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 Abstract: Zoledronate (or zoledronic acid) represents a standard (guideline-based) approach in the 
area of anti-resorptive medication (namely, an annual 15-minute perfusion of 5 mg for os-teoporosis 
treatment), while the same drug (with doses/regimes variations) is used for other bone metabolic 
conditions such as Paget’s disease of the bone or skeleton metastasis originating from different 
cancers. The objective of this narrative review was to highlight the most recent published data with 
respect to zoledronic acid use as part of the complex clinical management amid primary 
osteoporosis in addition to other osteo-metabolic clin-ical entities. This was a research based on 
exploring PubMed database with respect to the search words “zoledronic acid” and “primary 
osteoporosis”. We included highly relevant (from the clinical perspective), English-published, full-
length articles that have been re-cently published (between January 2023 and March 2024). From 249 
results, 31 articles met the inclusion timeline criteria across the 15-month analysis and the final 
results were based on data provided from 16 articles. Important insights concern not only the 
zoledronic acid administration, the efficacy and the safety profile, but, also, an extension on daily 
indications with concern to diabetic bone disease, liver osteodystrophy, osteogen-esis imperfecta or 
Paget’s disease of the bone. 
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1. Introduction 

Rehabilitation amid the diagnosis of primary osteoporosis includes a meticulous and 
complex multidisciplinary approach underlying specific medication against osteoporosis, 
vitamin D replacements, calcium supplement, physical exercise according to the patient’ 
general health status and training level, fracture prevention including fall-related 
mitigation during day by day activity, a prompt correction (if feasible) of the risk factors 
for bone loss and further osteoporotic fractures, etc. [1-3]. Zoledronate (or zoledronic acid) 
represents a standard (guideline-based) approach in the area of anti-resorptive medication 
(namely, an annual 15-minute perfusion of 5 mg for primary osteoporosis), while the same 
drug (with doses/regimes variations) is used for other bone metabolic conditions such as 
Paget’s disease of the bone or skeleton metastasis originating from different cancers, etc. 
[4-6]. 

The objective of this narrative review was to highlight the most recent published data 
with respect to zoledronic acid use as part of the complex clinical management amid 
primary osteoporosis in addition to other skeletal or osteo-metabolic clinical entities. 

 
2. Evidence-based literature data 

 
2.1.  Zoledronic acid-related highlights  

Despite current guidelines, an individual decision is required and the background of 
one prescriber in addressing all the anti-osteoporotic drugs as well as local protocols of 
reimbursement should count in real world settings [7]. A stratified intervention based on 
the level of fracture risk was recently shown to be more effective than conventional 
approach [8]. Modern era-related gaps in prescribing bisphosphonates involve the 
optimum duration therapy, the biomarkers of drugs holiday and consecutive decision of 
re-starting anti-osteoporotic therapy [9]. A recent study on Norway showed an 
encouraging decline of hip fracture rates which is related to the reduction of fracture risks 
(counting for two-thirds of the decline) and access to an adequate anti-osteoporotic 
medication (counting for one-fifth of the decline) [10]. Additional treatment groups 
include not only patients with primary osteoporosis, but also with bone metastasis (for 
instance, from mammary or lung carcinomas, etc.), and secondary osteoporosis including 
glucocorticoids-related and the bone disease associated with primary 
hyperparathyroidism, etc. [11-20].  

The involved population (a part form menopausal women and male seniors diagnosed 
with osteoporosis) also includes pediatric group confirmed with bone loss that might 
represent a zoledronate candidate; yet, the long-term skeleton impact and the interplay 
with the peak bone mass achievement should be taken into consideration [21-25]. A study 
in osteoporotic children who received either at least one dose of pamidronate or 
zoledronic acid analyzed the bone impact of such medication with respect to the 
originating type of bone loss, namely, osteogenesis imperfecta (N = 21) or non-
osteogenesis imperfecta (N = 10, and half of them had idiopathic juvenile osteoporosis). 
According to the study’ data, the subjects statistically significant increased their bone 
mineral density (BMD) height-adjusted Z-score from a mean of 3.39 to -0.95. The number 
of fragility fractures decreased from an average 2.28 to 0.29 in association to a statistically 
significant reduction of the associated pain. On the other hand, within the sub-groups, 
pamidronate (N = 21) versus zoledronic acid (N = 4 individuals and another 6 subjects 
who received zoledronate following the use of pamidronate) showed a similar profile [26]. 
 
