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S1 Table. Search strategy 

Search strategy up to November 11 2019 in Medline, Embase and Cochrane Library 
Database: Ovid MEDLINE(R) Daily Update <November 11, 2019>, Ovid MEDLINE(R) and In-Process & Other Non-
Indexed Citations <1946 to November 11, 2019> 

Search Strategy: 

1 (disphosphonate* or diphosphonate* or bisphosphonate* or biphosphonate*).mp 26758 

2 (alendronate* or aledronic* or fosamax or binosto).mp 5237 

3 (risedronic* or risedronate* or risedron* or actonel* or atelvia* or benet*).mp 2115 

4 (ibandronic* or ibandronate* or BM210955 or boniva or bonviva).mp 1135 

5 (zoledronic* or zoledronate* or aclasta*).mp 5005 

6 (RANK ligand inhibitor* or rank ligand or denosumab or AMG 162 or prolia).mp 9553 

7 (Selective Estrogen Receptor Modulators or raloxifene or evista or bazedoxifene or 
Conjugated Estrogens or duavee or lasofoxifene or SERM).mp 

8115 

8 (teriparatide or TPTD or forsteo or forteo or recombinant human parathyroid 
hormone or rhPTH or Abaloparatide or Parathyroid hormone or parathyroid 
hormone-related protein or PTHrP or PTH 1-84).mp 

43164 

9 (romosozumab or cdp 7851 or cdp7851 or AMG 785 or evenity*).mp 180 

10 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 85467 

11 (fracture* or osteoporosis).mp 344223 

12 10 and 11 21425 

13 (((random* or control?ed or crossover or cross-over or blind* or mask*) adj3 
(trial*1 or study or studies or analy*)) or rct).ti,ab,kw 

622986 

14 12 and 13 2374 

15 limit 12 to (controlled clinical trial or randomized controlled trial) 2004 

16 14 or 15 3276 

17 limit 16 to yr="1996 - 2020" 3124 

18 limit 17 to human 2904 

19 limit 18 to english language  2770 

Notes: 

[mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading 
word, keyword heading word, organism supplementary concept word, protocol supplementary concept 
word, rare disease supplementary concept word, unique identifier, synonyms] 

[ti=title]; [ab=abstract]; [kw=key word]; [adj3=finds terms in any order with two words (or fewer) 
between them.] 
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Database: Embase <1974 to 2019 November 11> 

Search Strategy: 

1 (disphosphonate* or diphosphonate* or bisphosphonate* or biphosphonate*).mp 31776 

2 (alendronate* or aledronic* or fosamax or binosto).mp 8255 

3 (risedronic* or risedronate* or risedron* or actonel* or atelvia* or benet*).mp 8281 

4 (ibandronic* or ibandronate* or BM210955 or boniva or bonviva).mp 5308 

5 (zoledronic* or zoledronate* or aclasta*).mp 16170 

6 (RANK ligand inhibitor* or rank ligand or denosumab or AMG 162 or prolia).mp 9613 

7 (Selective Estrogen Receptor Modulators or raloxifene or evista or bazedoxifene or 
Conjugated Estrogens or duavee or lasofoxifene or SERM).mp 

14967 

8 (teriparatide or TPTD or forsteo or forteo or recombinant human parathyroid 
hormone or rhPTH or Abaloparatide or Parathyroid hormone or parathyroid 
hormone-related protein or PTHrP or PTH 1-84).mp 

71807 

9 (romosozumab or cdp 7851 or cdp7851 or AMG 785 or evenity*).mp 492 

10 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 127856 

11 (fracture* or osteoporosis).mp 459021 

12 10 and 11 41327 

13 (((random* or control?ed or crossover or cross-over or blind* or mask*) adj3 
(trial*1 or study or studies or analy*)) or rct).ti,ab,kw 

887221 

14 12 and 13 4260 

15 limit 12 to (controlled clinical trial or randomized controlled trial) 3489 

16 14 or 15 5970 

17 limit 16 to yr="1996 - 2020" 5834 

18 limit 17 to human 5476 

19 limit 18 to english language  5118 

Notes: 

[mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading 
word, keyword heading word, organism supplementary concept word, protocol supplementary concept 
word, rare disease supplementary concept word, unique identifier, synonyms] 

[ti=title]; [ab=abstract]; [kw=key word]; [adj3=finds terms in any order with two words (or fewer) 
between them.] 
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Database: https://www.cochranelibrary.com/advanced-search (November 12, 2019) 

Search Strategy: 

1 ((disphosphonate* or diphosphonate* or bisphosphonate* or biphosphonate*) 
OR (alendronate* or aledronic* or fosamax or binosto) OR (risedronic* or 
risedronate* or risedron* or actonel* or atelvia* or benet*) OR (ibandronic* or 
ibandronate* or BM210955 or boniva or bonviva) OR (zoledronic* or zoledronate* 
or aclasta*) OR (RANK ligand inhibitor* or rank ligand or denosumab or AMG 162 
or prolia) OR (Selective Estrogen Receptor Modulators or raloxifene or evista or 
bazedoxifene or Conjugated Estrogens or duavee or lasofoxifene or SERM) OR 
(teriparatide or TPTD or forsteo or forteo or recombinant human parathyroid 
hormone or rhPTH or Abaloparatide or Parathyroid hormone or parathyroid 
hormone-related protein or PTHrP) OR (romosozumab or cdp 7851 or cdp7851 or 
AMG 785 or evenity*)):ti,ab,kw (Word variations have been searched) 

12244 

2 (fracture* or osteoporosis):ti,ab,kw (Word variations have been searched) 26821 

3 #1 and #2 

 

with Cochrane Library publication date from Jan 1996 to Nov 2019, in Cochrane 
Reviews (Word variations have been searched) 

32 

Notes: 

[ti=title]; [ab=abstract]; [kw=key word] 

§ PTH 1-84 was excluded from this search due to error: this line contains missing or unrequired syntax 
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Search strategy from November 2019 to November 24 2021 in Medline, Embase and 

Cochrane Library 
 

Database: Ovid MEDLINE(R) Daily Update <November 24, 2021>, Ovid MEDLINE(R) and In-Process & Other Non-
Indexed Citations <1946 to November 24, 2021> 

Search Strategy: 

1 (disphosphonate* or diphosphonate* or bisphosphonate* or biphosphonate*).mp 29085 

2 (alendronate* or aledronic* or fosamax or binosto).mp 5753 

3 (risedronic* or risedronate* or risedron* or actonel* or atelvia* or benet*).mp 2265 

4 (ibandronic* or ibandronate* or BM210955 or boniva or bonviva).mp 1214 

5 (zoledronic* or zoledronate* or aclasta*).mp 5771 

6 (RANK ligand inhibitor* or rank ligand or denosumab or AMG 162 or prolia).mp 11376 

7 (Selective Estrogen Receptor Modulators or raloxifene or evista or bazedoxifene or 
Conjugated Estrogens or duavee or lasofoxifene or SERM).mp 

8666 

8 (teriparatide or TPTD or forsteo or forteo or recombinant human parathyroid 
hormone or rhPTH or Abaloparatide or Parathyroid hormone or parathyroid 
hormone-related protein or PTHrP or PTH 1-84).mp 

46145 

9 (romosozumab or cdp 7851 or cdp7851 or AMG 785 or evenity*).mp 305 

10 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 92887 

11 (fracture* or osteoporosis).mp 383597 

12 10 and 11 23862 

13 (((random* or control?ed or crossover or cross-over or blind* or mask*) adj3 
(trial*1 or study or studies or analy*)) or rct).ti,ab,kw 

732237 

14 12 and 13 2612 

15 limit 12 to (controlled clinical trial or randomized controlled trial) 2136 

16 14 or 15 3565 

17 limit 16 to yr="2019 -2021" 382 

18 limit 17 to human 306 

19 limit 18 to english language  301 

Notes: 

[mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading 
word, keyword heading word, organism supplementary concept word, protocol supplementary concept 
word, rare disease supplementary concept word, unique identifier, synonyms] 

[ti=title]; [ab=abstract]; [kw=key word]; [adj3=finds terms in any order with two words (or fewer) 
between them.] 
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Database: Embase <2019 November 11 to 2021 November 24 > 

Search Strategy: 

1 (disphosphonate* or diphosphonate* or bisphosphonate* or biphosphonate*).mp 35005 

2 (alendronate* or aledronic* or fosamax or binosto).mp 9005 

3 (risedronic* or risedronate* or risedron* or actonel* or atelvia* or benet*).mp 8940 

4 (ibandronic* or ibandronate* or BM210955 or boniva or bonviva).mp 5725 

5 (zoledronic* or zoledronate* or aclasta*).mp 18485 

6 (RANK ligand inhibitor* or rank ligand or denosumab or AMG 162 or prolia).mp 12234 

7 (Selective Estrogen Receptor Modulators or raloxifene or evista or bazedoxifene or 
Conjugated Estrogens or duavee or lasofoxifene or SERM).mp 

15986 

8 (teriparatide or TPTD or forsteo or forteo or recombinant human parathyroid 
hormone or rhPTH or Abaloparatide or Parathyroid hormone or parathyroid 
hormone-related protein or PTHrP or PTH 1-84).mp 

79321 

9 (romosozumab or cdp 7851 or cdp7851 or AMG 785 or evenity*).mp 827 

10 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 141695 

11 (fracture* or osteoporosis).mp 520202 

12 10 and 11 46331 

13 (((random* or control?ed or crossover or cross-over or blind* or mask*) adj3 
(trial*1 or study or studies or analy*)) or rct).ti,ab,kw 

1032064 

14 12 and 13 4661 

15 limit 12 to (controlled clinical trial or randomized controlled trial) 3769 

16 14 or 15 6486 

17 limit 16 to yr="2019 -2021" 746 

18 limit 17 to human 735 

19 limit 18 to english language  720 

Notes: 

[mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading 
word, keyword heading word, organism supplementary concept word, protocol supplementary concept 
word, rare disease supplementary concept word, unique identifier, synonyms] 

[ti=title]; [ab=abstract]; [kw=key word]; [adj3=finds terms in any order with two words (or fewer) 
between them.] 
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Database: https://www.cochranelibrary.com/advanced-search (November 25, 2021) 

Search Strategy: 

1 ((disphosphonate* or diphosphonate* or bisphosphonate* or biphosphonate*) 
OR (alendronate* or aledronic* or fosamax or binosto) OR (risedronic* or 
risedronate* or risedron* or actonel* or atelvia* or benet*) OR (ibandronic* or 
ibandronate* or BM210955 or boniva or bonviva) OR (zoledronic* or zoledronate* 
or aclasta*) OR (RANK ligand inhibitor* or rank ligand or denosumab or AMG 162 
or prolia) OR (Selective Estrogen Receptor Modulators or raloxifene or evista or 
bazedoxifene or Conjugated Estrogens or duavee or lasofoxifene or SERM) OR 
(teriparatide or TPTD or forsteo or forteo or recombinant human parathyroid 
hormone or rhPTH or Abaloparatide or Parathyroid hormone or parathyroid 
hormone-related protein or PTHrP) OR (romosozumab or cdp 7851 or cdp7851 or 
AMG 785 or evenity*)):ti,ab,kw (Word variations have been searched) 

13481 

2 (fracture* or osteoporosis):ti,ab,kw (Word variations have been searched) 30973 

3 #1 and #2 

 

with Cochrane Library publication date from Jan 1996 to Nov 2019, in Cochrane 
Reviews (Word variations have been searched) 

6 

Notes: 

[ti=title]; [ab=abstract]; [kw=key word] 

§ PTH 1-84 was excluded from this search due to error: this line contains missing or unrequired syntax 
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S3 Table. List of excluded studies 
Supplemental table 2. List of excluded articles after full text-selection 

No. Authors Year Reference (extracted from covidence) Reasons for exclusion 

1.  Ackerman  2008 Ackerman, K. E. Is denosumab a safe and effective 
treatment for postmenopausal osteoporosis? 
Nature Clinical Practice Endocrinology and 
Metabolism 2008;4(7):376-377 

Wrong outcomes 

2.  Adachi 2005 Adachi, J. D.; Adami, S.; Kulkarni, P. M.; Wong, M.; 
Stock, J. L.. Similar proportions of women lose bone 
mineral density with raloxifene or alendronate 
treatment. Journal of Clinical Densitometry 
2005;8(3):273-277.  

Wrong outcomes 

3.  Adachi 2005
a 

Adachi, J. D.; Rizzoli, R.; Boonen, S.; Li, Z.; Meredith, 
M. P.; Chesnut, Iii C. H.. Vertebral fracture risk 
reduction with risedronate in post-menopausal 
women with osteoporosis: A meta-analysis of 
individual patient data. Aging - Clinical and 
Experimental Research. 2005;17(2):150-156 

Systematic review 
and/or meta-analysis 

4.  Adachi  2010 Adachi, J. D.; Lyles, K. W.; Boonen, S.; Colon-
Emeric, C.; Hyldstrup, L.; Nordsletten, L.; Pieper, C.; 
Recknor, C.; Su, G.; Bucci-Rechtweg, C.; Magaziner, 
J. Subtrochanteric fractures: Results from the 
HORIZON-Recurrent fracture trial. Osteoporosis 
International May 2010;1)():S23 

Wrong patient 
population 

5.  Adachi  2010 dachi, J. D.; McClung, M.; Cummings, S.; Man, Z.; 
Lippuner, K.; Farrerons, J.; Torring, O.; Gallagher, J.; 
Franchimont, N.; San Martin, J.; Wang, A.; Boonen, 
S. Effect of denosumab on hip fractures in 
postmenopausal women: A subanalysis of the 
FREEDOM study. Journal of the American Geriatrics 
Society April 2010;1)():S24  

Conference abstract 

6.  Adachi 2009 Adachi, J. D.; McClung, M.; Minisola, S.; Lippuner, 
K.; Torring, O.; Rizzoli, R.; Man, Z. Fracture 
incidence in postmenopausal women at higher risk 
of fracture after 3 years of denosumab treatment. 
Arthritis and Rheumatism 2009;10)():884 

Conference abstract 

7.  Adachi 2011 Adachi, J.; Bucci-Rechtweg, C.; Su, G.; Eriksen, E.; 
Magaziner, J.; Lyles, K.; Colon-Emeric, C.; Boonen, 
S.; Pieper, C.; Mautalen, C.; Hyldstrup, L.; Recknor, 
C.; Nordsletten, L.. Zoledronic acid improves 
health-related quality of life in patients with hip 
fracture: Results of HORIZON-RFT. Osteoporosis 
International 2011;1):S140-S142. 

Wrong patient 
population 

8.  Adami 2004 Adami, S.; Felsenberg, D.; Christiansen, C.; 
Robinson, J.; Lorenc, R. S.; Mahoney, P.; Coutant, 
K.; Schimmer, R. C.; Delmas, P. D.. Efficacy and 
safety of ibandronate given by intravenous 
injection once every 3 months. Bone 
2004;34(5):881-889.  

Wrong outcomes 

9.  Adami  2008 Adami, S.; Gatti, D.; Bertoldo, F.; Sartori, L.; Di 
Munno, O.; Filipponi, P.; Marcocci, C.; Frediani, B.; 
Palummeri, E.; Fiore, C. E.; Costi, D.; Rossini, M.. 

Wrong intervention 
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No. Authors Year Reference (extracted from covidence) Reasons for exclusion 

Intramuscular neridronate in postmenopausal 
women with low bone mineral density. Calcified 
Tissue International 2008;83(5):301-307.  

10.  Adami 2009 Adami, S.; Giannini, S.; Bianchi, G.; Sinigaglia, L.; Di 
Munno, O.; Fiore, C. E.; Minisola, S.; Rossini, M. 
Vitamin D status and response to treatment in 
post-menopausal osteoporosis. Osteoporosis 
International February 2009;20(2):239-244 

Wrong intervention 

11.  Adami 2010 Adami, S.; Gilchrist, N.; Lyritis, G.; Palacios, S.; 
Pavelka, K.; Resch, H.; Roux, C.; Uebelhart, D.; De 
Gregorio, L.; Siris, E.; Wang, A.; Moller, G.; Libanati, 
C.; Cummings, S.. Effect of denosumab on fracture 
healing in postmenopausal women with 
osteoporosis: Results from the FREEDOM trial 
(study sponsored by Amgen Inc.). Bone 
2010;1):S63-S64.  

Wrong outcomes 

12.  Adami 2010
a 

Adami, S.; Libanati, C.; Adachi, J.; Boonen, S.; 
Cummings, S.; De Gregorio, L.; Gilchrist, N.; Lyritis, 
G.; Moeller, G.; Palacios, S.; Pavelka, K.; Resch, H.; 
Roux, C.; Uebelhart, D.; Wang, A.; Siris, E.. 
Denosumab administration is not associated with 
fracture healing complications in postmenopausal 
women with osteoporosis: Results from the 
freedom trial. Journal of Bone and Mineral 
Research 2010;1):S478-S479.  

Conference abstract 

13.  Adami 2011 Adami, S.; Palacios, S.; Pavelka, K.; Resch, H.; Roux, 
C.; Uebelhart, D.; Ho, P. R.; Wang, A.; Siris, E.; 
Libanati, C.; Adachi, J.; Boonen, S.; Cummings, S.; 
De Gregorio, L.; Gilchrist, N.; Lyritis, G.; Moeller, G. 
Freedom trial: Denosumab is not associated with 
fracture healing complications in postmenopausal 
women with osteoporosis. Osteoporosis 
International March 2011;1)():S243-S244 

Conference abstract 

14.  Adami  2014 Adami, S.; Palacios, S.; Rizzoli, R.; Levine, A. B.; 
Sutradhar, S.; Chines, A. A. The efficacy and safety 
of bazedoxifene in postmenopausal women by 
baseline kidney function status. Climacteric June 
2014;17(3):273-284 

Systematic review 
and/or meta-analysis 

15.  Adami 2019 Adami, Giovanni; Saag, Kenneth G.; Chapurlat, 
Roland D.; Guanabens, Nuria; Haugeberg, Glenn; 
Lems, Willem F.; Matijevic, Radmila; Peel, Nicola; 
Poddubnyy, Denis; Geusens, Piet. Balancing 
benefits and risks in the era of biologics. 
Therapeutic Advances in Musculoskeletal Disease 
2019;11:1-6. United Kingdom SAGE Publications 
Ltd (E-mail: info@sagepub.co.uk) 2019 

Systematic review 
and/or meta-analysis 

16.  Agrawal 2006 Agrawal, S.; Krueger, D. C.; Engelke, J. A.; Nest, L. J.; 
Krause, P. F.; Drinka, P. J.; Binkley, N. C.. Between-
meal risedronate does not alter bone turnover in 
nursing home residents. Journal of the American 
Geriatrics Society 2006;54(5):790-795.  

Wrong patient 
population 

17.  Agrawal 2009 Agrawal, S.; Jain, A.; Mahajan, D.; Raghunandan, C. 
Correlation of bone mineral density with 

Wrong outcomes 
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No. Authors Year Reference (extracted from covidence) Reasons for exclusion 

biochemical markers in post menopausal women. 
Indian Journal of Clinical Biochemistry July 
2009;24(3):262-265 

18.  Albert 2021 Albert, Stewart G.; Wood, Emily. Meta-Analysis of 
Clinical Fracture Risk Reduction of Antiosteoporosis 
Drugs: Direct and Indirect Comparisons and Meta-
Regressions. Endocrine practice: official journal of 
the American College of Endocrinology and the 
American Association of Clinical Endocrinologists 
2021;27(11):1082-1092 

Systematic review 
and/or meta-analysis 

19.  Almirol 2016 Almirol, E. A.; Chi, L. Y.; Khurana, B.; Hurwitz, S.; 
Bluman, E. M.; Chiodo, C.; Matzkin, E.; Baima, J.; 
Leboff, M. S.. Short-term effects of teriparatide 
versus placebo on bone biomarkers, structure, and 
fracture healing in women with lower-extremity 
stress fractures: A pilot study. Journal of Clinical 
and Translational Endocrinology 2016;5:7-14.  

Wrong patient 
population 

20.  Altkorn 2001 Altkorn, D.; Vokes, T. Treatment of 
postmenopausal osteoporosis. Journal of the 
American Medical Association 2001;285(11):1415-
1418 

Systematic review 
and/ 
or meta-analysis 

21.  Aminorroaya 2019 Aminorroaya, Ashraf; Kachuei, Ali; Amini, Massoud; 
Karimi Fard, Maryam; Salamat, Mohammad Reza; 
Hadi Alijanvand, Moluk; Feizi, Awat; Aminorroaya 
Yamini, Sima; Karimifar, Mansoor. Alendronate 
improves fasting plasma glucose and insulin 
sensitivity, and decreases insulin resistance in 
prediabetic osteopenic postmenopausal women: A 
randomized triple-blind clinical trial. Journal of 
diabetes investigation 2019;10(3):731-737 

Wrong outcomes 

22.  Anastasilakis 2008 Anastasilakis, A. D.; Goulis, D. G.; Polyzos, S. A.; 
Gerou, S.; Koukoulis, G. N.; Efstathiadou, Z.; Kita, 
M.; Avramidis, A.. Head-to-head comparison of 
risedronate vs. teriparatide on bone turnover 
markers in women with postmenopausal 
osteoporosis: A randomised trial. International 
Journal of Clinical Practice 200;62(6):919-924.  

Wrong outcomes 

23.  Anastasilakis 2009 Anastasilakis, A. D.; Toulis, K. A.; Goulis, D. G.; 
Polyzos, S. A.; Delaroudis, S.; Giomisi, A.; Terpos, E.. 
Efficacy and safety of denosumab in 
postmenopausal women with osteopenia or 
osteoporosis: A systematic review and a meta-
analysis. Hormone and Metabolic Research 
2009;41(10):721-729.  

Systematic review 
and/or meta-analysis 

24.  Anastasilakis 2019 Anastasilakis, A. D.; Papapoulos, S. E.; Polyzos, S. 
A.; Appelman-Dijkstra, N. M.; Makras, P. 
Zoledronate for the Prevention of Bone Loss in 
Women Discontinuing Denosumab Treatment. A 
Prospective 2-Year Clinical Trial. Journal of Bone 
and Mineral Research. 2019 

Wrong intervention 

25.  Anastasilakis 2021 Anastasilakis, Athanasios D.; Mandanas, Stylianos; 
Polyzos, Stergios A.; Ntenti, Charikleia; Appelman-
Dijkstra, Natasha M.; Yavropoulou, Maria P.; 

Extension study 



14 
 

No. Authors Year Reference (extracted from covidence) Reasons for exclusion 

Papatheodorou, Athanasios; Makras, Polyzois. 
Comparative Effect of Zoledronate at 6 Versus 18 
Months Following Denosumab Discontinuation. 
Calcified tissue international 2021;108(5):587-594 

26.  Anonymous 2001 Anonymous. Osteoporosis – Risedronate. 
Manufacturing Chemist 2001;72(1):23 

Conference abstract  

27.  Anonymous 2003 Anonymous. Teriparatide (forteo) for osteoporosis 
Medical Letter on Drugs & Therapeutics 
2003;45(1149):9-10 

Commentary 

28.  Anonymous 2006 Anonymous. Intravenous ibandronate (Boniva). 
The Medical letter on drugs and therapeutics 2006 
Aug 2006;48(1241-1242):68-69 

Commentary 

29.  Anonymous 2008 Anonymous. Twice-monthly risedronate is as 
effective as daily dosing for osteoporosis therapy 
Nature Clinical Practice Endocrinology and 
Metabolism October 2008;4(10):535 

Wrong outcomes 

30.  Anonymous 2008
a 

Anonymous. The benefits of osteoporosis drugs 
Australian Journal of Pharmacy May 
2008;89(1057):92 

Commentary 

31.  Anonymous 2008
b 

Anonymous. Annual zoledronic acid for 
osteoporosis. Drug and therapeutics bulletin Dec 
2008;46(12):93-96 

Systematic review 
and/or meta-analysis 

32.  Anonymous 2009 Anonymous. Teriparatide: new indication. During 
corticosteroid therapy: no fewer clinical fractures. 
Unnecessarily inconvenient. Prescrire International 
Aug 2009;18(102):159 

Conference abstract 

33.  Anonymous 2019 Anonymous. Practical guidance for use of 
bisphosphonates in osteoporosis. JBMR Plus 
2019;3(Supplement 3):20 

Systematic review 
and/or meta-analysis 

34.  Anonymous 2019
a 

Anonymous. Ibandronate is a nitrogen-containing 
bisphosphonate. JBMR Plus 2019;3(Supplement 
3):29 

Full-text not available 

35.  Archer  2016 Archer, D. F.; Freeman, E. W.; Komm, B. S.; Ryan, K. 
A.; Yu, C. R.; Mirkin, S.; Pinkerton, J. V.. Pooled 
Analysis of the Effects of Conjugated Estrogens 
/Bazedoxifene on Vasomotor Symptoms in the 
Selective Estrogens, Menopause, and Response to 
Therapy Trials. Journal of Women's Health 
November 2016;25(11):1102-1111 

Systematic review 
and/or meta-analysis 

36.  Aro 2018 Aro, E.; Moritz, N.; Mattila, K.; Aro, H. T. A long-
lasting bisphosphonate partially protects 
periprosthetic bone, but does not enhance initial 
stability of uncemented femoral stems: A 
randomized placebo-controlled trial of women 
undergoing total hip arthroplasty. Journal of 
Biomechanics 25 June 2018;75():35-45 

Wrong patient 
population 

37.  Asaoka 2016 Asaoka, D.; Nagahara, A.; Hojo, M.; Ueyama, H.; 
Matsumoto, K.; Izumi, K.; Takeda, T.; Komori, H.; 
Akazawa, Y.; Shimada, Y.; Osada, T.; Watanabe, S.. 
Efficacy of alfacalcidol and alendronate on lumbar 
bone mineral density in osteoporotic patients using 
proton pump inhibitors. Biomedical Reports 
2016;5(2):165-170.  

