190

INFLUENCE OF YEARS SINCE MENOPAUSE ON BONE MINERAL

METABOLISM IN SOUTH INDIAN WOMEN

M. SURESH, DHANANJAYA M. NAIDU

ABSTRACT

BACKGROUND: Although an increase of bone turnover has been documented at
the time of menopause, the subsequent abnormalities of bone resorption and formation
in the elder women have not been investigated. AIM: To assess bone turnover among
different YSM (years since menopause) groups of postmenopausal women.
SETTINGS AND DESIGN: A case control study in a tertiary care hospital.
MATERIALS AND METHODS: Forty-seven premenopausal (control) women and 257
postmenopausal women were included in this study. Based on YSM, the postmenopausal
women were divided into four groups namely, 1-5 YSM (n=82), 6-10 YSM (n=77),
11-15 YSM (n=58) and >15 YSM (n=40). The levels of calcium, phosphorus, total
alkaline phosphatase, FSH, LH, estradiol, intact-paratharmone and 25-hydroxy vitamin
D in serum and urine levels of calcium, phosphorus and bone resorption marker
calcium/creatinine(Ca/Cre) ratios were analyzed in all subjects. STATISTICAL
ANALYSIS USED: One way ANOVA followed by Duncan’s multiple range test.
RESULTS: Significantly increased levels of FSH (P<0.001) and declined levels of urine
calcium (P=0.015) and Ca/Cre ratios (P=0.006) were observed in >15 YSM group
over 1-5 and 6-10 YSM groups. An inverse correlation was observed between serum
FSH levels and urine Ca/Cre ratios (r = -0.655, P<0.001) in >15 YSM group.
Comparable deficient estradiol levels were observed in all YSM groups.
CONCLUSIONS: The risk of bone resorption is greater in early years than late years
of menopause. The decreased bone resorption risk in late postmenopausal women
might be due to increased FSH levels. However, further studies are required to explore
this finding.
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INTRODUCTION

In 1941, Albright et aM first detected that
estrogen deficiency is a major pathogenic
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factor of osteoporosis in postmenopausal
women. Estrogen deficiency during
menopause causes rapid bone loss,
especially in the early years after menopause.
Hui et al® (Indianapolis), Ribot et alt®
(France), Hedlund and Gallagher® (Omaha,
NE) worked on their country women and
reported that rapid bone loss was observed
especially in the first 4-7 years after
menopause. Mazzuoli et al® (Italy) stated
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that the early hormone-dependent bone loss
commences in the first year after menopause
and is arrested within 6 years after the onset
of menopause. In a recent study, Garcia-
Perez et al® observed elevated bone
resorption marker levels in Spanish women
of <2 YSM group compared to >2 YSM group.

Although an increase of bone turnover has
been documented at the time of menopause,
the data on the subsequent abnormalities of
bone resorption and formation in the elder
women has to be improved. And also no
study reported the levels of gonadotropic
hormones, estradiol, calcium, phosphorus,
bone markers and calcitropic hormone in late
postmenopausal women of south India.
Hence, the present study was aimed to
assess the bone turnover in different YSM
(years since menopause) groups of South
Indian  postmenopausal women to
demonstrate the relationship between the
bone loss and YSM. Most of the above
studies used bone mineral density (BMD) to
measure postmenopausal bone loss. In the
present study, bone mineral markers were
used which have more advantages over BMD
(since bone mineral markers provide a more
representative indicator of overall skeletal
bone loss than BMD measurements at a
single skeletal site) in predicting the
postmenopausal bone loss.

