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Nursing interventions sgpplementatlon gw_delmes, and fall preventlon, _vvhlle n_u_trltl_onal strategies hlghllght
Nutritional strategies dietary sources of vitamin D and calcium, alongside fortification and supplementation
Calcium metabolism recommendations. Laboratory monitoring, particularly serum 25-hydroxyvitamin D

testing, is underscored as essential for assessing deficiency and guiding treatment. A

multidisciplinary approach integrating nurses, dietitians, pharmacists, and physical

therapists is proposed to optimize osteoporosis prevention through coordinated care. This

Osteoporosis
Vitamin D deficiency



http://dergipark.org.tr/en/pub/ijcesen
http://www.ijcesen.com
mailto:Toooma227@hotmail.com
mailto:Toooma227@hotmail.com
mailto:nodiali1410@gmail.com
mailto:nodiali1410@gmail.com
mailto:danah61406@gmail.com
mailto:danah61406@gmail.com
mailto:meme14119@hotmail.com
mailto:meme14119@hotmail.com
mailto:r-sa90@hotmail.com
mailto:r-sa90@hotmail.com
mailto:azozyberry@gmail.com
mailto:azozyberry@gmail.com
mailto:emanosky@hotmail.com
mailto:emanosky@hotmail.com
mailto:hamadalqaed@hotmail.com
mailto:hamadalqaed@hotmail.com
mailto:mid7ch@hotmail.com
mailto:mid7ch@hotmail.com
mailto:Maljohani96@moh.gov.sa
mailto:Maljohani96@moh.gov.sa
mailto:Shaz1985a@gmail.com
mailto:Shaz1985a@gmail.com

Fatima Naif Mabrok Aljohani, Nehad Ali Mohammed Malhawi, Hana Aldafi Haywan Alanazi et al. / IJCESEN 10-4(2024)1966-1975

study concludes that addressing vitamin D deficiency through tailored interventions and
regular monitoring can significantly reduce osteoporosis incidence and improve long-

term skeletal health outcomes.

1. Introduction

Osteoporosis is a prevalent metabolic bone disorder
characterized by reduced bone density and increased
fracture risk, particularly among older adults and
postmenopausal women [1]. A major contributing
factor to osteoporosis is vitamin D deficiency, which
impairs calcium absorption and bone mineralization,
leading to weakened skeletal structure [2]. Vitamin
D, synthesized in the skin through sunlight exposure
and obtained from dietary sources, plays a crucial
role in maintaining bone health by regulating
calcium and phosphate homeostasis [3]. However,
insufficient vitamin D levels remain a global health
concern, affecting nearly one billion people
worldwide and contributing to the rising incidence
of osteoporosis-related fractures [4]. Given the
significant morbidity and mortality associated with
osteoporotic  fractures, preventive strategies—
including  nursing interventions,  nutritional
optimization, and regular laboratory monitoring—
are essential in mitigating this public health burden.
Nurses play a pivotal role in osteoporosis prevention
by assessing risk factors, educating patients, and
implementing evidence-based interventions [5].
Since vitamin D deficiency is often asymptomatic in
its early stages, nurses must identify at-risk
populations, such as older adults, individuals with
limited sun exposure, and those with malabsorption
disorders [6]. Nursing interventions include patient
education on the importance of sunlight exposure,
dietary modifications, and supplementation when
necessary [7]. Additionally, nurses facilitate
adherence to treatment regimens by addressing
misconceptions about vitamin D and reinforcing the
long-term benefits of maintaining optimal levels [8].
Through personalized care plans and regular follow-
ups, nurses can significantly reduce the incidence of
osteoporosis in vulnerable populations.

