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Are lower levels of osteocalcin associated with increased risk of incident type
2 diabetes mellitus and metabolic syndrome?

YURA, Akiko
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We have conducted a 10-year follow-up survey of the FORMEN cohort study and
analyzed the data longitudinally. We have found that low serum levels of osteocalcin (0C) and

under-carboxylated 0C (ucOC) at baseline were significantly associated with higher odds ratio (OR)
of prevalent diabetes mellitus and metabolic syndrome but were not associated with increased OR of
incidence of these diseases during the follow-up period. These results do not support that low
levels of OC or ucOC induce diabetes mellitus or metabolic syndrome, but suggest that increased
insulin tolerance causes hyperglycemia which deteriorates osteoblast function resulting in low

production of OC and ucOC. Low levels of OC and ucOC are not a cause of diabetes mellitus or
metabolic syndrome but a consequence of them.
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Table 1. Baseline characteristics of participants classified by prevalence of T2DM at baseline and incidence of T2DM during the follow-up period

Baseline characteristics Prevalent T2DM No T2DM at baseline  p-value Incident T2DM No T2DM at follow-up  p-value
N (%) 361 (18.0) 1643 (82.0) - 113 (8.8) 1172 (91.2) -
Age 729 + 5.1 731 = 52 0.578 72.0 £ 49 725 + 49 0.341
Height (cm) 162.8 + 5.9 162.8 + 5.7 0.938 162.9 + 5.9 162.9 + 5.7 0.947
Weight (kg) 62.2 + 89 60.6 + 85 0.001 61.4 + 8.7 60.8 + 8.1 0.493
BMI(kg/mz) 234 £ 29 228 £ 27 <0.001 231 £ 26 229 £ 26 0.451
Waist circumference (cm) 874 + 81 85.1 + 7.8 <0.001 85.6 + 7.7 85.1 + 75 0.518
FPG (mg/dI) 144.6 + 555 953 + 9.4 <0.001 100.2 + 10.8 946 + 8.8 <0.001
HbA1lc (%) 70 + 10 55 + 0.3 <0.001 59 + 0.3 54 £ 03 <0.001
OC (mg/ml) 43 £ 15 50 £ 15 <0.001 51 15 50 £ 15 0.954
ucOC (mg/ml) 22 £ 20 31 + 18 <0.001 29 17 30 + 18 0.610
SBP (mmHg) 1478 + 214 1448 = 19.9 0.011 1452 + 182 1449 + 196 0.869
DBP (mmHg) 731 £ 111 77.7 £ 115 <0.001 76.9 £ 115 783 + 113 0.208
TG (mg/dl) 1455 + 833 1255 + 68.7 <0.001 133.3 + 65.7 126.6 + 71.1 0.336
HDL-C (mg/dl) 534 + 143 56.1 + 145 0.001 54.8 + 13.6 56.4 + 145 0.236
T2DM: type 2 diabetes mellitus ucOC: undercarboxylated OC
N: Nnumber of participants SBP: systolic blood pressure
BMI: body mass index DBP: diastolic blood pressurre
FPG: fasting plasma glucose TG: triglyceride
HbA1c: glycated hemoglobin Alc HDL-C: high density lopoprotein cholesterol

OC: osteocalcin

Table 2. Baseline characteristics of participants classified by prevalence of MS at baseline and incidence of MS during the follow-up period

Baseline characteristics Prevalent MS No MS at baseline  p-value Incident MS No MS atfollow-up  p-value
N (%) 518 (25.9) 1481 (74.1) - 123 (11.3) 968 (88.7) .
Age 725 + 51 732 =53 0.011 719 + 43 726 £ 50 0.081
Height (cm) 164.0 + 54 1624 + 5.7 <0.001 1629 = 5.2 1625 + 5.9 0.463
Weight (kg) 67.0 = 6.7 588 + 8.1 <0.001 639 * 7.2 585 + 7.8 <0.001
BMI(kg/mZ) 249 £ 21 223 + 26 <0.001 241 + 23 221 + 25 <0.001
Waist circumference (cm) 91.7 £+ 52 833 + 75 <0.001 88.7 + 6.6 827 £ 7.2 <0.001
FPG (mg/dl) 118.2 + 431 99.1 + 236 <0.001 1009 + 22.2 97.7 + 19.2 0.133
HbAlc (%) 6.1 + 10 56 * 0.6 <0.001 57 £ 06 56 * 0.6 0.013
OC (mg/ml) 46 £ 15 50 £ 15 <0.001 50 + 16 50 £ 15 0.795
ucOC (mg/ml) 27 £ 19 30 £ 19 0.001 28 £ 19 29 + 18 0.447
SBP (mmHg) 150.8 + 16.7 1434 = 210 <0.001 1439 * 18.2 1433 + 20.7 0.759
DBP (mmHg) 779 £ 115 765 = 115 0.017 775 £ 11.0 76.8 + 11.3 0.560
TG (mg/dI) 183.0 + 822 110.3 = 57.2 <0.001 1276 = 75.9 108.3 + 53.9 0.007
HDL-C (mg/dI) 483 = 12.6 58.2 + 143 <0.001 55.0 + 13.9 59.1 + 14.0 0.003
MS: metabolic syndrome See Table 1 for other abbreviations.
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Table 3. Serum OC and ucOC levels and risk of prevalent T2DM at baseline and incident T2DM during the follow-up
OR of prevalence of T2DM at baseline OR of incidence of T2DM during the follow-up
Predictors Unit for OR  Unadjusted (95% ClI) AdjustedA (95% ClI) Unadjusted (95% ClI) Adjusted“ (95% ClI)
oC SD decrease 141 (1.25,1.57) 1.4 (1.25,1.57) 0.99 (0.82,1.21) 0.98 (0.81,1.20)
ucOC SD decrease 169 (1.50,1.91) 1.69 (1.50,1.91) 1.05 (0.86, 1.28) 1.04 (0.85,1.27)
OC: osteocalcin OR: odds ratio
ucOC: undercarboxylated OC 95% CI: 95% confidence interval
T2DM: type 2 diabetes mellitus A adjusted for age and weight
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Table 4. Serum OC and ucOC levels and risk of prevalent MS at baseline and incident MS during the follow-up
OR of prevalence of MS at baseline OR of incidence of MS during the follow-up
Predictors Unit for OR  Unadjusted (95% ClI) Adjusted” (95% ClI) Unadjusted (95% ClI) Adjusted® (95% ClI)
oc SD decrease 121 (1.09, 1.33) 1.19 (1.06, 1.33) 1.03 (0.85, 1.24) 0.99 (0.81, 1.21)
ucocC SD decrease 1.19 (1.07, 1.31) 1.15 (1.02, 1.29) 1.08 (0.89, 1.30) 0.99 (0.81, 1.21)
MS: metabolic syndrome See Table 3 for other abbreviations.
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