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Background: Osteoporosis, a common disease worldwide, is characterized by low bone mass
and architectural deterioration of bone tissue, leading to enhanced bone fragility and increase
in fracture risks. Both menopause and aging are related factors leading to greater risk of bone
disease, particularly among postmenopausal women. Hence, the main purpose of this study
was to investigate the differences in biochemical markers of bone turnover and to evaluate the
association of hormones and age-related factors with biochemical markers between pre- and
postmenopausal women.

Methods: A descriptive cross-sectional study was conducted over a period of 6 months among
the female population of Dholahity community, Lalitpur, Nepal. A total of 496 healthy women
were selected based on the questionnaire strategy. Among them, 244 were premenopausal and
252 were postmenopausal women. Different bone markers were evaluated as per the guideline
provided by the reagent manufacturer, and hormonal assay, particularly estradiol level assess-
ment, was performed by chemiluminescence immunoassay-based technique.

Results: A significant decrease in serum calcium level and estradiol level was observed in
postmenopausal women as compared to premenopausal women, whereas a significant increase
in serum phosphorus and alkaline phosphatase (ALP) levels was seen among postmenopausal
(»<<0.001). Age was significantly correlated with bone markers (ALP and calcium) in post-
menopausal group (p<<0.005), while there was no significant correlation in premenopausal
group. In addition, there was significant positive correlation between calcium and estradiol
in postmenopausal women, while ALP was negatively correlated with estradiol in that group.
Further, no significant correlation was demonstrated between estradiol and bone markers in
postmenopausal women in body mass index and age-adjusted partial correlation analysis.
Conclusion: Timely diagnosis of osteoporosis in women would be of significant benefit for
effective care for required populations and help to minimize mortality rate and financial burden
of our country.
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Background

Globally, osteoporosis is occurring at an alarming rate and is becoming a major health
issue, particularly among postmenopausal women, and this leads to high morbidity and
mortality.! The disease is characterized by low bone mass and architectural deteriora-
tion of bone tissue, leading to enhanced bone fragility and a consequent increase in
fracture risks.>* About 200 million people are suffering from this chronic metabolic
disease worldwide.* Female gender, body mass index (BMI), and lifestyle-related
factors are the established contributors for increased osteoporosis.’
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Age is also an important factor affecting bone metabolism.
In childhood and teenage years, the formation of new bone
is faster than the resorption of old bones. Bone formation
outpaces resorption until peak bone mass is reached at around
30 years of age, after which bone resorption slowly begins to
exceed bone formation,® and the risk of osteoporotic fracture
doubles within 7-8 years after the age of 50.

Menopause occurs when there is an imbalance between
the rates of bone formation and resorption, and excessive
resorption results in negative remodeling balance leading
to osteoporosis and other metabolic bone disease.” With the
onset of menopause, there is rapid bone loss, believed to be
approximately 2%-3% over the following 5—-10 years, and
this is greatest in the early postmenopausal years.! Hormonal
changes that occur during the menopausal transition play a
crucial role in the development of this disease.® Among dif-
ferent hormones, testosterone and estrogen help maintain
bone structure throughout life. Estrogen, the best stimulator
of bone growth, is responsible for maintaining the bone mass
in the female. Nevertheless, after the menopause, estrogen
level decreases and poses a risk for bone disease among
postmenopausal women.’

In Europe and America, about 30% of men and 40% of
postmenopausal women are predicted to spend the remainder
of their life suffering from osteoporosis.* However, the rate
of osteoporosis is far higher in Asian population, and it has
been estimated that about 50% of the people will be victims
of osteoporosis by 2050.'° Furthermore, this problem is more
centered in populations residing in the rural areas, and a
majority of population in Nepal live in such communities
where people with osteoporosis remain undiagnosed. Spe-
cially in our country, 50% of the total population are women,
and among them greater than 50% are elderly,!! and this is
the group that is at high risk for osteoporosis.

