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ABSTRACT

Introduction: The Osteoprotegerin (OPG) cytokine
network has been found to control bone homeostasis and
is implicated in increased skeletal resorption, including
several forms of osteoporosis.

Aim: To establish the relationship of Bone Mineral
Density (BMD) with serum Osteoprotegerin levels and the
biophysical profile (waist to hip ratio and body mass index)
and also to correlate it with menopausal status and risk of
osteoporosis.

Material and Methods: A case-control study was
conducted on 110 non-pregnant subjects: 40 peri-
menopausal, 40 post-menopausal women and 30 women
in the reproductive age group.

Bone mineral densitometry by Quantitative Computerized
Tomography (QCT) at lumbar spine, Waist-to-hip (W:H) ratio
and Body Mass Index (BMI) were computed.

Results: Independent student’s t-test and Karl Pearson’s
correlation coefficient analyzed the parameters under
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study. Standard unimodal distribution curve determined
the cut-off value of Osteoprotegerin for screening of
osteoporosis risk. In the peri-menopausal age group (40-55
years), there were significant correlations of BMD with age
and BMI (p=0.0857; p=0.458). The postmenopausal group
(50-70 years) had significant correlations of OPG with age
(p=0.030), W:H ratio (p=0.002) and BMI (p=0.005). An OPG
concentration of 17.9 pmol/L could predict osteoporosis
in postmenopausal women. BMD detected the maximum
number of osteoporotic and osteopenic subjects within the
postmenopausal group while least were encountered in the
normal group.

Conclusion: Osteoporosis was encountered in 60% of
post-menopausal and 40% of peri-menopausal patients due
to low oestrogen levels. Maximum derangement of BMD,
waist to hip ratio and BMI were seen in overweight women.
The significant correlations of BMD with BMI may be utilized
for assessing osteoporosis in menopausal women.
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INTRODUCTION

Osteoporosis is the most prevalent bone problem in the
elderly worldwide characterized by low Bone Mineral Density
(BMD) and micro-architectural deterioration, which eventually
manifests as low back pain, loss of height over time, a stooped
posture or a bone fracture that occurs much more easily than
expected.A complex regulatory system of systemic and local
factors such as sex hormones, calcium regulating factors,
growth factors and cytokines (IL-1, IL-6, IL-11, TGFpB and
TNFa) maintain the crucial balance between bone formation
and resorption [1]. After middle age, a large segment of
population shows a decline in bone growth with ageing which
becomes more pronounced in menopausal women than men.
Menopause is defined retrospectively when menstruation
permanently ceases and the oestrogen deficiency invariably
leads to an increased risk of osteoporosis due to the net

reduction of post-menopausal bone mass consequential to
increased bone remodelling. As adipose tissue serves as a
major site of extra glandular oestrogen production, its formation
may actually be enhanced in obese post-menopausal women
leading to the worsening of cardiovascular risk factors
associated with weight gained during the menopausal
transition [1-3]. Oestrogen directly modulates the production
of osteoclast-stimulating and inhibiting factors and the cells of
the osteoblastic and osteoclastic lineage tightly regulate the
bone formation and resorption through two key regulators:
Osteoprotegerin (OPG) and Receptor Activator of Nuclear
factor Kappa B Ligand (RANKL). OPG was initially described
in the regulation of bone density [4-6]. This was supported by
Mizuno A et al., who observed severe osteoporosis in mice
lacking OPG and later Tsuda E et al., described a cytokine
network: the tripartite OPG, RANK, RANKL, which was

International Journal of Anatomy, Radiology and Surgery. 2018, Oct, Vol-7(4): AO22-A030



l . . WWW-ija"S-net

found to control bone homeostasis [5,7]. This system was
implicated in various skeletal and immune mediated diseases
including several forms of osteoporosis, rheumatoid arthritis
and acute vascular syndromes [8]. Since then, much research
has been conducted about their developmental, homeostatic
and pathological roles in skeletal and immune biology [8-10].

