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ABSTRACT
Background: Bone loss is being increasingly identified in premenopausal and early postmenopausal women. The
significance of low bone mineral density (BMD) in females needs to be addressed. Female reproductive system plays
a major role in regulating the bone loss from menarche to senescence. The purpose of our study is to identify the
menstrual and reproductive factors that may lead to decreased bone mass during the premenopausal period so that
early intervention could lead to improved bone health.
Methods: The study was conducted on 100 women aged 40 - 60 years attending the outpatient department in Pandit
Bhagwat Dayal Sharma PGIMS, Rohtak, Haryana, India. Their age, parity, body mass index, age at menarche, age at
first pregnancy, duration of breast feeding, use of combined oral contraceptive, interpregnancy interval and BMD
values were recorded. BMD was measured by dual- energy x-ray absorptiometry. Pearson test was used for
correlation analysis. Comparison between the groups was conducted using analysis of variance (ANOVA) and
Tukey’s test.
Results: A significant negative correlation was established between parity, age at menarche, duration of breast
feeding and BMD values. On the other hand, BMI and duration of oral contraceptive use showed a significant positive
correlation with BMD values.
Conclusions: Identification of risk factors for low BMD will provide the opportunity for early intervention to
preventosteoporosis and will reduce the burden of unnecessary BMD testing in elderly age group for screening of
osteoporosis.
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INTRODUCTION
Osteoporosis is a progressive skeletal disease manifested
by decreased bone mineral density and collateral damage
to the bone microarchitecture, which can subsequently
lead to impaired skeletal strength and elevated
susceptibility to fractures.1 It is a common and complex
health problem in the elderly women. It has been
statistically observed that over 50% of the adults at age
50 years or older suffer from osteoporosis, among which
approximately 70% are postmenopausal females.2 BMD
has been widely accepted as a surrogate parameter for the
diagnosis of osteopenia and osteoporosis which supports

its utility as a diagnostic avenue for abnormal bone
mass.3 Many reproductive and menstrual factors like
parity, breastfeeding, age at first pregnancy, age at
menarche, use of combined oral contraceptives (COCs)
and duration of menopause might influence the risk of
osteoporosis. Our aim was to investigate the correlation
of these factors with the BMD of postmenopausal women
and in women undergoing menopause transition phase.
Firstly, it will help in reducing the unnecessary BMD
testing in elderly women and secondly, it will help in
prevention of osteoporosis by helping the clinician to
assess the need for early intervention.
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METHODS
This study was conducted on 100 women aged 40 - 60
years attending the outpatient department of Pandit
Bhagwat Dayal Sharma PGIMS, Rohtak and advised
BMD testing. All participants were given a structured
questionnaire which was used to obtain their
demographic, reproductive and menstrual history details.
The sample consisted of patients who have attained
menopause or are in the phase of menopause transition.
Exclusion criteria
•
•
•

Women with early or secondary menopause.
Women who have taken any drug known to affect
bone metabolism.
Women with any systemic and metabolic disease.

Age, parity, body mass index (BMI), age at menarche,
age at first pregnancy, duration of breast feeding, use of
combined oral contraceptive, interpregnancy interval and
BMD values were recorded.BMI was calculated as
weight (kg)/height (m2). According to National Institute
of Health and WHO, individuals are classified as:
underweight (BMI < 18.5kg/m2), normal weight (BMI
≥18.5-24.9kg/m2)
and
overweight
(BMI
≥2529.9kg/m2).4,5 Duration of breast feeding and oral

