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ABSTRACT

Relationship of Vitamin D Levels with HbAi. and

Fructosamine in Korean Diabetic Patients

Oh Hye-Jong
Advisor: prof. Choi Seong-Woo, MD., Ph.D.
Department of Health science

Graduate School of Chosun University

Background: This study aims to identify the relationship between Vitamin D,
HbAi. and Fructosamine, targeting 227 adults who were treated for diabetes in

a general hospital in the G area from January to April, 2015.

Results: The level of Vitamin D in the HbA,. deficiency group was 7.79+0.21%;
that for the HbAi. insufficient group was 7.53+0.08%6, while that of the HbAic
optimal group was 7.15£0.1096. As the levels of Vitamin D decreased, HbAj.
increased. The level of Vitamin D in the Fructosamine deficiency group was
357.1+13.1 pmol/L; that of the Fructosamine insufficient group was 344.5%4.9
umol/L, and that of the Fructosamine optimal group was 313.3+6.4 umol/L. As
the level of Vitamin D decreased, Fructosamine increased. Also, even after the
PTH was revised, as the level of Vitamin D decreased, HbA;. and

Fructosamine, indexes of sugar control, increased significantly.



Conclusions: Based on the results above, it is suggested that diabetes patients
should have regular exercise and outdoor activity to gain an appropriate level of

Vitamin D through exposure to ultraviolent rays.

Key Words: Diabetics, Fructosamine, HbA;., PTH, Vitamin D.



I.A4 £

AAA R Fur FHAdTE 34 /A dor, =4 I AW
(International Diabetes Federation, IDF)ol A= 20351 7h4] AlAl 1 10W & 19
o] Fxol Az ¥Ho] #3H(Epidemic)dHlE Ho] dxy ¥ #3 (Pandemic)
= dsta AvHADF, 2013). $Elvdt= Yol FHES 20129 AA A<
o] 10%0°l Surel= o2 HE At (Ministry of Health and Welfare, 2012).

Y2 ndYo] AHHo R FAH o YElYes 54 92 (Scragg &, 2004), 1
§7I3ko]l Aojdes Qled ZH[Astet oA ddxdol s th(Kang T,
2002). GxxH oA dgdxdAEE HbA. (Glycated hemoglobin, @3} A 4)
9} Fructosamine (Glycosylated protein, S3tc®a)S A8 3 (American
Diabetes Association, 2010). HbA; &= T3 =E Q3] M io] Fo] nH7fdx oz
Ads JHE A 2-3ME 5 FAEE Y e (Krishnamurti & Steffes,
2001), Fructosamine< 93t AAwkdl o] 9]o] AA RE FatdhiS yeda, &
Fr1e] wkzkrlel] ks wrol A 2-3F¢] W AEHE W dtH(Di Mauro T,
2007). HE3F ATl RIE AR H S g+ Fo] AR Fot
A HbA o] Aol 41F
dg ®HIE g 5 de Aol Udth(Kohzuma & Koga, 2010). HbA. 2k
Fructosamine2 Al ¢loA F2 A= A28 FaHe X7 A 38 d3dHA
T e AArEG Uil f WEe] Har, AALe] ke Ao A 7] wiEol
Tl #e E dxd S A d5AAE AFEH I JATHADA, 2010).

Vitamin D= #8744 HlEWI o= 7|53 Adoly @ =84}, Vitamin D7} 73}
H FAF & FHAE FFHAT(Zhang & Naughton, 2010), -2 3] 5o
A AF A 7-dehydrocholesterolo]  #F&] & Rrol FAE I, AR Eofef
Vitamin D Binding Protein (VDBP)¥} ZAgste] 7Fo 2 o] F skt (Lim, 2005). 7ol
A= F4EsE g A (Hydroxylase)ol <&l 25(OH)D (25-hydroxyvitamin D) JElZ
AR o]atH, AAA FAkE BAHS A 125(0H)-DE ko] P&dhH
F44& 2t @k (Prentice 5, 2008). 1,25(0H):D+= &4 3 Vitamin Dol ¥HzH7]
7F 4-6A12FQ1H vl &, 25(0H)D= 7|7 2-3F = HlwA Zojx AFA 2 A9
715 stol AW Vitamin DO 94 AHie 25(0H)De] €5 w22 Hristal 3l

1
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t}H(Hollis & Horst, 2007).

