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Introduction: Managing osteoporosis in the elderly, a common issue in aging populations
worldwide, demands effective approaches to lower fracture risk and maintain life quality.
Although calcium and vitamin D provide basic support, strong anti-resorptive drugs such as
zoledronic acid are frequently required. This review compiles evidence on using zoledronic
acid together with calcium and calcitriol to treat primary osteoporosis in older adults.
Methods: A narrative literature review was performed. Searches were conducted in
electronic databases like PubMed, Scopus, and Web of Science for pertinent clinical trials,
meta-analyses, and review articles published through 2024. Important search terms were
"zoledronic acid," "senile osteoporosis,” "bone mineral density," "bone turnover markers,"
"calcitriol," and "quality of life." Emphasis was placed on studies involving older populations
and combinations of these treatments.

Results: Strong evidence shows that triple therapy (zoledronic acid, calcium, and calcitriol)
is more effective than dual therapy (calcium and calcitriol alone) in substantially raising
bone mineral density (BMD) at the lumbar spine, femoral neck, and hip. It creates a better
bone metabolic state, marked by a significant reduction in resorption markers (CTX-1) and
a subtle adjustment of formation markers (PINP, Osteocalcin). This treatment also leads to
greater enhancements in quality of life scores (QUALEFFO-41) and shows a tolerable safety
profile, with short-lived acute-phase reactions being the most frequent side effects.
conclusion: The combination treatment provides a synergistic, multi-target strategy.
Zoledronic acid strongly hinders osteoclast-driven bone resorption, while calcium and
calcitriol maintain a positive calcium balance and directly affect bone cell activity. This leads
to stronger bones, decreased fracture risk, and better patient well-being. Long-term
adherence and uncommon side effects are still factors to consider, but the benefit-risk
balance is very positive for high-risk elderly patients.
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Introduction

fractures, especially of the hip and spine, are enormous,

Osteoporosis, a systemic bone condition defined by
weakened bone strength leading to higher fracture risk,
is a major global public health issue [1]. Its occurrence
rises with age, making osteoporosis in the elderly a
primary worry in our growing aging population [2]. The
economic and social costs linked to osteoporotic
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often causing long-term disability, loss of independence,
and higher death rates [3, 4].

The development of osteoporosis in the elderly
involves multiple factors, centered on an imbalance in
bone remodeling where bone removal by osteoclasts
exceeds bone building by osteoblasts [5]. Age-related
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elements like falling hormone levels, decreased dietary
calcium uptake, inactive lifestyle, and reduced kidney
production of active vitamin D (calcitriol) add to this
faster bone loss [6, 7]. The clinical result is a steady drop
in Bone Mineral Density (BMD) and worsening of bone
microstructure [8].

Diagnosis and treatment rely on BMD measurement
through Dual-Energy X-ray Absorptiometry (DXA) and
evaluation of biochemical Bone Turnover Markers
(BTMs) [9, 10]. BTMs such as C-terminal telopeptide of
type I collagen (CTX-1) for resorption and N-terminal
propeptide of type I procollagen (PINP) for formation
give a dynamic view of bone metabolism, enabling
tracking of treatment response [11, 12].

Drug treatment often merges basic nutritional
support with specific anti-resorptive or bone-building
agents. Calcium and vitamin D supplements are widely
advised to fix deficiencies and lessen secondary
hyperparathyroidism [13, 14]. Among anti-resorptive
drugs, bisphosphonates are the primary treatment.
Zoledronic acid, a powerful third-generation nitrogen-
containing bisphosphonate, is given as a yearly
intravenous infusion, ensuring high adherence and
offering strong suppression of osteoclast function [15,
16].

This review aims to thoroughly assess current
evidence on the effectiveness and safety of combining
zoledronic acid with calcium and calcitriol for treating
osteoporosis in the elderly. We will critically examine its
effects on BMD, its specific impact on key BTMs, how it
leads to better quality of life for patients, and its overall
safety, offering a consolidated reference for clinicians
managing this complex condition.

Methods

This narrative review was done to combine and
critically evaluate existing literature on using zoledronic
acid with calcium and calcitriol for osteoporosis in the
elderly. A systematic literature search was performed
using major electronic databases, including
PubMed/MEDLINE, Scopus, and Web of Science, for
articles published from 2000 to 2024. The search
strategy used a mix of Medical Subject Headings (MeSH)
terms and keywords: ("zoledronic acid" OR
"bisphosphonates”) AND ("senile osteoporosis” OR
"primary osteoporosis” OR "elderly") AND ("calcium"
OR "calcitriol” OR "vitamin D") AND ("bone mineral
density" OR "BMD") AND ("bone turnover markers" OR
"CTX-1" OR "PINP" OR "osteocalcin") AND ("quality of
life" OR "QUALEFFO").

Inclusion criteria covered: (1) original research
studies (randomized controlled trials, cohort studies);
(2) systematic reviews and meta-analyses; (3) studies
focusing on human subjects aged 65 years and older

diagnosed with primary osteoporosis; and (4) articles
published in English. Exclusion criteria were: (1) studies
on secondary osteoporosis; (2) studies involving other
anti-osteoporotic drugs as the main intervention (e.g.,
denosumab, teriparatide) without a zoledronic acid
comparison; and (3) case reports and editorials.
Retrieved articles were screened by title and
abstract, and potentially relevant full-text articles were
evaluated for eligibility. Data extraction focused on
study design, patient demographics, intervention details
(dosage, duration), comparison groups, and outcomes
related to BMD, BTMs, fracture occurrence, quality of
life, and adverse events. The findings were combined
narratively to give a comprehensive overview.