Due to conflicting reports of association of OPG with the
parameters under investigation in the study, this study aimed to
establish the inter-relationships of BMD with serum OPG levels,
biophysical parameters and menopausal status. The medical
implications of this study are not only limited to the menopausal
state but also in dealing with various pathological conditions
involving calcifications of tissues and bone diseases.

MATERIALS AND METHODS

A case-control study was conducted by the Department of
Anatomy in collaboration with the Departments of Obstetrics
and Gynaecology and Radiology. From October 2008 to March
2010, a total of 110 non-pregnant subjects were included in
the study after obtaining informed consent from all individual
participants. The study was in accordance with the ethical
standards of the Indian Council for Medical Research.

Patient Selection Criteria:

e Study Group A: Forty perimenopausal women (age:
40 to 55 years) with evidence of irregular menstruation (an
abnormal variation in length of menstrual cycle ranging from
eight to twenty days, between the shortest and the longest
cycle lengths) and menopausal symptoms, associated with
elevated serum FSH levels (>20 IU/L).

e Study Group B: Forty Post-menopausal women with
complete cessation of menstruation and serum FSH >20 1U/L
and LH>30 IU/L. Only women menopausal for more than five
years duration were included in this study.

e Normal Group: Thirty healthy women (recruited from patients
attending gynaecology OPD) in the reproductive age group
were included in the study to set up normal standards in the
Indian female population, according to the assay procedure.

Only patients advised CT Scan-Abdomen were recruited, to
avoid unnecessary radiation exposure.

Exclusion Criteria:

e Patients of premature, delayed and artificial menopause and
women with oligomenorrhea or amenorrhoea before the age
of 40 years.

e Patients with any acute coronary syndrome, chronic
infections, history of diabetes, tuberculosis, hypertension,
renal/cardiovascular/autoimmune disease, bleeding disorder,
cancer and epilepsy.

e Patients with history of long term drug intake (especially
calcium supplements, corticosteroids, oral contraceptive pills).
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During the course of investigations, patients presenting
with deranged blood parameters were excluded from this
study.

The Written/Informed patient consent with all the details of
the history, clinical examination and investigations were
recorded and made available to the patient. A detailed
clinical history was taken. Any medical history of chronic drug
intake and operative procedures underwent, were ruled out.
Clinical examination included general physical and systemic
examinations. For blood pressure measurement, two readings
were taken at an interval of six hours. Korotkoff phase 5 was
used to define diastolic blood pressure. BMI was calculated
with weight (in kilograms) measured by standardized weighing
machine and Height (in metres) by measuring tape.

Body Mass Index (BMI) = Weight (Kg)/Height?(m) {Acceptable
range: 18.5-24.9; Overweight: 25.0-29.9; Obese: 30.0-39.9;
Morbidly obese: >40}

Waist-to-hip ratio was calculated using a measuring tape:
Waist-hip ratio (cm) = Waist circumference/Hip Circumference
(Abnormal >0.9)

Investigations: Complete haemogram; Blood sugar-fasting
and post parandial; Lipid profile; Liver function tests; Kidney
function tests; Serum FSH and LH.

BMD: QCT for bone density was performed at lumbar spine.
BMD is expressed as a T-score, which is the number of
standard deviations from the mean for a young healthy woman.
T-score of O to -1 is considered normal, osteopenia:-1 to -2.5
and a score below -2.5 indicates osteoporosis.

Estimation of Serum Osteoprotegerin levels by ELISA
technique: Blood obtained by venepuncture was collected
and centrifuged for sera. The assay was done by ELISA
technique using MICROVUE OPG enzyme immunoassay kit
which provides materials for quantitative determination of
total human Osteoprotegerin (OPG) in different experimental
sample types. The antibodies used in this test are human
OPG specific with no detectable cross-reactivity to soluble
form of RANKL and TRAIL (TNF- related apoptosis inducing
ligand) at 120 pmol/L.

