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ABSTRACT

Osteoporosis is a skeletal disease characterized by low bone mass and micro architectural deterioration of bone tissue, leading to
enhanced bone fragility and a consequent increase in fracture risk. Correlation of bone mineral density (BMD) measured by dual
energy X-ray absorptiometery (DEXA) and biochemical parameters (Urinary excretion of calcium, phosphate, zinc and serum
estrogen) for the diagnosis of osteoporosis in pre and postmenopausal women of Karachi was carried out.

A total of 90 women including 50 post menopausal and 40 pre menopausal women were selected. There was no history of any drug
use for bone loss in both groups. Bone mineral density was measured by DEXA at the lumber spine (LS BMD) and total hip (H
BMD). Biochemical parameters were measured on biochemistry analyzer or on spectrophotometer by using Randox and biosystem
kits and serum estrogen was measured by using Enzyme Immunoassay.

Comparison of BMD measured at hip and lumbar spine shows that the BMD at hip was 0.80 + 0.017, 1.09 + 0.026 gm/cm? in post and
pre menopausal women respectively which is significantly low in post menopausal subjects (P < 0.001). Similarly BMD at lumbar
spine shows 0.75 + 0.017, 0.94 + 0.016 gm/cm? in post and pre menopausal women respectively which is also significantly low in post
menopausal women (P < 0.001). Distribution of postmenopausal women into normal, osteopenic and osteoporotic according to the
finding of BMD measured at hip and spine depicts that out of 50 post menopausal women, only 4 (8%) were normal, where as 22
women (44%) were osteoporotic and remaining 24 (48%) were osteopenic.

Biochemical parameters show that the mean urinary calcium, phosphate and zinc was significantly higher (P<0.001) where as estrogen
was found to be significantly decreased in postmenopausal women.
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INTRODUCTION

Osteoporosis is a common condition affecting one in three women and one in 12 men, resulting in a substantial
morbidity, excess mortality and health and social services expenditure (Nelson et al 2002). The WHO definition of
osteoporosis is based on measurement of bone mineral density (BMD) of >2.5 standard deviations (SD) below the
mean for young adults, while osteopenia is defined as a BMD between 1 and 2.5 SDs below the means for young
adults (T score) (Eastell, 1998) (WHO report 1994). The risk of fracture increases to three fold for each SD decrease
in BMD (Marshal et al., 1996). The disease is common in postmenopausal women (Melton et al., 1990) however;
the disease prevalence varies in different population. Umer et al., (2003) reported the prevalence of osteoporosis
8.7% and osteopenia 22.5% in postmenopausal in Mayo hospital Lahore. In another mega study 40%
postmenopausal osteopenia and 7%osteoporosis was found by peripheral bone densitometry (Siris et al 2001). It is
widely accepted that BMD measurement measured by DEXA is the gold standard of diagnosis of osteoporosis (Siris
et al 2001; Lewiecki, 2004; Grampp et al 1999). A study conducted by Habiba et al (2002) at Hayatabad medical
complex, Peshawar in 1997-98 on thousand postmenopausal women for simple calculated osteoporosis risk
estimation, found that 75.3% were predisposed to osteoporosis and the risk increased with age (97% in women of
75-84 years of age compared to 55% in women of 45-54 years of age).

Bone markers could be used for early diagnosis of bone metabolic diseases. Biochemical markers of bone
resorption that reflect osteoclast activity and/or collagen degradation provide a new and potentially important
clinical tool for the assessment and monitoring of bone metabolism (Christenson, 1997; Garnero et al., 1996). Most
of the new biochemical markers have been targeted for use in assessing bone resorption, since bone loss due to
metabolic bone disease is the more important clinical factor to monitor and evaluate in bone disease patients
(Demers, 1997). Metabolic products of bone collagen breakdown have been the recent focus of laboratory methods
design to assess bone resorption (Demers, 1997). Products of bone breakdown include calcium and bone matrix
degradation products such as hydroxylysine glycosides, collagen pyridinium, cross-links, cross linked telopeptides
and hydroxyproline (Demers, 1997).

