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Abstract  

Context: The osteoblast-derived polypeptide, osteocalcin (OC), has been associated with lower risk of 

type 2 diabetes and metabolic syndrome (MetS) in several epidemiological studies. Animal studies 

indicated the undercarboxylated form of osteocalcin drives its association with metabolic outcomes. 

We compared associations of undercarboxylated and carboxylated OC with MetS and its components 

in older men. 

Design: A cross-sectional analysis of 2575 men aged >70 resident in Perth, Western Australia.  

Undercarboxylated osteocalcin (ucOC) was assayed using a hydroxyapatite binding method and 

carboxylated OC (cOC) calculated by subtracting ucOC from total OC. Main outcome measures were 

MetS and its components. 

Results: Both lower serum ucOC and cOC levels, and the proportion of cOC (%cOC) were associated 

with less favourable metabolic parameters (higher waist circumference, triglyceride, glucose and 

blood pressure and lower high-density lipoprotein cholesterol), while inverse associations were found 

with %ucOC. Men in the lowest quintile of ucOC had higher risk of MetS compared to men in the 

highest quintile (Q1 ≤7.7 vs. Q5 >13.8 ng/ml; OR=2.4, 95% CI 1.8-3.2). Men in the lowest quintile of 

cOC had higher risk of MetS compared to those in the highest quintile (≤5.8 vs >13.0 ng/ml; OR=2.4, 

95%CI 1.8-3.2).  

Conclusions: Lower concentrations of serum ucOC or cOC were associated with less favourable 

metabolic parameters and a higher risk of MetS. In contrast, a lower proportion of ucOC was 

associated with better metabolic parameters and lower MetS risk. Further research is warranted to 

determine whether ucOC and cOC are suitable biomarkers for cardiometabolic risk in men.  

Keywords: osteocalcin; undercarboxlated osteocalcin; carboxylated osteocalcin; metabolic syndrome.  
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Introduction  

Osteocalcin (OC) is synthesised and secreted by osteoblasts and is the most abundant non-collagenous 

protein of the extracellular bone matrix  (1,2). Osteocalcin contains three glutamic acid residues 

(carbon positions 17, 21, and 24) that can undergo vitamin K-dependent post-translational γ-

carboxylation (3), providing OC with a high binding capacity to calcium in the bone matrix 

hydroxyapatite (1). Both γ-carboxylated osteocalcin (cOC) and undercarboxylated osteocalcin (ucOC) 

are found in the circulation (4). As such,  concentrations of total OC (TOC) are used as a biomarker of 

bone turnover (5). The percentage of ucOC in serum is recognised as an indicator of vitamin K 

availability (6).  

Based on results from animal studies, there have been suggestions that ucOC is a hormone involved in 

energy and glucose metabolism (7,8). There is conflicting data from OC knockout animals, with older 

studies reporting that OC knockout mice exhibit higher blood glucose and lower insulin levels and 

mice in which a higher percentage of ucOC is present, are protected from obesity and diabetes (7,8). 

However, recently, both mouse and rat studies have shown no effect of OC deficiency on glucose 

metabolism (9-11). There are several known differences between murine and human OC, including 

serum levels of OC; the degree of carboxylation; protein sequences; gene loci (12-14); and responses 

to vitamin D regulation (15-18). Thus, the importance of carboxylation status of osteocalcin in energy 

metabolism in humans has not been fully elucidated.   

Numerous epidemiological studies have investigated the association between serum OC, mainly TOC, 

with diabetes, markers of glucose metabolism, adiposity, and cardiovascular outcomes (19-22). 

Systematic reviews and meta-analyses have consistently reported that lower TOC levels are 

associated with increased risk of type 2 diabetes, metabolic syndrome (MetS), high blood glucose and 

inappropriate insulin responses (23-27) and excess adiposity (28).  

It is interesting that despite the accumulating evidence reporting the association between OC and 

MetS, and the postulated role of ucOC, there are few epidemiological studies that consider both forms 

of OC. Systematic reviews have reported an inverse correlation between ucOC and fasting blood 
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glucose, glycated haemoglobin A1c (HbA1c) and adiposity (24,28), while evidence of the role of 

TOC, ucOC or cOC on cardiometabolic outcomes remains inconclusive (29,30). Therefore, the 

metabolic role of ucOC as distinct from cOC, remains unclear.  