Calculation of Result: The average optical density was
calculated for each of the standards and samples with the help
of the Sirio S ELISA reader. A standard curve was created by
plotting the optical density for each standard concentration on
the ordinate against OPG concentration on the abscissa and
a best fit curve was drawn. To determine the concentration of
OPG for each sample, first the mean absorbance value was
found on the ordinate and then a horizontal line was extended
to the standard curve, at the point of intersection, a vertical
line was extended to the abscissa and the corresponding
OPG concentration was read.
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STATISTICAL ANALYSIS

The parameters of the study groups were compared and
p-value was calculated using independent student’s t-test:
p-value < 0.001 - very highly significant; p-value <0.01 - highly
significant; p-value <0.05 — significant (p1: denotes p-value
for group A versus normal group, p2: p-value for group A
versus group B and p3: p-value for group B versus normal
group). The correlations between BMI and waist-hip ratio
with serum Osteoprotegerin and BMD were calculated using
Karl Pearson’s correlation coefficient. A standard unimodal
distribution curve was used for determining the cut-off value
of Osteoprotegerin for screening of patients for osteoporosis
risk and all statistical evaluations were performed using SPSS
(Statistical Package for Social Science) 16.0 version.

RESULTS

The statistical difference in age between the three groups was
very highly significant (p<0.001) while the mean values of body
mass index and waist to hip ratio were comparable. In relation
to age, mean BMI was found to be higher in normal and
perimenopausal than postmenopausal group [Table/Fig-1].
Mean serum Osteoprotegerin levels showed an increase
with age and were significantly higher (p=0.013) in the post-
menopausal group B [Table/Fig-1].

In 110 subjects, BMD detected 48 (44%) patients with
osteoporosis [Table/Fig-2], 37 patients (34%) with osteopenia
[Table/Fig-3] and 25 (22%) with normal [Table/Fig-4] bone
scans. The postmenopausal group had the maximum
number of osteoporotic and osteopenic subjects while least
were encountered in the normal group [Table/Fig-5]. In the
postmenopausal group, age had significant correlation with
bone mineral density and this correlation did not exist within
other groups(p1=0.007) [Table/Fig-2].

The clinical and laboratory parameters of the three groups
have been tabulated and statistically analysed as follows:

Peri-menopausal Group A: Age range of the 40 subjects
was from 40- 55 years [Table/Fig-1]. Age positively correlated
with waist to hip ratio and OPG levels but only the correlation
of age with BMI was found to be statistically significant [Table/
Fig-6]. Body mass index was in the range of 18.18-40.35.
Twenty-nine (72.5%) patients with abnormal BMI were stratified
accordingly and maximum number of patients with deranged
BMD was found in the overweight and obese groups [Table/
Fig-1,7]. Waist-hip ratio ranged from 0.76 -1.17. 21 (63%) had
W:H ratios greater than 0.9 and were overweight with altered
BMD [Table/Fig-8]. Mean serum OPG levels were highest in
patients who were found to be osteoporotic [Table/Fig-5].
The correlations of serum OPG with other parameters under
study were not found to be significant [Table/Fig-6]. BMD
in this group estimated 40% patients to be osteoporotic,
33% osteopenic and 27% with normal BMD with no other
significant correlations [Table/Fig-5].

Post-menopausal Group B: The age of the subjects ranged
from 50-70 years, with a positive significant correlation of age
with BMI and OPG [Table/Fig-6]. BMI was found to be ranging
from 17.54-31.6. In 24 patients (60%) with abnormal BMI,
the overweight patients showed maximum derangement of
waist: hip ratio (67%) and no patient had normal BMD. The
OPG levels in subjects with altered BMI were elevated in 20
(83%) patients [Table/Fig-1,7]. BMI positively and significantly
correlated with age, W:H ratio and OPG levels [Table/Fig-6].

