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Introduction

Menopause is the physiological phase of women in which 
functional failure of the ovaries occurs, causing an abrupt drop 
in estrogen levels and, as a consequence, not only the end of the 
reproductive period, but also several morphofunctional chang-
es in women [1]. In the menopausal phase, estrogen deficiency 
alters the normal bone formation cycle, increasing resorption 
activity by osteoclastic activation at a faster rate than osteo-
blastic activity, causing bone weakness [2].

According to research presented by Wong et al. [3] the rate 
of bone mineral density (BMD) loss in the late perimenopause 
may be higher than in the early years of menopause. In this 
way, they considered it important to research a large number of 
women to analyze the factors interfering in this process, includ-
ing whether there is an influence of vasomotor changes in these 
BMD losses related to the physiological life cycle of women [3]. 

Bone tissue remodeling occurs mainly in the first two dec-
ades of life, reaching peak BMD around age 30. In general 
terms, the greater density obtained, the greater the concentra-
tion of bone that will have to be lost over the following years 
and thus, at least physiologically speaking, osteopenia or oste-
oporosis may later develop [4].

Osteoporosis affects about 30% of postmenopausal women 

and 50 to 80% of men with factors that contribute to osteoporo-
sis. Osteoporosis in postmenopausal women and in men in the 
absence of disease is classified as primary osteoporosis. When 
it occurs in the presence of a disease or use of medications or 
special situations, it is called secondary osteoporosis [5].  

The main consequence caused by osteoporosis are frac-
tures. Fractures due to osteoporosis occur at an increasing in-
cidence at all ages, but women have twice the risk of fractures 
than men, making postmenopausal osteoporosis one of the 
most common and important types of primary osteoporosis [6]. 
The aim of the present study was to assess the effect of meno-
pause on BMD considering the time of onset of this event.

Licens terms

Influence of the onset of menopause before and after 
age 50 on bone mineral density
Oslei de Matos1, Brenda Lenardt1, Isabela C. de Lima1, Gabriel A. Strapasson Furlan1, Tsuani Yamaguishi1, 
André Domingos Lass2, Camil Castelo-Branco3

1 Densitometry Laboratory (Labden), Federal University of Technology, Curitiba, Brazil; 2 Laboratory of Exercise Biochemistry in Health, Graduate Pro-
gram in Health Sciences, School of Medicine, Pontificia Universidade Católica do Paraná, Curitiba, Brazil; 3 Clinic Institute of Gynecology, Obstetrics 
and Neonatology, Hospital Clinic, Faculty of Medicine, University of Barcelona, Institut d’ Investigations Biomèdiques August Pi i Sunyer (IDIBAPS), 
Barcelona, Spain

ABSTRACT
Aim: To evaluate the effect of menopause on bone mineral density (BMD) considering the time of onset of this event in 
women participating in an exercise program for elders. 
Methods: A total of 153 Brazilian postmenopausal women aged 65.6 ± 8.1years were included in this study. All partici-
pants were postmenopausal women as defined by the modified Reproductive Aging Workshop (STRAW) staging system. 
Dual-energy X-ray absorptiometry was used to determine BMD, fat and muscle percentage and distribution. For statis-
tical analysis, the sample was divided into two groups, BA: menopause before age of 50 (inclusive) and AA: menopause 
after the age of 50. 
Results: The correlation and regression analysis demonstrated that for the BA group total mass had a significant influ-
ence on BMI (78%), percentage of fat (52%) andandroid/gynoid relation (17%). BMI had influence on percentage of fat 
(57%) and android/gynoid relation (17%). Hip T-score influenced only with percentage of fat (4.5%). For the AA group, 
mass also showed an important influence, but only with age at menopause (9.5%) and BMI (87%). The OR for having 
lower BMD in group BA was 0.82 indicating a lower risk. 
Conclusion: Despite similar results between the studied groups, the menopause group before 50 years of age showed 
the greatest associations between variables and influence on BMD, especially in hip area.

KEYWORDS
Menopausal age, bone mineral density, dual energy X-ray absorptiometry, body composition, fracture.