AEH o2 Vitamin D9 7|52 314 5 2 (Parathyroid Hormone, PTH) ¥}
A ZAae] I A S AEdAS s, WA dAEY] T4
23 zdo] @3t} (Zhang & Naughton, 2010). o]} ##H 3] Vitamin Do
g Ao T2 PTHS Zao 443 ddd 2d8ke] =3y o] Wguo|gke
t, < Vitamin D7} EFEE 45 A HE S (Kienreich &, 2013), 18
(Thacher & Clarke, 2011), @ x4 (Pittas 5, 2007), H]9H(Seo %, 2012) 53 #&
thgsk thAabE gho] W 9l o] Skl Boalstith

Vitamin D7} #4845 gl B F7kets A+ 53] A 9o
9 1}(Zhang & Naughton, 2010; Zella & Deluca, 2003), @ =¥ Z=}o]A Vitamin
D7} @@ xHol| o' A4S st=Al= WEs] WA %3kar(Noh, 2009), 53|
Vitamin D¢} 2 gt #=-dQlxQl PTHE &35 ® 3ol Vitamin Do} ddx4X
Eoke] HEAS dotd dae A9 (ddd wEkd B Ao @A R
HbA;. % Fructosamines ©]83to] gyt G xS0 A PTH FXE H
4%k & Vitamin D9} g9 x2dx et #ddol diste] dolruat Al gsksltt.
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A D AFE AS BHE AEHC A 2E A5 A 7 (AD-225A, Korea)2 574
399 ar, A A FEA 4 (Body Mass Index, BMDE A TS A9 AlFoez vUs 7
[A5 (ke)/ A A m)’ o2 Axsdt dge BAAES H& 58 o

I AR
F 9% RN FedGAR FEHEGH ol AGES A7 28
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(Fasting Blood Glucose, FBG), Total cholesterol
(TC), Triglyceride (TG), HDL-cholesterol (HDL-C), LDL-cholesterol (LDL-C)=
A% 3} A 7] (TOSHIBA accute 80FR, Japan)® =74 3t ow, HbA &= WY
A (Immunoassay) 2.2 Cobas C 111 (Roche Diagnostics, USA)E =43} o}
Fructosamine ¥ 2 (Colorimetry) 2.2 Hitach 7600-110 (Hitach, Japan)#H] &
=243 2, Vitamin D& 38k 9 =7 H (Chemiluminescent Immunoassay,
CLIA)2.Z DXI 800 (Beckman Coultor, USA)&R 2 =743}, PTHE #7] 3
stk of =4 W (Electrochemiluminescence  Immunoassay, ECLIA)2. 2 Modular

analytics E170 (Roche, USA)FH| & Al-&3lo] 573815t}



C. A5 &4

u
)

Az ol TAAEE SPSS WIN(ver. 180) SAZZ 23S
Zpe] Anb 543 dodate] tiF FEs R WER EE e ¥

= 289, Vitamin DS %S 100 ng/mL mwel 3 AR (deficiency),
)=

10.0-19.9 ng/mLel 7A-$ EZFE(insufficient), 200 ng/mL ©°]4<¢l A$E HG
(optimal)¢] 37#3te = F&&te] A o|etH(Thacher &, 2011). Vitamin D S<=¢
mE dubd 54 2 dqHAE ASHEF AS BAEA S AFSSEY A, HEY

Vitamin D <ol u}

(Analysis of covariance, ANCOVA)S Al8)&sitt. Model 12> AW, 7, BMIE
BASA A, Model 2= Model 1914 FdoJH, 55, 03%0];7 7F G ed
7hEE, xS A9t w34 Vitamin D B3 A 58 SBP, TC, TG,
HDL-CS F7} RA3H o™, Model 32 Model 2014 PTHE F7F X A3

£ EARY folsEe p005z S



a7 23

ATRIAY vy 54 L FRA

1 A7HERY Ay 54

AFd gt digh dwkd 548 i3 13 2o dA AT Ae 227502 P
o] 11278(49.3%), o142 1158 (50.7%) o] Atk A% 62.8+9.8 Alo|ar, 2142
161.6£9.2 cm, HF<S 64.1+11.2 kgol$lom, BMIE 24.4+3.3 kg/m’°]$lt}l. SBPE
1345+14.2 mmHg©| %131, DBP= 79.6+7.5 mmHgo| At A& AN A S5
1069 (46.7%) 01 i, A FAL 549 (23.8%)olRom, AR &5 784 (34.4%)°]
At