W:H ratio ranged from 0.68-1.11.In 24 (60%)patients with
abnormal W:H ratio, 16 (67%) had increased BMI, out of
which the overweight patients with altered BMD predominated
[Table/Fig-1,8]. Waist: hip ratio had a positive and significant
correlation with BMI and OPG levels [Table/Fig-6]. Mean
serum OPG levels were highest in the 66-70 age group and
was positively and significantly correlated with age, BMI and
W:H [Table/Fig-1,6]. Maximum osteoporotic and osteopenic
patients were found within this group with only three patients

Parameters Normal Group Group A Perimenopausal Group B Postmenopausal _value
N=30 N=40 N=40 P
p1=0.000*
Mean age (Years) 32.30+5.60 46.55+3.52 58.25+6.28 p2=0.000**
p3=0.000"**
p1=0.739*
Mean Body Mass Index (kg/m?) 26.27+4.33 26.63+4.57 25.20+3.5 p2=0.120**
p3=0.257***
p1=0.615*
Mean Waist to Hip ratio 0.93+0.97 0.92+0.87 0.92+0.10 p2=0.799**
p3=0.818"**
p1=0.368*
Mean OPG (pmol/L) 10.85+6.57 12.71£9.70 15.36+ 7.88 p2=0.184**
p3=0.013***
[Table/Fig-1]: Comparable parameters of Normal, Perimenopausal and Postmenopausal groups.

p1*: Denotes p-value for Normal Group versus group A (Perimenopausal women); p2**: Denotes p-value for Group A (Perimenopausal women) versus Group B
(Postmenopausal women); p3***: Denotes p-value for Group B (Postmenopausal women) versus Normal Group
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[Table/Fig-2]: Bone mineral densitometry showing osteoporosis by
QCT.
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[Table/Fig-3]: Bone mineral densitometry showing osteopenia by
QCT.

AvgBMD(mg/cc):199.08

Group Normal BMD | Osteopenia | Osteoporosis
(N=25) (N=37) (N=48)
Normal N=11 (37%) N=11(37%) N=8(27%)
Mean age(years) 30.90+4.70 34.00 + 4.92 | 31.88 + 7.50
Mean BMI (Kg/m?) | 26.68+3.58 26.01+4.28 26.05+5.72
Mean OPG (pmol/l) | 11.45 (5-27) 10.41 (5-21) | 10.62 (5-16)

Perimenopausal N=11(27.5%) | N=13(32.5%) | N=16(40%)
Mean age (years) 46.09+3.83 46.54 + 2.47 | 46.88 + 4.15
Mean BMI (Kg/m?) | 28.11+5.36 25.94+4.40 26.17+4.18
Mean OPG(pmol/l) | 9.14 (1.5- 719 (1.5- 19.72 (5-38.5)
19.5); 18.5)
Postmenopausal | N=3(7.5%) N=13(33%) N=24(60%)
Mean age (years) 50.67+1.15 54.85+4.18 | 61.04 +5.95
Mean BMI (Kg/m?) | 19.68+ 3.31 24.02+2.89 26.52+2.97
Mean OPG (pmol/l) | 10.5(9.5-11.5) | 9.35 (0-16.5) | 19.24 (5-34)
Mean Serum OPG | 10.32 8.90 17.95

(pmol/l)
[Table/Fig-5]: Comparison of various parameters in relation to

Bone Mineral Density.

