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Abstract

Original Article

Introduction

Osteoporosis is common in women after menopause with 
increased bone fragility.[1,2] Besides the known risk factors, 
other potential risk factors have been identified.

Association of hyperhomocysteinemia with lower bone 
mineral density  (BMD)[3,4] and risk of osteoporotic 
f r ac tu re s [5 ,6 ]  h a s  been  shown  wi th  con t r a s t i ng 
results.[7,8] Homocysteine  (HCY) decreases bone blood 
flow, increases matrix metalloproteinases,[9] and interferes 
with collagen cross‑linking.[10,11] Collagen cross‑links 
provide strength and stability to collagen network in 
bone matrix. Cathepsin‑K  (CathK) is mainly expressed in 
osteoclasts and is essential for bone resorption.[12] High levels 
of CathK are seen in osteoporotic women.[13,14] We studied the 
correlation between BMD, HCY, and CathK in postmenopausal 
women.

Materials and Methods

Ethics statement
Ethical approval for the study was obtained from the 
Institutional Ethics Committee of King George’s Medical 
University, Lucknow (Uttar Pradesh), India (No. 9329/ethics/R. 
Cell‑16). Before entering the study, all the patients were given 
a verbal presentation of information on the study, and a written 
consent was obtained from all the subjects enrolled in the study.

Study participants
In this cross‑sectional study, postmenopausal women 
aged  ≥45  years whose menses had stopped for more than 
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1  year were recruited from the Endocrinology outpatient 
department, King George’s Medical University, Lucknow. 
For study, we took the definition of menopause as cessation of 
menses for more than 1 year.[15] Osteoporosis and osteopenia 
were classified according to the World Health Organization 
classification system.[16] Premature menopause, patients with 
secondary osteoporosis and women who were suffering from 
any other medical complication such as hyperparathyroidism 
or rheumatoid arthritis which might affect bone metabolism 
was excluded from the study. Patients receiving Vitamin B12 
or folic acid supplements were also excluded from the study.

Lifestyle factors and anthropometric measurement
All subjects included in the study underwent detailed history 
concerning their lifestyle and general health information such 
as duration of menopause, history of fracture, family history 
and other details regarding the intake of any other drug in the 
past, mainly focusing on antitubercular treatment, antiretroviral 
therapy, antiepileptics, food fortification with Vitamin D, 
calcium supplementation, and steroids.

Anthropometric measures, such as height, weight, and body 
mass index (BMI) was measured. Height was measured using 
a standard stadiometer, and weight was measured using an 
electronic scale.

Bone mineral density
BMD was measured at hip, lumbar spine, and forearm in all 
subjects by dual‑energy X‑ray absorptiometry (DEXA) using 
the Hologic QDR1000 machine and was expressed in absolute 
values as grams of mineral content per square centimeters of 
the bone area (g/cm2).

Bone markers assessment
Blood samples were collected from all the participants and 
serum was immediately separated and stored in‑20°C until the 
level of specific serum bone‑related markers were measured. 
Serum HCY, 25‑hydroxyvit‑D  (25[OH] D), Calcium, 
phosphorus, intact parathyroid hormone, SGOT/SGPT, 
alkaline phosphatase  (ALP), protein/albumin, creatinine, 
Vitamin B12, folic acid, and CathK were measured using 
standard analytical techniques.

Statistical analysis
Descriptive statistics were examined for all study variables. 
Data analysis was using statistical software package SPSS 
20.0 (SPSS, Chicago, IL). In subjects demographic and 
biochemical parameters, differences in baseline between 
the three groups were analyzed using Kruskal–Wallis test. 
Baseline characteristics of each study group were examined 
using Chi‑square test for categorical variables. Data are 
presented as the mean ± standard deviation. Nonparametric 
tests were applied because some variables did not present a 
normal distribution  (Gaussian); due to data dispersion, the 
null hypothesis was rejected according to the Shapiro–Wilk 
test. The Pearson correlation coefficient was calculated as a 
measure of association between BMD and study variables. 
Multiple linear regression analysis was performed to 

determine the predictors of BMD at different regions (hip, 
spine, and forearm). BMD was entered as the dependent 
variable with serum ALP, calcium, phosphorus, 25(OH) D, 
parathyroid hormone (PTH), HCY, Vitamin B12, folic acid, 
and CathK simultaneously as predictor variables. A  value 
of P  <  0.05 was considered statistically significant for all 
analysis.

