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Relation between osteocalcin and the energy metabolism in obesity
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Abstract

Background/Aim. Numerous findings have indicated the
potential relation between the osteocalcin, the traditional
parameter of bone turnover and the regulation of energy
metabolism. The aim of this study was to identify the
relationship between osteocalcin and calculated indexes,
which evaluate insulin sensitivity, insulin resistance and/or
secretory capacity of the pancreas, in non-diabetic, obese
subjects. Methods. The study included 57 (11 men and 46
women) euglycemic, obese patients (the body mass index —
BMI : 41.03 £ 6.61 kg/m?) and 48 healthy individuals, age
and sex matched (BMI:23.15% 2.04 kg/m?. Plasma
glucose and the insulin levels during the two-hour oral glu-
cose tolerance test (OGTT) were determined in order to
calculate the Homeostatic Model Assessment (HOMA)
indexes (HOMA-IR, HOMA-B%), EISI (estimated insulin
sensitivity index), EFP (estimated first phase) and ESP
(estimated second phase). Osteocalcin was measured by
using the Electro-chemiluminescence (ECLIA) metho-
dology. Results. Statistically lower osteocalcin was found in

Apstrakt

Uvod/Cilj. Brojna dosada$nja saznanja ukazala su na po-
stojanje uloge osteokalcina, tradicionalnog parametra meta-
bolicke aktivnosti kosti, u regulaciji metabolizma ugljenih
hidrata. Cilj ove studije bio je da se utvrdi postojanje relacije
izmedu osteokalcina i izracunatih parametara procene stepena
insulinske osetljivosti/rezistencije i sekretorne sposobnosti
pankreasa kod gojaznih, nedijabeti¢nih ispitanika. Metode.
Studijom je obuhvacéeno 57 gojaznih osoba (11 muskaraca i
46 zena) (indeks telesne mase — ITM: 41,03 + 6,61 kg/m?) i
48 zdravih, normalno uhranjenih ljudi (ITM : 23,15 + 2,04
kg/m?) koji odgovaraju ispitivanoj grupi, po statosti i polu.
Svim ispitanicima izmerena je glukoza i insulin u toku
dvocasovnog testa oralnog opterecenja glukozom (OGTT),
osteokalcin 1 izracunate vrednosti Homeostatic  Model
Assessment (HOMA) indeksa (HOMA-IR, HOMA-B%),
EISI (indeksa insulinske osetljivosti), (estimated first phase) i

the obese subjects (24.72 £ 9.80 »s 33.31 £ 10.89 ng/mlL;
» <0.01). There was a statistically significant positive corre-
lation between osteocalcin and EISI (r = 0.340; p < 0.01).
The inverse correlations were found between the osteo-
calcin and HOMA-IR (r = -0.276; p < 0.01), HOMA-B%
(r =-0.337; p <0.01), EFP (r =-0.332; p < 0.01) and ESP
(r =-0.266; p < 0.01). Multiple regression showed that the
BMI and osteocalcin have a significant inverse prediction
with the EIST and HOMA-IR, but the level of prediction of
the BMI was substantially higher. Conclusion. The effect
of osteocalcin in the glycoregulation is evident, but its con-
tribution is significantly smaller in relation to other obesity
associated factors. Therefore, when assessing its position
and the role in glycemic control it is always necessary to
bear in mind that osteocalcin represents only one of the
many contributing factors, some of which exhibit dominant
influence than osteocalcin itself.

Key words:
obesity; insulin resistance; osteocalcin; pancreas; body
mass index.