8
Mres 1 A= 45 687(30.0%) 01U
U 745 3678 (15.8%)°] AT Vitamin
o] Att.



Table 1. General characteristics of investigation object people

(N=227)

Variable Category N(%) or MeantSD

Sex Male 112(49.3)
Female 115(50.7)

Drinking Drinker 106(46.7)
Non-drinker 121(53.3)

Smoking Current smoker 54(23.8)
Non-smoker 173(76.2)

Exercise Yes 78(34.4)
No 149(65.6)

Treatment of Diabetes Hypoglycemic agents 183(80.6)
Insulin 11(4.8)

Other complex 33(14.5)

Family history of diabetes Yes 53(23.3)
No 174(76.7)

Diabetes duration (year) R.7+5.4
No of chronic disease One 63(30.0)
Two 123(54.2)

Three or over 36(15.8)

Vitamin D suppliments Yes 54(23.8)
No 173(76.2)

Age (year) 62.8+9.8
Height (cm) 161.6+9.2
Weight (kg) 64.1+11.2
BMI (kg/m?) 24.4+3.3
SBP (mmHg) 134.5+14.2
DBP (mmHg) 79.6+7.5

BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure.



2. AFRIAY FAHA

AT A A A= ® 29 2 FBGE 149.34482 mg/dL o, &
T A2y A" dRHA AR F TCx 179.9+42.1 mg/dL, TGE 167.9%87.0
mg/dL, HDL-C& 44.7+11.5 mg/dL, LDL-C& 110.1+32.5 mg/dL°] %t} HbA. &=
7.4+0.84%°] 1 3., Fructosamine- 333.8+57.8 umol/L¢] %1t} Vitamin D+ 18.6+7.1
ng/mLe] o, PTHE 6234225 pg/mLo] At}

Table 2. Blood test of investigation object people

Variable Normal range Mean+=SD
FBG (mg/dL) (70-110) 149.3+48.2
TC (mg/dL) (130-200) 179.9+42.1
TG (mg/dL) (35-150) 167.9£87.0
HDL-C (mg/dL) (> 40) 44.7+11.5
LDL-C (mg/dL) (< 130) 110.1£325
HbA. (%) (< 6.5) 7.4+0.84
Fructosamine (umol/L) (< 285) 333.8+57.8
Vitamin D (ng/mL) (= 20) 18.6+7.1
PTH (pg/mL) (15.0-65.0) 62.3+22.5

FBG: fasting blood glucose, TC: total cholesterol, TG: triglyceride, HDL-C: high density
lipoprotein—cholesterol, LDL-C: low density lipoprotein—cholesterol, PTH: parathyroid hormone.



B. Vitamin D 59 ©& dd3y EA 9 g AHA}

1. Vitamin D &5 & dutsy E4

AA 2] Vitamin D 5ol WE dvb4 545 vug A3+ 1 3% 2
th. Vitamin D F5ol] WE FAoAFolA A4 FA9 29 & 88 (47.1%), =%
T2 351 (28.0%), A9 w2 119 (129%)o= Ay o] 7HE =kal(p=0.002)

TEA TN AR &S AY o]l 18 (BI%), B wol 278(21.6%), A o
o] 509 (58.8%) .= A o] 7P Fof Folg xto]lE KA THpP<0.001). T4
Aejgt v ASINFE 2700 Ag, AE T OU§(588/) EEw
(59.2%), A9 2 394 (459%) o= 71 Fol fe Aol & B tH(p<0.001). =
3 SBPolA Z3 & 136.2+129 mmHg, 5% 2 1365164 mmHg, A9
T2 131.0197 mmHg® Vitamin D 53 EAZFLZE F3+ Aol& HIY
(p=0.020).

o
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W]

2 owtel g4 FF95, Vitamin D REAEE, Gy AWy, 9 7S
g d8 A AF BMI DBP, dxH ©]87]7+S Vitamin D 5] 93 %}



