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Abstract. – OBJECTIVE: Globally, a great 
number of elderly suffer from osteoporosis, es-
pecially postmenopausal women. Osteoporosis 
results in low bone mineral density (BMD) and 
high risk of fragility fracture. However, there 
is no defined strategy to select the most suit-
able anti-osteoporotic drugs for osteoporosis 
patients. Therefore, this study aims to select the 
most effective anti-osteoporotic drug for post-
menopausal women with osteoporosis.

MATERIALS AND METHODS: Literature search 
was conducted in PubMed, EMBASE, and the Co-
chrane Library. Raw data from the related ran-
domized clinical trials were extracted. A pairwise 
and network meta-analysis model was utilized to 
assess the efficacy of ten drugs on the percentage 
change of BMD in the lumbar spine and total hip 
from baseline to one year of treatment. Risks of 
vertebral fracture and non-vertebral fracture were 
evaluated as well. We reported the effect size with 
a weighted mean difference (WMD) for continuous 
outcomes and odds ratio (OR) for dichotomous 
outcomes. All the drugs were ranked based on 
the surface under the cumulative ranking curve 
(SUCRA) value. Furthermore, the heterogeneity, 
consistency and publication bias of enrolled litera-
ture were assessed.

RESULTS: With regard to lumbar spine BMD, 
the ten selected drugs all showed significant effi-
cacy compared with placebo. In regard to total hip 
BMD and vertebral fracture, with the exception of 
calcitonin, the remaining nine drugs all showed sig-
nificant efficacy compared with placebo. Six drugs 
– abaloparatide, alendronate, risedronate, strontium 
ranelate, teriparatide, and zoledronate – were signifi-
cantly more effective compared with placebo for the 
treatment of non-vertebral fractures. As the SUCRA 
values indicated, abaloparatide performed the best 
on improving lumbar spine BMD, vertebral fracture 
and non-vertebral fracture, while denosumab was 
the best choice to improve total hip BMD. 

CONCLUSIONS: To sum up, abaloparatide, de-
nosumab, and teriparatide showed the best effi-
cacy for the treatment of postmenopausal oste-
oporosis, especially abaloparatide.

Key Words
Postmenopausal osteoporosis, Abaloparatide, De-

nosumab, Teriparatide, Network meta-analysis.

Introduction

Osteoporosis is a systemic skeletal disease in 
which increased bone weakness highlights the risk of 
fracture1. It is associated with a significant social and 
public health burden. Elderly women are more likely 
to suffer from this disease since the reduced estrogen 
levels after menopause contributes to a rapid decline 
in bone mass2,3. According to the National Osteopo-
rosis Foundation, there are approximately 9.1 million 
osteoporosis women and an additional 26 million 
women with low bone mass in America, which is far 
more than the estimated 2.8 million osteoporosis men 
and 14.4 million men with low bone mass. Several 
prospective studies4,5 suggested that improved bone 
mineral density (BMD) is associated with a reduction 
in the fracture rate. Hence, improving BMD and re-
ducing fracture are the primary therapeutic goals.

There are two main categories of therapies ap-
plied to prevent or treat postmenopausal osteoporo-
sis. One is anti-resorptive agents containing estrogen 
or selective estrogen receptor modulators (bazedox-
ifen, raloxifene), calcitonin, bisphosphonates (alen-
dronate, ibandronate, risedronate, zoledronate), 
denosumab, and odanacatib. The other category 
is the drugs which have anabolic effects on bone 
such as strontium ranelate, PTH1-84, and PTH1-34 
(teriparatide)6. Recently, a new drug abaloparatide, 
which is also a parathyroid hormone-related protein 
analog drug similar to teriparatide, has completed 
the Phase III trial and exerts a marked effect on the 
improvement of BMD and fracture rate7.

There are multiple therapies for postmenopaus-
al osteoporosis. Previously, randomized clinical 
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trials (RCTs) and traditional pairwise meta-anal-
yses have been performed to determine the most 
effective one. However, the conclusions remain 
controversial. Therefore, a network meta-analy-
sis (NMA) is necessary for identifying the most 
effective therapy8. However, one previously-pub-
lished NMA9 had some drawbacks because it in-
cluded some sub-standard trials reporting oste-
oporosis induced by glucocorticoid treatment or 
male osteoporosis. Furthermore, some other arti-
cles10,11 only assessed a few drugs and the sample 
size was small. 

Therefore, we conducted this NMA in order 
to evaluate the comparative efficacy of ten prima-
ry drugs in postmenopausal women with osteo-
porosis, including abaloparatide (ALE), alendro-
nate (ALE), calcitonin (CT), denosumab (DEN), 
ibandronate (IBA), risedronate (RIS), raloxifene 
(RLX), strontium ranelate (STR), teriparatide 
(TPD), and zoledronate (ZOL). The efficacy of 
the ten drugs on percentage change of BMD from 
baseline to one-year treatment in the lumbar spine 
and total hip, vertebral fracture (VF) rate and 
non-vertebral fracture (NVF) rate was assessed. 

Materials and Methods

Search Strategy
Literature search and identification process were 

conducted in PubMed, EMBASE, and the Cochrane 
Library from inception until April 18, 2018 (date 
of final search). Articles published in both English 
and Chinese languages were searched using the 
following medical subject headings: “Osteoporo-
sis, Postmenopausal, Abaloparatide, Alendronate, 
Calcitonin, Denosumab, Ibandronate, Risedronate, 
Raloxifene, Strontium Ranelate, Teriparatide, Zole-
dronate, randomized controlled trial”, and their syn-
onyms. The search procedures were performed by 
two independent reviewers. Reference lists of ac-
quired articles were manually searched. 

Inclusion and Exclusion Criteria
Studies meeting the following criteria were in-

cluded: (1) A randomized controlled trial; (2) Sub-
jects were postmenopausal women with osteopo-
rosis; (3) The study was designed to compare the 
effects of the following drugs with placebo (PLA) 
or between each other: ABL, ALE, CT, DEN, 
IBA, RIS, RLX, STR, TPD, ZOL; (4) At least one 
of the following outcomes was assessed in each 
study: percentage change of BMD from baseline 
to one-year treatment of the lumbar spine or total 

hip, VF and NVF; (5) Sufficient data should be 
provided in the original studies.

Exclusion data were applied: (1) Men or pre-
menopausal women were included in the study; 
(2) Participants were treated by combined thera-
py or sequential therapy; (3) The duration of fol-
low-up was less than 12 months.

Data Extraction and Quality 
Assessment

Data extracted from the included studies were 
assessed independently by two reviewers (San 
Zhang, Si Li), with discussion to the third review-
er (Er Wang) to resolve any discrepancies. Infor-
mation including the name of first author, year of 
publication, sample size, comparators, drug dos-
age, mean age of patients, blinding condition, out-
comes of the study and maximum follow-up time 
were extracted. The quality of the included studies 
was assessed according to the modified JADAD 
score (out of 7). The studies gaining scores of 4 to 
7 were considered as high-quality and regarded as 
low-quality if they gained a score of 1 to 312.

Statistical Analysis
Four outcomes (lumbar spine BMD, total hip 

BMD, VF, and NVF) were analyzed. Pairwise me-
ta-analysis of studies that directly compared different 
treatments was conducted using STATA 14.0 (Stata 
Corp., College Station, TX, USA) software. The per-
centage change of BMD in the lumbar spine and total 
hip was reported using the weighted mean differ-
ence (WMD) and the 95% confidence interval (95% 
CI). The risk of vertebral fracture and non-vertebral 
fracture was reported using the odds ratio (OR) and 
the 95% confidence interval (95% CI). Cochran’s Q 
test and Higgins’ I-squared test were used to test the 
heterogeneity of enrolled studies. A p-value of the 
Cochran’s Q test statistic less than 0.05 or I-square 
larger than 50% indicated significant heterogeneity 
among included studies for each pairwise compari-
son. The fixed-effect model was applied for studies 
without significant heterogeneity and otherwise, the 
random-effects model was applied.

Next, the network meta-analysis was performed 
by Bayesian analysis methods using R software 
(Version 3.2.3; R Foundation for Statistical Com-
puting, Vienna, Austria)13. The effect sizes of WMD 
and OR and their corresponding 95% confidence in-
tervals (95% CI) were calculated with a random-ef-
fects model. In order to evaluate the consistency of 
the network meta-analysis model, the node-splitting 
method was utilized to assess the difference between 
direct and indirect comparisons. Furthermore, the 
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effects of drugs were ranked by the surface under 
the cumulative ranking (SUCRA) curve values14. 
Higher SUCRA value indicated the pronounced 
efficacy of the drug. Funnel plots were depicted to 
evaluate the risk of publication bias of the studies 
included in this review. 

Results

Study Selection and Study 
Characteristics

A total of 13,542 articles were initially searched 
and three articles were identified from other re-
views. After removal of 4,874 duplicate references, 
8,671 articles remained. Of these, 644 full-text arti-
cles were retrieved after 8,027 articles were exclud-
ed by reviewing the title and abstract. Another 540 

articles were removed for other reasons (e.g., com-
bined therapy or sequential therapy, unrelated drugs 
or diseases other than osteoporosis, re-analysis or 
extension of primary studies, duration of follow-up 
< 12 months, irrelevant outcomes). 106 articles were 
excluded due to lack of complete data. As a result, 
a total of 103 studies were included7,15-116. Details of 
the literature selection process were shown in Fig-
ure 1. The networks of the comparisons of four out-
comes were presented in Figure 2. 

The following drugs were analyzed for their effi-
cacy: ABL, ALE, CT, DEN, IBA, RIS, RLX, STR, 
TPD, and ZOL. A total of 103 studies involving 
122,685 participants with postmenopausal osteopo-
rosis. Six of the 103 studies were three-arm studies 
and the remaining studies were two-arm ones. The 
treatment, drug dosage, mean age and follow-up 
time of each study were summarized in Table I. 

Figure 1. Study flow and selection diagram.
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Results of Pairwise Meta-Analysis
Lumbar spine BMD

Results of lumbar spine BMD in the pairwise 
meta-analysis were presented in Table II. Com-
pared with PLA, nine drugs significantly increased 
the lumbar spine BMD: ABL (WMD = 9.31, 95% 
CI = 8.62-10.00), ALE (4.58, 4.14-5.02), DEN (5.32, 
4.91-5.73), IBA (3.54, 2.78-4.30), RIS (2.85, 2.07-
3.63), RLX (2.26, 1.90-2.62), STR (5.13, 3.39-6.87), 
TPD (6.35, 3.77-8.93) and ZOL (3.56, 2.19-4.93). 
Among the ten drugs, ALE performed better than 
CT (3.95, 3.14-4.77) and RLX (2.86, 1.88-3.85), but 
worse than ZOL (–8.08, -10.60-–5.56). DEN out-
performed IBA (2.11, 1.56-2.66), RIS (2.30, 1.76-
2.84) and ZOL (2.03, 1.51-2.55). Similarly, TPD 
was superior to CT (4.11, 3.73-4.49), RIS (2.69, 
1.12-4.26) and ZOL (2.75, 1.56-3.94); however, it 
was inferior to ABL (–1.48, -2.12-–0.84). In addi-
tion, IBA was better than RIS (2.51, 1.34-3.68).

Total hip BMD
Results of total hip BMD in the pairwise me-

ta-analysis were presented in Table III. Similar to 
lumbar spine BMD, nine drugs with significant 
effects increased total hip BMD compared with 
PLA: ABL (WMD = 3.35, 95% CI = 3.02-3.68), 
ALE (2.39, 2.01-2.77), CT (0.53, 0.32-0.74), DEN 
(3.18, 2.91-3.45), IBA (1.83, 1.21-2.44), RLX (1.43, 
0.93-1.92), STR (3.26, 2.62-3.90), TPD (2.31, 2.01-
2.61) and ZOL (2.70, 2.28-3.11). Among the ten 
drugs, ALE was more effective than RIS (1.09, 
0.69, 1.49) and RLX (1.21, 0.78-1.64) but less 
effective than DEN (–1.44, –2.41-–0.47), TPD 
(-2.41, -3.97-–0.85) and ZOL (-3.70, -4.22-–3.18). 
Furthermore, DEN achieved a better performance 
than IBA (1.18, 0.81-1.55), RIS (1.56, 1.22-1.90), 
TPD (1.84, 0.41-3.27) and ZOL (1.31, 0.90-1.72). 
Meanwhile, TPD was inferior to ZOL (–1.08, 
–1.93-–0.23).