It should be noted that studies using a commercially available ucOC antibody without a 

hydroxyapatite binding step to remove cOC may possibly overestimate ucOC (31). Furthermore, 

serum ucOC level is highly correlated with TOC (10). The percentage of ucOC, as a proportion of 

total circulating OC (%ucOC) has been posited as a better measure for examining associations with 

cardiometabolic risk factors, than either TOC, ucOC and cOC alone (10,31).  

In the current sudy, we therefore analysed associations of serum levels of ucOC and %ucOC, 

determined using a hydroxyapatite binding assay, and the serum levels of cOC and %cOC, with the 

presence of MetS and its individual components, in a population of community-living older men 

residing in Perth, Western Australia. 

 

 

Methods 

Study population 

The Health In Men Study (HIMS) is a population-based study of community-dwelling older male 

residents in Perth, West Australia (32). Briefly, men over 65 years were randomly selected from the 

electoral roll and invited to participate in the study. A population-based sample of 12203 men 

participated between 1996 and 1999, of these 4263 men were reassessed between 2001 an≥d 2004 

with 4248 men, then aged 70-89 years, providing a blood sample. Demographic, medical and 

medication information were collected via questionnaire. Height (cm), weight (kg), waist 

circumference (cm) and blood pressure (mmHg) were measured using standard procedures. The 

human research ethics committee of the University of Western Australia approved the study protocol, 

and all study participants gave their written, informed consent. 
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Definition of metabolic syndrome 

Metabolic syndrome was defined according to the NCEP-ATP III classification (33) as three or more 

of the following five criteria: 1) waist >102 cm; 2) fasting glucose (FG) ≥5.6 mmol/l, or a known 

diagnosis of diabetes; 3) fasting triglyceride (TG) ≥1.7 mmol/l; 4) fasting high-density lipoprotein 

(HDL) cholesterol <1.03 mmol/l; 5) Systolic (SBP) and diastolic blood pressure (DBP) ≥130/85 

mmHg or previous diagnosis of hypertension or taking anti-hypertensive therapy.  

 

Laboratory assays 

Blood samples were collected between 8 am and 10:30 am. Routine biochemistry was performed at 

the time of sample collection. Glucose, cholesterol, and TG were estimated using a Roche Hitachi 917 

analyser (Roche Diagnostic GmbH). Between-day imprecision for FG was 2.9% at 4.8 mmol/l and 

2.2% at 15.2 mmol/l; for TC it was 2.3% at 3.2 mmol/l and 2.1% at 6.7 mmol/l; for HDL it was 2.4% 

at 0.8 mmol/l and 2.5% at 1.7 mmol/l, and for TG it was 4.8% at 0.9 mmol/l and 2.4% at 2.0 mmol/l.  

Aliquots of plasma and serum were prepared immediately after phlebotomy and stored at -80°C. The 

serum aliquots used in this study had never been previously thawed, i.e. were first thawed for the 

study assays of OC after 8-11 years. The design of the OC assay suggest that major deterioration 

would not be exptered (34). Serum TOC was assayed by electrochemiluminescence immunoassay 

using a modular E170 analyser (Roche Diagnostics). This TOC assay detects both intact OC (amino 

acids 1-49) and the major N-terminal fragment (1-43). The inter-assay coefficients of variation were 

3.6% at 17.1 ug/L.  

For the determination of ucOC, serum samples were preincubated with hydroxyapatite to bind cOC, 

which was precipitated by centrifugation and ucOC in the supernatant measured using the same assay 

as for TOC, as previously described (31,35). ucOC was reported as a concentration and as a 

proportion of the total amount of OC present (%ucOC). For reference, an OC standard with expected 
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fractional hydroxyapatite binding of 0.80, kindly supplied by Professor Caren Gundberg (Yale School 

of Medicine, New Haven, CT) was used, and mean fractional hydroxyapatite-bound osteocalcin was 

0.77, and between-run imprecision was 6.0%. The concentration of cOC was derived by subtracting 

the concentration of ucOC from TOC, and the proportion of cOC was thus calculated.  

