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Treatment of osteoporosis in women with early menopause
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Abstract. The study showed that women with premature ovarian insufficiency and early menopause already at a young age develop a marked
deterioration in bone quality, mainly by the type of osteopenia, and in some patients (11.9%) — osteoporosis.

In women of reproductive age with estrogen deficiency, basic hormone therapy prevents further bone loss, but osteoanabolic therapy is required
to actively restore bone tissue with a more pronounced decrease in mineral density.
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Introduction. Early menopause is
an urgent problem in modern medicine.
Early menopause includes characteris-
tic hormonal fluctuations and physiolog-
ical changes that lead to loss of fertility
in women. In addition, early menopause
(<45 years) leads to premature and pro-
longed loss of estrogen, which causes
a significant increase in the risk of car-
diovascular diseases, osteoporosis (de-
creased bone mineral density), cognitive
impairment (dementia) and premature
mortality [1, 2]. Early menopause is a sig-
nificant risk factor for osteoporosis due
to the loss of the protective effect of es-
trogen on bone density [3]. Menopause
has been known for many years as the
most important risk factor for bone loss in
middle-aged women. Women lose about
50% of their trabecular bone and 30% of
their cortical bone during their lifetime,
about half of which is lost during the first
10 years after menopause [4]. Although
early menopause has been found to be
associated with an increased risk of oste-
oporosis, however, its association with an
increased risk of fractures has not been
established, as research results are con-
tradictory [5].

Treatment of early menopause is
mainly based on hormone replacement
therapy (HRT). The choice of HRT should
mimic the normal production of steroid
hormones by the ovaries as accurately
as possible and ensure sufficient levels
of estradiol to reduce menopausal symp-
toms, maintain bone density, minimize
the psychological consequences of es-
trogen deficiency and protect against the
early progression of cardiovascular dis-
eases and dementia [6].

Combination therapy using estrofem
(estradiol tablets) or divigel (estradi-
ol transdermal gel) supplemented with
progesterone is a standard, scientifically
proven method of treating symptoms and
preventing long-term risks (such as oste-
oporosis) during early menopause [7, 8].

The goal of any osteoporosis interven-
tion is to prevent fractures. In our opinion,
there should be no distinction between
prevention and treatment, since the goal
remains the same. Treatment of oste-
oporosis involves preventing fractures,
rather than chasing bone mineral den-
sity targets. The US Federal Agency for
Medicinal Products certifies drugs spe-
cific to bone tissue as intended for either
prevention, treatment, or both purposes
without clearly defining the difference [4].

The aim of the study was to evaluate
the effect of various treatment regimens
on bone quality indicators according to
quantitative ultrasound densitometry in
women with early menopause/premature
ovarian insufficiency.

Materials and methods. The study
included 101 women aged 22-45 years
with an established diagnosis of early
menopause or premature ovarian insuf-
ficiency (POI). All the patients signed an
informed consent to participate in the
study, which was conducted at the Family
Planning Center.

Inclusion criteria: age 22-45 years;
laboratory and clinically confirmed early
menopause/ POI; lack of hormone thera-
py at the time of activation; the possibility
of ultrasound densitometry.

Exclusion criteria: chronic diseases
of the bone system (rheumatoid arthritis,
osteosclerosis, etc.); taking drugs that
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affect bone metabolism (glucocorticoids,
bisphosphonates); severe somatic dis-
eases; recent fractures or operations on
the lower extremities; pregnancy and lac-
tation.

The patients were divided into three
treatment groups: Group | (n=38)— hor-
mone replacement therapy (HRT) (oral
estradiol) + omega-3 polyunsaturated
fatty acids (PUFA); Group Il (n=33) —
HRT (transdermal estradiol) + Ome-
ga-3 PUFA: Group lll (n=30) — HRT +
teriparatide. Group Il patients (n=30)
receiving hormone replacement therapy
in combination with teriparatide were fur-
ther stratified into subgroups depending
on the form of estrogen administration:
subgroup llla (n=15) — oral estradiol+
teriparatide, subgroup llIb (n=15) —
transdermal estradiol + teriparatide. This
division was of a clarifying nature and
was aimed at assessing the possible ef-
fect of the form of HRT administration on
bone tissue parameters. Given the com-
parability of the results between the sub-
groups (p>0.05), in further analysis they
were considered as a single group. The
content of vitamin D and parathyroid hor-
mone (PTH) in the blood was determined
by immunochemiluminescence analysis.
lonized calcium was measured by po-
tentiometric analysis using ion-selective
electrodes.

