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Recently, there have been many studies on the relationship between the bone metabolism and the
mechanism of diabetes. In those studies, it was shown that osteocalcin can be involved in the
treatment of type 2 diabetes. Therefore, this study examined the correlation between osteocalcin
and HbA1c. From January 1, 2015 to December 31, 2016, a total of 714 adults aged 40 years or
older (70.8+10.4 years, 452 males), in whom both osteocalcin and HbA1c checked in a general
hospital in Gwangju, were enrolled in the study. The serum calcium, total cholesterol, triglyceride,
HDL-cholesterol, LDL-cholesterol, and 25-(OH) vitamin D were measured and basic information,
such as the height and weight, were recorded. There was a weak negative correlation (r=—0.183,
P<0.001) between the osteocalcin and HbA1c levels in diabetic patients but a negative correlation

(r=—0.251, P<0.001) when adjusted by all other study variables. The present study showed that Corresponding author: Hee-Young Shin
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osteocalcin®] &4
251 Ht. o]
osteocalcin®] 5 S7HA1 e 23 A&
Agkelt}, o] A= osteocalcin®] Fix
3, w7} 28 SO A= A o]
osteocalcing FAsk= Ao 28 &
T Utk AL EQITHA4.

FHE Al 2% Dol Al osteocalciny} GEfARS] A of| o
Sk 91917} o] 2o |31 QIEH5]. Osteocalcin®] A AHFA LS
H53E of Y 2] tAl 3 Slesd 2o d3t Tedo] Qlck= A=
of theFet AT © 7 XY= 1 QTH6]. Se]o A= of 2] 7}
A Fhabell T E 2] 322} $H] osteocalcin®] A4 A7}
A, 5= 5 T Aot E T1F 0 & ol 23| a1 §lA]
9F, ol A= TR AFE 2ot 7] 3= Aol eHT). 12
Slof, 2 Aol A= Gy o] Aol wek vol, A4, A
A= 59 712G 5ot g, 25-ARRHIEID, 7t E A DT
HE|To -2 Fefab b 891 121 F S AHE, 484
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2 A= FTEEHY A AR E 2 (nstitutional
Review Board, IRB)2] 5-%1(217F 2017-154F-12)= Hrop A
Aol o]Z]sto] ofu] 7|5 2AE2] 24} AR E Skt
20159 19 195 20164 129 31 L7HA] 45 24 3535
Q] =212} 2 osteocalcint HbA1cE v Esko] 2, 712
E A E] =(C-terminal cross linking telopeptide of
type 1 collagen), & S| AHE, SAAN, 1UE A&
S AHE, AU A AT ZH AEHE, 25-4H[ERID
e d B S8kl 7], 55A, Uol, A, A A ¢
HEAETL 7|55 0] Q= 404 o4d2] 4”1 809182 T AL
AT 11 %, SRS HO T S EE dloH e At

£ 4 9l AR 9SS AlLfsto] F 7149 At
AR 2F A7gskei
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2. A7

Osteocalcina HAFA 9 &4 ¥ (radioimmunoassay)S ©|
8-5to] ZA(Packard Cobra Gamma Counter Series, GMI
Inc., MN, USA)8}3ich HbAlces 1A s X A2 ukE el 1)
H(high performance liquid chromatography, HPLC)l| 7|
23 A 3FE A A 24 7](G8 HPLC Analyzer, Tosoh Inc.,
CA, USA)E ol&-all S48t 4, & S AHE, 57484
9, DS AT S A, AEE AT S AHE
2 Bt W (spectrophotometry)2 ©-8-31o] Z4(AU5800),
Beckman Coulter Inc., CA, USA)SFH AL, 25-5~AFHH[ERID
L spshlag o 24 ¥ (chemiluminescent immunoassay,
CLIAYS o]-&3}o] 27 (Architect i2000SR, Abbott Inc., 1L,
USA)SFRL oW, 7FE B AL EH E] &= Ao} Sh g o 24
H(electro-chemiluminescence immunoassay, ECLIA)E- ©]
831§ 27 (cobas E 602, Roche Ltd., BS, Switzerland)3}
o A A = w5 A E 71(m)e] Al o & vrof st
AL, FrAol disiAl= 714 =] Sl AHIEE 7S
= B0t Bt v e SRR O 2 URSITh TR
= AT IR ER AN SR AAE T EA A A
O 2 W doto] i SFFIL AR o A AT whebA,
Firof et 57} o] RO XA §hokE 7Hs /3= Aol
H| i 8ol A HbAle 52471 6.5%0 14341 A e
RO 2 A FATE T3, A7 ARl e 24
? 2409 A AR S o= A o] gkont
TrEEo] 404 o] FellAl ol F7hes Kol
%

