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bone formation with a decrease in the amount of  normal 
mineralized bone. The World Health Organization (WHO) 

falls 2.5 standard deviations (SDs) below the mean for 
young healthy adults of  the same gender - also referred to 
as a T-score of  −2.5.2

As our society is “aging” there is a considerable shift in 
the epidemiology of  osteoporosis. WHO Technical Report 

of  femur among Asian population over a period. By 2050, 
osteoporosis will be a major demographic factor due to 
changes in lifestyle and the increase in survival rate of  
elderly. In most western countries, the peak incidence of  

INTRODUCTION

Osteoporosis is a metabolic disorder characterized by 
decreased bone mass and increased susceptibility to 
fractures secondary to trivial trauma.1 In osteoporosis, 
there is a disturbed balance between bone resorption and 
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Abstract
Introduction: Osteoporosis is a skeletal disorder characterized by reduced bone strength and increased susceptibility to 
fractures secondary to minor trauma. Major sequelae include fragility of bone and increased predisposition to fractures such 
as vertebral crush fracture, femoral neck fracture, and colles’ fracture.

Aims and Objectives: The present study aims to understand the bone markers in postmenopausal women. In this study, we 
measured N-telopeptide, calcium, phosphorus, and alkaline phosphatase (ALP) levels in postmenopausal women and compared 
it with premenopausal women.

Materials and Methods: Study group included postmenopausal women aged 50-70 years who had bone mineral density (BMD) 
T-score ≥ - 2.5 and T-score between −1.0 and −2.5 and they were recruited from orthopedics outpatient department. Control 
group includes premenopausal women aged 25-35 
ELISA method. Calcium, phosphorus and total ALP were measured in fully automated analyzer by chemical methods. BMD 
was assessed by ultrasonography taken in heel and the T-scores were recorded.

Statistical Analysis: Results were expressed as mean±standard deviation and were statistically analyzed using SPSS software 
version 16 and MS Excel. Student’s t-test was used to analyze the difference between the two groups. The relationship between 

 P

mean (17.35 nmol BCE/L), and the P

Conclusion:
when compared to other bone biomarkers and it correlates well with the degree of osteoporosis.
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osteoporosis occurs at about 70-80 years of  age, whereas 
in India it may afflict those 10-20 years younger at the age 
of  50-60 years.

Why females are at risk of  osteoporosis than male? The 
skeletal architecture in male has a different morphology 
than female that set them at lower risk for developing 
osteoporosis. The increased diameter of  bone and greater 
muscle mass in men gives them more agility and padding 
in case of  fall.3

In postmenopausal women, following ovarian failure, 
there is an absolute acceleration in the rate of  bone 
resorption due to increased osteoclast recruitment 
leading to an exaggerated form of  physiological bone 
depletion.4,5 In women, the decrease in sex steroids at 
menopause accelerates the bone loss to about 2% per 
year for the first 5 years and then declines to 1% loss 
per year.6,7 Although the principle cause of  age-related 
osteoporosis is the continuing effects of  estrogen 
deficiency; a further contribution is also provided by 
“calcium deficiency.”8,9

The cause of  calcium deficiency is complex and is 
related to age-related decrease in calcium absorption 
in the gut and also due to reduced effectiveness of  
vitamin D on stimulating calcium absorption in the 
intestine.10 Further, menopause related acceleration 
in renal calcium excretion is also noted. This is due to 
decreased resorption of  calcium in the distal convoluted 
tubule associated with the loss of  estrogen stimulation 
of  Ca++ ATPase.11

Most of  the cases of  osteoporosis are not diagnosed 
until a fracture occurs. A routine spinal radiograph in a 
symptomatic patient will not detect osteoporosis until 
30% of  bone is lost. Hence, a radiograph is not useful in 
the follow-up of  progression of  bone loss in osteoporotic 
patients.

National osteoporosis foundation recommends that 
the diagnosis of  osteoporosis is to be made clinically by 
quantifying the bone mineral density (BMD).12 Recently, new 
bone turnover markers have been used to get a better idea 
on bone microarchitecture.13,14 One such bone resorption 
marker is N-telopeptide, a stable degradation end product 
from Type 1 collagen present in bone (Figure 1).15

In view of  the above facts, the present study was done 
to understand the bone markers in postmenopausal 
women. In this study, we have investigated N-telopeptide, 
calcium, phosphorus, and alkaline phosphatase (ALP) 
levels in postmenopausal women and compared it with 
premenopausal women.

