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Abstract. – OBJECTIVE: This study aims to 
compare the efficacy and safety of denosumab, 
teriparatide, zoledronic acid, and ibandronic ac-
id for the treatment of women with postmeno-
pausal osteoporosis.

MATERIALS AND METHODS: Randomized 
controlled trials (RCTs) were searched in Med-
line, Embase, and Cochrane up to April 2022. 
Statistical analysis was performed using R 4.1.3 
software, and quality evaluation was conducted 
using Review Manager 5.3. 

RESULTS: 51 RCTs containing 39,095 patients 
met our selection criteria. The efficacy results in-
dicated that teriparatide was more effective than 
ibandronic acid in reducing vertebral fractures 
[relative risk (RR) = 0.536; 95% confidence inter-
val (CI) (0.266, 0.998)]. Denosumab [mean differ-
ence (MD) = -4.19; 95% CI (-8.03, -0.355)] and teri-
paratide [MD = 4.64; 95% CI (1.60, 7.72)] showed 
better efficacy than ibandronic acid in improv-
ing spine bone mineral density (BMD). Denosum-
ab showed better efficacy than teriparatide in im-
proving radius BMD [MD = -4.14; 95% CI (-6.72, 
-1.54)], hip bone mineral density (BMD) [MD = 
-2.01; 95% CI (-3.80, -0.162)], and one-third radi-
us BMD [MD = -3.63; 95% CI (-7.04, -0.151)]. Deno-
sumab was associated with the greatest benefit 
in increasing radius BMD [the surface under the 
cumulative ranking curve area (SUCRA) = 0.999], 
hip BMD [surface under the cumulative ranking 
curve area (SUCRA) = 0.979], femoral neck BMD 
(SUCRA = 0.971), one-third radius BMD (SUCRA 
= 0.994) and preventing vertebral fractures (SU-
CRA = 0.806). Teriparatide was associated with 
the greatest benefit in preventing non-vertebral 
fractures (SUCRA = 0.927) and improving spine 
BMD (SUCRA = 0.899). The safety results indi-
cated that teriparatide was safer than zoledron-
ic acid regarding the risk of adverse events [RR = 
0.958; 95% CI (0.919, 0.988)]. Teriparatide was as-

sociated with the greatest benefit in preventing 
adverse events (SUCRA = 0.908) and serious ad-
verse events (SUCRA = 0.813). 

CONCLUSIONS: Our current results suggest-
ed that when considering both safety and effi-
cacy, denosumab or teriparatide might be a bet-
ter choice for women with postmenopausal os-
teoporosis.
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Introduction

Postmenopausal women with lower estrogen 
levels experience accelerated bone resorption and 
inhibited bone formation, leading to low bone mass. 
Postmenopausal osteoporosis is characterized by a 
metabolic disorder in the skeleton, resulting in low 
bone mineral density (BMD), high bone fragility, 
and microarchitectural atrophy in the bone tissue, 
which increase the risk of fractures, such as verte-
brae, femur, and distal forearm fractures1,2. Further-
more, vitamin D deficiency and unhealthy lifestyle 
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habits, such as smoking, alcohol consumption, and 
inadequate intake of trace elements and nutrients, 
have been identified as potentially modifiable risk 
factors for osteoporosis3. Osteoporosis affects ap-
proximately 200 million patients worldwide, con-
tributing to over 8.9 million fractures each year4. 
In the United States and Europe, about 30% of all 
postmenopausal women have osteoporosis. Among 
Chinese women over 50 years old, the age-stan-
dardized prevalence of osteoporosis is 29.13%5. Our 
previous studies6,7 have shown that patients with 
postmenopausal osteoporosis face significant chal-
lenges, including frailty, limited mobility, depen-
dence on others, and increased mortality risk, along 
with significant economic burdens. Therefore, there 
is a clinical need to analyze and select safe and ef-
fective anti-osteoporosis drugs for the treatment of 
postmenopausal osteoporosis.