Figure 2. Evidence network of eligible comparisons for network meta-analysis. The width of the lines is proportional to the 
number of trials comparing each pair of treatments; the area of circles represents the cumulative number of patients for each 
intervention, A, Lumbar spine BMD, B, Total hip BMD, C, Vertebral fracture, and D, Non-vertebral fracture.
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Trial	 Mean age	 Dosage*	 Sample size	 Follow-up	 Years after 	 Out-come#

	 (yrs)			   (yrs)	 menopausal (yrs)	 	

ABL/TPD/PLA
  Miller 2016	 68.9/68.7	 20 ug QD/80 ug QD	 2463	 1.5	 20.6/20.4/19.9	 1,2,3,4

ALE/CT/PLA
  Dursun 2001	 60.2/63.2/60.6	 10 mg QD/100 IU QD	 150	 1	 14.32/17.56/14.88	 1
  Downs 2000	 64.6/64.1/64.6	 10 mg QD/200 IU QD	 299	 1	 16.5/16.1/16.5	 1
  Adami 1993	 59/60/59	 10–20 mg QD/100 IU QD	 286	 2	 NS	 1

ALE/DEN/PLA
  Lewiecki 2007	 62.8/62.3/63.7	 70 mg QW/6–210 mg Q6M	 412	 2	 NS	 1,2

ALE/IBA/RIS
  Paggiosi 2014	 67.8/66.9/66.8	 70 mg QW/150 mg QM/35 mg QW	 172	 2	 19.2/17.4/16.4	 1,2

ALE/IBA
  Miller 2008'	 65.6/65.6	 70 mg QW/150 mg QM	 1760	 1	 18.2/18.5	 3,4
  Guanabens 2013	 65.5/63.6	 70 mg QW/150 mg QM	 42	 2	 NS	 1,2

ALE/PLA
  Yen 2000	 59/60.3	 10 mg QD	 46	 1	 11.7/11.8	 1
  Stpan 1999	 59.3/60.9	 10 mg QD	 30	 1	 14.4/14.4	 1
  Chesnut 1995	 62.9/63.6	 5–40 mg QD	 188	 2	 15.0/16.9	 1,2
  Yan 2009	 65.2/64.6	 70 mg QW	 560	 1	 15.36/15.14	 1,2,4
  Pols 1999	 62.8/62.8	 10 mg QD	 1908	 1	 15.8/15.9	 1,2,4
  Devogelaer 1996	 61.2/62.7	 5–20 mg QD	 516	 3	 16/15.2	 1
  Liberman 1995	 64/64	 5–20 mg QD	 994	 3	 16/17	 1,3,4
  Tucci 1996	 63.9/64.2	 5–20 mg QD	 392	 3	 17.1/17.8	 1
  Hochberg 2005	 69.1/69.3	 5 mg QD	 5093	 2	 23.1/23.1	 3,4
  Quandt 2005	 60.6/70.2	 5–10 mg QD	 3737	 4.5	 23.4/24.1	 2
  Rossini 2001	 72/74	 10 mg QD	 26	 2	 23/24	 1,2
  Bone 1997	 70.8/71.1	 1–5 mg QD	 359	 2	 24.8/22.8	 1,3,4
  Lau 2000	 74/74	 10 mg QD	 78	 1	 24/24	 1,2
  Hosking 1998	 53/53	 2.5–5 mg QD	 1358	 2	 6/6	 1,2,4
  Ravn 1999	 55/55	 2.5–5 mg QD	 1609	 4	 9/8	 1,2
  Black 1996	 71/70.7	 5 mg QD	 2027	 3	 NS	 1,2,3,4
  Cummings 1998	 67.6/67.7	 5 mg QD	 4432	 4	 NS	 1,2,3,4

ALE/RIS
  Sarioglu 2006	 57.3/60.3	 70 mg QW/5 mg QD	 50	 1	 12.1/14.7	 1
  Rosen 2005	 64.2/64.8	 70 mg QW/35 mg QW	 1053	 1	 18.3/18.7	 1,2

Table I. Key features of included studies.

Continued
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Trial	 Mean age	 Dosage*	 Sample size	 Follow-up	 Years after 	 Out-come#

	 (yrs)			   (yrs)	 menopausal (yrs)	 	

ALE/RLX
  Sambrook 2004	 61.5/61.8	 70 mg QW/60 mg QD	 487	 1	 14.5/14.9	 1,2
  Luchey 2004	 63.8/64.7	 70 mg QW/60 mg QD	 456	 1	 17.3/17.8	 1,2
  Recker 2007	 65.7/65.5	 10 mg QD/60 mg QD	 1423	 2	 19.0/18.5	 3,4
  Iwamoto 2008	 70.3/68.5	 5 mg QD/60 mg QD	 122	 1	 NS	 1,3

ALE/TPD
  Body 2002	 65/66	 10 mg QD/40 ug QD	 146	 2	 19/18	 1,2,4
  Finkelstein 2010	 64/65	 10 mg QD/40 ug QD	 49	 3	 NS	 1

ALE/ZOL
  Tan 2016	 68/68.1	 70 mg QD/5 mg QY	 105	 3	 NS	 1,2

CT/PLA
  Chesnut 2000	 68.2/68.2	 100–400 IU QD	 1254	 5	 23/22	 1,3,4
  Reginster 1995	 53.2/53	 50–200 IU QD	 251	 2	 3.0/2.7	 1
  Binkley 2012	 66.5/66.5	 0.2 mg QD	 367	 1	 NS	 1,2
  Binkley 2014	 67.5/66.6	 0.2 mg QD	 129	 1	 NS	 1
  Henriksen 2016	 66.5/67	 0.8 mg QD	 4665	 3	 NS	 1,2,3,4
  Overgaard 1994	 52/52	 100–400 IU QD	 134	 2	 NS	 1

CT/TPD
  Zhang 2012	 63.3/64.3	 200 IU QD/20 ug QD	 124	 1	 13.5/14.7	 1
  Li 2013	 65/65.1	 200 IU QD/20 ug QD	 453	 1.5	 NS	 1

DEN/IBA
  Recknor 2013	 67.2/66.2	 60 mg Q6M/150 mg QM	 833	 1	 20.4/19.7	 1,2,3,4

DEN/PLA
  Bone 2011	 59.4/58.9	 60 mg Q6M	 256	 4	 10.3/9.4	 1,2
  Nakamura 2012	 65.1/64.6	 14–100 mg QD	 212	 2	 15.6/5.6	 1,2
  Bone 2008	 59.8/58.9	 60 mg Q6M	 332	 2	 NS	 1,2,3,4
  Cummings 2009	 72.3/72.3	 60 mg Q6M	 7808	 3	 NS	 1,2,3,4

DEN/RIS
  Roux 2014	 67.8/67.7	 60 mg Q6M/150 mg QM	 870	 1	 20.2/20.1	 1,2

DEN/TPD
  Tsai 2013	 66.3/65.5	 60 mg Q6M/20 ug QD	 94	 1	 NS	 1,2

Table I (Continued). Key features of included studies.

Continued
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Trial	 Mean age	 Dosage*	 Sample size	 Follow-up	 Years after 	 Out-come#

	 (yrs)			   (yrs)	 menopausal (yrs)	 	

DEN/ZOL
  Miller 2016'	 68.5/69.5	 60 mg Q6M/5 mg QY	 643	 1	 20.8/19.9	 1,2
  Anastasilakis 2015	 63/63	 60 mg Q6M/5 mg QY	 58	 1	 NS	 1

IBA/PLA
  Chesnut 2004	 69/69	 2.5 mg QD	 2946	 3	 20.9/20.8	 3,4
  Stakkestad 2003	 54.8/54.6	 0.5–2 mg Q3M	 629	 1	 4.3/4.1	 1,2
  Mcclung 2009	 53.7/53.4	 150 mg QM	 160	 1	 5.3/5.5	 1,2
  Mcclung 2004	 58.2/57.9	 0.5–2.5 mg QD	 653	 2	 9/8.2	 1,2
  Lester 2012	 NS	 150 mg QM	 50	 5	 NS	 1
  Lewiecki 2009	 64.8/63.5	 150 mg QM	 93	 1	 NS	 1,2
  Ravn 1996	 65.2/63.9	 0.5–5 mg QD	 180	 1	 NS	 1

RIS/PLA
  Valimaiki 2007	 66.1/65.4	 5 mg QD	 170	 2	 17.7/19.5	 1
  Fogelman 2000	 65/64	 2.5–5 mg QD	 541	 2	 18/17	 1,3
  Clemmesen 1997	 67/70	 2.5 mg QD	 88	 3	 20/23	 1,3,4
  Harris 1999	 68/69	 2.5–5 mg QD	 2468	 3	 24/24	 1,3,4
  Reginster 2000	 71/71	 2.5–5 mg QD	 1226	 3	 25/25	 1,3,4
  Mcclung 2001	 74/74	 2.5–5 mg QD	 5445	 3	 28/28	 4
  Hooper 2005	 53/52.6	 2.5–5 mg QD	 383	 3	 3.62/3.88	 1,3,4
  Mortensen 1998	 52.1/51.2	 5 mg QD	 111	 2	 3/3	 1,3,4
  Li 2005	 NS	 5 mg QD	 60	 1	 NS	 1
  Palomba 2008	 52.3/51.4	 35 mg QW	 81	 3	 NS	 3,4
  Siris 2008	 64/64	 5 mg QD	 620	 3	 NS	 3,4

RIS/STR
  Narula 2012	 55.6/57.7	 35 mg QW/2 g QD	 190	 1	 NS	 1,2

RIS/TPD
  Anastasilakis 2008	 64.7/65.4	 35 mg QW/20 ug QD	 44	 1	 16.1/19.2	 1
  Kendler 2017	 71.6/72.6	 35 mg QW/20 ug QD	 1360	 2	 NS	 3,4

RLX/PLA
  Zheng 2003	 59.5/59.4	 60 mg QD	 204	 1	 10.3/10.0	 1
  Miller 2008	 57.86/57.7	 60 mg QD	 564	 2	 10.69/11.15	 1,2
  Meunier 1999	 60.2/59.2	 60–150 mg QD	 129	 2	 11.7/12.7	 1,2
  Morii 2003	 65.2/64.3	 60–120 mg QD	 280	 1	 15.2/14.4	 1,3,4
  Liu 2004	 65.5/65.1	 60 mg QD	 204	 1	 17.3/16.4	 1,2
  Ettinger 1999	 65/65	 60–120 mg QD	 6828	 3	 17/18	 3,4

Table I (Continued). Key features of included studies.

Continued
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Trial	 Mean age	 Dosage*	 Sample size	 Follow-up	 Years after 	 Out-come#

	 (yrs)			   (yrs)	 menopausal (yrs)	 	

RLX/PLA (continued)
  Silverman 2008	 66.4/66.5	 60 mg QD	 3734	 3	 19.5/19.5	 3,4
  Lufkin 1998	 68.2/68.2	 60–80 mg QD	 143	 1	 22.0/22.2	 1,2,3,4
  Delmas 1997	 55/55	 30–150 mg QD	 601	 2	 5/4	 1
  Mcclung 2006	 57.5/57.5	 60 mg QD	 246	 2	 9/8	 1,2
  Bueno 2017	 NS	 60 mg QD	 2924	 3	 NS	 3,4
  Ensrud 2008	 67.5/67.5	 60 mg QD	 10101	 5	 NS	 3,4

STR/PLA
  Hwang 2008	 64.3/65.8	 2 g QD	 125	 1	 16.2/18.2	 1,2
  Meunier 2002	 66.7/65.6	 0.5–2 g QD	 353	 2	 17.5/19.1	 3
  Liu 2009	 66.4/66.1	 2 g QD	 329	 1	 18.0/17.2	 1,2
  Meunier 2004	 69.4/69.3	 2 g QD	 1649	 3	 22.1/21.6	 3,4
  Meunier 2009	 69.4/69.3	 2 g QD	 1649	 4	 22.1/21.7	 3
  Reginster 2005	 76.7/76.8	 2 g QD	 5091	 5	 28.4/28.5	 3,4
  Reginster 2008	 76.7/76.8	 2 g QD	 5091	 5	 28.4/28.5	 3,4

TPD/PLA
  Miyauchi 2010	 69.2/70.4	 20 ug QD	 203	 2	 19.66/20.50	 1,2
  Neer 2001	 69/69	 20–40 ug QD	 1637	 1.9	 21/21	 3,4
  Nakamura 2012'	 75/75.4	 56.5 ug QD	 578	 1.5	 25.6/25.3	 1,2,3,4
  Krege 2012	 NS	 20 ug QD	 1085	 1.8	 NS	 4

TPD/ZOL
  Cosman 2011	 63.8/66.1	 20 ug QD/5 mg QY	 275	 1	 NS	 1,2,3,4

ZOL/PLA
  Mcclung 2009'	 184/186	 5 mg QY	 400	 2	 11.5/11.4	 1,2
  Bai 2013	 56.5/57.1	 5 mg QY	 483	 2	 NS	 3,4
  Black 2007	 NS	 5 mg QY	 7765	 3	 NS	 3,4
  Chao 2013	 54.6/55.3	 5mg QY	 660	 3	 NS	 3,4
  Grey 2009	 65/62	 5 mg QY	 50	 2	 NS	 1,2
  Grey 2014	 65/65	 1–5mg QY	 172	 2	 NS	 1
  Hwang 2011	 72.5/73.3	 5 mg QY	 323	 3	 NS	 2,3,4

Table I (Continued). Key features of included studies.

