIE AHske oA dAZE A& 4 Atk FF 25(0H) D F°+
7 HOMA-IR % HOMA-gell gk & o AAAQ ZSE A & vhdg A5 A9
g 4= dobd 25(0H) D9 HOMA A& ol g% o A3 232 98 ¢ e A7
7F 4 5 & Fez y|giddh
ol gt Algtdol| e Eeta Ul Ad Aelre= F 25(0H) D
o #EARES AN oY, B ATelAde B A A FEAE ddew
25(0H) D 5ol w2 HOMA-IRS #FdEAT} g oA o}z A7} o]Fof
A %2> HOMA - BoFe] #ds o] AAEith=dl o] 79 ¢]o)& 7L Ut
AEAoRE 2 AFA= wF A AFshs dxiel gl A gl dF
25(0H) D %9 B8 FFo] ul$¢ =1, 25(0H) D 53 <l&ud AAE o4
Jem 25(0H) D7} Agd A5 <Aded Adgol fofsiAl T7Hgs & 5 Urh
25(0H) Do} ¥l d4s | Y8iAE 25(0H) DO By} #Agt s 4
H AT AL F3% M9 FErF dasta, ol B3 14 dane] A4S

A el Aol ao] Wad Aow AmH,
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= AT Tl 277 AR % 25(0H) D9 HOMA—IR % HOMA — 59}2]
BURS Sohnag APstgdon, AT IS AebdE AT 24 DN WA
ARG WA 200 o AP B 49 3740 109, o7} 1758) hY
o

T oodAkeh 1d 12 WY 2AE B 1 3F 2R, U AR
Aot Anp 7152 9 d ey HAl A 2AsE FHEITE 24 g8 gt
dwrA S 04 A" 545 2ARslan, AA ASE "9 sishA AAkE AAEHE
o 4" AE= IBM SPSS ver 21.05 ©]&3dte] d% 25(0H) D¢ HOMA-IR %
HOMA-pgbe] #dd& #AHEA S o] &ete] #4813l AR AL Scheffe's test®
ANEP o, HEFHoR d5 25(0H) D 53 HOMA-IR % HOAM-GZ M3}

—

oo Fa A vy 2.

HooApoE APA(<10.0 ng/mL)L 38.5%, EBFET(10.0-19.9 ng/mL)E
8.1%, =¥v(20.0 ng/mL)< 13.4% = Yebs},

AT tdAke] HOMA—IR#Fe] #HA KRl Foll Folgk 2tolE Hol= HgE dnky 54
A Yol(p=0.003), o $F(p=0.031), ¥ A 7F+ 25(p=0.034)0]% L
A F3 9 AnE EAdAE Y 95(p=0.036), &7 ©1F(p<0.001), 2IA] &F
oJ5(p=0.020), 752 W3 R (p<0.001), AEHFAF(p<0.001), FH4 7117214
(p<0.001)e]A}t. g 38t HibelA= F FHl2EHE(p=0.030)3 FHAW
(p<0.001)°]JTh

g% 25(0H) D <=0l w& HOMA-IRS gk F#wro] 1.9241.08, E5w0]
1.99+1.04, A3] 2.91£1.05%2 FAAHCR F2g Zo]7}F AUATHp<0.001).

g% 25(0H) D 5ol w2 HOMA- 9] Highe Fiato] 84.72+£1.07, B0l
78.41£1.04, Aol 80.44+1.04% FAHCRE 23k 2Fo]7F QAATHp=0.572).

a|
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ol

TAHEA S o] &3 Aol A oe] I ¥ B HF A ARE BAY A= dF
25(0H) D <ol W& HOMA-IRS gk W&ol 2.18%1.08, &EFwEwol
1.99+1.04, 23] 2.79+1.052 FAH 2 {2939 tHp<0.001).

oo E AN Al AR FAAE gye® d%F 25(0H) D ol whE
HOMA-IR®] #HAAI tl&o] oA ofAl2 A7} o] FojX]#] &> HOMA- 59+
RS o] Asglok=d o] de] fJojE 7 gtk

ARAoR B AFoAME F AHd AFshs Dol gl A4 A4RldA 35
25(0H) D %9 EFE 4o wl$- a1, 25(0H) D 3 HOMA-IR=E #&do] 9l
own 25(0H) D7} AfE 49 HOMA-IRo| fJsHAl S7Hehe & & Stk 25(0H)
Do} #dE A%E 717 fsiAe 25(0H) DO B53t ¥

H

i g
o
o,
ofj
M
o
ol
1
)
of{
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