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Abstract. – OBJECTIVE: Osteocalcin is a hor-
mone with a complex cross-talk between adi-
pose tissue and the skeleton. The aim of the pre-
sent study was to explore the change of osteo-
calcin, insulin resistance, and adipocytokines af-
ter hypocaloric diet in obese patients.

PATIENTS AND METHODS: A population of
178 obese patients was analyzed. At basal time
and 2 months after the dietary intervention,
weight, fat mass, body mass index, basal glu-
cose, insulin, insulin resistance (HOMA), total
cholesterol, LDL-cholesterol, HDL-cholesterol,
triglycerides, leptin, adiponectin, IL-6, TNF alpha
and osteocalcin levels were measured.

RESULTS: After dietary treatment, BMI,
weight, fat mass, waist circumference, waist to
hip ratio, systolic pressure, glucose, HOMA,
triglycerides, total cholesterol, leptin and LDL
cholesterol decreased significantly. Osteocal-
cin levels have a significant decrease after
weight loss (Osteocalcin (ng/ml); 9.76 ± 5.3 vs
9.31 ± 4.1: p < 0.05). In correlation analysis, a
negative association was detected among os-
teocalcin and age, BMI, fat mass, glucose, C re-
active protein, interleukin-6. In the linear re-
gression with age-, sex-, BMI, fat mass- and in-
sulin- adjusted, only C reactive protein concen-
trations are related with osteocalcin levels -
0.21 (CI 95%: -0.40 -0.009).

CONCLUSIONS: Osteocalcin decreased after a
weight loss treatment. Moreover, osteocalcin lev-
els, before and after treatment, were related in a
negative way with CRP fat mass, body mass in-
dex, age and glucose levels.

Key Words:
Adipose tissue, Insulin resistance, Obesity, Osteocal-

cin, Weight loss, Diet.

Introduction

The skeleton is regarded as an endocrine organ
that affects energy metabolism. A link between
energy metabolism and bone has been suspected
on the basis of the observation that obesity is in-
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versely associated with osteoporosis. Adipose tis-
sue is an active participant in controlling the
body’s physiologic and pathologic processes,
too1. The current view of adipose tissue is that of
an active secretory organ, sending out and re-
sponding to signals that modulate appetite, in-
sulin sensitivity, fat liver deposits and bone for-
mation.
Osteocalcin has been viewed as a component

of the bone extracellular matrix. Osteocalcin
contains three glutamic acid residues that are
gamma carboxylated (gla residues)2, hence the
alternative name of osteocalcin, bone gla
protein3. Because this posttraslational modificac-
tion confers high affinity for minerals, it was,
thus, assumed that osteocalcin is involved in
bone extracellular matrix mineralization4. Also,
osteocalcin shows some features of hormone.
For instance, it is encoded by a cell-specific
gene and it is present in blood. Recently, a rela-
tionship between osteocalcin, obesity and insulin
resistance has been suggested. Mice lacking
gene that encodes osteocalcin (osteocalcin -/-)
have an abnormal amount of visceral fat and ex-
ibit insulin resistance compared with wild-type
mice5. In humans, lower circulating osteocalcin
levels were found in diabetic6 and overweight7

subjects compared with normal individuals.
Moreover, osteocalcin concentrations increase
after weight loss in obese patiens8,9. However,
another weight loss study based on diet showed
no increase in osteocalcin10. Serum osteocalcin
concentrations were inversely associated with
fasting plasma glucose and insulin resistance11,
whereas another study found a relationship only
in lean but not obese subjects12. This unclear
linking of osteocalcin to obesity and insulin re-
sistance are suggested to be modulated by leptin
and adiponectin. Leptin inhibits osteoclast gen-
eration13. In addition, it has been shown that os-
teocalcin regulates insulin sensitivity through
adiponectin in animals5.
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Taken togheter, these previous data support a
regulatory role of the skeleton on glucose and en-
ergy metabolism, which seems to be mediated by
osteocalcin. As the data concerning, in particular
after a weight loss secondary to a hypocaloric di-
et, are limited and sometimes controversial. Ac-
cordingly, the aim of the present study was to ex-
plore the change of osteocalcin, insulin resis-
tance, and adipocytokines after hypocaloric diet
in obese patients.