*Dosage: QD, once a day; QW, once a week; QM, once a month; QY, once a year; IU, International Unit
#Outcome: 1, lumbar spine BMD; 2, total hip BMD; 3, vertebral fracture; 4, non-vertebral fracture
NS, not specified
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Table II. Summary WMD of percentage change in lumbar spine BMD from baseline to one year of treatment for each direct 
comparison.

p-value less than 0.05 is considered as significance with italic fonts

Comparison	 WMD (95 % CI)	 P-heterogeneity	 I-squared	 Tau-squared

ABL/TPD	 1.48 (0.84, 2.12)	 –	 –	 –
ABL/PLA	 9.31 (8.62, 10.00)	 –	 –	 –
ALE/CT	 3.95 (3.14, 4.77)	 0.74	 <0.01 %	 <0.001
ALE/DEN	 -0.20 (-1.59, 1.19)	 –	 –	 –
ALE/IBA	 0.38 (-0.32, 1.08)	 0.6	 <0.01 %	 <0.001
ALE/PLA	 4.58 (4.14, 5.02)	 <0.00001	 88 %	 0.63
ALE/RIS	 0.99 (-0.64, 2.62)	 0.008	 79 %	 1.47
ALE/RLX	 2.86 (1.88, 3.85)	 0.11	 56 %	 0.4
ALE/TPD	 -5.28 (-10.93, 0.36)	 0.002	 89 %	 14.83
ALE/ZOL	 -8.08 (-10.60, -5.56)	 –	 –	 –
CT/PLA	 0.37 (-2.05, 2.80)	 <0.00001	 98 %	 13.05
CT/TPD	 -4.11 (-4.49, -3.73)	 0.61	 <0.01 %	 <0.001
DEN/IBA	 2.11 (1.56, 2.66)	 –	 –	 –
DEN/PLA	 5.32 (4.91, 5.73)	 0.31	 16 %	 0.04
DEN/RIS	 2.30 (1.76, 2.84)	 –	 –	 –
DEN/TPD	 -0.70 (-2.67, 1.27)	 –	 –	 –
DEN/ZOL	 2.03 (1.51, 2.55)	 0.16	 48 %	 0.98
IBA/PLA	 3.54 (2.78, 4.30)	 0.02	 62 %	 0.47
IBA/RIS	 2.51 (1.34, 3.68)	 –	 –	 –
RIS/PLA	 2.85 (2.07, 3.63)	 0.0003	 75 %	 0.80
RIS/STR	 -2.31 (-5.99, 1.37)	 –	 –	 –
RIS/TPD	 -2.69 (-4.26, -1.12)	 –	 –	 –
RLX/PLA	 2.26 (1.90, 2.62)	 0.08	 46 %	 0.23
STR/PLA	 5.13 (3.39, 6.87)	 0.06	 71 %	 1.12
TPD/PLA	 6.35 (3.77, 8.93)	 <0.00001	 96 %	 6.64
TPD/ZOL	 2.75 (1.56, 3.94)	 –	 –	 –
ZOL/PLA	 3.56 (2.19, 4.93)	 0.03	 72 %	 1.03

p-value less than 0.05 is considered as significance with italic fonts

Table III. Summary WMD of percentage change in total hip BMD from baseline to one year of treatment for each direct 
comparison.

Comparison	 WMD (95 % CI)	 P-heterogeneity	 I-squared	 Tau-squared

ABL/TPD	 1.10 (0.76, 1.44)	 –	 –	 –
ABL/PLA	 3.35 (3.02, 3.68)	 –	 –	 –
ALE/DEN	 -1.44 (-2.41, -0.47)	 –	 –	 –
ALE/IBA	 0.14 (0.00, 0.28)	 0.29	 20 %	 0.02
ALE/PLA	 2.39 (2.01, 2.77)	 <0.00001	 78 %	 0.22
ALE/RIS	 1.09 (0.69, 1.49)	 0.67	 <0.01 %	 <0.001
ALE/RLX	 1.21 (0.78, 1.64)	 0.21	 36 %	 0.05
ALE/TPD	 -2.41 (-3.97, -0.85)	 –	 –	 –
ALE/ZOL	 -3.70 (-4.22, -3.18)	 –	 –	 –
CT/PLA	 0.53 (0.32, 0.74)	 0.53	 <0.01 %	 <0.001
DEN/IBA	 1.18 (0.81, 1.55)	 –	 –	 –
DEN/PLA	 3.18 (2.91, 3.45)	 0.14	 42 %	 0.08
DEN/RIS	 1.56 (1.22, 1.90)	 –	 –	 –
DEN/TPD	 1.84 (0.41, 3.27)	 –	 –	 –
DEN/ZOL	 1.31 (0.90, 1.72)	 –	 –	 –
IBA/PLA	 1.83 (1.21, 2.44)	 0.02	 70 %	 0.25
IBA/RIS	 0.84 (-0.34, 2.02)	 –	 –	 –
RIS/STR	 -0.59 (-3.76, 2.58)	 –	 –	 –
RLX/PLA	 1.43 (0.93, 1.92)	 0.70	 <0.01 %	 <0.001
STR/PLA	 3.26 (2.62, 3.90)	 0.37	 <0.01 %	 <0.001
TPD/PLA	 2.31 (2.01, 2.61)	 0.55	 <0.01 %	 <0.001
TPD/ZOL	 -1.08 (-1.93, -0.23)	 –	 –	 –
ZOL/PLA	 2.70 (2.28, 3.11)	 0.64	 <0.01 %	 <0.001
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Vertebral fracture
As presented in Table IV, nine drugs showed 

a significant decrease in vertebral fractures 
compared with PLA: ABL (OR = 0.13, 95% CrI 
= 0.05-0.37), ALE (0.53, 0.45-0.63), DEN (0.31, 
0.24-0.40), IBA (0.46, 0.32-0.67), RIS (0.55, 0.45-
0.69), RLX (0.63, 0.54-0.74), STR (0.61, 0.51-
0.73), TPD (0.26, 0.17-0.37) and ZOL (0.30, 0.24-
0.37). However, mutual comparisons of the ten 
drugs revealed that there was only one significant 

result which was that RIS was superior to TPD 
(2.38, 1.50-3.77).

Non-vertebral fracture
As presented in Table V, all significant results 

of the comparisons were from placebo-controlled 
trials: ABL (OR = 0.53, 0.30-0.95), ALE (0.78, 
0.69-0.88), DEN (0.78, 0.66-0.93), RIS (0.69, 
0.59-0.80), STR (0.86, 0.76-0.96), TPD (0.67, 
0.52-0.87), and ZOL (0.69, 0.60-0.79).

Table IV. Summary ORs of vertebral fracture for each direct comparison.

p-value less than 0.05 is considered as significance with italic fonts

Comparison	 WMD (95 % CI)	 P-heterogeneity	 I-squared	 Tau-squared

ABL/PLA	 0.13 (0.05, 0.37)	 –	 –	 –
ABL/TPD	 0.66 (0.19, 2.35)	 –	 –	 –
ALE/IBA	 1.02 (0.29, 3.53)	 –	 –	 –
ALE/PLA	 0.53 (0.45, 0.63)	 0.99	 <0.01 %	 <0.001
ALE/RLX	 1.33 (0.62, 2.82)	 0.68	 <0.01 %	 <0.001
CT/PLA	 0.79 (0.51, 1.24)	 0.07	 69	 0.07
DEN/IBA	 1.00 (0.14, 7.12)	 –	 –	 –
DEN/PLA	 0.31 (0.24, 0.40)	 0.96	 <0.01 %	 <0.001
IBA/PLA	 0.46 (0.32, 0.67)	 –	 –	 –
RIS/PLA	 0.55 (0.45, 0.69)	 0.83	 <0.01 %	 <0.001
RIS/TPD	 2.38 (1.50, 3.77)	 –	 –	 –
RLX/PLA	 0.63 (0.54, 0.74)	 0.47	 <0.01 %	 <0.001
STR/PLA	 0.61 (0.51, 0.73)	 0.04	 60 %	 0.02
TPD/PLA	 0.26 (0.17, 0.37)	 0.53	 <0.01 %	 <0.001
TPD/ZOL	 0.19 (0.02, 1.68)	 –	 –	 –
ZOL/PLA	 0.30 (0.24, 0.37)	 0.38	 2 %	 <0.001

Table V. Summary ORs of non-vertebral fracture for each direct comparison.

p-value less than 0.05 is considered as significance with italic fonts

Comparison	 WMD (95 % CI)	 P-heterogeneity	 I-squared	 Tau-squared

ABL/TPD	 0.74 (0.40, 1.37)	 –	 –	 –
ABL/PLA	 0.53 (0.30, 0.95)	 –	 –	 –
ALE/IBA	 0.87 (0.40, 1.89)	 –	 –	 –
ALE/PLA	 0.78 (0.69, 0.88)	 0.08	 45 %	 0.03
ALE/RLX	 0.91 (0.44, 1.91)	 –	 –	 –
ALE/TPD	 3.70 (0.98, 14.06)	 –	 –	 –
CT/PLA	 0.91 (0.70, 1.18)	 0.98	 <0.01 %	 <0.001
DEN/IBA	 1.13 (0.53, 2.40)	 –	 –	 –
DEN/PLA	 0.78 (0.66, 0.93)	 0.19	 41 %	 0.23
IBA/PLA	 0.89 (0.65, 1.22)	 –	 –	 –
RIS/PLA	 0.69 (0.59, 0.80)	 0.13	 38 %	 0.06
RIS/TPD	 1.53 (0.91, 2.57)	 –	 –	 –
RLX/PLA	 0.94 (0.86, 1.04)	 0.63	 <0.01 %	 <0.001
STR/PLA	 0.86 (0.76, 0.96)	 0.89	 <0.01 %	 <0.001
TPD/PLA	 0.67 (0.52, 0.87)	 0.81	 <0.01 %	 <0.001
TPD/ZOL	 0.87 (0.31, 2.46)	 –	 –	 –
ZOL/PLA	 0.69 (0.60, 0.79)	 0.38	 2 %	 <0.001
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Results of Network Meta-Analysis
Lumbar spine BMD

Seventy-nine studies were included in the 
analysis of lumbar spine BMD. Figure 2a showed 
the network plot of eligible comparisons. As 
shown in Figure 3, patients treated with any of 
the ten drugs showed a significantly greater in-
crease of lumbar spine BMD than those treated 
with PLA: ABL (WMD = 9.0, 95% CI = 6.7-11.0), 
ALE (4.4, 3.9-4.9), CT (1.8, 0.97-2.7), DEN (5.6, 
4.7-6.5), IBA (3.9, 3.0-4.8), RIS (3.1, 2.3-3.8), 
RLX (2.0, 1.1-2.9), STR (5.2, 3.3-7.0), TPD (7.2, 
6.3-8.2) and ZOL (4.8, 3.6-6.0). Apart from that, 
ABL was better than most of the other drugs such 
as: (4.6, 2.3-7.0) for ALE, (7.2, 4.8-9.6) for CT, 
(3.4, 0.95-5.8) for DEN, (5.1, 2.7-7.6) for IBA, (5.9, 
3.5-8.4) for RIS, (7.0, 4.5-9.5) for RLX, (3.8, 0.89-
6.8) for STR and (4.2, 1.7-6.8) for ZOL. Moreover, 
ALE was associated with a significant increase 
of BMD in the lumbar spine compared with CT 
(2.6, 1.6-3.5), RIS (1.3, 0.44-2.2) and RLX (2.4, 
1.4-3.3). Furthermore, DEN performed better 
than ALE (1.2, 0.24-2.3), CT (3.8, 2.6-5.0), IBA 
(1.7, 0.55-2.9), RIS (2.6, 1.5-3.7) and RLX (3.6, 
2.3-4.9). Both IBA and RIS performed better than 
CT (2.1, 0.86-3.3; 1.3, 0.12-2.4) and IBA was also 
better than RLX (1.9, 0.61-3.1). Furthermore, TPD 
showed greater efficacy than ALE (2.8, 1.8-3.9), 
CT (5.4, 4.3-6.6), DEN (1.6, 0.36-2.9), IBA (3.3, 
2.0-4.6), RIS (4.2, 3.0-5.4), RLX (5.2, 3.9-6.6) and 
ZOL (2.5, 1.0-3.8). Both STR and ZOL were bet-
ter than CT (3.4, 1.4-5.4; 3.0, 1.6-4.4), RIS (2.1, 
0.2-4.1; 1.7, 0.37-3.1) and RLX (3.2, 1.1-5.2; 2.7, 
1.3-4.3). As stated above, CT and RLX were in-
ferior to the other drugs and there was no signifi-
cant difference between the two drugs.