Pharmacologic therapy is commonly used as 
the first-line treatment for patients with osteopo-
rosis. According to guidelines8,9, zoledronic acid 
and ibandronic acid are commonly used as first-
line therapies due to their therapeutic effects in 
inhibiting bone resorption10. Denosumab, by re-
ducing osteoclast activity, is considered a good al-
ternative11. Teriparatide, a parathormone analogue 
that stimulates osteoblast activity, can rapidly re-
duce the incidence of fractures in high-risk popu-
lations10,12,13. Our previous study7 found that deno-
sumab treatment was cost-effective compared to 
teriparatide, zoledronate, or ibandronate. Howev-
er, effectiveness and safety are both crucial fac-
tors to consider in clinical therapy selection. It is 
necessary to identify an effective and long-term 
safe treatment to prevent bone loss and reduce the 
risk of fractures in osteoporosis patients.

Previous meta-analyses7,14 have been conduct-
ed to determine the most effective therapy, but the 
conclusions have been controversial. A network 
meta-analysis7 demonstrated that denosumab was 
superior to zoledronic acid or ibandronic acid 
in reducing vertebral fractures, and teriparatide 
was more effective than ibandronate in prevent-
ing non-vertebral fractures. However, another 
study14 showed no significant difference among 
denosumab, ibandronic acid, zoledronic acid, 
and teriparatide. In terms of safety assessment, 
it is well-known that pharmacologic therapy for 
osteoporosis can lead to adverse events such as 
cardiovascular disease, metabolic and nutrition-
al disorders, back pain, cancer, and hypocalce-
mia15-19. Likewise, long-term administration of 
bisphosphonates like zoledronic acid has been re-
ported to cause gastrointestinal disturbances20,21. 

Based on this background, a meta-analysis that 
assesses both efficacy and safety of anti-osteopo-
rosis drugs is of great clinical importance.

Therefore, we conducted a network meta-anal-
ysis of randomized controlled trials (RCTs) to 
compare the efficacy and safety of denosumab, 
zoledronic acid, ibandronic acid, and teriparati-
de in women with postmenopausal osteoporosis. 
We evaluated ten outcomes, including vertebral 
fracture, non-vertebral fracture, spine BMD, hip 
BMD, femoral neck BMD, one-third radius BMD, 
radius BMD, adverse events, serious adverse 
events, and drug-related adverse events, in order 
to provide reliable clinical therapy guidelines.

Materials and Methods

We implemented this meta-analysis based on 
Preferred Reporting Items for Systematic Reviews 
and Meta-analyses (PRISMA) guidelines22. This 
study has been registered in the International Pro-
spective Register of Systematic Reviews (PROS-
PERO) with the identifier CRD42022362530.

Search Strategy
Two authors conducted a literature search in 

three databases: PubMed, Embase, and Cochrane 
Library. The search was conducted on April 7th, 
2022, with no limitation on publication year. The 
search terms included: (1) postmenopausal oste-
oporosis; (2) denosumab, teriparatide, zoledronic 
acid, and ibandronic acid; (3) synonyms for the 
above terms. The search strategy was demonstrat-
ed in Supplementary Table I.

Eligibility Criteria and Study Selection
Inclusion criteria: (1) RCTs; (2) study subjects 

were women with postmenopausal osteoporosis; (3) 
interventions included at least two kinds of drugs 
among placebo, denosumab, teriparatide, zoledronic 
acid, and ibandronic acid; (4) subjects were not in-
tervened with other anti-osteoporosis drugs besides 
the four mentioned treatments; (5) outcomes includ-
ed at least one of the following: vertebral fracture, 
non-vertebral fracture, spine BMD, total hip BMD, 
femoral neck BMD, one-third radius BMD, radius 
BMD, adverse events, serious adverse events, and 
drug-related adverse events; (6) mean values and 
standard deviation could be calculated for BMD-re-
lated outcomes, and the number of events could be 
calculated for vertebral fracture, non-vertebral frac-
ture, adverse events, serious adverse events, and 
drug-related adverse events.

https://www.europeanreview.org/wp/wp-content/uploads/PRISMA_2020_checklist.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-65.pdf
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Exclusion criteria: (1) duplicate studies; (2) re-
views or meta-analyses; (3) study subjects were men 
or women without postmenopausal osteoporosis; 
(4) subjects received other anti-osteoporosis drugs 
during the intervention period; (5) studies that did 
not report the specified outcomes or provide usable 
data; (6) full text of the study could not be found.

Two researchers independently selected arti-
cles based on titles, abstracts, and final full-text 
readings were conducted to include or exclude 
studies. In case of disagreements between the 
two researchers, a third reviewer participated in 
the assessment, and decisions were made through 
group discussion.

