
Serum Osteocalcin Is Associated With Measures of Insulin
Resistance, Adipokine Levels, and the Presence of Metabolic
Syndrome

Umer Saleem, Thomas H. Mosley Jr, and Iftikhar J. Kullo
Division of Cardiovascular Diseases, Mayo Clinic, Rochester, Minn (U.S., I.J.K.); Department of
Medicine (Geriatrics), University of Mississippi Medical Center, Jackson, Miss (T.H.M.)

Abstract
Objective—Osteocalcin has been reported to influence insulin secretion in experimental animals.
We investigated whether serum osteocalcin was associated with measures of insulin resistance,
circulating adipokine levels, and the presence of metabolic syndrome (MetSyn).

Methods and Results—Serum osteocalcin was measured by solid-phase sandwich immunoassay
in 1284 blacks (64±9 years; 71% women) and 1209 non-Hispanic whites (59±10 years; 57% women)
belonging to hypertensive sibships. MetSyn was defined per Adult Treatment Panel III criteria. The
prevalence of MetSyn was 50% in blacks and 49% in non-Hispanic whites. In each ethnic group,
after adjustment for age and gender, osteocalcin levels were inversely correlated with body mass
index, fasting glucose and insulin, homeostasis model assessment of insulin resistance, triglycerides,
and leptin, and positively correlated with adiponectin (P<0.001 for each variable). In multivariable
regression analyses that adjusted for age, gender, smoking, serum creatinine, and statin and estrogen
use, osteocalcin levels in the highest quartile (compared with the lowest quartile) were associated
with a lower odds ratio (OR) of having MetSyn: OR (95% CI) in blacks, 0.33 (0.23 to 0.46); OR in
non-Hispanic whites, 0.43 (0.31 to 0.63).

Conclusion—Serum osteocalcin is associated with measures of insulin resistance, adipokine
levels, and the presence of MetSyn, suggesting a novel cross-talk between bone and adipose tissue.
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Emerging data suggest that bone mass regulates energy and glucose homeostasis via humoral
mechanisms.1,2 Conversely, fat mass is (inversely) associated with bone mineral density, after
adjustment for the mechanical loading effect of total weight on bone mass.3 Recent studies
have unraveled some of the complex mechanisms by which bone, adipose tissue, and the brain
act in concert to regulate energy expenditure and glucose homeostasis.1,2,4 Osteoblasts appear
to regulate energy expenditure by acting on adipocytes and pancreatic islet cells via osteocalcin,
a 49-residue polypeptide.5 In turn, adipose tissue may also influence bone remodeling by
regulating the activity of osteoblasts through adipokines, including leptin6,7 and adiponectin.
8
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In animal studies, osteocalcin has been associated with pancreatic islet β-cell proliferation and
insulin expression, adiponectin gene expression in white adipose tissue, and hypoglycemia.1,
4,7 In humans, circulating osteocalcin levels have been reported to be inversely associated with
measures of insulin resistance (fasting insulin and glucose levels and homeostasis model
assessment of insulin resistance [HOMA-IR]) and adiposity (body mass index [BMI] and fat
percentage).9–11

Whether serum osteocalcin is associated with circulating adipokine (adiponectin and leptin)
levels and the presence of metabolic syndrome (MetSyn) is not known. MetSyn is a major
public health burden, with nearly a quarter of the world’s adult population being affected.12

The syndrome is associated with a 5-fold higher risk of developing type 2 diabetes (T2D)13

and 2- to 3-fold higher risk of developing cardiovascular disease.14 The present study was
undertaken to investigate whether circulating osteocalcin is associated with measures of insulin
resistance (fasting insulin and glucose levels and HOMA-IR), plasma adipokine (adiponectin
and leptin) levels, and MetSyn. The study was conducted in a biethnic cohort of adults
belonging to sibships ascertained on the basis of hypertension and well characterized for the
presence of MetSyn and its traits.