Results

On the basis of BMD, the enrolled cases were put into 
three groups as follows: Postmenopausal women with 
osteoporosis  (t‑score <−2.5), postmenopausal women with 
osteopenia (t score between − 2.5 and − 1), and postmenopausal 
women with normal BMD values  (t score >−1). Table  1 
illustrates that mean values of age, height, weight, and BMI 
were comparable between the three groups. The mean value of 
the duration of menopause was significantly higher (P < 0.05) 
in women with osteoporosis. No significant differences were 
observed between mean values of hemoglobin, SGOT, SGPT, 
SALP, creatinine, and protein. The Vitamin D and PTH levels 
were found similar between the osteoporotic, osteopenic, and 
normal group while significant difference was detected between 
mean values of phosphorus among the groups. Conversely, 
the calcium level in osteoporotic and osteopenic group was 
significantly higher (P = 0.029) than the normal group.

Table 2 provides the detailed information about the distribution 
of cath K, folic acid, Vitamin B12 and HCY in three groups. An 
enlarged level of HCY was observed in the osteopenic group 
while lowest in osteoporosis and no clinical reasons were found 
for such variation among the two groups. There was no significant 
difference in Cath K level between the groups (P = 0.421). Pooling 
all healthy women and comparing them with the osteoporotic 
also did not show significant differences (P = 0.181). Similarly, 
no significant differences were observed in HCY, Vitamin B12 
and folic acid between these three groups.

Table 3 illustrates the Pearson correlation coefficients of the 
parameters measured in all subjects. Age was negatively 
correlated with BMD  (hip and forearm). No statistically 
significant correlations were detected between Vitamin D 
and BMD at the three sites as well as with age, weight, 
and BMI. PTH was found to be negatively correlated with 
Vitamin D (r = −0.39, P < 0.01) while positively correlated 
with phosphate level (r = 0.341, P < 0.01) in all the subjects.

BMD at hip was negatively correlated with calcium 
(r = −0.232, P < 0.05) and ALP (r = −0.228, P < 0.05). BMD 
at spine was also negatively correlated with calcium level 
(r = −0.018, P < 0.01). No significant correlations were seen 
between calcium and Vitamin D, calcium and PTH, BMI and 
Vitamin D, BMI and PTH, BMI and age, BMI and BMD at 
the three sites. No significant correlation was found between 
BMD values and HCY, Vitamin B12, folic acid, and cathepsin.

Levels of HCY were related positively to serum 
phosphate (r = 0.584, P < 0.01) and PTH (r = 0.303, P < 0.01) 
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and inversely with Vitamin B12  (r = −0.248, P  <  0.05). 
No significant relation was observed between levels of 
Vitamin B12 and folic acid. Similarly, except serum phosphate 
level, there are no correlations between CathK levels and other 
biomarkers such as Vitamin D, PTH calcium as well as BMD 
and age, which is shown in Table 2.

Multiple regressions were also performed on all variables 
to determine which variables could predict the BMD level 
when controlling for the effect of others at each of the 
tested locations. Results in Table 4 shows that age of the 
participants was a significant determinant of BMD at hip and 
forearm, whereas it lost its correlation strength with BMD 
at spine. All other variables did not show any association 
with BMD at any tested location, except for calcium which 
appeared to have an effect on the lumbar spine and PTH 

which appeared to have an effect on BMD at all the three 
sites.