Total hip BMD
Forty-seven studies were included in the anal-

ysis of total hip BMD. Figure 2b showed the net-
work plot of eligible comparisons. As shown in 
Figure 4, except for CT, the remaining nine drugs 
all showed significantly greater efficacy com-
pared with PLA, ABL (WMD = 3.5, 95% CI = 
2.3-4.8), ALE (2.2, 1.8-2.6), DEN (3.6, 3.0-4.1), 
IBA (1.9, 1.4-2.5), RIS (1.5, 0.61-2.4), RLX (1.3, 
0.65-2.0), STR (3.2, 2.1-4.3), TPD (2.6, 1.9-3.3) 
and ZOL (3.4, 2.7-4.1). Apart from that, ABL 
outperformed ALE (1.3, 0.0054-2.6), CT (2.9, 
1.3-4.5), IBA (1.6, 0.19-2.9), RIS (2.1, 0.52-3.6) 
and RLX (2.2, 0.80-3.6). In addition, ALE per-
formed better than CT (1.6, 0.49-2.7) and RLX 
(0.91, 0.22-1.8). Meanwhile, DEN was better than 
ALE (1.4, 0.74-2.0), CT (2.9, 1.8-4.1), IBA (1.6, 

0.91-2.3), RIS (2.1, 1.2-3.0), RLX (2.3, 1.4-3.1) and 
TPD (0.96, 0.12-1.8). IBA was better than CT (1.3, 
0.17-2.5) and STR achieved a better performance 
than CT (2.6, 1.1-4.1), RIS (1.7, 0.37-3.1) and RLX 
(1.9, 0.61-3.2). Furthermore, TPD was better than 
CT (2.0, 0.72-3.2), RIS (1.1, 0.038-2.2) and RLX 
(1.3, 0.34-2.3) and ZOL was better than ALE (1.2, 
0.49-1.9), CT (2.8, 1.6-4.0), IBA (1.5, 0.62-2.3), 
RIS (1.9, 0.89-3.0) and RLX (2.1, 1.2-3.0). Similar 
to lumbar spine BMD, the efficacy of CT was un-
satisfactory, demonstrating its inferiority to ABL, 
ALE, DEN, IBA, STR, TPD, and ZOL.

Vertebral fracture
Forty-three studies were included in the analysis 

of vertebral fracture. Figure 2c showed the network 
plot of eligible comparisons. As shown in Figure 5, 
except for CT, the remaining nine drugs all showed 
a significantly lower risk of vertebral fracture com-
pared with PLA: ABL (OR = 0.13, 95% CI = 0.04-
0.34), ALE (0.55, 0.44-0.67), DEN (0.31, 0.22-0.43), 
IBA (0.46, 0.30-0.69), RIS (0.55, 0.43-0.69), RLX 
(0.62, 0.51-0.75), STR (0.62, 0.53-0.72), TPD (0.23, 
0.17-0.32) and ZOL (0.32, 0.25-0.44). Apart from 
that, patients treated with ABL were significantly 
better than those treated with ALE (0.23, 0.072-
0.65), CT (0.16, 0.047-0.44), IBA (0.28, 0.082-0.83), 
RIS (0.23, 0.071-0.64), RLX (0.21, 0.063-0.54) and 
STR (0.21, 0.064-0.56). ALL, ALE, IBA and RIS 
were better than CT (0.66, 0.47-0.95; 0.56, 0.34-0.93; 
0.67, 0.46-0.97, respectively). Furthermore, DEN 
was superior to ALE (0.57, 0.38-0.83), CT (0.38, 
0.24-0.59), RIS (0.56, 0.37-0.85), RLX (0.50, 0.34-
0.73) and STR (0.50, 0.35-0.72). In addition, TPD 
was more effective than ALE (0.43, 0.28-0.63), CT 
(0.28, 0.18-0.44), IBA (0.51, 0.30-0.86), RIS (0.42, 
0.30-0.60), RLX (0.38, 0.25-0.55) and STR (0.38, 
0.26-0.54). Besides, ZOL have more curative effects 
than ALE (0.59, 0.42-0.85), CT (0.39, 0.27-0.61), RIS 
(0.59, 0.41-0.88), RLX (0.52, 0.38-0.76) and STR 
(0.52, 0.38-0.75).

Non-vertebral fracture
Forty-four studies were included in the anal-

ysis of non-vertebral fracture. Figure 2d showed 
the network plot of eligible comparisons. As 
shown in Figure 6, there were six drugs with a 
significantly lower risk of non-vertebral fracture 
compared with PLA, including ABL (OR = 0.49, 
95% CI = 0.27-0.83), ALE (0.78, 0.68-0.89), DEN 
(0.80, 0.64-0.98), RIS (0.69, 0.58-0.81), TPD (0.60, 
0.47-0.77) and ZOL (0.67, 0.56-0.80). Apart from 
that, ABL was superior to CT (0.54, 0.28-0.98), 
RLX (0.53, 0.29-0.90) and STR (0.58, 0.31-0.98).  



Comparison of ten drugs for the treatment of postmenopausal osteoporosis

2651

Figure 3. Forest plot of Lumbar spine BMD.
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Figure 4. Forest plot of Total hip BMD.
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Figure 5. Forest plot of Vertebral fracture.
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Figure 6. Forest plot of Non-vertebral fracture.
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Furthermore, ALE and RIS were more effective 
than RLX (0.83, 0.70-0.99; 0.74, 0.59-0.90). In ad-
dition, both TPD and ZOL were associated with 
a lower risk of non-vertebral fracture than RLX 
(0.64, 0.49-0.84; 0.72, 0.58-0.88, respectively) and 
STR (0.69, 0.53-0.92; 0.79, 0.62-0.98, respectively).

Rank of Treatments
The corresponding rank of eleven interventions 

including PLA was presented based on their SUCRA 
value. For the four outcomes (lumbar spine BMD, total 
hip BMD, VF, and NVF) of the analysis, the best treat-
ments were ABL (98.5%), DEN (87.5%), ABL (97.3%), 
and ABL (93.1%), respectively. The full details of all 
four ranks were presented in Table VI and Figure 7. 

Consistency
The node-splitting method was used to as-

sess the consistency of direct and indirect evi-
dence (Figures 8, 9, 10, and 11). The evidence 
between direct and indirect comparisons ap-
peared to be consistent if the p-value was > 
0.05. For the results of lumbar spine BMD, the 
overall consistency was satisfactory except for 
the comparison between ZOL and ALE. For 
the results of total hip BMD, inconsistency oc-
curred in three group comparisons (TPD and 
ALE, ZOL and ALE, ZOL and DEN). For the 
results of vertebral fracture and non-vertebral 
fracture, all the groups met the criteria of con-
sistency with p-values > 0.05.

Table VI. SUCRA values of all studied interventions with regard to lumbar spine BMD, total hip BMD, VF, and NVF.

Outcomes	 ABL	 ALE	 CT	 DEN	 IBA	 PLA	 RIS	 RLX	 STR	 TPD	 ZOL

Lumbar spine BMD	 98.5%	 53.3%	 13.6%	 75.8%	 43.0%	 0.0%	 30.6%	 16.8%	 66.0%	 90.2%	 60.2%
Total hip BMD	 85.7%	 49.5%	 11.4%	 87.5%	 41.2%	 1.1%	 27.2%	 23.0%	 78.9%	 60.4%	 83.9%
VF	 97.3%	 43.8%	 10.4%	 76.1%	 54.6%	 0.8%	 42.5%	 29.4%	 28.8%	 89.2%	 75.2%
NVF	 93.1%	 53.3%	 23.4%	 46.2%	 41.4%	 5.8%	 69.1%	 19.1%	 33.4%	 88.7%	 73.6%

Figure 7. Ranking graph of A, Lumbar spine BMD, B, Total hip BMD, C, Vertebral fracture, and D, Non-vertebral fracture.

A
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Publication Bias and Quality 
of Included Studies

Funnel plots were depicted to assess publi-
cation bias (Figure 12). Each dot represented a 
study, and the conclusion regarding publication 
bias was drawn based on the asymmetrical dis-
tribution of dots. As a result, no significant publi-
cation bias was observed in the four funnel plots 

of outcomes. The studies included in this network 
meta-analysis were assessed based on the Mod-
ified JADAD Scale. The full mark was 7, which 
comprised blinding techniques (0–2), randomiza-
tion (0–2), concealment allocation (0–2) and dis-
closure of withdrawals (0–1). The results of the 
Modified JADAD Scale of all 105 studies were 
presented in Table VII.

Figure 8. Comparison of Lumbar Spine BMD between direct and indirect evidence.
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Discussion

In this NMA, we systematically assessed the 
efficacy of ABL, ALE, CT, DEN, IBA, RIS, 
RLX, STR, TPD, and ZOL in increasing BMD 
and reducing fracture rate. A total of 122, 685 
cases from 103 studies were included. As shown 
in our assessment, ABL was considered as the 
best therapy for the treatment of postmenopaus-
al women with osteoporosis because it ranked 
first in the outcomes of lumbar spine BMD, VF, 
and NVF based on the SUCRA value and second 
in the outcome of total hip BMD. Similar to the 

Figure 9. Comparison of Total hip BMD between direct 
and indirect evidence.

Figure 10. Comparison of Vertebral fracture between di-
rect and indirect evidence.



L. Yang, N. Kang, J.-C. Yang, Q.-J. Su, Y.-Z. Liu, L. Guan, T. Liu, X.-L. Meng, Y. Wang, Y. Hai

2658

related drug TPD, ABL was also a parathyroid 
hormone-related protein analog drug applied to 
treat osteoporosis, which successfully completed 
a Phase III trial in 20167. It has 41% homology to 
parathyroid hormone (PTH1-34) and 76% homol-
ogy to parathyroid hormone-related protein117. It 
works as an anabolic agent for bone, selectively 
activated by the parathyroid hormone 1 receptor 

of osteoblasts and osteocytes118,119. On 28 April 
2017, it was approved by the USA food and drug 
administration for the treatment of postmenopaus-
al osteoporosis. As a result, ABL may become a 
new standard for the treatment of postmenopaus-
al women with osteoporosis. Furthermore, for the 
outcome of total hip BMD, DEN achieved the 
highest SUCRA value, indicating that DEN was 
the best drug to improve the total hip BMD. DEN 
is a human monoclonal antibody and a RANKL 
inhibitor, which prevents the development of os-
teoclasts and inhibits bone resorption120. For pa-
tients with evidently low total hip BMD, DEN 
may be a more suitable drug available for them. In 
addition, DEN had good efficacy in other aspects, 
ranking third, third and sixth in the outcomes of 
lumbar spine BMD, VF, and NVF, respectively. 
TPD was still efficient enough to be a fine choice, 
ranked just behind ABL in the outcomes of lum-
bar spine BMD, VF, and NVF. However, the per-
formances of CT and RLX were not satisfactory. 
CT performed worst in the outcomes of lumbar 
spine BMD, total hip BMD, and VF and ranked 
the last but one in the outcome of NVF among 
ten drugs. Meanwhile, RLX ranked the lowest in 
the outcome of NVF, the third to last in the out-
come of VF, and last but one in the outcomes of 
lumbar spine BMD and total hip BMD. The pri-
mary function of CT is to reduce blood calcium, 
opposing the effects of parathyroid hormone121 
and RLX is a selective estrogen receptor mod-
ulator that can function analogously to estrogen 
to prevent postmenopausal osteoporosis122. The 
remaining five drugs all had medium efficacy in 
the treatment parameters, including four bisphos-
phonates (ALE, IBA, RIS, and ZOL) and STR. 
Bisphosphonates are the most common drug used 
for osteoporosis, especially ALE, which can pre-
vent bone loss and reduce fracture rate123. STR is 
a strontium salt of ranelic acid that has both an-
ti-resorptive and anabolic effects124. 

To our knowledge, this was the very largest 
NMA with respect to the effect of therapies for 
postmenopausal osteoporosis on BMD in the 
lumbar spine and fracture rate. A large number 
of studies and cases were included in this NMA. 
Furthermore, both direct and indirect compari-
sons were applied to achieve convincing results. 
Our results were consistent with previous studies. 
For instance, as the meta-analysis conducted by 
Wang et al125 demonstrated, TPD is more effec-
tive than ALE in improving lumbar spine BMD. 
Moreover, a meta-analysis performed by Lin et 
al126 suggested that DEN is more effective in in-

Figure 11. Comparison of Non-vertebral fracture between 
direct and indirect evidence.
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creasing BMD in the lumbar spine and total hip of 
postmenopausal women compared to ALE. Sim-
ilar results were also found in the meta-analysis 
performed by Zhang et al127, indicating that TPD 
and DEN perform better than ALE and RIS in 
the reduction of risk of VF. In the NMA under-
taken by Reginster et al128, ABL proved superi-
or to DEN and TPD in reducing the risk of VF 
and NVF. However, there still remain some lim-
itations in our NMA. As mentioned above, some 
inconsistency remained in the groups including 
ZOL vs. ALE in lumbar spine BMD, and TPD vs. 
ALE, ZOL vs. ALE and ZOL vs. DEN in total 
hip BMD. It may be explained that only one tri-
al reporting the direct comparison between ZOL 
and ALE, with only 105 participants involved109. 
As a result, the corresponding results should be 
interpreted with caution and a clinical trial with 
a large sample size is suggested. In addition, an-
other limitation is that the mode of administration 

is not uniform. For example, for the same ALE, 
some patients were instructed to take 10 mg once 
a day and some to take 70 mg once a week or even 
150 mg once a month. It may contribute to the 
increased heterogeneity among studies due to the 
difference in compliance of participants and drug 
dosage. Therefore, further researches are needed 
to illuminate the influence of the mode of admin-
istration.

Conclusions

This network meta-analysis demonstrated that 
ABL can be considered as the preferable drug for 
improving BMD and reducing the risk of fracture. 
DEN and TPD are also quite effective, and in par-
ticular, DEN performs best in improving total 
BMD. Nevertheless, more high-quality RCTs are 
necessary to support and update our conclusions. 