Harsto] tldARE 404 oo Qg BFATHS].
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3. SAIEN

Ofm A B A A- o A] &2 H|o]E]i= SPSS statistics 20(SPSS
Inc., Chicago, IL, USA) L2 1< o] @3te] FA B8
t}. ZF 52 Kolmogorov-Smirnov A4S 5-of =3
of M= = AL ERIsHCE BE B2 Gt} Bl
SO B LpRo] BA glgl o & o V| EEAL =iy
2 t 4 (Independent two-sample t-test) F+= 70| Al 7
Z(Chi-square test) & B W 3}It}. Osteocalcind}t thE &
AETe] AHA 9l HbA1ce} thE 8 lE3e] A=
1] oj¢=0] AFHAI4(Pearson's correlation coefficient) & -4
S, FofnlRl ATRIAIE Bol= 8ele AHE 20t
o] HbAlcE T HFE 7ol TA A rhE-2] FE-4(Stepwise
multiple regression analysis)& A8t ct. Osteocalcind}



HbAlco] A= 2, 712 RAIEHE E, &
E, SAAN, AL A EE AEHE, AU E A
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A 2E1E, 25-FAHSHERID, A& @A, vol, 8 & 1074
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1. SHLHSRLL] 71258 HW

=2EY

AT AR F 71408 FHAHL 70.8+10.44%
AL, AL HRH63.3%)7F HAAK36.7%) E e BT el &
Al R|3E % osteocalcin®to] §oJst Xo|zl Qiglar
(P=0.477), AEAAF A3 5 S AR ] 23t Kol & B el
CHP<0.001)(Table 1).

2.2t QOI=Smfo| o

G TRLo)| A osteocalcin®t HbAlcs oFet S0 Al
Allr=—0.183, <0.001)7}F ¢ E AL, B SkAtol| A]
= FYE ATEAIE Bol A oottt

Osteocalcin i grlol| A 712 EA DT e =(r=0.473,
P<0.001), & S AHZH(r=0.276, P<0.001), 1 H %= 22tk
W | A E(r=0.147, £=0.005), AL A Ak S| A
E(r=0.272, P<0.001) 9! H|F = S|tof| A 7= EA DT
Bl E(r=0.473, P<0.001)2} Fo] A1 S E St Table 2).

HbAlce GigAtoll A Yo](r=0.118, £=0.023), H]E =
Aol A FA A HHr=0.148, P=0.006)1} oFo] ATaAS
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Bk E3h dkrtolA osteocalcin(r=—0.183, P<
0.001), 25-4AFSHEHID (r=—0.137, 2=0.008), A%
(r=—0.110, 7=0.033) 9 H]Fixtol A 72 EA I
E]=(r=—0.208, £<0.001), 1H%E A&kl S A==
—0.154, P=0.004)7} &2 AH8AE E Itk Table 3).

3. Osteocalcinat HbA1c 2 HHA A

Lol A, A AR, g, 25-5ABH[ERID, 71254
T, & S AHE, SEAM, T A AT S A
&, AUE XAl S A S F 10709] 8.90S B9
< ], osteocalcin} HbAlc7} i EtAoll Al oFst 2] Al
TA(r=—0.251, P<0.001)E EAT}. vFdkrfof A o] A
A 4h(r=0.033, P=0.547)& F-2J5HA] ateh. Bkt Al

Table 2. Correlation between osteocalcin and other study variables
in diabetic and non-diabetic patients r(A

Variables Diabetic patients Non-Diabetic patients
Age —0.043 (0.411) —0.012 (0.832)
Body mass index —0.032 (0.542) 0.063 (0.244)
HbA1c —0.183 (<0.001) —0.076 (0.160)

CTx 0.524 (<0.001)
Calcium 0.060 (0.245)
25-(OH) Vitamin D —0.069 (0.183)
Total cholesterol 0.276 (<0.001)
Triglyceride 0.076 (0.142)
HDL-Cholesterol 0.147 (0.005)
LDL-Cholesterol 0.272 (<0.001)

0.473 (<0.001)
0.033 (0.538)
—0.044 (0.418)
0.037 (0.491)
0.041 (0.452)
0.078 (0.152)
0.031 (0.570)

P-values are calculated by Pearson’s correlation analysis.
r, Pearson’s correlation coefficient.
Abbreviation: See Table 1.