Nutritional strategies are equally critical in
preventing vitamin D deficiency and subsequent
osteoporosis. While sunlight remains the primary
source of vitamin D, dietary intake from fortified
foods (e.g., milk, cereals, and fatty fish) can help
maintain sufficient levels, especially in regions with
limited sun exposure [9]. For individuals at high risk
of deficiency, vitamin D supplementation
(cholecalciferol or ergocalciferol) is often
recommended, with dosing tailored to baseline
serum levels [10]. However, excessive
supplementation can lead to toxicity, underscoring
the need for balanced nutritional approaches guided
by healthcare professionals [11]. Nurses and
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dietitians  should  collaborate to  develop
individualized meal plans that incorporate vitamin
D-rich foods while considering cultural preferences
and dietary restrictions to enhance compliance [12].
Laboratory monitoring is a cornerstone of effective
osteoporosis prevention, ensuring that vitamin D
levels remain within the optimal range (typically 30-
50 ng/mL) [3]. Routine serum 25-hydroxyvitamin D
testing allows for early detection of deficiency and
timely intervention before significant bone loss
occurs [4]. Nurses are instrumental in coordinating
these tests, interpreting results, and adjusting
treatment  plans  accordingly.  Furthermore,
monitoring calcium, phosphate, and parathyroid
hormone levels provides a comprehensive
assessment of bone metabolism, enabling targeted
therapies to prevent osteoporosis progression [6]. By
integrating regular laboratory assessments with
nursing and nutritional interventions, healthcare
providers can adopt a proactive approach to
osteoporosis  prevention, ultimately reducing
fracture risk and improving patient outcomes.

Mechanisms of Vitamin D Metabolism

Vitamin D is a fat-soluble secosteroid that plays a
crucial role in calcium homeostasis and bone
mineralization. Its metabolism involves a complex,
multi-step process that begins with cutaneous
synthesis or dietary intake. When ultraviolet B
(UVB) radiation from sunlight penetrates the skin, it
converts 7-dehydrocholesterol to previtamin Ds,
which then isomerizes into cholecalciferol (vitamin
Ds) [13]. Dietary sources, such as fatty fish, fortified
dairy products, and supplements, provide either
vitamin Ds (cholecalciferol) or vitamin D:
(ergocalciferol), which are absorbed in the small
intestine via chylomicrons and transported to the
liver [14]. In the liver, vitamin D undergoes
hydroxylation by the enzyme 25-hydroxylase
(CYP2R1), forming  25-hydroxyvitamin D
[25(0OH)D], the major circulating form used to
assess vitamin D status [15]. The final activation step
occurs in the kidneys, where la-hydroxylase
(CYP27B1) converts 25(0OH)D into the biologically
active 1,25-dihydroxyvitamin D [1,25(OH).D], also
known as calcitriol [16]. This metabolite binds to the
vitamin D receptor (VDR) in target tissues,
regulating gene expression related to calcium
absorption, bone remodeling, and phosphorus
metabolism [17]. Several factors can disrupt this
metabolic pathway, leading to vitamin D deficiency.
Inadequate sunlight exposure, particularly in high-
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latitude regions or among individuals with darker
skin (due to melanin’s UV-blocking effects), reduces
endogenous synthesis [18]. Malabsorption disorders,
such as celiac disease, Crohn’s disease, or bariatric
surgery, impair dietary vitamin D uptake, while liver
or kidney disease hinders hydroxylation, reducing
active metabolite production [19]. Additionally,
obesity sequesters vitamin D in adipose tissue,
lowering its  bioavailability [20]. Genetic
polymorphisms in CYP2R1 or VDR may also alter
vitamin D metabolism, predisposing individuals to
deficiency despite sufficient intake [21]. These
disruptions compromise calcium homeostasis,
triggering compensatory mechanisms that ultimately
weaken bone structure [22].

Identifying Populations at Risk for Vitamin D
Deficiency

Vitamin D deficiency remains a significant public
health concern, with certain populations being
particularly vulnerable to its consequences,
including osteoporosis. Older adults are at
heightened risk due to age-related declines in
cutaneous vitamin D synthesis, reduced dietary
intake, and limited sun exposure [23].
Institutionalized elderly individuals and those with
mobility impairments are especially susceptible, as
they often spend minimal time outdoors [24].
Postmenopausal women face increased osteoporosis
risk due to estrogen decline, which accelerates bone
loss, compounded by lower vitamin D levels [25].
Individuals with darker skin pigmentation require
longer sun exposure to synthesize adequate vitamin
D due to melanin's UV-blocking effects, making
them more prone to deficiency [26].

Geographic and seasonal factors also significantly
influence vitamin D status. People living in northern
latitudes (above 37°N or below 37°S) experience
insufficient UVB radiation during winter months,
reducing endogenous vitamin D production [27].
Those who wear sun-protective clothing or use
sunscreen regularly—while protecting against skin
cancer—may inadvertently limit vitamin D
synthesis [28]. Additionally, individuals with
malabsorption disorders such as celiac disease,
Crohn's disease, or those who have undergone
bariatric surgery often struggle to absorb dietary
vitamin D properly [29]. Obesity presents another
risk factor, as vitamin D becomes sequestered in
adipose tissue, reducing its bioavailability [30].
Healthcare providers must recognize these high-risk
groups to implement early screening and
intervention strategies.