Table 3. General characteristics in accordance with the Vitamin D level

(N=227)
Vitamin D
Variable Category <10.0 10.0-19.9 =200 p-value
(ng/mL) (ng/mL) (ng/mL)
Sex Male 8(47.1) 55(44.0) 49(57.6) 0.142
Female 9(52.9) 70(56.0) 36(42.4)
Drinking Drinker 10(58.8) 61(48.8) 35(41.2) 0.342
Non-drinker 7(41.2) 64(51.2) 50(58.8)
Smoking Current smoker 8(47.1) 35(28.0) 11(12.9) 0.002
Non-smoker 9(52.9) 90(72.0) 74(87.1)
Exercise Yes 1(5.9) 27(21.6) 50(58.8) <0.001
No 16(94.1) 98(78.4) 35(41.2)
Treatment of Diabetes Hypoglycemic agents 12(70.6) 101(80.8) 70(82.4) 0.682
Insulin 1(5.9) 7(5.6) 3(3.5)
Other complex 4(23.5) 17(13.6) 12(14.1)
Family history of diabetes Yes 3(17.6) 35(28.0) 15(17.6) 0.216
No 14(82.4) 90(72.0) 70(82.4)
Diabetes duration (year) 10.0+6.3 9.1+6.0 7.8+4.1 0.147
No of chronic disease One 2(11.8) 27(21.6) 39(45.9) <0.001
Two 10(58.8) 74(59.2) 39(45.9)
Three or over 5(29.4) 24(19.2) 7(8.2)
Vitamin D suppliments Yes 2(11.8) 33(26.4) 19(22.4) 0.398
No 15(88.2) 92(73.6) 66(77.6)
Age (year) 64.8£9.5 62.410.0 62.8£9.6 0.632
Height (cm) 160.146.7 160.8+9.4 163.1+9.1 0.163
Weight (kg) 61.3£10.9 64.5£10.9 64.0+11.7 0.559
BMI (kg/m”) 23.8€3.9 24.8+34 23.8+3.0 0.083
SBP (mmHg) 13624129  136.5+16.4 131.0£9.7 0.020
DBP (mmHg) 81.96.0 80.1£8.6 784£5.6 0.122

All values are given as n (%) or mean * standard deviation.
BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure.
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2. Vitamin D & @& JFA}

f

7 AHe] Vitamin D 5 W& dA4H{AE vl gk Ay 3% 49 2. LDL-C
of Fr gk A¥ o] 124.7+#21.8 mg/dL, EF - o] 114.9+35.3 mg/mL, A& <
100.2£27.3 mg/mLe.2 Vitamin D T wgt F93t Zol& H 3 (p=0.001),
HbA, .= A3 9] 7.8406%, &5 vo| 75+0.9%, A < 7.1£0.6%= Vitamin
D <o wg {23 zolE R ITH(p<0.001). Fructosamine A¥ o]
370.2+48.3 umol/L, &%% o] 350.0461.8 ymol/L, A9 < 302.6+35.5 pumol/L 2
Z Vitamin D <o w2} §93 ZolE R A (p<0.001), PTHE A 9]
7724264 pg/mL, BT w2 684+23.0 pg/mL, AT 2 50.3+14.1 pg/mLo=
Vitamin D &l whe}t f<3k AFo]E B th(p<0.001). FBG, TC, TG, HDL-C*]
Bk Vitamin D <ol whe} SAA o2 {Fo§ 2po]& HolA| ok

Table 4. Blood test in accordance with the Vitamin D level

Vitamin D
Variable p—value
<10.0 (ng/mL)  10.0-19.9 (ng/mL)  >20.0(ng/mL)

FBG (mg/dL) 151.4+20.0 152.6458.1 144.0+33.9 0.440
TC (mg/dL) 172.4+31.9 183.7+46.9 175.8+35.8 0.306
TG (mg/dL) 172.6+66.7 176.6+103.5 154.2458.2 0.184
HDL-C (mg/dL) 39.2+8.8 445+11.7 46.0+11.4 0.087
LDL-C (mg/dL) 124.7+21.8 114.9+35.3 100.2+27.3 0.001
HbA1e (%) 7.8%0.6 7.5%0.9 7.1+0.6 <0.001
Fructosamine (ymol/L) 370.2+48.3 350.0+61.8 302.6+35.5 <0.001
PTH (pg/mL) 77.2+26.4 68.4+23.0 50.3+14.1 <0.001

FBG: fasting blood glucose, TC: total cholesterol, TG: triglyceride, HDL-C: high density
lipoprotein—cholesterol, LDL-C: low density lipoprotein—cholesterol, PTH: parathyroid hormone.

_11_



C. Vitamin D¢ FBG, Fructosamine HbA1.2}¢ ##HA

1. Vitamin D 5 W& FBGSe H v

Vitamin D <o W& FBG&Y Hdw|u+= ¥ 59 2t Vitamin D 450
2 FBGY #Ha2 A4, d%, BMIE =243 49-(Model 1), 49 &
151.7+115 mg/dL, B % o2 1534+4.26 mg/dL, A3 T2 142.7+5.18 mg/dL=
Vitamin D %o W& FBGS Ha a2 fFolgh 2ol 7k it (p=0.281).