The bone tissue condition was as-
sessed by quantitative ultrasound den-
sitometry (QUS) on an Osteosys Sonost
2000 device (OsteoSys Co., Ltd., Korea)
with calcaneal bone examination. Un-
like dual-energy X-ray absorptiometry
(DXA), ultrasound densitometry makes it
possible to evaluate not only the mineral
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density, but also the elastic and microar-
chitectural properties of bone tissue sen-
sitive to early estrogen deficiency. The
following parameters were determined:

-SOS (Speed of Sound, m/s) — re-
flects the density and elasticity of bone
tissue

- BUA (Broadband Ultrasound Atten-
uation, dB/MHz) — characterizes the tra-
becular structure

- Sl (Stiffness Index) — an integral
bone quality indicator calculated based
on the SOS and BUA parameters.

- T- and Z- score are relative indica-
tors of deviation from the reference pop-
ulation.

The study was conducted before treat-
ment and after 12 months of therapy.

Statistical processing was performed
using the Statistica 16.0 program. The
data is presented as Mean+SD. To as-
sess the effect of treatment, a two-factor
analysis of variance with repeated mea-
surements (Repeated measures ANOVA:
Group x Time factor) was used. If neces-
sary, Tukey HSD post-hoc analysis was
used. The differences were considered
statistically significant at p < 0.05.

Conclusion of the Ethics Committee
of Azerbaijan State Institute of Advanced
Medical Education named after A. Aliyev.
This study complies with ethical and le-
gal norms, moral principles, and pro-
tects the rights and interests of partici-
pants. (Extract from Protocol No. 4 dated
17.02.2026 of Advanced Medical Educa-
tion named after A. Aliyev)

Results and Discussion. The initial
characteristics of the patients are pre-
sented in Table 1. The groups did not
differ in age, vitamin D levels, PTH, and
the initial degree of bone loss (p>0.05),
which allowed for further comparison of
the effectiveness of therapy. The average
amylin level was 31.66+13.51 pmol/L,
which corresponded to normal reference
values in most of the examined patients.

After 12 months of follow-up, improve-
ments in bone quality were noted in all
groups, but the severity of the changes
varied depending on the treatment regi-
men (Table 2).

The analysis of the initial values
showed that the worst bone tissue pa-
rameters were observed in patients of
group llI: the values of SOS, BUA, SI
and T-score were lower compared with
groups | and II, which indicated a more
pronounced deterioration in bone quality.

After treatment, there was an improve-
ment in ultrasound densitometry parame-
ters in all groups. The SOS, BUA, and Sl
values increased, and the T-score values
became less negative, indicating an in-
crease in bone mineral density.

The most pronounced positive dy-
namics was registered in group |l
SOS increased from 1472.68+18.18
to 1576.03+22.85 m/s, BUA — from
37.47+6.37 to 59.99+0.51 dB/MHz, SI —
from 60.08+7.86 to 87.08+0.51, T-score
— from 2.50£0.35 to -1.32+1.03.

There was also an improvement in
indicators in groups | and I, but the se-
verity of the changes was significantly
lower.

A two—factor analysis of variance with
repeated measurements was performed
(the intergroup factor was the treatment
group, and the intragroup factor was the
follow—up time) (Table 3).

Two-factor analysis of variance with
repeated measurements revealed a
significant time effect for all indicators
(p<0.001), which confirms the overall im-
provement of bone tissue after treatment.
At the same time, a statistically significant
group-time interaction (p<0.001) was re-
vealed, indicating different treatment effi-
cacy in the groups.

