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Is decreased levels of serum osteocalcin associated with increased risk of type
2 diabetes mellitus and atherosclerosis? - A 10-year follow-up study -

Yura, Akiko
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i We investigated whether osteocalcin (OC) and undercarboxylated osteocalcin
(uc0C), which are hormones that regulate glucose metabolism in animals, increase the risk of

diabetes, metabolic syndrome (MS), and arteriosclerosis in humans. In 1316 women who participated in
the JPOS cohort study, excluding those who had these outcomes at baseline, new onsets were captured
during the following 10 years. As a result, there was no significant association with OC, and the
lowest quartile of ucOC tended to have a higher risk of developing diabetes, and a significantly

higher risk of developing MS. It was suggested that ucOC may regulate glucose metabolism and is
involved in the development of MS also In humans.
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Tabk 1B .Baselhe characterstis ofparttpants served foranalysis ofassociaton beween uc0 C kvek and

incidentDM ncidentDM
Quartile groups of OC p-value Quartile groups of ucOC p-value
Q1 Q2 Q3 Q4 for trend Q1 Q2 Q3 Q4 for trend
N 295 287 289 294 - N 291 294 289 291 -
oC (ng/ml) 4507 6.40.5 8.10.5 11.2¢24 - OC (ng/ml) 52414 6.7£1.6 7.9+1.8 10.4+2.9 <0.001
ucOC (ng/mli) 2,916 44417 6£2.4 10.3£6.3 <0.001  ucOC (ng/ml) 2.3:0.6 4105 5.9:0.7 11.5¢5.7 -
Age (year) 56.6+14 61.9:12.4 64.6+11.6 66.6£10.7 <0001  Age (year) 60.6+14 61£12.1 62.7+12.3 65.4+12 <.0001
BMI (kg/m?) 224433 22.443.3 223134 22,4436 0.977 BMI (kg/m?) 22.1£3.2 22.313.2 22,6+3.3 225438 0.099
W astcicun ®rence n ) 80.7£9.8 81.3:9.1 81.419.8 80.7+10 0980 W abtcicun ®rence ) 80.1:9.6 819.1 81.39.2 81.8+10.7 0035
SBP (@ mHg) 128.9+22.1 133.6118.7 13421 135.4+21.9 0.000 SBP @ mHg) 1324216 132.8+20 130.5£19.4 136.5+23 0.047
DBP @mHg) 76.3+10.7 77.319.9 76.3:11.2 76.8+11.3 0849 DBP @mHg) 76.5:10.4 76.9+10.6 76.5¢11.2 76.7+10.8 0952
FPG (@ g4 88.5:8.6 80.18.7 89.18.9 89.3:9.2 0348 FPG ( gAlD 89.2¢9.3 88.48.4 88.7:8.6 89.749 0481
HbAlc ) 5.1:04 52103 5.240.3 52404 0003 HbAlc @ ) 50404 52404 52403 5.240.3 0610
HDLL (gAlD 64.7£15.3 64£14.5 64.8£15.2 62.3+17.2 0109 HDLC (oAb 65.7+15.1 64.9:16.6 63.2415.2 61.9+15.4 0002
Trgyceride ( g4 94.6+68.1 96.1£59 99.3+73.8 100.4+63.4 0237 Trigycerile @ gAlh 91.1555 97+71.3 101.8£74.3 100.6+62 0057
Energy intake (kcal/day) 1637.7+322.5 1636.9:313.1  1664:317  1616.4+292.7  0.650 Energy intake (kcal/day) 1619.8£298.9 1668.7+3435 1645.6:285.1 1620.3t314.2  0.788
Energy expenditure (Metsmin) 339.74437.7  386.2¢451.5 424445254  445.9+460.7 0.004 Energy expenditure (Metsmin) 378.14450.6 ~ 353.4+412.8 434.1+505 430£506.8 0.056
Ever-smoker (N, %) 32,108 20,7 24,83 15,51 0.023 Ever-smoker (N, %) 28,9.6 22,75 21,7.3 20, 6.9 0.229
Habitual drinker (N, %) 45,153 30,10.5 27,93 19,65 0.001 Habitual drinker (N, %) 39,13.4 32,109 26,9 24,82 0.030
Incident DM (N, %) 22,75 31,10.8 31,10.7 34,116 0.119 Incident DM (N, %) 34,117 25,85 35,12.1 24,82 0.397
OC: osteocalcin, DM: diabetes mellitus, ucOC: undercarboxylated OC, Q1-Q4: lowest to highest quartile See Table 1A for abbreviations.
groups, SBP: systolic blood pressure, DBP: diastolic BP, FPG: fasting plasma glucose, HbA1c: glycated
hemoglobin Alc, HDL-C: high-density lipoprotein chlesterol
OC ucOC MS Baseline OC ucOC
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Tabk 2A .Baselne characteritis ofpartcpants served foranalsi ofassociton betveen 0 C kvek and