Discussion

In this study, no significant differences of HCY as well as 
CathK levels were found between the three groups based on 
WHO criteria for the diagnosis of osteoporosis. Both these 
parameters had poor indicative power to distinguish between 
osteoporotic and nonosteoporotic subjects. In addition, both 
these markers did not correlate with the established marker of 
bone resorption such as ALP and Vitamin D.

There have been a few studies on Hcy and osteoporosis. 
Some have shown a correlation of increased HCY levels with 
lower BMD,[3,4] while others have failed to find any such 
correlation.[7,8] Taken into consideration the controversial 
findings of other researchers, this study would support 
the reporting of no association of Hcy and CathK with 
osteoporosis. It is also not clear whether higher HCY levels 
may be due to a state of increased bone resorption rather 
than having a causative role in osteoporosis. Although it 
generally seems that high Hcy level contributes to osteoporosis 
development, while few studies reveal its direct effect on bone. 
HCY seems to stimulate osteoclast formation and activity 
leading to an inhibitory effect of HCY on bone formation.[17] 
Several studies reported that the increased HCY level was a 
risk factor for osteoporotic fractures.[18] van Meurs et al.[5] did 
not find any association between HCY and BMD at spine but 
found a strong relationship of HCY and fracture incidence. 
They speculated that the mechanism underlying the association 
between the HCY level and the risk of fracture may involve 
interference of HCY in collagen cross‑linking independent of 
the amount of mineral in the bone which would account for 
the lack of association between HCY and BMD. Similarly, 
in present study HCY levels were similar in all three groups 
without any significant correlation between HCY and BMD. 
Thus, we suggest that HCY may not play a significant role in 
the osteoporosis.

Considering the relationship between Vitamin B12 and BMD, 
studies have shown Vitamin B12 as an independent predictor 
of BMD at total hip. According to previous researches, it 
was found that osteoporotic postmenopausal women had 
lower plasma Vitamin B12 than those with no osteoporosis. 
A  recent study suggested that osteoporotic postmenopausal 
women had a higher plasma Vitamin B12 than those with no 

Table 2: Distribution of homocysteine, Vitamin B12, cathepsin K postmenopausal healthy, postmenopausal osteopenic and 
postmenopausal osteoporotic, respectively, given as median and interquartile range

Postmenoaupausal women n HCY (μmol/l) Vitamin B12 (pg/l) Folic acid (ng/ml) Cathepsin K (ng/ml)

Median IQR Median IQR Median IQR Median IQR
Healthy 18 14.5 12.2-24.7 418.9 244.97-767.05 16.01 8.05-19.94 7.65 7.03-8.5
Osteopenic 22 15.05 12.12-19.9 377 205.97-744.37 12.02 7.82-16.02 8.28 7.29-8.49
Osteoporotic 53 13.2 10.35-17.02 663.3 270.15-1215 13.27 8.51-20 8.6 7.18-8.88
IQR: Interquartile range, HCY: Homocysteine

Table 1: Physical and biochemical characteristics of 
subjects

Variable Healthy Osteopenic Osteoporotic P
Age 53.22±8.5 52.86±6.67 56.19±6.88 0.068
Weight (kg) 62.88±12.35 57.57±10.22 59.92±12.58 0.396
Height (cm) 151.77±7.9 150±5.46 149.37±7 0282
BMI 27.14±4.26 25.46±3.88 26.75±5.35 0.359
Duration of 
menopause

11.09±6.11 7.34±5.95 8.8±7.79 0.018

Hb (g/dl) 11.7±1.46 10.94±1.93 11.24±1.78 0.325
MCV (fl) 86.19±5.84 84.93±7.46 85.62±6.97 0.566
MCH (pg) 28.01±2.62 27.3±3.14 28.43±2.81 0.494
PC (lac) 1.75±0.63 2.01±0.77 1.85±0.68 0.651
SGPT (U/l) 27.76±12.81 32.08±19.5 32.40±30.73 0.44
Serum ALP 
(U/l)