 

Statistical analysis 

Data are presented as mean ± standard deviation (SD) for continuous variables and frequencies 

(percentage) for categorical variables. Serum ucOC, low-density lipoprotein cholesterol (LDL), HDL, 

TG, FG, creatinine, 25OHD levels, anthropometric data (BMI and waist), blood pressure, lifestyle 

factors in men with and without MetS were compared by chi-square tests for categorical variables or 

two-sample t-test (for continuous variables), which are robust for parametric and modestly skewed 

distributions with sufficiently large sample sizes (36). As serum OC levels were skewed to the right, 

Kruskal–Wallis tests were used to determine differences in OC between the number of MetS groups 

and Jonckheere-Terpstra tests to assess trends across number of MetS groups. Correlations between 

serum TOC, ucOC and cOC were determined using Spearman rho correlation. Fractional polynomial 

regression analyses were then applied to investigate the non-linear association between both ucOC 

and cOC and individual components of MetS. The continuous serum ucOC, %ucOC, serum cOC and 

%cOC were entered into the fractional polynomial as independent variables; waist, TG, HDL, DBP, 

SBP and FG were entered as dependent variables; adjusted for age, smoking, education, physical 

activity, alcohol use, history of CVD, serum creatinine and 25(OH)D. These covariates were selected 

based on previous studies have found to have association with both osteocalcin and cardiometabolic 

health (37,38). The best-fitting degree two fractional polynomial models (FP2) with four degrees of 

freedom were chosen from a set of eight powers (-2, -1, -0.5, 0(log), 0.5, 1, 2, 3). To assess the 

association between ucOC and cOC with the risk of MetS, serum ucOC, serum cOC and %cOC were 

stratified into quintiles. Univariate and multivariable logistic regression analyses were used to assess 

odds ratios (OR) for MetS in serum ucOC quintiles (highest quintile as the reference group). 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgab358/6277895 by U

niversity of W
estern Australia user on 25 June 2021



Acc
ep

ted
 M

an
us

cri
pt

 

8 
 

Sensitivity analyses was performed by repeating logistic regression after excluding lower and upper 

1% ucOC and cOC values. Statistically significant results were defined as p-values <0.05. Data were 

analysed with the statistical software R (R Foundation for Statistical Computing; Version 4.0.3). 

 

Results 

Population characteristics 

Of the 4248 men who participated and donated blood samples, blood samples from 3759 men were 

available for assay of TOC, ucOC and assessment of metabolic parameters. Men who reported having 

bone fracture/s, Paget's disease, or receiving bisphosphonates, glucocorticoids or warfarin (n=501), 

and men who were not fasting at the time of blood sampling (n=683) were excluded. Thus, there were 

2575 men were included in the current analysis. The mean age was 76.3±3.5 years. Mean serum TOC, 

ucOC and cOC levels were 21.7±16.2 ng/ml, 11.2±5.4 ng/ml and 10.5±11.9 ng/ml, respectively and 

mean %ucOC and %cOC were 54±9.5 and 46±9.5, respectively. Serum TOC concentrations were 

strongly correlated with serum ucOC levels (r=0.88, p<0.001) and cOC levels (r=0.92, p<0.001), 

while serum ucOC had a moderate positive correlation with serum cOC (r=0.64, p<0.001). Non-

fasting exclusions had similar age and serum OC levels compared to those who were fasted (data not 

shown).  

 

Stratification of men according to the presence of metabolic syndrome or its components 

Metabolic syndrome was present in 778 men (30.2%). Men with MetS had higher BMI, waist 

circumference, SBP and DBP, and creatinine, FG, and TG concentrations compared to men without 

MetS. Men with MetS exercised less and had lower cholesterol levels, serum 25OHD, ucOC, %ucOC 

and %cOC compared to men without MetS (Table 1). Serum ucOC and cOC level was highest in men 

who had zero or one component of MetS and progressively decreased in men with one or more 

components of MetS (Figure 1; p for trend <0.001). The %ucOC was highest in men who had four or 

five components of MetS. We observed a trend for progressively increasing %ucOC with the number 
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of MetS components (p for trend <0.001). As serum cOC was derived by subtracting ucOC from 

TOC, the trend of %cOC was opposite to the %ucOC. 

