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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:
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Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Osteoporosis is a serious public health
problem worldwide, especially among the aging population.
It is characterized by low bone mineral density (BMD),
which leads to an increased risk of fractures. Despite the
growing burden, data on the prevalence of osteoporosis and
related risk factors in Kazakhstan are limited. The purpose
of this study was to assess the state of BMD and identify
key risk factors associated with osteoporosis among adults
aged 45 years and older in the Abay region of Kazakhstan.
Methods: The cross-sectional study was conducted from
July 2023 to March 2024 with 367 women. Data collection
included measurement of BMD using dual-energy X-ray
absorptiometry (DXA), a standardized questionnaire adapted
by the International Osteoporosis Foundation, and laboratory
tests (vitamin D, calcium, and alkaline phosphatase levels). The
participants were grouped by age and BMD status. Statistical
analysis included the chi-square criterion or Fisher's exact
criterion for categorical variables and the Mann—Whitney
U—test or Kruskal-Wallis criterion for continuous variables.
Logistic regression was used to study the relationship between
low BMD and demographic factors, lifestyle, and nutrition.
Results: Osteopenia and osteoporosis were detected in 25.3%
and 21.0% of participants, respectively, and their prevalence was
significantly higher among people aged 56-65 years (p<<0.004).
Regression analysis showed that low BMD was significantly
associated with older age (AOR 1.034; p=0.025), weight
(AOR 0.975; p=0.071), lower BMI (AOR 0.989; p=0.764).
Conclusions: This study highlights the high prevalence of
low BMD among middle-aged and older adults in the Abay
region and underscores key modifiable risk factors, including
older age, lower BMI, fracture history, and rheumatoid
arthritis. These findings are essential for strengthening clinical
diagnostic practices and guiding preventive strategies to reduce
osteoporosis-related complications in the Kazakh population.

Key words. Bone mineral density (BMD), osteoporosis,
dual-energy X-ray absorptiometry (DXA), dietary intake, risk
factors.

Introduction.

Bone tissue formation is a dynamic process that encompasses
both the generation of new bone and the resorption of old bone.
Bone remodeling begins with the resorption of mineralized
bone by osteoclasts, followed by the formation of osteoid by
osteoblasts, which subsequently undergoes mineralization.
Disruption of the balance between bone resorption and
formation—particularly when resorption exceeds formation—
leads to areduction in bone mass and ultimately contributes to the
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development of osteoporosis [1]. Osteoporosis is characterized
by reduced bone mass, disruption of bone microarchitecture,
and decreased bone strength. According to the World Health
Organization (WHO), approximately 200 million women
worldwide are affected by osteoporosis [2]. The prevalence
of this condition globally ranges from 19.7% to 40.4% [3].
Osteoporosis presents a significant challenge to healthcare
systems, particularly affecting postmenopausal women due to
the marked decrease in estrogen production. With demographic
changes, the global population aged 60 and older is expected to
nearly double from 12% (900 million individuals) in 2015 to
22% (2 billion) by 2050 [4]. In Kazakhstan, the population aged
50 and above is projected to increase by 35% by 2035, with
those aged 70 and above increasing by 95% [5]. For women
aged 50, the lifetime risk of sustaining an osteoporotic fracture
is nearly 50%, with a mortality rate of approximately 20%
within the first-year post-fracture [6].

An audit conducted across eight Eurasian countries on the
osteoporosis burden and lifetime hip fracture risk in populations
aged 50and older found the highestincidence rates in Kazakhstan.
The study reported a probable fracture risk of 12.6% for women
in Kazakhstan. This data was compiled from available literature
and surveys of national osteoporosis societies’ representatives
[7]. However, no prior studies have examined osteoporosis
diagnosis using dual-energy X-ray absorptiometry (DXA) in
populations in Kazakhstan, nor have risk factors contributing
to osteoporosis prevalence in this demographic been explored.