‘ Normal ‘ Perimenopausal | Postmenopausal
Correlation of age with:
Body Mass r=-0.052 r=0.347 r=0.333
Index p=0.785 p= 0.028 p=0.036
Waist-Hip r=0.037 r=0.049 r=0.237
ratio p=0.844 p=0.764 p=0.141
Osteoprotegerin | r=-0.097 r=0.075 r=0.343
concentration p=0.610 p =0.647 p =0.030
Correlation of body mass index with:
Waist-Hip r=0.781 r=0.234 r=0.446
ratio p = 0.000 p=0.147 p = 0.004
Osteoprotegerin | r=-0.111 r=-0.112 r=0.432
concentration p = 0.559 p =0.492 p =0.005
Correlation of waist-hip ratio with:
Osteoprotegerin | r=0.119 r=0.213 r=0.484
concentration p =0.531 p =0.186 p =0.002

Pos: W 296 1% 128
[Table/Fig-4]: Bone mineral densitometry showing normal bone
scan by QCT.

with normal BMD. The correlations of BMD with age and BMI
were positive, and the relationship was significant (p=0.001;
p=0.001) [Table/Fig-5].

[Table/Fig-6]: Inter-relationships of various parameters in the three

groups

Normal Group: Age of 30 subjects was found to be ranging
from 20-40 years. Body mass index ranged from 18.76-35.55
kg/m?. A total of 21 (70%) subjects with abnormal BMI were
overweight and showed maximum derangement of W:H ratio
and BMD [Table/Fig-7]. BMI had a positive and very highly
significant correlation with W:H ratio (p<0.001) [Table/Fig-6].
Waist-hip ratio was found to be ranging from 0.71-1.10, with
19(63%) patients having abnormal W:H ratios, out of which
maximum were overweight with altered BMD [Table/Fig-8].
Mean serum osteoprotegerin levels were 10.85pmol/L and
were the highest (11.45pmol/L) in 11 subjects (37 %) who had
normal BMD [Table/Fig-5]. BMD estimated 8(27 %) patients to
be osteoporotic, 11(37%) osteopenic and 11(37%) patients
with normal BMD [Table/Fig-5].

Receiver-Operating Characteristic (ROC) Curve Analysis:
Using BMD (range: 0 to -2.5) as the gold standard for
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Parameter Overweight Obese Morbidly
Obese

Perimenopausal: N= 29 (72.5%)

Number(Percentage) | N=24 N=4 N=1

W: H RATIO >0.9 15(62.5%) | 2 (50%) 1 (100%)

BMD: Normal 6 (25%) 1(25%) 1 (100%)

Osteopenia 8 (33.3%) 1 (25%) -

Osteoporosis 10 (41.7%) | 2 (50%) -

POSTMENOPAUSAL: N=24 (60%)

Number(Percentage) | 22 2 (NIL)

W: H RATIO >0.9 15 (68%) 1 (50%) -

BMD: Normal 0 0 -
Osteopenia 3 (14%) 1 (50%) -
Osteoporosis | 19 (86%) 1 (50%) -

NORMAL: N=21 (70%)

Number(Percentage) | 15 6 -

W: H RATIO >0.9 13 (87%) 5 (83%) -

BMD: Normal 6 (40%) 2 (33.3%)

Osteopenia 6(40%) 2(33.3%)
Osteoporosis | 3 (20%) 2 (83.3%)

[Table/Fig-7]: Distributions of various parameters with abnormal

BMI in the three groups.

Parameters Normal Abnormal

Perimenopausal subjects with increased W:H ratio (n=21)

Body Mass Index | 3 (14%) 18 (86%)
Overweight: 15 (83%)
Obese 02 (11%)
BMD 4 (19%) Morbidly obese 01 (6%)
Osteopenia 05(24%)
Osteoporosis  12(57%)

Postmenopausal subjects with abnormal Waist-Hip ratio
(N=24)

Body Mass Index | 8 (33%) 16 (67%)
Overweight 15 (94%)
Obese 01 (6%)
Morbidly obese 0

BMD 1 (4%) Osteopenia 07 (29%)

Osteoporosis 16 (67 %)

Parameter to Cut-off Sensitivity | Specificity Area
be predicted value under the
curve

Osteoporosis

Normal 10.32pmol/L | 25% 43% 0.117

Group

Group A 8.9 pmol/L 60% 46% 0.655
[Standard
Error:
0.117
(p<0.134)]

Group B 17.9 pmol/L | 54% 60% 0.150
[Standard
Error:
0.071
(p<0.150)]

[Table/Fig-9]: Cut-off values of Serum Osteoprotegerin for

predicting osteoporosis and complications

Sensitivity

1 - Specificity
[Table/Fig-10]: ROC curve analysis for cut-off value of serum OPG

for osteoporosis in perimenopausal women.