EFP (estimated second phase) druge faze (ESP) i procena
sekretarnog kapaciteta pankreasnih Celija druge faze (ESP).
Koncentracija osteokalcina merena je u serumu, elektro-
hemiluminescentnom (ECLIA) metodologijom. Rezultati.
Utvrdene su statisticki znacajno nize vrednosti osteokalcina u
grupi gojaznih (ITM = 24,72 + 9,80 »s 33,31 £ 10,89 ng/ml;
2 <0,01). Linearnom korelacionom analizom dobijen je visok
stepen pozitivne povezanosti osteokalcina sa EISI (r = 0,340;
p < 0,01). Inverzna korelacija utvrdena je izmedu osteokalcina i
HOMA-IR (r=-0,276; p<0,01), HOMA-B% (r=-0,337;
»<001), EFP (r=-0,332; p<001) i ESP (r=-0,260;
< 0,01). ITM 1 osteokalcin imaju znacajnu inverznu predikciju
sa EISI i HOMA-IR, ali je nivo predikcije ITM bitno visi u
odnosu na osteokalcin. Zaklju€ak. Uticaj osteokalcina na
sistem glikoregulacije je evidentan, ali je njegov udeo u tome
bitno manji u odnosu na gojaznost i druge ¢inioce povezane sa
gojaznoscu. Zbog toga se pri proceni mesta i uloge osteokal-
cina u glikoregulaciji, uvek mora imati u vidu da je osteokalcin,
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kao sistemski medijator, samo jedan od brojnih drugih faktora,
pri ¢emu neki od njih, ispoljavaju dominantnije uticaje od
osteokalcina.

Kljucne reci:
gojaznost; insulin, rezistencija; osteokalcin; pankreas;
telesna masa; indeks.

Introduction

Obesity is defined as a condition of increasing of fat in
total body weight and as such represents an important risk
factor for the development of many diseases which are based
on insulin resistance * 2. Dysfunctional adipose tissue has a
high degree of metabolic activity, producing a wide range of
humoral mediators that are closely related to the level of
bone metabolic activity. Based on these findings, in the early
21st century, a hypothesis was made — obesity affects the
metabolic activity of the bones, and that feedback, bone
tissue through humoral factors such as osteocalcin may
regul ate some aspects of glycemic control >*,

Osteocalcin is one of the most important noncolla-
genous proteins that participates in the process of bone
mineralization. Based on studies on anima models,
osteocalcin released in circulation has a prominent role in
glycemic control through two main mechanisms: by acting
directly on the idet cells of Langerhans, increasing the
production and secretion of insulin ® and by acting through
the indirect mechanisms, primarily through adiponectin ® ’
on insulin-sensitive cells of the peripheral tissues (muscle
and adipose tissue) *°.

This was followed by clinical studies that examined the
relationship between osteocalcin and traditional parameters
which evaluate glucose metabolism. For the most part,
studies were conducted on subjects with already altered
glycemic control, with the values of glycemia over the
euglycemic range .

In accordance with these facts, this study focuses on the
analysis and testing of relations between osteocalcin as a
traditional marker of the bone metabolism and the standard
laboratory markers of the glucose metabolism.

Methods

This cross-sectional study was conducted in the
Department of Endocrine Diagnostics in cooperation with
the Outpatient Department of Clinic for Endocrinology,
Diabetes and Metabolic Disorders, Clinica Center of
Vojvoding, during 2015. The study included 57 obese
patients (11 men and 46 women) and 48 healthy, normal
weight subjects which correspond to the study group by age
and gender.

Criteriafor exclusion from the study were: disorders of
glycemic control (elevated fasting glucose, impaired glucose
tolerance and/or diabetes mellitus), endocrinologic diseases,
liver diseases which exclude steatohepatitis and include
hepatic steatosis), kidney diseases, psychic disorders and the

presence of metabolic bone diseases as well as
supplementation with vitamin D and/ or cacium
preparations.

Nikoli¢ S, et al. Vojnosanit Pregl 2019; 76(3): 266-271.

Anthropometric measurements

To al subjects the body height (BH) and body weight
(BW), were measured. The body height was measured by us-
ing the Anthropometer according to Martin and is expressed
in centimeters (cm); and the BW was determined on the dec-
imal scale in kilograms (kg). The body mass index (BMI)
was calculated by using the formulac BMI (kg/m?) = BW
(kg) / BH2 (m?) in order to determine the presence of obesity
(BMI > 30 kg/m?) ™.

Oral glucose tolerance test

After an eight-hour, overnight fasting, standard oral
glucose tolerance test (OGTT) was perfomed to all subjects
in order to measure the glucose and insulin plasma levelsin
basal condition as well as in 120th minute after the oral ad-
ministration of 75 g of glucose. Blood was taken by veni-
puncture, using the Vacuette® system. The hemolytic, li-
pemic and icteric samples were not taken for the analysis.
For determination of osteocalcin, the obtained serum samples
were frozen at -20 °C and stored until moment of the analy-
sis. All other laboratory parameters were determined directly
after obtaining the serum and plasma samples.