Several studies, available to date, have documented the
information of osteoporosis among postmenopausal women
from various parts of the world. However, community-based
evidences from Nepalese postmenopausal women are scarce
in the literature. Therefore, in this study, we aimed to inves-
tigate the status of bone turnover and related diseases among
high-risk postmenopausal women.

Methods

A descriptive cross-sectional study was conducted over a
period of 6 months among the female population of Dholahity
community, Lalitpur, Nepal. The selection of 496 healthy
women was based on the questionnaire strategy. Among
them, 244 were premenopausal and 252 were postmenopausal

women. Information regarding the patient demography (age
and sex), duration of menopause, age of menarche, history
of hysterectomy, bone-related medication intake, and any
hormonal therapy were collected and recorded in a clinical
profile form.

About 5 mL of venous blood was collected from every
woman for the estimation of biochemical parameters. Serum
calcium, serum phosphorous, and serum alkaline phos-
phatase (ALP) levels were estimated to serve as biochemical
markers of bone turnover. The standard methods for the
assays were based on the guideline provided by the reagent
manufacturer (Human Gm Bh, Germany) of HumaStar 300,
a fully automated analyzer. The reference range for serum
calcium was considered as 8.1-10.4 mg/dL, serum phospho-
rous was 2.5-5.0 mg/dL, and normal activity of serum ALP
was 44-174 TU/L. A hormonal assay, particularly estradiol
level assessment, in every individual was performed by
chemiluminescence immunoassay-based technique using
MAGLUMI 1000 plus in the Department of Laboratory
Medicine, Manmohan Memorial Teaching Hospital. The
normal range for estradiol was considered as 10—66 pg/mL
in postmenopausal phase and 236-251 pg/mL in premeno-
pausal phase as provided in the manufacturer’s guidelines.
The analytical sensitivity of the assay was less than 8 pg/mL.
Intra-assay coefficient of variation (CV) was evaluated by
the manufacturer in three different levels of control serum
repeatedly measured 20 times in the same run, and CV%
was 8.20 for level 1 (138.25+11.33 pg/mL), 4.82 for level 2
(215.54£10.39 pg/dL), and 5.13 for level 3 (995.35+51.06),
while interassay CV was evaluated by the manufacturer
on three different batches of kits. Three different levels
of control serum were repeatedly measured for 21 times
and CV% was 9.66 for level 1 (132.54£12.80 pg/mL),
9.11 for level 2 (205.78%18.75 pg/dL), and 7.95 for level 3
(985.57£78.35).

Inclusion and exclusion criteria

Apparently healthy participants were included in the study.
Written informed consent was taken from each individual,
and individuals were grouped under pre- and postmenopausal
based on the questionnaire results. Women who had amenor-
rhea due to hysterectomy or any other known causes, apart
than natural causes, those with rheumatoid arthritis, those
taking any hormone replacement therapy or on any bone-
related medications, those with history of diabetes mellitus,
thyroid disorders, jaundice, and liver diseases, and those
who were heavy smokers and/or alcoholic were excluded
from the study.
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Ethical approval

Written approval (ref 006/072-073/MMIHS) was obtained
from the institutional review committee of MMIHS
after submitting and presenting the proposal to the
committee.

Data analysis

Data were analyzed using SPSS version 20.0 (IBM Corp.,
Armonk, NY, USA) and Microsoft Excel 2013. Student’s
t-test was used to analyze the differences in biochemical
markers of bone turnover between pre- and postmenopausal
women. Likewise, Pearson correlation coefficient was used
to evaluate the association of hormones and age-related
factors with biochemical markers of bone turnover in post-
menopausal women.

Results

Out 0f 496 healthy women residing in a community in Nepal,
244 were premenopausal with an average age of 26+7.5 and
the remaining 252 were postmenopausal with average age of
68x11.5. The mean age of menarche was 12.90+1.15, and
mean age menopause was 47.02+4.44 in the study population.
A majority of the women were from the Brahmin community
(26.2%) followed by Newar and Mangolian (22.4%), and the
rest were from other ethnicities. About 70.9% of women had
normal BMI, while 29.1% were obese, and the frequency
of obesity was higher in the postmenopausal group than
premenopausal group (Table 1).