99.11±27.33 98.22±33.37 125.48±67.14 0.175

Creatinine 
(mg/dl)

0.8±0.21 0.81±0.18 0.86±0.36 0.977

Protein (g/dl) 7.38±0.76 7.34±0.66 7.53±0.61 0.207
Albumin (g/dl) 3.87±0.77 4.05±0.59 4.08±0.55 0.738
Calcium 
(mg/dl)

8.61±1.43 9.43±0.58 9.09±0.58 0.029

Phosphorus 
(mg/dl)

4.31±1.43 3.91±0.59 3.88±0.76 0.599

Vitamin D 
(ng/ml)

16.54±11.52 20.90±10.09 21.50±15.52 0.28

PTH (pg/ml) 32.05±25.08 43.15±24.18 54.6±31.62 0.329
BMI: Body mass index, Hb: Hemoglobin, MCV: Mean corpuscular 
volume, MCH: Mean corpuscular hemoglobin, SGPT: Serum glutamic 
pyruvic transaminase, ALP: Alkaline phosphatase, PTH: Parathyroid 
hormone, PC: Platelet Count
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osteoporosis,[19,20] which is further supported by the present 
study. Tucker et al., found that both men and women with 
Vitamin B12 concentrations below 148 pmol/l had lower 
average BMD than those with higher concentrations, but with 
signifi cance varying with the site of BMD measurement (men 
at the hip, women at the spine).[21] The difference in findings 
of the association of serum Vitamin B12 with BMD may, 
therefore, be explained by population demographic differences, 
and more particularly, the site of assessment of BMD. Since 
the majority of Indian population follows vegetarianism that 
predisposes them to Vitamin B12 deficiency. Studies had 
clearly shown that vegetarians in India have low Vitamin B12 
levels. Since Vitamin B12 deficiency is related to high levels 
of HCY. Therefore, the prevalence of hyperhomocysteinemia 
in Indian population is high.[22]

There are controversial results regarding the CathK level as a 
potential biomarker for the prediction of osteoporosis. Various 
groups found significant differences of CathK levels between 
osteoporotic and nonosteoporotic subjects.[14,23] In contrast, 
Adolf et al. identified no significant differences between the 
postmenopausal osteoporotic and healthy women by testing 
the CathK levels.[24] The present study is in line with the 
study conducted by Adolf et al., where the data showed no 
difference in CathK level among the osteoporotic and healthy 
postmenopausal women. Indeed, because the circulating 
concentration of CathK is very low and currently available 
assays lack sensitivity, accurate determination of the serum 
concentration of CathK remains challenging.[25] Moreover 
thus, could not be used as a diagnostic marker for osteoporosis.

Strengths of this study include the use of same DEXA 
machine  (Hologic)  QDR1000 system and single 
operator in the investigation of BMD, few dropout rate 
(consistent with our group) and the application of our findings 
to Indian postmenopausal women. Its weakness includes 
our possibly limited ability to enrol more healthy control 
postmenopausal women.

The present study showed no direct correlation between 
BMD and HCY, CathK, folic acid, and Vitamin B12. There 
were also no differences in mean values of HCY and CathK 
between control and osteoporosis postmenopausal women. 
The apparent detrimental effect of age, duration of menopause 
and PTH on osteoporosis was observed on postmenopausal 
women.

Conclusion

More than half of the postmenopausal females had osteoporosis. 
Less than one‑fourth of the postmenopausal females had 
normal, BMD. There was no significant difference found in 
HCY and CathK levels between the three groups. BMD neither 
correlated with HCY nor with CathK. Hence, our data suggest 
that HCY and CathK do not reliably correlate with bone loss 
in postmenopausal women. Phosphorus levels correlating with 
HCY and CathK could be an area of further research in bone 
loss pathophysiology.
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