Determination of glucose,
hemoglobin Alc

insulin and glycated

Glucose was measured by the biochemical method
(hexokinase) on the Abbott Architect c8000 analyzer by
using the commercial kits from the same manufacturer. The
reference value for glucose was from 4.1 to 6.1 mmol/L.
Insulin was determined by the direct Chemiluminiscence
technology (CLIA) on the automated system ADVIA
Centaur XP. The recommended reference value for insulin in
basal conditions is from 3.0 to 25.0 mlIU/L. Glycated
hemoglobin Alc (HbAlc) was measured by using the
immunoturbidimetric method of inhibition of agglutination
on microparticles, on the automated system Abbott Architect
ci 4100.

Calculating indexes for the evaluation of

glycoregulation

In order to evaluate insulin sengitivity, the EIS|
(estimated insulin sensitivity index) was calculated to all
subjects. On that occasion the following formulawas used '
ElIS = 0.222-0.00333 x BM|-0.0000779 x Ins120-

0.000422 x age

wereIns=insulin

As part of the assessment of the secretory capacity of
pancreatic beta cells, EFP (estimated first phase) and ESP
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(estimated second phase) were calculated by using following
formulas ™
EFP =2.032 + 4.681 x Ins0-
135.0 x Gluc120 + 0.995 x 1ns120 + 27.99 x BMI-
269.1 x GlucO
ESP =277 +0.800x Ins0 -
42.79 x Gluc120 + 0.321 x Ins120 + 5.338 x BMI

were Ins = insulin and gluc = glucose

Also, the Homeostatic model assessment (HOMA) in-
dexes (HOMA-IR and HOMA-B%) were determined to all
participants by usng HOMA 2 cdculator. The caculator was
downloaded from the officia website of the Oxford School of
Medicine *®, based on the measured values of the blood glucose
and insulin levels in basal conditions. A cut-off value for the
HOMA-IR is defined asavauelessthan 2.5 .

Determination of osteocalcin and crosslaps levels

The total osteocalcin (Osteo) was determined on the au-
tomated system, Cobas e 411 Roche Diagnostics. The lower
limit of detection was 0.5 ng/mL. The osteocalcin values
were expressed in ng/mL, and according to the manufacturer,
the following reference values were defined — for women;
11-48 ng/mL, and for men: 14-46 ng/mL). The crosslaps
was determined on the automated Cobas s 411 system (the
reference value of women's reproductive period: 299-573
pg/mL; for men: 300—704 pg/mL).

Satistical analysis

Data are presented using the descriptive statistical
methods, continuous variables as mean + standard deviation
(SD). In order to evaluate the differences between the groups
we used the Mann-Whitney U test. The correlations among
variables were assessed by the Pearson’s correlation

coefficient. The multiple regression analysis was performed
to assess the independent association between the BMI,
osteocalcin levels and calculated parameters of insulin
resistance/sensitivity as well as insulin secretion. A 2-tailed
p<0.05 was considered stetistically significant. Statistical
analysis was performed using the Data Analysis Excel
(Microsoft Corp., Redmond, WA) and MedCac 12.1.4.0
satigtical software (MedCalc Software, Mariakerke, Belgium).

Results

The examined group consisted of 57 obese subjects (46
females and 11 maes) (BMI:41.03+6.61 kg/m?).
Compared to the control group, the obese subjects differed
significantly in all monitored parameters except the blood
glucose values in basal, as well as in 120th minute of the
standard OGT test (p=0.689; p =0.714). Based on the
results, the study group had significantly lower osteocalcin
levels (p < 0.01) (Table 1).