Table 1. Comparison of general characteristics of study subjects (Mean*SD)

Variables Total patients (N=714) Diabetic patients (N=371)  Non-Diabetic patients (N=343) P
Age (year) 70.8+10.4 69.0+8.5 72.6+11.9 <0.001
Sex-male/female (%) 452/262 (63.3/36.7) 255/116 (68.7/31.3) 197/146 (57.4/42.6) 0.002
Body mass index (kg/m?) 23.6+3.5 242433 22.8+3.5 <0.001
Height (cm) 161.1+9.2 162.1+8.6 160.0+9.7 0.003
Weight (kg) 63.5+11.9 65.8+11.2 60.9+12.2 <0.001
CTx (ng/dL) 0.377+0.271 0.327+0.209 0.431+0.317 <0.001
Osteocalcin (ng/dL) 6.4+3.6 6.3%3.1 6.5%4.1 0.477
HbA1c (%) 6.2+1.2 6.7%1.5 5.7+0.4 <0.001
Calcium (mg/dL) 8.7+0.5 8.8+0.5 8.6+0.5 <0.001
25-(0OH) Vitamin D (ng/dL) 17.7+£8.2 18.4%8.1 16.9+8.3 0.017
Total Cholesterol (mg/dL) 165.5+44.4 166.4+47.3 164.6+41.2 0.596
Triglyceride (mg/dL) 138.4+76.1 156.4+82.4 119.0+£63.2 <0.001
HDL-Cholesterol (mg/dL) 445114 442+113 449+11.6 0.443
LDL-Cholesterol (mg/dL) 95.2+31.3 95.9+33.3 94.5+29.0 0.559

P-values are calculated by independent samples t-test or chi-square test.
Abbreviations: HDL-Cholesterol, high density lipoprotein cholesterol; LDL-Cholesterol, low density lipoprotein cholesterol; CTx, C-terminal
cross linking telopeptide of type 1 collagen; HbA1c, hemoglobin Alc.

www.kjcls.org



316 Yo-Han Seo and Hee-Young Shin. Correlation between Serum Osteocalcin and Hemoglobin Alc

Table 3. Correlation between HbA1c and other study variables in
diabetic and non-diabetic patients r(P)

Variables Diabetic patients Non-Diabetic patients
Age 0.118 (0.023) —0.015 (0.778)
Body mass index —0.057 (0.272) 0.079 (0.145)
Osteocalcin —0.183 (<0.001) —0.076 (0.160)

CTx 0.092 (0.076)
Calcium —0.090 (0.082)
25-(0OH) Vitamin D —0.137 (0.008)
Total cholesterol —0.012 (0.819)
Triglyceride —0.110 (0.033)
HDL-Cholesterol —0.075 (0.151)
LDL-Cholesterol —0.043 (0.404)

—0.208 (<0.001)
0.074 (0.174)
—0.052 (0.334)
0.039 (0.470)
0.148 (0.006)
—0.154 (0.004)
0.070 (0.194)

P-values are calculated by Pearson’s correlation analysis.
r, Pearson’s correlation coefficient.
Abbreviation: See Table 1.

Table 4. The partial correlations between osteocalcin and HbA1c

Division r P-value
Diabetic patients Total —0.251 <0.001
Male —0.258 <0.001
Female —0.243 0.012
Non-Diabetic patients Total 0.033 0.547
Male —0.038 0.600
Female 0.087 0.310

P-values are calculated by partial-correlation analysis adjusting
for age, sex, Body Mass Index, calcium, 25-(0OH) vitamin D, CTx,
total cholesterol, triglyceride, HDL-cholesterol, LDL-cholesterol
r, partial-correlation coefficient.

Abbreviation: See Table 1.

P (r=—0.258, P<0.001)°] ©14d(r=—0.243, P=0.012)Er}
= 9 oSt ARHAIE BT Table 4).