Clinical Signs and Symptoms of Osteoporosis
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Osteoporosis is often called a "silent disease"
because bone loss occurs progressively without
noticeable symptoms until a fracture occurs. The
most common clinical manifestations include
vertebral compression fractures, which may present
with acute back pain, loss of height, or kyphosis
(dowager's hump) [31]. Hip fractures, another severe
consequence of osteoporosis, frequently result from
falls and are associated with significant morbidity
and mortality, particularly in older adults [32]. Wrist
fractures (Colles' fractures) often occur when
individuals attempt to break a fall with an
outstretched hand [33].

Beyond fractures, patients with advanced
osteoporosis may experience chronic pain, reduced
mobility, and decreased quality of life. Muscle
weakness, particularly in the proximal muscles, can
be a sign of concomitant vitamin D deficiency,
further increasing fall risk [34]. Some patients report
generalized bone tenderness, especially in
osteomalacia, where poor mineralization leads to
soft, painful bones [35]. Nurses play a crucial role in
recognizing these signs during patient assessments,
as early detection can prompt interventions to
prevent further bone deterioration and fractures.

Impact of Vitamin D Deficiency on Bone Density
and Strength

Vitamin D deficiency profoundly affects skeletal
health by impairing calcium and phosphate
absorption, leading to secondary
hyperparathyroidism and accelerated bone loss.
Under normal conditions, calcitriol enhances
intestinal calcium absorption by upregulating
transient receptor potential vanilloid type 6 (TRPV6)
and calbindin proteins [22]. When vitamin D levels
are insufficient, intestinal calcium absorption drops
below 10-15%, compared to 30-40% in replete
states [36]. The resulting hypocalcemia stimulates
parathyroid hormone (PTH) secretion, which
restores serum calcium by increasing renal calcium
reabsorption and bone resorption [24]. Chronic PTH
elevation activates osteoclasts, the cells responsible
for breaking down bone, leading to excessive
calcium release from the skeleton and progressive
demineralization [25]. Over time, this imbalance
between bone resorption and formation reduces bone
mineral density (BMD), increasing fracture risk
[11].

In children, severe vitamin D deficiency causes
rickets,  characterized by defective  bone
mineralization, growth plate expansion, and skeletal
deformities (e.g., bowlegs or knock-knees) [27]. In
adults, the equivalent condition, osteomalacia,
results in soft, weak bones prone to bending or
fractures, often presenting with diffuse bone pain
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and muscle weakness [12]. Even moderate
deficiency contributes to osteoporosis, a condition
marked by porous, brittle bones and heightened
susceptibility to fractures, particularly in the hip,
spine, and wrist [29]. Studies show that individuals
with serum 25(OH)D levels below 20 ng/mL have
significantly lower BMD and higher rates of
osteoporotic fractures compared to those with
sufficient levels [30]. Vitamin D’s role in muscle
function further compounds this risk; deficiency
causes proximal myopathy, impairing balance and
increasing fall-related fractures in older adults [31].
Emerging research highlights vitamin D’s
extraskeletal effects on bone health, including its
anti-inflammatory and immunomodulatory
properties. Chronic inflammation, often seen in
autoimmune diseases or aging, accelerates bone loss
by promoting osteoclast activity [32]. Vitamin D
suppresses pro-inflammatory cytokines (e.g., 1L-6,
TNF-a) while upregulating osteoprotegerin (OPG),
a decoy receptor that inhibits osteoclast
differentiation [33]. Thus, deficiency exacerbates
inflammatory  bone destruction, compounding
osteoporosis risk [34]. Furthermore, vitamin D
supports osteoblast function by enhancing collagen
synthesis and alkaline phosphatase activity, both
critical for bone formation [35]. Without adequate
vitamin D, bone remodeling becomes uncoupled,
with resorption outpacing formation and leading to
net bone loss [36].

for

Nursing  Interventions

Prevention:

Osteoporosis

Effective nursing interventions for osteoporosis
prevention begin with comprehensive patient
education. Nurses should emphasize the importance
of maintaining adequate vitamin D levels through a
combination of safe sun exposure, dietary intake,
and supplementation when necessary [36].
Counseling should address common
misconceptions, such as the belief that vitamin D can
be obtained solely through diet or that sunscreen
completely blocks its production. Instead, patients
should be advised to get 10-15 minutes of midday
sun exposure several times per week, depending on
skin type and geographic location [37].