Wrong patient 
population 



15 
 

No. Authors Year Reference (extracted from covidence) Reasons for exclusion 

38.  Asi 2019 Asi, Noor; Alahdab, Fares; Mohammed, Khaled; 
Almasri, Jehad; Farah, Wigdan; Sarigianni, Maria; 
Muthusamy, Kalpana; Haydour, Qusay; Wang, 
Zhen; Murad, Mohammad Hassan; Barrionuevo, 
Patricia; Kapoor, Ekta; Benkhadra, Khalid; Al Nofal, 
Alaa. Efficacy of pharmacological therapies for the 
prevention of fractures in postmenopausal women: 
A network meta-analysis. Journal of Clinical 
Endocrinology and Metabolism 2019;104(5):1623-
1630 

Systematic review 
and/or meta-analysis 

39.  Aspenberg 2010 Aspenberg, P.; Johansson, T.. Teriparatide improves 
early callus formation in distal radial fractures: 
Analysis of a subgroup of patients within a 
randomized trial: Analysis of a subgroup of patients 
within a randomized trial. Acta Orthopaedica April 
2010;81(2):236-238 

Wrong outcomes 

40.  Aspenberg 2016 Aspenberg, P.; Malouf, J.; Tarantino, U.; Garcia-
Hernandez, P. A.; Corradini, C.; Overgaard, S.; 
Stepan, J. J.; Borris, L.; Lespessailles, E.; Frihagen, 
F.; Papavasiliou, K.; Petto, H.; Caeiro, J. R.; Marin, 
F.. Effects of teriparatide compared with 
risedronate on recovery after pertrochanteric hip 
fracture results of a randomized, active-controlled, 
double-blind clinical trial at 26 weeks. Journal of 
Bone and Joint Surgery - American Volume 
2016;98(22):1868-1878.  

Wrong patient 
population 

41.  Aubailly  2016 Aubailly, M.; Combe, B.; Gaujoux-Viala, C.; Lukas, 
C.; Morel, J.; Che, H.. Safety of denosumab in 
postmenopausal osteoporosis and in cancer and 
bone metastase treatment: A systematic review 
and meta-analysis. Arthritis and Rheumatology 
October 2016;68 (Supplement 10):419-420 

Conference abstract 

42.  Bai 2013 Bai, H.; Jing, D.; Guo, A.; Yin, S.. Randomized 
controlled trial of zoledronic acid for treatment of 
osteoporosis in women. Journal of International 
Medical Research 2013;41(3):697-704.  

Wrong patient 
population 

43.  Bala  2013 Bala, Y.; Chapurlat, R.; Felsenberg, D.; Thomas, T.; 
Laroche, M.; Morris, E.; Zanchetta, J.; Cheung, A.; 
Ghasem-Zadeh, A.; Zebaze, R.; Seeman, E.; Rizzoli, 
R.. Risedronate slows or partly reverses 
microarchitecture deterioration depending on 
whether remodelling is perturbed or in steady 
state. Osteoporosis International April 2013;1):S58-
S59 

Conference abstract 

44.  Bala  2014 Bala, Y.; Chapurlat, R.; Cheung, A. M.; Felsenberg, 
D.; Laroche, M.; Morris, E.; Reeve, J.; Thomas, T.; 
Zanchetta, J.; Bock, O.; Ghasem-Zadeh, A.; 
Djoumessi, R. M. Z.; Seeman, E.; Rizzoli, R.. 
Risedronate slows or partly reverses cortical and 
trabecular microarchitectural deterioration in 
postmenopausal women. Journal of Bone and 
Mineral Research February 2014;29(2):380-388 

Wrong outcomes 



16 
 

No. Authors Year Reference (extracted from covidence) Reasons for exclusion 

45.  Baran  2001 Baran, D.. Osteoprosis: Efficacy and safety of a 
bisphosphonate dosed once weekly. Geriatrics 
2001;56(3):28-32 

Systematic review 
and/or meta-analysis 

46.  Barrionuevo  2019 Barrionuevo, P.; Kapoor, E.; Asi, N.; Alahdab, F.; 
Mohammed, K.; Benkhadra, K.; Almasri, J.; Farah, 
W.; Sarigianni, M.; Muthusamy, K.; Al Nofal, A.; 
Haydour, Q.; Wang, Z.; Murad, M. H.. Efficacy of 
pharmacological therapies for the prevention of 
fractures in postmenopausal women: A network 
meta-analysis. Journal of Clinical Endocrinology and 
Metabolism 2019;104(5):1623-1630 

Systematic review 
and/or meta-analysis 

47.  Bassam  2003 Bassam, E.. Treatment of osteoporosis; HRT, SERM 
or bisphosphonates? Middle East Fertility Society 
Journal 2003;8(1):92 

Commentary 

48.  Beaudoin 2016 Beaudoin, C.; Jean, S.; Bessette, L.; Ste-Marie, L. G.; 
Moore, L.; Brown, J. P.. Denosumab compared to 
other treatments to prevent or treat osteoporosis 
in individuals at risk of fracture: a systematic 
review and meta-analysis. Osteoporosis 
International 2016;27(9):2835-2844.  

Systematic review 
and/or meta-analysis 

49.  Beaupre 2011 Beaupre, L. A.; Morrish, D. W.; Hanley, D. A.; 
Maksymowych, W. P.; Bell, N. R.; Juby, A. G.; 
Majumdar, S. R.. Oral bisphosphonates are 
associated with reduced mortality after hip 
fracture. Osteoporosis International 
2011;22(3):983-991.  

Wrong patient 
population 

50.  Beaupre 2010 Beaupre, L. A.; Morrish, D.; Hanley, D. A.; Juby, A. 
G.; Maksymowych, W. P.; Bell, N. R.; Majumdar, S. 
R. Oral bisphosphonate use after hip fracture is 
associated with reduced mortality. Osteoporosis 
International May 2010;1)():S337 

Wrong patient 
population 

51.  Beck 2008 Beck, T. J.; Michael Lewiecki, E.; Miller, P. D.; 
Felsenberg, D.; Liu, Y.; Ding, B.; Libanati, C.. Effects 
of Denosumab on the Geometry of the Proximal 
Femur in Postmenopausal Women in Comparison 
with Alendronate. Journal of Clinical Densitometry 
2008;11(3):351-359.  

Wrong outcomes 

52.  Beekman 2019 Beekman, Kerensa M.; Veldhuis-Vlug, Annegreet 
G.; den Heijer, Martin; Maas, Mario; Oleksik, Ania 
M.; Tanck, Michael W.; Ott, Susan M.; van 't Hof, 
Rob J.; Lips, Paul; Bisschop, Peter H.; Bravenboer, 
Nathalie. The effect of raloxifene on bone marrow 
adipose tissue and bone turnover in 
postmenopausal women with osteoporosis. Bone 
2019;118():62-68 

Wrong outcomes 

53.  Bekker 2004 Bekker, P. J.; Holloway, D. L.; Rasmussen, A. S.; 
Murphy, R.; Martin, S. W.; Leese, P. T.; Holmes, G. 
B.; Dunstan, C. R.; DePaoli, A. M.. A single-dose 
placebo-controlled study of AMG 162, a fully 
human monoclonal antibody to RANKL, in 
postmenopausal women. Journal of Bone and 
Mineral Research 2004;19(7):1059-1066.  

Wrong outcomes 



17 
 

No. Authors Year Reference (extracted from covidence) Reasons for exclusion 

54.  Bellone 2021 Bellone, F.; Morabito, N.; Sottile, A.; Loddo, S.; 
Corica, F.; Catalano, A.; Gaudio, A. A single dose of 
zoledronate induces modifications of serum VEGF 
in osteoporotic postmenopausal women. Annals of 
the Rheumatic Diseases 2021;80(SUPPL 1):838-839 

Conference abstract, 
with no new data 

55.  Bender 2012 Bender, D. A.. Bisphosphonate and vitamin D 
supplementation for osteoporosis. Focus on 
Alternative and Complementary Therapies March 
2012;17(1):73-74 

Wrong intervention 

56.  Bilezikian  2005 Bilezikian, J. P.. Anabolic therapy for osteoporosis. 
International Journal of Fertility and Women's 
Medicine 2005 2005;50(2):53-60 

Systematic review 
and/or meta-analysis 

57.  Billington 2020 Billington, Emma O.; Reid, Ian R. Benefits of 
Bisphosphonate Therapy: Beyond the Skeleton. 
Current osteoporosis reports 2020;18(5):587-596 

Systematic review 
and/or meta-analysis 

58.  Black 1999 Black, D. M.; Thompson, D. E.. The effect of 
alendronate therapy on osteoporotic fracture in 
the vertebral fracture arm of the Fracture 
Intervention Trial. International Journal of Clinical 
Practice, Supplement 1999;(101):46-50.  

Conference abstract 

59.  Black 2009 Black, D. M.; Eastell, R.; Cosman, F.; Man, Z.; Bucci-
Rechtweg, C.; Mesenbrink, P. Effect of once-yearly 
zoledronic acid 5 mg on 'Super Six' non-vertebral 
fractures. Bone June 2009;2)():S429 

Conference abstract 

60.  Black 2006 Black, D. M.. Building new bone: A new paradigm in 
osteoporosis. Clinical Cases in Mineral and Bone 
Metabolism September/December 2006;3(3):243-
244 

Conference abstract 

61.  Black 2010 Black, D. M.; Eastell, R.; Cosman, F.; Man, Z.; Bucci-
Rechtweg, C.; Mesenbrink, P.. Effect of once-yearly 
zoledronic acid = MG on a sub-set of six non-
vertebral fractures. Journal of Clinical Densitometry 
2010;13 (1):132.  

Conference abstract 

62.  Black 2010
b 

Black, D. M.; Seeman, E.; Bucci-Rechtweg, C.; 
Eastell, R.; Boonen, S.; Mesenbrink, P. Zoledronic 
acid reduces the increased risk conferred by 
further fractures. Internal Medicine Journal May 
2010;3)():27 

Conference abstract 

63.  Black 2010
a 

Black, D.; Reid, I.; Lyles, K.; Bucci-Rechtweg, C.; Su, 
G.; Hue, T.; Eastell, R.. Reduction in the risk of 
clinical fractures after a single dose of zoledronic 
acid 5mg. Journal of Bone and Mineral Research 
2010;1):S10.  

Wrong patient 
population 

64.  Black 2017 Black, D.; Eastell, R.; Bauer, D.; Lui, L. Y.; McCulloch, 
C.; De Papp, A.; Khosla, S.; Hoffmann, S.; Bouxsein, 
M.. Change in BMD over 12 to 24 months is 
strongly associated with fracture reductions in 
randomized trials: A study-level meta-regression 
using the FNIH Bone quality study project 
database. Journal of Bone and Mineral Research 
December 2017;32 (Supplement 1):S400 

Conference abstract 

65.  Black 2017
a 

Black, D. M.; Mitlak, B. H.; Wang, Y.; Hu, M. Y.; 
Fitzpatrick, L. A.; Eastell, R.. Early change in serum 

Conference abstract 



18 
 

No. Authors Year Reference (extracted from covidence) Reasons for exclusion 

PINP During treatment with abaloparatide is 
correlated with lumbar spine BMD: Results from 
the ACTIVE Trial. Journal of Bone and Mineral 
Research December 2017;32 (Supplement 1):S377-
S378 

66.  Black 2020 Black, Dennis M.; Bauer, Douglas C.; Vittinghoff, 
Eric; Lui, Li-Yung; Grauer, Andreas; Marin, 
Fernando; Khosla, Sundeep; de Papp, Anne; Mitlak, 
Bruce; Cauley, Jane A.; McCulloch, Charles E.; 
Eastell, Richard; Bouxsein, Mary L.; Foundation for 
the National Institutes of Health Bone Quality, 
Project. Treatment-related changes in bone 
mineral density as a surrogate biomarker for 
fracture risk reduction: meta-regression analyses of 
individual patient data from multiple randomised 
controlled trials. The lancet. Diabetes & 
endocrinology 2020;8(8):672-682 

Systematic review 
and/or meta-analysis 

67.  Blouin 2009 Blouin, S.; Misof, B. M.; Fratzl-Zelman, N.; Phipps, 
R.; Klaushofer, K.; Paschalis, E. P.; Roschger, P. 
Normal bone mineralization density distribution in 
postmenopausal osteoporosis with low bone 
turnover before and after 3 years risedronate 
treatment. Bone June 2009;2)():S445-S446 

Conference abstract 

68.  Boivin 2003 Boivin, G.; Lips, P.; Ott, S. M.; Harper, K. D.; Sarkar, 
S.; Pinette, K. V.; Meunier, P. J.. Contribution of 
raloxifene and calcium and vitamin D3 
supplementation to the increase of the degree of 
mineralization of bone in postmenopausal women. 
Journal of Clinical Endocrinology & Metabolism 
2003;88(9):4199-205.  

Wrong outcomes 

69.  Bolland 2010 Bolland, M. J.; Grey, A. B.; Gamble, G. D.; Reid, I. R.. 
Effect of osteoporosis treatment on mortality: A 
meta-analysis. Journal of Clinical Endocrinology and 
Metabolism 2010;95(3):1174-1181.  

Systematic review 
and/or meta-analysis 

70.  Bolognese  2011 Bolognese, M. A.; Bone, H. G.; Kendler, D. L.; 
Brandi, M. L.; Hodsman, A.; Orcel, P.; Radcliffe, H. 
S.. Transitioning to denosumab leads to further 
increases in BMD throughout the skeleton in 
postmenopausal women who received 5 or more 
years of continuous alendronate therapy. Arthritis 
and Rheumatism. Conference: Annual Scientific 
Meeting of the American College of Rheumatology 
and Association of Rheumatology Health 
Professionals 2011;63(10 SUPPL. 1). 

Conference abstract 

71.  Bone 2004 Bone, H. G.; Hosking, D.; Devogelaer, J. P.; Tucci, J. 
R.; Emkey, R. D.; Tonino, R. P.; Rodriguez-Portales, 
J. A.; Downs, R. W.; Gupta, J.; Santora, A. C.; 
Liberman, U. A.. Ten Years' Experience with 
Alendronate for Osteoporosis in Postmenopausal 
Women. New England Journal of Medicine 
2004;350(12):1189-1199.  

Extension study 

72.  Bone 2011 Bone, H. G.; Kendler, D. L.; Bolognese, M. A.; 
Brandi, M. L.; Hodsman, A.; Orcel, P.; Austin, M.; 

Conference abstract 



19 
 

No. Authors Year Reference (extracted from covidence) Reasons for exclusion 

Grauer, A.; Libanati, C.. Transitioning to 
denosumab further improves BMD in 
postmenopausal women who received 5 or more 
years of continuous alendronate therapy. 
Endocrine Reviews. Conference: 93rd Annual 
Meeting and Expo of the Endocrine Society, ENDO 
2011;32(3 Meeting Abstracts) 

73.  Bonnick  2009 Bonnick, S. L.; Silverman, S.; Tanner, S. B.; Martens, 
M.; Bachmann, G.; Kohles, J. D.; Civitelli, R.. Patient 
satisfaction in postmenopausal women treated 
with a weekly bisphosphonate transitioned to 
once-monthly ibandronate. Journal of Women's 
Health 01 Jul 2009;18(7):935-943 

Wrong study design 

74.  Boonen 2010 Boonen, S.; Lippuner, K.; Adachi, J. D.; Cummings, 
S.; Man, Z.; Farrerons, J.; Torring, O.; Gallagher, J. 
C.; Franchimont, N.; San Martin, J.; Wang, A.; 
McClung, M. Denosumab reduced the incidence of 
hip and new vertebral fractures in postmenopausal 
women with higher fracture risk: A subanalysis of 
the FREEDOM study. Osteoporosis International 
December 2010;5)():S746-S747 

Conference abstract 

75.  Boonen 2008 Boonen, S.; Marin, F.; Obermayer-Pietsch, B.; 
Simoes, M. E.; Barker, C.; Glass, E. V.; Hadji, P.; 
Lyritis, G.; Oertel, H.; Nickelsen, T.; McCloskey, E. 
V.. Effects of previous antiresorptive therapy on 
the bone mineral density response to two years of 
teriparatide treatment in postmenopausal women 
with osteoporosis. Journal of Clinical Endocrinology 
and Metabolism 2008;93(3):852-860.  

Wrong outcomes 

76.  Boonen 2010 Boonen, S.; McClung, M.; Minisola, S.; Lippuner, K.; 
Torring, O.; Rizzoli, R.; Man, Z.; Bone, H.; Farrerons, 
J.; Adachi, J.; Christiansen, C.; Eastell, R.; Reid, I.; 
Siris, E.; Cummings, S.; Wang, A.; Franchimont, N.; 
San Martin, J. Antifracture effects of denosumab in 
postmenopausal women at higher fracture risk: A 
subgroup analysis from the freedom trial. 
Osteoporosis International May 2010;1)():S376-
S377 

Conference abstract 

77.  Boonen 2008
a 

Boonen, S.; Vanderschueren, D.; Venken, K.; 
Milisen, K.; Delforge, M.; Haentjens, P.. Recent 
developments in the management of 
postmenopausal osteoporosis with 
bisphosphonates: Enhanced efficacy by enhanced 
compliance. Journal of Internal Medicine October 
2008;264(4):315-332 

Systematic review 
and/or meta-analysis 

78.  Boonen 2011 Boonen, S.; Orwoll, E.; Magaziner, J.; Colon-Emeric, 
C. S.; Adachi, J. D.; Bucci-Rechtweg, C.; Haentjens, 
P.; Kaufman, J. M.; Rizzoli, R.; Vanderschueren, D.; 
Claessens, F.; Sermon, A.; Witvrouw, R.; Milisen, K.; 
Su, G.; Lyles, K. W.. Once-yearly zoledronic acid in 
older men compared with women with recent hip 
fracture. Journal of the American Geriatrics Society 
2011;59(11):2084-2090.  

Wrong patient 
population 



20 
 

No. Authors Year Reference (extracted from covidence) Reasons for exclusion 

79.  Borah 2004 Borah, B.; Dufresne, T. E.; Chmielewski, P. A.; 
Johnson, T. D.; Chines, A.; Manhart, M. D.. 
Risedronate preserves bone architecture in 
postmenopausal women with osteoporosis as 
measured by three-dimensional microcomputed 
tomography. Bone 2004;34(4):736-46 

Wrong outcomes 

80.  Borah 2005 Borah, B.; Ritman, E. L.; Dufresne, T. E.; Jorgensen, 
S. M.; Liu, S.; Sacha, J.; Phipps, R. J.; Turner, R. T.. 
The effect of risedronate on bone mineralization as 
measured by micro-computed tomography with 
synchrotron radiation: correlation to 
histomorphometric indices of turnover. Bone 
2005;37(1):1-9 

Wrong outcomes 

81.  Borah 2006 Borah, B.; Dufresne, T. E.; Ritman, E. L.; Jorgensen, 
S. M.; Liu, S.; Chmielewski, P. A.; Phipps, R. J.; Zhou, 
X.; Sibonga, J. D.; Turner, R. T.. Long-term 
risedronate treatment normalizes mineralization 
and continues to preserve trabecular architecture: 
sequential triple biopsy studies with micro-
computed tomography. Bone 2006;39(2):345-52 

Wrong outcomes 

82.  Borah 2010 Borah, B.; Dufresne, T.; Nurre, J.; Phipps, R.; 
Chmielewski, P.; Wagner, L.; Lundy, M.; Bouxsein, 
M.; Zebaze, R.; Seeman, E.. Risedronate reduces 
intracortical porosity in women with osteoporosis. 
Journal of Bone & Mineral Research 2010;25(1):41-
7 

Wrong outcomes 

83.  Borgstrom 2004 Borgstrom, F.; Johnell, O.; Kanis, J. A.; Oden, A.; 
Sykes, D.; Jonsson, B.. Cost effectiveness of 
raloxifene in the treatment of osteoporosis in 
Sweden: An economic evaluation based on the 
MORE study. PharmacoEconomics 
2004;22(17):1153-1165 

Wrong outcomes 

84.  Borst 2010 Borst, H.; Bock, O.; Beller, G.; Kratzsch, M.; Degner, 
C.; Profittlich, H.; Kalbow, M.; Armbrecht, G.; 
Martus, P.; Glaab, J.; Felsenberg, D.. Monthly oral 
ibandronate 150 mg improves significantly bone 
density and structure measured in Vivo by Micro-
CT at distal tibia in postmenopausal women with 
mild osteoporosis. Bone 2010;1:S195.  

Conference abstract 

85.  Borst 2010 Borst, H.; Bock, O.; Beller, G.; Kratzsch, M.; Degner, 
C.; Profittlich, H.; Kalbow, M.; Armbrecht, G.; 
Martus, P.; Glaab, J.; Felsenberg, D. Effects of 
monthly oral ibandronate 150 MG on BV/TV and 
trabecular separation measured in vivo by micro-
CT at the distal tibia in postmenopausal women 
with osteoporosis or osteopenia. Osteoporosis 
International May 2010;1)():S164-S165 

Wrong outcomes 

86.  Bouxsein  2017 Bouxsein, M. L.; Keaveny, T. M.; Lee, D. C.; Khosla, 
S.; De Papp, A.; Eastell, R.; Lui, L. Y.; Bauer, D. C.; 
Black, D. M.. Relationship between femoral 
strength from QCT-based finite element analysis 
and femoral BMD before and after treatment: An 
Analysis from the FNIH Bone Quality Project. 

Conference abstract 



21 
 

No. Authors Year Reference (extracted from covidence) Reasons for exclusion 

Journal of Bone and Mineral Research December 
2017;32 (Supplement 1):S53 

87.  Bovbjerg 2021 Bovbjerg, Pernille; Froberg, Lonnie; Hogh, Ditte; 
Schmal, Hagen; Kassem, Moustapha. Effect of PTH 
treatment on bone healing in insufficiency 
fractures of the pelvis: a systematic review. EFORT 
Open Reviews 2021;6(1):9-14 

Wrong outcomes 

88.  Bovijn 2020 Bovijn, Jonas; Krebs, Kristi; Chen, Chia-Yen; Boxall, 
Ruth; Censin, Jenny C.; Ferreira, Teresa; Pulit, Sara 
L.; Glastonbury, Craig A.; Laber, Samantha; 
Millwood, Iona Y.; Lin, Kuang; Li, Liming; Chen, 
Zhengming; Milani, Lili; Smith, George Davey; 
Walters, Robin G.; Magi, Reedik; Neale, Benjamin 
M.; Lindgren, Cecilia M.; Holmes, Michael V. 
Evaluating the cardiovascular safety of sclerostin 
inhibition using evidence from meta-analysis of 
clinical trials and human genetics. Science 
translational medicine 2020;12(549): 

Systematic review 
and/or meta-analysis 

89.  Brandao 2008 Brandao, C. M.; Lima, M. G.; Silva, A. L.; Silva, G. D.; 
Guerra, A. A., Jr.; Acurcio Fde, A.. Treatment of 
postmenopausal osteoporosis in women: a 
systematic review. Cadernos de Saude Publica 
2008;24 Suppl 4:s592-606 

Systematic review 
and/or meta-analysis 

90.  Brandi 2000 Brandi, M. L.. Raloxifene reduces vertebral fracture 
risk in postmenopausal women with osteoporosis. 
Clinical & Experimental Rheumatology 
2000;18(3):309-10 

Commentary 

91.  Brandi 2008 Brandi, M. L.. Is yearly intravenous zoledronic acid 
comparable to weekly oral alendronate for 
postmenopausal osteoporosis? Nature Clinical 
Practice Endocrinology and Metabolism January 
2008;4(1):20-21 

Commentary 

92.  Brown 2002 Brown, J. P.; Kendler, D. L.; McClung, M. R.; Emkey, 
R. D.; Adachi, J. D.; Bolognese, M. A.; Li, Z.; Balske, 
A.; Lindsay, R. The efficacy and tolerability of 
risedronate once a week for the treatment of 
postmenopausal osteoporosis. Calcified Tissue 
International 2002;71(2):103-11 

Wrong outcomes 

93.  Brown 2013 Brown, J. P.; Bolognese, M. A.; Ho, P. R.; Hall, J.; 
Roux, C.; Bone, H. G.; Bonnick, S.; Van Den Bergh, 
J.; Ferreira, I.; Ghelani, P.; Dakin, P.; Wagman, R. B.; 
Recknor, C.. Denosumab significantly increases 
bone mineral density compared with ibandronate 
and risedronate in postmenopausal women 
previously treated with an oral bisphosphonate 
who are at higher risk for fracture. Journal of Bone 
and Mineral Research. Conference 2013;28(SUPPL. 
1).  

Conference abstract 

94.  Brown 2013
a 

Brown, J. P.; Bolognese, M. A.; Ho, P. R.; Hall, J.; 
Roux, C.; Bone, H. G.; Bonnick, S.; Van Den Bergh, 
J.; Ferreira, I.; Ghelani, P.; Dakin, P.; Wagman, R. B.; 
Recknor, C.. Denosumab leads to significantly 
greater increases in bone mineral density than 

Wrong outcomes 



22 
 

No. Authors Year Reference (extracted from covidence) Reasons for exclusion 

ibandronate and risedronate in postmenopausal 
women at high risk for fracture who were 
previously treated with an oral bisphosphonate. 
Arthritis and Rheumatism 2013;10):S522-S523.  
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D.; Sarkar, S.; Gennari, C.; Reginster, J. Y.; Pols, H. 
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and/or meta-analysis 
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and/or meta-analysis 

174.  Diez-Perez 2019 Diez-Perez, A.; Marin, F.; Eriksen, E. F.; Kendler, D. 
L.; Krege, J. H.; Delgado-Rodriguez, M.. Effects of 
teriparatide on hip and upper limb fractures in 
patients with osteoporosis: A systematic review 
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Conference abstract, 
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and/or meta-analysis 



32 
 

No. Authors Year Reference (extracted from covidence) Reasons for exclusion 
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and/or meta-analysis 
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randomized controlled trials. Medicine 
2021;100(31):e26715 

Systematic review 
and/or meta-analysis 
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K.; Johnston, P.; Shah, N. H.; Mathew, P.; Harvie, J.; 
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Placebo-Controlled Trial. Journal of Bone and 
Mineral Research June 2019;34(6):1025-1032 
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risedronate therapy: Relationship with fracture risk 
and patient adherence. Journal of Bone and 
Mineral Research 2011;26(7):1662-1669.  
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and/or meta-analysis 
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July/August 1998;3(4):119 
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Systematic review 
and/or meta-analysis 
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Conference abstract, 
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207.  Eriksen 2019
a 
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Conference abstract, 
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208.  Eriksen 2020 Eriksen, Erik F.; Chapurlat, Roland; Chavassieux, 
Pascale; Boyce, Rogely; Shi, Yifei; Wagman, Rachel 
B.; Brown, Jacques P.; Horlait, Stephane; Libanati, 
Cesar. Extensive modeling-based bone formation 
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Western Journal of Medicine 2000;173(3):186-188 
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Systematic review 
and/or meta-analysis 
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Than 65 Years: A Meta-Analysis. Current 
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Full-text not available 
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Women with Osteoporosis. Journal of Bone and 
Mineral Research 2020;35(SUPPL 1):253 

Conference abstract, 
with no new data 

216.  Felsenberg 1998 Felsenberg, D.; Alenfeld, F.; Bock, O.; 
Hammermeister, C.; Gowan, W.. Placebo-
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Conference abstract 
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2019;104(8):3450-3461 

220.  Ferrari  2019
a 
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Conference abstract 
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Gorai, I.; Yoshikawa, H.; Tanaka, Y.; Tanaka, S.; 
Fukunaga, M.; Sone, T.; Nakano, T.; Ito, M.; Matsui, 
S.; Yoneda, T.; Takami, H.; Nakamura, T.. Results of 
2-year data from denosumab fracture intervention 
randomized placebo controlled trial (direct). 
Osteoporosis International 2013;1):S177.  

