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Abstract. – OBJECTIVE: Zoledronic acid is

widely used in patients with osteoporosis, and
this meta-analysis aims to explore the influence
of zoledronic acid on fracture risk and mortality in patients with osteoporosis or osteopenia.
MATERIALS AND METHODS: We searched
PubMed, Google Scholar, and Cochrane Library
for randomized clinical trials comparing zoledronic acid with control intervention (i.e., placebo or nothing) for osteoporosis or osteopenia.
The fracture and mortality were estimated using
the random-effect model.
RESULTS: 12 randomized trials were included
in this meta-analysis. Compared to control intervention, zoledronic acid was associated with significantly reduced incidence of fracture at the follow-up of 12 months, 24 months, 36 months and
72 months. In addition, zoledronic acid could remarkably reduce mortality at 12 months and 24
months than control intervention but revealed no
influence on mortality at 36 months or 72 months.
In terms of adverse events, zoledronic acid might
result in the increase in serious atrial fibrillation
and death from stroke than control intervention.
CONCLUSIONS: Zoledronic acid is beneficial
to reduce the incidence of fracture, while its benefits to reduce the mortality are only observed at
the follow-up time of 24 months.
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Zoledronic acid, Fracture, Mortality, Meta-analysis.
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Introduction
Primary osteoporosis occurs frequently in elderly patients, especially postmenopausal women1-4.
Osteoporosis is characterized by reduced bone
quality and bone mass5-7. The most serious conse1564

quence of osteoporosis is brittle fractures, which
results in substantially reduced quality of life and
increased mortality rate8-11. Many preventive and
therapeutic drugs have been developed to reduce
the serious consequences of osteoporosis12-15.
Zoledronic acid is the third generation of bisphosphonate to treat osteoporosis by promoting osteoclast apoptosis and inhibiting bone resorption16-18.
It is preferred over oral bisphosphonates because of
the intravenous injection at the interval of 1 year19. In
the HORIZON Recurrent Fracture Trial involving
1,065 patients, intravenous zoledronic acid at a dose
of 5 mg yearly was associated with the reduction in
new clinical fractures and improved survival20.
A total of 3, 889 patients with postmenopausal osteoporosis were included in the HORIZON Pivotal
Fracture Trial, and once-yearly infusion of zoledronic acid was documented to significantly improve
bone mineral density (BMD) and reduce the risk of
fracture but demonstrated no evident reduction in
mortality21. In the frail elderly women with osteoporosis, zoledronic acid was associated with improved
BMD over 2 years, but non-significant difference of
fracture and mortality rates were observed between
zoledronic acid and control intervention22.
Numerous randomized trials have explored zoledronic acid for the treatment of osteoporosis18,22-24,
but the effect of zoledronic acid on fracture risk
and mortality has not been well established. Therefore, we performed this meta-analysis to examine
the effect of zoledronic acid vs. control intervention on long-term fracture and mortality.

Materials and Methods
Study Selection and Data Collection
This systematic review and meta-analysis were
performed based on the guidance of the Preferred
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Reporting Items for Systematic Reviews and Meta-analysis statement and Cochrane Handbook for
Systematic Reviews of Interventions25,26.
We have searched PubMed, Google Scholar,
and Cochrane Library up to February 19, 2020,
and used the search terms including “zoledronic
acid”, or “zoledronate”, and “fracture” or “mortality”, and “random”. Two researchers (BH and JQZ)
independently identified randomized trials comparing zoledronic acid with placebo (or nothing) in
patients with osteoporosis or osteopenia. The studies involving cancer were excluded. Reference lists
from potentially relevant articles were checked to
ensure that no studies were missed. The quality of
individual trials was evaluated using the Cochrane
Collaboration’s tool27. Ethical approval and patient
consent were not required because this was a meta-analysis of previously published studies.
Outcome Measures
To allow the consistent definition of follow-up
among trials, the duration of follow-up was calculated from the day of intravenous infusion of
zoledronic acid. The incidence of fracture and
mortality were estimated by the subgroup of different follow-up time periods.
We prespecified subgroup analysis for total
adverse events according to any adverse events,
serious events, serious atrial fibrillation, serious
stroke, death from stroke, myocardial infarction,
and death from cardiovascular causes.
Statistical Analysis
A team consisting of three authors (BH, JQZ,
and MZZ) performed the statistical analyses. We
assessed risk ratio (RR) with 95% confidence intervals (CI) for all dichotomous outcomes. Heterogeneity was evaluated using the I2 statistic, and
I2 > 50% indicated significant heterogeneity28.
The random-effects model was used for all meta-analysis. We searched for potential sources of
heterogeneity when encountering significant heterogeneity. Sensitivity analysis was performed to
detect the influence of a single study on the overall estimate via omitting one study in turn or performing the subgroup analysis.
Discrete data of fracture were presented as
frequencies and were compared with χ² tests between vertebral fracture and non-vertebral fracture, between female and male patients. p-value
<0.05 was considered to have statistical significance. All statistical analyses were done with
Review Manager Version 5.3 or SPSS software,
version 21 (IBM, Armonk, NY, USA).