4. HbA1cE E&H4R2
HbAlCE TEHFE o AR oA f-2] 8t AaatA
B9 o], osteocalcin, 72 EAUHHE &, 25-4A15HH]

EFID, /A, s A ch S AHE F 6719 891
S EYHSE G810 HbALCE S5, slo] T4l

%Elﬂ—‘jr*ié AEELE o, HA Adtellds S8A

(R*0.060, B=0.181, £<0.001)7} osteocalcin (R*=0.060,

B=-0.171, P<0.001)°] F-2fet A¥E Uepi it o4 et

A= FAAHHR*=0.051, B=0.226, P<0.001)¥to] §-23t

AIE YER S THTable 5).

e

LS H=EA

i

2k

i

Osteocalcin®} HbA 1 c= i ehaftof| A] kst -2-o] Akakat
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Table 5. Multiple regression analysis for HbA1c by gender

Division Variables R’ B P-value
Male Triglyceride 0.060 0.181 <0.001

Osteocalcin —-0.171  <0.001
Female Triglyceride 0.051 0.226 <0.001

P-values are calculated by Stepwise multiple regression analysis.
R?, Coefficient of determination; B, Standardized coefficient.
Abbreviation: See Table 1.

Al(r=—0.183, £<0.001)7} AL, I Aol A=

SHATRIAZE SASATE. vrel, A, A AR S, A 25- ‘I—/\]'
SHIEHID, 72 BAIUTHHE &, & S A8 E, 44, 12
& At S AHE, AUE A S AHE F 10
7] Qo1& A osteocalciny} HbA1c Q] HARIEA] o] A]
T Gl A= o /8] oFst 50 At A (r=—0.270, P<
0.001)7} Sl oz o 24 A A=l A AAH ZThA
oF FriAre] S Kol AR B mbxitoll A At
A= F-J8kA] YRdTHT, 9], o] = Jiagkristo] Bl ekat
w-of| H]3f| FHHEgo] gom, o] Bl 9 =53t <
Toll A ZThArRt YA A= v A R o e
SERfEO A B 58 AL S-S HERdTH10]. T
S I ko] Heet A RS SHESke] A%
A v G 3 tof| A osteocalcindt HbA1c2] AFatatAlof| df
*} H]J]_zq Al g]_,]].l:\_ ﬁq_g]-o] oL_/,\_ .% /io = /\}Eghjr
Osteocalcin} Tt R 0159] AFHA| 5 a3k tol A
% 29 2H1=(r=0.276, P<0.001), 2L U= A Akl S AH|
E(r=0.147, P=0.005), A= A1 AT S AEE(r=0.272,
PLO.00D0] Frelgt ool ”‘F&%ﬁ]é LERACE o= osteocalcin
o] A1 A thAte] Tofettt= AFE LA STH11]. HbAlcst
O QRlE9 A 5 ‘ﬂ] SRl ARk o ot Akt
AE U= Ak 7IESA S E(r=—0.208, P<
0.00D) it o= @%EE%HH “J(normal glucose tolerance,
NGDZ 7Hl AbdollA] 72 EAIUSE =7 SHdos

HbAlce}t o] itk A& HHPRTH12].
ATEAIE g2 71202 S HbAleE $45H
TR & A TSI FEA oA osteocalein HA AT
o A5t osteocalcin®] 2]t AIHE LERH Gl O H, S A
S A Bl {203 A YR $TH 3], Aol
AT SFXARE 25-4 D= B tAbt ot B
SRRt RO A B S AHIE, SAAM, s A AT
ZYAHE, AUE AT SY A EI [0 3 A
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d2EE, A, LU E 11 2k %ﬂﬂ/\Eﬂ , A= A
| skl el

F& vAA] Foke 7/12?_ Lrebd A1y ﬂﬁig S sl
CHIL. $HH o R, 25-AISHIERRID Aol ¥ Zd 2 HE
TS Aol Alse WER A Qlo] BF 254t}
BHIERRID] ot A1 tiArete] AaaAofl tidt A+-=2 oF
2 A JJE EO]X o1 QItH14-16]. 25-=4ksH] et

Al Aol A A1 g ol A osteocalcin} 7F2E Al
SHEEr 2 Zlo g WA, 2 AoA R 7t ERAY
G E] =9} osteocalcin®] H| WA =& AHAIS B o 712 5

AU E| E 3t i B3 e sho] g2 9157} o] Fo Aok
SitH18l.