Post hoc analysis (Tukey HSD)
showed that the improvement in indi-
cators in group lll was statistically sig-
nificantly greater than in groups | and |l
(p<0.001), while there were no differenc-
es between groups | and Il (Table 4).

For the BUA indicator, there were no
intergroup differences in baseline levels
(p=0.344), but the differences in the dy-
namics of the indicator turned out to be
highly significant (p<0.001), which con-
firms the effect of therapy rather than the
baseline differences.

An analysis of the magnitude of the
changes showed that the greatest im-
provement in all parameters was noted
in group lll: the increase in SOS was

+103.34, BUA +22.51, Sl +27.01 and
T-score +1.177. In groups | and Il, the
improvements were comparable and sig-
nificantly less pronounced.

The results obtained demonstrate that
the examined women initially showed
reduced bone quality according to quan-
titative ultrasound densitometry, most
pronounced in group lll, where the SI
and T-score values corresponded to the
osteopenic range. This confirms the well-
known position that estrogen deficiency
in premature ovarian insufficiency leads
to accelerated bone remodeling with a
predominance of resorption over bone
formation and deterioration of bone mi-
croarchitectonics.

In all groups, after 12 months of treat-
ment, a statistically significant improve-
ment in ultrasound densitometry param-
eters (SOS, BUA, SI, and T-score) was
revealed, reflecting the positive effect of
therapy on the condition of bone tissue.
However, the key result of the study was
the presence of a reliable interaction of
GroupxTime factors for all indicators, in-
dicating a different severity of the thera-
peutic effect depending on the treatment
regimen used.

The most pronounced changes were
registered in group lll: The increase
in SOS exceeded similar indicators in
groups | and Il by more than 3 times, S| —
by almost 2 times, and the improvement
in T-score reached a clinically significant
level. This indicates not only a slowdown
in bone resorption, but also a partial res-
toration of the mechanical properties of
bone tissue. The absence of significant
differences between groups | and Il in the
magnitude of changes indicates the com-
parable effectiveness of these treatment

Table 1

Initial characteristics of the groups before treatment

Indicator Group I (n=38) | Group II (n=33) | Group III (n=30)
Age. years 37.58+6.83 35.76+6.58 36.1£7.02
The degree of osteopenia/osteoporosis:
The lower limit of the norm. n (%) 7(18.4) 9(27.3) -
Osteopenia. n (%) 31(81.6) 23 (69.7) 19 (63.3)
Osteoporosis. n (%) - 1(3.0) 11 (36.7)
Vitamin D 28.74+8.13 27.94+7.29 28.18+7.95
PTH. pg/ml 67.07+£17.27 67.20+14.20 70.93+12.63
Tonized calcium 1.06+0.11 1.14+0.15 1.23+0.32
SOS. m/s 1518.46+16.56 | 1525.09422.02 | 1472.68+18.18
BUA. dB/MHz 44.13+£7.23 46.05+7.28 37.47+6.37
BQI 77.84+7.86 80.95+8.98 60.08+7.86
T-score -1.44+0.43 -1.28+0.48 -2.5+0.35
Z- score -0.68+0.44 -0.37£0.57 -1.47+0.52
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regimens and suggests that their effect is
mainly limited to the stabilization of bone
remodeling.

The BUA indicator deserves special
attention. Despite the absence of inter-
group differences in the initial average
values, the dynamics of the parameter
significantly differed between the groups.
Since BUA reflects mainly the trabecular
structure of bone, the data obtained in-
dicate the different effects of therapeutic
approaches on the microarchitectonics of
bone tissue, and not only on its density
characteristics.

It should be emphasized that quan-
titative ultrasound densitometry evalu-
ates the integral properties of bone — its
elasticity, porosity, and structural organi-
zation. Therefore, the revealed improve-
ment in indicators should be interpreted
as an increase in the quality of bone tis-
sue, and not solely an increase in mineral
density. In this context, the pronounced
positive dynamics of Sl is of particular im-
portance, since this indicator correlates
with bone strength characteristics and
fracture risk.

