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Abstract
Study objective - To analyse the re-
lationship between menstrual and re-
productive factors and the risk oflow bone
mineral density (BMD).
Design - This was a population based
screening programme carried out between
1991 and 1993 among 1373 perimenopausal
women in northern Italy by means of dual
photon absorptiometry at the lumbar
spine.
Main results - BMD was strongly related
to the age at menopause. In comparison
with women reporting menopause below
45 years of age, the odds ratios (OR) of
being in the lowest compared with the
highest BMD tertile were 0.7 (95% con-
fidence interval (CI) 0.3,1.5) and 0.3 (95%
CI 0.1,0.8), respectively, in those with
menopause at age 45-49 and above 50
years: the trend in risk was significant.
Likewise, the risk of being in the lowest
tertile increased with years since the
menopause. Compared with women who
reported they had undergone the meno-
pause less than two years before interview,
the OR ofbeing in the lowest BMD tertile
were 2.1 (95% CI 1.1,4.3), 2.3 (95% CI 1.1,
5.0), and 5.7 (95% CI 2.5,12.9) respectively
in women who reported menopause 2-5,
6-9, and .10 years earlier. The protective
effect on bone density of late age at meno-
pause was observed in different strata of
years since menopause. Likewise, the in-
creasing risk ofa lowBMD with increasing
years since the menopause was evident in
strata of different age at menopause. No
relationships were observed betweenBMD
and the age at menarche, characteristics
of menstrual cycles, and the duration of
menses. Likewise, no association emerged
between reproductive history, including
parity and age at first pregnancy, and
BMD.
Conclusions - In this Italian population
the risk ofbeing in the lowest BMD tertile
decreased with increasing age at meno-
pause and increased with years since
menopause. No relationships emerged be-
tween BMD and other menstrual char-
acteristics or reproductive factors.

(J7 Epidemiol Community Health 1996;50:519-523)

Oestrogen concentrations are a major de-
terminant of bone density in women. 2 How-
ever, the role of menstrual and reproductive

factors on the risk ofosteoporosis is still unclear.
There are few data on the issue, and some of
these are controversial, particularly with regard
to the role of reproductive factors.6 For ex-
ample, there are some suggestions that amen-
orrhea may be accompanied by a decrease in
bone density in athletes,6 and it is well re-
cognised that after menopause the risk of low
bone density increases. With regard to re-
productive factors, some retrospective studies
have shown a positive association between body
mass and parity, but prospective ones did not
confirm these results.5

Part of these controversial findings may be
related to methodological problems in the
definition of osteoporosis/low bone density,
since bone mineral density (BMD) in the gen-
eral population is normally distributed with
little evidence of a threshold level.7
More generally, there is a paucity of data

based on direct measurement of BMD in large
groups of women, most epidemiological data
being based on hip fractures or other clinically
measurable consequences of osteoporosis.

In this paper, we present results on the re-
lationship between reproductive and menstrual
factors and the risk of low BMD, using data
from a population based screening programme
carried out among nearly 1400 perimenopausal
women in northern Italy.

Methods
STUDY POPULATION
Between January 1991 and March 1993, all
women between age 40 and 55 who per-
manently resided in two areas of Pordenone
province (the northern district of Pordenone
and the municipality of Fontanafredda), north
eastern Italy, were offered the opportunity to
join, free of charge, a BMD screening pro-
grammes. The programme was aimed at
healthy women (ie, those not affected by recent
malignancy or other severe conditions requiring
long term immobilisation). Of 1812 women
who were contacted by means of a personal
invitation letter, 1111 agreed to participate
(participation rate 61 %). In 1992, the invitation
was extended to 409 women aged 56-64 from
the same areas, 262 (64%) of whom agreed to
participate. The study sample thus included
1373 women aged 40-64 (median age= 50
years).
At the same time as BMD measurement,

each woman was interviewed by a registered
nurse in order to obtain information on socio-
demographic factors, current and past weight,
height, general lifestyle habits, smoking, men-
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Table 1 Distribution of 1373 women according to tertiles* of bone mineral density
(BMD) at the lumbar spine according to age, education, body mass index, smoking
habits, and hormone replacement therapy. Pordenone Province, north east Italy, 1991-93