Bone mineral mass in adults is determined by the peak bone
mass achieved during growth and the rate of bone loss over
time. A balanced diet is essential for bone health, with evidence
showing that a diet rich in calcium, phosphorus, protein, and
vitamin D can improve bone health [8]. Additionally, regular
physical activity supports bone density maintenance and reduces
fracture risk, which increases with age-related bone mass and
strength declines [9]. Insufficient nutrient intake and physical
inactivity elevate the risk of osteoporosis and falls [10]. Clinical
risk factors further enhance fracture risk assessment beyond
DXA, including age, history of fragility fractures, family
history of hip fractures, corticosteroid use, excessive alcohol
consumption, smoking, and bone metabolism disorders [11].
The lack of comprehensive data on osteoporosis prevalence
and risk factors in Kazakhstan hampers targeted prevention and
treatment strategies. As preventive measures can reduce the risk
of osteoporosis [12]. Osteoporosis diagnosis is confirmed based
either on fractures occurring with minimal trauma or low bone
mineral density (BMD) assessed via DXA, the "gold standard"
in diagnostic imaging for this condition [13]. The operational
definition of osteoporosis, endorsed by WHO, is a BMD T-score
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of -2.5 or lower, assessed through DXA at the spine or hip [14].

Timely assessment of BMD via DXA and identification of bone
health risk factors will assist in identifying the most impactful
preventive strategies for reducing osteoporosis burden. This
study aims to evaluate bone health and identify key risk factors
contributing to reduced bone mineral density (BMD) among
adults aged 45 years and older in the Abay region of Kazakhstan.

Materials and Methods.

Study Population:

Data were collected from July 2023 to March 2024 among
367 adults aged >45 years, all born and residing in the Abay
region of Kazakhstan. Participants (367 women) were recruited
at Semey Medical University Hospital and the “Toktamys”
Medical Center. The mean age in the group with normal BMD
was 55.00 + 10.0 years and 57.5 + 10.0 years in the group with
low BMD (T/Z score < -1.0 SD).

Inclusion criteria were age >45 years and absence of congenital
musculoskeletal disorders or prior DXA; exclusions included
hip or lumbar surgery, inability to undergo DXA, residence
outside Kazakhstan, or lack of consent. Participants were
categorized into three age groups: 45-55 (perimenopausal),
56-65 (postmenopausal), and >66 years (elderly). The study
complied with the Declaration of Helsinki, was approved by the
Semey Medical University Ethics Committee (Protocol No. 7
dated 7 November, 2022), It was pre-registered on Clinicaltrials.
gov on March 27, 2024 (ID NCT06344598).

Questionnaires:

Questionnaires were administered in person, with each
participant assigned a personal ID. The instrument was adapted
from the IOF (accessible at https://riskcheck.osteoporosis.
foundation/form) osteoporosis risk questionnaire [15], translated
into Kazakh and Russian, and piloted on 30 volunteers;
repeated testing showed full agreement of responses, though
only qualitative validation was performed. The questionnaire
included demographic data and major osteoporosis risk factors
(BMI, menopausal status and age at menopause, fracture
history, height reduction, family history, smoking, alcohol
intake, outdoor and household activity). Additional sections
assessed chronic diseases (endocrine, rheumatic, oncological),
medication use (hormone therapy, immunosuppressants,
antacids, antidiabetics), and dietary intake of calcium, vitamin
D, dairy products, and other nutrient-rich foods relevant to bone
health.

DXA Procedure:

Bone mineral density (BMD) measurements were performed
using DXA (Osteosys 2020, Seoul, Republic of Korea), with a
focus on the lumbar spine (L1-L4) following the International
Society for Clinical Densitometry (ISCD) guidelines from
2007. The bone region of interest was determined manually
and sometimes automatically. Osteoporosis was defined by
bone density thresholds: a T-score of < -2.5 SD indicated
osteoporosis; scores from -1.0 SD to -2.5 SD indicated low bone
mass (osteopenia); scores above -1.0 SD indicated normal bone
density. Z-scores were used to assess BMD in premenopausal
women and men under the age of 50. Z-score of -2.0 or lower is
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de-fined as “below the expected range for age”, Z-score above
-2.0 is “within the expected range for age” [16]. A qualified
radiologist interpreted the BMD results. Patients were classified
into two groups based on the following criteria: those with
normal BMD and those with low BMD.