The results obtained are consistent
with modern ideas about the key role of
hormonal deficiency in the formation of
early metabolic disorders of bone tissue
and confirm the need for early initiation of
therapy in women with early menopause /
POI [10-13]. The more pronounced effect
in group 1l is probably related to the com-
plex effect of therapy on various parts of
bone remodeling: suppression of osteo-
clastic activity, stimulation of osteoblasts
and improvement of calcium metabolism.

It is important to note that the positive
dynamics of the indicators was observed
already during the first year of treatment,
which indicates a high sensitivity of bone
tissue to timely correction of hormonal
deficiency. This is of clinical importance,
since it is the first years after the onset
of the hypoestrogenic condition that are
characterized by the maximum rate of
bone loss.

It should be noted that the available
studies, although conducted on small
samples, suggest a beneficial effect of
combined HT on maintaining bone min-
eral density in women with early meno-
pause./ POI [14-17].

The absence of statistically significant
differences between oral and transder-
mal forms of estrogen administration
both in groups | and Il, and with addition-
al analysis within group lll, indicates the
comparable effectiveness of these routes
of administration in terms of effects on
bone tissue. This has important clinical
significance, allowing individualization
of therapy taking into account the safety

Table 2

Dynamics of ultrasound densitometry (QUS) indicators in the study groups (M+SD)

Groups o R?é:&?:m SOS, m/s B[{\/IAIjI(ZiB/ SI T-score Z- score
Group1 | Before |1518.46+16.56|44.13+7.23 | 77.84+7.86 | -1.44+0.43 | -0.68+0.44
(n=33) After  [1552.54+21.45 | 53.30+3.94 | 94.40+4.92 |-1.12+0.31 | -0.6120.40
Group 11 | Before | 1525.09+22.02 | 46.05+7.28 | 80.95:8.98 | -1.28+0.48 | -0.370.57
(n=33) After  [1550.46+18.23 | 54.34+£3.96 | 93.41+6.51 | -0.97+0.30 | -0.27+£0.44
Group 11T | Before | 1472.68+18.18 | 37.47+6.37 | 60.08+7.86 | -2.5+0.35 | -1.47+0.52
(n=30) After  |1576.03422.85 | 59.99+0.51 | 87.08+0.51 |-1.32+1.03 | -1.13+0.33

Note: In group III, patients were divided into subgroups depending on the form of HRT
administration (oral and transdermal); there were no statistically significant differences
between the subgroups (p>0.05), and therefore the data are presented collectively.

Table 3

Results of two-factor analysis of variance with repeated measurements (Group x Time)

Indicator Effect F (df) p partial n?
Group F(2.93)=6.170 0.003 0.117
SOS Time F(1.93)=468.828 <0.001 0.834
GroupxTime F(2.93)=94.566 <0.001 0.670
Group F(2.98)=1.080 0.344 0.022
BUA Time F(1.98)=496.167 <0.001 0.835
GroupxTime F(2.98)=59.558 <0.001 0.549
Group F(2.98)=39.788 <0.001 0.448
SI Time F(1.98)=549.128 <0.001 0.849
GroupxTime F(2.98)=28.485 <0.001 0.368
Group F(2.98)=25.109 <0.001 0.339
T-score Time F(1.98)=108.379 <0.001 0.525
GroupxTime F(2.98)=25.711 <0.001 0.344

Table 4

Changes in ultrasound densitometry parameters (A post—pre, 95% CI)

Indicator Group [ Group 11 Group 111
SOS +36.15 [28.54; 43.75] | +25.36[15.94;34.78] |+103.34 [94.28; 112.41]
BUA +9.17 [7.78; 10.56] +8.29 [6.02; 10.56] +22.51 [20.00; 25.03]

SI +16.56 [14.34; 18.78]
+0.316 [0.249; 0.383]

+2.01 [23.04; 30.98]
+1.177 [0.825; 1.528]

[
+12.45 [10.39; 14.52]
[

T-score +0.315[0.215; 0.415]

IMpumeuanue. [To Tukey HSD rpynma IIT > I u II (p<0.001), paznuuwnii [-1I Het.

