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Abstract 

Background and aim: Recent studies revealed a possible reciprocal relationship between the skeletal 
system and obesity and lipid metabolism, mediated by osteocalcin, an osteoblast-specific protein. 
This study aimed to validate the relationship between serum osteocalcin and indices of obesity and 
lipid parameters in a group of Malaysian men.  
Methods: A total of 373 men from the Malaysian Aging Male Study were included in the analysis. 
Data on subjects’ demography, body mass index (BMI), body fat (BF) mass, waist circumference 
(WC), serum osteocalcin and fasting lipid levels were collected. Bioelectrical impendence (BIA) 
method was used to estimate BF. Multiple linear and binary logistic regression analyses were 
performed to analyze the association between serum osteocalcin and the aforementioned varia-
bles, with adjustment for age, ethnicity and BMI.  
Results: Multiple regression results indicated that weight, BMI, BF mass, BF %, WC were signifi-
cantly and negatively associated with serum osteocalcin (p < 0.001). There was a significant positive 
association between serum osteocalcin and high density lipoprotein (HDL) cholesterol (p = 0.032). 
Binary logistic results indicated that subjects with low serum osteocalcin level were more likely to 
be associated with high BMI (obese and overweight), high BF%, high WC and low HDL cholesterol 
(p < 0.05). Subjects with high osteocalcin level also demonstrated high total cholesterol level (p < 
0.05) but this association was probably driven by high HDL level. These variables were not asso-
ciated with serum C-terminal of telopeptide crosslinks in the subjects (p > 0.05).  
Conclusion: Serum osteocalcin is associated with indices of obesity and HDL level in men. These 
relationships should be validated by a longitudinal study, with comprehensive hormone profile 
testing. 
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Introduction 
It is an established fact that high body mass in-

dex (BMI) is protective of osteoporosis (1). An in-
crease in BMI is often associated with improvement in 
bone health, as assessed by bone mineral density and 
calcaneal quantitative ultrasonography (2, 3). This is 

attributed to the ability of our skeletal system to adapt 
to changes in mechanical loading (4). Bone mass is 
also influenced by body fat via leptin, a hormone se-
creted by white adipocytes (5). Systemic infusion of 
leptin was shown to increase bone mass of rats, but 
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intracerebroventricular infusion exerted negative ef-
fects on bone mass of rats (6, 7). Hence, it is clear that 
our body composition exerted regulatory control on 
bone health by mechanical loading (via BMI) and lep-
tin (via body fat).  

Since our body operates on the principle of ho-
meostasis, it is reasonable to consider that bone will 
also exert a reciprocal regulation on body composi-
tion. Recently, this was demonstrated by two separate 
in vivo studies, and the key mediator involved was 
shown to be osteocalcin, a bone matrix protein syn-
thesized by osteoblast (8, 9). Osteocalcin is a marker of 
bone formation, and it is used together with bone re-
sorption markers to assess bone turnover (10). Mutant 
mice lacking the gene coding osteocalcin, were shown 
to be abnormally fat, have high fat pad mass, higher 
triglyceride level and were glucose intolerant (9). In-
fusion of osteocalcin in wild type mice was also 
proven to prevent obesity caused by high fat diet and 
gold thioglucose-induced hyperphagia (8).  

The association between osteocalcin and fat mass 
and lipid parameters in humans was first demon-
strated by Kindblom et al. in Osteoporotic Fractures in 
Men Study (MrOS) conducted on the Swedish male 
population (11). This was followed by subsequent 
reports on other populations, such as the Korean (12), 
the Chinese (13) and the American populations (14). 
The majority of the studies agreed that osteocalcin 
level was associated with obesity and fat mass, but the 
findings on lipid parameters were less clear (11, 13, 
15). For example, HDL cholesterol was found to be 
negatively (15), positively (11) or not associated at all 
(13) with osteocalcin level in different populations.  