Patients and Methods

Patients
We examine anthropometrical parameters, fast-

ing serum osteocalcin, adiponectin, leptin and in-
sulin resistance, (glucose, insulin and HOMA) in a
population of 178 (39 males and 139 females) obe-
sity patients. This variables were analyzed in a
prospective way at basal time and two months after
a hypocaloric diet. Patients were studied in a Nutri-
tion Clinic Unit and signed an informed consent.
The study has been approved by Ethical Committee
of Hospital Universitario Río Hortega (May 2009).
Exclusion criteria included active infectious

disease, history of cardiovascular disease or
stroke during the previous 12 months, total cho-
lesterol > 300 mg/dl, triglycerides > 300 mg/dl,
blood pressure > 140/90 mmHg, fasting plasma
glucose > 126 mg/dl, as well as the use of sul-
fonylurea, thiazolidinediones, insulin, glucocorti-
coids, angiotensin receptor blocker and an-
giotensin converting enzyme inhibitors.

Dietary Intervention
The lifestyle modification program consisted

of a hypocaloric diet (1500 kcal/day, 52% carbo-
hydrates, 20% proteins, 27% fats). The exercise
program consisted of aerobic exercise for at least
3 times per week. Patients received prospective
serial assessment of nutritional intake with 3
days written food records. All enrolled subjects
received instruction to record their daily dietary
intake for three days including a weekend day.
Handling of the dietary data was by means of a
personal computer equipped with personal soft-
ware, incorporating use of food scales and mod-
els to enhance portion size accuracy. Records
were reviewed by a registered dietitian and ana-
lyzed with a computer-based data evaluation sys-
tem. National composition food tables were used
as reference14. Physical activity was assayed by a
validated questionnaire fulfilled by the patients.
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Biochemical Parameters
Blood sampling was performed in the fasting

state at 0800 hours. After clotting, blood samplers
were centrifuged for 10 min at 8000 rpm. Serum
was stored at -81ºC for later determination. Glu-
cose levels were determined by using an automated
glucose oxidase method (Glucose analyser 2,
Beckman Instruments, Fullerton, CA, USA). In-
sulin was measured by RIA (RIA Diagnostic Cor-
poration, LosAngeles, CA, USA) with a sensitivity
of 0.5mUI/L (normal range 0.5-30 mUI/L)15 and
the homeostasis model assessment for insulin sen-
sitivity (HOMA) was calculated using these
values16. Serum total cholesterol and triglyceride
concentrations were determined by enzymatic col-
orimetric assay (Technicon Instruments, Ltd., New
York, NY, USA), while HDL cholesterol was de-
termined enzymatically in the supernatant after
precipitation of other lipoproteins with dextran sul-
fate-magnesium. LDL cholesterol was calculated
using Friedewald formula. CRP was measured by
immunoturbimetry (Roche Diagnostics GmbH,
Mannheim, Germany), with a normal range of (0-7
mg/dl) and analytical sensivity 0.5 mg/dl.
Leptin was measured by ELISA (Diagnostic

Systems Laboratories, Inc., Webster, TX, USA)
with a sensitivity of 0.05 ng/ml and a normal
range of 10-100 ng/ml. Adiponectin was mea-
sured by ELISA (R&D Systems, Inc., Minneapo-
lis, MN, USA) with a sensitivity of 0.246 ng/ml
and a normal range of 8.65-21.43 ng/ml. Inter-
leukin 6 and TNF alpha were measured by
ELISA (R&D Systems, Inc., Minneapolis, MN,
USA) with a sensitivity of 0.7 pg/ml and 0.5
pg/ml, respectively. Normal values of IL6 were
(1.12-12.5 pg/ml) and TNFα (0.5-15.6 pg/ml)1-17.
Total osteocalcin was analyzed using a commer-
cially available ELISA kit (Immunodiagnostics
System Ltd (IDS Ltd), Boldon, UK). Assay sen-
sitivity was 0.5 ng/ml and interassay and intraas-
say coefficients of variation were less than 5.1
and less than 2.2, respectively18.