Methods
The present investigation was part of the Proteomic Markers of Arteriosclerosis Study,15 which
aims to identify novel protein markers associated with metabolic and vascular disease
phenotypes in well-characterized black and non-Hispanic white individuals belonging to
hypertensive sibships. Participants, including 1284 blacks from Jackson, Miss, and 1209 non-
Hispanic whites from Olmsted County, Minn, belonged to the Genetic Epidemiology Network
of Arteriopathy Study16—a multicenter initiative to identify genes influencing blood pressure
(BP) levels and target organ damage in hypertension. The study was approved by the
institutional review boards of the University of Mississippi Medical Center (Jackson, Miss)
and the Mayo Clinic (Rochester, Minn). Written informed consent was obtained from each
participant.

Height was measured by stadiometer, weight was measured by electronic balance, and BMI
was calculated as weight in kilograms divided by the square of height in meters. “Ever”
smoking was defined as having smoked more than 100 cigarettes. Resting systolic BP and
diastolic BP were measured by random zero sphygmomanometer (Hawksley and Sons,
London, United Kingdom) after participants had rested for at least 10 minutes in the supine
position. The diagnosis of hypertension was established based on BP levels measured at the
study visit (≥ 140/90 mm Hg) or a prior diagnosis of hypertension and current treatment with
antihypertensive medications. T2D was considered present if the subject had history of T2D,
or was being treated with insulin or oral agents, or had a fasting glucose level ≥ 126 mg/dL.
We constructed a physical activity score by considering the responses to questions about how
many hours per day of heavy activity, moderate activity, and light activity the participant
engaged in. Specifically, the physical activity score was derived as follows: 3×heavy
+2×moderate+light (hours). Information about the use of BP medications and statins was
obtained from the participants at the time of the study visit.

Blood was collected by venipuncture after an overnight fast, and the plasma/serum samples
were stored at −80°C until they were analyzed. Serum total cholesterol and high-density
lipoprotein (HDL) cholesterol were measured by standard enzymatic methods. Insulin level
was determined by a radioimmunoassay kit (Linco Research, St. Charles, Mo). The sensitivity
of the assay was 0.03 μU/mL, and the interassay coefficient of variation (CV) was <10%.
HOMA-IR was calculated as insulin (μIU/mL)×(glucose [mg/dL]×0.055/22.5).17 MetSyn was
defined based on the Adult Treatment Panel III definition.18,19
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Measurement of Plasma Adipokine and Serum Osteocalcin Levels
Adiponectin was measured using a double antibody radioimmunoassay kit (Linco Research).
Intraassay CVs were 17%, 4.7%, and 7.3% at 5.1, 29.9, and 119 μg/mL, respectively, and
interassay CVs were 18.4% and 13% at 1.6 and 11.6 μg/mL. Leptin was measured by double
antibody radioimmunoassay (Linco Research). Intraassay CVs were 6.1%, 7.7%, and 6.3% at
2.48, 1.35, and 0.24 nmol/L, and interassay CVs were 11% and 13% at 1.28 and 0.19 nmol/L.
Osteocalcin was measured in the serum as part of a triple analyte multiplex solid-phase
sandwich immunoassay, using an antihuman osteocalcin antibody, on a Sector Imager 2400
(Meso-Scale Discoveries, Gaithersburg, Md). Intraassay CVs were 5.7% and 5.8% at 2.2 and
5.55 nmol/L, and interassay CVs were 21.1% and 19.3% at 2.29 and 6.14 nmol/L. We excluded
40 blacks and 28 non-Hispanic white participants who were on coumadin at the time of blood
draw. Osteocalcin undergoes vitamin K–mediated posttranslational γ-carboxylation, which is
inhibited by coumadin.5,20 The humoral actions of osteocalcin are, however, mediated by its
noncarboxylated form.2

Statistical Methods
Statistical analyses were carried out using the SAS software package, version 9.1 (SAS
Institute, Cary NC). Because of the presence of sibships in the sample, regression analyses
were performed using generalized estimating equations to correct for intrafamilial correlations.
21 Continuous data were summarized as either mean±SD or median and quartiles, and
categorical data were expressed as percentages. All analyses were stratified by ethnicity. Serum
creatinine and alcohol intake were log transformed to reduce skewness. We calculated
Spearman correlation coefficients (adjusted for age and gender) between serum osteocalcin
and the following variables: (1) conventional risk factors for cardiovascular disease: total and
HDL cholesterol, triglycerides, systolic BP, smoking, and T2D; (2) measures of adiposity and
insulin resistance: BMI, waist circumference, fasting blood sugar, insulin level, and HOMA-
IR; (3) metabolic score, based on the number of MetSyn traits (Adult Treatment Panel III
criteria) present in each study participant, ranging from 0 to 5; (4) lifestyle variables: physical
activity score, alcohol intake, and years of education; (5) adipokines: adiponectin and leptin
levels; and (6) medication use: statin and estrogen use.