These bone turnover markers may be measured in serum and urine. The effect of estrogen on bone remodeling
is to decrease activation frequency and subsequent decrease in numbers of osteoclasts and osteoblasts (Eastel, 2005).
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According to our knowledge, not much work has been done on osteoporosis in particular on biochemical markers
and BMD. The objective of the study was to find out correlation of bone mineral density (BMD) measured by latest
technique of dual energy X-ray absorptiometery (DEXA) and biochemical parameters (Urinary excretion of
calcium, phosphate, zinc and estrogen) for the diagnosis of osteoporosis in pre and postmenopausal women of
Karachi.

MATERIALS AND METHODS

PATIENTS:
A total of 90 women including 50 post menopausal and 40 pre menopausal women were selected. There was no
history of any drug use for bone loss in both groups

BIOCHEMICAL TESTS:

Biochemical parameters (Twenty-four hour urinary, calcium, phosphate, and zinc) were measured on
biochemistry analyzer or on spectrophotometer by using Randox and biosystem kits as per supplier’s instructions.
Serum estrogen was measured by using Enzyme Immunoassay kit EIA-2693 as per supplier instructions in pre and
postmenopausal women.

DEXA:

Bone mineral density was measured by latest technique of DEXA. BMD was measured by DXA with a QDR
(Quantitative Digital Radiography) Discovery device (Hologic, Waltham, MA, USA) at the lumber spine (LS BMD)
and total hip (H BMD). The WHO definition of osteoporosis is based on measurement of bone mineral density
(BMD) of >2.5 standard deviations (SD) below the mean for young adults, while osteopenia is defined as a BMD
between 1 and 2.5 SDs below the means for young adults the gold standard of diagnosis of osteoporosis (Siris et al
2001; Lewiecki et al 2004; Grampp et al 1999).

RESULTS

Comparison of biochemical parameters in pre and postmenopausal women show that the mean urinary calcium,
phosphate and zinc was significantly higher (P<0.001) where as estrogen was found to be significantly decreased in
postmenopausal women, moreover, urinary creatinine was non significant among pre and postmenopausal women
(Table 1).

Table 1. Comparison of biochemical parameters.

Biochemical Premenopausal Postmenopausal Osteopenic Osteoporotic
Parameters (n=40) (n=50) (n=24) (n=22)

1 Urinary calcium 126.12+4.975 216.80+11.24* 163.87+8.23 292.63+8.61*
(mg/g creatinine)

2 Urinary phosphate 463.08+11.493 527.20+18.02* 447.71+13.68 641.38+18.63*
(mg/g creatinine)

3 Urinary zinc 488.53+24.69 710.93+29.03* 607.17+33.57 865.80+30.36*
(ug/gm creatinine)

4 Urinary creatinine 1.04520.012 1.078+0.011"° 1.07+0.017 1.07+0.018"°
9/24 hours)

5 Serum estrogen 106.41+6.69 45.082+3.44* 48.96+6.84 40.50+2.17*
(pg/ml)

*P<0.001 statistically significant as compared to pre menopausal group, NS: Non- significant.

Similarly, mean urinary calcium, phosphate and zinc was significantly higher (P<0.001) where as estrogen was
found to be significantly decreased in osteoporotic compared to osteopenic women, moreover, urinary creatinine
was non significant among pre and postmenopausal women (Table 1).

Comparison of BMD measured at hip and lumbar spine in pre and post menopausal shows that the BMD at hip
was 0.80+0.017, 1.09+0.026 gm/cm? in post and pre menopausal women respectively which is significantly low in
post menopausal subjects (P<0.001). Similarly BMD at lumbar spine shows 0.75+0.017, 0.94+0.016 gm/cm? in post
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and pre menopausal women respectively which is also significantly low in post menopausal women (P<0.001)
(Table 2). Distribution of postmenopausal women into normal, osteopenic and osteoporotic according to the finding
of BMD measured at hip and spine depicts that out of 50 post menopausal women, only 4 (8%) were normal, where
as 22 women (44%) were osteoporotic and remaining 24 (48%) were osteopenic (Table 4). Similarly, comparison of
BMD at hip and lumber spine shows a significant difference in osteoporotic and osteopenic women (P<0.001)
(Table 2).