Laboratory Data:

Following the BMD assessment, each participant provided a
fasting blood sample of 10 ml in the morning to measure levels
of 25-hydroxyvitamin D, calcium, and alkaline phosphatase.
Approximately 7 ml of blood was used for calcium and alkaline
phosphatase analysis, while the remaining volume was used for
vitamin D measurement. Blood samples were collected in tubes
with coagulation activators and polymer gels. Samples were
centrifuged at 2500-3000 rpm for 5 minutes to separate serum.
Laboratory analyses were performed at the "Invivo" laboratory
(license No. 19002293, issued February 1, 2019). The reference
ranges for blood levels were as follows: calcium, 115-133
mmol/l; alkaline phosphatase, 156-369 U/l; and vitamin D, 30-
100 ng/ml.

Statistical Analysis:

Frequencies were analyzed using Pearson’s chi-square test
or Fisher’s exact test, with the latter applied for expected
cell values of five or fewer. Due to non-normal distribution,
confirmed via Kolmogorov—Smirnov test, continuous variables
were analyzed using the Kruskal-Wallis tests. Due to non-
normal distribution, confirmed via Kolmogorov—Smirnov test,
comparisons between two groups (normal vs. low BMD) for
continuous variables were conducted using the Mann—Whitney
U test. Logistic regression analyses were conducted to evaluate
the associations between osteopenia, osteoporosis, and key
demographic characteristics, lifestyle factors, and dietary habits.
Both unadjusted and adjusted odds ratios were calculated in the
multivariate analyses. Statistical analyses were performed using
IBM SPSS version 23.0, with differences deemed statistically
significant at p<0.05.

Results.

The characteristics of the study population by age group
are summarized in Table 1. Participants aged 45-55 years
comprised 168 individuals, those aged 56-65 years included
143 individuals, and those aged 66 and older included 56
individuals. Data collection covered demographic information,
health history, lifestyle factors, and dietary habits. The average
age of menopause among all participants was 46.50+6.30 years,
with statistically significant differences observed between age
groups. The average body mass index (BMI) was 25.07+6.84
kg/m?, with no significant variation across the age groups.
Among participants aged 66 years and older, specific factors
showed statistically significant prevalence, including fractures
from minor injuries (50.0%), frequent falls (37.5%), and height
reduction greater than 3 cm (33.9%), surpassing rates seen in
the younger age groups. Additionally, physical activity levels
and alcohol consumption were lower in individuals aged 66 and
older than in those under 66. In participants aged 45-55 and 56-
65, serum levels of vitamin D, and alkaline phosphatase were
lower, and serum calcium levels were higher compared to the
levels observed in the 66 and older group (Table 1). Of the 367



Table 1. The Basic Characteristics of Participants and Comparison Across Age Groups.