We constructed multivariable logistic regression models (using generalized estimating
equations) in each ethnic group to assess whether serum osteocalcin levels were independently
associated with the presence of MetSyn. We calculated the odds ratio (OR) for the presence
of MetSyn in quartiles of osteocalcin, with participants in the lowest quartile of osteocalcin
considered the referent group. Adjustments were performed for (1) age and gender, and (2)
age, gender, serum creatinine, smoking, statin use, history of myocardial infarction/stroke,
lifestyle variables (physical activity score and years of education), and estrogen use. The above
analyses were repeated in nondiabetic individuals in each ethnic group. A 2-sided probability
value of <0.05 was used for statistical significance. We also evaluated the association of serum
osteocalcin levels with the metabolic score, using the χ2 statistic to obtain the probability value
for the trend (Figure 1).

Results
There was a greater proportion of women than men in both black and non-Hispanic white
cohorts, and the blacks were older (Table 1). After adjustment for age and gender, blacks had
a higher prevalence of T2D than their non-Hispanic white counterparts and lower use of statins.
However, the prevalence of MetSyn was similar in the 2 ethnic groups. Serum osteocalcin and
plasma leptin levels were higher in blacks, whereas plasma adiponectin levels were higher in
non-Hispanic whites (Table 1; P<0.001 for each comparison).
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In blacks, after adjustment for age and gender, serum osteocalcin levels were inversely
correlated with BMI, waist circumference, fasting plasma glucose and insulin levels, HOMA-
IR, serum triglycerides, presence of T2D, metabolic score, and plasma leptin, and they were
positively correlated with plasma adiponectin levels (P<0.05 for each variable; Table 2). After
additional adjustment for BMI, serum osteocalcin levels remained inversely correlated with
fasting plasma glucose, HOMA-IR, presence of T2D, and serum triglycerides and positively
correlated with plasma adiponectin levels (P<0.05 for each variable; data not shown).

Serum osteocalcin levels were lower with increasing number of MetSyn traits (χ2

statistic=33.01, P<0.001 for the trend; Figure 1). In multivariable logistic regression analyses
that adjusted for age and gender, serum osteocalcin levels in the 3rd and 4th quartiles (compared
with the bottom quartile) were significantly associated with a lower OR of having MetSyn
(Table 3). This association remained significant after additional adjustment for serum
creatinine, statin use, history of myocardial infarction/stroke, lifestyle variables (history of
smoking, physical activity score, and years of education), and estrogen use (Table 3). In the
subset of blacks without T2D (n=905), after adjustment for age, gender, and the additional
covariates listed above, serum osteocalcin levels in the 3rd and 4th quartiles (compared with
the bottom quartile) were associated with a lower OR for having MetSyn: 0.62 (0.42 to 0.91)
and 0.49 (0.32 to 0.74), respectively.

Similarly, among non-Hispanic whites, after adjustment for age and gender, serum osteocalcin
levels were inversely correlated with BMI, waist circumference, fasting serum glucose and
insulin levels, HOMA-IR, presence of T2D, serum triglycerides, metabolic score, and plasma
leptin, and they were positively correlated with plasma adiponectin levels and physical activity
score (P<0.05 for each variable; Table 2). After additional adjustment for BMI, serum
osteocalcin levels remained inversely correlated with waist circumference, fasting plasma
glucose levels, HOMA-IR, presence of T2D, and plasma leptin and positively correlated with
plasma adiponectin levels (P<0.05 for each variable; data not shown).