Normal subjects with abnormal Waist-Hip ratio: (N=19)

BMI 1(5%) 18 (95%)
overweight 13 (72%)
obese 05 (28%)
morbidly obese 0

BMD 6 (32%) osteopenia 08 (42%)

osteoporosis 05 (26%)

: Distribution of various parameters in subjects with
increased W: H ratio.

diagnosing osteoporosis, cut-off of OPG concentration
was calculated which could differentiate between normal
and osteoporotic women in the three groups. Serum OPG
concentrations of 8.9pmol/L was able to predict osteoporosis
in perimenopausal women. The predictive value of positive test
was 69.57% and predictive value of negative test was 35.29%
[Table/Fig-9,10]. The cut-off OPG concentration of 17.9pmol/|
was able to predict osteoporosis in the postmenopausal

0.8

Sensitivit

06

0.4

0.2+

oo : : x ; 5
oa o2 a4 08 ag 10
1 - Specificity

[Table/Fig-11]: ROC curve analysis for cut-off value of serum OPG

for osteoporosis in postmenopausal women.

group with a sensitivity of 54% and specificity of 60%. The
predictive value of positive test was found to be 90.48% and
predictive value of negative test was 15.79% [Table/Fig-9,11].
In the normal group, a concentration of 10.32 pmol/l was able
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to predict osteoporosis. The predictive value of the test was
low (833%) as there were a high number of false positives and
false negatives [Table/Fig-9,12].

Sensitivity

[Table/Fig-12]: ROC curve analysis for cut-off value of serum OPG

for osteoporosis in normal group.

DISCUSSION

The developmental, homeostatic and pathologic roles of
Osteoprotegerin/RANK/RANKL pathway plays a pivotal role in
controlling cell differentiation and function and are triggered by
inflamnmatory cytokines or by disorders of calcium-phosphate
homeostasis [1,5,11]. These interactions become evident in
osteoporosis and vascular calcifications which are commonly
associated with high morbidity and mortality in women [8,9].

To the best of our knowledge, this is the first case-control study
conducted on the Indian female population. A normal group of
women were included in the study as Indian standards are not
available. In other studies, subjects were Chinese, Japanese,
or Korean with most studies being conducted on Caucasian
women [8-18]. Most researchers investigated namely two
groups: premenopausal and the post-menopausal group
[10,13,15,18-20]. In few other studies postmenopausal or
the perimenopausal group were investigated along with men
[11,12,16-18,21,22]. In comparison to the present exclusion
criteria’s, with that of other studies which only included male
sex and black women because of their relatively low incidence
of osteoporotic fractures [15].

There was a significant difference between the mean age
(p<0.001) (range: 20-70 years) in the three groups which
helped us to establish serum OPG levels in each group,
without any significant overlap [Table/Fig-1].

This is the first case control study that has stratified body mass
index into three categoriesi.e., overweight, obese and morbidly
obese.Overall, the number of subjects found to be overweight
(n=61) were more than the obese (n=12) or morbidly obese
(n=1). The perimenopausal group had maximum number of
patients with altered BMI (n=29), along with largest number
of overweight (n=24) subjects. This finding can be attributed
to the alteration in the circulating sex steroids during the