ucOC

Tabk 2B .Baselhe charactersts ofpartt pant served foranalsi ofassocitbn betveen ucO C kveb and

incidentM S ncidenth S
Quartile groups of OC p-value Quartile groups of ucOC p-value
Q1 Q2 Q3 Q4 for trend Q1 Q2 Q3 Q4 for trend
N 273 281 282 277 - N 278 277 280 278 -
oC (ng/ml) 4507 6.40.5 8.10.5 11,1224 - OC (ng/ml) 5.2+1.4 6.7£15 7.9£1.8 10.3£3 <0.001
ucOC (ng/ml) 29416 44418 5.9+24 10.146.4 <0.001 ucOC (ng/ml) 2.3+0.6 3.9+0.5 5.8£0.7 11.35.7 -
Age (year) 56.713.8 62.3+12 64.5¢11.3 66.1£104 <0001  Age (year) 61.1£13.9 61.1£11.9 62.8+11.9 64.611.6 0.000
BMI (kg/m?) 22.3+3.3 22.243.2 22.243.3 221434 0.484 BMI (kg/m?) 22432 222432 223432 22.3+3.7 0.348
W abstcicum rence cm ) 80.7£10 81+8.9 81.149.5 80.149.5 0540 W abtcicum ®rence (cm ) 80.149.6 80.748.7 80.949.1 81.3+10.3 0436
SBP (@ mHg) 128.5+21.7 134£19.2 134.4+20.6 135.2421.5 0.000 SBP @ mHg) 132.8422.4 131.8+19.5 131.4+18.7 136.2422.7 0.087
DBP @mHg) 76.1£10.4 7749.7 76£11.1 76.5¢11.2 0894 DBP @ mHg) 76.6+10.2 76.2+10.2 76.4+11.2 76.4+10.7 0910
FPG (@ 94D 88.68.7 91.3+17.6 90.6+12.4 89.8+11 0443 FPG (@ gAl) 89.9+10.1 90.7+18.5 80.3:10.2 90.4+10.8 0986
HbAlc () 5.2:0.5 5.3:0.5 5.3:0.4 5.3:0.5 0014 HbAlc ) 52104 5.3:0.6 5.2£0.4 5.3:04 0643
HDLL (gAlD 65£15.5 64.5£14.5 64.9£15.2 62.7417.2 0128 HDLC (@ gAlD 65.7+15.4 65.5£16.4 63.7+15.3 62.3+15.1 0004
Triglcertde ( gAiD 91.7462.5 94.6£56.9 98.2+71.4 98.863.5 0150 Trigycerile @ gAlD 91.6+60.7 93.5+57.8 100.2473.2 08.2+62.2 0122
Energy intake (kcal/day) 1639.8:325  1624.6:3108  1651+327.1  1617.5:290.7  0.634 Energy intake (kcal/day) 1618£297.4  1661.4%3484 1643.4+287.4 1610.2¢317.2  0.622
Energy expenditure (Metsmin) 341144483  3804+446  430.2£529.6  460.6£470.5  0.002 Energy expenditure (Metsmin) 387+459.3  350.84426.7  422.6+497.6 44255153  0.075
Ever-smoker (N, %) 30,11 18,64 24,85 14,51 0.030 Ever-smoker (N, %) 26,9.4 23,83 19,6.8 18,6.5 0.156
Habitual drinker (N, %) 42,154 27,9.6 23,82 17,61 0.000 Habitual drinker (N, %) 36,12.9 29,105 23,82 21,76 0.021
Incident MS (N, %) 13,48 19,6.8 10,35 16,58 0.967 Incident MS (N, %) 21,76 14,5.1 12,4.3 11,4 0.052

MS: metabolic syndrome, See Table 1A for other abbreviations.