2.1.1. Musculoskeletal pain following the drug infusion  

Musculoskeletal pain, fever, asthenia, headache, flue-like symptoms, chills, back pain, 
joints pain, and/or an elevation of the acute inflammatory reaction markers have been 
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reported in 10% to 70% of the zoledronate users (mostly upon first time infusion); they are 
reported immediate after administration (in a matter of hours) up to 3-5 days, that is why 
a careful outpatient education is required (even hospitalization for one to several days in 
subjects who pose additional cardiovascular and renal risks) [27-30]. 

Acute phase (inflammatory) response, the most frequent side effect of zoledronic acid, 
is related to its immunomodulatory effects. Acetaminophen (500 mg two to four times per 
day) or acetaminophen plus dexamethasone (4 mg per day) were used for 3 to 7 days to 
address this issue [31-34]. Lately, new pathogenic traits of the musculoskeletal pain have 
been proposed; for instance, the drug targets not only the PV1 channel for 
osteoblastogenesis, but, also, the TRPV1 channel which is related to the bone pain [35-37]. 
Older studies also have showed that using vitamin D even in high doses (for example, 300, 
000 IU 5 days before the infusion), not only the adequate correction of vitamin D 
deficiency, might reduce the intensity and the prevalence of such reactions and currently 
a prompt vitamin D replacement is required before drug administration [38,39]. 

The prediction of the muscle and bone pain upon the infusion of zoledronic acid was 
addressed in one study that enrolled 368 individuals with primary osteoporosis treated 
with the drug (as first administration of zoledronate). This study was conducted between 
2019 and 2022 and the patients were grouped into those who experienced such elements 
during the first three days after perfusion (N = 258) and those who did not (N = 110). The 
first point was that more than half of the cohort showed to some degree various fever-like 
symptoms. A normogram was created via statistically significant predictors of the 
musculoskeletal pain, namely: the lack of using non-steroid inflammatory drugs; the age 
of 80 years and below; a serum level of 25-hydroxyvitamin D less than 30 ng/mL, and lack 
of pre-infusion administration of vitamin D and a body mass index less than 24 kg/sqm 
[40]. 

We also mention a meta-analysis from 2023 that evaluated the profile of zoledronic 
acid versus alendronate for primary osteoporosis according to a search of three databases, 
from Inception until April 2022 (n = 8 studies enrolling a total of 1863 subjects). Pooled 
estimates showed a similar lumbar BMD increase after one year, respectively, two years 
as well as, a similar bone turnover markers profile with regard to the two mentioned 
medications. Concerning their negative effects, as expected, the rate of adverse events 
amid 3-day period following the zoledronic acid infusion was higher (a relative risk of 
2.27, 95% confidence interval of 1.6 to 3.21), while the gastrointestinal adverse events were 
less frequent (relative risk of 0.6, 95% confidence interval of 0.44 to 0.83) [41]. 

An alternative to acetaminophen to manage the issues of flu-like symptoms was 
proposed and even used according to some protocols oral dexamethasone [42]. Moreover, 
ibuprofen, pravastatin or fluvastatin have been proposed, but not with convincing results 
[43-46]. A study from 2023 analysed the effects of oral dexamethasone (4 mg) application 
before and two days after zoledronic acid infusion. This was a randomized, Placebo-
controlled, double-blind study that enrolled 60 subjects with osteoporosis. Both groups 
(dexamethasone or Placebo) were allowed to co-use anti-inflammatory drugs. A 
statistically significant (oral) temperature decrease was found in dexamethasone versus 
Placebo group (p < 0.0001), as well as a decrease of the acute phase response-associated 
symptoms (p = 0.0005) [47]. 

Of note, adrenal crisis has been exceptionally reported in patients who were offered 
zoledronic acid, while being prior known with a chronic adrenal failure [48-50]. In 2022-
2023, a similar unusual case was reported upon first infusion on a 70-year-old female who 
was previously diagnosed with Addison’s disease [51]. This aspect stands for a very 
important, fortunately very rare, side effect and awareness should be noted. 
 