Conference abstract 
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294.  Hou 2015 Hou, Y.; Gu, K.; Xu, C.; Ding, H.; Liu, C.; Tuoheti, Y.. 
Dose-effectiveness relationships determining the 
efficacy of ibandronate for management of 
osteoporosis: A meta-analysis. Medicine (United 
States) 2015;94 (26) (no pagination)(e1007).  

Systematic review 
and/or meta-analysis 

295.  Hou 2015
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Hou, Y.; Gu, K.; Xu, C.; Ding, H.; Liu, C.; Tuoheti, Y.. 
Dose-Effectiveness Relationships Determining the 
Efficacy of Ibandronate for Management of 
Osteoporosis: A Meta-Analysis. Medicine 
2015;94(26):e1007 

Systematic review 
and/or meta-analysis 

296.  Hoy 2020 Hoy, Jennifer; Kerr, Stephen J.; Hans, Didier; 
Pocock, Nicholas; Carr, Andrew. Change in 
trabecular bone score (TBS) after zoledronic acid 
infusion or TDF switch. Topics in Antiviral Medicine 
2020;28(1):254 

Conference abstract, 
with no new data 

297.  Ikeda 2017 Ikeda, S.. The effect of once-weekly teriparatide 
administration on prevention of vertebral collapse 
in new thoracolumbar vertebral fractures-T-WRAP 
prospective randomized controlled study. Journal 
of Bone and Mineral Research December 2017;32 
(Supplement 1):S162 

Conference abstract 

298.  Ikeda 2017 Ikeda, S.; Nakamura, E.; Narusawa, K.; Fukuda, F.; 
Matsumoto, H.; Nakai, K.; Sakata, T.; Yoshioka, T.; 
Fujino, Y.; Sakai, A. Comparison of once-weekly 
teriparatide and alendronate against new 
osteoporotic vertebral fractures at week 12. 
Journal of Bone and Mineral Metabolism. 2019;: 

Wrong patient 
population 

299.  Ikeda 2019 Ikeda, Terumasa; Akagi, Masao; Kaji, Hiroshi; 
Tamura, Yukinori. Once-weekly teriparatide 
reduces serum sclerostin levels in postmenopausal 
women with osteoporosis. Journal of Orthopaedic 
Science 2019;24(3):532-538 
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population 

300.  Ikeda 2020 Ikeda, Satoshi; Nakamura, Eiichiro; Narusawa, 
Kenichiro; Fukuda, Fumio; Matsumoto, Hidehiro; 
Nakai, Kenichiro; Sakata, Takeshi; Yoshioka, Toru; 
Fujino, Yoshihisa; Sakai, Akinori; Kotu T. Wrap 
Study Investigators. Comparison of once-weekly 
teriparatide and alendronate against new 
osteoporotic vertebral fractures at week 12. 
Journal of bone and mineral metabolism 
2020;38(1):44-53 

Wrong patient 
population 

301.  Ilter 2006 Ilter, E.; Karalok, H.; Tufekci, E. C.; Batur, O.. 
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treatment of postmenopausal osteoporosis. 
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element method. Osteoporosis International May 
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T.; Shibata, T.. Effects of Denosumab and 
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Trial. Journal of Bone & Mineral Research 
2019;28:28.  
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of the movest study. Journal of Bone and Mineral 
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Conference abstract 

305.  Iwamoto 2007 Iwamoto, J.; Takeda, T.; Sato, Y.; Uzawa, M.. 
Comparison of the effect of alendronate on lumbar 
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Clinical Rheumatology 2007;26(2):161-167.  

Wrong study design 
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Hochberg, M.; Ishani, A.; Cummings, S. R.. 
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Mineral Research 2007;22(4):503-508.  
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analysis) 
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The Efficacy of Bisphosphonates in the Prevention 
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Fractures in Osteoporosis: A Network Meta-
Analysis. Seminars in Arthritis and Rheumatism 
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Systematic review 
and/or meta-analysis 

311.  Jean 2015 Jean, S.; Bessette, L.; Ste-Marie, L. G.; Brown, J. P.. 
Denosumab compared to other treatments to 
prevent or treat osteoporosis: A systematic review 
and meta-analysis. Journal of Bone and Mineral 
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Compression Fracture: A meta-analysis of 
randomized controlled trials. Calcified Tissue 
International 2018;102 (1 Supplement 1):S137-
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Conference abstract 

313.  Jin 2019 Jin, Y. Z.; Lee, J. H.; Xu, B.; Cho, M.. Effect of 
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controlled trials. BMC Musculoskeletal Disorders 31 
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Systematic review 
and/or meta-analysis 
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Effect of medications on prevention of secondary 
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and/or meta-analysis 
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C.; Jiang, H.; Modin, S.; Fitzpatrick, L. A.; Kanis, J. A.. 
The efficacy of abaloparatide-SC is independent of 
baseline BMD. Osteoporosis International 2017;28 
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Conference abstract 

316.  Johansson 2017
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Johansson, H.; McCloskey, E.; Oden, A.; Harvey, N. 
C.; Black, D. M.; Cauley, J.; Kanis, J. A.. The effect of 
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Evidence-Based Medicine October 2007;12(5):145 

Commentary 

320.  Jundi 2019 Jundi, Bakr; Lyu, Houchen; Xu, Chang; Tedeschi, 
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Randomized Controlled Trials. Journal of Clinical 
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Systematic review 
and/or meta-analysis 
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and/or meta-analysis 
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Journal of Bone and Mineral Research 
2010;1)():S31 
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osteoporosis. Osteoporosis International 
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double-dummy, clinicaltrial. Osteoporosis 
International 2017;28 (1 Supplement 1):S69-S70.  
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Kendler, D. L.; Bone, H. G.; Massari, F.; Gielen, E.; 
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S.; Grauer, A.. Retreatment with romosozumab 
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treatment. Endocrine Reviews. Conference: 99th 
Annual Meeting of the Endocrine Society, ENDO 
2017;38(3 Supplement 1) 

Conference abstract 

331.  Kendler 2017
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Torres, M.; Wang, A.; Bone, H. G.. The risk of 
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Conference abstract 

332.  Kendler 2019 Kendler, D.; Chines, A.; Clark, P.; Ebeling, P. R.; 
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Mineral Density After Transitioning From 
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Kendler, D. L.; Marin, F.; Lopez-Romero, P.; 
Geusens, P.; Lespessailles, E.; Body, J. J.; Minisola, 
S. Psychotropic medications and proton pump 
inhibitors and the risk of fractures in the 
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Osteoporosis International 2019;30(SUPPL 2):S286 

Conference abstract, 
with no new data 
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Kendler, David; Chines, Arkadi; Huang, Shuang; 
Clark, Patricia; Ebeling, Peter R.; McClung, Michael; 
Rhee, Yumie; Kees Stad, Robert; Freemantle, Nick. 
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Subject characteristics and changes in bone 
mineral density after transitioning from 
denosumab to alendronate in the denosumab 
Adherence Preference Satisfaction (DAPS) Study. 
Arthritis and Rheumatology 2019;71(Supplement 
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Journal of Bone and Mineral Research 
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Conference abstract, 
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Systematic review 
and/or meta-analysis 
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prevent? Osteoporosis International 
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Conference abstract, 
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prevention. European Geriatric Medicine 
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Conference abstract, 
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in osteoporosis? Osteoporosis International 
2019;30(SUPPL 2):S206-S207 

Conference abstract, 
with no new data 

344.  Kurth 2019 Kurth, A.; Marin, F.; Eriksen, E. F.; Kendler, D. L.; 
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Conference abstract, 
with no new data 
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patients with osteoporosis: A systematic review 
and meta-analysis. Osteologie 2019;28(1):52 
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Conference abstract, 
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meta-analysis. International Journal of Clinical and 
Experimental Medicine 2019;12(9):11037-11048 

Systematic review 
and/or meta-analysis 
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International Journal of Clinical and Experimental 
Medicine 2019;12(9):11037-11048 

Systematic review 
and/or meta-analysis 
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Combination/sequential therapy in osteoporosis. 
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Systematic review 
and/or meta-analysis 
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Fracture and bone mineral density response by 
baseline risk in patients treated with abaloparatide 
followed by alendronate. Arthritis and 
Rheumatology September 2018;70 (Supplement 
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Extension study 

353.  Leder 2019 Leder, B. Z.; Zapalowski, C.; Hu, M. Y.; Hattersley, 
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and Bone Mineral Density Response by Baseline 
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Followed by Alendronate: Results From the Phase 3 
ACTIVExtend Trial. Journal of Bone and Mineral 
Research. 2019 
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Systematic review 
and/or meta-analysis 
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and/or meta-analysis 
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Systematic review 
and/or meta-analysis 
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Systematic review 
and/or meta-analysis 
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head comparisons of bisphosphonates and 
teriparatide in osteoporosis: a meta-analysis. 
Clinical and investigative medicine 2017;Medecine 
clinique et experimentale. 40(3):E146-E157.  

Systematic review 
and/or meta-analysis 

374.  Liu 2018 Liu, G. F.; Wang, Z. Q.; Liu, L.; Zhang, B. T.; Miao, Y. 
Y.; Yu, S. N.. A network meta-analysis on the short-
term efficacy and adverse events of different anti-
osteoporosis drugs for the treatment of 
postmenopausal osteoporosis. Journal of Cellular 
Biochemistry 2018;119(6):4469-4481.  

Systematic review 
and/or meta-analysis 

375.  Liu 2018
a 

Liu, Y.; Cao, Y.; Zhang, S.; Zhang, W.; Zhang, B.; 
Tang, Q.; Li, Z.; Wu, J.. Romosozumab treatment in 
postmenopausal women with osteoporosis: a 
meta-analysis of randomized controlled trials. 
Climacteric 2018;21(2):189-195.  

Systematic review 
and/or meta-analysis 

376.  Lou 2016 Lou, S.; Lv, H.; Wang, G.; Zhang, L.; Li, M.; Li, Z.; 
Zhang, L.; Tang, P.. The Effect of Teriparatide on 
Fracture Healing of Osteoporotic Patients: A Meta-
Analysis of Randomized Controlled Trials. BioMed 
Research International 2016;2016:6040379 

Systematic review 
and/or meta-analysis 

377.  Lou 2019 Lou, S.; Lv, H.; Yin, P.; Li, Z.; Tang, P.; Wang, Y.. 
Combination therapy with parathyroid hormone 
analogs and antiresorptive agents for osteoporosis: 
a systematic review and meta-analysis of 
randomized controlled trials. Osteoporosis 
International 2019;30(1):59-70.  

Systematic review 
and/or meta-analysis 

378.  Lou 2019
a 

Lou, S.; Lv, H.; Yin, P.; Li, Z.; Tang, P.; Wang, Y. 
Combination therapy with parathyroid hormone 
analogs and antiresorptive agents for osteoporosis: 
a systematic review and meta-analysis of 
randomized controlled trials. Osteoporosis 
international : a journal established as result of 
cooperation between the European Foundation for 
Osteoporosis and the National Osteoporosis 
Foundation of the USA 2019;30(1):59-70 

Systematic review 
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Commentary 
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Wrong patient 
population 
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Systematic review 
and/or meta-analysis 
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safety of pharmacological interventions for 
osteoporosis in postmenopausal women: a 
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and/or meta-analysis 
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574.  Tanko 2003
a 
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Wrong outcomes 
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Commentary 
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versus Teriparatide for the Treatment of 
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Wrong outcomes 
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Wrong outcomes 
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Wrong outcomes 

584.  Tsai 2019 Tsai, J. N.; Lee, H.; David, N. L.; Eastell, R.; Leder, B. 
Z.. Combination denosumab and high dose 
teriparatide for postmenopausal osteoporosis 
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Systematic review 
and/or meta-analysis 
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and/or meta-analysis 
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population 
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with no new data 
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Mineral Research 2010;1):S310.  
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and/or meta-analysis 
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Systematic review 
and/or meta-analysis 
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Systematic review 
and/or meta-analysis 
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Wang, C.. Efficacy and Safety of Zoledronic Acid for 
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American Journal of Therapeutics 2017;24(5):e544-
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Systematic review 
and/or meta-analysis 

603.  Wang 2017
b 
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Systematic review 
and/or meta-analysis 
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and/or meta-analysis 
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and/or meta-analysis 
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Comparison of Efficacy of Teriparatide (Parathyroid 
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Conference abstract, 
with no new data 



84 
 

No. Authors Year Reference (extracted from covidence) Reasons for exclusion 

between bone remodeling and energy metabolism. 
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and/or meta-analysis 
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and/or meta-analysis 

615.  Wustack 2010 Wustrack, R.; Seeman, E.; Bucci-Rechtweg, C.; 
Palermo, L.; Black, D.. Impact of zoledronic acid on 
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Wrong outcomes 

616.  Wustack 2012 Wustrack, R.; Seeman, E.; Bucci-Rechtweg, C.; 
Burch, S.; Palermo, L.; Black, D. M.. Predictors of 
new and severe vertebral fractures: results from 
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and/or meta-analysis 
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Systematic review 
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and/or meta-analysis 
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and/or meta-analysis 
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and/or meta-analysis 
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kyphoplasty in the treatment of osteoporotic 
compression fracture in a single T12 or L1 vertebral 
body in postmenopausal women. Osteoporosis 
International 01 Jul 2019;30(7):1475-1480 

Systematic review 
and/or meta-analysis 

634.  Zhou 2014 Zhou, Z.; Chen, C.; Zhang, J.; Ji, X.; Liu, L.; Zhang, G.; 
Cao, X.; Wang, P. Safety of denosumab in 
postmenopausal women with osteoporosis or low 
bone mineral density: a meta-analysis. 
International journal of clinical and experimental 
pathology 2014;7(5):2113-2122 

Systematic review 
and/or meta-analysis 

635.  Zhou 2016 Zhou, J.; Ma, X.; Wang, T.; Zhai, S.. Comparative 
efficacy of bisphosphonates in short-term fracture 
prevention for primary osteoporosis: a systematic 
review with network meta-analyses. Osteoporosis 
International 2016;27(11):3289-3300.  

Systematic review 
and/or meta-analysis 

636.  Zhou 2017 Zhou, B.; W 

ang, J.; Seeman, E.; Chines, A.; Shi, Y.; Wang, A. T.; 
Guo, X. E.. Denosumab treatment in women with 
osteoporosis rapidly prevents deterioration in 
trabecular microstructure at the distal tibia. Journal 
of Bone and Mineral Research December 2017;32 
(Supplement 1):S10-S11 

Conference abstract 

637.  Zhou 2020 Zhou, Jian; Liu, Bo; Qin, Ming-Zhao; Liu, Jin-Ping. 
Fall Prevention and Anti-Osteoporosis in 
Osteopenia Patients of 80 Years of Age and Older: 
A Randomized Controlled Study. Orthopaedic 
surgery 2020;12(3):890-899 

Wrong patient 
population 
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No. Authors Year Reference (extracted from covidence) Reasons for exclusion 

638.  Zhu 2020 Zhu, Yilin; Huang, Zhonglian; Xu, Weicai; Chen, 
Hongjiang; Luo, Shaowei; Zhang, Yuantao; Zhao, Di; 
Hu, Jun; Wang, Yan; Xu, Jiankun. The efficacy and 
safety of denosumab in postmenopausal women 
with osteoporosis previously treated with 
bisphosphonates: A review. Journal of Orthopaedic 
Translation 2020;22():7-13 

Systematic review 
and/or meta-analysis 

639.  Not reported 2017 Efficacy of treatment with slow-release sodium 
fluoride versus alendronate on bone mineral 
density and fractures in postmenopausal women. 
Journal of the American Geriatrics Society 
2017;Conference: 2017 Annual Scientific Meeting 
of the American Geriatrics Society. United States. 
65(pp S111‐S112): 

Conference abstract 
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S4 Table. Characteristics of included studies 
Note: [Ordered by trial (when applicable), alphabetically and year of publication] The information hereby 

presented has been copied from the original article or adapted. 

 

General list 
Adachi 2009 

Methods 
RCT, parallel group 

34 centers in Canada and Columbia 

Participants 

438 women were randomized and 367 completed the study 

Inclusion criteria: postmenopausal women (at least 6 months after their last menstrual 
period) and at least 40 years of age (or ≥25 years if surgically menopausal). Patients 
were included if they had either a history of osteoporotic fracture or a bone mineral 
density <2.0 SDs below the mean for young adults, as assessed using dual-energy X-ray 
absorptiometry performed within 3 years before randomization. Patients were 
required to have an adequate intake of vitamin D and calcium through diet and/or 
supplements, as determined by the study investigator based on information obtained 
during the screening process. 

Interventions 
Intervention: alendronate 10 mg, once daily for 12 weeks (N=291) 

Control: placebo, once daily for 12 weeks (N=147) 

Outcomes Non-vertebral fractures 

 

Adami 2008 

Methods 

RCT, parallel group 

32 clinical centers in seven countries (the United States, France, Germany, Spain, Italy, 
Canada, and Australia) 

Participants 

Inclusion criteria: Ambulatory postmenopausal women 50 to 80 years of age who were 
at least 5 years postmenopausal that had a BMD T-score below −2.5 at the lumbar 
spine and/or the femoral neck. 

Exclusion criteria: Women were excluded from the study if they had diseases other 
than osteoporosis which affected bone metabolism or responses to therapy or if they 
reported use of any of the following treatments at baseline: calcitonin within 2 
months; estrogens, SERMs or tibolone within 3 months; >0.3 mg conjugated estrogen 
or equivalent for more than three doses per week within 3 months; androgens or 
anabolic steroids within 6 months; fluorides within 2 years; oral bisphosphonates for 
more than 2 consecutive months within previous 6 months or intravenous 
bisphosphonates within 6 months; vitamin D >50,000 IU/week or any use of calcitriol 
or vitamin D analogs within 6 months; systemic corticosteroids within 1 month or 
more than 30 days within previous 12 months; any drugs known to affect bone 
metabolism within 6 months; or investigational drugs within 1 month. 

Interventions 

Intervention: A one-month run-in period was followed by three consecutive one-year 
treatment phases. Patients received open-label recombinant teriparatide 20 μg once-
daily by subcutaneous self-injection in the first year. Then one year of raloxifene 60 
mg/day as a tablet taken orally followed by one year of open label raloxifene 60 
mg/day (N=157) 
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Control: A one-month run-in period was followed by three consecutive one-year 
treatment phases. Patients received open-label recombinant teriparatide 20 μg once-
daily by subcutaneous self-injection in the first year. Then one year of oral placebo as a 
tablet taken orally followed by one year of open-label raloxifene 60 mg/day (N=172) 

Outcomes Clinical and non-vertebral fractures 

 

Anastasilakis 2015 

Methods 
RCT, parallel group 

Outpatient clinics in Greece 

Participants 

N=64, from which 58 completed the study 

Inclusion criteria: Postmenopausal Caucasian women with low bone mass (bone 
mineral density [BMD] T-score of ≤−2.0 at the lumbar spine [LS] and/or the non-
dominant femoral neck [FN]) who had been subjected to a single zoledronic acid 
infusion for the first time 1 year ago were included in the study. 

Exclusion criteria: Exclusion criteria for both groups were as follows: (i) age <40 years; 
(ii) any bone and mineral disorder other than osteoporosis, including primary or 
secondary hyperparathyroidism, Paget’s disease of bone, osteogenesis imperfecta, 
rheumatologic diseases, paraplegia, and chronic immobilization; (iii) severe liver or 
kidney disease (creatinine clearance <60 ml/min/1.73 m2) or liver or kidney 
transplantation; (iv) premature ovarian failure; (v) uncontrolled thyroid disease; (vi) 
any malignancy; (vii) any musculoskeletal injury or surgical procedure 6 months prior 
to baseline; (viii) dental surgery or tooth removal 3 months prior to baseline or plan to 
dental surgery; (ix) history or concomitant medications that could affect bone 
metabolism, including immunosuppressive, anticonvulsant, antiviral and anti-
tuberculosis agents, addictive drugs, corticosteroids, non-steroidal anti-inflammatory 
drugs, amiodarone, thiazolidinediones, interferon, metronidazole, and tamoxifen. 

Interventions 
Intervention 1: denosumab 60 mg, subcutaneous injections every 6 months (N=32) 

Intervention 2: zoledronic acid 5 mg, intravenous infusion (N=26) 

Outcomes Clinical fractures 

 

 

Ascott Evans 2003 

Methods 
RCT, parallel group 

18 centers in 9 countries 

Participants 

N=144, from which 119 women completed the study 

Intervention: 92.6% Caucasian 

Control: 89.8% Caucasian 

Inclusion criteria: Women were eligible for enrollment if they were younger than 80 
years, had been postmenopausal for at least 3 years, had used HRT for at least 1 year, 
and had discontinued HRT within the3 months preceding their joining the study. In 
addition, patients had to have a low bone density defined as a lumbar spine T score 
between −3.5 and −1.5 (approximately 1.5 to 3.5 SDs below the mean BMD for healthy 
young women). 

Exclusion criteria: Patients were excluded from participation if they had a history of 
other metabolic bone disease or osteoporotic fracture, or if they had recently received 
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bisphosphonate or other treatments (such as glucocorticoid therapy) known to affect 
bone metabolism. 

Interventions 

Treatment duration: 12 months 

Intervention: alendronate sodium 10 mg per day (N=95) 

Control: placebo, daily (N=49) 

Outcomes Vertebral, non-vertebral and hip fractures 

 

Barrett-Connor 2006 

Methods 

RUTH (the Raloxifene Use for The Heart trial): a RCT, parallel group 

177 sites in 26 countries  

(ClinicalTrials.gov number, NCT00190593.) 

Participants 

10101 women underwent randomization 

Inclusion criteria: Eligible women were 55 years of age or older, were one year or 
more postmenopausal, and had established CHD or were at increased risk for CHD. 
Participants were required to have a cardiovascular risk score of 4 or more, according 
to a point system that takes into account the presence of the following14: established 
CHD (4 points), arterial disease of the leg (4 points), an age of at least 70 years (2 
points), diabetes mellitus (3 points), cigarette smoking (1 point), hypertension (1 
point), and hyperlipidemia (1 point). 

Exclusion criteria: Exclusion criteria were a myocardial infarction, coronary-artery 
bypass grafting, or percutaneous coronary intervention within three months before 
randomization; a history of cancer or venous thromboembolism; a life expectancy of 
less than five years; unexplained uterine bleeding within six months before 
randomization; New York Heart Association class III or IV heart failure; chronic liver or 
renal disease; use of oral or transdermal estrogens within six months before 
randomization; or current use of other sex hormones or SERMs. 

Interventions 
Intervention: raloxifene 60 mg/d (N=5044) 

Control: placebo, daily (N=5057) 

Outcomes Vertebral and non-vertebral 

 

Bell 2002 

Methods 
RCT, parallel group 

8  institutions geographically distributed across the United States 

Participants 

N=65 

Inclusion criteria: African-American postmenopausal women aged 45–88 yr, otherwise 
healthy, and a BMD 0.86 g/cm2 or less (T score range -1.75 or less) at the lumbar spine 
as measured by model QDR 1000, QDR 1000W, or QDR 2000 bone densitometers 
(Hologic, Inc., Waltham, MA). 

Exclusion criteria: women with any disease or drug therapy potentially affecting bone 
metabolism or who had had more than one fracture of a lumbar spine vertebra were 
excluded. Other exclusion criteria included abnormal renal function or a history of 
cancer or major upper gastrointestinal mucosal erosive disease. 

Interventions 
Treatment duration: 2 years 

Intervention: alendronate 10 mg/day (N=33) 
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Control: placebo, daily (N=32) 

Outcomes Clinical fractures 

 

Bock 2012 

Methods 
RCT, parallel group with 1-year follow-up period (clinical trial registration number 
NCT00271713; www.clinicaltrials.gov) 

Participants 

Inclusion criteria: y women aged between 60 and 75 years, with menopause more 
than 5 years ago, measurable spine and hip BMD (e.g. no severe degenerative 
changes) by dual X-ray absorptiometry (DXA), spine (L1–L4) or total hip BMD ≤−2.0 and 
>−3.5 SD T-score measured on DXA. 

Exclusion criteria: Exclusion criteria included spine or hip BMD ≤−3.5 SD T-score as 
measured by DXA, vertebral fractures or multiple (>2) low trauma peripheral fractures 
(as measured on lateral radiographs of thoracic and lumbar spine), diseases or 
disorders known to influence bone metabolism, a history of major upper gastro-
intestinal disease, diagnosed malignant disease within the previous 10 years, previous 
treatment with a bisphosphonate at any time, treatment with fluoride for 
osteoporosis (dose greater than 10 mg/day) within the last 12 months or for more 
than 2 years (total duration), treatment with parathyroid hormone and similar agents 
or strontium ranelate at any time, treatment with other drugs affecting bone 
metabolism within the last 6 months, chronic systemic corticosteroid treatment, prior 
or current treatment with estrogens, progestins, SERMs, anabolic steroids, active 
vitamin D analogs/metabolites, calcitonin, calcineurin inhibitors or methotrexate, total 
serum calcium <2.2 mmol/l or >2.6 mmol/l, vitamin D deficiency (serum 25-
hydroxyvitamin D <12 ng/ml), ALT above triple upper limit of normal range, renal 
impairment (serum creatinine >210 μmol/l) or any of the contraindications for 
ibandronate, calcium or vitamin D 

Interventions 

Intervention: 150 mg ibandronate oral monthly (N=36) 

Control: placebo oral monthly (N=34) 

All subjects received 500 mg calcium and 400 I.U. vitamin D daily. 

Outcomes Vertebral and non-vertebral fractures 

 

Body 2002 

Methods 
RCT, parallel group 

12 sites in the United States, Austria, Belgium, Canada, Israel and Mexico 

Participants 

Inclusion criteria: Ambulatory postmenopausal women at least 5 yr past menopause 
were eligible to participate if they were aged 30 – 85 yr, free of severe or chronically 
disabling conditions other than osteoporosis, and had LS or femoral neck bone mineral 
density at least 2.5 SD below the mean for young adult women. 