Model 1014 FdelH, &Fo]H Vitamin D A 58, GuwrtSe, duy

A &gt whdAg )4, SBP, Y olgr|t, TC, TG, HDL-C& F7F EAgh
(Model 2), 23 & 1504+115 mg/dlL, &% 2 14994433 mg/dL, A3
T2 14814559 mg/dLE Vitamin D o] W& FBGY H ke 793 zko]7}
A A THp=0.971).

Model 2914 PTHE F7} ®Ag 4 -$-(Model 3), 24 w2 1484+11.8 mg/dL,
B3 w2 14924442 mg/dL, A 2 14954589 mg/dLE Model 30l A %=
Vitamin D <ol w& FBGS Hir gk F3k 2ol 7t gl vhH(p=0.997).

o

32

Table 5. FBG compared with the average of Vitamin D levels

Vitamin D level Model 1° Model 2™ Model 3"
<10.0 (ng/mL) 151.7+£11.5 150.4£11.5 148.4+11.8
10.0-19.9 (ng/mL) 153.4+4.26 149.9+4.33 149.2+4.42
>20.0 (ng/mL) 142.7+5.18 148.1+5.59 149.5+5.89
p-value 0.281 0.971 0.997

Values are Mean * Standard Error

* Adjusted for sex, age and BML
“Adjusted for Model 1 plus smoking, exercise, vitamin D suppliments, family history of
diabetes, no of chronic disease, systolic BP, diabetes duration, TC, TG and HDL-C.
Adjusted for Model 2 plus PTH.

_12_



2. Vitamin D %9 W& Fructosamine® ¢ ¥ v L

Vitamin D o] W& Fructosamine¥o] @ ¥rH| = 3 63 2l Vitamin D
o mE Fructosamine®] Hirgt2 4™, A&, BMIE 2 A43$ 7-9Model 1),
AY & 369.9+12.7 umol/L, EFH & 3505+4.7 umol/L, AT & 301.8+57
umol/L= Vitamin D o] AT E  Fructosamines F9stA S7Fst Atk

(p<0.001).

Model 194 FAH, &%, Vitamin D BEA 58, Ix7l5, Ty
= Aol g ﬂ&*éél%wﬂ% SBP, @1 olg7]zt TC, TG, HDL-C& F712 HA %
7d+(Model 2), A3 & 364.9+13.0 umol/L, &3 & 2 3472+4.8 ymol/L, A

T2 317.846.2 ,umol/Li Vitamin D <] #4245 Fructosamine <] s} 7|
< 7Fak A tH(p<0.001).

Model 2914 PTHE F7F 243 4A-5Model 3), 24 +& 357.1£13.1 umol/L,
B3 w2 3445+49 umol/L, A9 w2 313.3#6.4 umol/LZ Model 3ol A %=
Vitamin D FF°] ZA4AT4E Fructosamine FAI4 o2 Fol8tA 7kt

(p=0.001).

Table 6. Fructosamine compared with the average of Vitamin D levels

Vitamin D level Model 1° Model 2™ Model 3
<10.0 (ng/mL) 369.9+12.7 364.9+13.0 397.1+13.1
10.0-19.9 (ng/mL) 350.5+4.7 347.2+4.8 344.5+4.9
>20.0 (ng/mL) 301.8+5.7 317.8+6.2 313.3+6.4
p-value <0.001 <0.001 0.001

Values are Mean + Standard Error
Adjusted for sex, age and BMI.
“Adjusted for Model 1 plus smoking, exercise, vitamin D suppliments, family history of
diabetes, no of chronic disease, systolic BP, diabetes duration, TC, TG and HDL-C.
Adjusted for Model 2 plus PTH.

_13_



3. Vitamin D &F9 W& HbA1$9 Hov|

Vitamin D <59 W& HbAoFe Hiv|us= ¥ 73 2. Vitamin D 450
2 HbAo Haae A, A%, BMIE 2AT H9-(Model 1), 298 2
7.82+0.20%, B35 T2 7.55+0.07%, AT 2 7.11+0.09%= Vitamin D FF°]
#HAaTTE HbA &= T3 S 7k th(p<0.001).