2.1.2. Cardiovascular safety of zoledronic acid 

Zoledronic acid requires a particular attention in patients with a high-risk profile 
regarding cardiovascular diseases [52-54]. Moreover, denosumab has been proven to be 
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an alternative with a better safety profile in the issue of elevated cardiac risk [55,56]. A 
meta-analysis published in 2024 searched nine databases and finally included nine 
randomized controlled studies that evaluated patients with primary osteoporosis who 
were treated with zoledronic acid versus Placebo. These studies (from Inception until 
April 2023) enrolled subjects who potentially experienced cardiovascular events; the risk 
ratio was of 1.15 (95% confidence interval was between 1.05 and 1.26, p = 0.002) for 
zoledronic acid versus Placebo, while the risk of major cardiovascular events was similar 
between these sub-groups of individuals (p = 0.71). The risk of atrial fibrillation showed a 
tendency of being higher (p = 0.06) under zoledronic acid when compared to Placebo. The 
relative risk regarding any type of arrhythmia was of 1.3 (95% confidence interval between 
0.99 and 1.11 and 1.52, p = 0.001) with concern to the zoledronic acid administration [57]. 

Hence, a similar meta-analysis from 2023 also evaluated the electrocardiogram changes 
before and after intravenous bisphosphonates and there was not enough evidence to 
support these anomalies following the injection [58]. However, when it comes to the 
conflicting results in the area of atrial fibrillation, another meta-analysis from 2022 
included twelve studies; after additional exclusion to heterogeneity of the reported 
parameters and results, there was a statistically significant association between the risk of 
this arrhythmia and zoledronic acid administration (mostly starting with the second day 
following the infusion) in Western individuals (odds ratio of 1.262; 95% confidence 
interval between 1.092 and 1.462) [59]. Some studies in other populations, including Asian, 
have been done, too, also addressing patients with bone metastases, not only osteoporosis; 
yet, with no clear results, but vigilance is advised [60-64].  
 
2.1.3. Renal involvement upon zoledronic acid use 

After a single zoledronic acid infusion (5 mg), approximately 60% of the drug is rapidly 
received by the bone, while 40% is washed out via renal function [66-67]. Thus, a transitory 
increase of the blood creatinine may be found in some patients, but a (sustained) gradual 
decrease of the renal function in seniors with primary osteoporosis who were yearly 
treated with 5 mg zoledronate is rather the effect of aging than of repeating the drug 
administration [68-70]. However, particularly in high risk population for renal anomalies, 
the negative effect on the kidney has been reported in 1% up to 25% of the studied 
population depending on the age, co-morbidities, and drug regime [71-73].  

The heterogeneous data with respect to the potential renal implications relates to the 
bias of defining renal involvement in terms of using blood creatinine and clearance 
creatinine levels, eGFR (estimated glomerular filtration rate), and timing of the renal 
function assessments (from one to ten days following the infusion up to one year). Some 
authors also suggested that current formulas of calculating the renal function should be 
adjusted to the studied population since they might not adequately show the real 
influence of the drug (if any) [74-76]. 

Generally, zoledronic acid is contraindicated in patients with a clearance creatinine 
below 35 mL/min; a dose adjustment (a reduction to 4 mg or 3 mg per administration for 
osteoporosis) is required in subjects with a clearance creatinine below 60 mL/min. Recent 
recommendations include a more prolonged infusion (for instance, from 15 min to 30 min) 
in order to avoid the acute renal effects of the drug [77-81]. A recent large, single-centre 
retrospective study enrolled 1379 subjects treated with zoledronic acid for primary 
osteoporosis (between 2008 and 2020). Only the subjects who had an eGFR of at least 60 
mL/min/1.73 sqm were included; they were checked-up after one year in terms of having 
a lower eGFR than 60 mL/min/1.73 sqm or a decrease of baseline eGFR more than 25% 
(this was defined as “renal impairment” in this study). Across the studied population, 8.95% 
experienced this type of renal impairment following a single zoledronate infusion and this 
sub-group had a statistically significant higher prevalence of risk factors such as older age, 
smoker status, high blood pressure plus diabetes mellitus, a Charlson Comorbidity Index 
of at least 5 and a baseline eGFR lower than 90mL/min/1.73 sqm. Also, the patients who 
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were treated with an annual infusion for three years versus those who received only one 
infusion for three years had a lower eGFR during follow-up [82]. 
 