MATERIALS AND METHODS

The study was conducted at Thanjavur Medical College 
Hospital after getting approval from the Ethical Committee. 
Written informed consent was obtained from the 
participants before enrollment into the study.

The study group included postmenopausal women aged 
50-70 years who had BMD T-score ≥ − 2.5 and T-score 
between −1.0 and −2.5 and they were recruited from 
orthopedics outpatient department. Control group includes 
premenopausal women aged 25-35 years without any 
specific illness.

Under aseptic conditions, 5 ml of  venous blood was collected 
from each subject. The vacutainers containing the blood 
samples were kept at room temperature for 30 min and then 
centrifuged at 2000 g for 15 min for a clear separation of  
serum. The following parameters were estimated immediately 
after the serum was separated in fully automated analyzer.
1. Calcium
2. Phosphorus
3. Total alkaline phosphatase.

The remaining aliquot of  serum was stored at −20°C in 
the deep freezer for estimation of  serum N-telopeptide.

BMD was assessed by ultrasonography taken in heel and 
the T-scores were recorded.

Statistical Analysis
Results were expressed as mean±SD and were statistically 
analyzed using SPSS software version 16 and MS Excel. 
Student’s t-test was used to analyze the difference between 
the two groups. Relationship between the variables 
was evaluated using Pearson’s correlation coefficient. 
A P < 0.05 was considered to be statistically significant.

Figure 1: Formation of cross-linked N-telopeptide during 
osteoclast resorption
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Table 1: Mean N-telopeptide level between control 
and study group
N-telopeptide Mean±SD Statistical inference
Control (n=50) 17.3504±3.23883 T=−31.840
Study (n=50) 101.4728±18.39896 0.0001<0.05

Significant
SD: Standard deviation

Table 2: Student’s t-test analysis of serum 
calcium, serum phosphorus and the ionic product 
of calcium and phosphorus between control and 
study group
Analyte Mean±SD Statistical significance
Calcium T=4.451

Control (n=50) 9.7620±0.52911 0.0001>0.05
Study (n=50) 9.3020±0.50406 Significant

Phosphorus T=−1.176
Control (n=50) 3.5728±0.48556 0.0001>0.05
Study (n=50) 3.9760±0.37502 Significant

Ca X P ratio T=−3.040
Control (n=50) 34.72±3.893 0.03>0.05
Study (n=50) 36.90±3.279 Significant

SD: Standard deviation

Figure 2: Mean N-telopeptide level between control and study 
group

Figure 3: Student’s t-test analysis of serum calcium, serum 
phosphorus, and the ionic product of calcium and phosphorus 

between control and study group

RESULTS

Table 1 and Figure 2 show mean N-telopeptide level 
between control and study group.

Mean serum N-telopeptide in the study group is 
101.47 ± 18.39 nmol BCE/L which is higher than the 
control group mean 17.35 ± 3.2 nmol BCE/L which is 
statistically significant (P 0.0001 < 0.05).

Table 2 and Figure 3 show Student’s t-test analysis of  serum 
calcium, serum phosphorus, and the ionic product of  
calcium and phosphorus between control and study group.

In Table 2, there is a statistical decrease in mean serum 
calcium level in a study group of  9.30 ± 0.504 mg/
dl when compared with mean serum calcium level in 
control group of  9.76 ± 0.529 mg/dl which is statistically 
significant.

Further, there is a statistical increase in mean serum 
phosphorus level in a study group of  3.976 ± 0.375 mg/dl 
when compared with mean serum phosphorus level in 
control group of  3.5728 ± 0.4855 mg/dl which is statistically 
significant.

Table 2 shows mean value of  ionic product of  calcium 
and phosphorus in the study group of  36.9 ± 3.27 which 
is higher when compared to study group of  34.72 ± 3.89 
and it is statistically significant.

Table 3 and Figure 4 show a comparison of  mean serum 
total ALP level between control and study group. Mean 
serum total ALP in study group is 105.62 ± 25.03 U/L 
which is higher than the control group mean serum total 
ALP 66.28 ± 12.02 U/L which is statistically significant.

Table 4 show Pearson’s correlation between N-telopeptide 
and other study parameters.