Anthropometric Measurements
Height was measured to the nearest centimetre

using a rigid stadiometer. Body weight was mea-
sured to an accuracy of 0.1 kg and body mass in-
dex computed as body weight/(height2). Waist
(narrowest diameter between xiphoid process and
iliac crest) and hip (widest diameter over greater
trochanters) circumferences to derive waist-to
hip ratio (WHR) were measured, too. Tetrapolar
body electrical bioimpedance was used to deter-
mine body composition19.
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Characteristics Baseline 2 months

BMI 35.9 ± 7.1 34.3 ± 6.8*
Weight (kg) 92.9 ± 19.8 88.9 ± 19.0*
Fat free mass (kg) 51.7 ± 14.8 50.8 ± 13.3
Fat mass (kg) 39.6 ± 12.8 37.3 ± 12.3*
Waist circunference 107.6 ± 14.1 103.1 ± 14.6*
Waist to hip ratio 0.91 ± 0.07 0.87 ± 0.09*
Systolic BP (mmHg) 140.6 ± 19.3 124.3 ± 19.8*
Diastolic BP (mmHg) 82.7 ± 9.8 81.9 ± 14.8

Table I. Changes in anthropometric variables.

BP: Blood pressure. t Student test and Wilcoxon test were
used as statistical methods. *p < 0.05, in each group with
basal values.

Characteristics Baseline 2 months

Glucose (mg/dl) 101.2 ± 21 96.2 ± 14.8*
Total Ch. (mg/dl) 202.6 ± 38.6 190.6 ± 39*
LDL-Ch. (mg/dl) 126.1 ± 35.2 113.1 ± 34.3*
HDL-Ch. (mg/dl) 53.7 ± 13.8 54.8 ± 13.1
TG (mg/dl) 124.3 ± 81.2 112.4 ± 46.3*
Insulin (mUI/L) 17.8 ± 7.3 13.9 ± 6.6*
HOMA 4.9 ± 4.1 3.2 ± 1.6*
CRP (mg/dl) 5.7 ± 5.6 5.8 ± 6.9

Table II. Classic cardiovascular risk factors.

LDL-ch: low density lipoprotein cholesterol; HDL: high
density lipoprotein cholesterol; CRP: C reactive protein;
Chol: Cholesterol; TG: Triglycerides. t Student test and
Wilcoxon test were used as statistical methods. *p < 0.05, in
each group with basal values.

Characteristics Baseline 2 months

Energy (kcal/day) 1867.4 ± 734 1539 ± 412*
CH (g/day) 183.1 ± 77 160.1 ± 58*
Fat (g/day) 83.3 ± 43 60.5 ± 22.8*
Protein (g/day) 92.2 ± 27.2 83.2 ± 27.9*
Exercise (hs./week) 1.6 ± 3.0 3.1 ± 3.1*

Table III. Dietary intake and exercise.

t Student test and Wilcoxon test were used as statistical
methods. Hs: hours. *p < 0.05, in each group with basal val-
ues. CH: Carbohydrate.

Characteristics Baseline 2 months

Osteocalcin (ng/ml) 9.76 ± 5.3 9.31 ± 4.1*
IL 6 (pg/ml) 3.02 ± 3.7 2.64 ± 3.8
TNF-œ (pg/ml) 5.98 ± 4.3 6.08 ±4.9
Adiponectin (ng/ml) 40.64 ± 30.7 32.36 ± 39.8
Leptin (ng/ml) 95.9 ± 90.6 77.1 ± 77.8*

Table IV. Classic cardiovascular risk factors.

IL-6: interleukin 6. t Student test and Wilcoxon test were
used as statistical methods. *p < 0.05, in each group with
basal values.

Statistical Analysis
Sample size was calculated to detect differ-

ences over 15% on osteocalcin levels with a 90%
of power and 5% of significance (n=130). The re-
sults were expressed as average ± standard devia-
tion. The distribution of variables was analyzed
with Kolmogorov-Smirnov test. Quantitative
variables with normal distribution were analyzed
with a two-tailed, paired and unpaired Student’s-t
tests. Non-parametric variables were analyzed
with the U-Mann and Wilcoxon tests. Qualitative
variables were analyzed with the chi-square test,
with Yates correction as necessary. Pearson test
and Spearman’S test were used to assess correla-
tion analysis. Additionally, linear regressions
with stepwise variable selection were used to test
for significant relations in osteocalcin levels (be-
fore and after dietary treatment) with adjustment
for possible confounders. A p-value under 0.05
was considered statistically significant.