 

Associations between metabolic syndrome components and undercarboxylated osteocalcin 

 The non-linear associations between ucOC and individual components of MetS, i.e. waist 

circumference, TG, HDL, FG, and blood pressures, were evaluated in fractional polynomial models. 

In univariate analysis, the best fit transformation for serum ucOC levels was ucOC
-0.5

 for waist; ucOC
-

2
 for TG and HDL; ucOC

-1
 for FG and linear for SBP and DBP. When adjusted for age, smoking 

status, education, physical activity, serum creatinine and 25OHD, CVD history and alcohol, the best 

fit transformation was log-transformed for waist circumference, linear for TG, HDL and SBP and 

DBP, and ucOC
-1

 for FG. Lower serum ucOC levels were associated with higher waist circumference, 

TG, and FG, and lower HDL. No association was found with SBP or DBP (Figure 2A-2F).  

For %ucOC, we observed positive associations between serum %ucOC levels and waist, TG, FG and 

SBP and DBP. No association was found with HDL. In the univariate fractional polynomial analyses, 

the best fit transformation of %ucOC was linear for waist circumference, HDL, FG and blood 

pressures, and %ucOC
3
 for TG. When confounders were taken into account, the best fit model 

selections for %ucOC changed to linear for all MetS components (Figure 3A-3F). HDL was not 

associated with %ucOC (Figure 3C). For all other components of MetS, lower %ucOC was associated 

with lower waist circumference, TG, FG, SBP and DBP (Figure 3A,B,D-F). 

 

Associations between metabolic syndrome components and carboxylated osteocalcin 

Fractional polynomial regression analyses were repeated as above using serum cOC and %cOC as the 

explanatory factor. In univariate analyses, the best fit transformation of serum cOC was linear for 

HDL and SBP; log-transformed for waist circumference, cOC
-0.5

 for FG, cOC
0.5

 for SBP, and cOC
-2

 + 

cOC
-2

*log(cOC) for TG. When adjusted for confounders, the best fit transformation was linear for 
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SBP, log(cOC) for waist circumference and HDL, cOC
-0.5

 for TG, FG, and DBP (Figure 4A-4F), 

suggesting lower serum cOC concentrations were associated with less favourable metabolic 

parameters.  

In the univariate fractional polynomial analyses, the best fit transformation of %cOC was linear for 

waist circumference, HDL, FG and blood pressures, and %cOC
-0.5

 for TG. However, when 

confounders were taken into account, the best fit model selections for %cOC changed to linear for all 

MetS components. For %cOC, no association was found with HDL. There were inverse associations 

between %cOC levels and waist circumference, TG, FG SBP and DBP (Figure 5A-5F). 

 

Associations between metabolic syndrome and both forms of osteocalcin in older men 

We then categorised serum ucOC levels into quintiles and used the highest quintile as the reference 

group (Table 2). The univariate logistic regression showed that men in the lowest quintile of ucOC 

(Q1, ≤7.70 ng/ml) had significantly increased risk of MetS compared to those in the highest quintile 

(serum ucOC >13.8 ng/ml, OR=1.94, 95%CI 1.49-2.53). This risk was 2.4 -fold higher (Q1 vs Q5, 

OR=2.38, 95%CI 1.79-3.18) when adjusted for baseline covariates. The second and third quintile had 

approximately 40% higher odds of MetS (Q2 vs Q5: OR=1.38, 95%CI 1.02-1.86; Q3 vs Q5, 

OR=1.35, 95%CI 1.01-1.82) (Table 2). 

When %ucOC was stratified into quintiles, both the univariable and multivariable logistic regression 

analyses indicated that men with lower %ucOC had significantly lower odds of MetS. Men with the 

lowest quintile of %ucOC had 45% lower odds of MetS compared to the highest quintile (OR=0.55, 

95%CI 0.41-0.73) (Table 2).  

For serum cOC and %cOC, both univariable and multivariable analysis indicated that only men in the 

lowest quintile of cOC had significantly increased risk of MetS compared to those in the highest 

quintile (Table 3). The adjusted OR for men with serum cOC in the lowest compared to highest 

quintile was 2.4 (95%CI 1.79-3.22), which is similar to the OR for serum ucOC. Men with the lowest 
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quintile of %cOC had 80% higher odds of MetS compared to the highest quintile (adjusted OR=1.82, 

95%CI 1.36-2.43).  