Figure 12. Funnel plots assessing publication bias. Asymmetry patterns indicate the presence of potential significant publica-
tion bias. A, Lumbar spine BMD, B, Total hip BMD, C, Vertebral fracture, and D, Non-vertebral fracture; (A) Abaloparatide, 
(B) Alendronate, (C) Calcitonin, (D) Denosumab, (E) Ibandronate, (F) Risedronate, (G) Raloxifene, (H) Strontium Ranelate, 
(I) Teriparatide, (J) Zoledronate, and (K) Placebo.
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Table VII. Modified Jadad Scale.

Studies	 Blinding	 Randomization	 Concealment 	 Withdrawal	 Total
			   allocation		  scores

ABL/TPD/PLA					   
  Miller 2016	 2	 0	 2	 1	 5
ALE/CT/PLA					   
  Adami 1993	 2	 2	 1	 0	 5
  Downs 2000	 2	 1	 2	 0	 5
  Dursun 2001	 0	 1	 0	 0	 1
ALE/DEN/PLA	 				  
  Lewiecki 2007	 2	 2	 1	 1	 6
ALE/IBA/RIS					   
  Paggiosi 2014	 0	 1	 2	 1	 4
ALE/IBA					   
  Guanabens 2013	 0	 2	 2	 1	 5
  Miller 2008'	 1	 1	 1	 1	 4
ALE/PLA					   
  Black 1996	 2	 2	 2	 1	 7
  Bone 1997	 1	 1	 0	 0	 2
  Chesnut 1995	 1	 2	 2	 1	 6
  Cummings 1998	 2	 2	 2	 1	 7
  Devogelaer 1996	 2	 2	 2	 0	 6
  Hochberg 2005	 2	 1	 0	 0	 3
  Hosking 1998	 2	 1	 2	 0	 5
  Lau 2000	 1	 1	 2	 1	 5
  Liberman 1995	 1	 1	 0	 1	 3
  Pols 1999	 2	 1	 1	 0	 4
  Quandt 2005	 2	 1	 1	 0	 4
  Ravn 1999	 0	 1	 0	 0	 1
  Rossini 2001	 0	 1	 0	 0	 1
  Stpan 1999	 2	 1	 2	 0	 5
  Tucci 1996	 2	 1	 2	 0	 5
  Yan 2009	 2	 1	 0	 1	 4
  Yen 2000	 1	 2	 2	 1	 6
ALE/RIS					   
  Rosen 2005	 2	 2	 2	 1	 7
  Sarioglu 2006	 0	 1	 1	 0	 2
ALE/RLX					   
  Luchey 2004	 2	 2	 2	 1	 7
  Iwamoto 2008	 0	 1	 0	 1	 2
  Recker 2007	 2	 2	 2	 1	 7
  Sambrook 2004	 2	 2	 2	 1	 7
ALE/TPD					   
  Body 2002	 2	 1	 0	 1	 4
  Finkelstein 2010	 0	 2	 2	 1	 5
ALE/ZOL					   
  Tan 2016	 2	 2	 2	 1	 7
CT/PLA					   
  Binkley 2012	 2	 1	 2	 1	 6
  Binkley 2014	 2	 1	 0	 1	 4
  Chesnut 2000	 2	 2	 2	 1	 7
  Henriksen 2016	 2	 2	 2	 1	 7
  Overgaard 1994	 2	 2	 2	 0	 6
  Reginster 1995	 1	 1	 1	 1	 4
CT/TPD					   
  Li 2013	 0	 1	 0	 1	 2
  Zhang 2012	 0	 1	 0	 0	 1
DEN/IBA					   
  Recknor 2013	 0	 2	 2	 1	 5

Continued
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Table VII (Continued). Modified Jadad Scale.

Studies	 Blinding	 Randomization	 Concealment 	 Withdrawal	 Total
			   allocation		  scores

DEN/PLA					   
  Bone 2008	 2	 1	 0	 1	 4
  Bone 2011	 2	 2	 1	 1	 6
  Cummings 2009	 0	 1	 0	 1	 2
  Nakamura 2012	 1	 1	 1	 1	 4
DEN/RIS					   
  Roux 2014	 0	 1	 1	 1	 3
DEN/TPD					   
  Tsai 2013	 2	 2	 2	 1	 7
DEN/ZOL					   
  Miller 2016'	 2	 1	 1	 1	 5
  Anastasilakis 2015	 0	 2	 2	 1	 5
IBA/PLA					   
  Chesnut 2004	 2	 2	 2	 0	 6
  Lester 2012	 1	 1	 0	 1	 3
  Lewiecki 2009	 1	 1	 0	 1	 3
  Mcclung 2004	 2	 1	 2	 1	 6
  Mcclung 2009	 2	 1	 0	 0	 3
  Ravn 1996	 2	 1	 1	 1	 5
  Stakkestad 2003	 2	 1	 2	 1	 6
RIS/PLA					   
  Clemmesen 1997	 1	 1	 0	 0	 2
  Fogelman 2000	 1	 1	 1	 1	 4
  Harris 1999	 2	 2	 2	 1	 7
  Hooper 2005	 2	 2	 2	 1	 7
  Li 2005	 2	 1	 0	 1	 4
  Mcclung 2001	 2	 1	 1	 0	 4
  Mortensen 1998	 2	 1	 2	 0	 5
  Palomba 2008	 1	 2	 2	 1	 6
  Reginster 2000	 1	 1	 1	 1	 4
  Siris 2008	 1	 1	 0	 0	 2
  Valimaiki 2007	 1	 2	 1	 0	 4
RIS/STR					   
  Narula 2012	 0	 1	 1	 0	 2
RIS/TPD					   
  Anastasilakis 2008	 0	 1	 0	 1	 2
  Kendler 2017	 2	 2	 2	 1	 7
RLX/PLA					   
  Bueno 2017	 1	 2	 2	 0	 5
  Delmas 1997	 2	 1	 2	 0	 5
  Ensrud 2008	 2	 1	 2	 0	 5
  Ettinger 1999	 2	 2	 2	 1	 7
  Liu 2004	 2	 1	 1	 1	 5
  Lufkin 1998	 1	 1	 2	 1	 5
  Mcclung 2006	 2	 1	 0	 0	 3
  Meunier 1999	 1	 1	 1	 0	 3
  Miller 2008	 2	 2	 2	 1	 7
  Morii 2003	 2	 2	 2	 1	 7
  Silverman 2008	 1	 1	 1	 1	 4
  Zheng 2003	 1	 1	 1	 1	 4
STR/PLA					   
  Hwang 2008	 2	 1	 0	 0	 3
  Liu 2009	 1	 1	 1	 1	 4
  Meunier 2002	 2	 1	 2	 1	 6
  Meunier 2004	 1	 1	 0	 1	 3
  Meunier 2009	 2	 1	 0	 1	 4
  Reginster 2005	 1	 1	 1	 1	 4
  Reginster 2008	 1	 1	 1	 1	 4

Continued



L. Yang, N. Kang, J.-C. Yang, Q.-J. Su, Y.-Z. Liu, L. Guan, T. Liu, X.-L. Meng, Y. Wang, Y. Hai

2662

Conflict of Interests
The authors declare that they have no conflict of interest.

References

    1)	Zhang HG, Wang XB, Zhao H, Zhou CN. MicroR-
NA-9-5p promotes osteoporosis development 
through inhibiting osteogenesis and promoting 
adipogenesis via targeting Wnt3a. Eur Rev Med 
Pharmacol Sci 2019; 23: 456-463. 

    2)	[No authors listed]. Management of osteoporo-
sis in postmenopausal women: 2010 position 
statement of The North American Menopause 
Society. Menopause 2010; 17: 25-56. (PMID: 
20061894)

    3)	Riggs BL, Khosla S, Melton LJ 3rd. A unitary model 
for involutional osteoporosis: estrogen deficiency 
causes both type I and type II osteoporosis in 
postmenopausal women and contributes to bone 
loss in aging men. J Bone Miner Res 1998; 13: 
763-773.

    4)	Kanis JA. Assessment of fracture risk and its ap-
plication to screening for postmenopausal osteo-
porosis: synopsis of a WHO report. WHO Study 
Group. Osteoporos Int 1994; 4: 368-381.

    5)	Leslie WD, Lix LM, Yogendran MS, Morin SN, Metge 
CJ, Majumdar SR. Temporal trends in obesity, os-
teoporosis treatment, bone mineral density, and 
fracture rates: a population-based historical cohort 
study. J Bone Miner Res 2014; 29: 952-959.

    6)	Looker AC, Melton LJ 3rd, Borrud LG, Shepherd 
JA. Changes in femur neck bone density in US 
adults between 1988-1994 and 2005-2008: de-
mographic patterns and possible determinants. 
Osteoporos Int 2012; 23: 771-780.

    7)	Miller PD, Hattersley G, Riis BJ, Williams GC, Lau 
E, Russo LA, Alexandersen P, Zerbini CAF, Hu MY, 

Harris AG, Fitzpatrick LA, Cosman F, Christiansen C. 
Effect of abaloparatide vs placebo on newver-
tebral fractures in postmenopausalwomen with 
osteoporosis a randomized clinical trial. JAMA 
2016; 316: 722-733.

    8)	Bucher HC, Guyatt GH, Griffith LE, Walter SD. The 
results of direct and indirect treatment compari-
sons in meta-analysis of randomized controlled 
trials. J Clin Epidemiol 1997; 50: 683-691.

    9)	Wang G, Sui L, Gai P, Li G, Qi X, Jiang X. The 
efficacy and safety of vertebral fracture preven-
tion therapies in post-menopausal osteoporosis 
treatment: Which therapies work best? a network 
meta-analysis. Bone Joint Res 2017; 6: 452-463.

  10)	Freemantle N, Cooper C, Diez-Perez A, Gitlin M, Rad-
cliffe H, Shepherd S, Roux C. Results of indirect and 
mixed treatment comparison of fracture efficacy 
for osteoporosis treatments: a meta-analysis. Os-
teoporos Int 2013; 24: 209-217.

  11)	Liu GF, Wang ZQ, Liu L, Zhang BT, Miao YY, Yu 
SN. A network meta-analysis on the short-term 
efficacy and adverse events of different anti-os-
teoporosis drugs for the treatment of postmeno-
pausal osteoporosis. J Cell Biochem 2018; 119: 
4469-4481.

  12)	Jadad AR, Moore RA, Carroll D, Jenkinson C, Reyn-
olds DJ, Gavaghan DJ, Mcquay HJ. Assessing the 
quality of reports of randomized clinical trials: is 
blinding necessary? Control Clin Trials 1996; 17: 
1-12.

  13)	Lumley T. Network meta-analysis for indirect treat-
ment comparisons. Stat Med 2002; 21: 2313-
2324.

  14)	 Salanti G, Ades AE, Ioannidis JP. Graphical methods 
and numerical summaries for presenting results 
from multiple-treatment meta-analysis: an overview 
and tutorial. J Clin Epidemiol 2011; 64: 163-171.

  15)	Adami S, Baroni MC, Broggini M, Carratelli L, Caru-
so I, Gnessi L, Laurenzi M, Lombardi A, Norbiato G, 

Table VII (Continued). Modified Jadad Scale.

Studies	 Blinding	 Randomization	 Concealment 	 Withdrawal	 Total
			   allocation		  scores

TPD/PLA					   
  Krege 2012	 1	 1	 0	 0	 2
  Miyauchi 2010	 1	 1	 2	 1	 5
  Nakamura 2012'	 2	 2	 1	 1	 6
  Neer 2001	 0	 1	 1	 0	 2
TPD/ZOL					   
  Cosman 2011	 2	 2	 2	 1	 7
ZOL/PLA					   
  Bai 2013	 1	 1	 0	 0	 2
  Black 2007	 2	 2	 1	 1	 6
  Chao 2013	 1	 1	 0	 0	 2
  Grey 2009	 2	 2	 2	 1	 7
  Grey 2014	 2	 2	 2	 1	 7
  Hwang 2011	 1	 1	 0	 0	 2
  Mcclung 2009'	 2	 2	 2	 0	 6



Comparison of ten drugs for the treatment of postmenopausal osteoporosis

2663

Ortolani S, Ricerca E, Romanini L, Subrizi S, Weinberg 
J, Yates AJ. Treatment of postmenopausal oste-
oporosis with continuous daily oral alendronate 
in comparison with either placebo or intranasal 
salmon calcitonin. Osteoporos Int 1993; 3: 21-27.

  16)	Anastasilakis AD, Goulis DG, Polyzos SA, Gerou S, 
Koukoulis GN, Efstathiadou Z, Kita M, Avramidis A. 
Head-to-head comparison of risedronate vs. teri-
paratide on bone turnover markers in women with 
postmenopausal osteoporosis: a randomised tri-
al. Int J Clin Pract 2008; 62: 919-924.

  17)	Anastasilakis AD, Polyzos SA, Gkiomisi A, Saridakis ZG, 
Digkas D, Bisbinas I, Sakellariou GT, Papatheodorou A, 
Kokkoris P, Makras P. Denosumab versus zoledronic 
acid in patients previously treated with zoledronic 
acid. Osteoporos Int 2015; 26: 2521-2527.