Role of the Funding Source
The funder of the study (BH) participated in
study design, data collection, data analysis, data
interpretation or writing of the report.

Results
Literature Search, Study Characteristics
and Quality Assessment
The flowchart of the search and selection results were shown in Figure 1. 886 potentially relevant articles were identified initially, and 12 studies involving 14,395 patients were finally included
in this study18,20-24,29-34. When assessing the full-articles, we removed three secondary articles of
HORIZON Recurrent Fracture Trial and HORIZON Pivotal Fracture Trial35-37 and three articles
with no available data38-40. In the continued study
of HORIZON-Pivotal Fracture Trial, two articles
comparing Z6 (continues use of 5 mg zoledronic
acid yearly for 6 years) with Z3P3 (continues use
of 5 mg zoledronic acid yearly for 3 years plus
continues use of placebo for additional 3 years)
or Z9 with Z6P3 were excluded in order to avoid
the effect of previous zoledronic acid on the outcomes41,42.
Among the 12 trials included, 11 trials reported an intravenous infusion of zoledronic acid (5
mg) once a year20-24,29-34, while the remaining trial reported an intravenous infusion of zoledronic
acid (5 mg) once every 18 months for 4 times18.
In the control intervention, patients in two randomized controlled trials (RCTs) received no
drug for intravenous infusion23,29, while patients
in other included RCT received intravenous placebo18,20-22,24,30-34. All patients were female in five
studies18,21,22,29,31 or male in one study24. Baseline,
fracture history, surgical history and inclusion
criteria for the patients were shown in Table I.
All trials were generally considered to have high
quality according to criteria, despite some bias in
allocation concealment and blinding of investigators and patients in two trials23,29 (Figure 2).
Fracture
Among the included RCTs, several studies reported the fracture incidence at the follow-up of 12
months24,29, 24 months20,22-24,31, 36 months21 and 72
months18. In Figure 3, zoledronic acid was associated with significantly reduced incidence of fracture at the follow-up of 12 months (RR=0.28; 95%
CI=0.11 to 0.71; p=0.008), 24 months (RR=0.65;
95% CI=0.49 to 0.87; p=0.004), 36 months
1565

Table I. Characteristics of included studies.
Zoledronic acid group
Number

Age
(years)

Female/
Male (n)

Body-mass
index
(kg/m2)

Zhang et al29

50

64.60 ± 6.70

50/0

26.13 ± 1.81

2

Liu et al23

353

75.41 ±12.54

_

23.54±8.24

3

Reid et al18

1000

71±5.0

1000/0

4

Cengiz et al30

48

76.79 (mean)

5

Greenspan
et al22

89

Bai et al31

242

No.

Author

1

588

7
Boonen et al44

248

1057

10

11

12

1566

Boonen et
al34

Lyles et al 20

Black et al21

Included patients

Postmenopausal women with T-score of -2.5 or
less, isolated compression fracture of single vertebral body of T12
or L1 within 2 weeks
Patients with senile osteoporotic femoral intertrochanteric fracture and internal
fixation, T < −2.5 or T < − 1.0 and
past history of brittle fracture
Women (65 years of age or older) with osteopenia,
T score of −1.0 to −2.5

Age(years)

An intravenous infusion of
zoledronic acid (5 mg) after
percutaneous kyphoplasty

51

63.98 ± 7.51

50/0

26.15±2.23

Vertebral fracture (51/0)

nothing

China

Hip fracture
(353/0)

An intravenous infusion of
zoledronic acid (5 mg) within 1
week after the fracture