2.2.  Peri-prosthetic bone loss prevention  
Complicated osteoporosis with fragility fractures that requires a surgical correction 

poses an additional issue in terms of the most efficient anti-osteoporotic drug to ensure a 
rapid and prolonged recovery following the prosthetic intervention for vertebral and hip 
fractures [83-85]. A meta-analysis (from 2024) with concern to the peri-prosthetic bone loss 
(at proximal femur) after total hip arthroplasty included a search of six databases and 
finally analysed 22 cohorts (these were randomized controlled studies enrolling a total of 
1243 subjects). The efficacy and safety of all anti-osteoporotic drugs was analysed after 12 
months since intervention, as following (depending on Gruen zones): bisphosphonates, 
denosumab and teriparatide were more effective versus Placebo (zone 1); teriparatide was 
more effective versus Placebo for zone 7, respectively, denosumab was more effective 
versus Placebo for zones 6 and 7 [86]. This novel analysis shows the importance of 
addressing the osteoporosis treatment before surgery for osteoporotic fractures (if feasible) 
or immediate after surgery for osteoporotic fractures with consideration on the fracture 
healing process and avoidance of the peri-prosthetic bone loss [87-89]. Of note, prior 
studies also specifically focused on the role of zoledronic acid in decreasing the accelerated 
peri-prosthetic bone loss at different joints replacement [90-92]. 

Notably, zoledronic acid combined with percutaneous kyphoplasty had been used in 
adults with osteoporotic fractures at vertebral site (of compression type) [93-95]. A 
randomized, prospective, multi-centric study on 238 menopausal subjects diagnosed with 
osteoporotic vertebral compression factures were treated only with percutaneous 
kyphoplasty (N =119) or additional zoledronic acid infusion (N = 119). The visual analog 
scale was higher versus baseline in both groups. BMD at the proximal femoral neck and 
the height of the vertebra with fracture were higher versus baseline, while the suppression 
of the bone turnover markers was registered only upon zoledronate acid [96]. 
 
2.3. Post-operative tendon healing  

Other additional benefits of the zoledronic acid infusion involved the rotator cuff 
repair healing that should take into consideration the co-presence of osteoporosis and 
associated treatment such as bisphosphonates. Post-operatory administration of 
zoledronate may improve the post-surgery outcome in these patients [97-99]. 

In addition to these osteoporotic circumstances, we mention the use of 
bisphosphonates as osteoclast-mediated resorption inhibitor that might take place after an 
acute spinal cord injury [100]. A meta-analysis from 2023 included seven cohorts 
(randomized controlled trials) to address this issue across a search in several databases 
and the results showed a lower BMD loss at central sites (lumbar, total hip and femoral 
neck), but not in distal femur after 6, respectively, 12 months in the group treated with 
bisphosphonates versus controls, thus their early administration might help [101]. 
 
2.4. Diabetic bone disease: type 2 diabetes mellitus-related “sweet bones” 

Type 1 diabetes mellitus has been widely recognized as a risk factor for osteoporosis, 
but during the latest decade, type 2 diabetes (despite older views) gained a massive place 
amid contributors to the bone loss and consecutive low-trauma or spontaneous fracture 
[102-104].This aspect comes, not only across multiple pathogenic features that are 
currently more or less understood, but also it is essential to be addressed and adequately 
recognized amidst daily multidisciplinary practice because of the elevated 
epidemiological impact of the condition in modern era [105-107]. A blunt profile of the 
bone turnover markers is associated with a deteriorated bone microarchitecture in this 
disease as reflected by a low lumbar DXA (Dual-Energy X-Ray Absorptiometry)-derivate 
TBS (Trabecular Bone Score); additional elements are low vitamin D, diabetic sarcopenia, 
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a higher risk of falls (due to glycaemia diurnal variations as well as impaired visual field 
and changes of the blood pressure during daytime), and potential negative effects on the 
skeleton health due to by some anti-diabetic drugs [108-110]. Current topics that are less 
understood are related to the specific effect of the anti-diabetic medication on increased 
fracture risk, the reflection of the disease control to the bone status and the issue of finding 
the best interventional strategy to address osteoporosis in type 2 diabetic adults [111-115]. 