  18)	Bai H, Jing D, Guo A, Yin S. Randomized controlled 
trial of zoledronic acid for treatment of osteoporo-
sis in women. J Int Med Res 2013; 41: 697-704.

  19)	Binkley N, Bolognese M, Sidorowicz-Bialynicka A, Val-
ly T, Trout R, Miller C, Buben CE, Gilligan JP, Krause 
DS. A phase 3 trial of the efficacy and safety of 
oral recombinant calcitonin: the Oral Calcitonin in 
Postmenopausal Osteoporosis (ORACAL) trial. J 
Bone Miner Res 2012; 27: 1821-1829.

  20)	Binkley N, Bone H, Gilligan JP, Krause DS. Efficacy 
and safety of oral recombinant calcitonin tablets 
in postmenopausal women with low bone mass 
and increased fracture risk: a randomized, pla-
cebo-controlled trial. Osteoporos Int 2014; 25: 
2649-2656.

  21)	Black DM, Cummings SR, Karpf DB, Cauley JA, Thomp-
son DE, Nevitt MC, Bauer DC, Genant HK, Haskell 
WL, Marcus R, Ott SM, Torner JC, Quandt SA, Reiss 
TF, Ensrud KE. Randomised trial of effect of alen-
dronate on risk of fracture in women with existing 
vertebral fractures. Fracture Intervention Trial Re-
search Group. Lancet 1996; 348: 1535-1541.

  22)	Black DM, Delmas PD, Eastell R, Reid IR, Boonen 
S, Cauley JA, Cosman F, Lakatos P, Ping CL, Man Z, 
Mautalen C, Mesenbrink P, Hu H, Caminis J, Tong K, 
Rosario-Jansen T, Krasnow J, Hue TF, Sellmeyer D, 
Eriksen EF, Cummings SR. Once-yearly zoledronic 
acid for treatment of postmenopausal osteoporo-
sis. N Engl J Med 2007; 356: 1809-1822.

  23)	Body JJ, Gaich GA, Scheele WH, Kulkarni PM, Miller 
PD, Peretz A, Dore RK, Correa-Rotter R, Papaioan-
nou A, Cumming DC, Hodsman AB. A randomized 
double-blind trial to compare the efficacy of teri-
paratide [recombinant human parathyroid hor-
mone (1-34)] with alendronate in postmenopausal 
women with osteoporosis. J Clin Endocrinol Me-
tab 2002; 87: 4528-4535.

  24)	Bone HG, Bolognese MA, Yuen CK, Kendler DL, 
Miller PD, Yang YC, Grazette L, Martin JS, Gallagher 
JC. Effects of denosumab treatment and discontin-
uation on bone mineral density and bone turnover 
markers in postmenopausal women with low bone 
mass. J Clin Endocrinol Metab 2011; 96: 972-980.

  25)	Bone HG, Bolognese MA, Yuen CK, Kendler DL, 
Wang H, Liu Y, San Martin J. Effects of denosum-
ab on bone mineral density and bone turnover in 

postmenopausal women. J Clin Endocrinol Metab 
2008; 93: 2149-2157.

  26)	Bone HG, Downs RW, Tucci JR, Harris ST, Weinstein RS, 
Licata AA, Mcclung MR, Kimmel DB, Gertz BJ, Hale E, 
Polvino WJ. Dose-response relationships for alen-
dronate treatment in osteoporotic elderly women. 
Alendronate Elderly Osteoporosis Study Centers. J 
Clin Endocrinol Metab 1997; 82: 265-274.

  27)	Bueno JAH, Arias L, Yu CR, Williams R, Komm BS. 
Efficacy and safety of bazedoxifene in postmeno-
pausal Latino women with osteoporosis. Meno-
pause 2017; 24: 1033-1039.

  28)	Chao M, Hua Q, Yingfeng Z, Guang W, Shufeng S, 
Yuzhen D, Wei W, Haifeng T. Study on the role of 
zoledronic acid in treatment of postmenopausal 
osteoporosis. Pak J Med Sci 2013; 29.

  29)	Chesnut CH 3rd, Mcclung MR, Ensrud KE, Bell NH, 
Genant HK, Harris ST, Singer FR, Stock JL, Yood 
RA, Delmas PD, et al. Alendronate treatment of 
the postmenopausal osteoporotic woman: effect 
of multiple dosages on bone mass and bone 
remodeling. Am J Med 1995; 99: 144-152.

  30)	Chesnut CH 3rd, Skag A, Christiansen C, Recker R, 
Stakkestad JA, Hoiseth A, Felsenberg D, Huss H, 
Gilbride J, Schimmer RC, Delmas PD. Effects of oral 
ibandronate administered daily or intermittently 
on fracture risk in postmenopausal osteoporosis. 
J Bone Miner Res 2004; 19: 1241-1249.

  31)	Chesnut ICH, Silverman S, Andriano K, Genant H, 
Gimona A, Harris S, Kiel D, Leboff M, Maricic M, 
Miller P, Moniz C, Peacock M, Richardson P, Watts 
N, Baylink D. A randomized trial of nasal spray 
salmon calcitonin in postmenopausal women with 
established osteoporosis: the prevent recurrence 
of osteoporotic fractures study. Am J Med 2000; 
109: 267-276.

  32)	Clemmesen B, Ravn P, Zegels B, Taquet AN, Christian-
sen C, Reginster JY. A 2-year phase II study with 
1-year of follow-up of risedronate (NE-58095) 
in postmenopausal osteoporosis. Osteoporos Int 
1997; 7: 488-495.

  33)	Cosman F, Eriksen EF, Recknor C, Miller PD, Gua-
nabens N, Kasperk C, Papanastasiou P, Readie A, 
Rao H, Gasser JA, Bucci-Rechtweg C, Boonen S. 
Effects of intravenous zoledronic acid plus sub-
cutaneous teriparatide [rhPTH(1-34)] in post-
menopausal osteoporosis. J Bone Miner Res 
2011; 26: 503-511.

  34)	Cummings SR, Black DM, Thompson DE, Applegate 
WB, Barrett-Connor E, Musliner TA, Palermo L, 
Prineas R, Rubin SM, Scott JC, Vogt T, Wallace 
R, Yates AJ, Lacroix AZ. Effect of alendronate on 
risk of fracture in women with low bone density 
but without vertebral fractures: results from the 
Fracture Intervention Trial. JAMA 1998; 280: 
2077-2082.

  35)	Cummings SR, San Martin J, Mcclung MR, Siris ES, 
Eastell R, Reid IR, Delmas P, Zoog HB, Austin M, 
Wang A, Kutilek S, Adami S, Zanchetta J, Libanati C, 
Siddhanti S, Christiansen C. Denosumab for preven-
tion of fractures in postmenopausal women with 
osteoporosis. N Engl J Med 2009; 361: 756-765.



L. Yang, N. Kang, J.-C. Yang, Q.-J. Su, Y.-Z. Liu, L. Guan, T. Liu, X.-L. Meng, Y. Wang, Y. Hai

2664

  36)	Delmas PD, Bjarnason NH, Mitlak BH, Ravoux AC, 
Shah AS, Huster WJ, Draper M, Christiansen C. 
Effects of raloxifene on bone mineral density, 
serum cholesterol concentrations, and uterine 
endometrium in postmenopausal women. N Engl 
J Med 1997; 337: 1641-1647.

  37)	Devogelaer JP, Broll H, Correa-Rotter R, Cumming 
DC, De Deuxchaisnes CN, Geusens P, Hosking D, 
Jaeger P, Kaufman JM, Leite M, Leon J, Liberman U, 
Menkes CJ, Meunier PJ, Reid I, Rodriguez J, Romano-
wicz A, Seeman E, Vermeulen A, Hirsch LJ, Lombardi 
A, Plezia K, Santora AC, Yates AJ, Yuan W. Oral 
alendronate induces progressive increases in 
bone mass of the spine, hip, and total body over 
3 years in postmenopausal women with osteopo-
rosis. Bone 1996; 18: 141-150.

  38)	Downs RW, Bell NH, Ettinger MP, Walsh BW, Favus 
MJ, Mako B, Wang L, Smith ME, Gormley GJ, Melton 
ME. Comparison of alendronate and intranasal 
calcitonin for treatment of osteoporosis in post-
menopausal women. J Clin Endocrinol Metab 
2000; 85: 1783-1788.

  39)	Dursun N, Dursun E, Yalcin S. Comparison of 
alendronate, calcitonin and calcium treatments 
in postmenopausal osteoporosis. Int J Clin Pract 
2001; 55: 505-509.

  40)	Ensrud KE, Stock JL, Barrett-Connor E, Grady D, 
Mosca L, Khaw KT, Zhao Q, Agnusdei D, Cauley JA. 
Effects of raloxifene on fracture risk in postmeno-
pausal women: the Raloxifene Use for the Heart 
Trial. J Bone Miner Res 2008; 23: 112-120.

  41)	Ettinger B, Black DM, Mitlak BH, Knickerbocker 
RK, Nickelsen T, Genant HK, Christiansen C, Delmas 
PD, Zanchetta JR, Stakkestad J, Gluer CC, Krueger 
K, Cohen FJ, Eckert S, Ensrud KE, Avioli LV, Lips 
P, Cummings SR. Reduction of vertebral fracture 
risk in postmenopausal women with osteoporosis 
treated with raloxifene: results from a 3-year ran-
domized clinical trial. JAMA 1999; 282: 637-645.

  42)	Finkelstein JS, Wyland JJ, Lee H, Neer RM. Effects of 
teriparatide, alendronate, or both in women with 
postmenopausal osteoporosis. J Clin Endocrinol 
Metab 2010; 95: 1838-1845.

  43)	Fogelman I, Ribot C, Smith R, Ethgen D, Sod E, Reginster 
JY. Risedronate reverses bone loss in postmeno-
pausal women with low bone mass: results from a 
multinational, double-blind, placebo-controlled trial. 
J Clin Endocrinol Metab 2000; 85: 1895-1900.

  44)	Grey A, Bolland M, Mihov B, Wong S, Horne A, 
Gamble G, Reid IR. Duration of antiresorptive effects 
of low-dose zoledronate in osteopenic postmeno-
pausal women: a randomized, placebo-controlled 
trial. J Bone Miner Res 2014; 29: 166-172.

  45)	Grey A, Bolland MJ, Wattie D, Horne A, Gamble 
G, Reid IR. The antiresorptive effects of a single 
dose of zoledronate persist for two years: a ran-
domized, placebo-controlled trial in osteopenic 
postmenopausal women. J Clin Endocrinol Metab 
2009; 94: 538-544.

  46)	Guanabens N, Monegal A, Cerda D, Muxi A, Gifre 
L, Peris P, Pares A. Randomized trial comparing 
monthly ibandronate and weekly alendronate for 

osteoporosis in patients with primary biliary cir-
rhosis. Hepatology 2013; 58: 2070-2078.

  47)	Harris ST, Watts NB, Genant HK, Mckeever CD, Han-
gartner T, Keller M, Chesnut ICH, Brown J, Eriksen 
EF, Hoseyni MS, Axelrod DW, Miller PD. Effects of 
risedronate treatment on vertebral and nonver-
tebral fractures in women with postmenopausal 
osteoporosis: a randomized controlled trial. JA-
MA 1999; 282: 1344-1352.

  48)	Henriksen K, Byrjalsen I, Andersen JR, Bihlet AR, 
Russo LA, Alexandersen P, Valter I, Qvist P, Lau E, 
Riis BJ, Christiansen C, Karsdal MA. A randomized, 
double-blind, multicenter, placebo-controlled 
study to evaluate the efficacy and safety of oral 
salmon calcitonin in the treatment of osteoporosis 
in postmenopausal women taking calcium and 
vitamin D. Bone 2016; 91: 122-129.

  49)	Hochberg MC, Thompson DE, Black DM, Quandt 
SA, Cauley J, Geusens P, Ross PD, Baran D. Effect 
of alendronate on the age-specific incidence of 
symptomatic osteoporotic fractures. J Bone Miner 
Res 2005; 20: 971-976.

  50)	Hooper MJ, Ebeling PR, Roberts AP, Graham JJ, Nich-
olson GC, D'emden M, Ernst TF, Wenderoth D. Rise-
dronate prevents bone loss in early postmenopausal 
women: a prospective randomized, placebo-con-
trolled trial. Climacteric 2005; 8: 251-262.

  51)	Hosking D, Chilvers CE, Christiansen C, Ravn P, 
Wasnich R, Ross P, Mcclung M, Balske A, Thompson 
D, Daley M, Yates AJ. Prevention of bone loss with 
alendronate in postmenopausal women under 60 
years of age. Early Postmenopausal Intervention 
Cohort Study Group. N Engl J Med 1998; 338: 
485-492.

  52)	Hwang JS, Chen JF, Yang TS, Wu DJ, Tsai KS, Ho 
C, Wu CH, Su SL, Wang CJ, Tu ST. The effects of 
strontium ranelate in Asian women with post-
menopausal osteoporosis. Calcif Tissue Int 2008; 
83: 308-314.

  53)	Hwang JS, Chin LS, Chen JF, Yang TS, Chen PQ, 
Tsai KS, Leung PC. The effects of intravenous 
zoledronic acid in Chinese women with post-
menopausal osteoporosis. J Bone Miner Metab 
2011; 29: 328-333.