Table 2. Comparison of bone mineral density masured at hip and lumber spine.

Bone mineral density Premenopausal Postmenopausal Osteopenic Osteoporotic
(n =40) (n=50) (n=24) (n=22)
1 Bone mineral density at 1.09.62 +0.026 0.80.+ 0.017* 0.878 £0.017 0.703 £ 0.014*
hip (g/cm?)
2 Bone mineral density at 0.94 +0.016 0.75+£0.0.017* 0.857 +£0.015 0.684 +0.0.017*

lumber spine (g/cm?)
*P<0.001 statistically significant.

Table3. Correlation coefficient of biochemical parameters with bone mineral density.

OSTEOPENIC OSTEOPOROTIC
POSTMENOPAUSAL WOMEN POSTMENOPAUSAL WOMEN
S.NO Biochemical at hip at lumber spine at hip at lumber spine
parameters
1 Urinary calcium -0.6** -0.5* -0.58* -0.07
(mg/g creatinine)
2 Urinary phosphate -0.5* -0.4 -0.65** -0.13
(mg/g creatinine)
3 Urinary zinc -0.12 -0.25 -0.19 -0.51*
(1g/g creatinine)
4 Urinary creatinine -0.09 0.13 -0.18 0.14
(9/24 hours)
5 Serum estrogen 0.07 -0.05 0.04 -0.04
(pg/ml)

*P<0.05, **P<0.01

Mean age of postmenopausal osteopenic women was significantly higher (59.18+1.64) than osteoporotic
(54.38+1.69) postmenopausal women (P<0.05).

Urinary calcium shows strong negative correlation with BMD at hip (r = -0.6) and moderate correlation at
lumber spine (r = -0.5) in osteopenic postmenopausal women (P<0.001) Similarly, urinary phosphate shows
moderate negative correlation with BMD at hip (r = -0.5) but poorly correlated at lumber spine(r = -0.4) where as
other biochemical parameters show poor correlation with BMD both at hip and lumber spines (Table 3).

Urinary calcium shows moderate correlation with BMD at hip (r-0.58) and poor correlation at lumber spine (r =
-0.07) in osteoporotic postmenopausal women (P<0.001) Similarly, urinary phosphate shows strong negative
correlation with BMD at hip (r = -0.65) but poorly correlated at lumber spine(r = -0.13) where as other biochemical
parameters show poor correlation with BMD both at hip and lumber spines (Table 3).

DISCUSSION

Many studies have been conducted in the world to highlight changes in BMD with progression of female age. It
has long been known that at least 50% of osteoporotic and osteopenic women are likely to develop a spontaneous
fracture in later life as a result of post menopausal osteoporosis. It is not just age which brings rapid bone loss after
menopause but biochemical changes a woman undergoes after her reproductive age exert its toll on bone density.

Considering above facts this study was planned in Karachi among 90 urban women with 40 pre- and 50
postmenopausal women. Apart from age there was no significant difference in other physical parameters like height,
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weight and BMI in pre and postmenopausal women. However, significant difference was observed with respect to
biochemical parameters in both groups. Comparison of biochemical parameters in pre and postmenopausal women
show that the mean urinary calcium, phosphate and zinc was significantly higher in postmenopausal women which
is consistent with the earlier work of George (2003) who also showed that during bone loss calcium, and phosphate
are released from bone and hence considered as an index of bone resorption and a major determinant of bone status.
Skeleton is a major reservoir of calcium and phosphate as 58-90% of body calcium and phosphate are found in
skeleton. Higher urinary calcium and phosphate levels in postmenopausal women as shown in this study confirm the
earlier findings of Delmas (1993) that 90% of these substances released by the breakdown of collagen in tissues
especially during bone resorption. Similarly hyperzincuria in postmenopausal women as shown in our results is also
reported earlier by Herzberg et al.,(1990) according to him half of body zinc is present in skeleton and during bone
loss zinc escapes from bones together with other minerals and collagen degradation products. The values of
biochemical parameters are expressed in relation to creatinine in this study because creatinine is excreted in urine in
relatively constant amount proportional to the individual muscle mass, thus serving as a reference standard (George,
2003). Twenty four hours urinary creatinine signifies the renal function and was observed within normal limits in
our study in both pre and postmenopausal subjects.