Table 4 shows a positive correlation between N-telopeptide 
and total alkaline phosphatase, which is statistically 
significant.

DISCUSSION

Osteoporosis is a complex, multifactorial, polygenic disease 
in which genetic determinants are modulated by hormonal, 
nutritional, and environmental factors.

The present concept is that osteoporosis represents the 
continuum, in which multiple pathogenic mechanisms 
converge to cause loss of  bone mass and microarchitectural 
deterioration of  skeletal structure. These factors coupled 
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with increased incidence of  falls contribute to a high 
incidence of  fragility fractures in osteoporotic patients.

Due to increased longevity of  Indian population, now it 
is realized as in the west, the osteoporotic fractures are 
the major cause of  morbidity and mortality in the elderly. 
The commonly used technique to diagnose osteoporosis 
and predict future fracture risk is an assessment of  BMD 
by bone densitometry which is principally a measure of  
mineral content of  bone. BMD measurements strongly 
correlate with load bearing capacity of  hip and spine and 
also with the risk of  fracture.16

However, the densitometric scan does not reflect the 
dynamic nature of  bone tissue. In contrast, biochemical 
markers of  bone turnover provide a better insight of  
bone growth, bone remodeling, and their measurement is 
useful in the assessment of  metabolic bone diseases like 
osteoporosis and they provide an integrated evaluation 
of  global disease activity rather than assessing a regional 
activity as with densitometric scan.17,18

In this present study, we have studied the bone resorption 
marker N-telopeptide along with other markers namely 
calcium, phosphorus, and total ALP in association with 
BMD in postmenopausal women and compared it with 
the premenopausal women.

Comparison of  mean value of  serum N-telopeptide of  
the study group (101.47 ± 18.39) with that of  control 
group (17.35 ± 3.23) showed a significant rise in the 
study group. This shows that there is increased rate of  
bone resorption the following menopause. This study 
also correlates with the previous studies done by Jayaram 
et al.19

Table 4: Pearson’s correlation between 
N-telopeptide and other study parameters
Study N-telopeptide Correlation value Statistical inference
BMD −0.746 (**) P<0.01 significant
Calcium −0.238 P>0.05 not significant
Phosphorus −0.015 P>0.05 not significant
Ca X P −0.168 P>0.05 not significant
ALP 0.288 (*) P<0.05 significant
*P<0.05, **P<0.01. ALP: Alkaline phosphatase, BMD: Bone mineral density

Table 3: Comparision of mean serum total ALP 
level between control and study group
ALP Mean±SD Statistical inference
Control (n=50) 66.28±12.026 T=−10.015
Study (n=50) 105.62±25.036 0.001<0.05

Significant
ALP: Alkaline phosphatase, SD: Standard deviation

In this study, serum calcium, serum phosphorus, and serum 
total ALP shows no significant correlation with serum 
N-telopeptide, which in turn suggests that these parameters 
do not reflect the same aspects of  bone metabolism as that 
of  serum N-telopeptide.

With regard to serum calcium, the blood level is tightly 
regulated within normal limits by Parathyroid hormone 
otherwise, alterations in the homoeostasis of  serum calcium 
may lead on to life-threatening complications.

Although there is a significant increase in the mean level 
of  serum total ALP in the study group (105.62 ± 25.03) 
when compared to that of  control group (66.28 ±12.02) it 
cannot be considered as a reliable marker for osteoporosis 
because it is not specific for bone. The blood level of  serum 
total ALP is contributed by various tissues such as liver, 
placenta, intestine in addition to osteoblasts of  bone.20

In the Pearson’s correlation analysis, the serum N-telopeptide 
shows significant negative correlation with BMD and a 
positive correlation with serum total alkaline phosphatase.

These observations finally suggest that the level of  serum 
N-telopeptide, the cross-linked collagen peptides increases 
with bone resorption and can be used as a reliable marker 
in primary postmenopausal osteoporosis. They appear 
as a promising tool for defining the skeletal status of  
postmenopausal women.

CONCLUSION

Our findings show that there is a significant increase in 
serum N-telopeptide level in postmenopausal women when 
compared to other bone biomarkers and it correlates well 
with the degree of  osteoporosis. Further, measurement of  
serum N-telopeptide also helps to identify the high-risk 
individuals for fracture.

Figure 4: Comparision of mean serum total alkaline 
phosphatase level between control and study group
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