Data Extraction
Essential information, including title, pub-

lished year, authors, sample size, years since 
menopause, country, intervention periods, age, 
and other supplementary interventions were ex-
tracted. The outcomes of interest were vertebral 
fracture, non-vertebral fracture, spine BMD, to-
tal hip BMD, femoral neck BMD, one-third ra-
dius BMD, radius BMD, adverse events, serious 
adverse events, and drug-related adverse events. 
If authors provided percentages instead of exact 
numbers, they were transformed into precise val-
ues. Additionally, the standard error of the mean 
(SEM) was converted to standard deviation (SD), 
and changes between groups were calculated to 
obtain more useful data for evaluating the four 
anti-osteoporosis drugs. Data extraction was per-
formed independently by two authors, with dis-
crepancies resolved through discussion with a 
third reviewer (Supplementary Table II).

Quality Assessment and Bias Evaluation
All included studies were independently as-

sessed for risk of bias using the Cochrane Risk 
of Bias tool by two authors. The criteria included: 
(1) Random Sequence Generation; (2) Allocation 
Concealment; (3) Blinding of Participants; (4) 
Blinding of Outcome Assessment; (5) Incomplete 
Outcome Data; (6) Selective Reporting; (7) Other 
Sources of Bias. The risk of bias was indicated 
by a green background and a “+” symbol for low 
risk, a red background and a “-” symbol for high 
risk, and a yellow background and a “?” symbol 
for unclear risk (Supplementary Figure 1).

Statistical Analysis
The direct, indirect, and network meta-anal-

yses were conducted using R ×64 4.1.3 (R Core 
Team 2022, R Foundation for Statistical Com-

puting, Vienna, Austria), RStudio (Boston, MA, 
USA) and JAGS 4.3.0 (Cambridge, UK). The 
packages we used in R 4.1.3 software include 
Rtools 4.0, xlsx, gemtc, rjags, nloptr. Quality as-
sessment was performed using RevMan 5.3 ver-
sion software (Review Manager Web, The Co-
chrane Collaboration, Copenhagen, Denmark). 
The random-effects or fixed-effects model was 
selected based on the I2 values, and the two-sid-
ed p < 0.05 was considered statistically signif-
icant. Relative risk (RR) and 95% confidence 
interval (CI) were calculated for dichotomous 
data, and mean difference (MD) and 95% CI 
were calculated for continuous variables. In this 
study, dichotomous variables included adverse 
events, serious adverse events, drug-related ad-
verse events, vertebral fracture, and non-verte-
bral fracture, while continuous variables includ-
ed spine BMD, hip BMD, femoral neck BMD, 
one-third radius BMD, and radius BMD. MD 
was chosen for continuous variables since it pro-
vided clearer quantitative results without requir-
ing standardization. Heterogeneity was assessed 
using I2 values (Supplementary Figure 2), with 
I2 > 50% considered significant heterogeneity. 
Inconsistency was assessed using node split 
analysis, with p < 0.05 considered a significant 
difference. This indicates the presence of incon-
sistency of comparison among direct, indirect 
and network (Supplementary Figure 3). To re-
flect the rank and uncertainty, the surface un-
der the cumulative ranking curve area (SUCRA) 
was presented to rank the four treatments, with 
higher values indicating better efficacy or fewer 
adverse events. SUCRA was used to determine 
the relative probability of each intervention be-
ing one of the best choices.

Results

Study Characteristics
The flowchart of study and inclusion results 

are described in Figure 1. We searched a total of 
5,330 potential articles and ultimately included 
51 RCTs15-17,23-70 (Figure 1), involving 39,095 pa-
tients over the age of 42. Most subjects received 
daily calcium and vitamin D supplementation. 
When evaluating the full articles, we excluded a 
total of 18 articles. These exclusions included 1 
article involving osteoporosis patients with other 
disease71, 14 articles that lacked available data72-85, 
2 articles86,87 comparing risedronate vs. teriparati-
de and risedronate vs. ibandronic acid, as well 