The aim of this study was to provide evidence 
that osteocalcin was associated with obesity and lipid 
profile in Malaysian men, whereby such relationship 
had not been examined in this population previously. 
We hope that the information generated would en-
hance the knowledge on the newly discovered regu-
lation of the skeletal system on body composition 
mediated by osteocalcin because the number of hu-
man studies available is still limited.  

Materials and Methods 
This study was conducted as part of the Malay-

sian Aging Male Study, which aimed to assess the 
various physiological changes of Malaysian men, 
particularly the Malays and the Chinese, across a 
broad age range (16, 17). The recruitment was per-
formed from September 2009 to September 2011. A 
total of 840 men aged 20 years and above volunteered 
for this study, of which 373 men had serum for oste-
ocalcin and C-terminal telopeptide collagen crosslinks 
(CTX) assays. The subjects answered a questionnaire 
on their demographic details and health status. The 

age of the subjects was determined by the information 
on their identification cards. The ethnicity of the sub-
jects was declared by themselves. Qualified physi-
cians performed history taking and basic physical 
examination on the subjects. Subjects with 
pre-existing bone anomalies, such as osteoporosis, 
osteomalacia, Paget’s disease etc. were excluded from 
the study. Subjects taking medication known to affect 
bone health status and bone remodelling were also 
excluded. Individuals with mobility problems, frac-
tured or underwent major surgery within six months 
of the screening day were not included in the current 
study. The inclusion and exclusion criteria were 
clearly stated in the invitation to the participants. All 
subjects were informed of the details of the study and 
their written consent was obtained before they en-
rolled in the study. The protocol of the study was re-
viewed and approved by the Research and Ethics 
Committee of Universiti Kebangsaan Malaysia Med-
ical Centre.  

 The height of the subjects was measured using a 
portable stadiometer (SECA, Hamburg, Germany) 
and was recorded to the nearest 0.1 cm. The body 
weight, fat mass and body fat percentage of the sub-
jects were determined using a bioelectrical impedance 
device, BC-418 Segmental Body Composition Ana-
lyzer (TANITA Corp, Tokyo, Japan). Briefly, the re-
sistance in which electrical current passed through the 
body was used to infer the amount of fat in the body. 
A constant current source (50 kHz, 500 μA) was 
passed through the body of the subject via electrodes 
on the tips of the toes of both feet and fingertips of 
both hands to achieve this. The voltage was measured 
on the heel of both feet and thenar side of both hands. 
The weight and fat mass were recorded to the nearest 
0.1 kg and the body fat percentage to the nearest 0.1 
%. The short term in vivo precision of the body com-
position analyzer used was 1.11 % with respect to 
body fat measurement. Body mass index (BMI) was 
calculated using the conventional formula: BMI 
(kg/m2) = body weight of subject (kg) ⁄ squared height 
of the subject (m2). The waist circumference (WC) of 
the subjects was measured using a soft measuring 
tape midway between the lowest rib margin and the 
iliac crest in the standing position. It was recorded to 
the nearest 1 cm.  

 The blood of the subjects was collected between 
0830 and 1030 after an overnight fast of at least eight 
hours. Serum was extracted immediately after the 
blood collection. Part of the serum was sent immedi-
ately to an accredited laboratory for evaluation of 
lipid profile, while the remaining serum was stored at 
-70°C until analysed. Lipid profile (total cholesterol, 
triglycerides and HDL cholesterol) was determined 
using ADVIA Centaur analyzer (Siemens Healthcare 
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Diagnostics, Illinois, USA). The LDL cholesterol level 
was calculated using Friedewald’s equation. Serum 
osteocalcin and CTX were measured using en-
zyme-linked-immunoassay kits (IDS, Boldon, Tyne 
and Wear, UK). The inter-assay coefficient of variation 
of total cholesterol, triglycerides, HDL, osteocalcin 
and CTX were 0.48-0.86 %, 0.53-1.02 %, 0.56-0.79 %, 
2.7-5.1 % and 2.5-10.9 %.  