Model 1914 TAAgR 55 Vitamin D HEA 28 JulrsS
= X3 A, SBP, @xwolsr|zt TC, TG, HDL-C& F7F K
A$(Model 2), A¥ 2 7.77+021%, EZFF T 7.52+0.08%, 3
7.16+0.102%6= Vitamin D FF°] #HAZFE HbA= Fo5H
(p=0.011).

Model 2014 PTHE 57} B33 7 -9(Model 3), 29 & 7.79:0.21%, EZF&
T2 753+0.08%, AT T2 7.15+0.10% = Model 3914 %= Vitamin D 0] %
&5 HbA = FostAl 7kt v (p=0.015).
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Table 7. HbAic compared with the average of the Vitamin D levels

Vitamin D level Model 1° Model 2™ Model 3"
<10.0 (ng/mL) 7.82%0.20 7.77+0.21 7.79+0.21
10.0-19.9 (ng/mL) 7.55+0.07 7.52+0.08 7.53+0.08
>20.0 (ng/mL) 7.11+0.09 7.16+0.10 7.15+0.10
p-value <0.001 0.011 0.015

Values are Mean + Standard Error
Adjusted for sex, age and BMI.
“Adjusted for Model 1 plus smoking, exercise, vitamin D suppliments, family history of
diabetes, no of chronic disease, systolic BP, dlabetes duration, TC, TG and HDL-C.
Adjusted for Model 2 plus PTH.

_14_



V. 2 &

AT E GHYl &g AV FEE A st G om Asva e
Aol 2278 & AF Ao & Vitamin D HbA. 2 Fructosamine®} ¢ ¥4 S 7}
“3}913} oA Fo) A Vitamin Do 58 F&38l0] 2-371€ A #7|2e dgdx4
ZH A%< Fructosamine, 835 4| &
J FBGeel #AAHS el Ay, Vitamin D7} #A2EFE HbA, %
Fructosamineo] <7hg2 @elatqla, oe] #d ¥4 31 PTHE HAT Fok
Vitamin D7} #4843 HbA.9} Fructosamine©] E A4 o2 f2|3tA 57183 A|
v FBGx SAIA o2 kA &8kt

Vitamin D¢] H<5& ©xw dAo] dddxtetar sk th(Park & Kim, 2013).
< A<l 1080% ¢ Vitamin D s%xe W& T YAES 5t FA3 A
ATFA I (Lim %5, 2013), Vitamin D %7} <10 ng/mL °] >20 ng/mL o] H]
a dxw Aol 3.23u1(95% CI, 1.66-6.30) B =93, Song 5 (2013)2 Vitamin
D¢ Fx¢ T Tl thek 21709 AFH A= wEEA A Vitamin D
S27F 4 ng/mL Sl whel G e My ATt 4% Hasks S Felst
T Ao 9lo] Vitamin Db #HA S Wt

T Al A Vitamin DoF @A g o] B o] Atk A= (Pittas
5, 2007; Borissova 5, 2003)°] A gt o]5 o] #HEAd thsj = Aold AyE
o] ¥a¥ 3l Ith(Noh, 2009). 509 A28 T eAE dide= 3 Shanthi &
(2012)¢] Ao = A Vitamin D 0] %S5 HbA(R=-0.173)= t©] =3k

539 A1Y Bxr LolstAE thFo R 3 Magee 5(2012)¢ Aol =
Vitamin D¢} HbAi. Alelol A &9 A#AdS Busdt. 18y Parekh 5(2014)
< Vitamin D7} 23¥ A2¥ T Fol A Vitamin D9} HbA.0te] #AE
Brrsk A, B o] vkl B sty Haroon 5(2015) 9wt a5 df
doz AAE AL dEdAlY 17 Aok TR F9H ATE EAT A
3 @) H o g AAE AGolAE Vitamin D S7F2 HbA 7t A H AL, A7)

Al Aol A= Vitamin D€ HbA o= ¥ do] gldvtar adth B AF-ollA
G A A Vitamin D7F 2445 A7) ddx24dxx0 HbAZF 57