In 2023, the launch of a multi-centre, interventional, randomized, open, prospective 
trial was done in this specific matter: menopausal osteoporotic females older than 50 years 
who were confirmed with type 2 diabetes mellitus (for at least five years before) and had 
prevalent fractures at various osteoporotic sites or BMD T-score adjusted for diabetes of -
2.5 or lower associated with a high fracture risk according to FRAX algorithm will be 
treated either (randomization 1 to 1 to 1) with zoledronic acid (5 mg per year), denosumab 
(twice per year) or daily teriparatide for 18 months. The results concerning the values of 
BMD, TBS, bone turnover markers, and high resolution-peripheral quantitative computed 
tomography assessments are expected to highlight the current gaps in the management of 
diabetic bone disease [116]. 
 
2.5. Paget’s disease of the bone  

Zoledronic acid has gained a large interest in being extremely useful for Paget’s disease 
of the bone; this is described in terms of achieving clinical, biochemical and radiological 
control of the condition [117-119]. The protocol of a single 5 mg injection followed for a 
few years with a good disease control is mostly used; alternatively, a 5 mg every 6 month 
for the first year since diagnosis has been used; also, oral bisphosphonates in higher doses 
than seen in menopausal osteoporosis have been proposed, as well as subcutaneous 
denosumab [120-122]. 
 One retrospective study in adults (aged of at least 18 years) diagnosed with Paget’s 
disease of the bone followed the drug intervention amid data collection between 1973 and 
2023. The patients were either treated with zoledronic acid (N = 68) or other option (N = 
33). The entire cohort (N = 101, average age of 65.2 years, 47% were women; 77% had 
mono-ostotic type and 3% of the cohort had pathological fractures; mean alkaline 
phosphatase at baseline was of 160 U/L) had a median duration since first diagnosis was 
of 17 years for each sub-group. Biochemical therapeutic response was achieved in a higher 
rate amid zoledronic acid use (in 88% within the first sub-group versus 52% in the non-
zoledronic sub-group, p = 0.004), while alkaline phosphatase (as serum marker of the bone 
disease control) was lower after zoledronic acid versus non-zoledronic group. Of note, the 
Paget’s disease control amidst the application of the zoledronate was registered regardless 
the total number of infusions, a practical aspect which is still a matter of debate [123].  
 Modern approach of the Paget’s disease of the bone takes into consideration the 
genetic influence that, however, cannot dismiss the epigenetic elements; for instance, 
pathogenic variants of SQSTM1 gene have been mostly described; yet, studies addressing 
other influences such as those related to WNT16, PFN1, CAPN2, and ZNF687 genes are 
still an open issue [124-126]. Understanding the genetic rationale makes sense, among 
others, in managing an adequate therapeutic intervention, for instance, whether some 
candidates are more suitable to be treated with zoledronic acid or denosumab as a major 
step of intervention, particularly in the early stages to an overall better outcome [127,128].  
 We mention a most interesting randomized trial that took into consideration the 
genetic profile in relationship with using zoledronic acid. The authors included 180 
subjects at high risk of Paget’s disease of the bone harbouring SQSTM1 pathogenic 
variants. They were followed for a median of 84 months with respect to new bone sites 
involvement which were statistically significant higher in Placebo group versus 
zoledronic acid (a dose of 5 mg) group (odds ratio of 0.08, 95% confidence interval between 
0 and 0.42, p = 0.003), suggesting an early bisphosphonate intervention might help the 
outcome of the condition [129].  
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2.6. Osteogenesis imperfecta  