Data analysis 
 Data analysis was performed using Statistical 

Package for Social Sciences version 16 (SPSS Inc., 
Chicago, USA). The normality of the data was as-
sessed using Kolmogorov-Smirnov test. Lipid pa-
rameters and bone remodelling markers did not as-
sume a normal distribution so they were 
log-transformed and then analysed. The differences of 
the studied variables between the Malays and the 
Chinese were compared using independent t-test (for 
normal data) and Mann-Whitney U-test (for skewed 
data). The correlation between the variables was ex-
plored using Spearman’s correlation test. The linear 
association between osteocalcin and indices of obesity 
and lipid profile was analysed using multiple linear 
regression, with adjustment for confounding variables 
such as age, ethnicity and BMI. Subjects were also 
dichotomised according to variables studied, into 
normal/high BMI (overweight and obese), body fat 
percentage, waist circumference, TG, TC, LDL and 
HDL groups. The cut-off values for the divisions 
aforementioned were > 25 kg/m2 for high BMI, > 25 % 
for high body fat, > 90 cm for high waist circumfer-
ence, > 5.2 mmol/l for high TC, > 1.7 mmol/l for high 
TG, > 2.6 mmol/l for high LDL, < 1.0 mmol/l for low 
HDL (18, 19). A binary logistic regression analysis was 
performed based on these classifications to assess the 
relationship between osteocalcin level with obesity 
and lipid status of the subjects. P-values < 0.05 were 
considered statistically significant for all statistical 
analyses.  

Results 
The subjects consisted of 373 men, with mean 

age 45.35 years (ranged 20 to 79 years), of which 36.5 
% was Malays and 63.5 % was Chinese. There were no 
significant differences (p > 0.05) between Malays and 
Chinese in their age, body anthropometric parameters 
(except height) and lipid profiles. Significant differ-
ences in serum osteocalcin (p < 0.001) and CTX (p < 
0.001) were observed between the two ethnic groups. 
The levels of both the bone remodeling markers were 
significantly higher (p < 0.001) in the Malays com-
pared to the Chinese (Table 1). This indicated that the 

following regression analyses should be adjusted for 
ethnicity.  

A correlation analysis was performed to assess 
the associations among the studied variables. It was 
revealed that age and BMI were significantly corre-
lated (p < 0.05) to most of the variables of interest 
(Table 2). Therefore, the following analyses were also 
adjusted for age and BMI.  

Multiple linear regression analysis was con-
ducted to determine the association between oste-
ocalcin with indices of obesity and lipid variables. It 
showed that body weight (β = -0.237, p < 0.001), BMI 
(β = -0.235, p < 0.001), fat mass (β = -0.235, p < 0.001) 
and percentage of body fat (β = -0.180, p < 0.001) were 
inversely and significantly associated with serum os-
teocalcin level after adjustment for age and ethnicity. 
There was also a positive and significant association 
between HDL cholesterol and serum osteocalcin (β = 
0.119, p = 0.032). However, the significance of these 
associations diminished (p > 0.05) after adjustment for 
BMI was performed (Table 3). This suggested that the 
association between serum osteocalcin and these var-
iables were not independent of BMI.  

Binary logistic regression analysis was per-
formed to study the association of serum osteocalcin 
and the phenotype of obesity and lipid status. The 
results indicated that subjects with high serum oste-
ocalcin level was significantly less likely to be associ-
ated with being overweight or obese [OR = 0.128 
(0.039-0.417), p = 0.001], having high body fat per-
centage [OR = 0.206 (0.063-0.676), p = 0.009] and hav-
ing central obesity (as shown by having high waist 
circumference) [OR = 0.244 (0.076-0.781), p = 0.018]. A 
higher serum osteocalcin level was also associated 
with lower odds of having a low HDL cholesterol 
level [OR = 0.134 (0.029-0.627), p = 0.011]. However, 
subjects with high serum osteocalcin level were also 
significantly more likely to be associated with having 
high total cholesterol level [OR = 3.396 (1.043-11.059), 
p = 0.042]. This was probably due to a significant in-
crease of HDL cholesterol associated with increased 
osteocalcin level. All these associations were adjusted 
for age and ethnicity. Further adjustment for BMI 
reverted these associations to become not significant 
(p > 0.05), except for high total cholesterol, again 
showing that these associations were not independent 
of BMI (Table 4).  