The BMD of premenopausal women analyzed by DEXA and none showed osteopenia or osteoporosis which is
also reported earlier (Gambacciani et al., 1993; Cooper et al.,1995).

The BMD at hip and lumber spine of 46 out of 50 postmenopausal women by DEXA showed low and only 4
had normal BMD. Out of these 46 women with low BMD, 22 were osteoporotic and 24 were osteopenic. This
shows that BMD decreases markedly after menopause. Similar findings are reported by Hayashi (2004) and Garnero
et al., (1996).

Higher values were observed in urinary excretion of biochemical parameters (Calcium, phosphate and zinc) and
serum estrogen in all osteoporotic women, these findings are consistent with earlier work of Herzberg et al., (1990)
and Scneider et al., (1997). Study of BMD in osteopenic and osteoporotic women shows a decline of BMD at hip
and lumber spine in osteoporotic subjects which is in line with earlier work of Garnero et al., (1996).

We found a significant inverse correlation of urinary calcium and phosphate with BMD in osteopenic and
osteoporotic subjects, this is due to the fact that menopause is associated with increase in urinary excretion of
calcium and phosphate with a decrease in their absorption. Less calcium absorption in the postmenopausal women
increases parathyroid hormone activity which contributes increased rate of bone resorption and loss of bone mass
(Inman et al., 1999). On the other hand our results depicts that urinary zinc shows inverse correlation with BMD at
lumber spine in osteoporotic women, Herzberg et al., (1996) also showed that elevated zinc excretion is a feature of
established osteoporosis in elderly women and reflects the accelerated bone resorption process occurring in
osteoporosis in postmenopausal women. Study of serum estrogen levels in osteopenic and osteoporotic women
reveals that a direct correlation exist between estrogen with BMD, same findings reported by Cauley et al., (2001)
while Quigley et al., (1987) demonstrated that initiating estrogen therapy in postmenopausal women was associated
with increased BMD and hence protected these women from becoming osteoporotic.

Present study reveals that there is an inverse significant association between bone mineral density and urinary
excretion of calcium, phosphate, zinc and direct association serum estrogen levels with BMD. Decrease in BMD
measured at hip and lumber spine resulted in corresponding increase in urinary excretion of calcium, phosphate, zinc
and decrease in serum estrogen levels in postmenopausal women particularly osteoporotic subjects. It is concluded
that BMD is greatly affected by menopause, more the number of years after menopause the less will be BMD,
probably, more will be chances of bone fracture.

REFERENCES

Nelson, H.D., Helfand, M., Woolf, S.H., and J.D. Allan (2002). Screening of post menopausal osteoporosis: A
review of the evidence for the U.S. preventive services task force. Ann Intern Med., 137: 529-541.

Estell, R (1998). Treatment of post menopausal osteoporosis. N Eng J Med., 338: 736-746.

WHO report (1994). World Health Organization. Study group on assessment of fracture risk and its application to
screening for post menopausal osteoporosis. Geneva: WHO 1994.

Marshall, D., Jonhell, O., and H. Wedel (1996). Meta analysis of how well measures of bone mineral density predict
occurrence of osteoporotic fractures. BMJ., 312: 1254-1259.

Melton, L.J., Eddy, D.M., and C.C. Johnston (1990). Screening for osteoporosis. Ann Intern Med., 112-516.

Umer, N., Syed Imran, A.S., Hammad, N.Q., Umair, J., Salman, S., and A. Javed 2003). An alternative tool to bone
densitometry in ruling out osteoporosis in postmenopausal women between the age of 50 and 65 years. Pak J
Med Sci., 19(3): 178-81.