See Table 2A for abbreviations.
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Table3A 3B ABI TabledA 4B
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Tabk 3A .Baselhe characterstics ofpartt pants served franalsi ofassocitbn betveen 0 C kvek and Tabk 3B .Baselhe characterstics ofpartt pants served franalsi ofassocitbn betveen ucO C kvek and
ncilenthgh PW V ncilenthgh PW V
Quartile groups of OC p-value Quartile groups of ucOC p-value
Q1 Q2 Q3 Q4 for trend Q1 Q2 Q3 Q4 for trend
N 146 152 143 145 - N 146 147 147 146 -
OC (ng/ml) 4.5:0.6 6.5:0.5 8.1:0.5 11£2 - OC (ng/ml) 5.3:13 6.8+1.6 7.741.9 10.3:25 <0.001
ucOC (ng/ml) 31415 4.6£1.8 6.2+2.3 9.7+4.9 <0.001  ucOC (ng/ml) 2.410.6 4.1:06 6:0.7 1114 -
Age (year) 55.4£11.5 59.6£9.3 60.3:9 63.5¢7.8 <0001  Age (year) 58.1£11.2 59.9+10.3 50.6:9 61.28.8 0.016
BMI (kg/m?) 22.9+3.7 22,6135 22.1£33 22.5¢3.9 0.146 BMI (kg/m?) 22.5:3.6 22.33.1 22.743.7 22,64 0.713
W abtcicun ference (cm ) 82.5+11.1 82.749.4 81.249.8 81.3+10.4 0177 W abtcicum ®rence (cm ) 82+10.4 81.249 82.4+10.3 82.2+11.1 0679
SBP (nmHg) 125+19.4 130.316.7 129.1£18.9 131.5£19.2 0.008 SBP nmHg) 127.8+18.3 128+17.9 127.4+18.4 132.9+19.8 0.033
DBP @ mHg) 74.7£10.5 75.7£10 75£10.6 76£11.1 0423 DBP @mHQ) 74.6£9.7 75.249.7 75.2411.8 76.4£10.9 0167
FPG ( gAlD 88.6£10.8 90.4+15.2 88.2:9.6 89+10.4 0.789 FPG @ gAl) 89.2+11 90.2+16.9 87.918.7 88.818.2 0451
HbAlc ¢) 52405 52104 52104 52405 0973 HbAlc @ ) 52405 52405 52104 5.2040.4 0995
HDLC (gAiD 64.7£15.5 64.1£14.9 66.5£16.2 62.5¢17.1 0484 HDLC (oAb 66.2£15.6 64.5£16.6 64.1£14.8 62.9£16.6 0089
Trighceride (" gD 91.3£69.2 98.5£74.2 98.4188.4 101.2¢61.4 0281 Trigycerile (n gAiD 89:66.5 101.1+100.3 97.2450.7 102.2461 0194
Energy intake (kcal/day) 1638.74361.3 1633.9+297.7  1656£317.8  1601.9+286.7  0.452 Energy intake (kcal/day) 1612.14280.2 1661.4+387.2 1631.9:+278.6 1624.8+309.9  0.942
Energy expenditure (Metsmin) 360.14471.1  370.6+462.1  492.91607.6  450.6+463.2 0.037 Energy expenditure (Metsmin) 4227+4935  333.3#426.9  460.84552.5  451.9+535.3 0.255
Ever-smoker (N, %) 22,15.1 14,92 15,105 8,55 0.014 Ever-smoker (N, %) 18,12.3 15,10.2 15,10.2 11,75 0.197
Habitual drinker (N, %) 23,15.8 19,125 10,7 12,83 0.016 Habitual drinker (N, %) 15,10.2 13,838 17,116 64,10.9 0.635
Incident high PWV (N, %) 39, 26.7 41,27 42,29.4 48,33.1 0.199 Incident high PWV (N, %) 41,281 47,32 41,27.9 41,28.1 0.807
PWYV: pulse wave velosity, See Table 1A for other abbreviations. See Table 3A for abbreviations.
Tabk 4A .Baselhe characterstics ofpart pant served ranalsi ofassocitbn betveen 0 C kbveb and Tabk 4B .Baselhe characterstis ofpartt pants served franalsi ofassochtbn betw een ucO C kvek and
ncilentbw ABI ncidentbw ABI
Quartile groups of OC p-value Quartile groups of ucOC p-value
Q1 Q2 Q3 Q4 for trend Q1 Q2 Q3 Q4 for trend
N 196 207 196 198 - N 198 200 199 200 -
OC (ng/ml) 4.6£0.7 6.6£0.5 8.3:0.5 11.242 - OC (ng/ml) 5.3t14 7+1.6 8+1.9 10.32.6 <0.001
ucOC (ng/ml) 3.1+1.6 4.6£1.9 6.2+2.3 9.7+4.9 <0.001  ucOC (ng/ml) 24106 4.1:0.5 6:0.7 1124 -
Age (year) 59.6£13.1 62.8£10.8 64.8£10.3 66.48.8 <0001  Age (year) 62.3£12.5 63.2¢11.1 63.6£10.6 64.5£10.1 0.051
BMI (kg/m?) 23+3.7 22.313.4 22533 22.33.6 0.070 BMI (kg/m?) 22.5¢3.7 22534 22.5¢3.2 22538 0.962
W abtcicum frence (cm ) 83+10.8 82.249.1 82.3+9.3 81.2+10 0.095 W abtcicum ference (cm ) 82.1£10.1 82+9.7 82.3+8.8 82.3+10.7 0.799
SBP @mHg) 130.7421.6 134.9+20.8 134.6+19.5 137.1£20.5 0.005 SBP @mHg) 134.5¢21.7 133.4+20.4 132.2+20 137.2+20.4 0281
DBP @ mHg) 75.6+10.1 76.7£10.7 76+10.9 77.9410.8 0059 DBP @ mHg) 76.1£10.4 76.1£10 76.6+11.5 77.4+106 0211
FPG (gAlD 90.2¢13.6 92.8+20.2 89.249.6 89.8+11 0282 FPG ( gAlD 91.7+14.4 91.5+20.6 89.2:9.8 89.8£9.6 0079
HbAlc ¢) 5.3:0.6 5.310.6 52104 52105 0243 HbAlc ¢) 5.3:0.5 53107 52104 52104 0465
HDL-C (gAlD 63.7+16.1 63£14.9 65.3+16 61.9+17.3 0547 HDLC (oAb 64.9£16.1 63.7+17.1 63.2+155 62.1+15.7 0082
Trigycerile (" gD 100.3£74.2 104.771.7 99.7478.2 105.6+70.1 0647 Trighcerie (" gD 96.4166.1 108495.2 104.8£69.9 101.1457 0643
Energy intake (kcal/day) 1612.1£351.6  1629+308.5  1666.5£329.1 1600.2:2982  0.994 Energy intake (kcal/day) 15954299.7  1670.2¢356.9 1627.5:293.5 1614.6+£333.4  0.883
Energy expenditure (Metsmin) 350.4+450 372.8+437.2  505.9+504.8  460.2+478.3 0.004 Energy expenditure (Metsmin) 376.5t447.3  359.8+421.5  450.7#5426  489.6+551.7 0.005
Ever-smoker (N, %) 23,117 20,9.7 15,7.7 8,4 0.004 Ever-smoker (N, %) 22,111 16,8 15,75 13,65 0.102
Habitual drinker (N, %) 26,133 22,106 19,9.7 14,7.1 0.043 Habitual drinker (N, %) 22,111 23,115 16,8 20, 10 0.479
Incident low ABI (N, %) 2,1 4,19 4,2 3,15 0.699 Incident low ABI (N, %) 4,2 3,15 4,2 2,1 0.525
ABI: ankle brachial index, See Table 1A for other abbreviations. See Table 4A for abbreviations.
3 OC ucOC MS PWV ABI
Baseline OC ucOC MS PWV ABI
Table5A OC 5B ucOC
OR
Table5A oC ucOC
Table5B Q1 1.69
OR p=0.066 MS
Q1 OR 241 OR