contraception was recorded in months. Measurement of
bone mass was performed by dual- energy x-ray
absorptiometry (DEXA) at the femoral neck by
calculating the T-score. T-score is the standard deviation
(SD) difference between a patient’s BMD and that of a
young adult reference population. According to WHO, Tscore ≥-1SD indicates normal bone density, while Tscores between -1SD to -2.5SD and ≥-2.5SD is defined as
osteopenia and osteoporosis, respectively.6
Statistical analysis was performed using SPSS version 22.
The demographic findings were reported in terms of
mean and the standard deviation values. Comparison
between the groups was conducted using analysis of
variance (ANOVA) and Tukey’s test. Pearson
Correlation analysis was used in the evaluation of
correlations. P value of less than 0.05 was considered
statistically significant.
RESULTS
The sample consists of 100 women of perimenopausal
and postmenopausal group and their age varied between
40- 60 years. Table 1 shows the mean values for age,
BMI, parity, age at menarche, age at first pregnancy,
duration of breast feeding, duration of oral contraceptive
use and BMD values of the participants.

Table 1: Demographic, reproductive and menstrual characteristics of subjects.

Age (years)
BMI (Kg/m2)
Parity
Age at menarche (years)
Age at first pregnancy (years)
Duration of breast feeding (months)
Total duration of OCP use (months)
BMD (T-score)

n
100
100
100
100
100
100
100
100

Minimum
40
11.70
01
11
16
08
0
-4.4

Maximum
60
39.40
07
16
30
52
24
2.5

Mean±SD
50.15±5.97
25.65±4.28
3.53±1.23
14.03±1.10
18.41±1.76
22.15±9.12
2.65±5.70
-1.19±1.34

Table2: Relationship between the demographic, reproductive and menstrual characteristics and BMD values
of the subjects.

Age
BMI
Parity
Age at menarche
Age at first pregnancy
Interpregnancy interval
Duration of breastfeeding
Duration of OCP use
Duration of menopause

Correlation with the BMD values of
the subjects (r)
-0.063
0.427*
-0.346*
-0.611*
0.116
0.089
-0.794*
0.541*
-0.116

Sig.(2-tailed)
0.536
0.000
0.000
0.000
0.249
0.378
0.000
0.000
0.098

* Correlation is significant at the p value< 0.05 level
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The demographic, reproductive and menstrual risk factors
which were considered to be significant in our study were
correlated to t-scores of the participants and their
correlation is demonstrated in Table 2. A significant

negative correlation was established between parity, age
at menarche, duration of breast feeding and BMD values.
On the other hand, BMI and duration of combined oral
contraceptives use showed a significant positive
correlation with BMD values.

Table 3: BMD values among the underweight, normal weight and overweight women.

N
BMD
(mean±SD)
p-value

Underweight (BMI <18)
5

Normal weight ( BMI 18-24.9)
33

Overweight( BMI ≥25)
62

-1.600±0.5612

-1.639±1.3043

-.932±1.3531

Underweight-normal weight
(0.998)

Normal-overweight (0.037)*

Overweight-underweight
(0.520)

*p value <0.05 is considered significant

Table 4: Age at first pregnancy and its effect on BMD values.

n
Mean±SD (BMD)
P value

<20 years (group1)
48
-1.519±1.2679
Group 1 - 2 (0.044)*

20-25 years (group2)
47
-.862±1.3480
Group 2 - 3 (0.760)

>25 years (group3)
5
-1.300±1.5443
Group 3 - 1 (0.934)

*p value <0.05 is considered significant

Table 5: Effect of duration of combined oral contraceptives use on BMD values.

n
Mean ± SD (BMD)
P value

Nil (group1)
74
-1.52±1.20
Group 1-2 (0.484)
Group 1-3 (0.005)*
Group 1-4 (0.002)*

< 6 months (group2)
8
-0.875±1.29

6 -12 months (group3)
11
-0.173±1.43

Group 2 - 3 (0.606)
Group 2 - 4 (0.274)

Group 3-4 (0.876)