  54)	Iwamoto J, Sato Y, Uzawa M, Takeda T, Matsu-
moto H. Comparison of effects of alendronate 
and raloxifene on lumbar bone mineral density, 
bone turnover, and lipid metabolism in elderly 
women with osteoporosis. Yonsei Med J 2008; 
49: 119-128.

  55)	Kendler DL, Marin F, Zerbini C, Russo LA, Green-
span SL, Zikan V, Bagur A, Malouf-Sierra J, Lakatos 
P, Fahrleitner-Pammer A, Lespessailles E, Minisola 
S, Body JJ, Geusens P, Moricke R, Lopez-Romero P. 
Effects of teriparatide and risedronate on new 
fractures in post-menopausal women with se-
vere osteoporosis (VERO): a multicentre, dou-
ble-blind, double-dummy, randomised controlled 
trial. Lancet 2018; 391: 230-240.

  56)	Krege JH, Wan X. Teriparatide and the risk of 
nonvertebral fractures in women with postmeno-
pausal osteoporosis. Bone 2012; 50: 161-164.



Comparison of ten drugs for the treatment of postmenopausal osteoporosis

2665

  57)	Lau EMC, Woo J, Chan YH, Griffith J. Alendronate 
prevents bone loss in Chinese women with oste-
oporosis. Bone 2000; 27: 677-680.

  58)	Lester JE, Dodwell D, Brownje, Purohit OP, Gutcher 
SA, Ellis SP, Thorpe R, Horsman JM, Coleman RE. 
Prevention of anastrozole induced bone loss with 
monthly oral ibandronate: final 5 year results from 
the ARIBON trial. J Bone Oncol 2012; 1: 57-62.

  59)	Lewiecki EM, Keaveny TM, Kopperdahl DL, Genant 
HK, Engelke K, Fuerst T, Kivitz A, Davies RY, Fitzpat-
rick LA. Once-monthly oral ibandronate improves 
biomechanical determinants of bone strength in 
women with postmenopausal osteoporosis. J Clin 
Endocrinol Metab 2009; 94: 171-180.

  60)	Lewiecki EM, Miller PD, Mcclung MR, Cohen SB, Bo-
lognese MA, Liu Y, Wang A, Siddhanti S, Fitzpatrick 
LA. Two-year treatment with denosumab (AMG 
162) in a randomized phase 2 study of postmeno-
pausal women with low BMD. J Bone Miner Res 
2007; 22: 1832-1841.

  61)	Li Y, Xuan M, Wang B, Yang J, Zhang H, Zhang XZ, 
Guo XH, Lü XF, Xue QY, Yang GY, Ji QH, Liu ZM, Li 
CJ, Wu TF, Sheng ZY, Li PQ, Tong JC. Comparison 
of parathyroid hormone (1-34) and elcatonin in 
postmenopausal women with osteoporosis: an 
18-month randomized, multicenter controlled trial 
in China. Chin Med J (Engl) 2013; 126: 457-463.

  62)	Li Y, Zhang Z, Deng X, Chen L. Efficacy and safety 
of risedronate sodium in treatment of postmeno-
pausal osteoporosis. J Huazhong Univ Sci Tech-
nolog Med Sci 2005; 25: 527-529.

  63)	Liberman UA, Weiss SR, Bröll J, Minne HW, Quan 
H, Bell NH, Rodriguez-Portales J, Downs Jr RW, De-
queker J, Favus M, Seeman E, Recker RR, Capizzi T, San-
tora IAC, Lombardi A, Shah RV, Hirsch LJ, Karpf DB. 
Effect of oral alendronate on bone mineral density 
and the incidence of fractures in postmenopausal 
osteoporosis. N Engl J Med 1995; 333: 1437-1443.

  64)	Liu JL, Zhu HM, Huang QR, Zhang ZL, Li HL, Qin 
YJ, Zhang Y, Wei DL, Lu JH, Liu H, Chen XP, Liu YJ, 
Ekangaki A, Zheng YM, Diez-Perez A, Harpe K. [Ef-
fect of raloxifene hydrochloride on bone mineral 
density, bone metabolism and serum lipids in Chi-
nese postmenopausal women with osteoporosis]. 
Zhonghua Yi Xue Za Zhi 2004; 84: 269-273.

  65)	Liu JM, Wai-Chee Kung A, Pheng CS, Zhu HM, Zhang 
ZL, Wu YY, Xu L, Meng XW, Huang ML, Chung LP, 
Hussain NHN, Sufian SS, Chen JL. Efficacy and 
safety of 2 g/day of strontium ranelate in Asian 
women with postmenopausal osteoporosis. Bone 
2009; 45: 460-465.

  66)	Luckey M, Kagan R, Greenspan S, Bone H, Kiel RD, 
Simon J, Sackarowitz J, Palmisano J, Chen E, Petrus-
chke RA, De Papp AE. Once-weekly alendronate 70 
mg and raloxifene 60 mg daily in the treatment of 
postmenopausal osteoporosis. Menopause 2004; 
11: 405-415.

  67)	Lufkin EG, Whitaker MD, Nickelsen T, Argueta R, 
Caplan RH, Knickerbocker RK, Riggs BL. Treatment 
of established postmenopausal osteoporosis with 
raloxifene: a randomized trial. J Bone Miner Res 
1998; 13: 1747-1754.

  68)	Mcclung M, Miller P, Recknor C, Mesenbrink P, Buc-
ci-Rechtweg C, Benhamou CL. Zoledronic acid for 
the prevention of bone loss in postmenopausal 
women with low bone mass: a randomized con-
trolled trial. Obstet Gynecol 2009; 114: 999-1007.

  69)	Mcclung MR, Bolognese MA, Sedarati F, Recker RR, 
Miller PD. Efficacy and safety of monthly oral 
ibandronate in the prevention of postmenopausal 
bone loss. Bone 2009; 44: 418-422.

  70)	Mcclung MR, Geusens P, Miller PD, Zippel H, Bensen 
WG, Roux C, Adami S, Fogelman I, Diamond T, 
Eastell R, Meunier PJ, Reginster JY; Hip Interven-
tion Program Study Group. Effect of risedronate 
on the risk of hip fracture in elderly women. Hip 
Intervention Program Study Group. N Engl J Med 
2001; 344: 333-340.

  71)	Mcclung MR, Siris E, Cummings S, Bolognese M, 
Ettinger M, Moffett A, Emkey R, Day W, Somayaji 
V, Lee A. Prevention of bone loss in postmeno-
pausal women treated with lasofoxifene com-
pared with raloxifene. Menopause 2006; 13: 
377-386.

  72)	Mcclung MR, Wasnich RD, Recker R, Cauley JA, 
Chesnut CH, 3rd, Ensrud KE, Burdeska A, Mills T. 
Oral daily ibandronate prevents bone loss in early 
postmenopausal women without osteoporosis. J 
Bone Miner Res 2004; 19: 11-18.

  73)	Meunier PJ, Roux C, Ortolani S, Diaz-Curiel M, 
Compston J, Marquis P, Cormier C, Isaia G, Badurski 
J, Wark JD, Collette J, Reginster JY. Effects of 
long-term strontium ranelate treatment on ver-
tebral fracture risk in postmenopausal women 
with osteoporosis. Osteoporos Int 2009; 20: 
1663-1673.

  74)	Meunier PJ, Roux C, Seeman E, Ortolani S, Badurski 
JE, Spector TD, Cannata J, Balogh A, Lemmel EM, 
Pors-Nielsen S, Rizzoli R, Genant HK, Reginster JY. 
The effects of strontium ranelate on the risk of 
vertebral fracture in women with postmenopausal 
osteoporosis. N Engl J Med 2004; 350: 459-468.

  75)	Meunier PJ, Slosman DO, Delmas PD, Sebert JL, 
Brandi ML, Albanese C, Lorenc R, Pors-Nielsen S, 
De Vernejoul MC, Roces A, Reginster JY. Strontium 
ranelate: Dose-dependent effects in established 
postmenopausal vertebral osteoporosis – A 
2-year randomized placebo controlled trial. J Clin 
Endocrinol Metab 2002; 87: 2060-2066.

  76)	Meunier PJ, Vignot E, Garnero P, Confavreux E, Paris 
E, Liu-Leage S, Sarkar S, Liu T, Wong M, Draper 
MW. Treatment of postmenopausal women with 
osteoporosis or low bone density with raloxifene. 
Raloxifene Study Group. Osteoporos Int 1999; 10: 
330-336.

  77)	Miller PD, Chines AA, Christiansen C, Hoeck HC, 
Kendler DL, Lewiecki EM, Woodson G, Levine AB, 
Constantine G, Delmas PD. Effects of bazedoxifene 
on BMD and bone turnover in postmenopaus-
al women: 2-yr results of a randomized, dou-
ble-blind, placebo-, and active-controlled study. 
J Bone Miner Res 2008; 23: 525-535.

  78)	Miller PD, Epstein S, Sedarati F, Reginster JY. 
Once-monthly oral ibandronate compared with 



L. Yang, N. Kang, J.-C. Yang, Q.-J. Su, Y.-Z. Liu, L. Guan, T. Liu, X.-L. Meng, Y. Wang, Y. Hai

2666

weekly oral alendronate in postmenopausal oste-
oporosis: results from the head-to-head MOTION 
study. Curr Med Res Opin 2008; 24: 207-213.

  79)	Miller PD, Pannacciulli N, Brown JP, Czerwinski E, 
Nedergaard BS, Bolognese MA, Malouf J, Bone 
HG, Reginster JY, Singer A, Wang C, Wagman RB, 
Cummings SR. Denosumab or zoledronic acid in 
postmenopausal women with osteoporosis pre-
viously treated with oral bisphosphonates. J Clin 
Endocrinol Metab 2016; 101: 3163-3170.

  80)	Miyauchi A, Matsumoto T, Sugimoto T, Tsujimoto M, 
Warner MR, Nakamura T. Effects of teriparatide on 
bone mineral density and bone turnover mark-
ers in Japanese subjects with osteoporosis at 
high risk of fracture in a 24-month clinical study: 
12-month, randomized, placebo-controlled, dou-
ble-blind and 12-month open-label phases. Bone 
2010; 47: 493-502.

  81)	Morii H, Ohashi Y, Taketani Y, Fukunaga M, Nakamu-
ra T, Itabashi A, Sarkar S, Harper K. Effect of ralox-
ifene on bone mineral density and biochemical 
markers of bone turnover in Japanese postmeno-
pausal women with osteoporosis: results from a 
randomized placebo-controlled trial. Osteoporos 
Int 2003; 14: 793-800.

  82)	Mortensen L, Charles P, Bekker PJ, Digennaro J, 
Johnston Jr CC. Risedronate increases bone 
mass in an early postmenopausal population: 
two years of treatment plus one year of follow-up. 
J Clin Endocrinol Metab 1998; 83: 396-402.

  83)	Nakamura T, Matsumoto T, Sugimoto T, Shiraki M. 
Dose-response study of denosumab on bone 
mineral density and bone turnover markers in 
Japanese postmenopausal women with osteopo-
rosis. Osteoporos Int 2012; 23: 1131-1140.

  84)	Nakamura T, Sugimoto T, Nakano T, Kishimoto H, 
Ito M, Fukunaga M, Hagino H, Sone T, Yoshikawa 
H, Nishizawa Y, Fujita T, Shiraki M. Randomized 
Teriparatide [human parathyroid hormone (PTH) 
1-34] Once-Weekly Efficacy Research (TOWER) 
trial for examining the reduction in new vertebral 
fractures in subjects with primary osteoporosis 
and high fracture risk. J Clin Endocrinol Metab 
2012; 97: 3097-3106.

  85)	Narula R, Mujtaba T, Iraqi AA, Singh S. Effect of 
risedronate and strontium therapy on bone miner-
al density in postmenopausal osteoporosis. Int J 
Res Ayurveda Pharmacy 2012; 3: 543-547 (DOI: 
10.1016/S0003-9969(00)00049-2).

  86)	Neer RM, Arnaud CD, Zanchetta JR, Prince R, Gaich 
GA, Reginster JY, Hodsman AB, Eriksen EF, Ish-Sha-
lom S, Genant HK, Wang O, Mitlak BH. Effect of 
parathyroid hormone (1-34) on fractures and bone 
mineral density in postmenopausal women with 
osteoporosis. N Engl J Med 2001; 344: 1434-1441.

  87)	Overgaard K. Effect of intranasal salmon calci-
tonin therapy on bone mass and bone turnover in 
early postmenopausal women: a dose-response 
study. Calcif Tissue Int 1994; 55: 82-86.

  88)	Paggiosi MA, Walsh JS, Peel NFA, Mccloskey EV, 
Eastell R. A comparison of the effects of three 
oral bisphosphonates on the peripheral skeleton 

in postmenopausal osteoporosis: the TRIO study. 
Osteoporos Int 2014; 25: 2729-2741.

  89)	Palomba S, Manguso F, Orio Jr F, Russo T, Oppedisano 
R, Sacchinelli A, Falbo A, Tolino A, Zullo F, Mastran-
tonio P. Effectiveness of risedronate in osteoporotic 
postmenopausal women with inflammatory bowel 
disease: a prospective, parallel, open-label, two-year 
extension study. Menopause 2008; 15: 730-736.