In our study, we observed a significant decrease in serum
calcium level and estradiol levels in postmenopausal women
as compared to premenopausal women (p<<0.001). However,
there was a significant increase in serum phosphorus and
ALP levels in postmenopausal women when compared to
premenopausal women (p<<0.001) (Table 2).

Table | Frequency distribution of demographic characteristics of
the total study population

Characteristics Premenopausal Postmenopausal Total

(N=244) (N=252)
BMI status
Normal weight 198 (39.9) 154 (31) 352 (70.9)
Obese 56 (9.3) 98 (19.8) 144 (29.1)
Ethnicity
Brahmin 92 (18.5) 88 (17.7) 180 (26.2)
Newar 60 (12.1) 52 (10.5) 112 (22.6)
Mangolian 56 (11.3) 56 (11.3) 112 (22.6)
Other 36 (7.3) 56 (11.3) 92 (18.6)

Note: Data presented as n (%).
Abbreviation: BMI, body mass index.

Table 2 Mean comparison of bone markers in pre- and
postmenopausal women

Characteristics Premenopause Postmenopause p-value
(mean * SD) (mean £ SD)

BMI (kg/m?) 22.1+4.0 24.4+4.4 <0.05
Serum calcium 8.310.9 7.7+1.0 <0.001
(mg/dL)

Serum phosphorus ~ 3.410.6 3.7+0.5 <0.001
(mg/dL)

Serum ALP (U/L) 198.8+53.0 259+91.0 <0.001
Serum estradiol 176.28+73.63 32.48+13.02 <0.001

(pg/mL)
Abbreviations: ALP, alkaline phosphatase; BMI, body mass index.

There was significant decrease in mean serum calcium
and estradiol levels in postmenopausal-late group (group II)
compared to postmenopausal-early group (group 1), while
ALP level was significantly increased in group II post-
menopausal women (p<<0.05). Among the postmenopausal
women, the level of estradiol was significantly decreased
in group II than in group I women (»p<<0.01). Serum phos-
phorus was significantly decreased (p<<0.001) in the obese
group compared to the normal body weight group. There
was neither a significant increase in the serum calcium level
nor a decrease in ALP level among obese postmenopausal
women, compared to postmenopausal women with normal
BMI. Above all, the level of estradiol was significantly high
and level of phosphorous was significantly low (p<<0.001)
in obese women than in those with normal weight in the
postmenopausal group (Table 3).

In addition, there was a decrease in serum calcium level
with increasing age. No significant negative correlation
of age with calcium was observed among premenopausal
women, but a significant negative correlation was observed
between age and calcium in postmenopausal women
(p=0.002). Similarly, age was not negatively correlated with
phosphorous in the premenopausal group, and neither was it
positively correlated in postmenopausal group. Among the
premenopausal women, there was a nonsignificant negative
correlation between age and ALP, but in postmenopausal
women age was positively correlated with ALP (p=0.026)
(Table 4).

The regression analysis showed a strong negative correla-
tion between calcium and estradiol levels in premenopausal
women, while their correlation with postmenopausal women
was positive (Figure 1). The level of phosphorous was signifi-
cantly positively correlated with estradiol in premenopausal
women, while a nonsignificant negative correlation was
observed in the postmenopausal group (Figure 2). Lastly,
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Table 3 Relationship between demographic and clinical characteristics with different bone markers in postmenopausal women

Variables Calcium (mg/dL) Phosphorus (mg/dL) ALP (IU/L) Estradiol (pg/mL)
Mean + SD p-value Mean £+ SD p-value Mean £ SD p-value Mean + SD p-value
Menopause status
Group | 8.1+0.4 0.012 3.7+0.6 0.95 224.9+83.2 0.045 45.9+13.1 <0.001
Group Il 7.610.9 3.7+0.5 266.8191.8 29.6%11.2
Body weight status
Normal weight 7.5+0.9 0.11 3.8£0.5 <0.001 262.5+84.1 0.69 30.4£12.3 0.028
Obese 7.8+0.9 3.5£0.5 254.6+101.9 35.6£13.3
Ethnicity
Brahmins 7.7+0.8 0.04 3.7£0.5 0.9 249.8+115.6 0.3 37.5%13.3 <0.001
Janajati 8.6+0.9 3.7£0.5 264.5£75.6 29.7£12.2

Notes: Group I: duration of menopause =5 years, Group |I: duration of menopause >6 years. Bold represents statistically significant values (p<<0.05).