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-II-37.pdf
https://www.europeanreview.org/wp/wp-content/uploads/supplementary-figure-1.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-2-21.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-3-16.pdf
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as 1 study88 comparing the cyclic (three separate 
12-month cycles of 6 months of teriparatide fol-
lowed by 6 months of denosumab) or standard (18 
months of teriparatide followed by 18 months of 
denosumab) treatment of teriparatide and denos-
umab. The included studies compared denosum-
ab vs. placebo (n = 8)17,24,29,40,44,50,52,57, denosumab 
vs. teriparatide (n = 3)42,43,69, ibandronic acid vs. 
placebo (n = 12)16,25,28,33,49,53,61,62,64,66-68, teriparatide 
vs. placebo (n =16)30,32,34,36,37,39,41,46,47,51,54-56,58,65,70, 
teriparatide vs. zoledronic acid (n = 2)15,35, and 
zoledronic acid vs. placebo (n = 10)23,26,27,31,38,45,48,

59,60,63. Supplementary Table II provides detailed 
information on the included studies. The risk bias 
of included RCTs is shown in Figure 2 and Sup-
plementary Figure 1.

Efficacy
The primary efficacy outcome was vertebral 

fracture, and the secondary outcomes included 
non-vertebral fracture, changes in spine BMD, 
total hip BMD, femoral neck BMD, one-third ra-
dius BMD, and radius BMD. The results are de-
scribed below.

Figure 1. PRISMA Flow Diagram.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-II-37.pdf
https://www.europeanreview.org/wp/wp-content/uploads/supplementary-figure-1.pdf
https://www.europeanreview.org/wp/wp-content/uploads/supplementary-figure-1.pdf
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Vertebral Fracture
Thirteen17,26,27,30,31,33,38,47,54,55,58,59,61 RCTs report-

ed vertebral fracture outcomes (denosumab vs. 
placebo n = 117; zoledronic acid vs. placebo n = 
526,27,31,38,59; ibandronic acid vs. placebo n = 233,61; 
teriparatide vs. placebo n = 530,47,54,55,58). Compared 
with placebo, denosumab [RR = 0.325; 95% CI 
(0.149, 0.706)], zoledronic acid [RR = 0.353; 95% 
CI (0.218, 0.593)], and teriparatide [RR = 0.360; 
95% CI (0.238, 0.505)] significantly reduced the 
incidence of vertebral fractures. Teriparatide [RR 
= 0.536; 95% CI (0.266, 0.998)] was also more 
effective than ibandronic acid in preventing ver-
tebral fractures. The ranking based on SUCRA 
values for vertebral fracture was as follows: deno-
sumab (SUCRA = 0.806) > zoledronic acid (SU-
CRA = 0.723) > teriparatide (SUCRA = 0.709) > 
ibandronic acid (SUCRA = 0.257) > placebo (SU-
CRA = 0.005) (Figure 3).

Non-Vertebral Fracture
Figure 4 showed the results for non-vertebral 

fractures based on 817,29-31,33,54,55,59 RCTs (denosum-
ab vs. placebo n = 217,29; zoledronic acid vs. placebo 
n = 231,59; ibandronic acid vs. placebo n = 133; teri-
paratide vs. placebo n = 330,54,55). Only teriparatide 
[RR = 0.528; 95% CI (0.276, 0.982)] significantly 
reduced the risk of non-vertebral fractures com-
pared to placebo. The ranking based on SUCRA 
values for non-vertebral fracture was as follows: 
teriparatide (SUCRA = 0.927) > zoledronic acid 
(SUCRA = 0.659) > denosumab (SUCRA = 0.561) 
> placebo (SUCRA = 0.222) > ibandronic acid 
(SUCRA = 0.132).

Spine BMD
Twenty-three16,23,28,29,32 ,33,37,39,41- 43,45,48,50,51, 

56,58,60,64,65,66,68,69 RCTs reported the effect of the 
four drugs on changes in spine BMD (denos-
umab vs. placebo n = 250,29; zoledronic acid vs. 
placebo n = 423,45,48,60; ibandronic acid vs. place-
bo n = 616,28,33,64,66,68; teriparatide vs. placebo n = 
842,37,39,41,51,56,58,65; denosumab vs. teriparatide n = 
342,43,69). All four anti-osteoporosis drugs signifi-
cantly increased spine BMD compared to pla-
cebo, and both teriparatide [MD = 4.64; 95% CI 
(1.60, 7.72)] and denosumab had a greater effect 
on increasing spine BMD compared to ibandron-
ic acid. The ranking based on SUCRA values for 
spine BMD was as follows: teriparatide (SUCRA 
= 0.899) > denosumab (SUCRA = 0.823) > zole-
dronic acid (SUCRA = 0.478) > ibandronic acid 
(SUCRA = 0.3) > placebo (SUCRA = 0) (Figure 5).