Sarika Rachel Tigga et al., Bone Mineral Density: Relationship with Serum Osteoprotegerin and Biophysical Profile ..I

perimenopausal transitional years which leads to altered
BMI. The overweight subjects in all the three groups showed
maximal derangement of parameters of CVD risk (BMI; W:H),
with these subjects showing osteopenia and osteoporosis.
Thus, due to altered BMI, the increased circulating lipoproteins
available in the blood affect oestrogens levels and the state
of bone health will be eventually decided by Osteoprotegerin
levels. In the present study, no significant correlation of Body
mass index was found with OPG in normal and perimenopausal
women which shows that OPG levels are independent of
body markers in these groups. In group B women, positive
significant correlations (p<0.005) were found which may be
because of the decrease in female sex hormones with age that
leads to altered BMI and BMD but other investigators have
reported no correlation [13,21,23-25].

The waist hip ratio had asignificant positive correlation with OPG
only in postmenopausal women (r=0.48, p<.002). We could not
compare the above finding with other researchers and only two
investigators have reported significant association of W:H with
OPG in women of all age groups [Table/Fig-1,6] [14,26].

The prevalence of osteoporosis is best measured by the
frequency of reduced BMD. Standard X-rays do not provide
an early assessment of fracture risk as 30-40% of bone
must be lost before radiographic changes become apparent.
Though the Dual Energy X-ray Absorptiometry (DEXA) of the
hip and spine is the most widely used technique to measure
bone mass accurately, QCT for bone density measurements
can be performed [Table/Fig-2-4] [3]. In relation with BMD
the correlation of age and BMI was significant (p<0.001) and
maximum patients with osteoporosis were postmenopausal
(24) [Table/Fig-5]. Patients with normal BMD and osteopenia
were equally encountered in the normal and perimenopausal
groups. This in keeping with the other studies shows that
there is decrease in bone mineral density as age progresses.
According to our present study 60% of post-menopausal
and 40% of peri-menopausal patients had developed
osteoporosis due to low oestrogen levels, in accordance
with the menopausal status [Table/Fig-5]. Pammer A et al.,
reported negative correlation of BMD with OPG and postulated
a higher risk of fractures in patients with osteoporosis. Dai VI
et al., Browner WS et al., Holecki M et al., and Frost ML et
al., reported no correlation between OPG and BMD at lumbar
spine, which collaborated with our study [12,15,20,22,27].

Mean serum Osteoprotegerin levels increased with age and
were highest in the post-menopausal group B (15.36 pmol/L).
However, in total 110 patients, 48 women with osteoporosis
showed elevated levels of OPG (mean=17.95pmol/L), while 37
osteopenic women had the lowest levels (8.90pmol/L) [Table/
Fig-5]. As elevated serum OPG levels were found to increase
with age and it may be hypothesised that this offers protection
to the bone from further osteoclastic activity as OPG acts as
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a decoy receptor to prevent interactions of the RANK-RANKL
system thereby modulating osteoclastogenesis. Hence, rise
in OPG levels is a compensatory protective mechanism in
response to bone loss which occurs in the oestrogen deficient
state with age, while osteopenia occurs because of decrease
in levels of OPG below normal values [8,28]. Uemura H et al.,
in his cross-sectional study found serum OPG concentrations
had significant positive correlations with age in 80 Japanese
postmenopausal women (r=0.29, p=0.03) [10]. Similarly,
Khosla S et al., found that serum OPG levels increased with
age (r= 0.18, p<0.01) and were higher in the postmenopausal
(1957pg/mL) [29]. The present findings i.e., increasing
levels of serum OPG with age is in conformity with previous
investigators [13-16,23,24,26,28]. Similarly, Rogers A et al.,
concluded that the variation in circulating estradiol levels is an
important factor determining bone turnover and bone density
at menopause and also suggested that circulating OPG levels
may reflect its activity and are related to levels of estradiol [9].