BMD tertiles

Low (n=458) Intermediate (n=454) High (n= 461)

No % No % No %

Age (y):
40-44 79 17.2 93 20.5 105 22.8
45-49 128 27.9 134 29.5 132 28.6
50-54 131 28.6 115 25.3 139 30.3
55-59 63 13.8 77 17.0 60 13.0
60-64 57 12.4 35 7.7 25 5.4
Education (y):
<6 195 43.0 194 43.1 202 44.0
6-8 122 26.9 125 27.8 121 26.4
.9 136 30.0 131 29.1 136 29.6
Body mass index (kg.m"5):

<28.0 128 28.3 81 18.2 53 11.7
28.0-30.2 86 19.0 90 20.2 101 22.3
30.3-32.5 79 17.4 97 21.7 78 17.3
32.6-35.9 86 19.0 102 22.9 100 22.1
.36.0 74 16.3 76 17.0 120 26.5
Smoking habits:
Never smokers 317 69.2 316 69.6 327 71.2
Ex-smokers 59 12.9 56 12.3 59 12.9
Current smokers
<15 cig/d 55 12.0 60 13.2 53 11.5
215 cig/d 27 5.9 22 4.8 20 4.4

Hornone replacement therapy:
Never 424 92.8 416 91.8 438 95.0
<12mth 16 3.5 25 5.5 9 2.0
2 12 mth 17 3.7 12 2.6 14 3.0

* Some columns do not add up to the total because of missing values.

strual and reproductive factors, and lifelong
history of potentially relevant medical con-

ditions.

EXAMINATION
BMD was measured by means of dual photon
absorptiometry which was fitted with a gad-
olinium-153 ('55Gd) source. Antero-posterior
measurements were performed in lumbar ver-

tebrae L 2-4 and the mean value was expressed
as glcm2. The coefficient of variation from re-

peated measures was 2%. The 153Gd source

was replaced immediately before the beginning
of this study and twice during the 26 month
period of data collection (summer months ex-

cluded). Calibration was undertaken before
each clinic session according to the manu-

facturer's recomendations; generally, eight
women were measured during each session.
Two technicians conducted all measurements.
Data inspection showed no evidence of sys-
tematic variations in BMD measurements ac-

cording to age ofthe 15'Gd source or the season.

Height and weight were measured with the
participants wearing light clothing and without
shoes. Waist circumference (cm) (at the nar-

rowest part of mid-section) and hip cir-
cumference (cm) below the waist were

measured by the interviewing nurse.

DATA ANALYSIS

Premenopausal women and postmenopausal
ones (defined as those who reported that they
had not had menstrual cycles for at least 12
months) were grouped, separately, according
to approximate tertiles of BMD. The cut off
points of BMD tertiles were 0.992 and 1.104
in premenopausal women and 0.846 and 0.960
in postmenopausal ones. The lowest BMD
tertile was compared with the highest one ac-

cording to the distribution of various char-

acteristics. The odds ratios (OR) and
corresponding 95% confidence intervals (CI)
between extreme tertiles were computed using
unconditional multiple logistic regression equa-
tions,9 which included terms for age, men-
opausal status, and body mass index (BMI) in
quintiles. We also analysed the data, using BMD
as a continuous otucome variable. Multivariate
linear regression models were used to assess the
relationship between BMD and the explanatory
variables of interest, again as continuous vari-
ables. Included in the regression equations were
terms for age at diagnosis, body mass index and,
when appropriate, menopausal status. Body
mass index was computed as weight (kg)/
height(ml-5),'5 which has been shown to be a
weight for height index independent from
height. "Smokers" were women who reported
having smoked at least one cigarette a day for
as long as a year, and "ex-smokers" those who
had stopped smoking for at least a year.