Total Hip BMD
Seventeen16,23,28,29,33,34,41,42,43,45,48,49,50,56,58,68,69 

RCTs reported the effect of the four drugs on total 
hip BMD. The forest plot is shown in Supplemen-
tary Figure 4. All four treatments significantly 
increased total hip BMD compared to placebo. 
Furthermore, there was a statistically significant 
difference between teriparatide and denosumab, 
with teriparatide [MD = -2.01; 95% CI (-3.80, 
-0.162)] being inferior. The ranking based on SU-
CRA values for total hip BMD was as follows: 
denosumab (SUCRA = 0.979) > zoledronic acid 
(SUCRA = 0.57) > teriparatide (SUCRA = 0.494) 
> ibandronic acid (SUCRA = 0.457) > placebo 
(SUCRA = 0).

Figure 2. Risk of bias.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-4-8.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-4-8.pdf
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Figure 3. Summary of network meta-analysis of vertebral fracture outcomes. A, The network plots. B, Forest map of network 
comparison. C, Cumulative probability rank. D, Net-league table.

Figure 4. Summary of network meta-analysis of non-vertebral fracture outcomes. A, The network plots. B, Forest map of net-
work comparison. C, Cumulative probability rank. D, Net-league table.
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Femoral Neck BMD
Seventeen16,23,24,29,32,39,41,42,43,48,49,50,56,58,65,68,69 

RCTs reported the effects of the four drugs on 
femoral neck BMD. Denosumab [MD = 4.64; 
95% CI (2.49, 6.67)] and teriparatide [MD = 3.12; 
95% CI (1.38, 4.87)] significantly increased femo-
ral neck BMD compared to placebo. The ranking 
based on SUCRA values for femoral neck BMD 
was as follows: denosumab (SUCRA = 0.971) > 
teriparatide (SUCRA = 0.698) > zoledronic acid 
(SUCRA = 0.417) > ibandronic acid (SUCRA = 
0.36) > placebo (SUCRA = 0.053) (Supplemen-
tary Figure 5).

One-Third Radius BMD 
and Radius BMD

One-third radius BMD and radius BMD were 
reported in 429,50,69,70 and 539,42,43,48,58 RCTs, respec-
tively. Denosumab was superior to teriparatide in 
increasing one-third radius BMD [MD = -3.63; 
95% CI (-7.04, -0.151)] and radius BMD [MD = 
-4.14; 95% CI (-6.72, -1.54)]. The ranking based 
on SUCRA values was denosumab (SUCRA = 
0.994) > placebo (SUCRA = 0.464) > teriparati-
de (SUCRA = 0.043) for one-third radius BMD, 
and denosumab (SUCRA = 0.999) > zoledronic 

acid (SUCRA = 0.668) > teriparatide (SUCRA 
= 0.294) > placebo (SUCRA = 0.004) for radius 
BMD (Supplementary Figures 6 and Supple-
mentary Figures 7).

Safety
We analyzed three outcomes to evaluate safety: 

the primary safety outcome were adverse events, 
the secondary outcomes were serious adverse 
events and drug-related adverse events. Teriparati-
de showed a better safety profile compared to oth-
er drugs in terms of adverse events. The results for 
safety-related outcomes were similar between place-
bo and the four osteoporosis treatments.

Adverse Events
Adverse events were evaluated in 3015-17,25-

27,29-31,33,36,37,40,41,44,48-57,59,61-63,65 RCTs, including four 
types of anti-osteoporosis drugs (denosumab vs. 
placebo, n = 717,29,40,44,50,52,57; zoledronic acid vs. 
placebo, n = 626,27,31,48,59,63; ibandronic acid vs. pla-
cebo, n = 716,25,33,49,53,61,62; teriparatide vs. placebo, 
n = 930,36,37,41,51,54-56,65; zoledronic acid vs. teriparati-
de, n = 115). As shown in Figure 6, only zoledron-
ic acid significantly increased the risk of adverse 
events [RR = 1.03; 95% CI (1.01, 1.06)] compared 

