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ABSTRACT 

Aim To investigate the effects of estrogen-related events (age at 
menopause, age at menarche) on later-life skeletal fragility in Bo-
snian postmenopausal women.

Methods A total of 100 postmenopausal Bosnian women, aged 
between 55 and 75 years, were included. The women in the stu-
dy group (n=50) had fragility fractures, and in the control gro-
up (n=50) were without fragility fractures. Bone mineral density 
(BMD) was measured using Dual Energy X-ray Absorptiometry 
(DXA) on the lumbar spine (L2-L4) and proximal femur.

Results No statistically significant difference relating to the age 
between the groups was found. The average age at menopause was 
44.70 years in women with fragility fractures and 51.76 years in 
women without fragility fracture (p=0.0001). The average age at 
menarche was 14.30 years in women with fragility fractures and 
13.70 years in women without fragility fractures (p=0.140). T sco-
re of ≤-2.5 SD was found in 40 (80%) women in the study group, 
and in eight (16%) women in the control group (p=0.0001).

Conclusions Age at menopause, but not age at menarche, was risk 
factors for later-life fragility fracture in postmenopausal Bosnian 
women. In addition, fragility fractures correlated with low BMD 
in this population group.

Key words: fragility fracture, menarche, menopause



155

INTRODUCTION

Estrogens are important hormones that directly 
and indirectly regulate the metabolism and func-
tion of bone and skeletal muscle via estrogen 
receptors (1). In osteoporosis quantitative and 
qualitative changes in density, geometry and mi-
croarchitecture modify the internal stress state 
predisposing to fragility fractures (2).
Clinically, a fragility fracture may be defined as 
one that occurs as a result of minimal trauma, 
such as a fall from a standing height or lower, or 
no identifiable trauma (3). An injury that causes a 
fragility fracture would be insufficient to fracture 
normal bone.
Osteoporosis is the most common cause of bone 
fragility (4). Fragility fracture is a direct consequ-
ence of osteoporosis (5). In 2019, the average di-
rect cost of osteoporotic fractures was €109.12 for 
each individual in the 27 countries of the Euro-
pean Union plus the UK and Switzerland (termed 
EU27+2), while in 2010 the average for the EU27 
was €85.77 (after adjusting for inflation) (6).
Bone homeostasis depends on the precise balan-
ce between bone breakdown and formation, in-
volves a series of complex and highly regulated 
steps and is dependent on the individual risk fac-
tors of each patient (7,8).
The female reproductive system profoundly 
affects the skeleton during longitudinal and radial 
growth during growth and development, and du-
ring modeling and remodeling throughout adult 
life (9). Estrogen promotes bone formation and 
suppresses bone resorption (10). A negative ba-
lance in the bone multicellular unit which causes 
bone loss, an increased remodeling rate, or both, 
compromises the strength of bone (11).
Many detailed cellular and molecular mechanisms 
underlying osteoporosis seem complicated and 
unexplored, and warrant further investigation (10).
The influence of estrogen-related events on the 
bone tissue are controversial. The results of sci-
entific studies showed that the age at menarche 
and the age at menopause are not associated with 
fracture risk in a consistent manner (12-16).
The aim of this study was to investigate the effects 
of estrogen-related events (age at menarche, age 
at menopause) on later-life skeletal fragility in 
Bosnia and Herzegovina (B&H) postmenopausal 
women. The number of available studies in B&H 

is insufficient to make a conclusion based on the 
evidence about the influence of the age at menar-
che and the age at menopause on the fragility of 
the skeleton.