Article history
Received 27 Nov 2022 - Accepted 28 Mar 2023

Contact
Camil Castelo-Branco; castelobranco@ub.edu
Institut Clínic de Ginecologia, Obstetrícia i Neonatologia. 
Hospital Clínic de Barcelona, Villarroel 170; 08036-Barcelona, Spain
Phone: +34 93 227 54 36

European Gynecology and Obstetrics. 2023; 5(1):15-19



16

Material and methods

Sample
The descriptive analysis was carried out through the sample data 
obtained from the database of the research group of the Densi-
tometry Laboratory of the Federal University of Technology - 
Paraná- Brazil. The sample consisted of 153 postmenopausal 
women divided into two groups: 88 subjects with menopause 
onset before age 50 years (BA group; including age 50) and 
65 subjects with menopause onset after 50 years (AA group). 
This research is in accordance with the norms established in the 
Declaration of Helsinki and in the resolution 466/2012 of the 
National Health Council regarding research involving humans.

Inclusion and exclusion criteria
All participants included in the study were postmenopausal 
women as defined by the modified Reproductive Aging Work-
shop (STRAW) staging system. Incomplete data of participants 
were excluded for analysis (Figure 1). 

Measurements
All personal and anthropometric data were obtained by direct 
selection from the laboratory’s database. Body composition 
assessment was performed using Dual Energy X-Ray Absorp-
tiometry (DXA) (Hologic # Discovery, Mississauga, Ontario, 
Canada). The equipment’s own database provided the param-
eters of total body composition and bone quality. Android/gy-
noid (A/G) relationship was also determined.

Statistical analysis
Data tabulation was performed using Microsoft Excel version 
2015, and data analysis was performed using SPSS software 
version 21.0. The analysis of the normality and homogeneity 
of the sample was performed using the Kolmogorov-Smirnov 
test, which determined the normality of data distribution. Thus, 
for comparison between groups, the Wilcoxon test was used 
for two related samples. To verify the correlation between the 
variables in both groups, the Spearman’s correlation test was 
used, and after verifying the correlation between the variables 
of the same group. A Linear regression was performed to ana-
lyze the influence of each variable on the main characteristics 
of the groups. Odds ratios and confidence intervals were used 
to analyze the risk estimate between groups. For all analyses 
a p value of <0.05 was considered as statistically significant.
 

Results

By database the study selected a total of 153 postmeno-
pausal women aged 49 to 91 years. The sample was divided in 
two groups based on the menopause age: Group BA (50 or less 
years) or Group AA (51 to 57 years) (Table 1). 

BMD was similar for the two groups, with osteopenia pat-
terns for the spine and normal for the hip. For the two groups, 
neck presented with osteopenia. The age at menopause onset 
was on average 48.2 for Group BA and 53.2 for Group AA. 
Distribution test found a non-normal data distribution.  Howev-
er, we found no statistically significant difference for the same 

variables in both groups. Also, the correlation between varia-
bles in both groups was verified (Table 2). 

For the BA group, the total mass (Kg) had some relation 
with other variables, but strong and significant correlation oc-
curred with BMI, while for the variables height, % fat and A/G 
relation, total mass had a moderate and significant correlation. 
Regarding BMD, the T-score for hip had a significant corre-
lation with fat percentage. For the menopausal group over 50 
years, the total mass presented a moderate and significant cor-
relation with age at menopause onset and a weak and signifi-
cant correlation with BMI. No variable correlated with BMD.

After verifying the correlation between variables in the 
same group, we performed a regression analysis to verify the 
influence of each variable over the main characteristics for 
groups (Table 3). For the BA Group, the variable total mass 
had a great significant influence with A/G relation (17%), % 
fat (52%) and mainly with BMI (78%). BMI had an influence 
with % fat (57%) and A/G relation with (17%).  Hip T-score 
presented influence only with % fat (4.5%).

For AA group mass also showed an important influence, 
but only with age at menopause (9.5%) and BMI (87%). The 
OR for having lower BMD in group BA was 0.82 indicating a 
lower risk.  

Castelo-Branco C. et al.

General laboratory data
n=2,812

Initial data selection
n=2,527

Aged 45 or more without HRT*
n=623

Menopause since 45 years
    n=374

Patients with complete tests
n=153

Menopause Up to
50 years

n=88

Menopause after
50 years

n=65

Figure 1 The diagram of article selection, screening, and inclusion from 
the database.
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Discussion

Osteoporosis is a condition that can pose the main risk for 
fractures. Osteoporotic fractures of the hip, spine and forearms 
are associated with a high degree of morbidity, leading to lim-
ited ambulation, deformities, loss of independence, and de-
creased quality of life. Bone loss caused by estrogen deficiency 
in menopause is multifactorial and complex, with biochemical 

changes that work in cooperation to maintain bone turnover [7]. 
In the present study, the participants were divided in two groups 
before and after 50 years. The age at menopause was on average 
48.2 for the BA group and 53.2 for the AA group. One study of 
postmenopausal women found an association between the time 
since menopause, low lean and fat mass and low bone mass [8]. 
In our study, we found that BMI and fat percentage (% fat) dis-
played similar values between groups BA and AA (Table 1). 