MATERIALS AND METHODS

Subjects

The women patients visiting the outpatient
department of Endocrinology and Metabolism
of Sri Venkateswara Institute of Medical

Sciences (SVIMS), Tirupati have been
selected as study population. Besides this,
some of the nursing staff of SVIMS,
voluntary women blood donors and local
healthier women was also included in the
study after taking informed consent. Over a
period of three years (2001-2004), 525 women
(both premenopause and postmenopause
women) were included in this study. Among
525 subjects, 304 women had no diseases
known to affect skeletal turnover and none
was taking any medication that might
interfere with bone metabolism. The remaining
subjects (n=221) were removed from the
study based on the criteria of exclusion
[Table 1]. According to the criteria of inclusion
[Table 1], the 304 subjects were grouped into
premenopause (n=47) and postmenopause
groups (n=257). Based on the years since
menopause, the postmenopausal subjects
were divided into four groups namely, 1-5
YSM (n=82), 6-10 YSM (n=77), 11-15 YSM

Table 1: Inclusion and exclusion criteria

Inclusion criteria
Premenopausal women (control group): age range, 26-46
years
Fertile women with regular menstrual cycles®
Postmenopausal women (study group): age range, 35-72
years
Natural and surgical (hysterectomy * ovariectomy)
menopause
Amenorrhea >1 year?

Exclusion criteria
Liver disorders®
Renal disorders (Serum creatinine, >1.5 mg/dl)®
Parathyroid disorders (Serum intact-PTH, >36 pg/ml)°
Diabetes mellitus (Fasting blood glucose, >110 mg/dl)®
Abnormal thyroid status (Serum TSH, >4.05 plU/ml)°
Cushing’s syndrome?
Antiresorptive therapy within the past one year?
Usage of corticosteroids within the past 5 years?
Usage of calcium and vitamin D supplements with in the past
6 months?®
Cigarette smoking®
Alcohol intake?

aInformation obtained by oral history through interview,
bInformation obtained by laboratory assays.

Indian J Med Sci, Vol. 60, No. 5, May 2006

192 YSM INFLUENCE ON BONE TURNOVER

(n=58) and >15 YSM (n=40). As the number
of subjects was very less in 1 YSM (n=1), 2
YSM (n=4) and 3 YSM (n=8), we considered
five years since menopause as an interval.

Methods

Fasting blood samples were collected from
the premenopause (especially between 3™
and 5" day after menstruation [follicular
phase]) and postmenopausal women on three
consecutive days for the estimation of blood
glucose, serum calcium (Ca), phosphorus (P),
total alkaline phosphatase (tALP) and
creatinine (Cre) levels. Simultaneously, on the
first day 5.0 ml of blood was collected in
chilled test tubes kept on ice for the
estimation of serum intact-parathyroid
hormone (iPTH) and 25-hydroxy vitamin D
(25-OH D) levels. The serum was separated
within 30 minutes and stored at -20°C until
analyzed. For the estimation of follicle
stimulating hormone (FSH), luteinizing
hormone (LH) and estradiol (E,) levels, the
fasting blood samples were collected thrice
on the first day at 20 minutes interval and
serum was separated, pooled into a single
vial and stored at -20°C. The subjects were
asked to collect 24 hours urine samples for
three consecutive days in sterilized, calcium-
free containers for the determination of
urinary calcium (Ca), phosphorus (P) and
creatinine (Cre) levels.

The fasting blood glucose levels, serum and
urine levels of calcium, phosphorus and
creatinine and serum total alkaline
phosphatase (tALP) levels were measured
using automated analyzer (model: Synchron
CX4; make: Beckman). These biochemical
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parameters have been estimated for three
consecutive days and the mean value of each
parameter was taken as an observation.
Immunoradiometric assay kits were used to
estimate serum TSH (supplied by Baba
Atomic Research Centre, Mumbai, INDIA),
FSH, LH and iPTH (supplied by Diasorin,
Stillwater, Minnesota, U.S.A.) levels. Serum
E, and 25-OH D (kits supplied by Diasorin,
Stillwater, Minnesota, U.S.A.) levels were
estimated by radioimmunoassay.

The normal laboratory (kit) ranges for serum
Ca, P, tALP, Cre, TSH, iPTH, 25-OH D were
8.0-10.5 mg/dl, 2.5-4.8 mg/dl, <110 IU/L, <1.5
mg/dl, 0.17-4.05 mlU/ml, 9.0-36.0 pg/ml,
>20.0 ng/ml and urine Ca, P, Ca/Cre were
<250.0 mg/day, 300-1300 mg/day, <0.16
respectively. The quality control sera provided
with the kit, gave values of 4.0 IU/L (range:
3.3-5.0 IU/L) in FSH, 4.1 IU/L (range: 3.2-4.8
IU/L) in LH, 108.8 pg/ml (range: 70-130 pg/
ml) in E,, 34.2 pg/ml (range: 24.8-46.0 pg/ml)
in iPTH, 16.0 ng/ml (range: 9.0-21.0 ng/ml),
in 25-OH D and 2.4 IU/L (range: 1.7-2.8 U/
L) in TSH assays. For all the above assays,
the intra- and inter-assay CVs were found to
be fewer than 8% and 12% respectively.