Exclusion criteria: Women were excluded for metabolic bone disorders; diseases 
affecting bone and mineral metabolism; carcinomas within the previous 5 yr.; 
nephrolithiasis or urolithiasis within the previous 2 yr.; malabsorption; significantly 
impaired renal [serum creatinine concentrations, 177 mol/liter (2.0 mg/dl)] or hepatic 
function; abnormalities of the LS prohibiting assessment of bone mineral density at L2-
L4; medications or drugs known to affect bone or mineral metabolism in the prior 2 – 
24 months depending on the drug ( e.g. androgens, anabolic steroids, 
bisphosphonates, calcitonin, glucocorticoids, estrogens, fluoride); alcohol abuse; or 
allergy or previous exposure to teriparatide, exogenous PTH, or PTH analogs. 
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Interventions 

Treatment duration: 24 months 

Intervention: once-daily subcutaneous injection teriparatide 40 μg plus oral placebo 
(N=73) 

Control: once-daily placebo injection plus oral 10 mg alendronate sodium (N=73) 

Outcomes Non-vertebral fractures 

 

Bone 1997 

Methods 
RCT, parallel group 

15 clinical sited in the United States 

Participants 

Inclusion criteria: Subjects were required to be in generally good health apart from 
osteoporosis. Patients were accepted for entry if lumbar spine BMD was 0.824 g/cm2 
or less by Hologic DXA or 0.944 g/cm2 or less by Lunar DXA. These densities 
correspond to 2.0 SD below mean peak levels. 

Exclusion criteria: Potential subjects were excluded if they had more than 1 lumbar 
crush fracture or spinal anatomy was otherwise unsuitable for DXA analysis. They were 
also excluded if they had a history of recent major gastrointestinal disease, such as 
peptic ulcer, esophageal disorder, or malabsorption, or had recently used a drug to 
inhibit gastric acid secretion for more than 2 weeks. In addition, patients receiving 
chronic nonsteroidal anti-inflammatory therapy or agents known to affect bone 
metabolism (such as etidronate, estrogen, glucocorticoids, fluoride, or calcitonin) were 
excluded. Subjects receiving thyroid hormone replacement were required to have 
been on a stable dosage for at least 6 months before entry into the study and 
euthyroid by ultrasensitive TSH assay. Clinically significant vitamin D deficiency was 
similarly excluded or corrected. 

Interventions 

Treatment duration: 2 years 

Intervention 1: alendronate 1.0 mg/day (N=86) 

Intervention 2: alendronate 2.5 mg/day (N=89) 

Intervention 3: alendronate 5.0 mg/day (N=93) 

Control: placebo, daily (N=91) 

Outcomes Vertebral and non-vertebral fractures 

 

Bone 2000 

Methods 
2 year RCT, parallel group 

Multicenter 

Participants 

N=425, 92% Caucasians 

Inclusion criteria: Entry criteria included prior hysterectomy and a lumbar spine BMD 
below 0.862 g/cm2 for at least three evaluable vertebrae in the L1—L4 region, as 
measured by Hologic, Inc., densitometry equipment (Waltham, MA). Compared with 
the current reference range, the mean BMD (0.77 6 0.07 g/cm2) observed in the 
patients enrolled corresponds to a mean t score of 22.5 6 0.2. The study was limited to 
women who had undergone hysterectomy to avoid any possible confounding effects 
of progestin therapy or withdrawal bleeding. 

Exclusion criteria: Exclusion criteria included evidence of metabolic bone disease 
(other than postmenopausal osteoporosis), a low serum 25-hydroxyvitamin D 
concentration [,10 ng/mL (25 nmol/L)], concomitant therapy with drugs that affect 
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bone turnover (including bisphosphonates, calcitonin, or fluoride), renal insufficiency, 
severe cardiac disease, or history of recent major upper gastrointestinal mucosal 
erosive disease (including significant upper gastrointestinal bleeding, recurrent peptic 
ulcer disease, and esophageal or gastric varices). However, a history of other 
gastrointestinal diseases or chronic use of nonsteroidal anti-inflammatory agents were 
not considered reasons for exclusion. Women were not eligible for entry into the study 
if they had an underlying condition that would contraindicate randomization to 
estrogen, including active thrombophlebitis or history of prior thromboembolic 
disease, history of unexplained genital bleeding within the preceding year, increased 
risk for breast cancer, or fasting serum triglycerides more than 400 mg/dL. Women 
were also excluded from entering the study if within 6 months before entry into the 
study they had taken any form of systemic HRT. 

Interventions 

Intervention 1: alendronate (alendronate (10 mg/day) and placebo CEE) (N=92)  

Intervention 2: CEE (CEE (0.625 mg/day) and placebo alendronate) (N=143) 

Intervention 3: ALN + CEE (alendronate (10 mg/day) and CEE (0.625 mg/day)) (N=140)  

Control: placebo (placebo alendronate/placebo conjugated equine estrogen) (N=50)  

Outcomes Clinical fractures 

 

Bone 2008 

Methods 
2-year RCT, phase 3 study 

21 centers in Canada and United States 

Participants 

332 women enrolled in the study and 83% were white 

286 completed the 24 months of treatment (86%) 

Inclusion criteria: postmenopausal women with lumbar spine BMD Tscores between -
1.0 and -2.5 who were: 1) ambulatory, 2) not receiving medication that affected bone 
metabolism (other than calcium and vitamin D supplements), 3) free from any 
underlying condition (other than low BMD) that might have resulted in abnormal bone 
metabolism, and 4) had no history of a fracture after the age of 25 years. Women who 
had taken oral bisphosphonates for less than 3 months were eligible. Those who had 
taken oral bisphosphonates for longer than 3 months but less than 3 yr cumulatively 
were eligible after a 12-month washout period. 

Exclusion criteria: Women were excluded if they had received oral bisphosphonates 
for 3 or more yr, cumulatively; fluoride, or strontium ranelate within 5 yr. of study 
enrollment; or PTH or PTH derivatives, steroids, hormone replacement therapy, 
selective estrogen receptor modulators, tibolone, calcitonin, or calcitriol within 6 wk of 
study enrollment.  

Interventions 

Treatment duration: 2 years 

Intervention: Denosumab 60 mg, subcutaneous injection every 6 months (N=142) 

Control: placebo, subcutaneous injection every 6 months (N=144) 

Outcomes Vertebral and non-vertebral fractures 

 

Brown 2009 

Methods 

DECIDE (Determining Efficacy: Comparison of Initiating Denosumab versus 
Alendronate) trial: a phase-3 RCT, parallel group 

Multicenter; Western Europe, North and South America, and Australia 
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Participants 

1189 included in the study; 94% of them completed 12 months of study 

Inclusion criteria: Ambulatory postmenopausal women in general good health and 
with a T-score − 2.0 at the proximal femur (“total hip”) or lumbar spine by DXA were 
eligible. Subjects were required to have at least one hip and at least two vertebrae (L 1 
–L4) that were evaluable by DXA. 

Exclusion criteria: exclusion criteria included prior administration of intravenous 
bisphosphonates, fluoride (except for dental treatment) or strontium; use of drugs 
with known bone activity within 3 mo of randomization; current enrollment in or <1 
mo since completion of other drug trials; evidence of an active disease known to affect 
bone metabolism; malignancy within the past 5 yr (except basal or squamous cell 
carcinoma or cervical or breast cancer in situ); impaired renal function; or 
contraindications for alendronate therapy. Subjects with screening serum 25-
hydroxyvitamin D [25(OH)D] concentrations <12 ng/ml were ineligible but could 
undergo vitamin D repletion with ergocalciferol for 2 wk. and be rescreened. 

Interventions 

Treatment duration: 12 months 

Intervention: 1 ml subcutaneous injection of denosumab 60 mg every 6 months plus 
an oral placebo tablet once weekly  

Control: 1 ml subcutaneous injection of placebo every 6 months plus oral branded 
alendronate 70 mg weekly  

Outcomes Clinical and major osteoporotic fractures 

 

Brown 2021 

Methods 

The Active-Controlled Fracture Study in Postmenopausal Women With Osteoporosis at 
High Risk (ARCH) trial (NCT01631214; 
https://clinicaltrials.gov/ct2/show/NCT01631214): a phase 3, multi-center, 
international, randomized, active-controlled, double-blind study. 

Participants 

ARCH enrolled 4093 patients (2046 romosozumab, 2047 alendronate); 167 of these 
patients were enrolled in the ARCH imaging substudy (Supplemental Figure S4). Of the 
patients in the imaging substudy, 90 (49 romosozumab, 41 alendronate) participated. 

Inclusion criteria: postmenopausal women with low BMD (T-score≤2.5) and a prior 
fragility fracture. 

Exclusion criteria: Patients were ineligible for the ARCH imaging substudy if they 
experienced a nonvertebral fracture or clinical vertebral fracture within 6 months 
before enrollment or had non-evaluable vertebrae in the region of interest for spine 
QCT scans as assessed by the central imaging vendor at the time of screening, based 
on lateral spine x-rays. 

Interventions 

Double-blind treatment period: 12 months 

Intervention 1: monthly s.c. romosozumab 210 mg (N=49) 

Intervention 2: weekly oral alendronate 70 mg (N=41) 

After completion of the double-blind study period, all patients received open-label 
weekly oral alendronate 70 mg. 

Outcomes Vertebral fractures 

 

Clemmesen 1997 

Methods RCT, parallel group 

https://clinicaltrials.gov/ct2/show/NCT01631214
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2 sites: Copenhagen County, Denmark and Liège, Belgium 

Participants 

N=132 

Inclusion criteria: otherwise healthy postmenopausal women, 53–81 years of age 
(mean age 68 years) and at least 1 year past the menopause, with established 
postmenopausal osteoporosis defined as at least one, but no more than four vertebral 
fractures, and at least three intact lumbar vertebrae. 

Exclusion criteria: None of the women had received estrogen or calcitonin treatment 
within the 6–12 months prior to entrance in the study or had ever received any kind of 
bisphosphonate or fluoride. All women were otherwise healthy with no secondary 
causes of osteoporosis. None of the women received medications with known 
influence on bone metabolism. 

Interventions 

Treatment duration: 2 year 

Intervention 1: risedronate 2.5 mg daily (N=44) 

Intervention 2: risedronate 2.5 mg daily for 2 weeks followed by 10 weeks on placebo 
(N=44) 

Control: placebo, daily (N=44) 

Outcomes Vertebral and non-vertebral fractures 

 

Cosman 2001 

Methods 
RCT, parallel group 

Osteoporosis clinic and osteoporosis screening program in the USA 

Participants 

N=52 

Inclusion criteria: the presence of primary postmenopausal osteoporosis, defined as a 
T score of 2.5 below the normal premenopausal mean in either the spine or hip region 
and/or X-ray–documented osteoporotic vertebral fracture. Furthermore, all women 
had been on HRT for at least 1 year before study entry and were followed 
prospectively for 1 year to assure that bone density was stable. No patients were 
excluded because of bone loss. Consequently, all patients were on HRT for at least 2 
years before randomization. 

Exclusion criteria: secondary causes of osteoporosis or medications (other than HRT) 
known to affect bone metabolism. Active renal calculus disease with a renal stone 
within the last 10 years or multiple prior renal stones. 

Interventions 

All patients were on HRT for at least 2 years before randomization.  

Treatment duration: 3 years 

Intervention: hormone-replacement therapy in addition to 400 IU/day (25 μg) of 
PTH(1–34) by subcutaneous daily injection. (N=27) 

Control: hormone-replacement therapy (N=5) 

Outcomes Clinical and vertebral fractures 

 

Cosman 2005 

Methods 
RCT, parallel group 

Osteoporosis clinic and osteoporosis screening program in the USA 

Participants 
N=126 women with osteoporosis who had been taking alendronate for at least 1 year 
were randomized. 
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Inclusion criteria: Normal levels of serum creatinine, total calcium (upper limit, 10.6 
mg per deciliter [2.65 mmol per liter]), parathyroid hormone, and thyrotropin; normal 
liver function and complete blood count; and a ratio of urinary calcium to creatinine of 
less than 0.35 mg per milligram (1.0 mmol per millimole) after an overnight fast were 
prerequisites 

Exclusion criteria: Exclusion criteria included rheumatoid arthritis, multiple prior renal 
stones or a kidney stone within the preceding five years, or current use of 
glucocorticoids, antiepileptic medications, or estrogen. Subjects were required to have 
a bone mineral density T score of –2.5 or less at the lumbar spine (two or more 
vertebrae could be evaluated), femoral neck, or total hip or a T score of –2 or less at 
any of these sites plus a history of fracture in adulthood (defined as an age of at least 
40 years) or vertebral fracture (identified by radiography), but excluding fractures 
caused by trauma (motor vehicle accidents) and finger, toe, and skull fractures. 

Interventions 

Treatment duration: 15 months 

Intervention 1: daily subcutaneous parathyroid hormone 25 μg plus alendronate 70 
mg weekly (N=43) 

Intervention 2: cyclic subcutaneous parathyroid hormone 25 μg (each treatment cycle 
lasted three months and was followed by three months without parathyroid hormone) 
plus alendronate70 mg weekly (N=40) 

Intervention 3: alendronate 70 mg weekly (N=43) 

Outcomes Vertebral, non-vertebral and hip fractures 

 

Cosman 2009 

Methods 
Randomized open-label trial (ClinicalTrials.gov Identifier: NCT00079924) 

11 centers in the USA 

Participants 

N=198, 84% completed the study 

Inclusion criteria: Women were required to be postmenopausal and at least 50 yr old 
and to have had a previous diagnosis of osteoporosis based on fracture history and/or 
BMD. Women had to be on alendronate (70 total mg/wk.) or raloxifene (60 mg/d) for 
at least 18 months and be willing to continue or discontinue the alendronate or 
raloxifene, based on randomization, during the 18-month teriparatide treatment 
phase of the trial. Participants had to be on at least 1 month of stable calcium 
supplementation (at least 500 mg/d elemental calcium).At least two vertebrae in the 
lumbar region (L-1 through L-4) were required to be evaluable by DXA. A posterior-
anterior lumbar spine BMD and/or hip BMD measurement via Hologic (Ho-logic Inc., 
Bedford, MA) or Lunar (GE Medical Systems, Madison, WI) densitometers equal to or 
lower than 2.0 SD values below the average bone mass for young women (BMD T-
score <= -2.0) was required. Serum calcium values had to be within the normal range 
(8.9–10.1 mg/dl). Laboratory assessments including 25-hydroxyvitamin D, intact PTH, 
alkaline phosphatase, and TSH had to be normal or assessed as clinically insignificant. 

Exclusion criteria: Women were excluded if they had a history of hypercalcemia (with 
the exception of surgically corrected hyperparathyroidism), metabolic bone diseases 
other than osteoporosis, secondary causes of osteoporosis, or malignant neoplasms 
within the past 5 yr. Women were also excluded if they had active urolithiasis within 
the past 2 yr or high risk for urolithiasis in the opinion of the investigator; prior 
radiation therapy involving the skeleton; active liver disease (liver enzymes more than 
three times upper limit of normal) or jaundice; substantially impaired renal function 
(serum creatinine > 1.8 mg/dl); history of excessive alcohol consumption; or were 
treated with other bone-active drugs. 
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Interventions 

All postmenopausal women were treated with alendronate or raloxifene for at least 18 
months before study entry. 

Treatment duration: 18 months 

Alendronate pretreated stratum 

Intervention 1: switch group – discontinue alendronate 10 mg/day or 70 mg/week and 
initiated teriparatide 20 μg by daily subcutaneous injection (N=50) 

Intervention 2: add group – continue alendronate 10 mg/day or 70 mg/week and 
initiated teriparatide 20 μg by daily subcutaneous injection (N=52) 

Raloxifene pretreated stratum 

Control 1: switch group – discontinue raloxifene 60 mg/day and initiated teriparatide 
20 μg by daily subcutaneous injection (N=49) 

Control 2: add group – continue raloxifene 60 mg/day and initiated teriparatide 20 μg 
by daily subcutaneous injection (N=47) 

Outcomes Clinical fractures 

 

Cosman 2011 

Methods 
1-year RCT, parallel group (ClinicalTrials.gov number, NCT00439244). 

Multicenter 

Participants 

N=412, the majority was white (96-98%). 

Inclusion criteria: Eligible participants were postmenopausal women aged 45 to 89 
years with BMD T-scores of 2.5 or less at the femoral neck, total hip, or lumbar spine 
or a BMD T-score of 2.0 or less at any site plus one or more documented vertebral or 
nonvertebral fractures (not due to excessive trauma, as determined by individual 
investigators). 

Exclusion criteria: Women were excluded for any prior use of PTH or bisphosphonates 
for more than 3 consecutive months; shorter-term use was acceptable if followed by a 
1-year washout. Other ineligibility criteria included prior strontium treatment; chronic 
use of systemic corticosteroids within the prior year; raloxifene, calcitonin, or 
hormone therapy within the prior 3 months; creatinine clearance < 30 mL/min 
(assessed by estimated glomerular filtration rate [Cockcroft-Gault equation]); urine 
dipstick 2þ protein; serum calcium 2.75 mmol/L or <2.0 mmol/L; or 25-hydroxyvitamin 
D levels < 15 ng/mL. 

Interventions 

Intervention 1: single intravenous infusion of zoledronic acid 5mg plus daily 
teriparatide 20 μg via subcutaneous injection (N=137) 

Intervention 2: single intravenous infusion of zoledronic acid 5mg (N=137) 

Control: placebo infusion plus daily teriparatide 20 μg.  (N=138)  

Outcomes Clinical fractures 

 

Cosman 2020 

Methods 

Post hoc analysis was based on the Active-Controlled Fracture Study in 
Postmenopausal Women With Osteoporosis at High Risk (ARCH) (Clinical 
TrialNCT01631214), a phase 3, multicenter, international, randomized, active-
controlled, double-blind study. 

Participants Inclusion criteria and Exclusion criteria: not provided. (Please see Brown 2021) 
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Interventions 

Double-blind treatment period: 12 months 

Intervention 1: monthly s.c. romosozumab 210 mg (N=1739) 

Intervention 2: weekly oral alendronate 70 mg (N=1726) 

After completion of the double-blind study period, all patients received open-label 
weekly oral alendronate 70 mg. 

Outcomes Clinical, vertebral, non-vertebral and hip fractures 

 

Downs Jr. 2000 

Methods 
Prospective, randomized study  

Conducted at 24 centers across the United States 

Participants 

97% women were Caucasian 

Inclusion criteria: ambulatory women at least 5 yr. post menopause with osteoporosis. 
Patients were required to have a BMD by dual-energy x-ray absorptiometry (DXA) at 
least 2 SD below the mean for a reference population of young women [based on the 
reference database provided by Hologic, Inc. (Waltham, MA)] at either the PA lumbar 
spine or femoral neck and, in addition, a BMD measurement at least 1 SD below the 
young normal mean at the other site. These criteria identify women who would be 
among the appropriate candidates for therapeutic intervention according to the 
National Osteoporosis Foundation guidelines. A history of a gastrointestinal disorder 
(other than an esophageal motility disorder) or use of a nonsteroidal  anti-
inflammatory agent was not a reason for exclusion. 

Exclusion criteria: Patients with a BMD more than 4 SD below the young normal mean 
at either the PA lumbar spine or femoral neck, a prevalent vertebral fracture on lateral 
thoracic or lumbar spine radiographs, or a history of minimal trauma hip fracture were 
excluded due to the use of a placebo in this study. Patients were also excluded for any 
of the following: active rheumatoid arthritis, disorders of bone mineralization, 
untreated hyperthyroidism, recent systemic estrogen therapy, hypercortisolism, or use 
of drugs known to alter bone or calcium metabolism. 

Interventions 

Half as many patients were randomized to the placebo group as were randomized to 
the alendronate and calcitonin groups (2:2:1, alendronate:calcitonin:placebo) 

Intervention 1: oral alendronate sodium (N=118) 

Intervention 2: open-label intranasal calcitonin-salmon (N=123) 

Control: matching alendronate placebo (N=58) 

Outcomes Clinical fractures 

 

Dursun 2001 

Methods 
RCT, parallel group 

Turkey 

Participants 

151 participants included in the study 

Inclusion criteria: Postmenopausal women. Required to have a BMD of 2 SD or more 
below the young adult mean at either the posteroanterior lumbar spine or the femoral 
neck. 

Exclusion criteria: Women with a documented history of drug or alcohol abuse or with 
evidence from physical examinations, laboratory test or radiography of any bone 
metabolism disorder; active gastrointestinal or liver disease, renal failure, renal calculi , 
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treatment with specific therapy for osteoporosis, treatment with systemic 
corticosteroid therapy, malignancy, disorder of calcium metabolism and lumbar 
vertebrae abnormalities preventing evaluation of BMD. 

Interventions 

Participants were randomized to receive daily for 1 year one of this 3 treatments:  

Intervention 1: oral alendronate 10 mg and calcium 1000 mg (N=51) 

Intervention 2: intranasal salmon calcitonin 100 IU and oral calcium 1000 mg (N=50)  

Control: oral calcium 1000 mg (N=50) 

Outcomes Vertebral fractures 

 

Ensrud 2008 

Methods 

RUTH (the Raloxifene Use for The Heart trial): a RCT, parallel group 

Follow up: median of 5.6 years 

177 sites in 26 countries 

Participants 

Inclusion criteria: eligible women were ≥55 yr of age, ≥1 yr postmenopausal, and had 
established CHD or were at high risk for CHD. 

Exclusion criteria: myocardial infarction, coronary-artery bypass grafting, or 
percutaneous coronary intervention within three months before randomization; a 
history of cancer or venous thromboembolism; a life expectancy of less than five 
years; unexplained uterine bleeding within six months before randomization; New 
York Heart Association class III or IV heart failure; chronic liver or renal disease; use of 
oral or transdermal estrogens within six months before randomization; or current use 
of other sex hormones or SERMs. 

Interventions 
Intervention: raloxifene 60 mg/d (N=5044) 

Control: placebo, daily (N=5057) 

Outcomes Vertebral and non-vertebral fractures 

 

Fogelman 2000 

Methods 
RCT, parallel group 

13 centers in France, UK, Netherlands, Belgium and Germany. 

Participants 

543 women were enrolled; 355 completed 24 months of treatment 

Inclusion criteria: Women up to 80 yr of age were eligible to participate in the study if 
they had been postmenopausal for at least 1 yr, based on the date of their last 
menstrual period, and had a mean lumbar spine (L1–L4) T-score of -2 or less. Prior or 
concomitant use of non-steroidal anti-inflammatory drugs (NSAIDs) or aspirin was 
permitted. Patients with previous or ongoing upper gastrointestinal disease were not 
excluded. 

Exclusion criteria: Patients were excluded from the study if they had 
hyperparathyroidism, hyperthyroidism, or osteomalacia within a year before the 
study; a history of cancer; or abnormalities that would interfere with the 
measurement of lumbar spine BMD by dual-energy x-ray absorptiometry (DXA). 
Patients were also excluded if they had taken (within 6–12 months, depending on the 
medication) or were still taking treatment known to affect bone metabolism, including 
an injection of vitamin D ≥ 10,000 IU. 

Interventions 
Treatment duration: 24 months; 2.5 mg group was discontinued by protocol 
amendment at 9 of the 13 centers 
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Intervention 1: risedronate 2.5 mg per day (N=184) 

Intervention 2: risedronate 5 mg per day (N=177) 

Control: placebo, daily (N=180) 

Outcomes Vertebral and non-vertebral fractures 

 

Freemantle 2012 

Methods 

DAPS (the Denosumab Adherence Preference Satisfaction Trial): a RCT, crossover 
(registered in ClinicalTrials.gov under the identifier NCT00518531) 

20 centers in the USA and 5 centers in Canada 

Participants 

250 women were enrolled in the study; 221 entered the 2nd year 

Inclusion criteria: Subjects enrolled were ambulatory, postmenopausal women, aged 
55 years or older, with baseline BMD T-scores between −4.0 and −2.0 at the lumbar 
spine, total hip, or femoral neck as measured by dual energy X-ray absorptiometry. 

Exclusion criteria: Key exclusion criteria were prior bisphosphonate or denosumab 
treatment, use of bone-active drugs, vitamin D deficiency (<20 ng/mL [49.9 nmol/L]), 
or contraindications to alendronate treatment. 

Interventions 

Treatment sequence 1: denosumab/alendronate - denosumab 60 mg every 6 months 
for 1 year during the 1st year of the study, followed by alendronate 70 mg once a week 
for 1 year during the 2nd year of the study (N=118) 

Treatment sequence 2: alendronate/denosumab - alendronate 70 mg once a week for 
1 year during the 1st year of the study, followed by denosumab 60 mg every 6 months 
for 1 year during the 2nd year of the study (N=125) 

Outcomes Clinical fractures 

 

Galesanu 2018 

Methods RCT, parallel group 

Participants 
Inclusion criteria: Postmenopausal women with osteoporosis. 

Exclusion criteria: 

Interventions 

Treatment duration: 2 years 

Intervention: denosumab 60 mg, subcutaneously every 6 months (N=32) 

Intervention 2: zoledronic acid 5 mg, intravenously once yearly (N=30) 

Outcomes Clinical fractures 

 

Greenspan 1998 

Methods 
RCT, parallel group 

United States, Greater Boston areas 

Participants 

N=120 

Inclusion criteria: unselected healthy, ambulatory, community-dwelling women age 65 
years of age and older from the Greater Boston area via advertisement. Entry criteria 
were not based on BMD. The inclusion criteria for the present study were more 
relaxed, allowing for characteristic medical problems closer to those that exist in the 
general population of community-dwelling elderly women. 
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Exclusion criteria: Potential subjects were excluded if they had a history of any illness 
affecting bone and mineral metabolism (e.g., renal failure, hepatic failure, active 
malignancy, current hyperthyroidism or hyperparathyroidism, or malabsorption), were 
currently taking medications known to affect bone metabolism (e.g., glucocorticoids, 
anticonvulsants), or had been treated for osteoporosis with bisphosphonates, 
hormone replacement therapy, or calcitonin within 1 year of screening. 

Interventions 

Treatment duration: 2,5 years 

Intervention: alendronate 5mg/day; in the last year of the study the dose was 
increased to 10 mg/day (N=60) 

Control: placebo, daily (N=60) 

Outcomes Non-vertebral and hip fractures 

 

Greenspan 2003 

Methods 
RCT, follow up: 3 years 

United States, Greater Boston area (single-center) 

Participants 

N=373 

Inclusion criteria: community-dwelling women aged 65 or older.  