The subjects were categorized in to three groups
according to BMI as shown in Table 3, underweight
(BMI < 18.5kg/m2), normal weight (BMI ≥18.524.9kg/m2) and overweight (BMI ≥ 25-29.9kg/m2) and
when the mean BMD values of these groups were
compared it showed that the overweight women have
significantly high BMD than normal weight women (p
value <0.05).
On comparing the mean BMD values of subjects on the
basis of different age at the time of first pregnancy (Table
4) it was seen that the women who became pregnant
before the age of 20 years have significantly low BMD
values than women who had their first child after the age
of 20 years (p value <0.05).
Women were again categorized into four groups
depending on their duration of combined oral
contraceptive use as shown in Table 5 and their BMD
values were compared. The BMD values of women who
never used COCs was significantly lower than those who
used them for more than 6 months but there was no
significant difference between the BMD values of women

>12 months (group 4)
7
0.271±0.89

who never used COCs and those who used them for less
than 6 month. The difference of BMD values was also
not significant between women who used COCs for 6-12
months and those who used them for more than 12
months.
DISCUSSION
As etiology of osteoporosis is multifactorial, several
studies have been conducted analyzing the relationship of
different demographic, menstrual and reproductive
factors with bone mineral density of elderly women but
all of them have controversial results. No definite sole
cause can be put forward to be responsible for
osteoporosis due to the interaction between the different
risk factors. In our study we found that early menarche,
longer reproductive period, increased BMI, use of COCs,
low parity and shorter period of lactation were associated
with high BMD in peri-menopausal and postmenopausal
females.
Several studies have established a significant negative
correlation between age and BMD.7,8,9 While on the
contrary in our study age doesn’t seem to significantly
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affect the BMD which might be due to narrow range of
age of the participants (40-60 years) included in our
study.
Among multiple factors affecting the bone mineral
density, body weight and body mass index exert a
prominent impact on the BMD.10 Increased body weight
has been demonstrated to correlate with endocrine
alterations, which can positively influence bone
metabolism in a direct or indirect manner. 11 Notably, low
body weight or BMI likely predispose postmenopausal
females to rapid bone loss and low bone mass, which are
considered to play crucial roles in the pathogenesis of
postmenopausal female’s osteoporosis.3 This fact has
been demonstrated in our study also. We found a
significant positive correlation of body mass index with
BMD. The overweight subjects of our study showed
significantly higher BMD than normal weight subjects.
The underlying mechanism involves multiple factors.
Osteocytes are thought to sense mechanical loading of the
skeleton. It is possible that in response to greater
mechanical loading, osteocytes send signals to other bone
cells that either reduce osteoclastic bone resorption, as
evidenced by an inverse association between bone
turnover and BMI or increase osteoblastic bone formation
resulting in an attenuation of bone loss in heavier
women.12Increased production of estrogens by adipose
tissue may also contribute to the association between
BMD and body weight. It has been shown that
individuals with higher BMI are more likely to suffer
hyperinsulinemia, as impaired production of insulin-like
growth factor-1 (IGF-1)-binding globulins results in
increased expression of IGF-1, which stimulates the
differentiation of osteoblasts and promotes bone
formation.13 It should be noted that body weight and BMI
also reflect the nutritional status of humans, and
malnutrition directly affects bone reconstruction. 14
Johnson et al, Kim et al and Wu SF and Du XJ also
demonstrated positive correlation of body mass index and
BMD in their study.9,15,16
Pregnancy and lactation are proposed as two risk factors
for osteoporosis. There are some hypotheses which
support the contributory effect of pregnancy and lactation
on osteoporosis later in life. High calcium demand during
pregnancy and lactation and low estrogenic state support
those hypotheses. Numerous studies have investigated on
the issue but there is no consensus about the contributory
effect of pregnancy and lactation on osteoporosis. There
is strong evidence that calcium is mobilized from the
maternal skeleton to that of the developing fetus during
pregnancy. However, the eventual return of BMD to pre
pregnancy values suggests that maternal bone loss may
not be permanent. Pregnancy and prolong lactation can
have either beneficial or detrimental effect on bone as
demonstrated by various researchers. Some studies
suggest the protective effect of parity and duration of
lactation on BMD while some mentioned a negative
association and some found no association.