profile and concomitant risk factors with-
out loss of effectiveness.

maximum increase in SOS, BUA and Sl
indicators was recorded, as well as the

Conclusion. The study showed that
women with premature ovarian insuffi-
ciency and early menopause develop
a marked deterioration in bone qual-
ity at a young age, mainly by the type
of osteopenia, and in some patients
(11.9%) — osteoporosis. The greatest
effectiveness was noted when using a
combination of hormone replacement
therapy with teriparatide, in which the

most pronounced improvement in the
T-test. In the groups of patients treated
with HRT + omega-3 PUFA, bone tissue
stabilization and moderate improvement
were observed, however, the addition
of the osteoanabolic drug teriparatide
led to a significantly more pronounced
restoration of bone microarchitectonics.
Ultrasound densitometry is an effective
method of monitoring therapy and can
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be used to personalize the prevention of
osteoporotic fractures.

Reference

1. Chen S, Yang L, Chen F, Qiu Yu, et al.
The age at natural menopause of Chinese Han
and Tibetan women. Front Endocrinol (Lau-
sanne). 2025;16:1584267. doi: 10.3389/fen-
do.2025.1584267.

2. Mishra GD, Davies MC, Hillman S, Chung
HF, et al. Optimising health after early meno-
pause. Lancet. 2024;403(10430):958-968. doi:
10.1016/S0140-6736(23)02800-3.

3. Meczekalski B, Niwczyk O, Szczesno-
wicz A. Bone in women with premature ovarian
insufficiency: a review. GREM Gynecological
and Reproductive Endocrinology & Metabolism.
2023;4(2-3):78-85. doi: 10.53260/grem.234025.

4. de Villiers TJ. Bone health and menopause:
Osteoporosis prevention and treatment. Best Pract
Res Clin Endocrinol Metab. 2024;38(1):101782.
doi: 10.1016/j.beem.2023.101782.

5. Anagnostis P, Siolos P, Gkekas NK, Kosmi-
dou N, et al. Association between age at meno-
pause and fracture risk: a systematic review and
meta-analysis. Endocrine. 2019;63(2):213-224.
doi: 10.1007/s12020-018-1746-6.

6. Yong EL, Logan S. Menopausal osteoporo-
sis: screening, prevention and treatment. Singa-
pore Med J. 2021;62(4):159-166. doi: 10.11622/
smedj.2021036.

7. Platt O, Bateman J, Bakour S. Impact of
menopause hormone therapy, exercise, and their
combination on bone mineral density and men-
tal wellbeing in menopausal women: a scoping
review. Front. Reprod. Health. 2025;7:1542746.
doi: 10.3389/frph.2025.1542746.

8. Ho WC, Chang CC, Wu WT, Lee RP, et al.
Effect of Osteoporosis Treatments on Osteoar-
thritis Progression in Postmenopausal Women:
A Review of the Literature. Curr Rheumatol Rep.
2024;26(5):188-195. doi: 10.1007/s11926-024-
01139-8.

9. Deardorff WJ, Cenzer |, Nguyen B, Lee SJ.
Time to Benefit of Bisphosphonate Therapy for
the Prevention of Fractures Among Postmeno-
pausal Women With Osteoporosis: A Meta-anal-
ysis of Randomized Clinical Trials. JAMA Intern
Med. 2022;182(1):33-41. doi: 10.1001/jamaint-
ernmed.2021.6745.

10. Ran SY, Yu Q, Chen Y, Lin SQ. Pre-

vention of postmenopausal osteoporosis
in Chinese women: a 5-year, double-blind,
randomized, parallel placebo-controlled

study. Climacteric. 2017;20(4):391-396. doi:
10.1080/13697137.2017.1325459.

11. Vaisar T, Gordon JL, Wimberger J,
Heinecke JW, et al. Perimenopausal transdermal
estradiol replacement reduces serum HDL cho-
lesterol efflux capacity but improves cardiovascu-
lar risk factors. J Clin Lipidol. 2021;15(1):151-161.
€0. doi: 10.1016/j.jacl.2020.11.009.