Osteogenesis imperfecta represents an important (brittle) bone metabolic condition 
underlying a genetic background with respect to the collagen that overall causes bone 
fragility at early age [130-132]. Pharmacologic intervention in this specific area helps this 
unwanted outcome, particularly, bisphosphonates and, potentially, teriparatide (but this 
depends on each country protocol and it might be on the experimental side at this point 
in many centres). Alternatively, novel agents such as setrusumab are under evaluation 
[133-135]. However, the level of statistical evidence remains heterogeneous. We mention 
the launching of a randomized trial in sequential therapy (teriparatide followed by 
zoledronic acid) in order to reduce the fragility fracture risk in adults with osteogenesis 
imperfecta. The regimes are the ones currently used for primary osteoporosis, namely 
daily teriparatide (20 µg, subcutaneous, for 2 years) followed by a single intravenous 
infusion of 5 mg zoledronic acid versus standard care according to current guidelines [136]. 
 
2.7. Hepatic osteodystrophy  

Liver osteodystrophy, a relative recent entity, displays a large area of bone loss and 
increased osteoporotic fracture risk in patients with liver cirrhosis; this is mostly 
important in transplant candidates since it might interplay with the general health status 
and the overall prognosis [137-140]. Additionally, irrespective of the aetiology, a high rate 
of vitamin D deficiency has been reported in patients with liver osteodystrophy [141]. 
Poor nutritional status, anaemia, malabsorption, digestive haemorrhage, low body mass 
index, endocrine anomalies of IGF1 (Insulin-like Growth Factor), myokines, adipokines, 
and cytokines are prone for a bone turnover damage [142-144]. 

Data with concern to the best treatment strategy for hepatic osteodystrophy-related 
osteoporosis are scarce; generally, the approach is similar to the primary menopausal 
osteoporosis, including the use of zoledronate. A randomized, double blind, Placebo-
controlled study in 36 subjects with cirrhosis were treated with zoledronic acid, a single 
infusion of 4 mg/100 mL of normal saline (N = 19), respectively Placebo (N = 17) and then 
assessed after one year with concern to the lumbar BMD that showed an increase of 5.11% 
versus 0.72% (p = 0.008) without differences with concern to TBS. The rate of the incidental 
vertebral fractures was the same, but the bone resorption marker β-CTX (beta-C-terminal 
telopeptide) was statistically significant decreased in treated subgroup (but not the bone 
formation markers). Of note, one third of the subjects treated with zoledronic acid 
experienced early post-infusion mild side effects such as fever or myalgia [145]. These 
novel data are promising for the control of bone loss amid chronic liver diseases that 
otherwise might follow a better scenario upon becoming hepatic recipients [146,147]. 
 
3. Discussion 

Further research should include novel multidisciplinary areas in the field of using 
zoledronic acid. One of the most interesting hypotheses is that zoledronate, as well as 
other aminobisphosphonates such as pamidronate or alendronate, might work as latency-
reversing agents in order to help the immune system to eliminate a latent viral infection 
as HIV-1. Current ex vivo experiments need clinical validation studies to reveal the 
applications in humans [148-154]. 

Other field yet to be explored relates to the understanding of the best biomarkers of 
immune modulation amid anti-proliferative effects in patients diagnosed with breast 
cancer [153]. While currently zoledronic acid is part of the standard care in this condition, 
the anti-tumour mechanisms are incompletely known so far. It seems that zoledronate 
modifies the rate of tumour infiltrating lymphocytes in originating mammary neoplasia 
and associated metastases and further research is mandatory for a better outcome [153-
158]. 
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Another very important issue that represents a part of the modern early post-COVID-
19 pandemic era involved the potential of osteoporosis aggravation in patients who 
underwent coronavirus infection and this is still on open issue. Many (multidisciplinary) 
conditions [159,160] have been complicated by the mentioned infectious disease or even 
by the access to the medical care (including therapy with intravenous bisphosphonates) 
during pandemic restrictions; nevertheless, osteoporosis domain was one of them [156-
168].  