Abbreviation: ALP, alkaline phosphatase.

ALP was significantly positively correlated with estradiol
among premenopausal women, whereas in postmenopausal
women ALP was negatively correlated with no statistical
significance (Figure 3). Further, an age- and BMI-adjusted
partial correlation between estradiol level and bone markers
was performed. In the analysis, all the bone markers were
correlated at nonsignificant levels in postmenopausal women,
with calcium and ALP levels being significantly correlated
with estradiol level in previous nonadjusted analysis. ALP
and calcium levels were significantly correlated with estradiol
levels in premenopausal women in adjusted analysis, whereas
all bone markers were significantly correlated in nonadjusted
analysis in the same group (Table 5).

Discussion

The risk factor that was most highly associated with osteopo-
rosis in postmenopausal women was considered as estrogen
deficiency. In addition, age-related factors also contribute to
the risk of osteoporotic fracture.'? Osteoporosis in postmeno-
pausal women can remain asymptomatic for a long time, with
the only indication being changes in biochemical markers of
bone turnover.'* In Nepal, women make up more than 50%
of the population, and among this most of the population
is over the age of 50.!! Specially, this group of population
belongs to postmenopause and passes their retired life with

Table 4 Correlation of age with bone markers in pre- and
postmenopausal women

Bone Premenopause Postmenopause
markers r-value p-value r-value p-value
ALP —-0.053 0.561 0.0198 0.026
Calcium -0.060 0513 —-0.279 0.002
Phosphorus -0.130 0.152 0.059 0514

Note: Bold represents statistically significant values (p<<0.05).
Abbreviation: ALP, alkaline phosphatase.

lack of physical activities and faced with poor nutrition in
our economically poor country. This suggests that most of
the Nepalese women are probably at risk of developing bone-
related disorders, which is a matter of concern. Therefore,
this necessitates the incessant endeavors to investigate the
quality of bone in postmenopausal women.

In this study, the number of obese women was higher in
the postmenopausal group compared to the premenopausal
women. This may be due to the deteriorated lipid metabolism
resulting from the reduced effect of estrogen in postmeno-
pausal women.'*

Postmenopausal osteoporosis is triggered by the reduction
of the effect of estrogen on bone, and this leads to a sharp
acceleration of bone turnover with an imbalance toward
excessive osteoclastic activity.!* Body mass density (BMD)
and biochemical parameters estimation are the most common
and easiest tools for estimation of osteoclastic activity.
Measurement of degree of mineralization, hydroxyapetite
crystal size, connectivity of trabucule, and bone micro-
damage are difficult,’ or even impossible in diagnosis and
prognosis of osteoporosis in our country. Thus, monitoring
of biochemical bone turnover markers are the focus area of
our study. The mean value of serum calcium was significantly
decreased (p<<0.05), while phosphorus and ALP levels were
significantly increased (p<<0.05) in postmenopausal women
when compared to premenopausal women. Similar studies
were already conducted by Akshya Lekhi et al'® from the
western part of Nepal and Bhattarai et al’ from the middle
part of our country. Their observed patterns for calcium and
ALP levels were similar to our study, and both reported a
significant reduction in calcium level but significant upsurge
in serum ALP level in postmenopausal women as compared
to premenopausal women.'* Although the results were similar
to our study, these hospital-based studies contrasted with this
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study as ours was a community-based one covering only the
healthy population. This may help to exclude the confounding
factors related with bone turnover. Similar to the results of
this study, an almost identical trend of biochemical changes
in bone turnover markers was reported from different parts
of the globe.>#>1 In contrast to these findings, some studies
also showed no significant changes in serum phosphorus and
ALP levels in pre- and postmenopausal women. Onyeukwu
et al'’ illustrated that there was a significant decrease in
serum calcium level in postmenopausal women as compared
to premenopausal women, but there was no significant dif-
ference in serum phosphorus and ALP levels among these
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groups. This may be due to the decrease of estrogen which
causes bone resorption in postmenopausal women, prevent-
ing the absorption and utilization of bone calcium causing
the risk of osteoporosis.'® In general, it has been reported that
women lose about 1% of their bone density per year during
and after menopause.'’