Figure 5. Summary of network meta-analysis of Spine BMD outcomes. A, The network plots. B, Forest map of network com-
parison. C, Cumulative probability rank. D, Net-league table.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-5-5.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-5-5.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-6-3.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-7-3.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-7-3.pdf
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to placebo. Moreover, the risk of adverse events 
was significantly lower in the teriparatide group 
[RR = 0.958; 95% CI (0.919, 0.988)] compared 
to the zoledronic acid group. The ranking based 
on SUCRA values for adverse events was as fol-
lows: teriparatide (SUCRA = 0.908) > denosumab 
(SUCRA = 0.698) > placebo (SUCRA = 0.608) 
> ibandronic acid (SUCRA = 0.195) > zoledronic 
acid (SUCRA = 0.09).

Serious Adverse Events
Serious adverse events were analyzed in 

2317,23,26,27,29,33,35,37,40,41,44,48,49,50,51,53,54,57,59,61-63,66 RCTs 
(denosumab vs. placebo n = 617,29,40,44,50,57; zole-
dronic acid vs. placebo n = 623,26,27,48,59,63; iband-
ronic acid vs. placebo n = 633,49,53,61,62,66,; teriparati-
de vs. placebo n = 437,41,51,54; zoledronic acid vs. 
teriparatide n = 135). There was no significant 
difference in serious adverse events among the 
four anti-osteoporosis drugs. The ranking based 
on SUCRA values for serious adverse events was 
as follows: teriparatide (SUCRA = 0.813) > zole-
dronic acid (SUCRA = 0.612) > placebo (SUCRA 
= 0.468) > ibandronic acid (SUCRA = 0.408) > 

denosumab (SUCRA = 0.199) (Supplementary 
Figure 8).

Drug-Related Adverse Events
Drug-related adverse events were reported in 

916,29,33,37,40,41,53,62,67 RCTs (denosumab vs. placebo n 
= 229,40; ibandronic acid vs. placebo n = 516,33,53,62,67; 
teriparatide vs. placebo n = 237.41,). There was no sig-
nificant difference in drug-related adverse events 
among the three anti-osteoporosis drugs. The rank-
ing based on SUCRA values was as follows: placebo 
(SUCRA = 0.696) > teriparatide (SUCRA = 0.688) 
> ibandronic acid (SUCRA = 0.353) > denosumab 
(SUCRA = 0.263) (Supplementary Figure 9).

Cluster Rank for Safety and Efficacy
Based on the cluster rank analysis (Figure 7A), 

teriparatide (70.9, 90.8) and denosumab (80.6, 
69.8) were associated with reduced incidence of 
both adverse events and vertebral fractures com-
pared to placebo (0.5, 60.8), ibandronic acid (25.7, 
19.5), and zoledronic acid (72.3, 9). The cluster 
rank for adverse events and spine BMD showed 
similar results (Figure 7B).

Figure 6. Summary of network meta-analysis of Adverse events outcomes. A, The network plots. B, Forest map of network 
comparison. C, Cumulative probability rank. D, Net-league table.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-8-2.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-8-2.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-9-2.pdf
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Discussion

Postmenopausal osteoporosis is closely asso-
ciated with fractures, which can significantly in-
crease frailty, life limitation, living dependency, 
and even mortality1. This network meta-analysis 
was conducted to evaluate the efficacy and safety 
of denosumab, teriparatide, zoledronic acid, and 
ibandronic acid in women with postmenopausal 
osteoporosis. Through a systematic search, we in-
cluded 51 RCTs with a total of 39,095 patients and 
evaluated the effect of these four drugs on the ten 
outcomes, including vertebral fracture, non-ver-
tebral fracture, spine BMD, total hip BMD, fem-
oral neck BMD, one-third radius BMD, radius 
BMD, adverse events, serious adverse events, 
and drug-related adverse events. As the SUCRA 
values indicated, denosumab was the best choice 
to improve radius BMD, hip BMD, femoral neck 
BMD, one-third radius BMD, and reduce vertebral 
fracture. Besides, teriparatide was the best choice 
to prevent adverse events, serious adverse events, 
non-vertebral fractures, and improve spine BMD. 
Moreover, placebo performed best in preventing 
drug-related adverse events. Therefore, denosum-
ab and teriparatide might be a better choice for 
women with postmenopausal osteoporosis.