129

73.25±13.75

_

22.26±9.55

Hip fracture (129/0)

nothing

China

26.8±4.6

Fracture (364/636)

Four infusions of either zoledronate at a dose of 5 mg (zoledronate
group) at 18-month intervals

1000

71±5.1

1000/0

26.9±4.7

Fracture (374/626)

placebo

32/24

_

Hip fracture (48/0)

5 mg of zoledronic acid via 30
min-intravenous infusion in
postoperative week 2

38

80.28 (mean)

38/20

_

Hip fracture (38/0)

placebo

European, Maori,
Pacific Islander,
East Asian,
Indian, Other
Turkey

85.4±0.6

89/0

28.2±0.6

Vertebral fracture
(46/43)

An intravenous infusion of
zoledronic acid (5 mg) yearly

92

85.5±0.5

92/0

26.9±0.5

Vertebral fracture
(38/54)

placebo

56.50±6.83

242/0

23.44±0.32

Vertebral fracture
(149/93)

An intravenous infusion of
zoledronic acid (5 mg) yearly

241

57.15±6.34

241/0

23.73±0.46

Vertebral fracture
(144/97)

placebo

Vertebral fracture
(183/405)

An intravenous infusion of
zoledronic acid (5 mg) yearly

611

Vertebral fracture
(201/410)

placebo

Hip fracture
(248/0)

A single infusion of zoledronic acid
(5 mg) yearly, first administered
within 90 days after surgical repair
of a hip fracture
A single infusion of zoledronic acid
(5 mg) yearly, first administered
within 90 days after surgical repair
of a hip fracture

260

Hip fracture (260/0)

placebo

66 (50–85),
median
(range)

0/588

72.5±10.3

_

810/244

2731(<75
years)

69.2±3.7

1961(≥75
years)
1065

3875

Methods

Region

Number

172 (<65)/305
(65-74)//440 (7584)/137 (≥85)

9

Fracture history
and type
(yes/no, n)

Methods

_

24.4±4.1

8
Colón-Emeric
et al45

Body-mass
index
(kg/m2)

Female/
Male (n)

6
Boonen et al32

Fracture
history and
type
(yes/no, n)
Vertebral fracture
(50/0)

Control group

79
(<19)/502(19–
25)/441(>25)

Hip fracture
(1057/0)

_

25.1±4.4

Vertebral fracture
(1406/971)

79.3 3.7

_

25.1 4.3

Vertebral fracture
(1010/486)

74.4±9.48

817/248

24.7±4.4

Hip fracture
(1065/0)

Vertebral fracture
(2416/1457)

1140
(<70)/1238(70–
74)/1497(≥75)

3875/0

25.1±4.3

0/611

72.6±10.4

_

191(<65)/268
(65-74)//447 (7584)/151(≥85)

796/61

2736

69.1±3.7

1927
A single infusion of zoledronic acid
(5 mg) yearly, first administered
within 90 days after surgical repair
of a hip fracture

1062

A single 15-minute infusion of
zoledronic acid (5 mg) yearly

3861

A single infusion of zoledronic acid
(5 mg) yearly

1054

66(50–85),
median(range)

_

24.9±4.2

72 (<19)/506
(19–25)/
450(>25)

Hip fracture (1054/0)

_

25.4±4.4

Vertebral fracture
(1462/946)

79.6 3.7

_

25.2 4.2

Vertebral fracture
(1015/437)

74.6±9.86

802/260

24.8±4.5

Hip fracture (1062/0)

1174
(<70)/1235(70–
74)/1452(≥75)

1174/0

25.4±4.3

Vertebral fracture
(2477/1383)

Placebo

Placebo

Placebo

placebo

Follow-up
(month)
12

24

72

Elderly patients (65 years or above) with
intertrochanteric femoral fractures who underwent
surgical osteosynthesis

12

USA

Frail women 65 years or older, either a history of
vertebral or hip fracture or a measured BMD
below the treatment cutoff for osteoporosis

24

China

Postmenopausal osteoporosis
T-score ≤ 2.5or T-score ≤1.5 with
radiological diagnosis of two or more
vertebral fractures

Africa, Latin
Men with primary osteoporosis or
America, Europe,
osteoporosis associated with low
Oceania
testosterone levels, T score of –1.5 or less and one
to three prevalent vertebral
fractures of mild or moderate grade
Western Europe,
Patients in HORIZON Recurrent Fracture Trial
Eastern Europe,
North America,
Latin America
Western Europe,
Patients in HORIZON Recurrent Fracture Trial
Eastern Europe,
North America,
Latin America