Sensitivity analysis of undercarboxylated osteocalcin and the presence of metabolic syndrome 

To assess whether the results were influenced by the presence of very low or very high levels of 

ucOC, the men with ucOC and cOC in the lowest or highest 1% of values were excluded in our 

anlaysis. When the 1% lowest and highest outliers (n=97) of serum ucOC levels were excluded, lower 

ucOC remained associated with higher risk of MetS, and lower %ucOC with lower risk (Table 4). For 

cOC and %cOC, after excluding 1% lowest and highest of values, lower cOC and %cOC remained 

associated with higher risk of MetS (Table 4).  

 

Discussion  

In this population of community-dwelling older men, both lower ucOC or cOC concentrations were 

associated with higher odds of having MetS. This finding is consistent with the previous report of 

lower TOC being associated with MetS in the same cohort (22). Of note, lower %ucOC was 

associated with lower odds for the diagnosis of MetS. A very limited number of studies have reported 

the association between OC and energy metabolism with both forms of OC and to our knowledge, 

none have previously assessed these correlations using the proportions of ucOC. These findings 

extend our understanding of the relationship between OC and MetS.  

Several epidemiological studies and a systematic review have reported the association between serum 

TOC and MetS (23). However, few studies have reported analyses of both the undercarboxylated and 

carboxylated forms. Higher ucOC was associated with lower risk of MetS in Korean post-menopausal 

women (39) and in a population with T2DM (40). In contrast, Singaporean women with MetS had 

higher ucOC and lower cOC compared to healthy women, but no association was seen in men (41). 

These studies differed with respect to participant characteristics, assays used for the measurement of 

ucOC and the sample sizes, which may explain the reasons for the differing results.  
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Although ucOC has been postulated as the active form of OC involved in energy metabolism, caution 

is needed when extrapolating the findings from cell culture and mouse models to humans, not least 

because of the complex crosstalk between the skeleton and adiposity. Additionally, there are several 

known differences between OC from humans and other animal studies, including gene loci, protein 

sequences, serum concentration ranges, the degree of carboxylation, vitamin K bioavailability and the 

response to vitamin D regulation (12-18). A study of OC null rats using CRISPR/Cas9 technology 

reported no significant changes in body composition or fasting blood glucose (9). More recently, two 

studies in OC-deficient mice reported no elevation of blood glucose or changes to adipose tissue 

volume in contrast to earlier studies (11,42).  

We found both lower serum ucOC and lower cOC are associated with poorer metabolic status and 

increased risk of MetS in community-dwelling older men. Results of serum ucOC are consistent with 

a recent meta-analyses indicating that ucOC is negatively correlated with BMI and body fat 

percentage in observational studies (28). However, only a few studies reported the association of cOC. 

In cross-sectional studies, lower cOC, but not ucOC, were correlated with higher body weight and 

adiposity in healthy post-menopausal women (43) and middle aged men (44). In vitro data indicate 

that cOC can stimulate adiponectin secretion, while only cOC treatment inhibited the secretion of the 

pro-inflammatory cytokine interleukin 6 (45). The direct role of OC in energy metabolism remains 

inconclusive in both animal and human studies.   

Furthermore, we observed opposite associations as lower serum ucOC and higher %ucOC were 

associated with lower odds of MetS. This pattern was similar to ealier results in the same cohort that 

showed increased serum ucOC was independently associated with lower prevalence of diabetes, while 

increased %ucOC was associated with increased diabetes risk although this was no longer statistically 

significant in multivariable models (46). The result of %ucOC in current study does not support the 

findings of Lee et al. and related studies that suggest ucOC modulated energy metabolism (7,8,47). 

We speculate that this may, in part, be due to the older age (mean age >70 years) of the study 

participants. In adult men, the absolute concentrations of TOC, ucOC and cOC changes follows a u-

shaped pattern across the lifespan with higher levels in younger (~20 years old and tend to decrease 
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with age) and again in older populations (increasing after ~50-60 years old); in constrast, the %ucOC 

increases linearly with age (10). The increased OC concentrations and the higher %ucOC observed in 

older indivudals may represent the high bone remodelling and bone loss (35,48) and/or declining 

vitamin K status in older populations (49). The association of %ucOC with risk of MetS may reflect 

differences in bone turnover and dietary influences that occur with ageing, rather than a causal link 

between ucOC and glucose metabolism.  