 We repeated the logistic regression analysis by 
substituting serum osteocalcin level with serum CTX 
level. None of the variables were significantly associ-
ated with serum CTX, with or without adjustment for 
BMI (p > 0.05) (Table 5). 
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Table 1: Characteristics of the subjects. 

  Ethnicity   
Variable Malay (n=136) Chinese (n=237) Overall (n=373) p-value† 
Age (years) 45.35(15.36) 46.97(13.52) 46.38(14.22) 0.320 
Weight (kg) 68.69(11.96) 69.36(10.93) 69.11(11.31) 0.581 
Height (cm) 165.95(5.87) 168.62(6.00) 167.65(6.08) <0.001 
Body mass index (kg/m2) 24.89(2.93) 24.38(3.48) 24.57(3.65) 0.191 
Fat mass (kg) 17.39(8.39) 16.09(6.04) 16.56(6.99) 0.423 
Body fat percentage (%) 22.64(6.03) 22.52(5.41) 22.57(5.64) 0.498 
Waist circumference (cm) 89.02(10.03) 88.46(8.66) 88.67(9.18) 0.587 
Serum osteocalcin* (ng/ml) 19.71(8.60) 14.37(6.73) 16.32(7.89) <0.001 
Serum CTX* (ng/ml) 0.78(0.42) 0.43(0.21) 0.56(0.35) <0.001 
Triglycerides* (mmol/l) 1.57(0.83) 1.46(0.74) 1.50(0.77) 0.257 
Total cholesterol* (mmol/l) 5.61(1.04) 5.48(0.96) 5.53(0.99) 0.247 
LDL* (mmol/l) 3.67(0.96) 3.52(0.81) 3.58(8.71) 0.270 
HDL* (mmol/l) 1.26(0.27) 1.28(0.29) 1.27(0.29) 0.638 
All values are expressed in mean (standard deviation) 
†p-value for the comparison of the variables studied between Malay and Chinese subjects. P-value in bold indicates statistical significance.  
*transformed data is used for analysis.  
Abbreviation: CTX=C-terminal telopeptide collagen crosslinks; HDL=high density lipoprotein cholesterol; LDL=low density lipoprotein cholesterol.  

Table 2. Correlation analysis between age and BMI with the variables of interest. 

Variables Age BMI 
Age - - 
BMI 0.147(0.004) - 
Waist Circum. 0.250(<0.001) 0.869(<0.001) 
Body Fat % 0.209(<0.001) 0.891(<0.001) 
Osteoclacin -0.162(0.002) -0.170(0.001) 
CTX -0.129(0.012) -0.087(0.092) 
Total Cholesterol 0.276(<0.001) 0.133(0.010) 
Triglycerides 0.198(<0.001) 0.393(<0.001) 
HDL 0.103(0.047) -0.339(<0.001) 
LDL 0.207(<0.001) 0.145(0.005) 

Spearman’s correlation is used for the analysis. Significant correlations are printed in bold. 
Abbreviation: CTX=C-terminal telopeptide collagen crosslinks; HDL=high density lipoprotein cholesterol; LDL=low density lipoprotein cholesterol.  

Table 3. Linear regression results on the association between the variables studied and serum osteocalcin in the whole study population. 