Results
Table 1 shows the distribution of subjects in
relation to BMD tertile and age, education,
body mass index, smoking, and use ofhormone
replacement treatment. Women in the highest
tertile of weight were less frequently in the
lowest BMD tertile. Women in the highest
quintile of weight (.75 kg) were at an ap-
proximately fivefold reduced risk of being in
the lowest tertile compared with those in the
lowest quintile of weight (OR for women
.75 kg compared with those <57 kg=0.2;
95% CI 0.1,0.3). Current smokers of 15 ci-
garettes per day or more were slightly over-
represented in the lowest compared with the
highest BMD tertile. Those who had ever used
oestrogen replacement therapy were more fre-
quently in the highest tertiles of BMD than
women who had never used this therapy. The
former had an OR of 1.3 (95% CI 0.7,2.6) of
being in the lowest compared with the highest
BMD tertiles, but OR estimates were not re-
lated to the duration of use.
The relationship between selected menstrual

characteristic and BMD is considered in table
2. No clear relationships emerged in either
premenopausal and postmenopausal women
between BMD and age at menarche, regularity
of menstrual cycles, and duration of menstrual
cycle and bleeding. Age at menopause was
strongly related to BMD. Compared with
women who reported menopause below 45
years of age, the OR of being in the lowest
compared with the highest BMD tertile were
0.6 and 0.3, respectively, in those with meno-
pause at age 45-49 and above 50 years: the
trend in risk was significant. Likewise, the risk
of being in the lowest tertile increased greatly
with the years since menopause. Compared
with women who reported that they had under-
gone menopause less than two years before the
interview, the OR of being in the lowest BMD
tertile were 2.1, 2.3, and 5.7, respectively, in
women who had gone through the menopause
2-5, 6-9, and 2 10 years earlier.
We have further analysed the relation be-

tween BMD and age at menopause in strata of
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Table 2 Odds ratios (OR) for the lowest compared with the highest bone mineral density (BMD) tertile at the lumbar
spine according to selected menstrual characteristics and menopausal status. Pordenone Province, north east Italy,
1991-93

Low:high Premenopausal Postmenopausal All
women women

BMD tertile* OR (95% CI)t OR (95% CI)t OR (95% CI)t

Age at menarche (y):
<12 71:82 1 1 1
12-13 199:220 1.0 (0.6,1.6) 1.0 (0.6,1.9) 1.0 (0.7,1.5)
.14 185:159 0.9 (0.5,1.5) 1.7 (0.9,3.1) 1.2 (0.8,1.8)
x2, trend 0.3 4.3t 1.1
Lifelong menstrual pattern (d):
<26 88:86 1 1 1
26-30 309:326 0.8 (0.5,1.3) 1.2 (0.7,2.0) 1.0 (0.7,1.4)
.31 35:21 1.7 (0.7,3.8) 1.4 (0.5,4.3) 1.6 (0.8,3.1)
Totally irregular 22:25 1.1 (0.4,2.7) 0.9 (0.3,2.5) 1.0 (0.5,1.9)
Duration of menstrual bleeding (d):
<5 140:158 1 1 1
5-6 204:215 1.1 (0.7,1.6) 1.1 (0.7,1.8) 1.1 (0.8,1.5)
.7 109:83 1.4 (0.8,2.5) 1.2 (0.7,2.1) 1.3 (0.9,1.9)
x2 trend 1.3 0.6 1.8
Menopausal status:
Premenopausal 245:245 - - 1
Postmenopausal 213:216 - - 0.8 (0.6,1.1)
Age at menopause (y):
<45 49:43 - 1 -

45-49 73:61 - 0.6 (0.3,1.2) -
.50 88:109 0.3 (0.2,0.6)
%2 trend 14.4§
Years since menopause:
<2 17:42 1
2-5 67:83 - 2.1 (1.1,4.3) -
6-9 50:52 - 2.3 (1.1,5.0) -
.10 75:34 5.7 (2.5,12.9)
%2 trend 17.9§

1 = reference category.
* Some strata do not add up to the total because of missing values.
t Odds ratios (OR) and 95% confidence intervals (CI) from unconditional multiple logistic regression equations including terms
for age in quinquennia, body mass index in quintiles, and, when appropriate, menopausal status.
t=p<0.05; §=p<0.01.