The linear correlation analysis revealed a significant
degree of positive correlation between the osteocalcin levels
and the calculated EISI (r=0.340; p<0.01). An inverse
correlation was found between osteocalcin and the HOMA-
IR (r=-0.276; p<0.01), the HOMA-B% (r=-0.337,
p <0.01), EFP (r =-0.332; p < 0.01) and the ESP (r = -0.266;
p<0.01) (Table 2). There was no significant correlation
between the osteocalcin and plasma insulin (r =-0.165;
p > 0.05) and glucose levels (r =-0.007; p > 0.05) after 120
minute of the OGTT as well as with basal glycaemia
(r=0.137; p>0.05) while a very low degree of correlation
was present with basal insulin (r =-0.288; p<0.01). The
BMI exhibited a significant correlation with all the examined
parameters, but all levels of the correlation were higher than
one with osteocalcin. The BMI had a negative correlation
only with the EISI (r =-0.998; p < 0.01) (Table 2).

Table 1
The significance of differences between the examined and control group
Obese (n=57) Control (n =48)

Parameters mean + SD mean + SD P

BMI (kg/m?) 41.03 £ 6.61 2315+ 204 <0.01
Gluc 0 (mmol/L) 494+ 1.04 475+ 0.44 0.238
Gluc120 (mmol/L) 544 +1.83 5.02+1.17 0.172
Ins0 (mIU/L) 16.86 + 9.36 6.15+3.75 <0.01
Ins120 (mU/L) 36.93+ 26.11 1432+ 11.44 <0.01
HbA1c (%) 5.67+£0.79 5.08£0.38 <0.01
Osteo (ng/mL) 24.72+9.81 33.31+10.89 <0.01
Cdls (pg/mL) 384.40 + 190.87 500.90 + 207.51 0.003
ElS| 0.07 £ 0.02 0.13+0.01 <0.01
HOMA-IR 238+1.29 0.89+0.54 <0.01
HOMA-B (%) 186.46 + 82.45 97.18 + 34.84 <0.01
EFP 1231.51 + 441.81 766.67 + 219.89 <0.01
ESF 289.39 £ 76.13 195.12 + 49.59 <0.01

Legend: Gluc 0 and gluc 120 — plasma glucose values in 0 and 120 the minute of Oral glucose tolerance test (OGTT); Ins 0
and ins 120 — plasma insulin levels in 0 and 120 minute of OGTT; HbAlc — glycated haemoglobin Alc; Osteo - osteocalcin;
Csls — crosslaps; 25SOHD - vitamin D; EISI — estimated insulin sensitivity index, calculated according to Stumvoll et al. 12,
EFP — estimated first phase, calculated according to Stumvoll et al. '*; ESP — estimated second phase. calculated according to
Stumvoll et al. '>; Homeostatic Model Assessment (HOMA)-IR — HOMA index for estimation of the insulin resistance, using
HOMA 2 calculator; HOMA-B% — HOMA index for estimation of insulin secretion, using HOMA 2 calculator; p — statistical
significance.
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Table 2
Linear correlation analysis
Parameteres r Osteo (ng/mL) ; Parameteres r BMI (kg/m?) ;
BMI (kg/m?) -0.335 <0.01 Osteo (ng/mL) -0.335 <0.01
Gluc 0 (mmol/L) 0.137 >0.05 Gluc 0 (mmol/L) 0.259 <0.01
Gluc 120 (mmol/L) -0.007 >0.05 Gluc 120 (mmol/L) 0.242 <0.01
Ins 0 (mU/mL) -0.288 <0.01 Ins0 (mU/mL) 0.680 <0.01
Ins 120 (mU/mL) -0.165 >0.05 INns120 (mU/mL) 0.505 <0.01
EISI 0.340 <0.01 ElISI -0.998 <0.01
HOMA-IR -0.276 <0.01 HOMA-IR 0.691 <0.01
HOMA-B% -0.337 <0.01 HOMA-B% 0.558 <0.01
ESP -0.266 <0.01 ESP 0.591 <0.01
EFP -0.332 <0.01 EFP 0.516 <0.01

Legend: Gluc 0 and gluc 120 — plasma glucose values in 0 and 120 the minute of Oral glucose tolerance test (OGTT); Ins 0
and ins 120 — plasma insulin levels in 0 and 120 minute of OGTT; HbAlc — glycated haemoglobin Alc; Osteo - osteocalcin;
Csls — crosslaps; 250HD — vitamin D; EISI — estimated insulin sensitivity index, calculated according to Stumvoll et al. '%;
EFP — estimated first phase, calculated according to Stumvoll et al. '*; ESP — estimated second phase. calculated according to
Stumvoll et al. '>; Homeostatic Model Assessment (HOMA)-IR — HOMA index for estimation of the insulin resistance, using
HOMA 2 calculator; HOMA-B% — HOMA index for estimation of insulin secretion, using HOMA 2 calculator; p — statistical

significance.