Parameter Total 45-55 years 56-65 years 66 and older  Statistical p-value
(n=367) (n=168) (n=143) (n=56) criterion
Female, n (%) 367 (100.0) 168(45.8) 143 (39.0) 56(15.2) 0.24 0.785
Weight (kg) 69.8+18.2 69.50 +18.8 70.00+19.0 70.00 £17.0 1.36 0.506
BMI(kg/m?), median+IQR 25.07+6.84 25.60 +£7.33 24.97+6.60 24.64+6.60 3.68 0.158
Fractures, n (%) 113 (30.8) 43 (25.6) 42 (29.4) 28(50.0) 11.96 0.003
Frequent falls or fear of them, n (%) 109 (29.7) 38 (22.6) 50 (35.0) 21(37.5) 7.56 0.023
Decrease in height by more than 3cm, n (%) 69 (18.8) 21 (12.5) 29 (20.3) 19(33.9) 12.96 0.002
Somatic diseases, n (%)
Hepatitis 4(1.1) 3(1.8) 1(0.7) 0(0) 1.57 0.455
COPD 2 (0.6) 0(0) 0(0) 2(3.6) 11.16 0.004
Oncology 5(1.4) 3(1.8) 1(0.7) 1(1.8) 0.76 0.682
Diabetes 15 (4.1) 4(2.4) 8 (5.6) 3(5.4) 2.30 0.316
Diseases of the thyroid and parathyroid 43 (11.7) 21 (12.5) 15 (10.5) 7(12.5) 0.34 0.843
Rheumatoid arthritis 54(14.7) 17(10.1) 27 (18.9) 10(17.9) 5.24 0.073
Medications, n (%)
Antidiabetic 10(2.5) 3(1.6) 4 (2.6) 3(4.6) 1.89 0.388
Antacids 1(0.2) 1(0.5) 0(0.0) 0(0.0) 1.15 0.563
Immunosuppressants 7(1.7) 3(1.6) 4(2.6) 0(0.0) 1.89 0.389
Glucocortiocosteroids 62 (15.2) 21 (11.1) 26 (17.0) 15(23.1) 6.05 0.049
Vitamin D 62 (15.2) 31 (16.3) 21(13.7) 10(15.4) 0.443 0.801
Calcium 44 (10.8) 21 (11.1) 17 (11.1) 6(9.2) 0.194 0.907
Behavioral risk factors, n (%)
Physical activity, 263 (71.7) 124 (73.8) 107 (74.8) 32(57.1) 6.89 0.032
Time spend outdoors 299 (81.5) 139 (82.7) 117 (81.8) 43 (76.8) 1.00 0.605
Family history of osteoporosis 53 (14.4) 29 (17.3) 20 (14.0) 4(7.1) 3.52 0.172
Fractures in parents 47 (12.8) 25(14.9) 18 (12.6) 4(7.1) 2.26 0.323
Alcohol (3 units or more) 5(1.4) 1(0.6) 4(2.8) 0(0.0) 3.70 0.157
Smoking (20 cigarettes or more) 9(2.5) 2(1.2) 5@3.5) 2(3.6) 2.06 0.356
Laboratory indicators (average)
Calcium (mmol/l), median+IQR 2.38+0.13 2.38+0.11 2.38+0.14 2.3240.16 0.66 0.72
Vitamin D(ng/ml), median+IQR 13.15+7.68 13.32+8.46 12.99+6.78 16.62+14.95 2.73 0.26
Alkaline phosphatase (U/l), median£IQR 90.15+31.50  93.15+33.60 86.90+22.2 98.00+45.90  2.18 0.34
Densitomery, n (%)
total 45-55 years 56-65 years 66 and older 15.41 <0.004
Healthy 197(53.7) 107(63.7) 66(46.2) 24(42.9)
Osteopenia 93 (25.3) 38(22.6) 40(25.9) 14(32.1)
Osteoporosis 77 (21.0) 23(13.7) 40(28.0) 14(25.0)
Menopause, n=367
Age, median£IQR 46.50+6.30 47.00+6.30 47.00+7.30 43.50+8.30 29.29 <0.001

participants, 25.3 % were diagnosed with osteopenia and 21.0%
with osteoporosis.

In line with the study objectives, participants were classified
into two groups based on their bone mineral density (BMD) test
results: a normal BMD group and a low BMD group. The mean
age in the normal BMD group was 55.00 + 10.0 years, whereas
in the low BMD group it was 57.5 £+ 10.0 years. Comparative
analysis between these groups revealed statistically significant
differences in BMI (p<0.001), history of fractures (p=0.032).
However, serum levels of calcium, vitamin D, and alkaline
phosphatase did not show significant differences between the
groups.

The results of the nutrition preference questionnaire for
participants with normal and low BMD are presented in Table
3. As shown, 65.9% of respondents in the low BMD group
and 57.9% in the normal BMD group reported consuming
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nuts and dried fruits "not every day," a difference that was
statistically significant (p=0.033). According to our survey,
23.5 % of individuals with low BMD consumed eggs daily,
compared to 39.1 % in the normal BMD group. Additionally, a
greater number of respondents in the low BMD group reported
consuming eggs "not every day" compared to the normal
BMD group (64.7% vs. 50.8%, respectively), with statistically
significant differences (p=0.006). The relationship between
dietary habits and bone health in Kazakhstan could potentially
be analyzed by focusing on individual nutrients rich in protein,
n-3 polyunsaturated fatty acids (n-3PUFAs), and calcium, such
as meat, seafood, dairy products, and vegetables. However, no
statistically significant differences were found for these food
items between the comparison groups.