The effect of onset of menopause on bone mineral density

Table 1 Descriptive analysis for 153 patients divided into two groups: Group BA (menopause 50 or less) and Group AA (menopause after 50 years).

Table 3 Linear regression between variables in the same groups.Table 2 Correlation analysis between variables in both groups.

Group BA (n=88) Group AA (n= 65)

Variables Mean ± SD Range Mean ± SD Range

 Age (years) 64.5 ± 5.6 49.0 - 89.0 67.1 ± 7.4 52.0 - 91.0

Total mass (Kg) 70.3 ± 12.6 47.7 - 123.0 69.6 ± 15.3 42.6 - 117.0

Height (cm) 158.4 ± 6.4 144.0 - 179.0 156.0 ± 6.1 144.0 - 167.0

Body mass index (Kg/m2) 28.0 ± 4.8 20.0 - 42.9 28.4 ± 5.6 18.4 - 46.6

Age at menopause (years) 48.2 ± 1.9 45.0 - 50.0 53.2 ± 1.7 51.0 - 57.0

% fat 40.1 ± 4.7 27.4 - 51.7 39.2 ± 5.4 25.7 - 49.7

A/G relation 0.957 ± 0.134 0.452 - 1.213 0.940 ± 0.153 0.580 - 1.510

Lumbar spine BMD 0.868 ± 0.125 0.631 - 1.163 0.868 ± 0.161 0.580 - 1.367

Lumbar spine T-score -1.5 ± 1.1 -3.8 - 1.0 -1.6 ± 1.467 -4.2 - 2.8

Hip BMD 0.861 ± 0.127 0.612 - 1.263 0.866 ± 0.116 0.616 - 1.173

Hip T-score -0.6 ± 1.0 -2.7 - 2.6 -0.6 ± 0.9 -2.7 - 1.9

Neck T-score -1.1 ± 1.2 -3.0 - 3.1 -1.1 ± 1.0 -2.8 - 2.8

Years since menopause  (years) 16.2 ± 8.6 0.0 - 40.0 14.0 ± 7.3 0.0 - 39.0

SD, standard deviation; A/G: android/gynoid, BMD, bone mineral density

Variable
(BA Group) Variable r2 p value

Total mass

Height 0.089        0.005**

BMI    0.781         0.000**

A/G relation 0.663** <0.0001

% fat 0.521        0.000**

BMI
% fat 0.571         0.000**

A/G relation 0.172 0.000**

Hip T-score % fat 0.045         0.047*

Variable 
(AA Group) Variable r2 p value

Total mass

BMI 0.878 0.018*

Age at
menopause 0.095 0.012*

BMI, Body mass index; A/G: android/gynoid

Variable Variable Spearman p value

Total mass
(Group BA)

Height (Group BA) 0.309** 0.003

BMI (Group BA) 0.818** <0.0001

% fat (Group BA) 0.663** <0.0001

A/G relation (Group BA) 0.405** <0.0001

BMI
(Group BA)

% fat (Group BA) 0.680** <0.0001

A/G relation (Group BA) 0.407** <0.0001

Hip T-score 
(Group BA) % fat (Group BA) 0.223* 0.037

Total mass
(Group AA)

Age at menopause (Group AA) 0.319** 0.010

BMI (Group AA) 0.277* 0.027

BMI (Group AA) 0.102 0.419

Age at menopause (Group AA) -0.027 0.802

*p<0.05; **p<0.01; BMI, Body mass index; A/G: android/gynoid
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In terms of body components, for our investigation, in 
group BA, total mass had a moderate relation with other var-
iables, but a strong and significant correlation occurred with 
BMI, while for the variables such as height, % fat and A/G rela-
tion, total mass had a moderate and significant correlation. For 
group AA, the total mass presented a moderate and significant 
correlation with age at menopause and a weak and significant 
correlation with BMI. However, other research has described 
that the greater gain in fat mass and loss of lean mass are phe-
nomena related to the menopausal transition, and that the in-
crease in fat mass together with the decrease in lean mass, does 
not seem to be different when comparing premenopausal from 
menopause, making weight gain imperceptible at the beginning 
of the menopausal transition [9].  