Table 3
Multiple regression analysis

Model Dependent variable Adjusted R? p Preditctors p (t)

A ElSl 0.862 <0.001 (B)Zéo -;1;(‘)%1 b 8:881
B HOMA-IR 0.798 <0.001 CB)Z;, ?3_'33 <o%%31
c HOMA-B% 0.835 <000 oM i “onr
D EFP 0.874 <0001 S 065 Pty
E ESP 0.920 <0.001 (B)Z;o 117, :o773 <o(.)é(e)321

Legend: Adjusted R? — coefficient of determination that is compliant with the number of independent variables included in
the model; p — statistical significance; EISI — estimated insulin sensitivity index: HOMA — homeostatic model assessment;
EFP — estimated first phase; ESP — estimated second phase; BMI — body mass index; Osteo — osteocalcin.

The multiple regression analysis was used in order to
examine an independent predictive potential of osteocalcinin
relation to the individual parameters of glycemic control, in
al subjects (Table 3). In the model A (R2=0.862,
p < 0.001), we observed that the serum levels of osteocalcin,
positively and independently contribute to the EISI values.
Also, the model B (R2=0.798, p<0.001) showed that the
serum levels of osteocalcin negatively and independently
contribute to the HOMA-IR. In addition to a statistically
significant predictive impact of osteocalcin on the EISI and
HOMA-IR (models A and B), t coefficients indicated that the
influence of the BMI to specified indexes was more
pronounced than of osteocalcin itself. Osteocalcin, in the
models C, D and E did not show a significant predictive
potential in relation to the HOMA-B%, EFP and ESP.

Discussion

The examined group conssted of 57 obese patients (obesity
grade Il and grade 111). In comparison to the hedlthy controls, the
group of obese subjects did not differ Sgnificantly in the measured

Nikoli¢ S, et al. Vojnosanit Pregl 2019; 76(3): 266-271.

vaues of the plasma glucose levels during two-hour OGTT.
However, the datidicaly dgnificant devated HbA1c vaues may
indicate the presence of the modified discrete regime of glycemic
control inthe group of obese patients.

Our results are in agreement with the known facts that
obese subjects compared to normally weighted, ones have
decreased insulin sensitivity and/or the increased insulin
resistance *°. According to the obtained results, the examined
group had significantly higher levels of insulin in basa
conditions and after 120 minutes of the OGT Test, which
could be responsible for maintaining the plasma glucose
levelsin the reference range.

Also, the calculated index that assesses the insulin
resistance (HOMA-IR) was significantly higher in the obese,
while the indicator of insulin sensitivity (EISI) was
significantly lower in the obese compared to the control
group. The aforementioned index is widely used in everyday
clinical practice and represents a measure of quantifying
insulin resistance and insulin sensitivity.

Our analysis showed that obesity had a very high
degree of correlation with the parameters of insulin
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secretion: the HOMA-B%, EFP and ESP. Due to the fact,
obesity is essentially connected to an increased insulin
resistance and elevation of insulin secretion reflects the
strong compensatory mechanism in order to maintain
normoglycemia. The obtained results indicate that in obesity,
with clearly atered biological effects of insulin on the
effector cells, functioning capacity of the islet cells of
Langerhans is completely preserved, and operates in the
mode of hypersecretion. Since among the examined group,
hiperglycemia or decreased glucose tolerance was not
registered, this group of obese patients was characterized by
aninitial, the mildest form of abnormal glucose regulation.

The obese patients showed statistically lower vaues of
osteocalcin, compared to the control group of healthy sub-
jects. Similar results were obtained by Cifuentes et . *°. Lucey
et a. '’ showed a significantly lower value of the total osteocal-
cin in the patients with the BMI vaue equa or lower than to
34.9 kg/m2 in comparison to women of normal weight.