The carboxylation of OC is a vitamin K-dependent process, such that high %ucOC is used as an 

indicator of poor vitamin K status (50). Several clinical trials used vitamin K treatment to modify the 

%ucOC and observed changes in metabolic risk factors in longitundial study design. Shea el al. 

reported that neither reduced serum ucOC levels nor %ucOC induced by vitamin K supplementation 

over three years were associated with changes in body composition and insulin resistance in older 

community-dwelling adults (2,49). Knapen et al. also reported menaquinone treatment for three years 

did not associate with changes in body weight or fat mass (43). In contrast, Schafer et al., reported 

that three-month changes in serum ucOC levels induced by anti-osteoporosis treatments were 

inversely correlated with changes in body composition but not associated with insulin or glucose at 

12-month follow-up (51). These longitudinal studies suggest that modifying carboxylation of OC 

using vitamin K and anti-osteoporotic medications does not impact on glucose metabolism. 

Furthermore, Yoshida el al. also reported that 36-month vitamin K-supplementation (resulting in 

lower %ucOC) was associated with improved insulin resistance in older men (52). Thus, the complex 

crosstalk between vitamin K, OC and metabolism requires further investigation. 

Strengths of this study include the large size of the cohort who older men more at risk of MetS.  

Participants were also a representative sample randomly selected from the electoral roll. A 

hydroxyapatite binding step was used to measure serum ucOC concentrations, which avoids the 

overestimation of ucOC that has been observed following the use of some commercially available 

ucOC assays (31). As serum ucOC is affected by age, smoking status, physical activity level, which 

are known to affect risk of cardiometabolic disease (37,38), these analyses were adjusted for such 

potential confounders in our study.  
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There are several limitations to this study. Firstly, due to the temporal nature of this observational and 

cross-sectional study, we are unable to conclude whether ucOC predicts development of MetS, or 

whether the presence of MetS contributes to differences in ucOC. Secondly, as bone turnover markers 

have been reported to be lower in people with metabolic syndrome (53,54) and abdominal obesity 

(55) it is possible that our findings are part of a lowe bone turnover phenomenon related to pre-

diabetes and/or other metabolic disorders. As we were unable to include other bone turnover makers, 

such as CTX and P1NP, we cannot conclude whether the associations of the different OC forms with 

metabolic syndrome is a result of low bone turnover in our cohort. We did not include ucOC and cOC 

in the same model due to concerns over collinearity. Moreover, our participants were mainly 

Caucasian men aged 70 years and above, therefore, findings from the current study may not apply to 

younger men, men of different ethnicities, or women. Samples used in the current study were from 

men that returned for the second wave of the HIMS study (32), so a healthy survivor effect may be 

present. Thus, consideration should be given to the notion that these results may only be relevant to 

healthier older men. Another potential limniation is that multiple testing of the HIMS data, as we have 

done here, may increase the chance of significant findings. Besides, the cOC concentration was 

derived from subtracting the ucOC from the TOC, which may undermine the precision of cOC 

measurements in our analysis. Finally, vitamin K was not measured, thus we could not adjust for 

vitamin K in our studies.  

Conclusion 

Both lower serum ucOC or cOC are associated with increased risk of MetS in this population of 

community-dwelling older men. In contrast, when ucOC was presented as %ucOC, we observed a 

direct association with risk of MetS.While ucOC and cOC are sometimes linked to Vitamin K status, 

it is possible that, based on our unique findings of %ucOC, we may have another that might be useful 

in the determination of MetS in, at lease, older males.  
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Table 1 Characteristics of 2575 community-dwelling older men stratified for the absence and the 

presence of metabolic syndrome.  