Overall Model 1 Model 2 
Variable β-coefficient p-value β-coefficient p-value 
Weight -0.237 <0.001 n/a n/a 
BMI -0.235 <0.001 n/a n/a 
Body fat mass -0.235 <0.001 -0.058 0.099 
Body fat % -0.215 <0.001 -0.008 0.744 
WC -0.180 <0.001 -0.027 0.296 
TG -0.076 0.166 0.009 0.866 
TC 0.049 0.356 0.073 0.182 
HDL 0.119 0.032 0.024 0.642 
LDL 0.055 0.318 0.083 0.135 
Model 1 is adjusted for age and ethnicity. Model 2 is adjusted for age, ethnicity and body mass index. P-value printed in bold indicates significant associations. 
Abbreviation: BMI=body mass index; HDL=high density lipoprotein cholesterol; LDL=low density lipoprotein cholesterol; TC=total cholesterol; TG=triglyceride; WC=waist 
circumference.  

Table 4. Binary logistic regression results on the association between osteocalcin and obesity and lipid status in the studied population. 

Overall Model 1   Model 2   
  OR (95% CI) p-value OR (95% CI) p-value 
Overweight/Obese 0.128(0.039-0.417) 0.001 n/a n/a 
High BF% 0.206(0.063-0.676) 0.009 0.826(0.147-4.634) 0.828 
High WC 0.244(0.076-0.781) 0.018 1.582(0.281-8.899) 0.603 
High TG 0.357(0.110-1.161) 0.087 0.581(0.171-1.978) 0.385 
High TC 3.396(1.043-11.059) 0.042 4.297(1.272-14.523) 0.019 
Low HDL 0.134(0.029-0.627) 0.011 0.241(0.048-1.196) 0.082 
High LDL 4.182(0.651-26.858) 0.132 5.821(0.824-41.092) 0.077 
Model 1 is adjusted for age and ethnicity. Model 2 is adjusted for age, ethnicity and body mass index. P-value printed in bold indicates significant associations. 
Abbreviation: BF%=body fat percentage; CI=confidence interval; HDL=high density lipoprotein cholesterol; LDL=low density lipoprotein cholesterol; OR=odds ratio; 
TC=total cholesterol; TG=triglyceride; WC=waist circumference. 
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Table 5. Binary logistic regression results on the association between CTX and obesity and lipid status in the studied population. 

Overall Model 1 Model 2 
  OR (95% CI) p-value OR (95% CI) p-value 
Overweight/Obese 0.541(0.204-1.436) 0.217 n/a n/a 
High BF% 0.433(0.157-1.195) 0.106 0.543(0.123-2.400)  0.421 
High WC 0.446(0.165-1.208) 0.112 0.832(0.189-3.659) 0.808 
High TG 0.419(0.150-1.171) 0.097 0.513(0.180-1.464) 0.212 
High TC 2.445(0.880-6.796) 0.086 2.679(0.952-7.541) 0.062 
Low HDL 0.847(0.262-2.737) 0.782 1.116(0.335-3.714) 0.858 
High LDL 4.077(0.825-20.147) 0.085 4.646(0.916-23.565) 0.064 

Model 1 is adjusted for age and ethnicity. Model 2 is adjusted for age, ethnicity and body mass index.  
Abbreviation: BF%=body fat percentage; CI=confidence interval; HDL=high density lipoprotein cholesterol; LDL=low density lipoprotein cholesterol; OR=odds ratio; 
TC=total cholesterol; TG=triglyceride; WC=waist circumference. 

 

Discussion 
The current study demonstrated that serum os-

teocalcin level was significantly associated with indi-
ces of obesity (BMI, BF and WC) and serum HDL 
cholesterol level. The odds of subjects with lower se-
rum osteocalcin level being categorized as having 
high BMI (overweight/obese), high BF percentage, 
high WC, and low HDL cholesterol were significantly 
higher. Overall, this would likely predispose subjects 
with low osteocalcin level to obesity related compli-
cations like cardiovascular diseases. There was also a 
significant association between high serum osteocal-
cin level and high total cholesterol level. However, it 
was probably driven by an increase of HDL level ra-
ther than LDL level because a high serum osteocalcin 
level was significantly associated with a high HDL 
level but not LDL level. We also repeated the logistic 
regression using CTX-1, a bone resorption marker and 
found no significant association. This indicated that 
the association between osteocalcin and metabolic 
phenotypes was exclusive to osteocalcin alone but not 
with other bone markers.  