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 7 (1-2): 43-47, 2010.




DIAGNOSIS OF OSTEOPOROSIS IN POSTMENOPAUSAL WOMEN a7

Siris, E.S., Miller, P.D., Barrett-Connor E et al. (2001) Identification and fracture outcomes of undiagnosed low
bone mineral density in postmenopausal women: Results from the National Osteoporosis Risk Assessment.
JAMA, 286: 2815-2822.

Lewiecki, E.M (2004). Management of osteoporosis. Clinical and Molecular Alergy, 2: 9.

Grampp, S., Henk, C.B., Fuerst, T.P., Lu, Y., Bader, T.R., Kainberger, F., et al. (1999). Diagnostic agreement of
quantitative ultrasonography of tha calcaneus with dual X-ray absorptiometery of spine and femur. Am J of
Roentgenology, 173: 329-34.

Habiba, U., Ahmed, S., and L. Hassan (2002). Predisposition to osteoporosis in postmenopausal women. J Coll
Physician Surg Pak., 12: 297-301.

Christenson, R. H (1997). Biochemical markers of bone metabolism: an overview. Clin Biochem,, 30: 573-593.

Garnero, P., Hausherr, E., and M. Chapuy (1996). Markers of bone resorption predict hip fracture in elderly
women: the EPIDOS prospective study. J Bone Mier Res., 11: 1531-1537.

Demers, L.M (1997). Clinical usefulness of markers of bone degradation and formation. Scand J Clin Lab Invest, 57
(Suppl 227): S1-S20.

Eastel, R (2005). Role of estrogen in the regulation of bone turnover at the menarche. Journal of Endicrinology, 185,
223-234.

George, B.O (2003). Urinary and anthropometrical indices of bone density in healthy Nigerian adults. J App Sci
Environ Manag., 7(1): 19-23.

Delmas, P.D. (1993). Biochemical markers of bone turnover. J Bone Mineral Res, 8(suppl 2): S549-S555.

Gambacciani, M., Spinetti, A., Simone, L.D., Cappagli, B., Maffei, S., Taponeco, F., and P. Fiorethi, P (1993). The
relative contributions of menopause and aging to postmenopausal vertebral osteopenia. J Clin Endocrinol
Metab, 77(5): 1148-1151.

Cooper, C., Cawley, M., Bhalla, A., Egger, P., Ring, F., Mortan, L., and D. Baker (1995). Childhood growth,
Physical activity, and peak bone mass in women. J Bone Miner Res, 10(6): 940-947.

Hayashi, Y (2004). Osteoporosis-Clinical aspects of hormone replacement therapy. JMAJ., 47(4): 179-182.

Herzberg, M., Foldes, J., Steinberg, R., and J. Menczel 1990). Zinc excretion in osteoporotic women. J Bone and
mineral Res., 5: 251-57.

Schneider, D.L., Barrett-Connor, E.L., and D.J. Morton (1997). Timing of postmenopausal estrogen for optimal
bone mineral density. The Rancho Bernardo study. JAMA, 227(7): 543-552.

Inman, C.L., Warren, G.L., Hogan, H.A., and S.A. Bloomfield (1999). Mechanical loading attenuated bone loss due
to immobilization and calcium deficiency. Am Physiol Society, 189-195.

Herzberg, M., Lusky, A., Blonder, J., and Y. Frenkel (1996). The effect of estrogen replacement therapy on zinc in
serum and urine. Obstet Gynecol, 87(6): 1035-1040.

Cauley, J.A., Zmuda, J.M., Ensrud, K.E., Baur, D.C., and B. Ettinger (2001). Timing of estrogen replacement
therapy for optimal osteoporosis prevention. J Clin Endocrinol metab., 86(12): 5700-5705.

Quigley, M.E.T., Martin, P.L., Burnier, A.M., and P. Brooks (1987). Estrogen therapy arrests bone loss in elderly
women. Am J Abstet Gynecol,, 156(6): 1516-1523.

(Accepted for publication December 2009)

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 7 (1-2): 43-47, 2010.