Sho}i= A1 30 (Shanthi 5, 2012, Magee &, 2012)%] ZA3}e} F-AFsHS
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Fructosamines YxH AjolA F7]Z<l dLZHAZT=ZH(DI Mauro 5,
2007), Wi+t HbA o A =7F vrold Ao s E o] o] & Barr &, 2002).
oo Vitamin D¢} Fructosamine®] & Aol dlgt A5+= A g4 o]y}, Rahman 5
(2013)0] F=HA FEAY IS Yo = Vitamin D Fo 3 9JofF Fo +
S 4570 A RI A /\1 Vitamin D %o +& A& % Fructosamine©]
666.5+114.3 ug/mLol A 45 % 401.2+68.2 ug/mL= 39% ZA3staL, $1eF Fof o
2 23 A Fructosamine®] 544.13+82.7 ug/mLolA 45 % 610.91+130.6 ug/mL=
12% Z7}8te] Vitamin D9} Fructosamine¥}2] ##dAdo]l &S Hudtgdu). 17
U Madar 5(2014)2] Aol A= Vitamin D 5o 3 9oF iz AdS 1657
st A3 Vitamin D 5 ¢ %o A Fructosamine®] FXi 251 ug/mLel
A 165 § 2495 ug/mL= Fructosamine< 7S A ko fjek gz oA
Fol d 245 pg/mLelA 165 F 2428 pg/mL= ZFol7F ATk & Aol A 9
Fructosaminee Vitamin D F&°] ZATFE H95HA %ﬂ‘é}oﬂp:0.00l),
Vitamin D¢}e] ¥ o] 52 gdsiinh

FBGE= Fxi StxolA ddWssass Sdstr] s 28 5= (ADA, 2010),
Vitamin D 3 FBG7} ##Ho] = A7 (Need 5, 2005 Johnson 5, 2010)7}
o

‘) JEotA 3 A% Avk(Dalgard

H

o
to 32

2

)= HFA Vitamin D9} FBGeFe] #4d

oX,

5, 2011). ¥ Ao A& Vitamin D 5o W& FBGE A= {93 A
ol7b glith. o= dx® ;UAEY SN Az oA dIAeA ¢ ded
Foo 93] FBGS o] Welsla, FBGS 54 Al &5 e Ao]HdF Fol

w2l QlEd HES-9] o]zl 9loj(Choi & Kwak, 2008), Vitamin D 43 FBGT
ok ztol7t gle Aom Azt
7|E AYPAFEL e Ao A Vitamin D7F @ xd] ofH 93-S sl
AE Al 7HA 71 oem ddstar vk AA, e Fash B A HekA
o] Q& EH|%5Fofd Vitamin D7} #oj3t Aoz F=3t3 9 21 (Rohlfing
, 2002; Di Mauro &, 2007), Scragg 5 (2004)9] AF-olA = W EIAMES <Ql&H
s FA3 Vitamin D HZFo] 4 BuEAu. FEAF % Vitamin D
71l E 7H FoA A" EH7F Haska
thH(Zeitz 5, 2003), ©]+= Vitamin D7} ¢l&¢d EH]S5o &< v X (Rohlfing

, 2002), e EHlTo] w2 Fx® fAtolA Vitamin DO FH2 €9 £H

=

Me o ol

H]
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A
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oft



< Y5 EFSHA el (Kang &5, 2002), @942 3% HbA.2t Fructosamine
= /M7 AeR Ats T
=4, Vitamin D Z¥°] v Fxy A= dedAqgydol =oha st o

-

(Chiu %, 2004), Machieu & Badenhoop (2005)% Vitamin D¢} <1< A 3+
#dEAAE Bastal Atk Choi 5(2009)¢] AT oA E AdedAFAES YEHUHE
HOMAR®| W& Vitamin D9 & ¥n3t A3 Vitamin D& FFo] =718
= HOMAR®S #> 9 S35 JdedAgd /s 918 4 43% Vitamin D
T A9 oS BastHal, Harkness & Bonny (2005)¢] €0 A= e
Vitamin D¢ & JdaedATdY fdaclds Bausta ok ARk Seida
5(2014)¢] F#9] thz Aol E Vitamin Do lesdAIA Hrbo Fo3 &
H7F Uitk Bak vk o]o] Vitamin D7}t °]€r§2130“ = MAATZI= 71
ob# Wes] HalA A ol FF o5 AHB/AE ety g AUt 2

o,
=)
o

AA, Vitamin D 753 & G3putbgol o3 &43 dFWeS =4 (Mora
2
“

5, 2008)3te] A5A APl EFQI(TNEF-a9} IL-6)E2 WHdS AAsty, 24 5
S X A AExE S B3E JAsteE 59 E9E F3 deNss
7F A Z1tH(Riachy %5, 2002; Machieu & Badenhoop, 2005). Wx® dxjoA 118
Foz 3t ©sle] Frte A dido] &S ol HEFYIMES A7