Statistical analysis

Descriptive results were represented as mean
+ standard error (SE). The comparison among
the control and different YSM groups was
done using one-way analysis of variance
followed by Duncan’s multiple range tests
(DMRT). Associations between markers were
identified by Pearson correlation. The P-values
<0.05 were considered as significant. F-
statistic value was given for the each
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parameter along with P-value. All the
statistical analysis was performed using
SPSS package (11.0).

RESULTS

The mean levels of fasting blood glucose,
serum creatinine and serum TSH were 89 mg/
dl, 0.83 mg/dl and 1.89 plU/ml in
premenopause women and 94 mg/dl, 0.86
mg/dl and 1.92 plU/ml in postmenopausal
women respectively. The results of the
anthropometric characteristics (age, age at
menopause and years since menopause),
FSH, LH and E, levels in controls and four
YSM groups of postmenopausal women were
represented in Table 2. The mean YSM of the
four groups of women was 2.817, 8.065,
13.24 and 20.57 years respectively. The mean
age of control group was 34.23 years.
Significantly elevated FSH and LH levels and
significantly declined estradiol levels were
observed in all YSM groups compared to
controls (P<0.001). Also, the levels of FSH
were found to be elevated significantly in >15
YSM group compared to 1-5 and 6-10 YSM

groups and in 11-15 YSM group compared to
1-5 YSM group. No significant difference was
observed with respect to LH and E, levels
among the different YSM groups.

The results of serum and urine levels of
calcium and phosphorus, bone turnover
markers such as serum total alkaline
phosphatase (bone formation marker) and
urine calcium/creatinine ratios (bone
resorption marker) and calcitropic hormones
(serum intact-PTH and 25-hydroxy vitamin D)
levels in premenopause (control) and in
various YSM groups were depicted in table
3. The levels of urine calcium were found to
be elevated significantly in women 1-5 YSM
and 6-10 YSM than in women >15 YSM and
controls (P=0.015). The bone formation
marker, serum total alkaline phosphatase
(ALP) levels were found to be elevated by
21.5%, 27.8%, 24.5% and 19.1% in four YSM
groups respectively over controls [Figure 1]
and the elevated levels of total ALP were
significant at P = 0.013. Significantly elevated
urine calcium/creatinine ratios were observed
in women 1-5 and 6-10 YSM than in women

Table 2: Anthropometric characteristics and hormonal profile

Parameters Postmenopausal women years since menopause (YSM) ANOVA
(Units) Control group 1-5YSM 6-10YSM 11-15YSM >15YSM Results
(n) n) n) n) (n) P-value
(F-value)
Age 34.23 £0.920 46.20 £ 0.715 50.90 £ 0.741 55.00 + 1.028 59.80 +1.221 —
(years) 47) (82) 77) (58) (40)
Amp — 43.39 + 0.692 42.84 +0.726 41.75 £ 1.022 39.22 +£1.326 —
(years) (82) 77) (58) (40)
YSM — 2.817 £ 0.163 8.065 + 0.162 13.24 £ 0.200 20.57 +0.608 —
(years) (82) 77) (58) (40)
S.FSH 6.723 £ 0.2932 56.26 + 2.639° 60.29 + 2.472 65.63 + 3.719% 69.85 * 4.690¢ <0.001
(IU/L) 47) (82) 77) (58) (40) (60.56)
S.LH 7.597 + 0.4992 27.40 + 1.216° 28.69 + 1.211° 27.52 £ 1.501° 29.33 £1.967° <0.001
(IU/L) 47) (82) 77) (58) (40) (38.88)
S. Estradiol 103.2 + 4.637° 50.39 * 2.876° 42.83 = 2.495% 51.05 + 6.4052 46.03 £ 4.2692 <0.001
(pg/ml) 47) (82) 77) (58) (40) (31.23)