 
4.   Methods  

This was a research based on exploring PubMed database with respect to the search 
words “zoledronate” and “primary osteoporosis”. We included highly relevant (from the 
clinical, multidisciplinary perspective), original, English-published, full-length articles 
that have been recently published (between January 2023 and March 2024). From 249 
papers, 31 articles met the inclusion criteria across this 15-month analysis and the final 
results presentation particularly addressed 16 of them. (Table 1) 
 
Table 1. Synopsis of analyzed studies according to our methods (the displays in based on 
the references’ order) [10,26,40,41,47,57,58,82,86,96,101,116,123,129,136,145] 

Num
ber 

First author Year of 
publica
tion  

Study design  Outcome: focus on zoledronate 
infusion  

Reference 
number 

1 Kjeldgaard 2023 population-based study  decline of hip fracture rates 
amid control of fracture risks 
and medical intervention (anti-
osteoporotic drugs, including 
zoledronate) 

[10] 

2 Kızılcan 
Çetin 

2023 interventional study on 
osteoporotic children  

pamidronate or zoledronate 
improved bone mineral density  

[26] 

3 Zheng 2023 interventional study in 
primary osteoporosis  

half of the patients receiving 
zoledronate had flu-like 
symptoms  

[40] 

4 Wang 2023 meta-analysis comparing 
the efficacy of zoledronate 
versus alendronate in 
primary osteoporosis  

similar improvement of bone 
mineral density after one and 
two years  

[41] 

5 Murdoch 2023 a randomized, Placebo-
controlled, double-blind 
study in osteoporotic 
patients  

a reduction of flu-like 
symptoms following 
zoledronate infusion with 4 mg 
oral dexamethasone  

[47] 

6 Liu 2024 meta-analysis on 
cardiovascular effects of 
zoledronate  

similar risk in treated patients 
versus Placebo 

[57] 

7 Shoung 2023 meta-analysis on 
electrocardiogram changes 
amid intravenous 
bisphosphonates  

not enough evidence to support 
the risk of electrocardiogram 
changes  

[58] 

8 Ma 2024 single-centre retrospective 
study in primary 
osteoporosis treated with 
zoledronate  

8.95% of the treated patients 
experienced a renal impairment  

[82] 

9 Hatano 2024 meta-analysis (from 2024) 
with concern to the peri-
prosthetic bone loss (at 
proximal femur) after total 
hip arthroplasty 

efficacy and safety of anti-
osteoporotic drugs (after 12 
months since intervention): 
bisphosphonates, denosumab 
and teriparatide were more 
effective versus Placebo 

[86] 
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10 Liu 2023 randomized, prospective, 
multi-centric study on 
complicated osteoporosis  

both percutaneous kyphoplasty 
and the group with additional 
zoledronic acid infusion 
showed visual analog scale 
increase  

[96] 

11 Ma 2023 meta-analysis to address 
the bone loss following 
spinal cord injury  

all studied bisphosphonates 
improved bone mineral density  

[101] 

12 Prasad 2023 launch of a multi-centre, 
interventional, 
randomized, open, 
prospective trial in primary 
osteoporosis  

zoledronic acid for diabetic 
bone 

[116] 

13 Ayalon-
Dangur 

2024 retrospective study in 
adults (aged of at least 18 
years) diagnosed with 
Paget’s disease of the bone 

biochemical therapeutic 
response was achieved in a 
higher rate amid zoledronic 
acid use 

[123] 

14 Phillips 2024 randomized trial on genetic 
profile in relationship with  
zoledronic acid 

Paget’s disease of the bone 
harbouring SQSTM1 
pathogenic variants: prompt 
response to zoledronic acid 

[129] 

14 Hald 2023 launching of a randomized 
trial in sequential therapy 
(teriparatide followed by 
zoledronic acid) 

expected results to address the 
reduction of  the fragility 
fracture risk 

[136] 

16 Raj 2023 randomized, double blind, 
Placebo-controlled study in 
patients with cirrhosis 
treated with zoledronic 
acid  

improvement of bone mineral 
density versus Placebo (no 
changes of trabecular bone 
score)  

[145] 

 
5. Conclusion 

Important insights concern not only the zoledronic acid administration, the efficacy 
and the safety profile, but, also, an extension on daily indications with concern to the 
diabetic bone disease, liver osteodystrophy, osteogenesis imperfecta or Paget’s disease of 
the bone.  
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