Dietary education is another critical component.
Nurses should guide patients toward vitamin D-rich
foods such as fatty fish (salmon, mackerel), fortified
dairy products, eggs, and mushrooms exposed to UV
light [38]. For those with lactose intolerance or
dietary  restrictions, alternative  sources or
supplements may be recommended. Calcium intake
should also be addressed, as it works synergistically
with vitamin D for bone health. Nurses must assess
for potential barriers to adherence, including cost,
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cultural preferences, or swallowing difficulties with
supplements, and work with patients to develop
feasible solutions [39].

Strategies for Promoting Physical Activity and
Fall Prevention

Weight-bearing and resistance exercises are
essential for maintaining bone density and should be
incorporated into osteoporosis prevention strategies.
Nurses can encourage activities such as walking,
dancing, or low-impact aerobics, which help
stimulate bone formation [40]. Resistance training
with light weights or resistance bands twice weekly
can improve muscle strength and balance, reducing
fall risk [41]. For frail or elderly patients, referral to
physical therapy for tailored exercise programs may
be appropriate.

Fall prevention constitutes a critical aspect of
osteoporosis management. Nurses should conduct
home safety assessments or provide checklists to
identify and mitigate hazards such as loose rugs,
poor lighting, or slippery surfaces [42].
Recommendations may include installing grab bars
in bathrooms, using non-slip mats, and ensuring
proper footwear with good support. Vision checks
should be encouraged, as impaired vision
significantly increases fall risk [43]. For patients
with balance issues, assistive devices like canes or
walkers should be properly fitted and their use
demonstrated.

Medication review is another important nursing
intervention, as certain drugs (e.g., sedatives,
antihypertensives) may increase dizziness or fall risk
[44]. Nurses should collaborate with physicians to
optimize medication regimens while minimizing
side effects that could compromise bone health.
Additionally, patients should be educated about bone
health medications (e.g., bisphosphonates) when
prescribed, including proper administration
techniques to enhance absorption and reduce side
effects [45].

Regular follow-up and monitoring are essential to
evaluate the effectiveness of interventions. Nurses
should schedule periodic assessments of vitamin D
levels, bone density scans when indicated, and
evaluations of exercise adherence and fall
prevention measures [46]. By taking a proactive,
multidisciplinary approach that combines education,
lifestyle modifications, and clinical monitoring,
nurses can significantly reduce the burden of
osteoporosis and improve patients' long-term
skeletal health and quality of life.

Dietary Sources of Vitamin D and Calcium
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Adequate intake of vitamin D and calcium is
fundamental for maintaining bone health and
preventing osteoporosis. Natural dietary sources of
vitamin D are limited but include fatty fish such as
salmon (400-600 IU per 3.5 0z), mackerel, and
sardines, as well as cod liver oil, which provides up
to 1,300 IU per tablespoon [47]. Egg yolks, beef
liver, and UV-exposed mushrooms also contain
small amounts of vitamin D: (ergocalciferol), the
plant-derived form [48]. Given the scarcity of
naturally vitamin D-rich foods, fortified products
play a crucial role in meeting daily requirements. In
many countries, milk, orange juice, cereals, and
plant-based milk alternatives are fortified with
vitamin Ds (cholecalciferol), typically providing
100-150 IU per serving [49].

Calcium, which works synergistically with vitamin
D, is predominantly found in dairy products such as
milk, yogurt, and cheese. For those with lactose
intolerance or dietary restrictions, alternative
sources include fortified plant milks, leafy greens
(kale, bok choy), almonds, and calcium-set tofu [50].
The recommended daily intake for adults is 1,000—
1,200 mg of calcium, depending on age and sex, and
600-800 IU of vitamin D, though higher doses may
be needed for deficient individuals [51]. Nurses and
dietitians should tailor dietary recommendations to
individual preferences, cultural diets, and medical
conditions (e.g., malabsorption disorders) to ensure
adherence and effectiveness [52].