Regression analysis of risk factors indicating a significant
association with reduced BMD is shown in Table 4. The



Table 2. Bone Mineral Density Categories.

Parameter 2:2‘:167)
Female, n (%) 367(100.0)
BMI (kg/m2), median+IQR 24.824+6.37
Weight (kg) 69.25+17.4
Fractures after minor injuries and falls, n (%) 113(30.8)
Frequent falls or fear of them, n (%) 109(29.7)
Decrease in height by more than 3cm, n (%) 69(18.8)
Somatic diseases, n (%)

Hepatitis 4(1.1)
COPD 2(0.5)
Oncology 5(1.4)
Diabetes 15(4.1)
Diseases of the thyroid and parathyroid 43(11.7)
Rheumatoid arthritis 54(14.7)
Medications, n (%)

Antidiabetic 10(2.5)
Antacids 1(0.2)
Immunosuppressants 7(1.7)
Glucocortiocosteroids 62(15.2)
Vitamin D 62(15.2)
Calcium 44(1.8)
Behavioral risk factors, n (%)

Physical activity 296(72.5)
Time spend outdoors 299(81.5)
Family history of osteoporosis 53(14.4)
Fractures in parents 47(12.8)
Alcohol (3 units or more) 5(1.4)
Smoking (20 cigarettes or more) 9(25.5)
Laboratory indicators

Blood calcium (mmol/l), median+IQR 2.38+0.13
Vitamin D(ng/ml), median+IQR 14.374£9.32
Alkaline phosphatase (U/1), median+IQR 90.15431.50
Menopause, n=367

Age, mediantIQR 46.50+6.30

regression analysis identified several indicators associated with
the likelihood of bone preservation. Among them, the final
multivariate model showed significance for age (AOR 1.034;
95% CI from 1.004 to 1.064; p=0.025), weight (AOR 0.975;
95% CI from 0.948 to 1.002; p=0.071), BMI (AOR 0.989; 95%
CI from 0.917 to 1.065; p=0.764, eating nuts and dried fruits
(AOR 0.769; 95% CI from 0.448 to 1.321; p=0.341), eating
eggs(AOR 0.639; 95% CI from 0.384 to 1.063; p=0.084), eating
carbonated drinks (AOR 0.867; 95% CI from 0.519 to 1.450;
p=0.587), eating fast food (AOR 0.677; 95% CI from 0.406 to
1.130; p=0.135). In a model with alternating factors, it is shown
that the probability of impoverishment increases with age, and
if at least some milk is present in the diet, the probability of
impoverishment decreases with increasing weight and BMI if
there are enough nuts and eggs in the diet compared to their
absence or deficiency. The presence of at least some fast food
and soda in the diet increases the decrease in BMD (little or
enough compared to their complete absence) (Table 4).
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Normal BMD Low BMD Statistical
(n=197) (n=170) criterion  PYalue
197(53.7) 170(46.32) 3.948 0.47
26.40+6.80 23.23+£5.95 12196.0 <0.001
73.00+17.5 65.50+17.3 12603.5 <0.001
51(25.9) 62(36.5) 4.79 0.032
56(28.4) 53(31.2) 0.33 0.569
37(18.8) 32(18.8) 1.20 0.992
3(1.5) 1(0.6) 0.73 0.390
1(0.5) 1(0.6) 0.011 1.000
3(1.5) 2(1.2) 0.081 0.775
8(4.1) 7(4.1) 0.001 0.978
25(12.7) 18(10.6) 0.390 0.532
24(12.2) 30(17.6) 2.17 0.141
7(3.1) 3(1.7) 0.801 0.371
0(0.0) 1(0.6) 1.28 0.257
52.2) 2(1.1) 0.677 0.411
33(14.4) 29(16.2) 0.250 0.617
33(14.4) 29(16.2) 0.250 0.617
22(9.6) 22(12.3) 0.752 0.386
167(72.9) 129(72.1) 0.037 0.847
159(80.7) 140(82.4) 0.163 0.686
30(15.2) 23(13.5) 0.213 0.644
26(11.4) 21(12.4) 0.058 0.809
1(0.5) 42.4) 231 0.128
3(1.5) 6(3.5) 1.536 0.215
2.38+0.10 2.40+0.19 1564.50 0.74
13.524+7.43 15.23+11.21 1594.5 0.62
91.45+35.80 90.00+25.40 1594.5 0.27
45.50+6.30 48.50+6.80 9248 0.063
Discussion.