Values are Mean * SE; Values in the same row with different superscript letters differ significantly; Amp: Age at menopause; YSM:
Years since menopause; FSH: Follicle stimulating hormone; LH: Luteinizing hormone; NS: Not significant
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Table 3: Levels of bone mineral markers and calcitropic hormones

Parameters Postmenopausal women years since menopause (YSM) ANOVA
(Units) Control group 1-5YSM 6-10YSM 11-15YSM >15YSM Results
n) n) n) n) n) P-value
(F-value)
S.Ca 9.549 + 0.0542 9.716 + 0.0472 9.848 +0.070° 9.705+0.0872 9.770 £0.0812 NS
(mg/dl) (47) (82) (76) (57) (40) (2.384)
S.P 3.395 + 0.095° 3.469 +0.077° 3.487 + 0.059* 3.465 + 0.1022 3.454 + 0.090* NS
(mg/dl) (47) (82) (75) (57) (40) (0.157)
U.Ca 120.5 +9.484° 157.0 + 9.654° 164.3 + 10.36° 138.9 +10.70% 123.7 £13.927 0.015
(mg/day) (46) (81) (75) (56) (40) (3.134)
u.p 389.4 + 22.942 372.8 + 14.58* 388.2 +18.78* 358.3 + 16.722 335.3 +13.28% NS
(mg/day) (45) (81) (75) (56) (40) (1.295)
U.Ca/ 0.134 + 0.009* 0.193 + 0.013° 0.199 + 0.012° 0.160 + 0.014% 0.156 + 0.010* 0.006
Creratio (46) (81) (75) (56) (40) (3.691)
S.tALP 72.72 + 4.2382 88.39 + 3.582° 92.97 + 4.082° 90.60 + 4.301° 86.65 + 3.908° 0.013
(IU/L) 47) (82) (76) (58) (39) (3.230)
S.iPTH 23.04 £1.674° 23.17 + 1.4382 25.49 + 1.6282 28.89 +2.7872 25.70 + 1.925° NS
(pg/ml) (47) (81) 77) (58) (40) (1.523)
S.25-OHD 16.73 £ 0.795% 14.76 +0.710° 15.74 +1.058°2 14.85 + 0.925° 15.65 + 1.404° NS
(ng/ml) 47) (82) 77) (58) (40) (0.635)

Values are Mean + SE, Values in the same row with different superscript letters differ significantly, Ca: Calcium; P: Phosphorus; Ca/
Cre: Calcium/Creatinine ratio; tALP: total Alkaline Phosphatase: iPTH: intact-Parathyroid hormone; 25-OH D: 25-hydroxy vitamin D;

S: Serum; U: Urine; NS: Not Significant.

>15YSM and control group (P=0.006). The
elevated urine calcium/creatinine ratios were
found to be 44.0%, 48.5%, 19.4% and 16.4%
in four YSM groups over control group [Figure
1]. The levels of calcitropic hormones such
as serum intact-parathyroid hormone and 25-
hydroxy vitamin D were found to be identical
in the control and YSM groups.

Significant negative correlation was observed
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Figure 1: Percent increase in mean urine Ca/Cre
ratios (bone resorption marker) and serum tALP
(bone formation marker) levels in four YSM groups
over controls
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between serum FSH levels and Ca/Cre ratios
in >15 YSM group of postmenopausal women
(r=-0.655; P<0.001) [Figure 2]. This association
was not observed in other YSM groups.