Recommendations for Supplementation and
Fortification

When dietary intake and sun exposure are
insufficient, vitamin D supplementation becomes
necessary. The Endocrine Society recommends
1,500-2,000 IU daily for adults at risk of deficiency,
with higher doses (up to 4,000 IU) for those with
obesity, malabsorption, or limited sun exposure [53].
For rapid correction of severe deficiency (<12
ng/mL), a short-term loading dose (e.g., 50,000 1U
weekly for 8 weeks) may be prescribed, followed by
maintenance therapy [54]. Calcium supplements
(carbonate or citrate) are advised for individuals
consuming less than 800 mg/day from food, though
excessive intake (>1,500 mg/day) should be avoided
due to risks of kidney stones and cardiovascular
concerns [55].

Fortification policies vary globally, but expanding
vitamin D fortification in staple foods (e.g., bread,
cooking oils) could significantly reduce deficiency
rates, particularly in high-risk populations [56].
Nurses should advocate for public health initiatives
that promote food fortification while educating
patients on reading nutrition labels to identify
fortified products. For optimal bone health, a
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combined approach—incorporating dietary sources,
sensible  sun exposure, and  judicious
supplementation—is essential.

Key Laboratory Tests to Assess Vitamin D Levels

Regular laboratory monitoring is critical for
evaluating vitamin D status and guiding treatment.
The gold standard test is serum 25-hydroxyvitamin
D [25(OH)D], which reflects both dietary intake and
cutaneous synthesis, with a half-life of 2-3 weeks
[57]. Levels below 20 ng/mL indicate deficiency,
20-29 ng/mL insufficiency, and 30-50 ng/mL
sufficiency for most individuals [58]. For patients
with chronic kidney disease, 1,25-dihydroxyvitamin
D may also be measured, though it is less reliable for
assessing overall stores due to tight renal regulation
[59].
Additional
include:
Parathyroid hormone (PTH): Elevated PTH
suggests secondary hyperparathyroidism due to
vitamin D deficiency or calcium malabsorption [60].
Serum calcium and phosphate: Low levels may
indicate osteomalacia or poor dietary intake [61].
Bone turnover markers (e.g., CTX, P1NP):

tests to evaluate bone metabolism

Useful for monitoring treatment response in
osteoporosis [62].
Interpreting Results and Implications for

Treatment

Interpretation of 25(OH)D levels must consider
clinical context. For asymptomatic patients with
mild deficiency (15-19 ng/mL), increasing dietary
intake and sun exposure may suffice [63]. For levels
<15 ng/mL or symptomatic patients (e.g., bone pain,
muscle weakness), supplementation is warranted,
with retesting after 3-6 months to assess adherence
and efficacy [64]. Persistent low levels despite
supplementation should prompt evaluation for
malabsorption, liver disease, or nonadherence [65].

In patients with elevated PTH, vitamin D repletion
often normalizes PTH and improves calcium
absorption [66]. However, those with chronic kidney
disease may require active vitamin D analogs (e.g.,
calcitriol) due to impaired la-hydroxylation [67].
For osteoporosis management, repeat DEXA scans
every 1-2 years, alongside laboratory monitoring,
helps evaluate therapeutic response [68].

Current Recommendations for Dosages and
Forms of Vitamin D

Vitamin D supplementation is a cornerstone of
osteoporosis prevention, particularly for individuals
at risk of deficiency. The Endocrine Society
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recommends daily intake of 1,500-2,000 IU of
vitamin Ds (cholecalciferol) for most adults to
maintain serum 25-hydroxyvitamin D [25(OH)D]
levels above 30 ng/mL, the threshold for optimal
bone health [54]. For individuals with severe
deficiency (<12 ng/mL), a short-term high-dose
regimen (e.g., 50,000 IU weekly for 6-8 weeks) may
be prescribed, followed by a maintenance dose of
1,000-2,000 IU daily [55]. Vitamin Ds is preferred
over vitamin D2 (ergocalciferol) due to its superior
bioavailability and longer half-life, ensuring more
stable serum concentrations [56].