Salari and Abdollahi in their systematic review concluded
that despite of controversial results of various researches,
pregnancy may have protective effect on bone especially
if followed by lactation as there is possibility of complete
restoration of BMD after weaning.17 To & Wong et al
also observed less BMD decrement in multiparous
women compared to primiparous.18 In a recent study,
Wiklund et al displayed the protective effect of lactation
on bone size and strength in direct correlation with its
duration while Yazici et al found no effect of lactation
and its duration on postmenopausal women.19,20 Kauppi et
al also confirmed the positive effect of parity on BMD
and showed inverse association between risk of hip
fracture and parity.21 Moller et al concluded in their study
that pregnancy and breastfeeding cause a reversible bone
loss.22 Lebel et al supported the fact that pregnancy and
breastfeeding has no detrimental effect on BMD. 23
In contrast to all above studies we found a significant
negative correlation between multiparity, duration of
breastfeeding and BMD suggesting their detrimental
effect on bone health. There are several studies in the
literature which support the results of our study.7,24,25,26
Lower educational level and limited knowledge of birth
control methods are the major factors leading to
multiparity in developing country like ours . Moreover,
prolonged lactation period, poor nutrition and lack of
calcium supplementation during pregnancy and lactation
lead to decreased BMD in multiparous females.
Several previous studies have shown a significant
negative correlation of age at menarche and BMD. 27,28,29
Same results have been demonstrated in the current
study. Of the variance in BMD, 60-80% is explained by
genetics which could explain the close relationships
between BMD and pubertal timing.30,31 Menarche may be
having a stimulating effect on the development of bone
by increasing the osteoblastic activity via accompanying
the unsettled estrogen.32 But there are studies which don’t
support the above result. Johnson et al concluded in their
study that age at menarche is not a significant predictor of
BMD.9 Waugh et al also found inconsistent and
insufficient evidence for the effect of age at menarche on
BMD.33
Evidence shows that pregnancy at an earlier age may
result in lower bone density and increased risk for
perimenopausal and postmenopausal bone loss as both
the mother’s and the fetus’s skeletons are concurrently
maturing.34 The studies support this evidence too
including the current study.35
Teegarden et al stated in their study that 80% of all
women have used oral contraceptives pills (OCP), but
OCP use may prevent attainment of maximal peak bone
mass in young women and thus increase the risk of
osteoporosis later in life.36 Johnson et al also concluded
that use of oral contraceptives is not a significant
predictor of BMD.9 On the contrary Sultana et al found in
their study that OCP users had higher mean BMD
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compared to non-users who had lower mean BMD. This
indicates that OCP non-users had elevated bone turn
over, which appears to adversely influence BMD and
fracture risk.37 Our study is also in agreement with the
above study. Hence, it can be concluded that one of the
important non-contraceptive benefit of OCP may be
positive effects on bone.
Most of the studies suggest duration of menopause as the
significant risk factor for low BMD.8,15 This is due to
sudden drop of ovarian estrogen around menopause.
Accelerated bone loss begins about 2 to 3 years before
the last menses and continues until 3 to 4 years after
menopause. There is 2% bone loss annually around
menopause, slowing to 1% to 1.5% annually
thereafter.38,39 Finkelstein et al also suggested that BMD
loss increases substantially in the late perimenopause and
remains rapid in the first few postmenopausal years. 40
However we didn’t find any statistically significant
correlation between BMD and duration of menopause.
This might be due to the inclusion of early menopausal
females (up to 60 years) in our study and not the late
menopausal.
We found in our study that multiparity, low BMI, short
reproductive period, lack of use of oral contraceptives
and prolonged breastfeeding are the determining risk
factors for low BMD in peri and postmenopausal women.
Women with above risk factors should undergo screening
for osteoporosis and assessment of risk factors prior to
screening for osteoporosis will definitely reduce the
burden of unnecessary testing. Moreover, if young
women are made aware of these risk factors it could help
in reducing the risk of osteoporosis later in life.
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