Serum osteocalcin levels were lower with increasing number of MetSyn traits (χ2 statistic=55.8,
P<0.001 for the trend; Figure 1). In multivariable logistic regression analyses that adjusted for
age and gender, serum osteocalcin levels in the 3rd and 4th quartiles (compared with the bottom
quartile) were significantly associated with lower odds of having MetSyn (Table 3). This
association remained significant after additional adjustment for serum creatinine, statin use,
history of myocardial infarction/stroke, lifestyle variables (history of smoking, physical
activity score, and years of education), and estrogen use (Table 3). In the subset of non-Hispanic
whites without T2D (n=1033), after adjustment for age, gender, and the additional covariates
listed above, serum osteocalcin levels in the 3rd and 4th quartiles (compared with the bottom
quartile) were associated with a lower OR for having MetSyn: OR 0.68 (0.47 to 0.98) and 0.47
(0.32 to 0.69), respectively.

Discussion
To the best of our knowledge, the present study is the first to show an association between
serum osteocalcin and MetSyn in a large biethnic cohort. Serum osteocalcin levels were
significantly higher in black and non-Hispanic white participants who had fewer MetSyn traits
(Figure 1). Participants in the 3rd or 4th quartile for serum osteocalcin had lower odds for the
presence of MetSyn compared with those in the bottom quartile. Our results also confirm prior
reports of an inverse association between serum osteocalcin and measures of insulin resistance
(fasting plasma glucose and insulin and HOMA-IR) and measures of adiposity (BMI and waist
circumference),9,10 and they extend these results to blacks.
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There is considerable evidence from experimental animals that osteocalcin regulates glucose
metabolism. Wild-type mice on a high-fat diet develop glucose intolerance and insulin
resistance, which is ameliorated if osteocalcin is given concomitantly.22 Osteocalcin knockout
mice (Ocn−/−) show an increase in fat mass, adipocyte number, serum triglyceride, and glucose
levels. These mice display inadequate β-cell differentiation, decreased expression of
peroxisome proliferator activated receptor-γ (Ppar-γ) and uncoupling protein 2 (Ucp2)
receptors, and lower gene expression and plasma levels of adiponectin compared with control
mice.1,2 In contrast, an osteocalcin gain-of-function mouse model exhibits greater insulin
sensitivity, hypoglycemia, and increased secretion of adiponectin.2,22 These observations
suggest that osteocalcin produced by osteoblasts increases insulin and adiponectin expression,
decreases fat mass, and improves insulin sensitivity and may thereby confer protection against
the development of T2D. Consistent with the animal studies, the present study and previous
reports9–11 found serum osteocalcin levels to be inversely related to fat mass, fasting blood
glucose and insulin, and HOMA-IR, suggesting that the endocrine effects of the osteoblast-
derived osteocalcin on fat mass and glucose homeostasis in mice are also present in humans.

Serum osteocalcin levels were associated with plasma adiponectin levels independent of
potential confounders, including age, gender, and BMI (β coefficient for 1 log increase in
osteocalcin levels: in blacks, β=0.20, P<0.001; in non-Hispanic whites: β=0.10, P=0.006).
Osteocalcin administration in mice leads to a 3-fold higher expression of adiponectin mRNA
in the white adipose tissue compared with placebo.1,2,22 Adiponectin improves insulin
sensitivity by increasing fatty acid combustion in muscles, inhibiting hepatic gluconeogenesis,
reducing muscle and liver triglyceride content, and decreasing plasma free fatty acid levels.
23,24 The insulin-sensitizing effects of osteocalcin may be mediated, at least in part, by its
actions on adipocytes, leading to increased adiponectin production (Figure 2).

We found a significant inverse association of serum osteocalcin with leptin levels independent
of age, gender, and BMI in non-Hispanic whites and a similar trend among the blacks.
Osteocalcin does not affect leptin gene expression or plasma levels in mice.1,2 The inverse
association may be due to leptin’s role in increasing central sympathetic tone, which in turn
leads to suppression of osteocalcin expression from osteoblasts (Figure 2).6,7 Whether such a
mechanism prevails in humans is yet to be confirmed.