Perimenopausal women showed a significant rise in OPG
levels which may indicate the ‘cardio-protective’ nature of
Osteoprotegerin. In the postmenopausal group, there was a
significant rise in BMI and OPG levels with age (p<0.05) along
with a significant correlation of OPG with age, BMI and waist-hip
ratio(p<0.005). Serum OPG was found to be significantly raised
in relation to the parameters of CVD risk [14]. Approximately the
same serum levels (15.36+7.88 pmol/L) are also reported by
Rogers A et al., Browner WS et al., and Kiechl S et al.. [9,15,16].
The rise of OPG levels during menopause can be attributed
to up-regulation of OPG by oestrogen from osteoblasts, thus
oestrogen deficiency during menopause results in increased
bone remodelling. OPG levels rise in response to activation
of several bone remodelling units and this is a compensatory
mechanism to check osteoclastic activity.

In the normal group, mean OPG concentration was lower than
that of the other groups, while BMI had a positive and very
highly significant correlation with waist-hip ratio [Table/Fig-6].
This finding suggests that the correlation of BMI to W:H ratio
is of less use in the transitional perimenopausal state.

Every test or assay done must fulfil the purpose of being utilized
for the screening of the population or diagnosing a disease for
therapeutic purposes [Table/Fig-13]. Thus, the present study
attempts to establish a cut-off value of serum Osteoprotegerin
in the three study groups which could be used in diagnosing
osteoporosis and such a value would be age-specific [Table/
Fig-9]. A serum Osteoprotegerin concentration 0of10.32 pmol/L
was able to differentiate between women with normal bone
density and women with osteoporosis in the normal group with
low sensitivity and specificity which may be due to the fact that
OPGiis produced by a variety of tissues. In the perimenopausal
group A, Serum OPG concentration less than 8.9 pmol/L were
able to predict osteoporosis in perimenopausal women. In
postmenopausal women serum concentration of 17.9 pmol/L
was able to predict osteoporosis with a sensitivity of 54% and
specificity of 60% and can be used as a marker for predicting
osteoporosis in postmenopausal women. Few other studies
showing an increase in serum OPG have attempted to
associate the menopausal status with bone mineral density
[9,12,15,19]. Liu JM et al., in their analysis found that there
was no significant correlation between serum OPG and BMD,
as was shown in our study [13]. Rogers A et al., and Browner
WS et al., were also unable to find a significant correlation
between OPG and BMD or overall fracture risk [9,15]. As
per our knowledge only one other investigator has used the
ROC curve analysis to show the prognostic value of serum
osteoprotegerin levels [26].

LIMITATION

Several of the findings are in accordance with previous
investigators, yet there are differences in our data from
others. The stringent exclusion criteria along with removal
of diseased subjects during the course of the present study,
severely limited the number of subjects. Differences in the
study design and population characteristics are likely to have
contributed to the variability of results when compared with
other studies. The final experimental results are related to
validity of the products, operation skills of the end users and
the experimental environments. Variability in the interactions

Peri/ Post-menopausal women

Biophysical parameters (BMI;W:H)

Normal Altered

Bone Mineral Density Bone Mineral Density

Normal Decreased Normal Decreased

Osteoprotegerin Osteoprotegerin

N || D N I D N | D N I D

- monitor | future risk | no active active at - presently | future | inactive | active at risk
bone resorption disease present risk protected | risk disease | disease

[Table/Fig-13]: Schematic representation of management of menopausal women in relation to Bone Mineral Density & Serum Osteoprotegerin

levels.
N:Normal; l:Increased; D: Decreased
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of OPG and its receptor RANKL may also lead to alterations
in the circulating levels of OPG.

CONCLUSION

The levels of serum osteoprotegerin increases with age and it
provides a compensatory protective mechanism to protect the
skeletal system from osteoclastic damage. The mean serum
OPG levels along with biophysical profile can be used as a
biomarker for assessing osteoporosis in menopausal women.
Though serum OPG bears no correlation with bone mineral
density, it may be used as a screening test for osteoporosis
to predict the burden of disease. This may aid the monitoring,
treatment and prevention of osteoporosis.
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