Our regression analysis found that in group BA, total mass 
had a great influence with BMI, % fat, A/G relation, but only % 
fat had significant influence in hip T-score with a 4.5%. While 
for the AA group, age at menopause had an important influence 
on total mass (9.5%), BMI (87%), but had no influence on bone 
density.

Regarding relationship between age at menopause, a pro-
ject that studied 756 women aged 50 to 80 years divided into 
3 groups, found a relationship between lower bone mass and 
lower level of muscle strength in the early menopausal group 
when compared to the later menopausal group [10].  In a study 
of Tan et al. [10], regarding BMD in the perimenopause, authors 
found that the bone loss following 10 years is about 2-3% per 
year, gradually decreasing in the senile phase [11].  

In this line, a study involving 897 women divided into 4 
groups (premenopausal, early perimenopausal, late perimen-
opausal, and postmenopausal, s) based on hormone concen-
trations and bleeding reports, found a significant difference 
in femoral neck BMD in the late perimenopausal group when 
compared with the premenopausal one. The densitometric dif-
ference between the pre- and perimenopausal groups reached 
5%; however, when examining BMD values of participants 
in the late perimenopausal group, about 24% of them had os-
teopenia, which indicates that changes in BMD already occur 
during this period [12]. In our investigation, we found the same 
characteristics, as both groups presented low BMD in femoral 
neck. 

According to Garnero et al. [13], BMD losses during the 
menopausal transition can reach 10%, which means accelera-
tion in the average of bone loss. Approximately 25% of post-
menopausal women can be classified as having bone weakness 
[13]. Therefore, if the average age of menopause is 51 years, an 
early menopause would age bones proportionately. Thus, pre-
mature aging of bones would lead women to the senile phase 
with an already compromised skeleton [2]. 

Our study found that the group with a menopause onset of 
50 or less years of age had a greater influence on body compo-
nents and BMD of the hip, when compared to the group with 
onset of menopause after 50 years of age. A study analyzing 
the influence of time since menopause on BMD concluded that 
the rate of bone loss almost doubled every 5 years, with the 
greatest loss starting between 45 and 49 years with 3.3% and 
reaching 50.3% at age 85 [14]. On the other hand, Fugiel et al. 
[10] found that the women with early onset of menopause had a 

higher percentage of reduction in bone mass, muscle strength 
and lower and upper limb functionalities [10].

In another study regarding the influence of menopause on 
BMD, it was found that 30% of surveyed women over 50 years 
of age had osteoporosis, which is responsible for about 8% to 
9% of bone fractures per year [15]. In the same line, another 
study reported that the greatest BMD loss occur in the first 
year after menopause, reaching about 5%, but may remain with 
losses of 1 to 1.5% in subsequent years [16]. In one study, in-
volving 1,902 pre- or early perimenopause women at baseline, 
BMD of the spine and hip was evaluated. The authors found 
little changes in BMD during pre- or early perimenopause. 
However, they concluded that bone loss accelerated during late 
perimenopause and continued through postmenopause [17]. 

According to the National Health and Nutrition Examina-
tion Survey (NHANES) 2005-2008 cited by Gourlay et al. [18], 
the effect of osteoporosis on the femoral neck or lumbar spine 
is about 6.8% in women aged 50 to 59 and 34.9 % in women 
aged 80 years. The authors also cited a meta-analysis that ana-
lyzed 29,082 women, reporting that at the age of 65, the risk 
for hip fractures increased by 2.88 (95% CI 2.31-3.59) for each 
standard deviation [18].

In relation to the consequences of fractures, a survey pre-
sented by Svejme et al. [19] found an increased risk not only of 
osteoporosis but also of fragility fractures and a higher degree 
of mortality in women who presented menopause before the 
age of 47 [19]. In this line, Viswanathan et al. [20] concluded that 
osteoporotic hip fractures are the most important due to pro-
longed bed rest and limitations, accounting for about 5% of 
mortality, and of these approximately 21-30% die within one 
year of the fracture [20].

Conclusion

Evaluation of bone loss caused by each year passed after 
menopause is an important factor for a better understanding 
of postmenopausal osteoporosis. Our study found that in both 
groups the results were similar. The menopause group before 
the age of 50 years presented the highest correlations between 
the variables and was the group that displayed an influence of 
the percentage of fat on the BMD. The menopause group after 
the age of 50 years did not show any association between the 
analyzed variables and BMD.

Thus, we conclude that despite the similar results between 
the groups, the menopause group before 50 years of age showed 
the greatest associations between the variables and influence on 
BMD, especially in hip area.
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