In subset analyses, we confirmed the inverse association of serum osteocalcin with the presence
of MetSyn among participants without T2D in both ethnic groups. Osteocalcin levels (mean
±SD, nmol/L) were lower among participants with T2D than in participants without T2D
(blacks, 13.9±7.9 versus 16.9± 8.2, P<0.001; non-Hispanic whites, 11.0±4.8 versus 13.9±6.5;
P<0.001). These results are consistent with previous reports of lower osteocalcin levels in T2D
than in healthy controls and that osteocalcin levels increase following improvement of
glycemic control.25 The mechanisms leading to lower osteocalcin levels in subjects with T2D
have not been delineated, and whether circulating osteocalcin might serve as a marker for
progression to T2D needs further investigation.

Our study is cross-sectional, precluding direct inferences concerning causality or a temporal
relationship of serum osteocalcin levels, adipokine levels, measures of insulin resistance, and
MetSyn. The correlations between serum osteocalcin and measures of insulin resistance and
adiposity, although novel, are of modest strength. We calculated HOMA-IR as a measure of
insulin resistance, and although it is not the “gold standard,” it has been validated as a reliable
and clinically useful index of insulin sensitivity in T2D patients.26 The study was conducted
in an older, predominantly hypertensive cohort, and the generalizability of our findings to
younger and normotensive adults needs to be established.
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In conclusion, we demonstrate that serum osteocalcin levels are independently associated with
measures of insulin resistance (fasting plasma glucose and insulin and HOMA-IR), circulating
adipokines (adiponectin and leptin), and the presence of MetSyn. The observed inverse
association between osteocalcin and MetSyn may—at least in part—be related to its
upregulation of plasma adiponectin and its inverse association with plasma leptin levels. These
findings motivate investigation of the role of osteocalcin in the regulation of glucose
metabolism and insulin sensitivity. The potential of osteocalcin as a drug for ameliorating
insulin resistance and dysmetabolic profile in at-risk individuals is speculative at present but
merits additional investigation.
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Figure 1.
Association of serum osteocalcin levels with the number of MetSyn traits in blacks (A) and
non-Hispanic whites (B).
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Figure 2.
Osteocalcin, leptin, and adiponectin interact to influence insulin resistance.
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Table 1

Participant Characteristics (n=2493)

Blacks (n=1284) Non-Hispanic Whites (n=1209)

Age, years 63.5±9.3 58.7±10.1

Men, n (%) 374 (29.1) 518 (42.8)

BMI, kg/m2 31.5±6.6 30.8±6.3

Waist circumference, cm 103.4±14.5 100.6±15.9

Plasma glucose, mmol/L 5.5 (5.0, 6.5) 5.4 (5.1, 6.0)

Plasma insulin, pmol/L 45.84 (27.1, 80.6) 43.3 (27.8, 70.8)

HOMA-IR 1.76 (0.97, 3.37) 1.58 (0.94, 2.7)

T2D, n (%) 379 (29.5) 176 (14.6)

Total cholesterol, mmol/L 5.2±1.1 5.1±0.9

HDL cholesterol, mmol/L 1.5±0.47 1.34±0.39

Triglycerides, mmol/L 1.34±0.78 1.77±1.1

Hypertension, n (%) 1022 (79.6) 877 (72.5)

Systolic BP, mm Hg 138.5±20.9 131.1±17.1

Diastolic BP, mm Hg 79.1±10.8 73.8±9.2

Serum creatinine, μmol/L 78.7±30.1 78.7±23

Physical activity score 9.8±3.4 13.3±5.2

Smoking, n (%) 522 (40.7) 589 (48.7)

Education, years 12.1±3.6 13.4±2.3

Alcohol intake, oz/month 1.5±5.5 5.7±10.7

History of MI/stroke, n (%) 112 (8.7) 80 (6.6)

Statin use, n (%) 229 (17.8) 350 (28.9)

Estrogen use, n (%) 218 (16.9) 272 (22.5)

Coumadin use, n (%) 40 (3.0) 28 (2.3)

Adiponectin, μg/mL 9.7 (6.9, 13.4) 12.3 (8.9, 16.1)

Leptin, nmol/L 24.04 (12.1–37.2) 14.8 (8.2–26.9)