 The negative association between serum oste-
ocalcin and BMI and body fat was a general finding 
for most previous studies, regardless of gender, age 
group and ethnicity. A study performed by Kindblom 
et al. in Swedish elderly men revealed that plasma 
osteocalcin level was significantly and negatively as-
sociated with weight, BMI, fat mass (assessed using 
dual-energy X-ray absorptiometry; DEXA) and body 
fat percentage of the subjects (11). Similarly, Pittas et 
al. showed that in a group of American elderly men 
and women, serum osteocalcin was significantly and 
inversely related to BMI, body fat (using DEXA), and 
body fat percentage (20). Polgreen et al. also indicated 
that serum total and carboxylated osteocalcin was 
significantly and negatively related to BMI and waist 
circumference in a group of young adults emerging 
from adolescence (21). However, in these young adult 
subjects, body fat percentage was not associated with 
osteocalcin level, suggesting that the influence of os-

teocalcin on body fat accumulation might occur later 
in life (21). Most the study aforementioned used 
DEXA to measured BF. In view of this aspect, our 
study was novel by showing that BF estimated using 
BIA was significantly associated with serum osteocal-
cin in men.  

 The relationship between osteocalcin and lipid 
parameters was an issue of controversy. The current 
study found that most lipid parameters (TG and LDL 
cholesterol), excluding HDL, were not related to se-
rum osteocalcin level. A non-significant relationship 
between serum osteocalcin and LDL cholesterol was 
recorded by Kindblom et al. (11) and Lee et al. (22) in a 
population of Korean post-menopausal women. Tan 
et al. observed that in Mainland Chinese men (age 
range from young adults to elderly), with each quar-
tile decline in serum osteocalcin level, the likelihood 
of subjects having low HDL increased (23). Kindblom 
et al. also found that serum osteocalcin was positively 
and significantly correlated to HDL, although the ef-
fect size of this relationship was small (r=0.02) (11). 
However, both Tan et al. and Kindblom et al. also 
observed a negative and significant relationship be-
tween serum osteocalcin and TG levels in their study 
population (11, 23). Furthermore, the study by Saleem 
et al. indicated that regardless of gender and race, 
serum osteoclacin level was not significantly corre-
lated to HDL cholesterol but was correlated to TG 
level in the American population consisting of African 
Americans and Caucasians (14). While the relation-
ship between serum osteocalcin and TG was negative 
in the current study, it was not significant. We pru-
dently suggested that an increase in sample size 
would increase the power of the study, thus making 
the association become significant. One study by 
Zhou et al. in a Chinese male population detected a 
significant negative association between HDL choles-
terol and serum osteocalcin level (15). Meanwhile, a 
study by Bao et al. in another Chinese male popula-
tion found a significant and positive relationship be-
tween serum osteocalcin and LDL cholesterol (13). 
The sample size employed in the studies of Zhou et al. 
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(254 men) and Bao et al. (181 men) were relatively 
small and this might contribute to the inconsistency of 
their results compared to the general findings.  

There was a paucity of research on how oste-
ocalcin would regulate the level of HDL cholesterol. 
Previous studies found that osteocalcin was positively 
associated with adiponectin level (14, 24). In some 
studies, adiponectin was positively related to HDL 
cholesterol level and was protective of cardiovascular 
diseases (25, 26). Adiponectin level was also associ-
ated with a decrease in the catabolic rate of ApoA-I 
(major apolipoprotein particle of HDL) (27). Based on 
these observations, we deduced that the positive as-
sociation between osteocalcin and HDL cholesterol 
was mediated by adiponectin. However, the detail 
molecular mechanism of this association had not been 
established.  

On the other hand, the associations between se-
rum osteocalcin and most variables studied were di-
minished after further adjustment for BMI. This 
showed that BMI had a strong confounding effect on 
osteocalcin and studied variables. Another possible 
explanation could be that the relationship between 
osteocalcin and the studied variable was mediated by 
BMI. Hence, we concluded that the association be-
tween osteocalcin and metabolic phenotypes was in-
dependent of BMI. This was not an isolated finding, as 
the study of Polgreen et al. also found that the signif-
icance of the association between osteocalcin levels 
and metabolic variables diminished after adjustment 
for BMI (21).  