Results

Impact on Bone Mineral Density (BMD)

A consistent result from many studies is the greater
effectiveness of the zoledronic acid-calcium-calcitriol
combination in raising BMD compared to calcium and
vitamin D alone. A key randomized controlled trial by
Black et al. showed that yearly infusions of zoledronic
acid over 3 years greatly lowered vertebral, hip, and
non-vertebral fractures in postmenopausal women,
along with significant BMD increases at the lumbar spine
and hip [17]. This effect is especially strong in the
elderly. Studies focusing on older populations indicate
that one year of triple therapy leads to notably larger
BMD gains at the lumbar spine (L1-L4), femoral neck,
and total hip compared to dual therapy [18]. The annual
infusion format directly tackles the problem of poor oral
adherence, which is common in the elderly and a major
reason for treatment failure with oral bisphosphonates
[19].

Effects on Bone Turnover Markers (BTMs)

The combination treatment causes a distinct and
strong suppression of bone turnover. Zoledronic acid
leads to a quick and deep decrease in bone resorption
markers, particularly serum CTX-1, often within days to
weeks of administration [20]. The formation marker
PINP also falls, reflecting the linked reduction in bone
formation after resorption is suppressed [21]. However,
a subtle observation in some studies is a relative rise or
stabilization of osteocalcin levels with combination
therapy compared to dual therapy, which might indicate
a complex, direct, or indirect bone-building effect on
osteoblasts under the influence of calcitriol and the
changed bone environment [22, 23]. This biomarker
pattern—deep suppression of resorption with a
possibly maintained formation signal—is believed to
create a favorable setting for a net gain in bone mass and
better mineralization [24].
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Improvement in Quality of Life (QoL) and Fracture
Reduction

Osteoporosis greatly harms health-related quality of
life (HRQoL) due to pain, physical limitations, and
psychological distress [25]. The QUALEFFO-41
questionnaire is a validated disease-specific tool to
measure this impact [26]. Research shows that
treatment with zoledronic acid combination therapy
leads to significantly larger improvements in
QUALEFFO0-41 scores across all areas—including pain,
physical function, and mental health—compared to
starting levels and to calcium/vitamin D only groups
[27]. This improvement is closely connected to the
drug's effectiveness in reducing fracture occurrence.
The HORIZON-Pivotal Fracture Trial confirmed that
zoledronic acid cuts the risk of new vertebral fractures
by 70% and hip fractures by 41% over three years [17],
an effect that directly results in less pain, disability, and
the related decline in QoL [28].

Safety and Tolerability Profile

The safety profile of zoledronic acid in the elderly is
generally positive and well-documented. The most
common side effects are acute-phase reactions (APRs)
happening within 3 days of the first infusion, including
fever, muscle pain, joint pain, and headache, which are
temporary and can be managed with pain relievers like
acetaminophen [29, 30]. Pre-treatment with calcium
and calcitriol is essential to prevent low calcium levels,
a risk that is higher in people with vitamin D deficiency
[31]. Other concerns with long-term bisphosphonate
use, like atypical femoral fractures (AFF) and
osteonecrosis of the jaw (ON]J), are rare, with estimated
incidence rates very low (3-50/100,000 patient-years
for AFF and <1% for ON]) [32, 33]. The general
agreement is that the major benefit in preventing
disabling fragility fractures in a high-risk elderly
population far exceeds these potential risks [34].

Discussion

This review combines strong evidence that the mix
of zoledronic acid, calcium, and calcitriol forms a highly
effective and synergistic regimen for managing
osteoporosis in the elderly. The treatment success of this
combination lies in its multi-targeted approach.
Zoledronic acid acts as the main force, directly and
powerfully inhibiting osteoclast activity and survival,
thus greatly reducing bone resorption [35]. Meanwhile,
calcium and calcitriol supply the essential material and
hormonal control needed for bone mineralization and
balance. Calcitriol increases intestinal calcium
absorption, lowers parathyroid hormone (PTH), and
may have direct positive effects on osteoblasts, possibly
explaining the observed favorable changes in
osteocalcin [36, 37].

The significant BMD improvements at key fracture
sites, together with the unique BTM pattern of deeply
suppressed resorption with a potentially kept formation
signal, provide a strong biological basis for the seen
reduction in fracture risk [38, 39]. This biochemical and
densitometric effectiveness directly translates to the
clinical area, where patients report meaningful
improvements in pain, physical function, and overall
quality of life.

Despite its effectiveness, several points must be
noted. Long-term bisphosphonate use (>3-5 years) calls
for regular re-assessment of the benefit-risk ratio for
individual patients, leading to the idea of a "drug
holiday" for some low-to-moderate risk patients [40,
41]. However, for frail elderly patients at high fracture
risk, continuing treatment is often suggested [42]. Also,
kidney function must be checked before each infusion,
as zoledronic acid is not recommended for patients with
severe kidney impairment (e.g., CrCl <35 mL/min) [43].

Future research should focus on personalized
medicine approaches, possibly using baseline BTMs to
predict the level of response to zoledronic acid therapy
[44]. Studies looking at the sequential or combined use
of zoledronic acid with bone-building agents like
teriparatide are also promising paths for patients with
very severe osteoporosis [45]. Finally, real-world
evidence studies with follow-up beyond ten years will
further strengthen our understanding of the very long-
term safety and effectiveness of this powerful
combination therapy.

Conclusion

In summary, the combination of yearly zoledronic
acid infusion with daily calcium and calcitriol
supplements is a fundamental part of managing
osteoporosis in the elderly. It provides better results in
increasing BMD, normalizing bone metabolism,
lowering fracture risk, and improving quality of life
compared to nutritional support alone. While
watchfulness for rare side effects is needed, the overall
safety profile is acceptable, making this triple therapy a
strong and dependable strategy to fight the disabling
effects of osteoporosis in the aging population.
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