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Bone mineral loss related to menstrual history 

Evangelos Georgiou', Konstantinos Ntalles', Athanassios Papageorgiou', 
Anastasios Korkotsidis* and Charalambos Proukakis' 

We measured the bone mineral content (BMC) of the forearm in 173 normal post- 
menopausal women. We also examined the relation between BMC and the chrono- 
logic age, the numberof years elapsed sincemenopause, and the total number of men- 
strualcycles during thereproductive years. BMC had a better linear relation to the to- 
tal number of menstrual cycles than with the years elapsed since menopause or with 
chronologic age. 

It is well known (Nilsson 1970) that years elapsed 
since menopause contributes to a greater or to at least 
the same extent as age to the rate of bone loss, a finding 
reconfirmed by recent reports (Geusens et al. 1986, 
Georgiou et al. 1987, Nordin et al. 1987). On the other 
hand, it is well established that during thereproductive 
years, estrogens protect against loss of bone mineral 
(Horsman et al. 1983, Richelson et al. 1984, Lindsay 
1987). This suggests that the total duration of the ac- 
tion of endogenous estrogens during the reproductive 
years must be of importance for the subsequent bone 
mineral loss. 

Because both chronologic age and years since men- 
opause do not provide a measure of the levels of endog- 
enous estrogens during thereproductive years, weesti- 
mated these levels by calculating the total number of 
menstrual cycles. 

We report the correlation of such data with the bone 
mineral content in the forearm. 

Patients and methods 
A total of 173 normal postmenopausal women, aged 
from4 1 to 79 years, gave informed consent and partici- 
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pated in the study. Subjects who hadany medicaldisor- 
der associated with metabolic disease, who were tak- 
ing medication or drugs known to affect mineral rne- 
tabolism, or who were using excessive amounts of al- 
cohol were identified by questionnaire and excluded 
from the study. Bone mineral content (BMC) of the 
nondominant forearm was measured by single-photon 
absorptiometry (Nuclear Data, Model 1100a) by 
means of a '"I source (100 mCi) with a photo peak at 
27 KeV. With this method, BMC was measured in the 
proximal and distal parts of the forearm, with a content 
of trabecular bone of 10 percent and 45 percent, and 
with a precision of 1 percent and 1.5 percent, respec- 
tively (Nilas et al. 1985). 

For each subject the following variables were re- 
corded: menarche age, menopause age, and mean cy- 
cle duration in days during the reproductive years. 

Complete single- and multiple-regression analyses 
were performed to assess the contribution of age, the 
years since menopause, and the total number of men- 
strual cycles to the variability of BMC. 

Results 
The contribution of each one of the variables under 
study, as well as their combinations in explaining dis- 
tal and proximal bone mineral content changes is pre- 
sented in Table 1, except mean cycle duration, which 
exhibited avery low R2in both distal and proximal re- 
gressions ( 1  and 5 percent, respectively). 

Distal BMC was better correlated with the investi- 
gated variables than proximal BMC. Single-variable 
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Table 1. Bone mineral content correlated with age and menstrual history 

Distal Proximal 

Variablesa R2 acij-g t R2 a d j d  t 

1 33 32 -9.2 *** 32 32 -9.p-* 
2 51 50 -1 3 33 33 4 2  **" 
3 55 54 14 29 20 0.3 *' 
1 +2 51 51 1.4 35 34 -2.3 ** 

-0.0 *** -2.0 ** 
1 +3 56 55 -2.0 * 36 36 -4.6 *** 

9.4 *** 3.4 *** 
2+3 55 54 -0.0 33 32 -3.5 *** 

4.1 *** -0.4 
1 +2+3 58 57 -3.3 ** 30 36 -3.5 *** 

2.0 ** 1.0 
5.1 *** 2.6 ** 

a 1 Age; 2 Years since menopause; 3 Total number of cycles * = P c 0.05, ** = P c 0.01, *** = P < 0.001. 

models showed that distal content had a better linear 
relation to the total number of menstrual cycles than to 
years since menopause or age ($= 5.1, and 3, respec- 
tively). Use of two or three variables did not substan- 
tially improve the correlation index. 

Discussion 

The commonly used variables (age, sex, height, 
weight) in explaining bone mineral loss in postmeno- 
pausal women contribute to at most one third of the va- 
riability (Yanoet al. 1984), afact suggesting that other 
factors should be investigated. 

The retrospective estimation of estrogen levels dur- 
ing the reproductive years of a certain postmenopausal 
woman is practically impossible. Therefore, we tried 
an indirect estimation of their effect by calculating the 
total number of cycles that a woman had during her re- 
productive years. Thus, this parameter could be used as 
a rough index of estrogenic effect on bone. Although 
the protective role of estrogens against bone mineral 
loss is very well established in various investigations 
and under different conditions (Lindsay et al. 1976, 
Christiansen et al. 1980, Lindsay 1987), we could not 
find any data on the contribution of the total number of 
menstrual cycles in bonemineral loss in postmenopau- 
sal women. 

Our observations clearly demonstrate the impor- 
tance of the total estrogenic effect during the reproduc- 
tive years on later bone mineral content. This has been 
emphasized by Drinkwater (1987), who has shown 
that in women in reproductive age a prior menstrual 
history can have an effect also on current bone density. 
Specifically, she found that the lumbar bone density 
was highest in those young women who always had 
regular menstrual cycles: lower in women who had 
regular periods at present, but a history of amenorrhea; 
and lowest in those who were currently amenorrheic 
and had had previous episodes of amenorrhea. 

Our finding that years since menopause contribute 
more than chronologic age to bone mineral content va- 
riability agrees with those of other authors claiming 
that estrogen deficiency and not agingper se is the pre- 
dominant cause ofbone loss (Geusens et al. 1986, Nor- 
din et al. 1987). 

The total number of menstrual cycles and chrono- 
logic age together explained a higher percentage of the 
variability than the other combinations, and the combi- 
nation of all three variables produced a slightly better 
linear relation. These findings suggest that the total 
number of menstrual cycles should be considered as an 
explanation of variations in bone mineral content in 
postmenopausal women. Our study provides further 
support to the abundant evidence that links osteoporo- 
sis with estrogen deficiency. 
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