Hormonal influence in the reduction of BMD is clearly
illustrated as being due to rapid bone resorption after the last
menses. Bone loss reaches a peak at 3—4 years after onset of
menopause, then progressively declines for a few years, and
finally bone loss per year remains at around 1% to 1.5%.°
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International Journal of Women’s Health 2017:9

submit your manuscript

785

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Pardhe et al Dove
Premenopausal Postmenopausal

400 - 80

350 P . 70 .
—_ r=0.325, p=0.001 . —_ .
- 2= - * ¢

J R?=0.105 o J ®

g 300 ’.’.. " * g 60 : *
(o)) * (o)) * ’ *
£ 550 £ 5 . o r=—0.085p=0346
] S . soth o R?=0.007
=4 = o
B 200 B 401 .0 oy s S .
o o ~
- - ‘
3 150 3 30 M
£ £ AL S, T g
2 2 LM
@ 100 & 20 .’b .
n n ‘

50 - 10 | ¢

0 ‘ | : : 0 : : : : : : : :
0 100 200 300 400 0 100 200 300 400 500 600 700 800

Serum ALP (U/L)

Serum ALP (U/L)

Figure 3 Correlation between serum estradiol and serum ALP in pre- and postmenopausal women.

Abbreviation: ALP, alkaline phosphatase.

is used to assess reproductive aging through postmenopause
regardless of age, demographic characteristics, BMI, and
lifestyle intervention. Harlow et al?® define a period of
5-6 years of menopause as early menopause and of more
than 5 years of menopause as postmenopause. The present
study showed that the serum calcium level was significantly
decreased and ALP levels were significantly high in the
women during their early postmenopausal period when
compared to the late postmenopausal period (between
group I and group II). A similar result was also found in a
study performed by Indumati et al,! which shows that the
bone mass continues to decline with age but at a slower rate
during late postmenopause than during early postmeno-
pause.?! This may be the result of the inhibitory effects
of estrogen on bone turnover rate, which is dependent on
age and BMI.!¢ There was also a significant decrease in
the serum estradiol level among the late postmenopausal
group compared to that among early postmenopausal group.
The menopausal transition is associated with significant
hormonal changes, most importantly a decline of estradiol

Table 5 BMI and age adjusted partial correlation of estradiol with
bone markers in pre- and postmenopausal women

Bone Premenopause Postmenopause
markers r-value p-value r-value p-value
ALP 0.338 0.00 0.057 0.528
Calcium -0.298 0.001 0.111 0.220
Phosphorus 0.164 0.073 -0.880 0.330

Note: Bold represents statistically significant values (p<<0.05).
Abbreviation: ALP, alkaline phosphatase.

levels by about 60%. In contrast, some researchers have
reported that there was no significant change in calcium,
phosphorus, and ALP levels between the early and late
postmenopausal periods.!” This type of result may be
caused due to the difference in study population and geo-
graphical variations.

Similar to our study results, various other studies have
shown significant decrease (p<<0.05) in the serum estradiol
level in the postmenopausal group as compared to that in
the premenopausal group.”? After menopause, the ovaries
cease to produce significant amounts of estradiol; therefore,
symptoms and diseases associated with estradiol deficiency
are of more importance to women’s health.?> Altogether,
estradiol level decreases from 7 to 10-fold between pre- and
postmenopause.'* Ashuma et al*® reported that aging and
menopause lead to a decline in estradiol and progesterone
production, which has been implicated in decreased calcium
levels in postmenopausal women.