  90)	Pols HA, Felsenberg D, Hanley DA, Stepán J, Muñoz-Tor-
res M, Wilkin TJ, Qin-Sheng G, Galich AM, Vandormael 
K, Yates AJ, Stych B. Multinational, placebo-controlled, 
randomized trial of the effects of alendronate on 
bone density and fracture risk in postmenopausal 
women with low bone mass: results of the FOSIT 
study. Fosamax International Trial Study Group. Os-
teoporos Int 1999; 9: 461-468.

  91)	Quandt SA, Thompson DE, Schneider DL, Nevitt 
MC, Black DM. Effect of alendronate on vertebral 
fracture risk in women with bone mineral density 
T scores of-1.6 to -2.5 at the femoral neck: the 
Fracture Intervention Trial. Mayo Clin Proc 2005; 
80: 343-349.

  92)	Ravn P, Bidstrup M, Wasnich RD, Davis JW, Mc-
clung MR, Balske A, Coupland C, Sahota O, 
Kaur A, Daley M, Cizza G. Alendronate and 
estrogen-progestin in the long-term prevention 
of bone loss: four-year results from the early 
postmenopausal intervention cohort study. A 
randomized, controlled trial. Ann Intern Med 
1999; 131: 935-942.

  93)	Ravn P, Clemmesen B, Riis BJ, Christiansen C. The 
effect on bone mass and bone markers of differ-
ent doses of ibandronate: a new bisphosphonate 
for prevention and treatment of postmenopausal 
osteoporosis: a 1-year, randomized, double-blind, 
placebo-controlled dose-finding study. Bone 
1996; 19: 527-533.

  94)	Recker RR, Kendler D, Recknor CP, Rooney TW, 
Lewiecki EM, Utian WH, Cauley JA, Lorraine J, Qu 
Y, Kulkarni PM, Gaich CL, Wong M, Plouffe L, Jr., 
Stock JL. Comparative effects of raloxifene and 
alendronate on fracture outcomes in postmeno-
pausal women with low bone mass. Bone 2007; 
40: 843-851.

  95)	Recknor C, Czerwinski E, Bone HG, Bonnick SL, Bin-
kley N, Palacios S, Moffett A, Siddhanti S, Ferreira 
I, Ghelani P, Wagman RB, Hall JW, Bolognese MA, 
Benhamou CL. Denosumab compared with iban-
dronate in postmenopausal women previously 
treated with bisphosphonate therapy: a random-
ized open-label trial. Obstet Gynecol 2013; 121: 
1291-1299.

  96)	Reginster JY, Deroisy R, Lecart MP, Sarlet N, Zegels 
B, Jupsin I, Longueville M, Franchimont P. A dou-
ble-blind, placebo-controlled, dose-finding trial of 
intermittent nasal salmon calcitonin for prevention 
of postmenopausal lumbar spine bone loss. Am 
J Med 1995; 98: 452-458.

  97)	Reginster JY, Felsenberg D, Boonen S, Diez-Perez A, 
Rizzoli R, Brandi ML, Spector TD, Brixen K, Goemae-
re S, Cormier C, Balogh A, Delmas PD, Meunier PJ. 
Effects of long-term strontium ranelate treatment 



Comparison of ten drugs for the treatment of postmenopausal osteoporosis

2667

on the risk of nonvertebral and vertebral frac-
tures in postmenopausal osteoporosis: results of 
a five-year, randomized, placebo-controlled trial. 
Arthritis Rheum 2008; 58: 1687-1695.

  98)	Reginster JY, Minne HW, Sorensen OH, Hooper M, 
Roux C, Brandi ML, Lund B, Ethgen D, Pack S, Rou-
magnac I, Eastell R. Randomized trial of the effects 
of risedronate on vertebral fractures in women 
with established postmenopausal osteoporosis. 
Osteoporos Int 2000; 11: 83-91.

  99)	Reginster JY, Seeman E, De Vernejoul MC, Adami S, 
Compston J, Phenekos C, Devogelaer JP, Curiel MD, 
Sawicki A, Goemaere S, Sorensen OH, Felsenberg D, 
Meunier PJ. Strontium ranelate reduces the risk of 
nonvertebral fractures in postmenopausal women 
with osteoporosis: Treatment of Peripheral Os-
teoporosis (TROPOS) study. J Clin Endocrinol 
Metab 2005; 90: 2816-2822.

100)	Rosen CJ, Hochberg MC, Bonnick SL, Mcclung M, Mill-
er P, Broy S, Kagan R, Chen E, Petruschke RA, Thomp-
son DE, De Papp AE. Treatment with once-weekly 
alendronate 70 mg compared with once-weekly 
risedronate 35 mg in women with postmenopausal 
osteoporosis: a randomized double-blind study. J 
Bone Miner Res 2005; 20: 141-151.

101)	Rossini M, Gatti D, Isaia G, Sartori L, Braga V, Adami 
S. Effects of oral alendronate in elderly patients 
with osteoporosis and mild primary hyperparathy-
roidism. J Bone Miner Res 2001; 16: 113-119.

102)	Roux C, Hofbauer LC, Ho PR, Wark JD, Zillikens 
MC, Fahrleitner-Pammer A, Hawkins F, Micaelo M, 
Minisola S, Papaioannou N, Stone M, Ferreira I, 
Siddhanti S, Wagman RB, Brown JP. Denosumab 
compared with risedronate in postmenopausal 
women suboptimally adherent to alendronate 
therapy: efficacy and safety results from a ran-
domized open-label study. Bone 2014; 58: 48-54.

103)	Sambrook PN, Geusens P, Ribot C, Solimano JA, Fer-
rer-Barriendos J, Gaines K, Verbruggen N, Melton 
ME. Alendronate produces greater effects than 
raloxifene on bone density and bone turnover in 
postmenopausal women with low bone density: 
results of EFFECT (Efficacy of FOSAMAX versus 
EVISTA Comparison Trial) International. J Intern 
Med 2004; 255: 503-511.

104)	Sarioglu M, Tuzun C, Unlu Z, Tikiz C, Taneli F, Uyanik 
BS. Comparison of the effects of alendronate and 
risedronate on bone mineral density and bone 
turnover markers in postmenopausal osteoporo-
sis. Rheumatol Int 2006; 26: 195-200.

105)	Silverman SL, Christiansen C, Genant HK, Vukicev-
ic S, Zanchetta JR, Villiers TJ, Constantine GD, 
Chines AA. Efficacy of bazedoxifene in reducing 
new vertebral fracture risk in postmenopausal 
women with osteoporosis: results from a 3-year, 
randomized, placebo-, and active-controlled 
clinical trial. J Bone Miner Res 2008; 23: 1923-
1934.

106)	Siris ES, Simon JA, Barton IP, Mcclung MR, Grauer 
A. Effects of risedronate on fracture risk in post-
menopausal women with osteopenia. Osteoporos 
Int 2008; 19: 681-686.

107)	Stĕpán JJ, Vokrouhlická J. Comparison of bio-
chemical markers of bone remodelling in the 
assessment of the effects of alendronate on bone 
in postmenopausal osteoporosis. Clin Chim Acta 
1999; 288: 121-135.

108)	Stakkestad JA, Benevolenskaya LI, Stepan JJ, Skag A, 
Nordby A, Oefjord E, Burdeska A, Jonkanski I, Ma-
honey P. Intravenous ibandronate injections given 
every three months: a new treatment option to 
prevent bone loss in postmenopausal women. 
Ann Rheum Dis 2003; 62: 969-975.

109)	Tan W, Sun J, Zhou L, Li Y, Wu X. Randomized 
trial comparing efficacies of zoledronate and 
alendronate for improving bone mineral density 
and inhibiting bone remodelling in women with 
post-menopausal osteoporosis. J Clin Pharm 
Ther 2016; 41: 519-523.

110)	 Tsai JN, Uihlein AV, Lee H, Kumbhani R, Siwila-Sackman 
E, Mckay EA, Burnett-Bowie SAM, Neer RM, Leder BZ. 
Teriparatide and denosumab, alone or combined, in 
women with postmenopausal osteoporosis: The DA-
TA study randomised trial. Lancet 2013; 382: 50-56.

111)	 Tucci JR, Tonino RP, Emkey RD, Peverly CA, Kher 
U, Santora AC 2nd. Effect of three years of oral 
alendronate treatment in postmenopausal women 
with osteoporosis. Am J Med 1996; 101: 488-501.

112)	Välimäki MJ, Farrerons-Minguella J, Halse J, 
Kröger H, Maroni M, Mulder H, Muñoz-Torres 
M, Sääf M, Snorre Øfjord E. Effects of risedro-
nate 5 mg/d on bone mineral density and bone 
turnover markers in late-postmenopausal wom-
en with osteopenia: a multinational, 24-month, 
randomized, double-blind, placebo-controlled, 
parallel-group, phase III trial. Clin Ther 2007; 
29: 1937-1949.

113)	Yan Y, Wang W, Zhu H, Li M, Liu J, Luo B, Xie H, 
Zhang G, Li F. The efficacy and tolerability of 
once-weekly alendronate 70 mg on bone min-
eral density and bone turnover markers in post-
menopausal Chinese women with osteoporosis. 
J Bone Miner Metab 2009; 27: 471-478.

114)	 Yen ML, Yen BL, Jang MH, Hsu SH, Cheng WC, Tsai 
KS. Effects of alendronate on osteopenic postmeno-
pausal Chinese women. Bone 2000; 27: 681-685.

115)	 Zhang L, Yang M, Liu D, Guo C, Li L, Yang G. The 
rhPTH (1-34), but not elcatonin, increases bone 
anabolic efficacy in postmenopausal women with 
osteoporosis. Exp Clin Endocrinol Diabetes 2012; 
120: 361-366.

116)	Zheng S, Wu Y, Zhang Z, Yang X, Hui Y, Zhang 
Y, Chen S, Deng W, Liu H, Ekangaki A, Stocks J, 
Harper C, Liu J. Effects of raloxifene hydrochlo-
ride on bone mineral density, bone metabolism 
and serum lipids in postmenopausal women: a 
randomized clinical trial in Beijing. Chin Med J 
(Engl) 2003; 116: 1127-1133.

117)	Tella SH, Kommalapati A, Correa R. Profile of ab-
aloparatide and its potential in the treatment of 
postmenopausal osteoporosis. Cureus 2017; 9: 
e1300.

118)	Pioszak AA, Parker NR, Gardella TJ, Xu HE. Struc-
tural basis for parathyroid hormone-related pro-



L. Yang, N. Kang, J.-C. Yang, Q.-J. Su, Y.-Z. Liu, L. Guan, T. Liu, X.-L. Meng, Y. Wang, Y. Hai

2668

tein binding to the parathyroid hormone receptor 
and design of conformation-selective peptides. J 
Biol Chem 2009; 284: 28382-28391.

119)	Tay D, Cremers S, Bilezikian JP. Optimal dosing 
and delivery of parathyroid hormone and its 
analogues for osteoporosis and hypoparathy-
roidism--translating the pharmacology. Br J Clin 
Pharmacol 2017.

120)	Pageau SC. Denosumab. MAbs 2009; 1: 210-215.
121)	Silverman SL. Calcitonin. Endocrinol Metab Clin 

North Am 2003; 32: 273-284.
122)	Muchmore DB. Raloxifene: a selective estrogen 

receptor modulator (SERM) with multiple target 
system effects. Oncologist 2000; 5: 388-392.

123)	Fassbender WJ, Willmann B. [Drug treatment of 
osteoporosis]. Dtsch Med Wochenschr 2014; 139: 
497-500.

124)	Boivin G, Doublier A, Farlay D. Strontium ranel-
ate--a promising therapeutic principle in osteopo-
rosis. J Trace Elem Med Biol 2012; 26: 153-156.

125)	Wang YK, Qin SQ, Ma T, Song W, Jiang RQ, Guo 
JB, Li K, Zhang YM. Effects of teriparatide versus 
alendronate for treatment of postmenopausal 
osteoporosis. Medicine (Baltimore) 2017; 96: 
e6970.

126)	Lin T, Wang C, Cai XZ, Zhao X, Shi MM, Ying ZM, Yuan 
FZ, Guo C, Yan SG. Comparison of clinical efficacy 
and safety between denosumab and alendronate 
in postmenopausal women with osteoporosis: a 
meta-analysis. Int J Clin Pract 2012; 66: 399-408.

127)	Zhang L, Pang Y, Shi Y, Xu M, Xu X, Zhang J, Ji L, 
Zhao D. Indirect comparison of teriparatide, de-
nosumab, and oral bisphosphonates for the pre-
vention of vertebral and nonvertebral fractures in 
postmenopausal women with osteoporosis. Meno-
pause 2015; 22: 1021-1025.

128)	Reginster J, Bianic F, Campbell R, Martin M, Williams 
S, Fitzpatrick L. Abaloparatide for risk reduction 
of nonvertebral and vertebral fractures in post-
menopausal women with osteoporosis: a network 
meta-analysis. Value in Health 2017; 20: A527.