Table 3 Odds ratios for the lowest compared to the highest bone mineral density (BMD) tertile at the lumbar spine
according to age at menopause in strata of years since menopause. Pordenone Province, north east Italy, 1991-93

Age at menopause* Years since menopause
<4 2 4 All

BMD tertile BMD tertile
Low High OR (95% CI)t Low High OR (95% CI)t

<45 7 6 1 42 37 1 1
45-49 18 28 0.6 (0.1,2.9) 55 32 0.7 (0.3,1.5) 0.7 (0.4-1.4)
.50 28 58 0.6 (0.1,3.9) 59 50 0.3 (0.1,0.8) 0.4 (0.2-0.8)
y2, (trend) 0.2 7.1t 7.8#
* Some strata do not add up to the total because of missing values.
t Odds ratios (OR) and 95% confidence interval (CI) from unconditional multiple logistic regression equations including terms
for age in quinquennia and body mass index in quintiles and years since menopause for the estimates for the whole series.
1 = reference category.
tp<0.0l.

Table 4 Odds ratios for the lowest compared with the highest bone mineral density (BMD) tertile at the lumbar spine
according to years since menopause in strata of age at menopause. Pordenone Province, north east Italy 1991-93

Years since menopause* Age at menopause (y)

<50 . 50 All

BMD tertile BMD tertile
Low High OR (95% CI)t Low High OR (95% CI)t

<2 6 14 1 11 28 1 1
2-3 19 20 2.4 (0.7,8.0) 17 30 1.5 (0.5,4.4) 1.9 (0.9,4.0)
4-5 17 17 2.3 (0.7,8.1) 14 16 1.8 (0.5,6.5) 2.0 (0.9,4.7)
6-7 13 12 2.5 (0.7,9.9) 11 17 1.3 (0.3,5.5) 1.7 (0.7,4.3)
8-9 12 12 2.5 (0.6,9.9) 14 11 2.4 (0.5,11.1) 2.5 (0.8,5.4)
.10 55 28 3.8 (1.1,13.4) 20 6 7.7 (1.3,46.9) 4.1 (1.6,10.7)
x2, (trend) 3.0 3.2 6.1t
* Some strata do not add up to the total because of missing values.
t Odds ratios (OR) and 95% confidence interval (CI) from unconditional multiple logistic regression equations including terms
for age in quinquennia and body mass index in quintiles and age at menopause for the estimates for the whole series.
1 =reference category.
t p<0.05.

years since menopause and vice versa. The
protective effect of late age at menopause on
BMD was similar in the different strata ofyears
since menopause: the OR ofbeing in the lowest
BMD tertile compared with the highest one
were 0.6 and 0.3 respectively for age at meno-
pause >50 years in comparison with <45 in

women reporting menopause <4 years and . 4
years before interview (table 3). Likewise, the
increasing risk of low BMD with increasing
years since menopause was similar in strata of
different age at menopause. BMD in relation
to age since menopause showed a rapid decline
in two to three years, but the trend with in-
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Table S Odds ratios for the lowest compared with the highest bone mineral density (BMD) tertile at the lumbar spine
according to reproductive factors. Pordenone Province, north east Italy, 1991-93

BMD tertile* Premenopausal Postmenopausal All
women women

Low:high OR (95% CI)t OR (95% CI)t OR (95% CI)t

Parity:
0 47:43 1 1 1
1 101:93 1.3 (0.6,2.8) 0.9 (0.4,1.8) 1.1 (0.7,1.9)
2 207:219 1.1 (0.6,2.3) 0.9 (0.5,1.7) 1.0 (0.6,1.6)
.3 103:106 1.0 (0.5,2.3) 1.1 (0.5,2.2) 1.1 (0.6,1.8)
X2, trend 0.2 0.2 0.0
Spontaneous abortions:
0 355:360 1 1 1
.1 102:101 1.1 (0.7,1.6) 1.0 (0.6,1.7) 1.0 (0.8,1.5)
Induced abortions:
0 434:440 1 1 1
.1 23:21 1.4 (0.7,2.9) 0.3 (0.1,1.9) 1.1 (0.6,2.2)
Age at first birth (y):
<25 211:211 1 1 1
25-29 138:158 0.8 (0.5,1.2) 0.7 (0.4,1.1) 0.8 (0.6,1.1)
.30 60:47 1.2 (0.7,2.2) 0.7 (0.4,1.5) 1.0 (0.6,1.6)
52, trend 0.0 1.6 0.4
Age at last birth (y):
<25 204:203 1 1 1
25-29 144:166 0.8 (0.5,1.3) 0.7 (0.4,1.1) 0.8 (0.6,1.1)
.30 63:49 1.3 (0.7,2.4) 0.7 (0.3,1.4) 1.0 (0.6,1.6)
x2 trend 0.1 2.3 0.4
Episodes of breast feeding:
Never 97:102 1 1 1
1 113:113 1.2 (0.7,2.1) 0.9 (0.5,1.7) 1.1 (0.7,1.6)
2 135:139 1.0 (0.6,1.7) 0.9 (0.5,1.5) 0.9 (0.6,1.4)
.3 66:64 1.2 (0.6,2.4) 1.0 (0.5,2.0) 1.1 (0.7,1.8)
x2 trend 0.1 0.0 0.0
Months of breast feeding:
<6 163:148 1 1 1
6-12 119:107 1.1 (0.7,1.8) 1.2 (0.7,2.0) 1.1 (0.8,1.6)
.12 129:163 0.8 (0.5,1.2) 0.7 (0.4,1.2) 0.8 (0.5,1.1)
x2, trend 1.1 1.5 2.7