PATIENTS AND METHODS

Patients and study design

This case-control study was conducted at the In-
stitute for Medical Rehabilitation and spa therapy 
Reumal, Fojnica. Medical documentation from 
January 2010 to April 2020 was analyzed.  
The total of 100 Bosnian postmenopausal wo-
men, aged 55-75 years, selected for the study. 
The women in the study group (n=50) had fra-
gility fractures, and in the control group (n=50) 
were without fragility fractures.
The inclusion criteria were: postmenopausal wo-
men with and without fragility fracture, aged 55-
75 years, who do not use hormone replacement 
therapy. The exclusion criteria were women youn-
ger than 56 and older than 75 years, who are not 
postmenopausal, who use hormone replacement 
therapy, have a disease that can cause osteoporosis 
(endocrine diseases, rheumatic diseases, gastroin-
testinal diseases, renal diseases, neoplasme, etc), 
who use drugs that may cause osteoporosis.

Methods

The woman were divided in two groups, the stu-
dy and control group. The women in the study 
group (n=50) had  fragility fracture. The women 
in the control group (n=50) were without fragi-
lity fracture. 
The values of BMD were obtained by DXA (Nor-
land DXA scanner, USA) at the lumbar spine 
(L2-L4) and proximal femur.
According to the World Health Organization cri-
teria (17), osteoporosis is defined as a BMD ran-
ged 2.5 standard deviation (SD) or more below 
of the average value for young healthy women 
(T-score  ≤ -2.5 SD). Severe osteoporosis is defi-
ned as a value of BMD ranged 2.5 SD or more 
below the young adult mean in the presence of 
one or more fragility fractures. Low bone mass 
(osteopenia) is associated with a T-score between 
–1.0 SD and –2.5 SD (T-score < -1 SD and > -2.5 
SD). Normal bone mineral density is defined as 
a value of BMD within 1 SD of the young adult 
reference mean (T-score ≥ -1 SD).

Kapetanović et al. Estrogen-related skeletal fragility



Medicinski Glasnik, Volume 21, Number 1, February 2024

156

Statistical analysis

To compare differences between groups, χ2 test 
and Student’s t-test were used. Results were con-
sidered statistically significant at a confidence 
level of 95% (p<0.05). 

RESULTS 

There were no statistical significance betwe-
en overall average age in the study and control 
group, 64.08±7.31462 (min. 51.00; max. 75.00) 
years, and 63.88±5.62661 (min. 54.00; max. 
75.00) years, respectively (p=0.879). Statistical 
significance was found in an average age at me-
nopause between the study and control group, 
44.70±3.64356 (min. 36.00; max. 51.00) years, 
and 51.76±2.63849 (min. 45.00; max. 55.00) 
years, respectively (p=0.0001). No statistical si-
gnificance between an average age at menarche 
between the study and control group was found, 
in the study group 14.30 years, and in the control 
group 13.70 years (p=0.140) (Table 1).
With statistical significance the women in the study 
group 40 (80%) had osteoporosis (T-score  ≤ -2.5 
SD), comparing to the control group, eight (16%) 
(T-score  ≤ -2.5 SD) (p=0.0001) (Table 2).

from B&H are insufficient. The results of our stu-
dy showed that the age at menopause, but not the 
age at menarche, was risk factor for later-life fra-
gility fracture in postmenopausal Bosnian women. 
In addition, fragility fractures correlated with low 
bone mineral density in this population group.
Anagnostis et al. has shown that early menopau-
se (age at menopause < 45 years) is associated 
with increased fracture risk compared with age at 
menopause >45 years without any distinct effect 
on the site of the fracture (18). The results of our 
study confirm that the age of menopause is a risk 
factor for later-life skeletal fragility fractures in 
Bosnian postmenopausal women. Oophorectomy 
was associated with postoperative bone loss, es-
pecially among women who were premenopausal 
at the time of surgery that targeted management 
strategies should include routine bone mineral 
density assessment and hormone therapy use to 
improve management of bone health in this po-
pulation (19). However, no evident effect of sur-
gical menopause on BMD and fracture prevalen-
ce compared with natural menopause was found 
in the meta-analysis of  Fakkert et al. (16).
Longer duration of endogenous estrogen exposu-
re has a protective effect on fracture incidence in 
Iranian women; this point needs to be considered 
in fracture risk assessment (20). Vertebral fractu-
re was prevalent among Egyptian females with 
osteoporotic hip fractures, and those who had la-
ter menarche, earlier menopause, and menstrual 
irregularities had a higher incidence of develo-
ping associated vertebral fracture (21). Female 
reproductive factors (age at menarche, age at 
menopause, parity, breastfeeding, and exogeno-
us hormone use) were independent risk factors 
for fracture among postmenopausal women in 
Korea, with a higher risk associated with shorter 
lifetime endogenous estrogen exposure (22). In 
our study, the age of menarche was not found to 
be a risk factor for fragility fracture in Bosnian 
postmenopausal women.
Identification of patients who are at particularly 
high risk of fracture will help clinicians target 