o
THADA, 2010; Di Mauro -5, 2007). HF9stib=S Ast ~2EH 25 fEste 5
3], AA tiAR7E ek AGARA] bR AR A7 WERA e FES
T, Zalol]l og wEtA e Jqe AEAATAYS T/ dAduddes B
3t tHEndo 5, 2001; Sato %, 2006). Cellek 5(2004)2 Vitamin D7} A%

al H
T kAol A " sto] o3t AARY AT T G FHT 2
% &S Frla ste] Vitamin DE 93l 93t A=t s #AoslsE Aoz
Az},

ool AN e Fag el ded FH|zAe AdEUAIALY F
7, @3ke] 8] Vitamin D7F #ojete] @™ Ao A Vitamin D7} A
5 ddx2HdA 3% HbA 9 Fructosamine©] %

sk, Vitamin D& Z#3 A9 BFF-FS 243 th(Fujita & Palmieri, 2000).

2y Vitamin D] ¥52 2w F5 FlzE 2w s=7F YolxdA PTHE
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S7HA 71 Al ¥ th(Holick & Chen, 2008). Vitamin D®] %902 ZF7b¥l PTHE
dHow ZugsEsE ST/MAA d&Ede AW FAEES
Palmieri, 2000). ¥ 59 9w A A Vitamin D ¢ W& PTH: 23
wol A 7724264 pg/mlL, BT v 6844230 pg/mL, A9 T
pg/mLZE Vitamin D¢ o] A5 E PTHE F7EstA oy, 3 AbEA] o A
PTHE ®AS Feo% Vitamin D7t #Zadss o
Fructosamine©] frolstAl S7tstsith ol Iy A=
4+ Vitamin DoF 2 #=ddxel PTHO |3 o
HbA.9} Fructosamine®] &7}l Ao ZE AR
2 AFNAME R A Aol At AA, g dTeol7] o
HbAi., Fructosamine A}ele] Q@A E AT 71 ¢l
AE gl 9 FHA7F dad Ao
HbA .2} Fructosamine 7] & w2
st A 2 HASS viAeA skl
ol&dt AstHol= EFst B Af= 7| A3 AT (Borissova 5, 2003;
Hypponen & Power, 2006; Pittas &, 2007; Scragg %, 2004)° A Vitamin D¢} 3
=W ek My E ddo] AV|AEQ HbA T AAIFHFoY, B A= &
o] A7]A %<l HbA8} F7]1# % Fructosamines 3ro] #|A|&te] #HAS &
gholl A9 oJo]& ZFA AL AT} o]Ate AdE dwy gzt ]
ofelgzom edo] 9%k A A3 Vitamin DY A4 oo F4

2o] Bslolof & Aow ARHT
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V.8 3 48

B A7 20159 19E 20159 49744 GAGel AT A FFIA
Astel Fuyoz A

=Rl =
2 Fructosamine®} 2] #edAdof ths] Lolr 12} )¢t}

<k
SR, AP, FYASY, Fwgel Iz, T A WYL
AeE AR om, $5/1947 o4/ 18te Y5, FHAE FBG,

TC, TG, HDL-C, LDL-C, HbAi, Fructosamine, Vitamin D, PTHZ ZA}&}% o,
FRE AFEE SPSSE o] &3te] ANOVA, ANCOVAS A|8)ate] HA &t}

2 AT FeAdE v 2ok

AA, Vitamin D 23 ¢ HbA .= 7.79+0.21%, B3 w2 7.53+0.08 %, A
ol A= 7.15+0.10% % Vitamin D 5] #HAT+SE HbAT 578t

EA, Vitamin D 23 ¢ Fructosamines 357.1+13.1 umol/L, &% % w<
3445449 umol/L, A& o A= 3133+64 umol/LE Vitamin D F3o] 7434
= Fructosamine< %713k th.

AR, o #d WMot PTHE ®BAS $olk Vitamin D7F #4AgsS d9dx

A A #E ¢l HbA9 Fructosamine©] ¢38tAl Z 718} th.

ok

oo A¥E FFMHRH, Iy oA Vitamin DY F4+= Vitamin D9}
DA A-EAdAS PTHY 93Fs w4 2 dgxdx43x<
Fructosamine©] Z7}slGth. olo QxH A5 9ojA] R 2 %5 L o9
g3oz AeMel 93 HA3 Vitamin DS HA FF=& FA 87 93 w=go

AE ool & Ao AnH
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