* Some strata do not add up to the total because of missing values.
t Odds ratios (OR) and 95% confidence intervals (CI) from unconditional multiple logistic regression equations including terms
for age in quinquennia, body mass index in quintiles, and, when appropriate, menopausal status.
1 =reference category.

creasing years- after menopause was not linear
(table 4).
Table 5 considers selected reproductive fac-

tors. No clear relationship emerged between
any of them, including parity, abortion, age at
first birth, and breast feeding and BMD.

Table 6 gives the parameter estimates from
linear regression models where BMD was ana-

lysed as a continuous outcome variable. As in
tertile based analysis, no significant relationship
emerged between menstrual and reproductive
variables and BMD. The only important ex-

planatory variables were, again, those related to

menopause. The coefficient for postmeno-
pausal compared with premenopausal women
was -0.092 (SE: 0.010). The coefficients for
one year difference in age at menopause or years
since menopause were equal 0.004 (0.00 1).

Discussion
In this Italian population, the risk of being in
the lowest BMD tertile decreased with in-
creasing age at menopause and increased
with years since menopause. No relationship
emerged between BMD and other menstrual
characteristics or reproductive factors. These
results were confirmed when the analysis con-

sidered BMD as a continuous variable.
Before discussing these findings, potential

strengths and limitations should be considered.
Among the limitations, the reliance on one

dual-photon absorptiometry examination at

only one site (the lumbar spine) must be con-

sidered.'0 The accuracy ofBMD measurement
from an antero-posterior projection ofthe spine
can, for instance, be affected by osteophytes
and soft tissue (especially aortic) calcifica-

Table 6 Regression coefficients* per unit of selected menstrual characteristics and reproductive factors as predictors of bone mineral density (glcm2) at

the lumbar spine in relation to menopausal status. Pordenone Province, north-east Italy, 1991-93

Variables Before menopause After menopause All

/3 SE(f) SE(,B) / SE(f)

Age at menarche (1 yr) 0.0047 (0.0034) -0.0061 (0.0032) -0.0009 (0.0023)
Length menstrual cycle (1 d) -0.0083 (0.0082) -0.0055 (0.0088) -0.0068 (0.0060)
Irregular lifelong menstrual pattem (irregular vs regular) -0.0188 (0.0257) 0.0074 (0.0247) -0.0042 (0.0178)
Menstrual bleeding (1 d) -0.0009 (0.0037) -0.0037 (0.0034) -0.0025 (0.0025)
Menopausal status (yes vs no) - - - - -0.0916 (0.0102)
Age at menopause (1 y) - - 0.0043 (0.0012) -

Years since menopause (1 y) - - -0.0042 (0.0012) -

Parity (1 birth) -0.0025 (0.0029) -0.0013 (0.0032) -0.0020 (0.0022)
Spontaneous abortions (1) 0.0025 (0.0088) -0.0030 (0.0079) -0.0003 (0.0059)
Induced abortions (1) -0.0137 (0.0148) 0.0125 (0.0317) -0.0096 (0.0133)
Age at first birth (1 y) -0.0011 (0.0012) 0.0010 (0.0013) -0.0002 (0.0009)
Age at last birth (1 y) -0.0015 (0.0012) 0.0011 (0.0013) -0.0004 (0.0009)
Episodes of breast feeding (1) -0.0058 (0.0049) 0.0041 (0.0045) 0.0004 (0.0006)
Breast feeding (1 mth) -0.0005 (0.0008) 0.0011 (0.0008) 0.0004 (0.0006)