 No MetS (n=1797) MetS  

(n=778) 

P value 

Age (years) 76.4 ± 3.6 76.3 ± 3.3 0.59 

BMI (kg/m2) 25.3 ± 2.9 29.0 ± 3.4 <0.01 

Waist (cm) 95.3 ± 8.1 106.6 ± 8.3 <0.01 

SBP (mmHg) 147.6 ± 20.3 151.8 ± 10.4 <0.01 

DBP (mmHg) 75.3 ± 10.4 77.5 ± 10.8 <0.01 

Creatinine (μmol/L) 91.5 ± 25.4 98.0 ± 46.4 <0.01 

Glucose (mmol/L) 5.39 ± 0.74 6.21 ± 1.39 <0.01 

TG (mmol/L) 1.05 ± 0.48 1.75 ± 0.88 <0.01 

HDL (mmol/L) 1.51 ± 0.35 1.21 ± 0.31 <0.01 

LDL (mmol/L) 2.99 ± 0.83 2.85 ± 0.86  <0.01 

Cholesterol (mmol/L) 4.98 ± 0.91 4.86 ± 0.99 <0.01 

25OHD (nmol/L) 71 ± 24 63 ± 23 <0.01 

TOC (ng/ml) 22.1 ± 16.4 20.8 ± 15.7 0.06 

ucOC (ng/ml) 11.4 ± 5.1  10.9 ± 5.9 0.04 

 %ucOC 53.7 ± 9.37 55.0 ± 9.73 <0.01 

cOC (ng/ml) 10.7 ± 12.49 9.9 ± 10.4 0.11 

%cOC (ng/ml) 46.3 ± 9.37 45.0 ± 9.73 <0.01 

Total MET (h/week) 21 ± 20 17 ± 17 <0.01 

Smoking   <0.01 

Never  130 (7.2) 64 (8.2)  

Past 944 (52.6) 477 (61.3)  

Current  722 (40.2) 237 (30.5)  

Education   0.05 

Completed high school 902 (50.2) 357 (45.9)  

Not completed 894 (49.8) 420 (54.1)  

Data are presented as mean ± SD for continuous variables and n (%) for categorical variables. P-values estimated from two-

sample t-test for continuous variables and chi-square test for categorical variables. 
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Figure 1. Serum undercarboxylated and carboxylated absolute osteocalcin levels (A) and their 

proportion to the total TOC (B) according to the metabolic syndrome score in 2575 men aged ≥70 

years. Data are median values, and error bars are 95% confidence intervals. 
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Table 2. Association of undercarboxylated osteocalcin (both serum ucOC and %ucOC) in quintiles 

and metabolic syndrome in older men.  

Serum ucOC Q1  Q2  Q3  Q4 Q5 

Range (ng/ml) ≤7.70 7.72-9.34 9.36-11.12 11.14-13.82 >13.82 

Univariable  

OR (95% CI) 

1.94 (1.49-2.53)* 1.19 (0.91-1.57) 1.18 (0.90-1.56) 1.16 (0.88-1.53) Ref 

Multivariable
a
  

OR (95%CI) 

2.38 (1.79-3.18)* 1.38 (1.02-1.86)* 1.35 (1.01-1.82)* 1.32 (0.98-1.77) Ref 

%ucOC Q1  Q2  Q3  Q4 Q5 

Range (%) ≤46.72 46.74-51.58 51.59-55.75 55.78-61.22 >61.22 

Univariable  

OR (95% CI) 

0.65 (0.50-0.85)* 0.72 (0.56-0.94)* 0.70 (0.54-0.91)* 0.63 (0.48-0.82)* Ref 

Multivariable
a
  

OR (95%CI) 

0.55 (0.41-0.73)* 0.69 (0.53-0.91)* 0.70 (0.53-0.92)* 0.61 (0.46-0.81)* Ref 

Logistic regression of serum ucOC and %ucOC for the outcome of metabolic syndrome. Results are shown for comparing 

the lower four quintiles with men in the highest quintiles (reference Q5). 

a Multivariable model adjusted for age, smoking, education, physical activity, alcohol use, history of CVD, serum creatinine 

and 25(OH)D 

* p<0.05  
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Table 3. Association of carboxylated osteocalcin (both serum cOC and %cOC) in quintiles and 

metabolic syndrome in older men. 