Apart from the already mentioned fact that obese peo-
ple have lower levels of osteocalcin, we found a significant
negative correlation between the BMI and osteocalcin levels.
Itisbelieved that osteocalcin released from the bone tissue to
the circulation is becoming a mediator who stimulates the
proliferation of pancreatic beta cells and insulin secretion,
and on the other hand increases the insulin sensitivity of pe-
ripheral tissue **®. The mechanism which can explain this
relation is an abnormal secretion of leptin in obesity which
may decrease bone metabolic activity, primarily through the
central, sympathetic regulation of bone cells. It is aso known
that leptin decreases the expression of adiponectin and its
concentration in circulation. In mice, the parenteral admini-
stration of osteocalcin increases the expression of adi-
ponectin in white adipose tissue due to the improvement of
insulin sensitivity, reduction of triglycerides in the liver and
muscles as well as the inhibition of gluconeogenesis %2,

Osteocalcin shows a highly significant correlation with
the EISI and HOMA-IR which make it one of indisputable
regulators of the biological effects of insulin on the cell lev-
el. In respect of osteocalcin, obesity exerts the opposite ef-
fects in terms of the increased insulin resistance and de-
creased insulin sensitivity. Also, it can be seen that compared
to osteocalcin, obesity has a significantly higher level of as-
sociation with the insulin resistance and/or sensitivity. These
results indicate that obesity is predominantly related to the
increased insulin resistance and reduced insulin sensitivity,
while the preferred level of osteocalcin connection to the
manifestation of the biological insulin effects is substantially
lower. The current level of the increased insulin resistance
and reduced sensitivity in the group of the obese, is pre-
dominantly caused by the adverse effects of obesity in oppo-
site to the protective effects of osteocalcin.

At first glance, the correlation results a great surprise
are, which showed significant inverse relationship between
osteocalcin and the aready mentioned indicators of insulin
secretion (HOMA-B%, EFP, ESP). These results are in stark
contrast to the so far known facts suggesting that osteocalcin
stimulates beta cells of Langerhans and insulin secretion .
This mechanism is mediated by the action of osteocalcin via
the Gprc6a receptors by stimulating the proliferation of beta
cells. Also, it is known that through the same receptor at the
level of the gastrointestina tract, osteocalcin stimulates the
production of GLP-1 (glucagon like peptide-1) and in that
way participate in the preservation of insulin secretion " %.
The explanation for the obtained relation can be found in the
fact that the study was conducted among obese people with
the minimal disturbances of the glycemic control and subse-
quent insulin hypersecretion. Logical processing of the data
shows: the greater obesity, the lower osteocalcin, and higher
insulin secretion. On the basis of this fact, it can be con-
cluded that between osteocalcin and insulin secretion there is
an inverse correlation.

In order to comprehensively examine the influence of
different factors on the insulin secretion in obese subjects,
the multiple linear regression analysis was performed. It is
necessary to bear in mind that the factor of obesity is com-
plex and comprises a plurality of factors that directly or indi-
rectly influence both insulin secretion and insulin resis-
tance/sengitivity. This statistical method showed that osteo-
calcin has no significant prediction of insulin secretion (the
HOMA-B%, EFP, ESP), opposite to the complex factor of
obesity (BMI). Therefore, it could be concluded that the cho-
sen model of this research, although conducted on the small
sample size, is not suitable for studyng the influence of os-
teocalcin on insulin secretion.

Conclusion

The obtained significantly lower concentrations of
osteocalcin in the obese subjects, compared with those of
normal weight, are the consequences of the altered energy
metabolism in obesity.

The inverse relationship between osteocalcin and
obesity indicate an actual connection between the bone
metabolism and glycemic control in the complex system of
the energy metabolism.

The impact of osteocalcin on glycemic control is
evident, but its share is substantialy lower in relation to
obesity and other factors associated with obesity. Therefore,
when assessing the place and role of osteocalcin in the
glycemic control, there should aways be taken into account
that osteocalcin, as a systemic mediator, is only one of many
other, lessinfluential factors.
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