Results

One hundred and seventy eight patients gave
signed informed consent and were enrolled in the
study (approved by Ethical Committee of HCU).
The mean age was 44.3 ± 15.6 years, the mean
BMI was 35.9 ± 7.1 with 39 males (20.9%) and
139 females (79.1%).
Table I shows the differences in anthropomet-

ric variables. BMI, weight, fat mass, waist cir-
cumference, waist to hip ratio and systolic pres-
sure decreased. No differences were detected in
other parameters.
Table II shows the differences in classic car-

diovascular risk factors. A decrease in glucose,
insulin, HOMA, triglycerides, total cholesterol

and LDL cholesterol was detected. No differ-
ences were detected in other parameters
Table III shows nutritional intake with 3 days

written food records and physical activity. After
treatment, statistical differences were detected in
calory, carbohydrate, fat, and protein intakes. Ex-
ercise improved after lifestyle modification, too.
Table IV shows differences between basal and

after treatment levels of adipokines and osteocal-
cion. Osteocalcin levels have a significant decrease
(4.6%). Leptin levels decreased (19.6%), too.



with insulin or HOMA levels. The association
between osteocalcin and C reactive protein re-
mained in the linear regression model, too.
In the literature, osteocalcin had a clear nega-

tive correlation with weight and plasma glucose
both before and after exclusion of the diabetic
patients16, indicating that the association between
osteocalcin and glucose homeostasis is not
caused by diabetes mellitus. However, other pos-
sible explanation of the inverse association be-
tween osteocalcin and glucose homeostasis is
that obesity is associatd with low bone turnover,
as Khosla et al described21. Secondly, osteocalcin
may be an epiphenomenon of an inflammatory
state of obese patients, without a direct effect on
insulin resistance as our data have shown. For ex-
ample, Pittas et al22 have demonstrated that
serum osteocalcin was inversely associated with
glucose, BMI and inflammatory markers such as
C reactive protein and interleukine-6. Further-
more, osteocalcin itsef has been reported to vary
by age, as our study has shown23.
In our study, substantial weight loss was associ-

ated with a decrease in osteocalcin levels. In con-
cordance, with previous cross-sectional studies in
adult humans4,8,11,24-25, were found inverse correla-
tions between osteocalcin levels and BMI. Howev-
er, osteocalcin levels have been reported to in-
crease in obese adults after weight loss8,24. The on-
ly human study with no increase in osteocalcin af-
ter weight loss was based on a high protein, which
probably explains this difference10. Our findings
togheter with data from the literature suggest a
contradictory change of osteocalcin in obesity. The
mechanisms associating fat mass with low osteo-
calcin levels are unclear. For example, leptin which
is produced by adipose tissue has important effects
on bone metabolism and may be the link between
low osteocalcin levels in obesity. Leptin-deficient
ob/ob and leptin-resistant db/db mice have elevated
osteocalcin levels26. However, contrary with the
hypothesis of leptin reducing osteocalcin levels,
leptin was not correlated with osteocalcin levels in
our study, although both molecules decreased after
the weight loss. Adiponectin has been suggested as
the link between insulin resistance and osteocalcin,
too. One in vitro study showed that osteocalcin reg-
ulates insulin sensitivity through adiponectin2.
However, we found no significant relationship be-
tween osteocalcin and adiponectin both in cross-
sectional and longitudinal analyses. Moderate
weight loss led to significantly decrease circulating
osteocalcin levels, possibly indicating only de-
creased bone turnover. Two possible mechanisms

In correlation analysis before treatment, statis-
tical analysis shows; (osteocalcin and age; r = -
0.31; p < 0.05), (osteocalcin and BMI; r = -0.20;
p < 0.05), (osteocalcin and fat mass; r = -0.20; p
< 0.05), (osteocalcin and glucose; r = -0.23; p <
0.05), (osteocalcin and C reactive protein; r = -
0.31; p < 0.05) and (osteocalcin and interleukin-
6; r = -0.13; p < 0.05). After treatment, results
show; (osteocalcin and age; r = -0.23; p < 0.05),
(osteocalcin and BMI; r = -0.15; p < 0.05), (os-
teocalcin and fat mass; r = -0.16; p < 0.05), (os-
teocalcin and glucose; r = -0.15; p < 0.05) and
(osteocalcin and interleukin-6; r = -0.12; p <
0.05). In the correlation analysis with the vari-
able “decrease of osteocalcin after dietary inter-
vention”, only change in CRP levels remained
with a positive correlation (r = 0.16; p < 0.05).
Before the dietary treatment, in the linear re-