In our study, groups of participants aged 45 and older were
recruited to study risk factors affecting bone health at a younger
age. The development of osteoporosis is influenced by a wide
range of factors, which in a broad sense can be divided into
unmodifiable and modifiable risk factors [17]. Osteoporosis has
important clinical significance due to its role as a leading factor
predisposing to osteoporotic fractures [18]. The lifetime risk of
osteoporotic fracture is approximately 50% for women by the
age of 50 [12]. Fractures are the most severe consequence of
osteoporosis and lead to a significant economic burden [19]. In
our study, 113 out of 367 people (30.8%) reported that they had
a history of fractures.

Long G et al. report that early menopause (<40 years) is
a predictor of low BMD and osteoporotic fractures, which is
associated with a shorter reproductive period and low exposure
to estrogens [20]. It is known that the average age of menopause
is 50 years and older [21]. In our study, the average age of



Table 3. Nutritional intake in the normal and low BMD groups.

Parameter Total Normal BMD Low BMD Statistical p-value
(n=367) (n=197) (n=170) criterion

Consumption of milk and dairy products, n (%) 8.031 0.018

consume every day 149(40.6) 85(43.1) 64(37.6)

consume not every day 193 (52.6) 93 (47.2) 100(58.8)

not consume 25 (6.8) 19 (6.9) 6(3.5)

Vegetables and greens, n (%) 0.033 0.984

consume every day 103(28.1) 56(28.4) 47(27.6)

consume not every day 198 (54) 106 (53.8) 92 (54.1)

not consume, 66 (18) 35(17,8) 31(18.2)

Meat products (red meat), n (%) 4.000 0.135

consume every day 325(88.6) 180(91.4) 145(85.3)

consume not every day 44 (10.8) 20 (8.7) 24 (13.4)

not consume 1(0.3) 0(0.0) 1(0.6)

Fish and seafood, n (%) 0.394 0.821

consume every day 40(10.9) 22(11.2) 18(10.6)

consume not every day 296 (80.7) 160 (81.2) 136 (80.0)

not consume 31(8.4) 15 (7.6) 16 (9.4)

Nuts and dried fruits, n (%) 6.795 0.033

consume every day 101(27.5) 65(33.0) 36(21.2)

consume not every day 226 (61.6) 114 (57.9) 112 (65.9)

not consume 40 (10.9) 18 (9.1) 22 (12.9)

Eggs, n (%) 10.246 0.006

consume every day 117(31.9) 77(39.1) 40(23.5)

consume not every day 210 (57.2) 100 (50.8) 110 (64.7)

not consume 40 (10.9) 20 (10.2) 20 (11.8)

Carbonated drinks, n (%) 5.091 0.078

consume every day 36(9.8) 15(7.6) 21(12.4)

consume not every day 181 (49.3) 92(46.7) 89 (52.4)

not consume 150 (40.9) 90 (45.7) 60 (35.3)

Fast food, n (%) 9.409 0.009

consume every day 8(2.2) 5(2.5) 3(1.8)

consume not every day 165 (45.0) 74 (37.6) 91 (53.5)

not consume 194 (52.9) 118(59.9) 76(44.7)

Table 4. Regression analysis of risk factors indicating a significant association with decreased BMD.