12. Podfigurna A, Maciejewska-Jeske M,
Nadolna M, Mikolajska-Ptas P, et al. Impact

The authors declare no conflicts of interest.

of Hormonal Replacement Therapy on Bone
Mineral Density in Premature Ovarian Insuffi-
ciency Patients. Journal of Clinical Medicine.
2020;9(12):3961. doi: 10.3390/}cm9123961

13. Trevifio M, Leiker P, Palnati S R, Bhakta
S. Comparative Effects of Hormone Replace-
ment Therapy and Exercise on Bone Health in
Postmenopausal Women: A Systematic Review.
Cureus. 2025;17(12): €99210. doi:10.7759/cu-
reus.99210.

14. Agarwal S, Shiau S, Kamanda-Kosseh
M, Bucovsky M, et al. Teriparatide Followed by
Denosumab in Premenopausal Idiopathic Os-
teoporosis: Bone Microstructure and Strength
by HR-pQCT. Journal of Bone and Mineral
Research. 2023;38(1):35-47. doi: 10.1002/
jbmr.4739.

15. Anna G, Anne-Lise F, Clémence D,
Jean-Michel P, et al. Factors associated with
bone response to teriparatide in young post-
menopausal women with osteoporosis. J Bone
Miner Metab. 2023;41(2):278-285. doi: 10.1007/
s00774-023-01412-3.

16. Jang SA, Heo SJ, Kwon SJ, Kim CS, et al.
One-year bone mineral density gains with anti-os-
teoporotic medications and clinical factors associ-
ated with non-BMD gainers. J Bone Miner Metab.
2025;43(6):662-671. doi: 10.1007/s00774-025-
01641-8.

17. Sima OC, Costachescu M, Stanciu M, Nis-
tor C, et al. A Real-Life Study in Sequential Ther-
apy for Severe Menopausal Osteoporosis. J Clin
Med. 2025;14(2):627. doi: 10.3390/jcm14020627.

Authors' contribution. Akhmedova Z.Q. — research concept and design, data analysis, manuscript editing; Rustamova K.M. — collection of
clinical material, statistical data processing, writing an article; Babayeva G.H. — collection of clinical material, literature analysis

Information about the authors: Ziba Qulam kizi Akhmedova — Dr. Sci. (Med), Professor, Department of Therapy, https://orcid.org/0000-0002-
7623-9726 statya2021@mail.ru; Kamala Mahmud kizi Rustamova — doctor gynecologist, Family Planning Center Baku, Azerbaijan, https://org/
signin 0009-0008-6867-6935); Gulustan Hamid kizi Babayeva — Ph.D. in Medicine, dosent, Department of Therapy, https://orcid.org/0000-0002-

5805-3741. Scopus Author ID: 57202970905

Received by the editorial office: 28.02.2026 / Accepted for publication: 09.04.2026

HEALTHCARE, MEDICAL SCIENCE AND EDUCATION

DOI 10.25789/YMJ.2026.94.12
UDC 614.1:314

'.) Check for updates @c BY 4.0

Variability of mortality risk among women aged 15-29 in the regions of Azerbaijan

Leyla H. Baghirova

A. Aliyev Azerbaijan State Advanced Training Institute for Doctors, Baku, Muzafar Gasanov str., 35, Azerbaijan 370012

Abstract. An analysis of medical death certificates for women aged 15-29 years was conducted, collected by covering all cases for 2020, 2021,

2022 and 2023 (242, 303, 298 and 293 cases, respectively). The material was grouped by administrative districts and cities (places of permanent
residence), united in the form of economic districts (12 economic districts in total). The mortality rate was calculated per 100,000 women aged 15-
29 years. In the cities of republican subordination, the indicator ranged from 14.5+5.5 to 43.0+21.5000000. The mortality rate of women aged 15-29
in Azerbaijan is 26.6+1.500000. In its regions, it ranges from 9.9+4.4 to 36.0+18.0 00000, the differences in indicators in administrative districts,
cities and economic regions are significant.

Keywords: variability, mortality risk, woman, age, region
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