24

24

24

24

Western Europe,
Eastern Europe,
North America
or Oceania, Latin
America, Asia
Western Europe,
Eastern Europe,
North America,
Latin America

HORIZON Recurrent Fracture Trial: men and
women 50 years of age or older, within 90 days
after surgical repair of a hip fracture sustained
with minimal trauma

24

Western Europe,
Eastern Europe,
North America
or Oceania, Latin
America, Asia

HORIZON Pivotal Fracture Trial: postmenopausal women, T score of −2.5 or less at the
femoral neck, or a T score of −1.5 or less, with
radiologic evidence of at least two mild vertebral
fractures or one moderate vertebral fracture

36

Patients in HORIZON Pivotal Fracture
Trial and HORIZON Recurrent Fracture Trial

36
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Figure 1. Flow diagram of study searching and selection process.

(RR=0.67; 95% CI=0.59 to 0.77; p<0.00001)
and 72 months (RR=0.76; 95% CI=0.63 to 0.92;
p=0.004).
In addition, three included trials reported the
vertebral fracture and non-vertebral fracture at
24 months20,22,31. 33 cases with vertebral fracture
were compared with 119 cases with non-vertebral
fracture after zoledronic acid treatment, while 57
cases for vertebral fracture were compared to 169
cases for non-vertebral fracture in control intervention. Therefore, zoledronic acid showed similar effect on the reduction of vertebral fracture
and non-vertebral fracture (χ²=0.617, p=0.432).
Considering the effect of sex, four included trials reported the fracture incidence in female or
male patients at 24 months22,24,31,32. There were
136 cases of fracture in female patients and 25
cases of fracture in male patients after zoledronic acid treatment, which were compared to 206
cases of fracture in female patients and 48 cases
of fracture in male patients after control intervention. Therefore, the sex also revealed no influence
on the efficacy of zoledronic acid to reduce fracture incidence (χ²=0.772, p=0.380).

Sensitivity Analysis
There was low or even no heterogeneity for the
fracture, and thus we did not perform the analysis
via omitting one study or subgroup analysis to detect the heterogeneity.
Mortality
Six included studies reported the mortality at
the follow-up of 12 months30, 24 months20,22,24,
36 months21 and 72 months18. Compared to control intervention, zoledronic acid could substantially decrease the mortality at 12 months
(RR=0.41; 95% CI=0.20 to 0.86; p=0.02) and 24
months (RR=0.76; 95% CI=0.62 to 0.95; p=0.02)
but showed no evident effect on mortality at 36
months (RR=1.16; 95% CI=0.90 to 1.48; p=0.25)
or 72 months (RR=0.66; 95% CI=0.41 to 1.06;
p=0.09; Figure 4).
Adverse Events
In order to analyze the influence of zoledronic acid on adverse events, two additional RCTs
comparing Z6 with Z3P3 or Z9 with Z6P3 were
included41,42, because previous use of zoledronic
1567
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acid may have no effect or compromise the effect
of certain adverse events on the pooling results.
The results found that zoledronic acid was still
associated with significantly increased serious
atrial fibrillation (RR=1.62; 95% CI=1.02 to 2.57;
p=0.04) and death from stroke (RR=1.82; 95%
CI=1.01 to 3.27; p=0.04) than control intervention. There was no statistical difference of adverse
events (RR=1.05; 95% CI=1.0 to 1.10; p=0.06),
serious event (RR=0.98; 95% CI=0.93 to 1.03;
p=0.39), serious stroke (RR=1.18; 95% CI=0.88
to 1.58; p=0.28), myocardial infarction (RR=0.82;
95% CI=0.54 to 1.26; p=0.37) or death from cardiovascular causes (RR=1.05; 95% CI=0.59 to
1.85; p=0.87; Figure 5) between two groups.