Tabk 5A .M ulvarie-adjisted O R ofdiferentouttom es ©rquatike groups ofserun 0C Eveb

DM Ms HighPWV Low ABI
OR 95% C 1 OR 95% C 1 OR 95% C 1 OR 95% C 1
oc Q1 085 047,152 112 051,246 142 0.79,256 051 01,256
Q2 110 065,187 138 068,2.79 098 056,169 178 062,514
Q3 1.04 061,177 068 03,155 108 063,187 067 018,243
Q 4 (reference) 1 1 1 1
P-valie fortend 0695 0408 0707 0995

OR:odds ratb,DM :diabetes m elis,M S :m elabolc syndrom e, C Econfilence ihterval 0 C tosteocakh,Q 1-Q 4:bwestio
highestquartie groups,0 rs were adjisted forage,BH I, btalenegy htake, bialenergy expendiure,and sm oking and
drinking habis.

TabE 5B .M ultivarie-adjisted O R ofdiferentouttom es frquatie groups ofserum uc0O C kveb

DM Ms HighPWV Low ABI
OR 95% C1 OR 95% C 1 OR 95% C 1 OR 95% C 1
uc0 C Q1 169 097,296 241 111,525 131 074,231 233 041,1323
Q2 124 068,224 165 072,383 136 078,238 179 029,1111
Q3 156 089,273 129 055,306 117 067,204 224 04,1253
Q 4 (reference) 1 1 1 1
P-valie rtend 0137 0018 0290 0426

ucO C :undercarboxy hted ostocakn,See Tabk 5A Proterabbreviatons.
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