Exclusion criteria: Participants were excluded if they had a history of illnesses that 
could affect bone mineral metabolism (e.g., current hyperthyroidism or 
hyperparathyroid ism, renal failure, hepatic failure, and active malignancy) or if they 
were currently taking medications known to alter bone mineral metabolism (e.g., 
glucocorticoids, anticonvulsants, excess thyroid hormone). Participants were also 
excluded if they had been treated with osteoporosis medications (e.g., 
bisphosphonates, hormone replacement, or calcitonin) within a year of screening. In 
addition, women were excluded if they had any contraindications for hormone 
replacement or alendronate or had a baseline femoral neck BMD of 0.9 g/cm2 or 
greater (i.e., zero SD of mean peak BMD using Hologic database prior to the Third 
National Health and Nutrition Examination Survey database10). 

Interventions 

Intervention 1: alendronate +  hormone replacement treatment placebo (N=93) 

Intervention 2: alendronate + hormone replacement treatment (N=94) 

Control 1: placebo (hormone replacement treatment placebo + alendronate placebo)  
(N=93)  

Control 2: hormone replacement treatment + alendronate placebo (N=93) 

Women received alendronate sodium, 10 mg/d, or matching placebo. For hormone 
replacement, women who had had a hysterectomy were given 0.625 mg/d of 
conjugated equine estrogen or matching placebo, and women with an intact uterus 
received conjugated equine estrogen, 0.625 mg/d, with medroxyprogesterone, 2.5 
mg/d, or matching placebo. 

Outcomes Clinical fractures 

 

Grey 2009 

Methods 
2 year RCT, parallel group 

New Zealand, conducted at an academic research center in a volunteer sample 

Participants N=50 
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Inclusion criteria: Participants were women more than 5 yr postmenopausal, with 
bone mineral density (BMD) T score between 1 and 2 at either lumbar spine or total 
hip. 

Exclusion criteria: Women who had illnesses or were receiving therapies that were 
known to affect the skeleton were ineligible, as were those with low bone mass (BMD 
T score at lumbar spine or total hip 2) or a previous hip or vertebral fracture, those 
who had ever used bisphosphonates, and those with any other major systemic 
disease. 

Interventions 

Intervention: zoledronate 5 mg, given as a 15-min iv infusion in 100ml 0.9% NaCl 
(N=25) 

Control: placebo (100 ml 0.9% NaCl, administered in anidentical fashion) (N=25)  

Outcomes Clinical fractures 

 

Grey 2012 

Methods 

RCT, parallel group 

New Zealand, clinical research facility in a tertiary medical center 
(https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=82391)  

Participants 

180 women were randomized 

Data from 172 women were included in the analysis 

Inclusion criteria: Participants were women more than 5 yr postmenopausal, with 
BMD T-score between 1 and 2.5 at either lumbar spine or total hip. 

Exclusion criteria: Women receiving antiresorptive therapies were ineligible, as were 
those with osteoporosis (BMD T-score at lumbar spine or total hip 2.5), a previous hip 
fracture, clinical vertebral fracture, or postmenopausal wrist fracture, those who had 
ever used an aminobisphosphonate or had used etidronate within the past 3 yr, those 
with any major systemic illness, and those with serum 25(OH)D below 25 nmol/liter.  

Interventions 

Intervention 1: zoledronate 1 mg, 15-min iv infusion in 100ml 0.9% NaCl, followed for 
12 months (N=43) 

Intervention 2: zoledronate 2.5 mg, 15-min iv infusion in 100ml 0.9% NaCl, followed 
for 12 months (N=43) 

Intervention 3: zoledronate 5 mg, 15-min iv infusion in 100ml 0.9% NaCl, followed for 
12 months (N=43) 

Control: placebo, 100 ml 0.9% NaCl administered in an identical fashion (N=43)  

Outcomes Clinical and non-vertebral fractures 

 

Hadji 2012 

Methods 
RCT, parallel group 

78 clinical sites in 12 countries 

Participants 

710 women started the treatment 

Inclusion criteria: Women ≥ 45 years of age and at least 2 years postmenopausal were 
eligible if they had a history of back pain for ≥ 2 months before screening that was 
likely, in the opinion of the investigator, to be caused by osteoporotic vertebral 
fracture, despite conservative analgesic treatment; a baseline mean pain score of at 
least 4.0 on the numeric rating scale during the week before randomization; lumbar 

https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=82391
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spine, femoral neck, or total hip bone mineral density (BMD) T-score of ≤− 2; and a 
minimum of one moderate vertebral fracture. 

Exclusion criteria: Exclusion criteria included diseases affecting bone metabolism other 
than osteoporosis; elevated serum calcium values, abnormal serum thyroid-
stimulating hormone, parathyroid hormone, or 25-hydroxyvitamin D levels; imminent 
need for kyphoplasty or vertebroplasty; and evidence of significant pathology related 
to back pain which would make the interpretation of the back pain related to an 
osteoporotic vertebral fracture difficult, based on investigator assessment 

Interventions 

Treatment duration: 18 months 

Intervention: daily teriparatide 20 μg subcutaneous (SQ) injections plus placebo tablet 
orally once weekly (N=360) 

Control: placebo SQ injections plus risedronate 35 mg orally once weekly (N=350)  

Outcomes Vertebral, non-vertebral and hip fractures 

 

Hooper 2005 

Methods 
RCT, parallel group 

11 centers in Australia 

Participants 

383 women were randomized 

Inclusion criteria: The protocol specified that all were to have been postmenopausal 
(as determined from their medical histories) for 6 to 36 months, with a serum follicle 
stimulating hormone concentration of at least 50 mIU/ml and a serum estradiol 
concentration of no more than 20 pg/ml. Menopause could be natural or surgical. 
Patients who had undergone hysterectomy without bilateral oophorectomy could be 
enrolled if they were 51–60 years of age. All patients were required to have a lumbar 
spine BMD T-score greater than - 2.5 (BMD greater than 0.76 g/cm2 when measured 
with a Hologic densitometer (Waltham, Massachusetts, USA) or greater than 0.87 
g/cm2 when measured with a Lunar densitometer (Madison, Wisconsin, USA)). All 
patients were in good health and had no history of hyperparathyroidism, 
hyperthyroidism, or osteomalacia, or of treatment with agents that were likely to 
affect bone metabolism. Patients were not excluded because of previous or active 
gastrointestinal disease (including dysphagia, esophagitis, and esophageal, gastric, and 
duodenal ulceration), need for antisecretory therapy, or concomitant use of 
medications with potential to irritate the gastrointestinal tract. 

Interventions 

Treatment duration: 2 years 

Intervention 1: risedronate 2.5 mg/day (N=127)  

Intervention 2: risedronate 5 mg/day (N=129) 

Control: placebo (N=125) 

Outcomes Vertebral and non-vertebral fractures 

 

Hosking 1998 

Methods 
2 year data from a RCT 

Multicentre in Europe and the United States 

Participants 
 

Inclusion criteria: To be eligible for the study they had to have been postmenopausal 
for at least six months (as confirmed by a high serum follicle-stimulating hormone 
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concentration) and in good health, with no clinical or laboratory evidence of systemic 
disease. To ensure that few women who entered the study had osteoporosis, only 10 
percent of the women enrolled at each center were allowed to have a lumbar-spine 
bone mineral density be-low 0.8 g per square centimeter, as measured by dual-energy 
x-ray absorptiometry. 

Exclusion criteria: The following were exclusion criteria: abnormal renal function 
(serum creatinine, >1.5 mg per deciliter [130 μmol per liter]), a history of cancer, 
peptic ulcer or esophageal disease requiring prescription medication within the 
previous five years, previous treatment with a bisphosphonate or fluoride, regular 
therapy with a phosphate-binding antacid, estrogen-replacement therapy within the 
previous three months, and therapy with any other drug that affects the skeleton. 

Interventions 

There were two treatment strata. In the first, the women were randomly assigned to 
receive placebo or 2.5 mg or 5 mg of alendronate daily, with both the women and the 
investigator being unaware of treatment-group assignment, or open-label estrogen-
progestin.  

Women who had undergone hysterectomy or for whom estrogen–progestin was 
contraindicated (because of thromboembolic disease or a family history of estrogen-
dependent cancer) or unacceptable were enrolled in the second stratum, which was 
identical to the first except that it did not include estrogen-progestin.  

In the United States the estrogen and progestin were given as conjugated estrogens 
(Premarin, Wyeth–Ayerst, Philadelphia, 0.625mg daily), and medroxyprogesterone 
acetate (Provera, Upjohn, Kalamazoo, Mich., 5 mg daily), respectively. In Europe the 
estrogen and progestin were given in a cyclical regimen (Trisequens, Novo Nordisk, 
Copenhagen, Denmark) of 2 mg of micronized estradiol per day for 22 days, 1 mg of 
norethindrone acetate per day on days 13 to 22, and 1 mg of estradiol per day on days 
23 to 28.Dietary calcium intake was estimated at base line and annually during the 
study with a food-frequency questionnaire. Women with a calcium intake of less than 
500 mg per day were advised to increase their intake. Supplements were not provided, 
because of the limited evidence of benefit in women soon after menopause. 

Outcomes Non-vertebral fractures 

 

Hosking 2003 

Methods 
3 month RCT, parallel group 

Multicentre in Brazil and Europe 

Participants 

549 women were randomized; 99.5% Caucasian 

Inclusion criteria: Postmenopausal (at least 2 years) women ≥ 60 and ≤ 90 years of age 
with osteoporosis as defined by low BMD (lumbar spine or total hip BMD Tscore ≤ –
2.5, or both lumbar spine and total hip BMD Tscore ≤ –2.0) were eligible. Patients with 
an oesophageal stricture, achalasia, or severe oesophageal motor dysfunction were 
excluded, while patients with other recent but controlled gastrointestinal mucosal 
erosive disease were eligible. Use of non-steroidal anti-inflammatory drugs and proton 
pump inhibitors was allowed. 

Exclusion criteria: Patients were excluded from the study if they had a history of any 
illness or if significant abnormalities were discovered during the prestudy clinical or 
laboratory evaluation that, in the opinion of the investigator, might compromise the 
patient’s safety or the evaluation of the study results. Patients with osteoporosis, so 
severe that (in the judgment of the investigator) participation in a placebo-controlled 
trial was unethical, were excluded. Also excluded were patients with a baseline 25-
hydroxyvitamin D level below 9 ng/ml, or below 15 ng/ml with biochemical evidence 
of osteomalacia: elevated parathyroid hormone or alkaline phosphatase or decreased 
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24-h urine calcium. Patients with an oesophageal stricture, achalasia, or severe 
oesophageal motor dysfunction were excluded. Metabolic and other bone diseases 
were also reasons for exclusion. Prior concomitant medications excluded were: 
oestrogen preparations (> 2 weeks within 6 months), thyroid hormone (for less than 6 
weeks before the study or with abnormal thyroid stimulating hormone), fluoride (>1 
mg/day), glucocorticoids (>1 month within 6 months), bisphosphonate (> 2 weeks), 
and supplemental calcium (except if ongoing for >4 weeks). 

Interventions 

Intervention: risedronate 5 mg/day (N=222) 

Intervention: alendronate 70 mg once a week (N=219) 

Control: placebo (N=108) 

Outcomes Clinical fractures 

 

Kendler 2010 

Methods 

The STAND (Study of Transitioning from Alendronate to Denosumab) trial: a 1-year 
phase 3 RCT, parallel group 

Multicenter, international 

Participants 

504 women were enrolled; 481 (95.4%) completed the 12 months follow-up 

Inclusion criteria: Ambulatory postmenopausal women at least 55 years of age with a 
lumbar spine or total hip BMD measurements corresponding to a T-score of -2.0 or 
less and -4.0 or greater and who had been receiving alendronate treatment equivalent 
to 70 mg/week for at least 6 months. 

Exclusion criteria: Women were excluded if they had current hyper- or 
hypothyroidism, current hyper- or hypoparathyroidism, elevated transaminases, 
significantly impaired renal function (creatinine clearance ≤35mL/min as estimated by 
the Cockcroft and Gault method), hyper- or hypocalcemia, serum 25-hydroxyvitamin D 
levels < 20ng/mL (< 50nmol/L) or any other condition that could result in impaired 
calcium metabolism, or any metabolic bone disease that could interfere with 
interpretation of the findings. Women who were intolerant of alendronate therapy or 
for whom it was contraindicated or who had taken any bisphosphonate other than 
alendronate within 1 year of screening also were excluded. Women were excluded if 
they had ever received intravenous bisphosphonates, fluoride (except for dental 
treatment), or strontium ranelate; had received parathyroid hormone (PTH) or PTH 
derivatives within 1 year; had received any Selective Estrogen Receptor Modulator 
(SERM), anabolic steroids, systemic hormone replacement, calcitonin, calcitriol, or 
other vitamin D derivatives within 3 months; or had height, weight, or girth 
measurements that precluded accurate dual- energy x-ray absorptiometry (DXA) 
assessments. 

Interventions 

Intervention: denosumab 60 mg, subcutaneous injections once every 6 months + 
placebo tablets once a week (N=253) 

Control: alendronate 70 mg once a week + placebo subcutaneous injections every 6 
months (N=251) 

Outcomes Clinical fractures 

 

Kendler 2020 

Methods Post hoc analysis focused on denosumab/alendronate sequence 
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Randomized, open-label, 2-year crossover Denosumab Adherence Preference 
Satisfaction (DAPS) study (NCT00518531). 

25 study centers in the US and Canada 

Participants 

Inclusion criteria: ambulatory postmenopausal women aged 55 years or older with 
baseline BMD T-scores from −4.0 to −2.0 at the lumbar spine (LS), total hip (TH), or 
femoral neck (FN), as measured using dual-energy x-ray absorptiometry (DXA). 

Exclusion criteria: had received prior bisphosphonate or denosumab treatment or 
bone-acting drugs, including glucocorticoids. Additional exclusion criteria included 
hyper/hypocalcemia, vitamin D deficiency (< 20 ng/mL [49.9 nmol/L]), or 
contraindications to alendronate treatment. 

Interventions 

Treatment 1: Denosumab 60 mg every 6 months in the 1st year and then crossed over 
to oral alendronate 70 mg once weekly in the 2nd year (N=) 

All participants received daily supplementation of calcium (1000 mg) and vitamin D (at 
least 400 IU). 

Outcomes Osteoporotic and non-vertebral fractures 

 

Langdahl 2017 

Methods 

STRUCTURE: a phase 3b, randomised, open-label, active-controlled, parallel-group 
trial. 

46 sites  (clinical practices, hospitals, and research centres) in North America, Latin 
America, and Europe 

Participants 

436 patients were randomized 

Inclusion criteria: Patients were ambulatory, postmenopausal women (aged ≥55 to 
≤90 years at randomisation) who had received oral bisphosphonate therapy at a dose 
approved for postmenopausal osteoporosis for at least 3 years before screening, and 
alendronate (70 mg weekly or equivalent) the year immediately before screening. 
Patients had a history of non-vertebral fracture after age50 years or vertebral fracture; 
osteoporosis as documented by an areal BMD T score of –2·5 or lower at the total hip, 
femoral neck, or lumbar spine on dual energy x-ray absorptiometry (DXA) scans; and at 
least one hip and at least two vertebrae in the L1–L4 region evaluable by DXA 

Exclusion criteria: Patients were excluded from the study if they had recently used 
other agents affecting bone metabolism, had a serum 25hydroxyvitamin D 
concentration of less than 50 nmol/L, or had a history of metabolic or bone disease, or 
other disease or condition known to affect bone mass. 

Interventions 

Treatment duration: 12 months 

Intervention: romosozumab 210 mg, 3 subcutaneous injections of 70 mg each (N=218)  

Control: teriparatide 20 μg, self-administered, subcutaneously with a pen daily 
(N=218) 

Outcomes Clinical and non-vertebral fractures 

 

Lewiecki 2007 

Methods 
RCT, parallel group 

29 centers in the USA 

Participants 412 women were randomized; 406 received at least one dose of study drug 
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Inclusion criteria: Postmenopausal women up to 80 yr of age were eligible if they had a 
BMD T-score of –1.8 to –4.0 at the lumbar spine or –1.8 to –3.5 at the femoral neck or 
total hip. An upper limit of –1.8 was selected to include both osteopenic and 
osteoporotic populations. 

Exclusion criteria: Exclusion criteria included the use of bisphosphonates within 12 mo 
or fluoride within 24 mo; tibolone, PTH or any derivative, systemic glucocorticoids (>5 
mg prednisone-equivalent daily for >10 days), inhaled glucocorticoids (>2000 g daily 
for >10 days), anabolic steroids, or testosterone within 6 mo; and estrogens, selective 
estrogen receptor modulators, calcitonin, or calcitriol within 3 mo of enrollment. 
Women with hyper- or hypoparathyroidism, hyper- or hypothyroidism, hypocalcemia, 
rheumatoid arthritis, Paget’s disease of bone, osteomalacia, creatinine clearance 35 
ml/min as determined using the Cockcroft-Gault equation, malabsorption syndrome, 
recent long-bone fracture (within 6 mo), more than one grade 1 vertebral fracture, or 
an osteoporosis-related fracture within the last 2 yr were excluded. Potential subjects 
were also excluded if BMD could not be measured accurately by DXA. 

Interventions 

Intervention 1: open-label alendronate 70 mg, orally once weekly (N=47) 

Intervention 2: denosumab 6, 14 or 30 mg, subcutaneously every 3 months or  

 denosumab 14, 60,100 or 210 mg, subcutaneously every 6 mo, alternating with 
placebo (N=319) 

Control: placebo, subcutaneously every 3 months (N=46) 

Outcomes Clinical and major fractures 

 

Lindsay 1997 

Methods 
3 year RCT, parallel group 

United States 

Participants 

34 patients were randomized 

Inclusion criteria: The principal inclusion criterion was postmenopausal osteoporosis, 
defined as low bone mass (>2·5 SD below mean young normal values) or atraumatic 
fractures, or both. Patients were also required to have taken hormone-replacement 
therapy for more than 1 year and were followed up for 1 year prospectively to ensure 
that bone mass was stable. 

Exclusion criteria: Patients were excluded from the study if they had secondary 
osteoporosis or abnormal thyroid function (patients on thyroxine were included if 
thyroid-stimulating hormone was normal), renal and hepatic dysfunction, or a history 
of renal stones within the previous 10 years. 

Interventions 

Participants completed an observation period of 1 year on oestrogens before 
randomization. 

Intervention: aminoterminal fragment of human PTH (1-34) plus oestrogens (N=17) 

Control: oestrogens (N=17) 

We used conjugated equine oestrogen (0·625 mg/day, Premarin, Wyeth-Ayerst, 
Philadelphia, PA, USA, n=30) or transdermal oestrogen (50 µg/day, Estraderm, Ciba-
Geigg, Summit, NJ, USA, n=4). Patients who had had a hysterectomy (n=6, of whom 
two were in the PTH group) were not given a progestin. The remainder of the patients 
were prescribed medroxyprogesterone acetate 5–10 mg a day for at least 10 days per 
calendar month, or 2·5 mg a day continuously. hPTH (1–34) was given as a lyophilised 
powder, reconstituted with 1 mL 5% dextrose immediately before self-injection. 

Outcomes Clinical fractures 
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Luckey 2004 

Methods 

EFFECT (Efficacy of Fosamax versus Evista Comparison Trial) study was a double-blind, 
randomized, active-controlled, multicenter study  

52 sites within the United States 

Participants 

456 postmenopausal were enrolled 

Inclusion criteria:  

Postmenopausal women (18 months since last menstrual period), women older than 
40 years (> 25 years if surgically postmenopausal) with osteoporosis as defined by a 
low BMD (> 2.0 SD below young normal mean bone mass for either PA lumbar spine 
(L1 to L4) or total hip). This corresponded to an absolute BMD of ≤0.835 g/cm2 at the 
spine and ≤0.705 g/cm2 at the total hip (Hologic) and ≤0.947 g/cm2 at the spine and 
≤0.747 g/cm2 at the total hip (Lunar). This operational definition of osteoporosis is 
consistent with the U.S. Food and Drug Administration-approved product labeling of 
ALN and conforms to the current osteoporosis treatment guidelines set forth by the 
National Osteoporosis Foundation.2,12 Participants were required to be in good 
general health, with spinal anatomy suitable for DXA of the lumbar spine. 

 

Exclusion criteria: Women were excluded from the study if they had a history of an 
illness or were found to have an abnormality during the prestudy, clinical, or 
laboratory evaluation that, in the opinion of the investigator, might compromise the 
person’s safety or the evaluation of the study results. Specifically, women with any 
history of breast or uterine cancer, active or past history of venous thromboembolic 
events, including deep vein thrombosis, pulmonary embolism, or retinal vein 
thrombosis, were excluded from the study. Consistent with the respective product 
labels, women with a history of significant hepatic dysfunction (ALT ≥2 times the upper 
limit of normal) or women with abnormalities of the esophagus that delay esophageal 
emptying, such as esophageal stricture or achalasia, were also excluded. Hypocalcemia 
or metabolic bone diseases other than postmenopausal osteoporosis were also a 
reason for exclusion. Women were excluded if they had taken estrogen, estrogen 
analogues, selective estrogen receptor modulators (SERMs), anabolic steroids, 
bisphosphonates, or parathyroid hormone within 1 year of study entry. Exceptions to 
this rule included women who received estrogen therapy more than 3 months before 
study entry for less than 1 week or more than 6 months before study entry for less 
than 1 month. Topical (vaginal) estrogen cream (< 2 g) used up to two times weekly 
was also permitted. Fluoride (> 1 mg/day) at any time, and treatment with 
glucocorticoids for more than 1 month with more than 7.5 mg of oral prednisone (or 
equivalent) daily within 6 months before randomization were not allowed. Women 
treated with immunosuppressants or other medications that might alter bone or 
calcium metabolism were also excluded. 

Interventions 

Women were randomized to one of the two treatment groups: 

1) ALN70 mgOW(taken fasting with a full glass of water upon arising for the day, 
and while remaining in an upright position for 30 minutes before the first 
food or beverage of the day) and daily RLX-matching placebo, dosed as RLX 
below; or  

2) 2) RLX 60 mg daily (dosed at any time, without regard to food, as long as the 
dosing occurs at least 30 minutes after taking the OW dose) and ALN- 
matching placebo, dosed as ALN above. 

Based on the investigators’ clinical assessment of individual participants’ dietary 
calcium and vitamin D intake at baseline, women were instructed to take one or two 
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caplets of Os-Cal 500 + D daily (calcium 500 mg, vitamin D 200 IU) with the noon 
and/or evening meal. 

Outcomes Clinical fractures (all non-vertebral) 

 

Lufkin 1998 

Methods 

RCT, parallel group 

United States - All of them were studied at the Mayo Clinic, Rochester, MN, or the 
Mayo Clinic, Scottsdale, AZ, including the women recruited at the Gundersen Clinic in 
La Crosse, WI, who were studied at the Mayo Clinic, Rochester. 

Participants 

143 women were randomized 

Inclusion criteria: Subjects were eligible if they were in good health except for 
osteoporosis, free of any serious acute or chronic medical condition that might affect 
bone or calcium metabolism, fully ambulatory, between the ages of 45 and 75 years, 
and postmenopausal (no menses for 5 years or levels of serum estradiol <73 
pmol/land serum follicle-stimulating hormone [FSH] >30 IU/l) The criteria for the 
diagnosis of osteoporosis were a bone mineral density (BMD) value for either the 
lumbar spine or proximal femur of ≤10th percentile for normal premenopausal 
females and one or more non-traumatic vertebral fractures, defined as a decrease in 
vertical height of ≥15% compared with adjacent vertebrae. (Two women were 
inadvertently entered whose BMD values were slightly above the entry criteria.) 
Calcium supplements of ≤500 mg/day or vitamin D ≤800 IU/day were allowed. Patients 
with previous estrogen replacement therapy (ERT) or calcitonin therapy were accepted 
after a 6-month wash-out interval before enrollment, and, for larger dosages of 
calcium supplements or vitamin D supplements, after a 3-month washout interval. 

Exclusion criteria: Specific exclusion criteria included patients with a history of deep 
venous thrombosis, thromboembolic disorders, or cerebral vascular accident, also 
patients with a history of cancer within the previous 5 years, except for superficial skin 
cancer. Patients were ineligible if they had been previously treated with sodium 
fluoride or bisphosphonates. 

Interventions 

Treatment duration: 12 months 

Intervention 1: raloxifene HCL 60 mg/day (N=48) 

Intervention 2: raloxifene HCL 120 mg/day (N=47) 

Control: placebo, daily (N=48) 

Outcomes Vertebral, non-vertebral and hip fractures 

 

Malouf-Sierra 2017 

Methods 

Multinational, multicenter, prospective, randomized, active-controlled study 

Conducted from April 2009 to August 2015 across 17 countries in North America, 
Mexico, and Europe 

Public clinical trial registration: http://clinicaltrials.gov/show/NCT00887354   

Participants 

Over 2400 patients were screened; 389 were enrolled. 

N (women) = missing 

Inclusion criteria: The study included men and postmenopausal women with low bone 
mass who had sustained a recent unilateral pertrochanteric fracture 
(Arbeitsgemeinschaft fur Osteosynthesefragen [AO]/ Orthopaedic Trauma Association 
[OTA] types 31-A1 and 31-A2) and were treated with osteosynthesis with a sliding 

http://clinicaltrials.gov/show/NCT00887354
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compression hip screw or a trochanteric intramedullary nail. Low bone mass was 
defined by a BMD T-score ≤ –2.0 SDs at the total hip, femoral neck, or lumbar spine. 

Interventions 

Eligible patients were randomly assigned, within 2 weeks of osteosynthesis, in a 1:1 
ratio to: 

Intervention 1: teriparatide 20mg subcutaneous injection once daily plus oral placebo 
once weekly for 26 weeks (n= missing) 

Intervention 2: placebo subcutaneous injection once daily plus oral risedronate 35 mg 
once weekly for 26 weeks (n= missing) 

Outcomes Clinical and hip fractures 

 

Masud 2009 

Methods 

The Hip Intervention Program (HIP): 3-year, double-blind, placebo-controlled, 
randomized study 

Conducted between November 1993 and April 1998 at 183 study centers in Europe, 
North America, New Zealand, and Australia. 

analysis focused on a subgroup of the intention-to-treat (ITT) population from the HIP 
study 

Participants 

9331 women enrolled in the original study, 6876 had available and evaluable vertebral 
fracture status of which 4702 had low BMD.  