gression with age-, sex-, BMI-, fat mass- and in-
sulin- adjusted C reactive protein concentrations
are related with osteocalcin levels -0.21 (CI95%:
-0.40 -0.009). After dietary treatment, the linear
regression did not show any independent relation
with levels of osteocalcin.

Discussion

The present study demonstrates that osteocal-
cin decreased after a weight loss treatment.
Moreover, osteocalcin levels, before and after
treatment, were related in a negative way with C
reactive protein, fat mass, body mass index, age
and glucose levels.
An increasing number of studies have indicat-

ed the presence of a complex cross-talk between
adipose tissue and the skeleton. Surprinsingly,
Lee et al2 showed that osteocalcin affects adipos-
ity and glucose homeostasis in mice, suggesting
that the skeleton influences on energy metabo-
lism. Osteocalcin-deficient mice displayed obesi-
ty, hyperglycemia and insulin resistance. When
osteocalcin was administered to these mice,
blood glucose decreased2. Kindblom et al20

showed that osteocalcin was an independent neg-
ative predictor of plasma glucose in elderly hu-
mans. These findings suggest that previous de-
scribed endocrine function of the osteoblast-de-
rived osteocalcin on glucose homeostasis in mice
also might exist in humans and could exert influ-
ence in some entities of metabolic syndrome. We
herein show that plasma levels of osteocalcin
were clearly negatively associated with glucose,
C reactive protein and Il-6, without correlation
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could explain the decrease in turnover; firstly the
decrease in insulin and secondly decrease of in-
flammatory activity secondary to dietary interven-
tion. Insulin is an anabolic hormone for increasing
osteoblast synthesis of osteocalcin27. Inflammatory
cytokines (Il-6, IL-1, TNF) produced an increase in
the activity of the RANKL/OPG responsible for in-
creased osteoclast activity, that is followed by an
increase in bone formation due to coupling be-
tween osteoclasts and osteoblasts28. Our data did
not support previous findings in which osteocalcin
increased after diet-induced weight loss29-31. This
overall decrease in bone turnover may be unfavor-
able for maintaining bone mass after diet induced
weight loss29. As we can see, not all reports on the
effects of weight change on circulating osteocalcin
levels are concordant. For example, weight gain
led to increased osteocalcin in patients with
anorexia nervosa, possibly indicating increased
bone remodeling22. Villareal et al32 reported no sig-
nificant changes in osteocalcin levels with weight
loss due to caloric restriction.
Our study has criticisms. First, the HOMA

model is only an assessment of insulin resistance.
Clamp studies are actually the gold standard for
analyzing insulin resistance. Second, the effect of
weight loss on insulin resistance and C reactive
protein could have been mediated by undeter-
mined confounder. Third, osteocalcin undergoes
posttraslational modification whereby three glu-
tamic acid residues are carboxyled2. The uncar-
boxylated form of osteocalcin may exert hormon-
al activity and affect energy metabolism. In our
study, we measured only total osteocalcin and
not uncarboxylated osteocalcin.
The reasons for these not known results in the

literature are unclear but may have been caused
by the following factors. First, criteria for recruit-
ment were different in the various studies; thus,
differences in confounding factors such as age,
presence of diabetes mellitus, degree of obesity
may affect results. Second, perhaps ethnic het-
erogeneity may affect osteocalcin expression,
too. Finally, genetic background with other dif-
ferent genetic single nucleotide polymorphisms
in the osteocalcin way could influence osteocal-
cin interaction with metabolic parameters.

Conclusions

Osteocalcin decreased after a weight loss
treatment. Moreover, osteocalcin levels, before
and after treatment, were related in a negative

way with C reactive protein, fat mass, body mass
index, age and glucose levels. Perhaps, osteocal-
cin is a surrogate marker of an inflammatory
state in obese patients.
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