719, ogka|erstel o] ‘Hnk 2= 23] 2018 of w2 H A1
A5 25 kg/m” 0491 79 Aol vlgko & AekEn] 23~
24.9 kg/m*= BITHAGA’, 25~29.9 kg/m’7HA] 19+ H]
7F, 30~34.9 kg/m* 71| 29A ¥|F, 18] 31 35 kg/m” o)A
FEl= 39 BRF 02 A=), Gtaite] Bt Al
FA4(24.2+3. 3)L BWPASA S HCH19]. A&k
T HHIEE Hoj= 2108 Io] 8 AR 25
oJ$HAIE, 2 ?LOM S0 A3k Z ShE A B E HbAlcet
A AR g= Atolofl fol 3t A= RATH20]. E3 G
Hekate] F ol thet £3 5 Al ti3EEl 65 At

R Ao A= A2 Dol Al A ]Tﬂ' =2xo 7t
Tol A A&

[e]
St R 7VPL "44%310 FAAR d_ J5 osteocalcinsﬂ
A e
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Osteocalcin®} HbAlc 9] 89159 AA v of33 &
tt. Osteocalcind} EHA] ZhARE Uref= tiaE4%l
= 32~0] Eo]&] FA|x}el 7}31}41:}:}1115]:3 H
%, 25-4ABPIERIDE AlEsteiTH22). 24 44 9 44
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SlebIDe] A 5.2 B/RE 4 9l slehiDE A
o N3 Bolo] 24 Hay|s 24 3Rer ke So) )=
A4

=2, w1 o -, ou
o] BaE A, By, Bk 5l thAl St ake] e
o] KAt vt §lo] 71 Q1A ZRxof] el A] o] AR AL §)
TH23, 24]. Osteocalcin E = tiAHRGE ol &} 2] 2 A}
ol WAHSHA Tdo| gJong X %gﬂ/\gﬂi Z/\-]Z]H]- FTA]
T AT ZE AEE, AYE AT ZH AHE F 4719
231 AEstaTH11l.
OsteocalcmA A B A 77 4 iﬁ%ﬁ}l A Sk= Aol
E7HA] s 2Ho] Hofsict 1 F T

B4 A=of k83t osteocalcine %é‘-oﬂf\i o] g2

EAISLE 5o DAJs) Hot, Zota E(osteoblast)of| 41 9] Sl
2 AA = A 3 (osteocyte)o]] 2324 0 2 osteocalcin
AYYE AN Z1 AL P vllEr M 2] BH]E EZXIAFITE, o] A
o|ZL oA 2T Ao ¥R APAE e T 2El F
Elo|t}, FEle- w1t A7 o] u] X RS- E3) osteocalcin A
S AAE = qUeH25]. o] 7B v A A QL= A9}
SH| 5 A3 o A= uf Y osteocalcing FARSF] ¢l&d 7
P 2 YAAS FEHoR ﬂiﬂ AHEI7F QATH26).

2}, osteocalcin2- ] g
Ao ) R N S b K=
T A HES ] dRojng,

7 dadis
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e Y 2e] 7o s A0 o

2
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é
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rlo
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A5 2 e e
WAL A P W
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Sl AR o014 sk, B, e
HISESE BOkEE U oF] g o) Bj<lo] Brhyet. ]y
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O A ey ol A7} F B 9 7R S ]3] Gl
A, 2% 9.9 57128 A R L 07 5410 247

www.kjcls.org



318 Yo-Han Seo and Hee-Young Shin. Correlation between Serum Osteocalcin and Hemoglobin A1c

£ 2430 0.3 24)o] H|chX) S 2 YAEAo] Sleka 2l
[}

=
ZJAITro] EATHA] AQLTH28). A, AEat Ao

Aol2
o] Ao oA gloh e B Al AR Sol 9l
% dhyql

3

HbA1c9] AaHAlof| st A, osteocalcind} AR 3 2]
AL A A FHRIARE d5Foll £l $52 7IE0 R
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[7, 29]. o]2fgt A FA9t 7t Q15 7o ATAIE & of &F
F ol FEo] 2H& grgeo] AE7f o] Fo|Aof sh=A]of| tf
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SAIZ} 5 osteocalcind} HbA1cE BISEto] Z, 7F2 EA T
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AL 2 A7 skl A2 JRH452, 63.3%)7F oA}
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HbAlce Rt 2] A (r=—0.183, £<0.001)7F U3
I, O 8Qlee B BATE woll ke o 13 5-0f At
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