After the adjustment of the risk factors associated with
bone loss, including adjustment for rheumatoid arthritis,
alcohol and tobacco intake, and glucocorticoid therapy,
estradiol level was significantly positively correlated with the
serum calcium level (bone loss) in postmenopausal women
(»<<0.05). But after the adjustment of BMI and age, the
decrease in bone loss (serum calcium) was not correlated at
a significant level. This explains that with increase in age and
after menopause, there is the rapid decrease in calcium level
along with estradiol level. Recent approaches from different
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studies explain the potent role of estrogen in the regulation of
calcium and phosphorous. This estrogen-dependent calcium
regulation mechanism suggests an important mechanism of
pathogenesis in both postmenopausal and age-related osteo-
porosis.?* One study compared the equal role of estrogen in
regulation of calcium and phosphorous in the kidney to the
well recognized effect of PTH in elderly women. After
menopause, there is reduction in estrogen production by the
ovaries. This directly affects the bone status in that group of
the population. Thus, calcium supplementation can reduce
the bone loss in postmenopausal women, who are well char-
acterized by estrogen deficiency and imbalanced calcium
interaction mechanism.*

There was a positive significant correlation of ALP with
estradiol in premenopausal women, while a negative correla-
tion was observed for postmenopausal women in the study,
and after the adjustment for age and BMI ALP was not found
to be strongly associated with estradiol after menopause.
Although ALP is a well-established marker of bone diseases,
unfortunately it is not specific only for bone. Bone-specific
ALP (BAP) measurement is worth in order to differentiate
liver disease from osteoporotic activity.?

Bone mass decreases with aging, and it is now well
established that a low bone mass is the main determinant of
all osteoporotic fractures.?’” The prevalence of osteoporosis
increases with age for all sites, and according to the World
Health Organization definition up to 70% of women over
the age 80 years have osteoporosis.' In our study, bone
turnover was positively associated with age in both pre- and
postmenopausal groups. With regard to the biochemical
markers of bone turnover, calcium was significantly nega-
tively correlated while ALP was significantly positively
correlated with age in postmenopausal women. (p<<0.005)
This indication clearly demonstrates progressive bone loss
with an increase in age. The age-related factors of bone loss
in postmenopausal women may be due to inadequate level of
vitamin D and progressive increase in parathyroid hormone
with increasing age.'>?® Inadequate level of vitamin D is
the most common reason for women with osteoporosis, and
progressive deficiency of this hormone may lead to second-
ary hyperparathyroidism.?® Haugen et al*® also reported high
prevalence of vitamin D insufficiency (59.8%) and defi-
ciency (14.0%) in young women from our country. Hence,
estimation of vitamin D deficiency/insufficiency becomes
mandatory before reporting bone status in young as well as
postmenopausal women.

This illustrates a high risk of having fractures in post-
menopausal women since there is increased bone loss with

the increasing age, and is more common in females as a result
of hormonal changes. Our study approach showed age as
more relevant factor than estradiol level for increase in bone
turnover in postmenopausal women. The evaluation of vita-
min D status and its association with increased bone turnover
is a topic for further study in our population. This single-
community-centered cross-sectional study, however, was
limited with regard to the evaluation of all additional potential
etiologies of osteoporosis in postmenopausal women.

Conclusion

This study shows that the assessment of hormone and bio-
chemical markers, which can be easily performed and are
convenient for repeated evaluation, are advantageous to
observe bone turnover in post menopausal women. These
types of community-based studies should be conducted in
a larger scale at the national level for setting development
policies and statements to guide the diagnosis, treatment, and
prognosis of osteoporosis in postmenopausal women. Timely
diagnosis of osteoporosis in women would be of significant
benefit for the effective care for required populations and
help to minimize mortality rate and financial burden in Nepal.
Additional points
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