Efficacy assessment of anti-osteoporosis drugs 
is crucial in clinical therapy. The effectiveness of 
teriparatide for women with postmenopausal os-
teoporosis remains a topic of controversy. Sever-
al RCTs65,89,90 have shown a decrease in total hip 
BMD after teriparatide treatment. However, Body 
et al89 report that teriparatide increased lumbar 
spine BMD and total hip BMD by increasing bone 

Alkaline phosphatase (ALP) and N-telopeptide of 
type I collagen (NTX) levels in women with post-
menopausal osteoporosis. In addition, consistent 
with our findings, a meta-analysis92 supported a 
significant improvement in lumbar bone densi-
ty with teriparatide. Unlike other antiresorptive 
medications, long-term denosumab treatment is 
accompanied by a continuous increase in BMD. 
Zhang’s meta-analysis has demonstrated the po-
tential superiority of denosumab against other 
drugs (including teriparatide)93. A network me-
ta-analysis by Migliorini et al94 also showed that 
denosumab contributed to increased BMD in the 
spine, with the greatest impact on hip and femur 
BMD. Our study confirmed and expanded upon 
previous research, suggesting that among the four 
drugs investigated, denosumab was more effec-
tive than teriparatide, and teriparatide was better 
than ibandronic acid in improving spine BMD, 
which implied that denosumab may be the opti-
mal choice for improving spine BMD. However, it 
is important to note that there was heterogeneity, 
and the sample size was small (vertebral fracture, 
n = 1; spine BMD, n = 2) in the denosumab group. 
Therefore, further research and clinical data are 
needed to support the advantage of denosumab in 
the treatment of postmenopausal osteoporosis.

In clinical treatment, the safety evaluation of 
anti-osteoporosis drugs is also very important. For 
instance, Reid et al95 reported that 78% of patients 
in the zoledronic acid treatment group experienced 
adverse events, such as nausea, pyrexia, and back 
pain. Furthermore, a meta-analysis96 indicated that 
the use of zoledronic acid may be associated with an 
elevated risk of serious atrial fibrillation stroke com-

Figure 7. A, The cluster rank of adverse events and vertebral fracture. B, The cluster rank of adverse events and spine BMD.
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pared to the control intervention. Similarly, a clinical 
trial16 involving ibandronic acid revealed that 75% of 
patients experienced at least one adverse event in the 
follow-up period. Among patients receiving denos-
umab, 95.1% experienced adverse events, most com-
monly arthralgia, nasopharyngitis, back pain, and so 
on29. In Boonen’s study30, of patients receiving teri-
paratide, 83% experienced multiple adverse events, 
including asthenia, arrhythmia, and hypertension. 
Several meta-analyses97 also compared the safety of 
these four drugs. For example, a meta-analysis indi-
cated that denosumab did not pose a higher risk of 
serious adverse events97. In our study, we carefully 
assessed adverse events, serious adverse events and 
drug-related adverse events, and the results showed 
there was no significant difference in the occurrence 
of both the serious adverse events and drug-related 
adverse events, while zoledronic acid was associat-
ed with a higher risk of adverse events compared to 
placebo [RR = 1.03; 95% CI (1.01, 1.06)] and teri-
paratide [RR = 0.989; 95% CI (0.919, 0.988)]. This 
finding was consistent with Wang’s study, which 
also reported a higher incidence of adverse events 
in the zoledronic acid group compared to the con-
trol group98. However, a meta-analysis conducted by 
Yuan et al99 demonstrated that teriparatide did not 
exhibit any superiority in terms of adverse events 
when compared to bisphosphonates (including zole-
dronic acid, alendronate, risedronate, and other bis-
phosphonates). Similar conclusions were reached by 
Ouyang et al100. Additionally, Wu et al101 found no 
statistically significant difference in adverse events 
or withdrawals due to adverse events when com-
paring denosumab and bisphosphonates (alendro-
nate, ibandronate, risedronate, and zoledronic acid). 
However, in our study, we observed that zoledronic 
acid was associated with a higher incidence of ad-
verse events compared to denosumab [RR = 1.03; 
95% CI (1.00, 1.07)]. It is worth noting that the stud-
ies by Yuan et al99 and Wu et al101grouped the four 
different drugs as one group (bisphosphonates). In 
contrast, our study compared denosumab, ibandro-
nate, and zoledronic acid separately. Ultimately, our 
study comprehensively evaluated the clinical bene-
fits of these drugs in terms of both efficacy and safe-
ty, suggesting that denosumab or teriparatide may 
be preferable options for patients.