 The possible mechanisms on the regulation of 
energy metabolism by osteocalcin were illustrated by 
two remarkable experimental studies. Lee et al. 
showed that osteocalcin deficient (Ocn-/-) mice were 
fat, hyperglycemic and insulin-insensitive. Tyrosine 
phosphatase deficient (Esp-/-) mice originally pro-
tected from obesity and hyperglycemia, if lacking one 
allele of osteocalcin gene, would lose their unusual 
phenotype. Insulin and adiponectin were the two 
important hormones in mediating the metabolic 
phenotype of the mutant mice (9). Ferron et al. treated 
wild type mice, mice on high fat diet, and mice with 
drug-induced hyperphagia with recombinant oste-
ocalcin. In all animals, treated mice showed decreased 
body mass, fat mass, triglyceride level and better 
regulation of glucose metabolism compared to their 
untreated counterparts (8). These two studies pro-
vided direct evidence of the regulation of osteocalcin 
on metabolic phenotypes. The results of the current 
studies further implied that such regulation was pos-
sible in humans.  

 Osteocalcin in carboxylated and undercarbox-
ylated forms could be found in peripheral blood, 
while total osteocalcin level was more often used in 

monitoring bone remodelling (28). Previous animal 
and cell-based studies showed that administration of 
undercarboxylated osteocalcin was active in the reg-
ulation of energy metabolism (8). However, in hu-
mans, the evidence was conflicting. While some 
studies found that undercarboxylated osteocalcin was 
correlated to energy metabolism, some did not (28). In 
one recent study in a female population, both carbox-
ylated and undercarboxylated osteocalcin were asso-
ciated with metabolic syndrome but the direction 
between the two associations was different (29). This 
study, as most of the other studies (11, 14, 15, 23), 
measured the total OC and did not differentiate the 
two forms.  

Several improvements could be made to enhance 
the evidence of this study. Glucose metabolism was 
an important aspect of regulation of energy expendi-
ture and previous studies indicated that osteocalcin 
was strongly related to glucose metabolism by alter-
ing pancreatic beta cell proliferation and insulin sen-
sitivity (8, 9). Therefore, insulin, adiponectin and 
glucose parameters should be included in further 
studies to illustrate how osteocalcin regulates energy 
metabolism and subsequently obesity. Body fat per-
centage was evaluated using bioelectrical impendence 
(BIA) method rather than DEXA due to logistic diffi-
culties. However, a previous study denoted that body 
fat assessment using BIA and DEXA showed high 
correlation (30). The BIA device was not able to dif-
ferentiate body fat according to body segments. Thus, 
we were not able to examine the association between 
individual body fat compartments and osteocalcin 
level. On the other hand, not many studies used BIA 
method to examine the relationship between BF and 
serum osteocalcin level in men. This would be a novel 
aspect of this study. Due to the cross-sectional nature 
of this study, causal relationship between osteocalcin 
and obesity and HDL cholesterol regulation could not 
be affirmed. A longitudinal study should be con-
ducted to validate this claim. Generalization of the 
results of this study should be done with caution be-
cause we adopted a non-randomized sampling 
method, and the study population was skewed to the 
Chinese population in Malaysia.  

 In conclusion, the current study showed that 
serum osteocalcin is significantly associated with 
obesity and HDL cholesterol level in men. This in-
formation highlighted that bone is not merely an en-
docrine target, but it may also exert control on meta-
bolic phenotypes such as obesity and HDL cholesterol 
level. This study also provides additional information 
on the complex network of risk factors that contribute 
to the occurrence of obesity. A longitudinal study 
should be performed in future to provide an affirma-
tive answer on the relationship among osteocalcin, 
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obesity and lipid profile in men.  
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