Age (years)
Mean±SD (min; max)

p
Study group* Control group* Total 

Overall 64.0800±7.31462 (51.00;75.00) 63.8800±5.62661 (54.00;75.00) 63.9800±6.49317 (51.00;75.00) p=0.879
At menopause 44.7000±3.64356 (36.00; 51.00) 51.7600±2.63849 (45.00; 55.00) 48.2300±4.75428 (36.00; 55.00) p=0.0001
At menarche 14.3000±1.38873 (12.00;18.00) 13.7000±0.97416 (12.00;15.00) 14.0000±1.23091 (12.00;18.00) p=0.140

Table 1. Comparison of average age, age at menopause and age at menarche in the women with and without fracture

*study group, women with fracture; control group, women without fracture;Min, minimum; max, maximum

BMD (T score reference 
value) (T-score, SD)

No (%) of women in 
the group* Total p

Study Control
Osteoporosis (≤ -2.5) 40 (80.0) 8 (16.0) 48 (48.0)

p=0.0001Osteopenia (< -1 SD and 
> -2.5) and normal (≥ -1) 
bone mineral density

10 (20.0) 42 (84.0) 52 (52.0)

Total 50 (100.0) 50 (100.0) 100 (100.0)

Table 2. Comparison of bone mineral density (BMD) in the 
women with and without fracture

*study group, women with fracture; control group, women without 
fracture; SD, standard deviation;

DISCUSSION

The aim of this study was to examine the effects 
of estrogen-related events (age at menarche, age 
at menopause) on later-life skeletal fragility in 
Bosnian postmenopausal women because
the influence of estrogen-related events on the 
bone tissue are controversial (12-16), and data 
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appropriate treatment more precisely and cost-
effectively (23).
There are differences in the frequency of fragile 
fractures among racial groups, within the same race, 
as well as differences regarding gender and age.
Hip and vertebral fracture incidence increased 
steeply with age for both women and men (24). 
Ethnicity and race, like sex, influence the epide-
miology of fractures, with highest fracture rates 
in white women (25). Gender- and ethnic-specific 
patterns in the incidence of hip fracture have been 
found among older US Asian and non-Hispanic 
white adults (26). There is a large variation in 
hip fracture incidence from different countri-
es. Lifetime risk at the age of 50 years varies from 
1% in women from Turkey to 28.5% in women 
from Sweden (27). Reasons for the large variation 
in fracture risk between countries are speculative 
(6). Ethnic differences in absolute fracture risk re-
main, which may warrant ethnic-specific clinical 
recommendations (28). Therefore, conducting sci-
entific research related to the etiopathogenesis of 

skeletal fragility in certain population groups brin-
gs more evidence that will be useful for a better 
understanding of the problem.
The limitation of this study is that data were 
collected from only one rehabilitation institution. 
Future research should be extended to more insti-
tutions from different regions of B&H.
In conclusion, the results of this study showed 
the age at menopause has importance as a clinical 
factor in predicting skeletal fragility in Bosnian 
postmenopausal women. It will contribute to a 
better understanding of the etiopathogenesis of 
skeletal fragility in B&H women and it could be 
in the function of primary and secondary preven-
tion and appropriate treatment of fragile fracture 
in Bosnian postmenopausal women.
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