American Association of Clinical Endocrinolo-
gists/American College of Endocrinology (AACE/
ACE) Clinical Practice Guidelines for the Diagno-
sis and Treatment of Postmenopausal Osteoporosis 
(2020 Update) specified that the effect of the an-
ti-osteoporosis treatment can be monitored by serial 
changes in lumbar spine, total hip, or femoral neck 

BMD (Grade B; BEL 1, downgraded due to limited 
evidence). According to the guidelines, stable or in-
creasing BMD, with no evidence of new fracture or 
vertebral fracture progression were considered as a 
positive response to therapy for osteoporosis (Grade 
A; BEL 1)102. The clinical administration plan for 
osteoporosis is influenced by various factors. In 
most cases, oral bisphosphonates, such as iband-
ronic acid, are the preferred initial choice. However, 
denosumab can be an alternative for women who 
are intolerant to bisphosphonates10. It’s important to 
note that treatment with denosumab is reversible, 
and discontinuation can lead to a rapid increase in 
bone turnover and subsequent bone loss. This in-
creases the risk of fracture, making lifelong use of 
denosumab necessary. However, patients may dis-
continue treatment due to side effects. Additionally, 
treatment with denosumab may increase BMD to 
a level where continued treatment does not further 
reduce fracture risk103. For people at high risk of 
fracture, initial treatment with anabolic agents, such 
as teriparatide, followed by antiresorptive agents 
like bisphosphonates, is recommended to maintain 
increased BMD. This sequential therapy may be a 
clinical strategy for rapid and sustained fracture risk 
reduction12. It’s worth mentioning that teriparatide is 
typically used for a course of 24 months12,102. Nowa-
days, newer anabolic drugs like abaloparatide have 
been confirmed to have superior therapeutic effects 
and similar adverse cardiovascular events compared 
to teriparatide104. To date, romosozumab is globally 
recognized as one of the most effective bone anabol-
ic drugs for anti-osteoporosis treatment. However, 
it is strictly prohibited for patients who have had a 
myocardial infarction or stroke within the previous 
year due to its potential high risk of cardiovascular 
adverse events105. Besides, there is evidence sug-
gesting that medication adherence to anti-osteo-
porosis agents may be related to fracture risk106-108. 
Keshishian et al108 illustrated low adherence patients 
had a 32% and 34% increased risk for hip/pelvis/
femur fractures and vertebral fractures, respective-
ly, compared to high adherence patients. Therefore, 
maintaining a standard administration schedule also 
appears to be crucial in determining the effective-
ness of anti-osteoporosis drugs in real-life clinical 
practice.

Limitations
We acknowledge several limitations in our 

study. Firstly, there were variations in drug ad-
ministration routes and doses among the includ-
ed studies, which may have influenced the effi-
cacy outcomes. For example, some subjects in 
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the ibandronic acid group received the drug via 
intravenous injection, while others used the oral 
administration method. Secondly, the follow-up 
periods varied across the included studies, which 
could have affected the reliability of the outcomes. 
Thirdly, while most of the included studies permit-
ted patients to take daily calcium and/or vitamin D 
supplements, a few studies did not provide infor-
mation on whether subjects received supplementa-
tion. Additionally, there were no restrictions on the 
countries where the clinical trials were conducted. 
Lastly, some studies used teriparatide as a positive 
control in open-label designs, which may have in-
troduced bias into our analysis.

Conclusions

Our study demonstrated that teriparatide sig-
nificantly decreased the occurrence of vertebral 
fractures when compared to ibandronic acid. Ad-
ditionally, both denosumab and teriparatide were 
found to significantly enhance spine BMD com-
pared to ibandronic acid. Furthermore, denosum-
ab exhibited significant improvements in radial 
BMD, hip BMD, and one-third radius BMD com-
pared to teriparatide. Lastly, teriparatide showed 
a significant decrease in the risk of adverse events 
compared to zoledronic acid. Therefore, when 
considering both safety and efficacy, denosumab 
or teriparatide may emerge as preferred options 
for women with postmenopausal osteoporosis.
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