Parameter Univariate (OR) Multivariate (AOR)*

Models OR 95% CI p AOR 95% CI p

Age 1.034 1.004; 1.064 0.025 1.034 1.004; 1.064 0.025

weight 0.975 0.948; 1.002 0.071 0.975 0.948; 1.002 0.071

BMI 0.989 0.917; 1.065 0.764 0.989 0.917; 1.065 0.764

Eating nuts and dried fruits |0.769 0.448; 1.321 0.341 0.769 0.448; 1.321 0.341

Eating eggs 0639 0.384; 1.063 0.084 0.639 0.384; 1.063 0.084

Eating carbonated drinks 0.867 0.519; 1.450 0.587 0.867 0.519; 1.450 0.587

Eating fast food 0.677 0.406; 1.130 0.135 0.677 0.406; 1.130 0.135

*- multivariate model adjusts for confounders

menopause for women aged 45 to 55 years was 46.1, for those
aged 56 to 65 years it was 46.5, and for those aged 66 and older it
was 44.3 years (p<0.001). Of the 367 study participants, 21.0%
were diagnosed with osteoporosis, and 25.3% with osteopenia.
The highest prevalence of low BMD was observed in people
over 50 years of age, which is consistent with the results of
numerous studies that report that people over 50 years of age
are five times more likely to develop osteoporosis than the
general population [22,23]. Our survey of respondents showed
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that fractures, frequent falls, and decreased height tended to
increase with age and were statistically significant in three age
groups (Table 1). In this study, it was found that the probability
of depletion of BMD decreases with increasing weight and
BMI (AOR: 0.989; p=0.764). Another study reported that an
increased BMI may be beneficial for the development of BMD,
while an excessively high BMI may be harmful to bone health
in women. The authors attribute this phenomenon to race, age,
and the postmenopausal period [24]. Therefore, efforts aimed



at slowing the development of osteoporosis should be aimed at
maintaining a normal BMI.

The survey illustrated that somatic diseases and medications
reducing bone metabolism did not differ between the groups with
low BMD and normal BMD. We believe that individuals over
45 years of age have comorbid somatic pathology and therefore
consume a variety of medications, including those that reduce
bone formation. Endocrine and rheumatologic disorders, chronic
obstructive pulmonary disease (COPD), hepatitis, and malignant
neoplasms are all potential causes of secondary osteoporosis
[25]. Epidemiological studies indicate that approximately 60—
80% of patients with rheumatoid arthritis (RA) have comorbid
osteoporosis. According to population-based studies, the
prevalence of osteoporosis is twice as high with RA compared
to healthy individuals. However, it is important to note that no
definitive conclusions can be drawn as to whether RA directly
contributes to the development of osteoporosis, or whether
the relationship is bidirectional or influenced by other factors
[26]. Some studies have demonstrated that bone loss occurred
in certain patients even before the diagnosis of RA, and BMD
appears to be primarily associated with demographic factors
[27]. In our study, regression analysis did not reveal a positive
correlation between chronic pathologies and low BMD levels.
It is estimated that fractures induced by glucocorticoids occur
in 30-50% of patients undergoing long-term glucocorticoid
therapy [28]. In our study, the group with low BMD included
170 individuals out of 367 participants (46,3%). Therefore,
understanding the mechanisms of osteoporosis development
with comorbid pathology at the age of 45 and older will help
in early diagnosis and treatment of osteoporosis [9]. The role of
nutrients and foods in bone metabolism and fracture risk has been
discussed for many years [29,30]. Dietary recommendations are
based on observational studies, which may contain unaccounted-
for concomitant factors [31]. Our comparative analysis of the
diet of residents of the Abay district showed that people with
low BMD rarely or do not consume eggs (p=0.006), nuts and
dried fruits (p=0.033). However, regression analysis reveal
a correlation between dietary factors and low BMD levels
(Table 3). Univariate analysis revealed statistically significant
differences in the consumption of eggs and nuts/dried fruits
between the groups with normal and low BMD. However, in the
multivariate analysis, these dietary factors were not significant,
likely due to the influence of confounding variables. The low
BMD group was older, and older individuals traditionally
consume fewer eggs and nuts, which explains the discrepancy
between the univariate and multivariate analyses. Vitamin D
plays a well-known role in maintaining calcium homeostasis
related to bone health [32]. In bone tissue, vitamin D promotes
the mobilization of calcium and phosphorus, indirectly affecting
the differentiation of osteoclasts, which proliferate and stimulate
bone resorption [33]. In addition, vitamin D deficiency, in
addition to reducing calcium absorption, increases the level of
parathyroid hormone, which, in turn, leads to calcium resorption
from bones and a decrease in bone mass [34]. The main sources
of vitamin D are exposure to sunlight and diet, and sufficient
amounts of vitamin D are found only in a limited number of
foods - insufficient exposure to the sun poses a serious public
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health problem [35]. A study conducted in the western region of
Kazakhstan in 2019 examined the effect of ultraviolet radiation
on vitamin D levels. The authors identified widespread vitamin
D deficiency and concluded that this disease is most common
in regions with limited exposure to sunlight [36]. The eastern
region of Kazakhstan, where our study was conducted, is also
an area with a prolonged period of limited sunlight exposure,
which can lead to a decrease in vitamin D levels. In the course
of our study, we determined the content of calcium, vitamin
D and alkaline phosphatase in blood serum in the autumn-
winter period. The vitamin D content in blood serum was
below normal values (14.37+9.32 ng/ml), but we did not find
a significant correlation between vitamin D levels and bone
density in the two groups with normal and low BMD (Table
2). The eastern region of Kazakhstan, where our study was
conducted, is also an area with a prolonged period of limited
sunlight exposure, which can lead to a decrease in vitamin D
levels. Deng et al. It has been reported that postmenopausal
Chinese women with serum vitamin D levels below 30 ng/ml
had lower bone density in the femoral neck, but this correlation
was not observed in the lumbar spine [37]. The results of other
studies [34,38] also indicate that the level of vitamin D in blood
serum is not associated with BMD in postmenopausal women,
which is consistent with the results of our study and confirms
the absence of a link between vitamin D and BMD. Parde et al.
Age has been reported to significantly correlate with alkaline
phosphatase and calcium levels in the group of postmenopausal
women [39]. In our study, the levels of calcium and alkaline
phosphatase were assessed in both groups with normal and low
BMD, and no significant correlation was found between the two
groups.