Eligible for this analysis: A total of 1656 women had low BMD and at least one 
prevalent vertebral fracture 

Inclusion criteria: women aged 70 to 100 years with National Health and Nutrition 
Examination Survey (NHANES) III defined baseline femoral neck T-score of ≤ −2.5 and 
at least one prior vertebral fracture consistent with the World Health Organization 
/International Osteoporosis Foundation criteria for established postmenopausal 
osteoporosis. 

Interventions 
Intervention: daily treatment with 2.5 mg or 5.0 mg risedronate (n=1090) 

Control: identical-appearing placebo (n=566) 

Outcomes Hip fracture 

 

McClung 2001 

Methods 
RCT, parallel group; mean follow-up of 2.3 years 

183 study centers in North America, Europe, New Zealand, and Australia 

Participants 

N=9331 

Inclusion criteria: One group consisted of women 70 to 79 years old who had 
osteoporosis, indicated by either a bone mineral density at the femoral neck (T score) 
that was more than 4 SD below the mean peak value in young adults (-4) or a femoral-
neck T score lower than ¡3 plus at least one risk factor for hip fracture. These risk 
factors (hereafter referred to as clinical risk factors) included difficulty standing from a 
sitting position, a poor tandem gait, a fall-related injury during the previous year, a 
psychomotor score of 5 or less on the Clifton Modified Gibson Spiral Maze test (a test 
of hand–eye coordination, with scores ranging from 1 to 12, where scores of 5 or less 
are considered to indicate an increased risk of falling),16 current smoking or smoking 
during the previous five years, a maternal history of hip fracture, a previous hip 
fracture, and a hip-axis length of 11.1 cm or greater. The other group consisted of 
women 80 years of age or older who had at least one nonskeletal risk factor for hip 
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fracture, a femoral neck T score lower than -4, or a femoral-neck T score lower than -3 
plus a hip-axis length of 11.1 cm or greater. 

Exclusion criteria: The exclusion criteria were any major medical illness, a recent 
history of cancer, another metabolic bone disease within the previous year, important 
abnormalities in the results of routine laboratory tests, recent use of drugs known to 
affect bone, allergy to any bisphosphonate, a history of bilateral hip fractures, and any 
physical or mental condition that would preclude participation in a clinical trial. There 
were no specific criteria for exclusion on the basis of previous or ongoing upper 
gastrointestinal tract disorders or concomitant use of non-steroidal anti-inflammatory 
drugs, aspirin, proton-pump inhibitors, or antacids. 

Interventions 

Treatment duration: a mean of 2.0 years 

Intervention: risedronate 2.5 mg or 5.0 mg, daily (N=6197) 

Control: placebo, daily (N=3134) 

Outcomes Hip fractures 

 

McClung 2005 

Methods 
RCT, parallel group; 2-month screening phase and an 18-month treatment phase 

19 clinical sites globally 

Participants 

N=203 

Inclusion criteria: Postmenopausal women with osteoporosis, 45 to 84 years of age. 
Subjects were ambulatory, 5 years or more past menopause, had a BMD T score 
between –2.5 and –4.0 at the lumbar spine or femoral neck, and had normal or 
clinically insignificant abnormal laboratory values, including serum calcium, PTH 1-84, 
25-hydroxyvitamin D, and alkaline phosphatase. 

Exclusion criteria: Women were excluded if they had prior treatment with PTH or a 
PTH analogue; treatment with bisphosphonates within 12 months, anabolic 
corticosteroids or calcitriol or vitamin D analogues or agonists within 6 months, 
estrogens or selective estrogen receptor modulators within 3 months, or calcitonin 
within 2 months; therapeutic doses of fluoride; systemic corticosteroid use within 1 
month or for more than 30 days in the prior year; use of anticoagulants within 1 
month; history of diseases other than postmenopausal osteoporosis that affect bone 
metabolism; malignant neoplasms within 5 years; carcinoma in situ of the uterine 
cervix within 1 year; nephrolithiasis or urolithiasis within 2 years; abnormal 
uncorrected thyroid function; liver disease or clinical jaundice; impaired renal 
function; alcohol or other drug abuse; or poor medical or psychiatric risk for 
treatment. Patients with an increased risk of osteosarcoma (i.e., patients with Paget 
disease of bone, previous skeletal exposure to external beam radiotherapy, or 
previous malignant neoplasm involving the skeleton) were also excluded. 

Interventions 
Intervention 1: alendronate 10 mg/day, orally + injectable placebo (N=101) 

Intervention 2: oral placebo + teriparatide 20 μg (N=102)  

Outcomes Clinical fractures 

 

McClung 2006 

Methods 
Phase 2 RCT, parallel group 

29 centers in the USA 

Participants 412 subjects were enrolled; 85% were white 



112 
 

369 (90%) completed 12 months of treatment 

Inclusion criteria: Postmenopausal women up to 80 years of age were eligible if they 
had a bone mineral density T score of –1.8 to –4.0 at the lumbar spine or –1.8 to –3.5 
at either the femoral neck or total hip. An upper limit of –1.8 was selected to include 
subjects with both osteopenia and osteoporosis. 

Exclusion criteria: Exclusion criteria included the use of bisphosphonates within the 
previous 12 months or fluoride within the previous 24 months; tibolone, parathyroid 
hormone or any derivative, systemic glucocorticoids (more than 5 mg of prednisone 
equivalent daily for more than 10 days), inhaled glucocorticoids (more than 2000 μg 
daily for more than 10 days), anabolic steroids or testosterone within 6 months; and 
estrogens, selective estrogen receptor modulators, calcitonin, or calcitriol within 3 
months before enrollment. Exclusion criteria included hyperparathyroidism or 
hypoparathyroidism, hyperthyroidism or hypothyroidism, hypocalcemia, rheumatoid 
arthritis, Paget’s disease of bone, osteomalacia, a creatinine clearance of less than 35 
ml per minute (as estimated by the Cockroft–Gault equation),11 malabsorption 
syndrome, a recent long-bone fracture (within the previous six months), more than 
one grade 1 vertebral fracture, an osteoporosis-related fracture within the previous 
two years, or a case in which bone mineral density could not be accurately measured. 

Interventions 

Intervention 1: denosumab, subcutaneously every three months (at a dose of 6, 14, or 
30 mg) and subcutaneously every six months (at a dose of 14, 60, 100, or 210 mg) 
(N=319) 

Intervention 2: open-label alendronate 70 mg, orally once a week (N=47) 

Control: placebo (N=46) 

Outcomes Vertebral and non-vertebral fractures 

 

McClung 2009 

Methods 
1-year RCT, parallel group 

10 centers in the United States 

Participants 

N=160 

Inclusion criteria: postmenopausal women aged 45 – 60 years with baseline mean 
lumbar spine (LS) BMD T -score between − 1.0 and − 2.5 (L2 – L4) and baseline T -score 
N − 2.5 in 3 regions of the proximal femur: the total hip (TH), trochanter (TR) and 
femoral neck (FN). 

Exclusion criteria: Women with prevalent vertebral fractures (as assessed by lateral X-
ray of T4 – L4) or previous low-trauma osteoporotic fractures were excluded, as were 
patients receiving systemic hormones (including estrogens, progestins, selective 
estrogen receptor modulators [SERMs], anabolic steroids, active vitamin D 
analogs/metabolites, and calcitonin). Additional major exclusions included: severe 
renal failure (defined as a calculated glomerular filtration rate [GFR] b 30 mL/min), 
malignancy, diseases that impact bone metabolism, treatment with bisphosphonates 
within the previous 2 years, and history of major upper gastrointestinal disease. 

Interventions 
Intervention: 150 mg monthly oral ibandronete (N=77) 

Control: monthly oral placebo (N=83) 

Outcomes Clinical fractures 
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McClung 2014 

Methods 

Phase 2 RCT, parallel group 

28 study centers in Argentina, Austria, Belgium, Canada, Denmark, Spain, and the 
United States 

Participants 

419 participants were randomized; 383 (91%) completed the 12 month visit; 86% were 
white 

Inclusion criteria: Ambulatory postmenopausal women, 55 to 85 years of age, were 
eligible if they had low bone mineral density (a T score of -2.0 or less at the lumbar 
spine, total hip, or femoral neck and −3.5 or more at each of the three sites). 

Exclusion criteria: A history of vertebral fracture or a fragility fracture of the wrist, 
humerus, hip, or pelvis after 50 years of age; a history of metabolic bone disease; a 
serum level of 25-hydroxyvitamin D of less than 20 ng per milliliter; untreated hyper 
thyroidism or hypothyroidism; current hyperparathyroidism or hypoparathyroidism; 
an elevated aminotransferase level; substantially impaired renal function (estimated 
creatinine clearance, ≤30 ml per minute, as assessed by means of the Modification of 
Diet in Renal Disease equation 14); current hypercalcemia or hypocalcemia; cancer; a 
positive test for the human immunodeficiency virus, hepatitis C virus, or hepatitis B 
surface antigen; and a history of spinal stenosis, facial-nerve paralysis, or solid-organ 
or one marrow transplantation. In addition, the use of any of the following agents 
affecting bone metabolism was an exclusion criterion: intravenous bisphosphonate or 
denosumab at any time; fluoride (for treatment of osteoporosis) within the previous 
24 months; oral bisphosphonate, parathyroid hormone, or strontium within the 
previous 12 months; calcitonin, selective estrogen-receptor modulator, systemic oral 
or transdermal estrogen, or tibolone within the previous 3 months; or systemic 
glucocorticoid (≥5 mg of prednisone equivalent per day for >10 days) within the 
previous 3 months. 

Interventions 

Intervention 1: alendronate 70 mg, weekly (N=51) 

Intervention 2: teriparatide 20 μg, daily (N=55)  

Intervention 3: romosozumab 140 mg or 210 mg every 3 months or 70 mg, 140 mg or 
210 mg monthly (N=261) 

Control: placebo, monthly or every 3 months (N=52) 

Outcomes Non-vertebral fractures 

 

McClung 2020 

Methods 

Phase 2, international, multicenter, randomized, placebo-controlled, dose-finding, 
parallel-group study. 

The study was registered as a clinical trial with registration identification 
ClinicalTrials.gov NCT00896532. 

Participants 

Inclusion criteria: Postmenopausal women aged 55 to 85 years with a low BMD (T-
score of ≤ − 2.0 and ≥ − 3.5 at the lumbar spine, total hip, or femoral neck).  

Exclusion criteria: Key exclusion criteria were a history of metabolic bone disease; a 
history of vertebral fracture or a fragility fracture of the wrist, humerus, hip, or pelvis 
at > 50 years of age; a serum level of 25-hydroxyvitamin D of less than 20 ng/mL; 
untreated hypothyroidism or hyperthyroidism; current hypoparathyroidism or 
hyperparathyroidism; current hypocalcemia or hypercalcemia; substantially impaired 
renal function (i.e., estimated creatinine clearance ≤ 30 mL/min as assessed by the 
Modification of Diet in Renal Disease equation [1]); an elevated aminotransferase 
level; a positive test for hepatitis C virus, hepatitis B surface antigen, or the human 
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immunodeficiency virus; cancer; and a history of spinal stenosis, facial-nerve paralysis, 
or solid-organ or bone marrow transplantation. Additionally, the use of any of the 
following agents affecting bone metabolism led to exclusion from the study: 
intravenous denosumab or bisphosphonate at any time; fluoride (for treatment of 
osteoporosis) within the previous 24 months; oral bisphosphonate, parathyroid 
hormone, or strontium within the previous 12 months; selective estrogen-receptor 
modulator, systemic oral or transdermal estrogen, tibolone, or calcitonin, within the 
previous 3 months; or systemic glucocorticoid (≥ 5 mg of prednisone equivalent per 
day for > 10 days) within the previous 3 months. 

Interventions 

For study period from baseline to 48 months: Subjects who received various 
romosozumab doses or placebo from months 0–24 were rerandomized to denosumab 
(60 mg SC Q6M) or placebo for 12 months, followed by open-label romosozumab (210 
mg QM) for 12 months.  

 

The present paper presents data for the study period from 48 to 72 months - 
Zoledronate Follow-on period: At month 48, subjects who had received active 
treatment for 48 months were assigned to no further active treatment (N=51) and all 
other subjects were assigned to zoledronate 5 mg IV (N=90).  

Outcomes 
Clinical vertebral fractures, adjudicated atypical femoral fractures and fragility 
fractures. 

 

McClung 2021 

Methods 

International, multicenter, randomized, placebo-controlled, parallel-group study and 
its extensions 

(NCT00896532; https://www.clinicaltrials. gov/ct2/show/NCT00896532) 

Participants 

Inclusion criteria: postmenopausal women 55 to 85 years old with low bone mass (T-
score of ≤ 2.0 and ≥ 3.5 at the lumbar spine, total hip, or femoral neck)  

Exclusion criteria: not reported in this paper. 

Interventions 

In this analysis, we report the results from a subset of women who were randomized 
to receive placebo for 24 months, re-randomized to receive denosumab or placebo for 
12 months, and then received romosozumab for 12 months. This provides two 
treatment groups: one that received romosozumab after 3 years of placebo (Group 1; 
n = 12) and the second group that received placebo for 2 years, then denosumab for 
12 months followed by 12 months of treatment with romosozumab (Group 2; n = 16) 
(Figure 1B). Only data from the 28 subjects who entered the month 36 to month 48 
romosozumab treatment period are included in the analyses. 

Outcomes Atypical femoral fractures 

 

Miller 2008 

Methods 
RCT, parallel group 

101 sites in Canada, Europe and the United States 

Participants 

1583 women were randomized; 470 (29.7%) discontinued treatment 

Inclusion criteria: Enrolled subjects were generally healthy women 45 yr of age who 
were at least 1 yr postmenopausal (i.e., completed their last natural menstrual cycle or 
underwent bilateral oophorectomy, with or without hysterectomy, at least 1 yr before 
screening). Women were stratified into two strata based on time since menopause: (1) 
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women who were 1–5 yr. postmenopause and (2) those who were >5 yr. 
postmenopause. Women who were postmenopausal between 1 and 5 yr had to have 
at least one of the following risk factors for osteoporosis to be enrolled: lumbar spine 
or femoral neck BMD T-scores between −1.0 and −2.5 as measured by DXA, a family 
history of fracture, bilateral oophorectomy, current history of smoking, small-boned 
and/or thin frame (weight < 58 kg), inadequate intake of calcium, and little or no 
weight-bearing exercise. Women in the latter stratum who previously received 
hormone replacement therapy but had discontinued treatment for 6 mo or women 
who were surgically postmenopausal for <5 yr were required to have accompanying 
serum follicle-stimulating hormone (FSH) levels 40 IU/liter and estradiol levels ≤73.4 
pM (20 pg/ml). Women who were postmenopausal for >5 yr had to have the following 
inclusion criteria: lumbar spine or femoral neck BMD T-scores between −1.0 and −2.5 
in addition to one of the following risk factors: a family history of fracture, bilateral 
oophorectomy, menopause occurring at ≤40 yr of age, current history of smoking, 
small-boned and/or thin frame (weight < 58 kg), inadequate intake of calcium, and 
little or no weight-bearing exercise. 

Exclusion criteria: Women were excluded at screening if they had other forms of bone 
disease, conditions that could invalidate BMD testing, at least one osteoporotic 
vertebral fracture shown on thoracolumbar radiographs, history of or active 
nontraumatic venous thromboembolic event, endometrial hyperplasia based on 
biopsy or endometrial thickness of >5 mm on transvaginal ultrasound, abnormal 
vaginal bleeding, history of malignancy within the previous 10 yr, abnormal laboratory 
tests including abnormal liver function tests or elevated fasting total cholesterol or 
triglyceride levels (310 or 300 mg/dl, respectively), and abnormal physical findings 
including body mass index (BMI) >32.2 kg/m2 or elevations in blood pressure. Subjects 
were also ineligible if they received treatment with any of the following medications: a 
bisphosphonate within 2 yr. of screening; PTH, a SERM, or an estrogen-, androgen-, or 
progestin-containing medication within 6 mo of screening; calcitonin or systemic 
fluoride for >1 mo within 6 mo of screening; a systemic corticosteroid (equivalent to 
10 mg of prednisone for >10 days) within 6 mo of screening; and any investigational 
drug within 60 days of randomization. 

Interventions 

Intervention 1: bazedoxifene 10 mg (N=321) 

Intervention 2: bazedoxifene 20 mg (N=322) 

Intervention 3: bazedoxifene 40 mg (N=319) 

Intervention 4: raloxifene 60 mg (N=311) 

Control: placebo (N=310) 

Outcomes Clinical fractures 

 

Miller 2016b 

Methods 

12 month RCT, parallel group 

37 study centers in Belgium, Denmark, Poland, Spain, Canada, the United States, and 
Australia 

Participants 

643 were enrolled in the study; 625 (97.2%) completed 12 month of follow-up. 

Inclusion criteria: Ambulatory postmenopausal women aged 55 years or older who 
received oral bisphosphonate therapy for 2 years or longer immediately before 
screening were eligible if they had a T-scoreof-2.5 or less at the lumbar spine, total hip, 
or femoral neck, two or more lumbar vertebrae, and one hip evaluable by dual-energy 
x-ray absorptiometry (DXA) and baseline serum C-telopeptide of type 1 collagen (CTX) 
of 500 pg/mL or less. 
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Exclusion criteria: Subjects were excluded if they had received denosumab or ZOL at 
any time; fluoride, strontium ranelate, or iv bisphosphonate other than ZOL within the 
previous 5 years; PTH or PTH derivatives within the year before enrollment; or other 
bone-active drugs in the 3 months before screening. 

Interventions 

Intervention: denosumab 60 mg, subcutaneously every 6 months + placebo 
intravenously on day 1 and denosumab 60 mg, subcutaneously at the month 6 visit 
(N=320) 

Control: zoledronic acid 5 mg, intravenously + denosumab placebo subcutaneously on 
day 1 and denosumab placebo subcutaneously at 6 months (N=320) 

Outcomes Non-vertebral fractures 

 

Mortensen 1998 

Methods 

RCT, parallel group 

3 year study (but was initially a 1 year study) 

Conducted at two study centers: Indiana University School of Medicine, Indianapolis, 
Indiana, and the Department of Endocrinology, Aarhus Amtssygehus, Aarhus, 
Denmark. 

Participants 

111 women were enrolled in the study; all Caucasian 

Inclusion criteria: Women with normal lumbar spine bone mass (within 2 sd of age 
matched mean bone mass) who were 6–60 months postmenopausal qualified for 
enrollment. Patients’ estradiol levels had to be at least 40 pg/mL and FSH at least 20 
U/L, and they had to be ambulatory and active, weigh at least 45 kg and no more than 
90 kg, and be within 25% of normal weight and height values as determined by the 
investigator based on standard weight tables (i.e., 1983 Metropolitan Life Insurance 
tables). Patients also had to be willing and able to participate in the study and to 
provide written informed consent. 

Exclusion criteria: Ineligible patients included those who took any bisphosphonate, 
thyroid hormone therapy, glucocorticoids (>=5 mg prednisone per day), anabolic 
agents, calcitonin, vitamin D (>400 IU per day), high-dose calcium (>1,500 mg per day), 
diuretics, or anticonvulsants for more than 1 month within the previous 6 months, 
estrogens and/or progestogens for more than 1 month within the past year, or 
fluoride for more than 1 month ever in the past; had a history of any generalized bone 
disease, including hyperparathyroidism, Paget’s disease of bone, renal 
osteodystrophy, or any other acquired or congenital bone disease, a documented 
history of alcohol or drug abuse, or evidence of significant organic or psychiatric 
disease; any evidence of established osteoporosis, such as an atraumatic vertebral 
deformity documented by spinal x-ray, or a history of osteoporosis related fracture of 
the hip or wrist; or who underwent bilateral oophorectomy or had any other type of 
artificially induced menopause. 

Interventions 

Intervention 1: oral risedronate cyclically - “cyclic group” (risedronate daily for the first 
2 weeks of every calendar month and placebo daily for the rest of the month) (N=38) 

Intervention 2: oral risedronate daily, the “daily group” (N=37)  

Control: placebo, orally (N=36) 

Outcomes Vertebral and non-vertebral fractures 

 

  



117 
 

Muscoso 2004 

Methods RCT, parallel group 

Participants 

2000 women were enrolled in the study 

Inclusion criteria: osteoporotic female population submitted to a treatment with anti-
resorption drugs 

Interventions 

Intervention 1: alendronate 10 mg, daily for 24 months (N=1000) 

Intervention 2: risedronate 5 mg, daily for 24 months (N=100) 

Control: raloxifene 60 mg, daily (N=100) 

Outcomes Clinical fractures 

 

Panico 2011 

Methods 

18 month RCT, parallel group 

Department of Molecular and Clinical Endocrinology and Oncology, University of 
Naples Federico II, Naples, Italy 

Participants 

81 women were enrolled  

Inclusion criteria: Inclusion criteria for this study consisted of back pain, 
postmenopausal osteoporosis (T-score ≤–2.5 at lumbar spine or femoral neck), the 
presence of 2 osteoporotic vertebral fractures, previous treatment for osteoporosis. 

Exclusion criteria: The exclusion criteria were: an increased risk of osteosarcoma (i.e., 
patients with Paget disease bone, previous skeletal exposure to external beam 
radiotherapy, or previous malignant neoplasm involving the skeleton), hypercalcemia, 
malignant neoplasms, impaired renal function, liver disease, history of diseases other 
than postmenopausal osteoporosis that affect bone metabolism, nephrolithiasis, 
alcohol or drug abuse. Secondary osteoporosis was excluded in order to avoid the 
interference of the primitive disease with the patient’s quality of life.  

Interventions 

Intervention: 20 μg s.c. of recombinant human parathyroid hormone (rhPTH 1–34), 
daily self-administered injections (group A) (N=42) 

Control: 70 mg per os of alendronate every week (group B) (N=39) 

Outcomes Vertebral fractures 

 

Pols 1999 

Methods 

FOSIT study: RCT, parallel group 

153 centers in 34 countries (Australia, Canada, South Africa, China and in Europe and 
Latin America) 

Participants 

N=1908 

Inclusion criteria: Women eligible for study participation had been postmenopausal for 
at least 3 years, were not older than 85 years, and had BMD of the lumbar spine (L2–4) 
at least 2 standard deviations (SD) below the mean for mature, premenopausal 
women – a value that approximately corresponds to the median BMD of 65-year-old 
women. Lumbar spine BMD, as measured using dual-energy X-ray absorptiometry 
(DXA), was ≤0.86 g/cm2 by Hologic QDR densitometry (Hologic, Waltham, MA) or ≤0.98 
g/cm2 by Lunar DPX densitometry (Lunar, Madison, WI). Eligible patients were 
otherwise in good health and were between 20% below and 50% above ideal body 
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weight as defined in the Metropolitan Life Insurance Company Height and Weight 
Table. Levels of 25- hydroxyvitamin D were determined before study entry. 

Exclusion criteria: Excluded from participation were women with metabolic bone 
disease other than postmenopausal osteoporosis; disturbed parathyroid or thyroid 
function; major gastrointestinal disease (for example, peptic ulcer or malabsorption) 
within the year before enrollment or use of a drug to inhibit gastric acid secretion for 
>2 weeks within 3 months of study entry; myocardial infarction within the year prior 
to enrollment; uncontrolled hypertension or untreated angina; significantly impaired 
renal function (serum creatinine >150 mmol/l); or evidence of significant end organ 
disease. Also excluded were women who had received a bisphosphonate or fluoride 
(>8 mg/day) during the previous 6 months; estrogen (except vaginal ≤ 3 times/week), 
ipriflavone or calcitonin during the previous 4 months; or any anabolic steroid, 
glucocorticoid or progestin for >2 weeks within the previous 6 months. Participants 
could not be receiving any medications that might alter bone or mineral metabolism, 
including vitamin A in excess of 10.000 U/day, vitamin D in excess of 1000 U/day, 
anticonvulsants or phosphate-binding antacids. Finally, at least three vertebrae from 
L1 to L4 had to be evaluable by DXA to determine BMD in this region. 

Interventions 
Intervention: alendronate 10 mg, once daily for 12 months (N=958) 

Control: placebo, once daily for 12 months (N=950) 

Outcomes Non-vertebral and hip fracture 

 

Recker 2004 

Methods RCT, parallel group 

Participants 

2862 women were randomized 

Inclusion criteria: All participants were postmenopausal women (aged 55–76 years, 
time since menopause >= 5 years) who, at enrolment, had a low BMD T score (-2.0 to -
5.0) in at least one vertebra of the lumbar spine (L1 –L4) and one to four prevalent 
vertebral fractures. 

Exclusion criteria: Women were excluded if they had a disease or disorder known to 
influence bone metabolism (chronic GI or liver disease, malignant disease, chronic 
alcoholism, primary hyperparathyroidism, Paget’s disease of bone, histologically 
documented osteomalacia, active thyroid disease) or had received a drug known to 
affect bone metabolism in the previous 6 months (corticosteroids, hormone-
replacement therapy, calcitonin, cyclosporin, prior bisphosphonate treatment). 
Women were also excluded if they had received any investigational drug within 30 
days of the first dose of the study drug or fluoride pretreatment within the previous 12 
months or for a duration of >2 years. Additional exclusion criteria were renal 
impairment (serum creatinine >210 Amol/l), contraindications for calcium therapy 
and/or serum calcium concentrations of ≥ 2.6 or <2.0 mmol/l. 

Interventions 

Intervention 1: 0.5 mg iv ibandronate injections given once every 3months for 3 years 
(N=950) 

Intervention 2: 1 mg iv ibandronate injections given once every 3months for 3 years 
(N=961) 

Control: placebo, once every 3 months for 3 years (N=949) 

Outcomes Vertebral and hip fractures 
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Recker 2007 

Methods 
The EVA (Evista Alendronate Comparison) trial: RCT, parallel group 

138 clinical study sites   

Participants 

1423 women were randomized 

Inclusion criteria: postmenopausal women between 50and 80 years of age inclusive, 
whose last menstrual period occurred at least2 years prior to study entry. The original 
study protocol[23]planned to treat3000 women with osteoporosis, defined by the 
WHO criteria, with femoral neck bone mineral density (BMD) at least 2.5 but no more 
than 4.0 standard deviations below the average bone mass for young women (T-score 
between−2.5 and−4.0, inclusive), according to the 1995 NHANES III reference 
database[26], and no prevalent vertebral fractures from the fourth thoracic to the 
fourth lumbar vertebrae, as determined using semi-quantitative analysis. Lateral 
thoracic and lumbar spinal radiographs were obtained after a patient's eligibility by 
femoral neck BMD was confirmed by a central coordinating center (Synarc, San 
Francisco, CA). Women were required to have baseline thoracic and lumbar 
radiographs evaluable for vertebral fractures, as determined by the coordinating 
center and at least two lumbar vertebrae evaluable by dual energy X-ray 
absorptiometry (DXA), prior to enrollment into the treatment phase. 