The Institute of Medicine (IOM) suggests a more
conservative approach, recommending 600 1U/day
for adults up to age 70 and 800 IU/day for those over
70, with an upper limit of 4,000 1U/day to avoid
toxicity [57]. However, emerging evidence indicates
that higher doses (up to 4,000 IU/day) may be
necessary for obese individuals, those with
malabsorption syndromes, or populations with
limited sun exposure [58]. Nurses should assess
patients' baseline vitamin D levels, dietary intake,
and lifestyle factors to personalize supplementation
plans while monitoring for adverse effects such as
hypercalcemia, which is rare but possible with
excessive intake [59].

Considerations for Special Populations

Elderly Adults: Older adults are at heightened risk
for vitamin D deficiency due to age-related declines
in cutaneous synthesis, reduced dietary intake, and
institutionalization. For this population, daily
supplementation with 2,000-4,000 IU of vitamin Ds
is often recommended to counteract decreased
absorption and metabolic efficiency  [60].
Additionally, calcium intake should be optimized
(1,200 mg/day) to synergize with vitamin D in
preserving bone density [61].

Pregnant and Lactating Women: Vitamin D
deficiency during pregnancy is associated with
adverse outcomes, including gestational diabetes,
preeclampsia, and neonatal rickets. Current
guidelines suggest 600-2,000 1U/day, with higher
doses (up to 4,000 1U) for women with documented
deficiency [62]. Breastfeeding mothers should also
ensure adequate intake, as vitamin D content in
human milk is low unless maternal stores are
sufficient [63].

Individuals with Obesity or Malabsorption
Disorders: Obesity increases vitamin D
requirements due to sequestration in adipose tissue,
often necessitating doses 2-3 times higher than
standard recommendations [64]. Patients with celiac
disease, inflammatory bowel disease, or post-
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bariatric surgery may require liquid or micellized
vitamin D formulations for better absorption [65].
Regular monitoring of serum 25(0OH)D levels is
critical in these populations to ensure therapeutic
efficacy.

Integrating Multidisciplinary Approaches for
Osteoporosis Prevention

Effective osteoporosis prevention requires a team-
based approach, integrating the expertise of nurses,
dietitians,  pharmacists, and primary care
providers. Dietitians play a key role in assessing
patients' nutritional intake and designing meal plans
rich in vitamin D and calcium, while addressing
cultural and socioeconomic barriers to adherence
[66]. For example, lactose-intolerant patients may
benefit from fortified plant-based alternatives, and
those with dietary restrictions (e.g., veganism) may
require tailored supplementation strategies.
Pharmacists contribute by ensuring appropriate
dosing, checking for drug-nutrient interactions (e.g.,
corticosteroids, anticonvulsants), and
recommending bioavailable formulations [67]. For
patients on bisphosphonates, pharmacists can
educate on proper administration (e.g., taking with
water and remaining upright) to minimize
gastrointestinal side effects. Nurses serve as
coordinators, facilitating communication between
team members and reinforcing education on
medication adherence and lifestyle modifications.
Physical therapists are essential for designing safe,
bone-strengthening exercise programs, particularly
for frail or elderly patients. Weight-bearing activities
(e.g., walking, resistance training) and balance
exercises reduce fall risk, a critical component of
fracture prevention [68].

Holistic Strategies for Managing Osteoporosis
Risk

Beyond supplementation and nutrition, a
comprehensive approach should address:

Sun Exposure Counseling: While excessive UV
radiation increases skin cancer risk, brief (10-15
minute) midday sun exposure several times per week
can boost vitamin D synthesis, particularly for
individuals with lighter skin [69].

Fall Prevention: Home safety assessments (e.g.,
removing rugs, improving lighting) and assistive
devices (e.g., grab bars, non-slip footwear) reduce
fracture risk in high-risk populations [70].
Behavioral Support: Motivational interviewing
techniques  can  enhance  adherence to
supplementation and lifestyle changes, particularly
for patients with low health literacy or skepticism
about preventive care [71].
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Conclusion

In conclusion, preventing osteoporosis caused by
vitamin D deficiency requires a multidisciplinary
approach  involving nursing care, dietary
management, and consistent laboratory evaluation.
Nurses serve as frontline advocates in patient
education and intervention, while nutritional
strategies ensure adequate vitamin D intake. Regular
monitoring further enhances prevention efforts by
enabling early detection and personalized treatment
adjustments. Addressing vitamin D deficiency
through these combined strategies can significantly
decrease osteoporosis incidence, promoting long-
term skeletal health and quality of life.
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