Osteocalcin, nmol/L 14.7 (10.3–20.0) 12.4 (9.1–16.9)

Continuous variables are presented as mean±standard deviation or median and interquartile range, whereas categorical variables are presented as
counts and percentages. MI indicates myocardial infarction. Conversion factors (SI units to metric units): glucose, mmol/L÷0.0555=mg/dL; insulin,
μIU/ml÷6.945=pmol/L; total and HDL cholesterol, mmol/L÷0.0259=mg/dL; triglyceride, mmol/L÷0.0113=mg/dL; creatinine, mmol/L÷88.4=mg/dL;
leptin, nmol/L÷0.0625=ng/mL; osteocalcin, nmol/L÷0.171=ng/mL (SI conversion not available for adiponectin).
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Table 2

Age- and Gender-Adjusted (Spearman) Correlations Between Osteocalcin and Select Variables

Variable

Blacks (n=1284) Non-Hispanic Whites (n=1209)

r P r P

Physical activity score 0.003 0.92 0.07 0.011

Waist circumference −0.14 <0.001 −0.19 <0.001

BMI −0.16 <0.001 −0.17 <0.001

Fasting serum glucose −0.15 <0.001 −0.14 <0.001

Fasting plasma insulin −0.10 <0.001 −0.15 <0.001

HOMA-IR −0.12 <0.001 −0.17 <0.001

T2D −0.17 <0.001 −0.14 <0.001

HDL cholesterol 0.05 0.92 0.03 0.37

Triglycerides −0.07 0.01 −0.19 <0.001

Systolic BP 0.04 0.156 −0.03 0.42

Diastolic BP 0.10 <0.001 0.05 0.040

Metabolic score −0.17 <0.001 −0.20 <0.001

Education, years −0.02 0.55 0.06 0.045

Smoking status −0.03 0.23 −0.04 0.080

Alcohol intake −0.04 0.11 −0.02 0.45

Statin use −0.03 0.23 −0.08 0.004

RAAS blocker −0.08 0.003 −0.08 0.001

Diuretic −0.14 <0.001 −0.13 <0.001

Beta blocker −0.06 0.03 −0.08 0.009

Aspirin −0.002 0.93 −0.08 0.004

Log adiponectin 0.15 <0.001 0.16 <0.001

Log leptin −0.08 0.003 −0.22 <0.001

n=1095 for blacks and n=1181 for non-Hispanic whites. RAAS indicates renin angiotensin aldosterone system.
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Table 3

Association of Serum Osteocalcin With the Presence of Metabolic Syndrome: Logistic Regression Analyses

Odds Ratio (95% Confidence Interval), P Value

1st Quartile 2nd Quartile 3rd Quartile 4th Quartile

Blacks

 Osteocalcin (nmol/L) <10.0 10–14.6 14.6–19.9 >19.9

 Unadjusted 1 0.85 (0.63–1.16), 0.32 0.68 (0.50–0.92), 0.013 0.42 (0.31–0.58), <0.001

 Age and gender adjusted 1 0.84 (0.62–1.15), 0.28 0.66 (0.48–0.90), 0.008 0.40 (0.29–0.55), <0.001

 Fully adjusted 1 0.79 (0.57–1.08), 0.14 0.63 (0.46–0.88), 0.006 0.33 (0.23–0.46), <0.001

Non-Hispanic whites

 Osteocalcin (nmol/L) <9.0 9.0–12.2 12.2–16.9 >16.9

 Unadjusted 1 0.76 (0.56–1.03), 0.08 0.63 (0.45–0.88), 0.006 0.40 (0.29–0.55), <0.001

 Age and gender adjusted 1 0.77 (0.56–1.05), 0.10 0.63 (0.45–0.88), 0.007 0.42 (0.30–0.58), <0.001

 Fully adjusted 1 0.80 (0.58–1.12), 0.20 0.63 (0.44–0.91), 0.01 0.43 (0.31–0.63), <0.001

The fully adjusted model includes age, gender, serum creatinine, history of smoking, statin use, history of myocardial infarction/stroke, physical
activity score, years of education, and estrogen use.
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