Exclusion criteria: Detailed exclusion criteria were previously published[23]and 
included a history of the following diseases: those which affect calcium or bone 
metabolism within 1 year of screening, other than low bone mass or osteoporosis; 
currently suspected of history of known breast or estrogen-dependent carcinoma; 
history of vaginal bleeding of unknown cause; venous thromboembolic events (VTE), 
or risk of developing VTE; esophageal abnormalities; and significant abnormal thyroid, 
hepatic or renal function. Women were also excluded if they took oral or intravenous 
bisphosphonates, fluorides, parathyroid hormone (PTH) or PTH analog within 1 year, 
or any other drugs known to significantly affect bone metabolism within 1 month prior 
to study entry, including calcitonin, estrogens, progestins, androgens, as well as 
antagonists or selective receptor modulators of these agents, tibolone, oraromatase 
inhibitors; anabolic steroids; vitamin D >50,000 IU/week orcalcitriol, or vitamin D 
analogs; or systemic corticosteroids. Concomitant use of other bone-active agents was 
prohibited during this study. However, use of estrogens for vaginal lubrication, or 
ophthalmic, otic, topical, inhaled, or intra-articular corticosteroid therapy was 
permitted in this study. 

Interventions 

Treatment duration: 5 years 

Intervention: alendronate 10 mg/day + raloxifene placebo (N=713) 

Control: raloxifene 60 mg/day + alendronate placebo (N=699) 

Outcomes Vertebral, non-vertebral and hip fractures 

 

Recknor 2013 

Methods 
RCT, parallel group 

74 centers in the United States and Europe. 

Participants 

417 women were randomized; 821 (98.6%) received one or more dose of treatment 

Inclusion criteria: Postmenopausal women with low bone density who had been 
treated previously with oral bisphosphonate therapy. Ambulatory, postmenopausal 
women aged 55years or older were eligible if they had received their first prescription 
of daily or weekly bisphosphonate therapy 1 month or more before screening but had 
either discontinued bisphosphonate treatment or remained on treatment but had 
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insufficient adherence assessed by a score of less than 6 on the Osteoporosis Specific 
Morisky Medication Adherence Scale. Women with a bone mineral density (BMD) T-
score of -2 or less and -4 or greater at the total hip or lumbar spine determined at the 
local site and had one or more proximal femur (hip) and two or more vertebrae 
between L1 and L4 evaluable by dual-energy x-ray absorptiometry were included. 

Exclusion criteria: Exclusion criteria included the current or prior use of osteoporosis 
medication, except daily or weekly oral bisphosphonate therapy, raloxifene, calcitonin, 
and hormone replacement therapy; use of medications affecting bone metabolism 3 
or fewer months before screening; current enrollment in or less than 1 month since 
completion of other investigational drug trials; malignancy within the last 5 years, 
except fully resected basal or squamous cell carcinoma, cervical, or breast carcinoma 
in situ; impaired renal function (estimated glomerular filtration rate less than 30 
mL/min/1.73 m2); or contraindications for ibandronate therapy. Study participants 
with screening 25-hydroxy vitamin D level less than 20 ng/mL were ineligible but could 
undergo vitamin D repletion and be rescreened. There was no exclusion based on 
fracture history. 

Interventions 

Treatment duration: 12 months 

Intervention: 60 mg denosumab subcutaneously every 6 months (N=411) 

Control: 150 mg oral ibandronate once monthly (N=410) 

Outcomes Clinical and non-vertebral fractures 

 

Reginster 2003 

Methods 
RCT, parallel group 

6 investigative sites in Austria, Belgium, the Czech Republic, Germany and Slovakia 

Participants 

Inclusion criteria: Eligible subjects included women aged up to 72 years who had been 
postmenopausal for at least 2 years. Participants were selected from patients, referred 
to osteoporosis centers for potential diagnosis and treatment of osteoporosis, and 
were required to have a BMD, as measured by dual X-ray absorptiometry at the 
femoral neck, of 2.0standard deviations (SD) or more below the normal peak bone 
mass for healthy, premenopausal women (T-score). 

Exclusion criteria: Subjects were excluded from the study for any of the following 
reasons: more than two fractured lumbar vertebrae or more than three fractured 
vertebrae of any kind, bone disorders other than primary osteoporosis, endocrine and 
malignant diseases, uterine and ovarian abnormalities, clinically severe 
postmenopausal symptoms that required estrogen therapy, a history of 
thromboembolic disorders, severe chronic diseases, or treatment with any agent that 
might influence bone turnover. 

Interventions 

Treatment duration: 18 months 

Intervention: raloxifene HCl 60 mg/day (N=291) 

Control: placebo, daily (N=290) 

Outcomes Clinical, vertebral, non-vertebral and hip fractures 

 

Reid 2002 

Methods 
1 year RCT, parallel group 

24 centers in 10 countries 
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Participants 

351 women withdrew from the study, most commonly for personal reasons (in the 
case of 15 women) or because of adverse events (14 women).  

 316 women completed the study. All but two women were white. 

Inclusion criteria: In all the women, menopause had occurred at least five years 
previously, either naturally or as the result of bilateral oophorectomy. All women had 
a bone mineral density at the lumbar spine (L1 to L4) that was at least 2.0 SD below 
the mean value for young adults (a T score lower than -2) and had no more than one 
vertebral fracture at screening. 

Exclusion criteria: Major criteria for exclusion included systemic estrogen treatment 
within the previous three months, evidence of secondary osteoporosis, clinical or 
laboratory evidence of hepatic or renal disease, disorders of the parathyroid or thyroid 
glands, a serum 25-hydroxyvitamin D concentration of 15 ng per milliliter (37 nmol per 
liter) or less, a history of cancer, previous treatment with bisphosphonates or fluoride, 
and current therapy with any other drug known to affect the skeleton. 

Interventions 

Intervention: zoledronic acid by intravenous infusion every three months at different 
doses: 0.25 mg, 0.5 mg, or 1 mg at three month intervals; in addition, one group 
received a total annual dose of 4 mg as a single dose, and another received two doses 
of 2 mg each, six months apart. (N=292) 

Control: placebo (saline) (N=59) 

Outcomes Vertebral and non-vertebral fractures 

 

Reid 2004 

Methods 
Phase 3 RCT, parallel group 

38 centers in Europe, North America, Australasia, and South Africa. 

Participants 

619 subjects were randomized; 95.6% were white. 

Inclusion criteria: Women were eligible to participate if they were 40 to 60 years of 
age, postmenopausal (naturally or surgically), had undergone a hysterectomy no more 
than 15 years before beginning the study, had serum estradiol levels of 20 pg/mL (<73 
pmol/L) and follicle-stimulating hormone levels of 40 mIU/mL or higher, and had a 
lumbar spine BMD measurement between 2.5 SDs below and 2.0 SDs above the mean 
value for normal premenopausal women. 

Exclusion criteria: Women were excluded from the study if they had a history of 
carcinoma of the breast or estrogen dependent tumors; had cancer within the last 5 
years (except excised skin cancers); had taken estrogen (other than vaginal estrogens), 
progestin, androgen, calcitonin, or systemic corticosteroids within the previous 6 
months; had ever taken bisphosphonate or fluoride (except for dental prophylaxis); 
were taking anti-seizure medications; were taking pharmacologic dosages of vitamin D 
or lipid-lowering drugs; had a history of thromboembolic disorders or of diabetes 
mellitus or other endocrine disorders requiring therapy (except thyroid hormone 
therapy); had abnormal renal function or hepatic function; had serious 
postmenopausal symptoms; or consumed more than 4 alcoholic drinks per day. 

Interventions 

Treatment duration: mean of 2.2 years (60% of subjects were still taking study 
medication at 3 years) 

Intervention 1: raloxifene 60mg/d (N=152) 

Intervention 2: raloxifene 150mg/d (N=157) 

Control 1: placebo, daily (N=158) 

Control 2: conjugated equine estrogen 0.625 mg/day (N=152) 
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Outcomes Vertebral fractures 

 

Reid 2018 

Methods 
RCT, placebo group 

New Zealand 

Participants 

N=2000 

Inclusion criteria: Eligible participants were ambulatory postmenopausal women 65 
years of age or older, with a T score of −1.0 to −2.5 at either the total hip or the 
femoral neck on either side; both hips were assessed in all patients. A T score of less 
than −2.5 at one hip site (total hip or femoral neck on either side) did not preclude 
participation in the trial, as long as another hip site met the criteria, so patients at the 
interface of osteopenia and osteoporosis were included. 

Exclusion criteria: The presence of spinal osteoporosis was not an exclusion criterion 
as long as the T score was above −3.0. Other exclusion criteria were an estimated 
glomerular filtration rate of less than 30 ml per minute per 1.73 m2 of body-surface 
area, major systemic disease, cancer in the previous 2 years, metabolic bone disease, 
or regular use of bone-active drugs in the previous year (including bisphosphonates, 
estrogen, antiestrogens, and prednisone at a dose of 2.5 mg or greater per day or 
equivalent). 

Interventions 

Intervention: zoledronate 5 mg, 4 infusions at 18 months intervals for 6 years 
(N=1000) 

Control: placebo (normal saline), 4 infusions at 18 months intervals for 6 years 
(N=1000) 

Outcomes Clinical, major osteoporotic, vertebral, non-vertebral and hip fractures 

 

Reid 2019 

Methods 
RCT, parallel group 

6 years of follow-up 

Participants 

Inclusion criteria: ambulant postmenopausal women aged > 65 years, with T-score at 
either the right or left total hip or femoral neck in the range -1.0 to -2.5, who were 
able to give informed consent. 

Exclusion criteria: lumbar spine T-score < -3.0, eGFR < 30 mL min-1, major systemic 
disease, malignant disease in the last 2 years, metabolic bone disease or regular use of 
bone-active drugs in the previous year (including oestrogen, anti-oestrogens and 
systemic glucocorticoids in doses equivalent to prednisone ≥ 2.5 mg day-1). 

Interventions 
Intervention: 4 infusions of Zoledronate 5 mg at 18-months intervals  

Control: 4 infusions of placebo (normal saline) at 18-months intervals 

Outcomes Major clinical fractures, analysis stratified by age, BMI at baseline, LS T score 

 

Reid 2020 

Methods 

Prospective, randomized, placebo-controlled, double-blind trial   

The study was registered at the Australian New Zealand Clinical Trials Registry, 
numberACTRN12609000593235 
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Participants 

Each participant was followed for 6 years. 

Inclusion criteria: Participants were ambulant postmenopausal women aged >65 years, 
with T-score at the total hip or femoral neck in the range −1.0 to −2.5, who were able 
to give informed consent.  

Exclusion criteria: lumbar spine T-score <−3.0, estimated glomerular filtration rate 
(eGFR) <30 mL/min, major systemic dis-ease, malignant disease in the last 2 years, 
metabolic bone dis-ease, or regular use of bone-active drugs in the previous year. 

Interventions 

Intervention 1: four infusions of either zoledronate5 mg at 18-month intervals 
(N=1000) 

Control: normal saline at 18-month intervals (N=1000) 

Outcomes Fragility fractures 

 

Roux 2014  

 

 

  

Methods 
12 month RCT, parallel group 

82 centers in Europe, Australia and Canada 

Participants 

870 participants were randomized; 824 (94.7%) completed the study 

97.6% were Caucasian 

Inclusion criteria: Ambulatory, postmenopausal women aged ≥55years were eligible if 
they had been previously prescribed alendronate therapy, with first daily or weekly 
alendronate prescription≥1 month prior to screening, without limitation of 
alendronate treatment duration. To be eligible to participate in this study, the subject 
must have either stopped oral alendronate therapy before the screening visit, or was 
still taking oral alendronate therapy (no washout period) with low adherence, which 
was assessed by a score of <6 on the Osteoporosis Specific Morisky Medication 
Adherence Scale (OS-MMAS). 

Exclusion criteria: Key exclusion criteria included any prior or current treatment with 
osteoporosis medication other than daily or weekly oral alendronate therapy, 
hormone replacement therapy, and calcium and vitamin D (use of raloxifene or 
calcitonin prior to initiation of alendronate therapy was allowed); use of the following 
medications within3 months of screening: tibolone, anabolic steroids or testosterone, 
and glucocorticosteroids (≥5 mg prednisone equivalent per dayforN10 days or a total 
cumulative dose of≥50 mg); contra indicated or poorly tolerant of alendronate; 
significantly impaired renal function; previous participation in clinical trials with 
denosumab within the preceding 12 months regardless of treatment; reported 
malignancy within the last 5 years, except cervical carcinoma in situ or basal cell 
carcinoma; and any metabolic bone disease that had the potential to interfere with 
the interpretation of the findings. Vitamin D deficiency, defined as serum 25 (OH) 
vitamin D levelsb20ng/mL, was an exclusion criterion: repletion as confirmed by a 
serum vitamin D level≥20ng/mL was allowed and subjects were able to be re-screened 
only once 

Interventions 

Intervention: denosumab 60 mg, subcutaneously every 6 months (N=429) 

Control: risedronate orally 150 mg once monthly (QM, one 75 mg tablet on each of 2 
consecutive days) (N=429) 

Outcomes Clinical fractures 
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Saag 2017 

Methods 
Phase 3 RCT, parallel group, with a duration of 12 months. After that, open-label  

Multicenter, international 

Participants 

4093 patients underwent randomization; 3654 patients (89.3%) completed 12 months 

of the trial 

Inclusion criteria: Ambulatory postmenopausal women 55 to 90 years of age who met 
at least one of the following criteria were eligible: a bone mineral density T score of –
2.5 or less at the total hip or femoral neck and either one or more moderate or severe 
vertebral fractures or two or more mild vertebral fractures; or a bone mineral density 
T score of –2.0 or less at the total hip or femoral neck and either two or more 
moderate or severe vertebral fractures or a fracture of the proximal femur sustained 3 
to 24 months before randomization. 

Exclusion criteria: Women were excluded as described previously5and for an inability 
to take alendronate oral tablets or contraindications to alendronate, including a 
glomerular filtration rate below 35 ml per minute per 1.73 m2 of body-surface area 

Interventions 

Intervention: monthly subcutaneous romosozumab 210 mg for 12 months of the trial 
and then weekly oral alendronate 70 mg for open-label period for 12 months (N=2046) 

Control: weekly oral alendronate 70 mg for 12 months of trial and then for the open-
label period for 12 months (N=2047) 

Outcomes Clinical, vertebral, non-vertebral and hip fractures 

 

Sambrook 2004  

Methods 

EFFECT (the EFficacy of FOSAMAX versus EVISTA Comparison Trial): a RCT, parallel 
group 

50 clinical trial centers in 16 countries in Europe, South America and Asia-Pacific 

Participants 

487 women were randomized 

Inclusion criteria: patients were post-menopausal (defined as at least 6 months 
beyond the final menstrual period) with low bone density(defined as a BMD at least 
2.0 SD below the young normal mean at either the total hip or lumbar spine using the 
normal range provided by the densitometry manufacturer). Patients were required to 
be in good general health, and able to accept either treatment. 

Exclusion criteria: reasons for exclusion included bilateral hip replacement, history of 
venous thromboembolism, marked hypertriglyceridaemia in response to oestrogen, 
oesophageal stricture or achalasia, bone-active therapy (including use of a 
bisphosphonate, oestrogen or oestrogen analogue, or parathyroid hormone) within 1 
year of enrolment, and medical conditions or current medications which could affect 
bone metabolism. Use of oestrogen or other therapies to treat osteoporosis was not 
allowed during the course of the study. 

Interventions 

Intervention: alendronate 70 mg once weekly + daily placebo identical to raloxifene for 
12 months (N=246) 

Control: raloxifene 60 mg daily + weekly placebo identical to alendronate for 12 
months (N=241) 

Outcomes Clinical, vertebral and hip fractures 
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Valimaki 2007 

Methods 

24-month, randomized, double-blind, placebo-controlled, parallel-group, Phase III trial 

Conducted at 14 study centers across Finland, The Netherlands, Norway, Spain, and 
Sweden 

(Clinicaltrials.gov number NCT0035308) 

Participants 

171 women were enrolled and randomized 

The intended-to-treat population included 170 women 

All women were white. 

Inclusion criteria:  

 

 

 

Exclusion criteria: 

 

Interventions Treatment duration: 24 months 
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Intervention: risedronate 5 mg (n=114) 

Control: placebo (n=57) 

Outcomes Clinical and non-vertebral fractures 

 

 

The ACTIVE (The Abaloparatide Comparator Trial In Vertebral Endpoints) study 
 

Bilezikian 2019 

Methods 
ACTIVE: phase 3, randomized, double-blind, active-comparator, placebo-controlled 
study 

Participants 

Included criteria: women with postmenopausal osteoporosis 

Exclusion criteria: Patients were excluded from the trial if their serum creatinine was 
>2.0 mg/dL (177 lmol/L), or was 1.5–2.0 mg/dL with an eGFR <37 mL/min. 

Interventions 

Treatment duration: 18 months 

Intervention: abaloparatide 80 μg, daily subcutaneous injection  

Intervention: open label teriparatide (20 mg)  

Control: placebo, daily subcutaneous injection  

Outcomes Vertebral fractures 

 

Cosman 2017 

Methods 
ACTIVE trial (NCT01343004): RCT, parallel group 

28 centers in 10 countries 

Participants 

Inclusion criteria: Postmenopausal women aged 49 to 86 years were enrolled in the 
ACTIVE trial if they had radiological evidence of at least 2 mild or at least 1 moderate 
lumbar or thoracic vertebral fractures or a history of nonvertebral fracture within the 
preceding 5 years, in addition to a BMD T-score –2.5 at the lumbar spine or hip or –2.0 
for those older than 65 years. Women older than 65 years were also enrolled without 
prior fracture if they had a BMD T-score –3.0. 

Exclusion criteria: Women were excluded if they had more than 4 mild, moderate, or 
any severe vertebral fractures (consistent with definitions described by Genant et 
al16), fewer than 2 evaluable lumbar vertebrae, or if hip BMD was unevaluable. 
Participants were ineligible if they had evidence of metabolic bone disease or 
malabsorption or were taking any medications that would interfere with bone 
metabolism. Women were also excluded if they used bisphosphonates for more than 3 
months in the past 5 years or denosumab within the past year. Women with a history 
of osteosarcoma were also excluded. (See the ACTIVE Trial Protocol in Supplement 1 
for full inclusion and exclusion criteria.) 

Interventions 

Treatment duration: 18 months 

Intervention: abaloparatide 80 μg, daily subcutaneous injection  

Control: placebo, daily subcutaneous injection 

Outcomes Non-vertebral fractures 
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Cosman 2020 

Methods 

ACTIVE: a randomized, double-blind, placebo- and active-controlled, multicenter, 
phase 3 study (clinicaltrials.gov identifier NCT01343004)  

ACTIVExtend: 24-month, open-label extension of ACTIVE (clinicaltrials.gov identifier 
NCT01657162).  

Participants 

Inclusion criteria: postmenopausal women between the ages of 49 and 86 years with 
osteoporosis defined by bone mineral density and prior fracture history. Concomitant 
medications such as statins, aspirin, or antihypertensives were allowed if the dose was 
stable at entry. 

Exclusion criteria: not provided. 

Interventions 

ACTIVE treatment for 18 months: 

Intervention 1: daily subcutaneous abaloparatide 80 µg (N=822) 

Control: matching placebo (N=820) 

Intervention 2: open-label daily subcutaneous teriparatide 20 µg (N=818) 

After an approximately 1-month treatment-free period for reconsent, eligible 
participants who had been randomized to either abaloparatide or placebo in ACTIVE 
were enrolled in ACTIVExtend and transitioned to open-label alendronate 70 mg once-
weekly for 24 months. 

Outcomes New vertebral and non-vertebral factures; major osteoporotic fractures, CVD 

 

McClung 2018  

Methods 

The ACTIVE study: a randomized, multinational phase 3 trial 

Posthoc analysis using data from women enrolled in the ACTIVE Trial that were ≥ 80 
years 

Participants 

94 women (5.7%) out of 1645 women in the treatment groups of the ACTIVE trial were 
aged 80 years or old. 

Inclusion criteria:  postmenopausal women, aged 49 to 86 years, with osteoporosis as 
defined by prior radiographic vertebral fracture or recent (within 5 y of enrollment) 
nonvertebral fracture with a BMD T-score ≤ -2.5 and > -5.0 at the lumbar spine or 
femoral neck if aged 65 years or ≤ -2.0 and > -5.0 if aged >65 years. For those aged >65 
years, no prior fracture was required if the lumbar spine or femoral neck BMD T-score 
was ≤ -3.0 and > -5.0. 

Interventions 
Intervention: daily injections of abaloparatide 80μg for 18 months (N=51)  

Control: matching placebo for 18 months (N=43) 

Outcomes Vertebral and non-vertebral fractures 

 

McClung 2018a 

Methods 
ACTIVE study: multicenter, multinational (South America, Asia, North America and 
Europe) 

Participants 

Inclusion: postmenopausal women, ages 49–86 years, with osteoporosis as defined by 
prior radiographic vertebral fracture or recent (within 5 years of enrollment) non-
vertebral fracture with a BMD T-score ≤−2.5 at the lumbar spine or femoral neck if 
age≤65 years or ≤ −2.0 if age>65 years. For those aged>65 years, no prior fracture was 
required if the lumbar spine or femoral neck BMD t score was ≤−3.0.  
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Interventions 

This analysis included 1645 women that were randomized 1:1:1 to receive:  

Intervention: daily injections of abaloparatide-SC 80 µg for 18 months 

Control: matching placebo for 18 months 

Outcomes Vertebral and non-vertebral fractures 

 

Miller 2016a 

Methods 
ACTIVE: a RCT, parallel group 

28 study centers in 10 countries 

Participants 

2463 women were randomized 

Inclusion criteria: Postmenopausal women aged 49 to 86 years were eligible if they 
had bone mineral density (BMD) by dual energy x-ray absorptiometry T-score of less 
than or equal to −2.5 and greater than −5.0 at the lumbar spine or femoral neck 
together with radiologic evidence of at least 2 mild vertebral fractures or at least 1 
moderate vertebral fracture16or history of a low-trauma fracture of the forearm, 
humerus, sacrum, pelvis, hip, femur, or tibia within the past 5 years. Women older 
than 65years who met fracture criteria but had a T score of less than or equal to −2.0 
and greater than −5.0 were eligible. Women older than 65 years were eligible without 
fracture criteria if either BMD T score was less than or equal to −3.0 and greater than 
−5.0. Eligibility required normal serum values for calcium, intact parathyroid hormone, 
phosphorus, and alkaline phosphatase and a 25-hydroxyvitamin D level of greater 
than15 ng/mL (37.5 nmol/L [SI conversion, multiply by 2.496]). 

Exclusion criteria: Women were excluded if they had more than 4 mild, moderate, or 
any severe vertebral fractures (consistent with definitions described by Genant et 
al16), fewer than 2 evaluable lumbar vertebrae, or if hip BMD was unevaluable. 
Participants were ineligible if they had evidence of metabolic bone disease or 
malabsorption or were taking any medications that would interfere with bone 
metabolism. Women were also excluded if they used bisphosphonates for more than 
3months in the past 5 years or denosumab within the past year. Women with a history 
of osteosarcoma were also excluded. 

Interventions 

Treatment duration: 18 months 

Intervention 1: daily subcutaneous injections of abaloparatide, 80 μg (N=824) 

Intervention 2: open-label teriparatide 20 μg (N=818) 

Control: placebo, daily (N=821) 

Outcomes Clinical, major osteoporotic, vertebral and non-vertebral fractures 

 

Saag 2020 

Methods 

The Abaloparatide Comparator Trial in Vertebral Endpoints (ACTIVE) trial: randomized, 
multicenter study (NCT01343004). 

Subgroup analysis of women in the ACTIVE trial 

Participants 

Inclusion criteria in the ACTIVE trial: postmenopausal women aged 49-86 years with 
osteoporosis, has been previously described.19 Briefly, women with a prior 
radiographic vertebral fracture or recent (within 5 years) nonvertebral fracture and a 
BMD T score of ≤−2.5 and >−5.0 (if aged >65 years) or ≤−2.0 or >−5.0 (if aged >65 
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years) were included in the study. Women >65 years of age with no prior fracture and 
a lumbar spine or femoral neck BMD T score of ≤−3.0 or >−5.0 were also eligible.  

 

Inclusion criteria for this subgroup analysis:  women in the ACTIVE study who were 
<65 years of age and who met modified utilization management criteria (baseline T 
score at any site of ≤−2.5 and a prevalent vertebral and/or at least 1 prior clinical 
fracture within 5 years of randomization). The modified utilization management 
criteria were based on coverage criteria for abaloparatide from a large US health 
insurance company. 

Interventions 

Participants were randomly assigned 1:1:1 to receive for 18 months: double blind, 
daily abaloparatide 80 µg subcutaneously (N=94), matching placebo subcutaneously 
(N=103), or open-label teriparatide 20 µg subcutaneously (N=99).  

NOTE: In parentheses, it is given the number of women that met inclusion criteria by 
treatment for this subgroup analysis. 

Outcomes 
Vertebral fractures, non-vertebral fractures, clinical fractures and major osteoporotic 
fractures. 

 

Watts 2019 

Methods 

The 18-month phase 3 Abaloparatide Comparator Trial in Vertebral Endpoints 
(ACTIVE): multicenter, multinational, randomized controlled study (clinicaltrials.gov 
identifier: NCT01343004). 

Explanatory analysis that used data from the ACTIVE study. 

Participants 

Inclusion criteria: postmenopausal women, ages 49 to 86 years, with osteoporosis as 
defined by prior radiographic vertebral fracture or recent (within 5 years of 
enrollment) nonvertebral fracture with a BMD T-score ≤ −2.5 at the lumbar spine or 
femoral neck if age ≤ 65 years or ≤ −2.0 if age > 65 years. For those aged > 65 years, no 
prior fracture was required if the lumbar spine or femoral neck BMD T-score was ≤ 
−3.0. Other inclusion/exclusion criteria have been previously described (REF: Miller 
2016). 

Interventions 

Participants were randomly assigned 1:1:1 to double blind, daily abaloparatide 80 µg 
subcutaneously, matching placebo subcutaneously, or open-label teriparatide 20 µg 
subcutaneously for 18 months.  

All women received supplements of 500 to 1000 mg/day calcium and 400 to 800 IU 
vitamin D based on regional standard of care. 