Serum cOC Q1  Q2  Q3  Q4 Q5 

Range (ng/ml) ≤5.80 5.81-7.78 7.79-9.82 9.83-13.04 >13.04 

Univariable  

OR (95% CI) 

1.92 (1.48-2.49)* 1.07 (0.82-1.41) 1.08 (0.82-1.41) 0.93 (0.71-1.23) Ref 

Multivariable
a
  

OR (95%CI) 

2.40 (1.79-3.22)* 1.25 (0.93-1.69) 1.31 (0.97-1.76) 1.08 (0.80-1.46) Ref 

%cOC Q1  Q2  Q3  Q4 Q5 

Range (%) ≤38.77 38.78-44.22 44.25-48.41 48.42-53.26 >53.26 

Univariable 

OR (95% CI) 

1.53 (1.18-1.99)* 0.96 (0.73-1.26) 1.08 (0.82-1.41) 1.11 (0.85-1.45) Ref 

Multivariable
a
  

OR (95% CI) 

1.82 (1.36-2.43)* 1.12 (0.83-1.51) 1.27 (0.95-1.70) 1.26 (0.95-1.68) Ref 

Logistic regression of serum cOC and %cOC for the outcome of metabolic syndrome. Results are shown for comparing the 

lower four quintiles with men in the highest quintiles (reference Q5). 

a Multivariable model adjusted for age, smoking, education, physical activity, alcohol use, history of CVD, serum creatinine 

and 25(OH)D 

* p<0.05 

 

 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgab358/6277895 by U

niversity of W
estern Australia user on 25 June 2021



Acc
ep

ted
 M

an
us

cri
pt

 

29 
 

Table 4. Association between undercarboxylated and carboxylated osteocalcin in quintiles with 

metabolic syndrome in older men, excluding 1% lowest and highest osteocalcin values.  

Variables  Q1  

OR (95%CI)* 

Q2  

OR (95%CI)* 

Q3  

OR (95%CI)* 

Q4 

OR (95%CI)* 

Q5 

Serum ucOC 2.16 (1.62-2.89)* 1.39 (1.03-1.88)* 1.34(0.99-1.81) 1.29 (0.99-1.74) Ref 

%ucOC 0.57 (0.43-0.76)* 0.68 (0.52-0.90)* 0.69 (0.52-0.92)* 0.60 (0.45-0.80)* Ref 

Serum cOC 2.38 (1.77-3.18)* 1.24 (0.92-1.67) 1.31 (0.97-1.76) 1.09 (0.80-1.47) Ref 

%cOC 1.73 (1.30-2.31)* 1.07 (0.79-1.44) 1.19 (0.89-1.59) 1.19 (0.89-1.58) Ref 

Logistic regression of serum ucOC, cOC, %ucOC and %cOC for the outcome of metabolic syndrome. Results are shown for 

comparing the lower four quintiles with men in the highest quintiles (reference Q5). 

* model adjusted for age, smoking, education, physical activity, alcohol use, history of CVD, serum creatinine and 25(OH)D 

* p<0.05 
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Figure 2. Association between serum ucOC with A) waist (B) triglycerides, (C) HDL, (D) glucose, 

(E) SBP and (F) DBP. Analyses used fractional polynomial regression, adjusted for age, smoking, 

education, physical activity, alcohol use, history of CVD, serum creatinine and 25(OH)D. Shading 

represents 95% confidence intervals of the model estimates. 
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Figure 3. Association between the proportion of ucOC (%ucOC) with (A) waist (B) triglycerides, (C) 

HDL, (D) glucose, (E) SBP and (F) DBP. Analyses used fractional polynomial regression, adjusted 

for age, smoking, education, physical activity, alcohol use, history of CVD, serum creatinine and 

25(OH)D. Shading represents 95% confidence intervals of the model estimates. 
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Figure 4. Association between serum cOC with (A) waist (B) triglycerides, (C) HDL, (D) glucose, 

(E) SBP and (F) DBP. Analyses used fractional polynomial regression, adjusted for age, smoking, 

education, physical activity, alcohol use, history of CVD, serum creatinine and 25(OH)D. Shading 

represents 95% confidence intervals of the model estimates. 
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Figure 5. Association between the proportion of cOC (%cOC) with A) waist (B) triglycerides, (C) 

HDL, (D) glucose, (E) SBP and (F) DBP. Analyses used fractional polynomial regression, adjusted 

for age, smoking, education, physical activity, alcohol use, history of CVD, serum creatinine and 

25(OH)D. Shading represents 95% confidence intervals of the model estimates. 
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