Our study has important clinical significance. We found a high
prevalence of osteoporosis among the population of the Abay
region of Kazakhstan, which is 43.9%. The strategy of many
countries, including Kazakhstan, regarding the prevention of
osteoporotic fractures is mainly focused on postmenopausal
women. In Kazakhstan, our study fills the gap in knowledge
in the field of osteoporosis prevention. With limited budgets of
medical organizations, knowledge of the factors will allow you
to identify the key ones that can be influenced in order to give
more specific recommendations on nutrition and lifestyle. Age
groups are also important, the presence of factors for each age
group requires a separate conversation with people of different
ages. This study is limited by the fact that the sample included
women living in the sharply continental climate of the eastern
part of Kazakhstan, so the results may not be applicable to the
whole of Kazakhstan and require further study. The sample was
not very large and consisted of three age groups, so it was not
homogeneous in age. In addition, no preliminary calculation
of the sample size was carried out, which may limit statistical
reliability and should be taken into account when interpreting
the results. In the elderly, bone mineral density (BMD) may
have been overestimated due to degenerative alterations, as
only lumbar dual-energy X-ray absorptiometry (DXA) was
employed. The survey of the respondents revealed the presence of
somatic pathology, so it could affect the results of densitometry.
It should be borne in mind that the risk factors were assessed



by the participants themselves, and the data may be inaccurate
due to omissions or forgetfulness. In addition, data collection
was prospective, and some data was retrospective, which led to
certain limitations. Although many studies have been conducted
on osteoporosis and osteopenia, this study may be important
and new in terms of studying risk factors in middle-aged people
for timely diagnosis of osteoporosis. Prevention of osteoporosis
should be aimed at controlling risk factors such as body mass
index, diet, as well as timely diagnosis and treatment of somatic
pathology.

Conclusion.

This study highlights the high prevalence of low BMD
among middle-aged and older adults in the Abay region and
underscores key modifiable risk factors, including older age,
lower BMI, eating nuts and dried fruits, eggs, carbonated drinks,
fast food. These findings are essential for strengthening clinical
diagnostic practices and guiding preventive strategies to reduce
osteoporosis-related complications in the Kazakh population.
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