* Included in the regression were -age at diagnosis, body mass index (kg.m'") and, when appropriate, menopause status.
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tions,"1 and precision errors related to "'GD
source age may be difficult to correct com-
pletely.'2 However, these factors are unlikely to
produce such strong and consistent as-
sociations as those observed in the present
study with menopause-related variables. If they
were not differential across BMD levels, they
may well have reduced the association.

Other potential weaknesses concern the
difficulty of establishing a useful osteoporosis
threshold in a normally distributed healthy
population around the age of menopause, and
attributing to it a predictive value with regard
to the subsequent fracture risk. While these
problems cast serious doubts on the basis for
a bone density screening,7 they do not eclipse
the importance of elucidating the determinants
of low bone density in different populations.
The strengths of the present investigation

include the large number of women assessed,
the relatively wide age range investigated, the
availability of information on lifelong char-
acteristics, and the low frequency of use of
hormone replacement therapy, which may act
as a confounding factor. Furthermore, the in-
terview setting was such that neither the in-
terviewer nor the women interviewed knew the
outcome of the BMD measurements.
There is consistent evidence that oestrogens

protect against osteoporosis.'2 " 'l4 In this, as in
previous investigations, overweight post-
menopausal women, who have higher available
endogenous oestrogen levels, were a lower risk
of osteoporosis.'5
Menopause is associated with a massive de-

cline in endogenous oestrogen levels, and there
is considerable epidemiological evidence sug-
gesting that early menopause increases the risk
of osteoporosis."'31 We have confirmed in this
population that late menopause decreases the
risk of osteoporosis. Whether such a protective
effect persists in the years which follow meno-
pause, and for how long, is, however, unclear.
In this study, early age at menopause seemed
a determinant of low BMD, both at the time
and four or more years after the menopause.
The risk of low BMD was still relatively low up
to seven years after the menopause in women
reporting menopause at age 50 or later. The
risk of low BMD increased with years since the
menopause to a similar extent in women who
underwent the menopause before 50 years or
at 50 years or later. This suggests that age at
menopause and years since menopause may
act independently on the risk of low BMD.

In biological terms, this may suggest that
late menopause, and the consequently longer
exposure to higher endogenous female hor-
mone levels, tends to increase BMD levels.
After menopause these levels fall and this de-
crease is independent of age at menopause.
However, women with high BMD levels at the
menopause may reach lower BMD levels later
than women with low BMD levels at the meno-
pause. Following this line of reasoning, the age
at menopause and years since the menopause
should be considered as possible indicators
of oestrogen levels. However, since there is a

perfect co-linearity between age, age at meno-
pause, and time since menopause, the effect of
these three variables is not estimable using a

simple linear model.
The role of age at menarche and the lifelong

menstrual pattern on the risk of osteoporosis
is still undefined.'6 An investigation conducted
on young athletes suggested that irregular/long
cycles are associated with low BMD.'7 How-
ever, in that study only menstrual irregularity
due to extreme physical activity was analysed.
In this analysis, no association emerged be-
tween age at menarche, lifelong menstrual pat-
tern, and risk of low BMD.

Likewise, data on the relationship between
parity and osteoporosis are controversial.'45
Oestrogen levels are raised during pregnancy,
but pregnancy and lactation reduce calcium
levels.5 Furthermore, some epidemiological
studies have shown increased BMD in mul-
tiparous women, but others suggested losses
during pregnancy.5 '7 Also, the role of abortions
on BMD is unclear. Our results do not support
the existence of a relationship between preg-
nancy and osteoporosis, suggesting that re-
productive factors have no major impact on
the risk of osteoporosis in middle age and
postmenopausal women.

The authors wish to thank "Via di Natale", Pordenone, for
financial support, Mrs Rosalba Mazzega for interviewing study
participants and Ivana Garimoldi and Judy Baggott for editorial
assistance.
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