DISCUSSION

On the basis of previously reported data,®
serum 25-hydroxy vitamin D concentration
was defined as deficient when <10 ng/ml,
insufficient when 10-20 ng/ml and sufficient
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Figure 2: Correlation between FSH levels and Ca/
Creatinine ratios in >15 YSM group
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when >21 ng/ml. In the present study, the 25-
hydroxy vitamin D levels in premenopause
and YSM groups were found to be between
10 and 20 ng/ml, which indicates vitamin D
insufficiency. This finding is in line with
Harinarayan® study, who reported that 82%
of south Indian women were vitamin D
insufficient. The ground factors that influence
the vitamin D status are duration and intensity
of UV light exposure, the surface area of the
skin exposed, the degree of melanin pigment
in the skin, the amount of substrate available
in the skin for conversion to vitamin D and
the intake of vitamin D.t% Though the 25-
hydroxy vitamin D levels were insufficient,
the intact-PTH levels in this study were found
to be within the normal range in control and
all YSM groups. In another study, Harinarayan
et al*? also proved that the serum intact-PTH
levels were relatively equal to control group
in the background of vitamin D insufficiency.
The comparable levels of intact-PTH in all
YSM groups and controls indicate that the
possibility of PTH-mediated bone resorption
is absent.

The earlier studies!*34 suggested that
estimation of total ALP levels in serum is a
useful marker in assessing mineralization
activity of osteoblasts in postmenopausal
women. Similarly, urine calcium/creatinine
ratios are well-defined markers in assessing
the rate of bone resorption.'>*¢ |n the present
study, bone formation marker serum tALP and
bone resorption marker urine Ca/Cre ratios
were used to assess bone turnover.
Increased levels of bone formation (as
evidenced by increased tALP levels) and
bone resorption (as evidenced by Ca/Cre

ratios) markers indicate high bone turnover in
all YSM groups over controls. Since the
intact-PTH levels were found to be within the
normal limits, high bone turnover in all the
YSM groups may be due to estrogen
deficiency alone. It is well known that
estrogen deficiency induces the synthesis of
cytokines by the osteoblasts, monocytes and
T-cells and thereby stimulates the bone
resorption by increasing the osteoclast
number and osteoclast activity. The increased
bone resorption consequent to estrogen
deficiency causes osteoporosis in
postmenopausal women. In case of
premenopausal women, the sufficient
estradiol levels inhibit the synthesis of
cytokines and thereby lower the bone
resorption rate.”

In the present study, the elevated bone
resorption marker levels (as evidenced by
increased Cal/Cre ratios) in parallel with
elevated bone formation marker levels (as
supported by increased tALP levels) over
controls indicates that the bone resorption
and formation are independent and coupled
processes in all YSM groups of
postmenopausal women. But the increment
in total ALP levels was 21.5%, 27.8%, 24.5%
and 19.1% whereas the increment in Ca/Cre
ratios were 44%, 48.5%, 19.4% and 16.4%
in all four YSM groups respectively over
controls [Figure 1]. From the figure 1 it is
understandable that the bone formation and
resorption rates are greater than controls.
Further, the rate of bone resorption
overcomes bone formation in 1-5 and 6-10
YSM groups, whereas in 11-15 and >15 YSM
groups, the rates of bone formation and bone
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resorption are more or less equal. This
indicates that the bone resorption risk is
greater in early postmenopausal women
(<10YSM) compared to late postmenopausal
women (>10 YSM). It is obvious from figure
1 that the bone formation rate was appeared
to be higher compared to bone resorption rate
in late menopausal women (>10YSM). This
kind of appearance may be due to drastic
declination in bone resorption rate from
48.5% in 6-10 YSM group to 19.4% in 11-15
YSM group, but not due to significant
improvement in bone formation rate in late
postmenopausal women.

The mean serum estradiol levels in
premenopausal women (controls) are 103.2 pg/
ml. Where as in postmenopausal women of 1-
5 YSM, the mean serum estradiol levels are
50.39 pg/ml. That means there was a 50% fall
in estradiol levels in 1-5 YSM group of
postmenopausal women. Usually, the sudden
decline in estradiol levels during the early years
of menopause is due to malfunction of ovaries.
Generally the bone resorption in
postmenopausal women takes place in two
ways.1 One is due to estrogen deficiency and
another is due to elevated PTH levels. Since
the intact-PTH levels were found to be normal
in this study, the increased risk of bone
resorption is due to rapid decline in estradiol
levels from normalcy to abnormal lower levels.
Hence, the present study assumed that the
high bone resorption risk early postmenopausal
women are due to rapid decline in estrogen
levels. Whereas in late postmenopausal women,
the reasons for decreased bone resorption risk
are unclear so far.