Discussion
This meta-analysis of 12 randomized trials involved 14,395 patients to compare zoledronic ac-

id with control intervention on fracture risk and
mortality. We found that the incidence of 6-year
total fracture was significantly lower after zoledronic acid than that after control intervention.
The preventive effect of zoledronic acid on vertebral fracture was similar to that on non-vertebral
fracture (p=0.432).
Over the follow-up of 2 years, annual infusions
of zoledronic acid significantly reduced the risk
of new morphometric vertebral fractures by 67%
among men with osteoporosis24, which resembled
that reported in postmenopausal women with osteoporosis (relative reduction in the risk of vertebral fracture, 71% at 2 years)21. Among the included patients with fracture, the most of included
patients were female (136 cases for female vs. 25
cases for male at 24 months). Our meta-analysis
also confirmed that sex showed no evident impact on the preventive effect of zoledronic acid
to reduce fracture (p=0.380), indicating that the
potential of zoledronic acid in decreasing fracture

Figure 2. Risk of bias assessment. A, Authors’ judgments about each risk of bias item for each included study. B, Authors’
judgments about each risk of bias item presented as percentages across all included studies.
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Figure 3. Fracture after zoledronic acid vs. control intervention by subgroup. RR=risk ratio. CI=confidence interval.

Figure 4. Mortality after zoledronic acid vs. control intervention by subgroup. RR=risk ratio. CI=confidence interval.
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Figure 5. Adverse events after zoledronic acid vs. control intervention by subgroup. RR=risk ratio. CI=confidence interval.

may be independent of menopausal status. Zoledronic acid was reported to reduce bone loss and
fracture through causing the apoptosis of osteoclasts and inhibition of bone resorption mediated
by osteoclasts43.
The relative benefits of zoledronic acid vs.
control intervention in terms of mortality were
highly debated. In one multicenter, double-blind,
placebo-controlled trial involving 1,199 male patients with osteoporosis, intravenous infusion of
zoledronic acid at the dose of 5 mg yearly led to
similar incidence of death as compared with pla1570

cebo (15 deaths/total 588 cases vs. 18 deaths/total
611 cases, respectively; p>0.05) over a period of
24 months24. However, this meta-analysis confirmed that significant benefit of zoledronic acid
to reduce mortality was seen within the follow-up
of 24 months, but after that there was no evident
benefit to reduce mortality after zoledronic acid
treatment.
It is unreasonable that zoledronic acid is able to
notably reduce the incidence of fracture including
vertebral fracture and non-vertebral fracture, but
only shows significant benefit to reduce mortality

Zoledronic acid and fracture risk: a meta-analysis of 12 randomized controlled trials

within 24 months. For instance, hip fractures were
associated with increased morbidity, functional
decline, and death in older adults44. Therefore,
two reasons may explain this inconsistency. First,
only two RCTs reported the mortality after using
zoledronic acid for 36 months21 or 72 months18,
which may produce some bias. Second, zoledronic acid may increase some serious adverse
events that improve the mortality of patients. This
pooled analysis reveals that zoledronic acid led to
the substantial increase in serious atrial fibrillation (p=0.04) and death from stroke (p=0.04). It
was well known that osteonecrosis of the jaw was
a detrimental side effect of the long-term administration of bisphosphonates45. However, no cases with osteonecrosis of the jaw were reported in
three included RCTs18,20,24. Another included RCT
reported two cases of potential osteonecrosis of
the jaw (one in the placebo group and one in the
zoledronic-acid group)21. These suggested that
zoledronic acid may have no evident effect on the
incidence of osteonecrosis of the jaw.
The main strength of this meta-analysis is that
we are able to identify clinically relevant differences in total fracture and mortality between zoledronic acid and control intervention. Nevertheless,
this study has several potential limitations. First,
all the included trials assume clinical equipoise
between zoledronic acid and control intervention,
but they have different and specific inclusion and
exclusion criteria, which may result in some heterogeneity for the pooling results. Second, two
included studies show evident bias in allocation
concealment, and blinding of investigators and patients23,29. Third, the follow-up time in 12 included RCTs is not continuous and sufficient, such as
only two RCTs reporting the mortality after using
zoledronic acid for 36 months21 or 72 months18.
Fourth, we are unable to do the subgroup analysis
according to some important factors such as age
range, smoker and menopausal status. Fifth, relatively small patient samples are involved in several
included trials, which may have some effect on the
pooling results. Sixth, zoledronic acid is generally
administered by intravenous infusion at the dose
of 5 mg yearly, but only one included trial involves
zoledronic acid at the dose of 5 mg once every 18
months for 4 times18.

Conclusions
We show that the incidence of fracture is significantly reduced by zoledronic acid, and only

the beneficial effect of 24 month-mortality is seen
after using zoledronic acid.
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