Mazzouli et al® informed that estrogen-
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dependent bone loss begins in the first year
after menopause and is arrested within six
years after the onset of menopause. In the
present study, from the Figure 1 it is obvious
that the bone loss consequent to estrogen
deficiency commences in the first year and
does not cease. But, the resorption rate is
decreasing after 10 years of the onset of
menopause. Mazzouli et al® also reported
that bone resorption prevails over bone
formation in the first 2 YSM, whereas the
osteoblastic activity relatively prevails from
YSM 3 to YSM 5. In the present study, the
rate of bone resorption dominates bone
formation in first 10 years after menopause,
whereas in next 10 years the mineralization
activity of osteoblasts becomes more or less
equal to osteoclasts activity.

Kato et al*® studied 546 healthy women (215
premenopausal, 164 bilateral oophorectomized
and 167 natural menopausal) to clarify the
time course changes in bone metabolic
markers after menopause. They estimated
bone metabolic markers (bone formation
markers: serum alkaline phosphatase,
osteocalcin and intact osteocalcin; bone
resorption markers: urine excretion of
hydroxyproline, pyridinoline and deoxypyridin-
oline) and lumbar bone mineral density (L2-
4) by means of DEXA (Dual Energy X-ray
Absorptiometry). After dividing the subjects
according to the length of time after
menopause, he observed a triphasic pattern
of lumbar bone loss: there was a rapid phase
in the first 5 years after menopause, a
plateau phase in the second 5 years and a
slow phase beginning 10 years after
menopause. Nilas and Christiansen study,
which proved the rate of bone loss declines
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with the increasing menopausal duration.
Rogers et al?? studied 60 postmenopausal
women (ages, 49-62 years), 43 of whom had
gone through a natural menopause 1-20
years previously and 17 of whom had
undergone hysterectomy 3-22 years ago and
indicated the higher rates of bone loss in the
early postmenopausal period. The results of
the present study corroborates with the above
findings.

In this study, the estradiol levels were found
to be deficient (<55 pg/ml) and these levels
were comparable in all YSM groups. But the
FSH levels were found to be increased with
increase in YSM and a significantly increased
FSH levels were observed in >15 YSM group
compared to 1-5 and 6-10 YSM groups [Table
2]. Furthermore, a significant negative
correlation was observed between FSH levels
and urine Ca/Cre ratios [Figure 2]. The levels
of urine calcium and urine calcium/creatinine
ratios, which reflects bone resorption, were
found to be greater in 1-5 and 6-10 YSM
groups compared to >15 YSM group,
indicating high bone resorption risk in early
postmenopausal women [Table 3]. Elevated
FSH levels, decreased bone resorption risk
(assessed by the declined Ca/Cre ratios) and
negative correlation between the FSH levels
and Ca/Cre ratios in elder postmenopausal
women (>15 YSM group) indicates that high
FSH levels (approximately 70 IU/L) might play
a vital role in preventing the bone erosion.
However, further studies are required to
strengthen this view. Also, there is a lack of
data to discuss the present views on FSH
levels and their role in alleviating bone
attrition in late postmenopausal women.

CONCLUSION

The elevated bone formation and bone
resorption markers levels in all YSM groups
over controls indicated that high bone turnover
in postmenopausal women is due to estrogen
deficiency alone, since the intact-
paratharmone levels were found to be normal
in all YSM groups. But, the high bone
resorption rate than the bone formation rate
in 1-5 and 6-10 YSM groups over controls and
increased Ca/Cre ratios in 1-5 YSM group and
6-10 YSM group compared to >15 YSM group
indicate that the bone resorption risk is high
in early postmenopausal women (<10YSM),
which is assumed to be due to a rapid decline
in estrogen levels. Hence, estrogen
replacement is needed to avoid higher risk of
bone resorption at early years of menopause.
Elevated FSH levels, declined bone
resorption marker levels and inverse
relationship between FSH levels and Ca/Cre
ratios in long durational postmenopausal
women (>15 YSM group) indicates that high
FSH levels might be one of the important
determinants in alleviating bone attrition.
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