Outcomes Wrist fractures 

 

The BONE study (oral iBandronate Osteoporosis Vertebral Fracture Trial in North America 

and Europe, BONE) 
 

Chesnut 2004 

Methods 
BONE trial: 3 year RCT, parallel group 

73 centers in North America and Europe 

Participants 2946 women were enrolled and randomized; 1938 women completed treatment 
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Inclusion criteria: Eligible patients were 55–80years of age and≥ 5 years 
postmenopausal, with one to four prevalent vertebral fractures (T4–L4) and a BMD T 
score of-2.0 to-5.0 in at least one vertebra (L1–L4). Patients with upper GI disorders or 
taking medication with a potential for GI irritation were not specifically excluded. 

Exclusion criteria: The main exclusion criteria were a BMD T score of < -5.0 at the 
lumbar spine; more than two prevalent fractures of the lumbar spine; diseases, 
disorders, or therapy (within the last 6 months) known to affect bone metabolism; 
previous treatment with bisphosphonates; fluoride treatment within the last 12 
months or for a total duration of > 2 years; renal impairment (serum creatinine >2.4 
mg/dl [ > 212 μM]);contraindications to calcium or vitamin D therapy; and hyper- or 
hypocalcemia. 

Interventions 

Intervention 1: ibandronate 2.5 mg, oral daily (N=977) 

Intervention 2: ibandronate 20 mg, oral every other day for 12 doses every 3 months; 
on the days when no active medication was given, patients received placebo (N=977)  

Control: placebo, oral daily (N=975) 

Outcomes Vertebral and non-vertebral fractures 

 

Chesnut 2005 

Methods 
BONE: a double-blind, placebo-controlled, phase III, fracture-prevention study 

73 centers in North America (United States and Canada) and Europe. 

Participants 

Inclusion criteria: postmenopausal women (aged 55years−80years; time since 
menopause: at least 5 years) with osteoporosis (one to four prevalent vertebral 
fractures [T4–L4] and BMD T-score –2 to −5 in at least one vertebra [L1–L4]). 
Participants with upper gastro intestinal (GI) disorders or receiving concomitant 
medications with a potential for GI irritation (e.g., nonsteroidal anti-inflammatory 
drugs [NSAIDs]) were not specifically excluded. 

Interventions 

3 years of treatment. 

Intervention 1: ibandronate 2.5 mg, oral daily (N=977) 

Intervention 2: ibandronate 20 mg, oral every other day for 12 doses every 3 months; 
on the days when no active medication was given, patients received placebo (N=977)  

Control: placebo, oral daily (N=975) 

Outcomes Clinical, vertebral and non-vertebral fractures 

 

Delmas 2004 

Methods 

The BONE study: a multinational, randomized, double-blind, placebo-controlled, 
pivotal fracture-prevention study 

North America and Europe 

Participants 

ITT population: 2929 

2946 patients, aged 55-80 years, ≥5 years postmenopause, with one to four prevalent 
vertebral fractures (T4-L4), and with a BMD T-score of -2.0 to -5.0 in at least one 
vertebra (L1-L4) were included. 

Interventions 

Intervention 1: ibandronate, 2.5 mg, oral daily (N=not stated/unclear) 

Intervention 2: ibandronate, 20 mg, oral every other day for 12 doses every 3 months. 
On days without active treatment, the participants in this group received placebo. (N= 
not stated/unclear) 
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Control: placebo (N= not stated/unclear) 

Outcomes Vertebral fractures 

 

Felsenberg 2005 

Methods 

Posthoc analysis using data from the BONE study: f a multinational, randomized, 
double-blind, placebo-controlled, phase III, fracture prevention study 

North America and Europe. 

Participants 

The BONE study enrolled 2946 patients aged 55 –80 years, ≥5 years postmenopause, 
with 1 – 4 prevalent vertebral fractures (T4 –L4), and with a BMD T score of -2.0 to -5.0 
in ≥1 vertebra (L1 –L4). 

1964 women were included in this analysis, 982 women in each treatment group 
(intervention vs control) 

628 women in the placebo group and 648 women in the ibandronate group completed 
the treatement 

Interventions 

Treatment duration: 3 years 

Intervention: oral ibandronate 2.5 mg/day (N=977) 

Control: placebo, daily (N=975) 

Outcomes Vertebral fractures 

 

FIT (The Fracture Intervention Trial) 
 

Bauer 2006 

Methods 
Posthoc analysis using data from the FIT, a randomized, double-blind clinical trial 

11 clinical centers in the United States 

Participants 

Included data from both the vertebral fracture arm, which enrolled women with one 
or more existing vertebral fractures (duration of 3 years), and the clinical fracture arm, 
which enrolled women without baseline vertebral fracture (duration 4 years).  

N=6186 - women who completed the trial and had complete baseline and follow-up 
measurements. 

Inclusion criteria: postmenopausal women between 55 and 80 years of age with 
femoral neck BMD (QDR-2000; Hologic, Waltham, MA, USA) 0.68 g/cm2, equivalent to 
T score ≤−1.6 using NHANEs normative data. 

Interventions 

Intervention: Alendronate (ALN)  5 mg /day for 2 years and then increased to 10 
mg/day at the second annual visit  

- Intervention 1: osteoporotic subjects (N= 1764) 
- Intervention 2: non-osteoporotic subjects(N=1341) 

Control: placebo (PBO), daily  

- Control 1: osteoporotic subjects (N=1731) 
- Control 2: non-osteoporotic subjects (N=1348) 

Outcomes Vertebral and non-vertebral fractures 
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Black 1996 

Methods 
FIT: RCT, parallel group 

11 centers in the USA 

Participants 

N=2027 

Inclusion criteria: A woman must be 55-80 years of age, in good health, 
postmenopausal for at least 2 years, and have a femoral neck bone mineral density 
≤0.68 g/cm2. 

Exclusion criteria: Women with peptic-ulcer disease (a single hospital admission for 
upper-gastrointestinal bleeding or two or more documented ulcers within the 
preceding 5 years), dyspepsia requiring daily treatment, abnormal renal function 
(serum creatinine >144 nmol/L), major medical problems that would be likely to 
preclude participation for 3 y, severe malabsorption syndrome, uncontrolled 
hypertension (blood pressure >210 mm Hg systolic or >105 mm Hg diastolic), 
myocardial infarction during the previous 6 mo, unstable angina, or evidence of 
disturbed thyroid or parathyroid function. Also excluded women who had taken 
oestrogen or calcitonin within the preceding 6 mo or biphosphonates or sodium 
fluoride (<1mg daily for 2 weeks or longer) at anytime. 

Interventions 

Treatment duration: 3 years 

Intervention: alendronate 5 mg/day in the 1st year and then increased to 10 mg/day at 
the 24 months clinic visit (N=1022) 

Control: placebo, daily (N=1005) 

Outcomes Clinical, vertebral, non-vertebral and hip fractures 

 

Chapurlat 2005 

Methods 

FIT 

11 clinical centers in the USA  

The FIT had two arms, which in this study were pooled: the vertebral fracture arm (FIT-
I) with a duration of 3 years, and the clinical fracture arm (FIT-II) with a duration of 4 
years. 

Participants 

N=5383 - patients who adhered to treatment by taking at least 70% of pills by pill 
count and 75% by diary. 

- FIT-I: included 2,027 women who had prevalent vertebral fractures and low femoral 
neck BMD (≤ 0.689 g/cm2).  

- FIT-II: enrolled 4,432 women who had low femoral neck BMD (≤ 0.68 g/cm2) but no 
vertebral fracture at baseline. 

Interventions 

Intervention: alendronate 5 mg /day for 2 years, which was then increased to 10 
mg/day  

Control: placebo  

Outcomes Vertebral fracture 

 

Cummings 1998 

Methods 
FIT - RCT, parallel group – had 2 arms: the vertebral fracture arm, which included 
women who had vertebral fractures, and the clinical fracture arm, which included 
women without vertebral fractures and is the subject of this article. 
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11 community-based clinical research centers in the United States 

Participants 

N= 4432, 97% were white  

4272 women (96%) completed the study; follow-up: average of 4.2 years 

Inclusion criteria: women aged 55 through 80 years who had been postmenopausal for 
at least 2 years and had femoral neck BMD of 0.68 g/cm2 (QDR2000, Hologic Inc, 
Waltham, Mass) or less, which corresponded to 1.6 SD or more below the normal 
young adult mean. 

Exclusion criteria: women who had recent peptic ulcers or ulcers that required 
hospitalization, dyspepsia requiring daily treatment, significant renal or hepatic 
dysfunction, medical problems that precluded 3 years of participation, severe 
malabsorption, blood pressure exceeding 210 mm Hg systolic or 105 mm Hg diastolic, 
myocardial infarction within 6 months, unstable angina, hypothyroidism, 
hyperthyroidism, or hyperparathyroidism. We also excluded women who had taken 
estrogen or calcitonin within the preceding 6 months or bisphosphonates or sodium 
fluoride (>1 mg/d) at any time. Although women taking estrogen were excluded from 
entry into the trial, 246 (11.1%) in the placebo group and 204 (9.2%) in the 
alendronate group took estrogen at some time during the study. 

Interventions 

Intervention: alendronate sodium 5 mg/day for 2 years, followed by 10 mg/day from 
the rest of the trial (N=2214) 

Control: placebo, daily (N=2218) 

Outcomes Clinical, vertebral, non-vertebral and hip fractures 

 

Donaldson 2012 

Methods 

FIT: RCT, parallel group 

The FIT had 2 arms: the vertebral fracture arm, which included women who had 
vertebral fractures, and the clinical fracture arm, which included women without 
vertebral fractures. 

11 community-based clinical research centers in the United States 

Participants 

Inclusion criteria: Women 55 to 81 years of age who had been postmenopausal for at 
least 2 years and had low FN BMD (BMD ≤0.68 g/cm2; T-score ≤ -1.6). 

Exclusion criteria: The primary exclusion criteria are the presence of major medical 
conditions or secondary causes of osteoporosis, the presence of significant upper 
gastrointestinal disease, therapy with drugs that affect bone metabolism or factors 
that might make full compliance with the protocol unlikely. A complete list of inclusion 
and exclusion criteria is shown in Table 2. 

Interventions 

Women who participated in FIT-VF were followed for a median of 3 years. Women 
who participated in FIT-CF were followed for a median of 4 years. 

Intervention: alendronate 5 mg/day (N=3236) 

Control: placebo, daily (N=3223) 

Outcomes Non-vertebral fractures 

 

Hochberg 2005 

Methods 
FIT: a RCT, parallel group 

11 centers in the United States 
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Participants 
Inclusion criteria: Study participants were women 55–80 years of age who had been 
postmenopausal for at least 2 years and had a femoral neck BMD <= 0.68 g/cm2, 
measured using Hologic densitometer 

Interventions 

The average duration of treatment and follow-up according to the FIT protocol was 2.9 
years in FIT I and 4.25 years in FIT II.  

Intervention: alendronate 5mg/day for the first 24 months, followed by 10 mg/day for 
the rest of the period (N=4408) 

Control: placebo, daily (N=4343) 

Outcomes Major, vertebral, non-vertebral and hip fractures 

 

Nevitt 1999 

Methods 

FIT, a large randomized, placebo-controlled trial of alendronate, had two arms:  

- the Vertebral Fracture Arm ( average of 2.9 years of follow-up) and  

- the Clinical Fracture Arm (average of 50 months of follow-up). 

11 metropolitan areas in the United States of America using population-based listings 

Participants 

6082 women (94.2%) were included in this analysis, whom were randomized and had 
lateral spine radiographs at baseline and at least one additional visit.  

Inclusion criteria: Women between the ages of 55 and 81 years, that had femoral neck 
BMD of 0.68 g/cm or less (measured by Hologic Model QDR-2000, Waltham, MA), and 
had been postmenopausal for at least 2 years. The femoral neck BMD cutoff used 
corresponds to approximately 1.6 SD below the mean for young white women. 

Exclusion criteria: Women were excluded if they had active serious peptic ulcer 
disease during the past year, a recent history of abnormal renal function, uncontrolled 
hypertension, severe malabsorption, myocardial infarction during the previous 6 
months, unstable angina, or medical problems that would interfere with participation 
for the 3–4 year study duration. Women who had used fluoride or bisphosphonates at 
any time in the past, or had used estrogen or calcitonin during the previous 6 months, 
were also excluded. 

Interventions 

Intervention: alendronate 5mg/day for the first 24 months, followed by 10 mg/day for 
the rest of the period (N=3040) 

Control: placebo (N=3042) 

Outcomes Vertebral fractures 

 

Quandt 2005 

Methods 

FIT had 2 arms:  

FIT I – women with a vertebral fracture at baseline 

FIT II – women without a vertebral fracture  

11 clinical centers in the USA 

Participants were followed up to 4.5 years (mean 3.8 years). 

Participants 

N=3737 

Inclusion criteria: women from FIT I and FIT II who had a diagnosis consistent with the 
World Health Organization definition of osteopenia (a femoral neck BMD T score of -
1.6 or less but greater than -2.5. 
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Interventions 

Intervention: alendronate 5mg/day for the first 2 years and by 10 mg/day for the rest 
of the study (N=1878) 

Control: placebo (N=1859) 

Outcomes Vertebral fractures 

 

Ryder 2008 

Methods 

Posthoc analysis using data from FIT II (the study arm that included women without 
prevalent vertebral deformity at baseline). 

11 clinical sited in the USA 

Participants 

N=2785 

Inclusion criteria: women enrolled in FIT II without vertebral deformity had a femoral 
neck T-score above −2.5. 

Interventions 

Intervention: alendronate for up 54 months (5 mg/day for the first 2 years, and then 
increased to 10 mg/day at the second annual visit) (N=1389) 

Control: placebo for up 54 months (N=1396) 

Outcomes Non-vertebral fractures 

 

van de Glind 2016 

Methods FIT, a RCT, parallel group 

Participants 

N=3658 

Inclusion criteria: all patients (n = 3658) with confirmed osteoporosis [either a femoral 
neck bone mineral density (BMD) T score B22.5 (n = 1631) or at least one 
morphometric vertebral fracture (n = 2027)]. 

Interventions 
Intervention: alendronate (N=1841) 

Control: placebo (N=1817) 

Outcomes Clinical fractures 

 

The FPT (The Fracture Prevention Trial) 
 

Boonen 2006 

Methods 
FPT, a RCT, parallel group 

99 centers in 17 countries 

Participants 

N=1085 

Inclusion criteria: postmenopausal women aged 42 to 86 were enrolled in the study. 
Study protocol required that the patients be ambulatory, at least 5 years 
postmenopausal, and free of other major diseases and have had at least one moderate 
or two mild atraumatic vertebral fractures. 

Exclusion criteria: women with illnesses that affect bone or calcium metabolism, 
urolithiasis within the preceding 5 years, impaired hepatic function, a serum creatinine 
concentration exceeding 2 mg per deciliter (177 µmol per liter), or alcohol or drug 
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abuse, as well as women who had taken drugs that alter bone metabolism within the 
previous 2 to 24 months (depending on the drug). 

Interventions 

Treatment duration: median of 19 months 

Intervention: teriparatide 20 μg, daily self-injection (N=541) 

Control: placebo, daily self-injection (N=544) 

Outcomes Vertebral and non-vertebral fractures 

 

Chen 2006 

Methods 
Posthoc analysis using data from FPT 

99 centers in 17 countries 

Participants 

1637 ambulatory, postmenopausal were included in the FPT 

In this analysis were included all subjects that had a spine BMD measurement at 
baseline and 18 months and lateral spine radiographs at baseline and study endpoint.  

Inclusion criteria: Women were ambulatory, if a period of at least five years had 
elapsed since menopause, and if they had at least one moderate or two mild 
atraumatic vertebral fractures on radiographs of the thoracic and lumbar spine, and an 
ambulatory status.6 For women with fewer than two moderate fractures, an 
additional criterion for enrollment was a value for bone mineral density of the hip or 
lumbar spine that was at least 1 SD below the mean value in normal premenopausal 
white women (age range, 20 to 35 years). 

Exclusion criteria: Women with illnesses that affect bone or calcium metabolism, 
urolithiasis within the preceding 5 years, impaired hepatic function, a serum creatinine 
concentration exceeding 2 mg per deciliter (177 μmol per liter), or alcohol or drug 
abuse, as well as women who had taken drugs that alter bone metabolism within the 
previous 2 to 24 months (depending on the drug). 

Interventions 

Treatment duration: 24 months  

Intervention: teriparatide 20μg or 40μg per day, self-administered subcutaneous 
injections (N=860) 

Control: placebo, daily self-administered subcutaneous injections (N= 439) 

Outcomes Vertebral fractures, stratified analysis on LS BMD 

 

Delmas 2006 

Methods 

FPT 

99 centers in 17 countries  

1637 ambulatory, postmenopausal women ranging in age from 42 to 86 years were 
included in FPT 

Participants 

Two subsets of participants, partially overlapping, were included in this analysis: 

- Four BTM subset: 520 women had four bone turnover markers (BTM) assessed 
(Serum concentrations of two bone formation markers - bone-specific alkaline 
phosphatase [BSAP], and the carboxy-terminal extension peptide of procollagen type I 
[PICP]) and urinary concentrations of two bone resorption markers (free 
deoxypyridinoline [DPD], and N-terminal telopeptide [NTX]), and  
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- The PINP subset: 771 participants who had serum collected at baseline, for which the 
concentration of amino-terminal extension peptide of procollagen type I [PINP] could 
be assessed. 

Inclusion criteria: ambulatory women, if a period of at least five years had elapsed 
since menopause, and if they had at least one moderate or two mild atraumatic 
vertebral fractures on radiographs of the thoracic and lumbar spine, and an 
ambulatory status. For women with fewer than two moderate fractures, an additional 
criterion for enrollment was a value for bone mineral density of the hip or lumbar 
spine that was at least 1 SD below the mean value in normal premenopausal white 
women (age range, 20 to 35 years). 

Exclusion criteria: women with illnesses that affect bone or calcium metabolism, 
urolithiasis within the preceding 5 years, impaired hepatic function, a serum creatinine 
concentration exceeding 2 mg per deciliter (177 μmol per liter), or alcohol or drug 
abuse, as well as women who had taken drugs that alter bone metabolism within the 
previous 2 to 24 months (depending on the drug). 

Interventions 

Median duration of exposure to teriparatide was 19 months. 

Intervention: teriparatide 20 mcg or 40 mcg per day, daily self-administered 
subcutaneous injections (Four BTM subset: N=345; the PINP subset N= 511) 

Control: placebo, daily self-administered subcutaneous injections (Four BTM subset: 
N=175; the PINP subset N=260) 

Outcomes Major osteoporotic fractures, vertebral and non-vertebral fractures 

 

Gallagher 2005 

Methods Analysis with data from women that participated in the FPT study 

Participants 

N=931 - postmenopausal women with baseline radiographs were included in this 
analysis; of those 91 did not have a vertebral fracture. 

Inclusion criteria: ambulatory women at least 5 yr past menopause who had at least 
one moderate or two mild atraumatic vertebral fractures. For women who had fewer 
than two moderate vertebral fractures, an additional inclusion criterion included bone 
mineral density (BMD) of the lumbar spine or proximal femur at least 1 SD below the 
mean value in healthy young (20 –35 yr old) white women. 

Exclusion criteria: Women with diseases related to bone or calcium metabolism, 
urolithiasis within the preceding 2 yr, alcohol or drug abuse, impaired hepatic function, 
or a serum creatinine concentration of 177 μM or higher were excluded from the 
study. Women who had taken drugs affecting bone metabolism within the past 2–24 
months, depending on the drug, were also excluded. 

Interventions 

Median of 19 months of treatment 

Intervention: teriparatide 20 μg, daily self-administered subcutaneous injections  
(N=467) 

Control: placebo, daily self-administered subcutaneous injections (N=464) 

Outcomes Vertebral and non-vertebral fractures 

 

Harvey 2015  

Methods 
Analysis with data from the FPT study, a pivotal global, phase 3, multicentre, double-
blind, calcium- and vitamin D-controlled, randomized study of teriparatide 
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Participants 
Inclusion criteria: ambulatory postmenopausal women 

Exclusion criteria: 

Interventions 

Intervention: teriparatide 20 μg/day or 40 μg/ day, for a mean duration of 18±6 and 
17±6 months, respectively (N=1093) 

Control: placebo daily, for a mean duration of 18±5 months (N=544) 

Outcomes Major osteoporotic fractures, vertebral and non-vertebral fractures 

 

Krege 2012 

Methods 

Posthoc analysis using data from the FPT study, which was a randomized, double-
blinded, placebo-controlled trial 

Median follow-up of 21 months 

Participants Inclusion criteria: postmenopausal women with osteoporosis and vertebral fractures 

Interventions 

Intervention: daily subcutaneous self-injections of teriparatide 20 μg for a median of 
19 months (N=541) 

Control: daily subcutaneous self-injections of placebo for a median of 19 months 
(N=544) 

Outcomes Non-vertebral fractures 

 

Lindsay 2009 

Methods Posthoc analysis of data from the FPT study 

Participants 

Inclusion criteria: Women were required to be at least 5 years postmenopausal with at 
least one moderate or two mild atraumatic vertebral fractures. Women with fewer 
than two moderate vertebral fractures were required to have lumbar spine or hip T 
score of −1 or below. 

Exclusion criteria: diagnosis with any disease known to affect bone or calcium 
metabolism, urolithiasis within 2 years, serum creatinine level greater than 2 mg/dl, 
alcohol or drug abuse, or medication use known to alter bone metabolism within the 
previous 2 to 24 months depending on the drug. 

Interventions 

Intervention 1: once-daily subcutaneous injections of teriparatide 20 μg (N=541) 

Intervention 2: once-daily subcutaneous injections of teriparatide 40 μg (N=552) 

Control: once-daily subcutaneous injections of placebo (N=544) 

Outcomes Vertebral and non-vertebral fractures 

 

Marcus 2003 

Methods FPT study 

Participants 

1637 ambulatory postmenopausal women were enrolled in FPT study 

Inclusion criteria: postmenopausal women at least 5 years beyond menopause and 
had a minimum of either one moderate or two mild atraumatic vertebral fractures and 
a minimum of seven evaluable nonfractured vertebrae on baseline spinal radiographs. 
Women with fewer than two moderate fractures were also included if their hip or 
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vertebral BMD values were less than 1 SD below the mean value for normal 
premenopausal white women (i.e., T score < –1.0). 

Exclusion criteria: Women with diseases related to bone or calcium metabolism, 
urolithiasis within the preceding 5 years, alcohol or drug abuse, impaired hepatic 
function, a serum creatinine concentration ≥ 177 μM, or had taken drugs affecting 
bone metabolism within the past 2–24 months. 

Interventions 

Treatment duration: Rather than achieving the planned 36 months of teriparatide 
administration for all subjects, the median duration of drug exposure was 19 months 
with no subject exposed to drug for more than 25 months. 

Intervention 1: Teriparatide 20 μg, daily, self-administered subcutaneous injections 
(N=541) 

Intervention 2: Teriparatide 40 μg, daily, self-administered subcutaneous injections 
(N=552) 

Control: placebo, daily, self-administered subcutaneous injections (N=544) 

Outcomes Vertebral fractures 

 

Neer 2001 

Methods 

FPT study: RCT, parallel group 

99 centers in 17 countries (United States, Australia, New Zealand, Canada, South 
America and in Europe) 

Participants 

1637 women were randomized 

Inclusion criteria: Women were eligible for enrollment if they were ambulatory, if a 
period of at least five years had elapsed since menopause, and if they had at least one 
moderate or two mild atraumatic vertebral fractures on radiographs of the thoracic 
and lumbar spine, and an ambulatory status.6 For women with fewer than two 
moderate fractures, an additional criterion for enrollment was a value for bone 
mineral density of the hip or lumbar spine that was at least 1 SD below the mean value 
in normal pre-menopausal white women (age range, 20 to 35 years).  

Exclusion criteria: We excluded women with illnesses that affect bone or calcium 
metabolism, urolithiasis within the preceding 5 years, impaired hepatic function, a 
serum creatinine concentration exceeding 2 mg per deciliter (177μmol per liter), or 
alcohol or drug abuse, as well as women who had taken drugs that alter bone 
metabolism within the previous 2 to24 months (depending on the drug). 

Interventions 

Intervention 1: self-administered injections of parathyroid hormone (1-34) 20 μg/day 
for a mean (±SD) duration of treatment of 18±6 months (N=541) 

Intervention 2: self-administered injections of parathyroid hormone (1-34) 40 μg/day 
for a mean (±SD) duration of treatment of 17±6 months (N=552) 

Control: self-administered injections of placebo, daily for a mean (±SD) duration of 
treatment of 18±5 months (N=544) 

Outcomes Major, vertebral, non-vertebral and hip fractures 

 

Prevrhal 2009 

Methods 
FPT study 

Median observation of 21 months 
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Participants 
Inclusion criteria: Postmenopausal women with osteoporosis, who were included in 
the FPT study, specifically included in the placebo and teriparatide 20g/day group and 
that had a baseline and endpoint spine radiograph. 

Interventions 

Treatment duration: median study drug exposure of 19 months 

Intervention: Teriparatide 20 μg, daily, self-injection (N=444) 

Control: placebo, daily, self-injection (N=448) 

Outcomes Vertebral fractures 

 

Watts 2009 

Methods FPT study – RCT, parallel group 

Participants 

Inclusion criteria: Women were eligible for enrollment if they were ambulatory, if a 
period of at least five years had elapsed since menopause, and if they had at least one 
moderate or two mild atraumatic vertebral fractures on radiographs of the thoracic 
and lumbar spine, and an ambulatory status.6 For women with fewer than two 
moderate fractures, an additional criterion for enrollment was a value for bone 
mineral density of the hip or lumbar spine that was at least 1 SD below the mean value 
in normal pre-menopausal white women (age range, 20 to 35 years). 

Exclusion criteria: We excluded women with illnesses that affect bone or calcium 
metabolism, urolithiasis within the preceding 5 years, impaired hepatic function, a 
serum creatinine concentration exceeding 2 mg per deciliter (177μmol per liter), or 
alcohol or drug abuse, as well as women who had taken drugs that alter bone 
metabolism within the previous 2 to24 months (depending on the drug). 

Interventions 

Treatment duration: median duration of exposure of 19 mo 

Intervention 1: 20 μg of recombinant human parathyroid hormone (1-34) in a regimen 
of daily, self-administered injection (N=541) 

Intervention 2: 40 μg of recombinant human parathyroid hormone (1-34) in a regimen 
of daily, self-administered injection (N=552) 

Control: placebo (N=544) 

Outcomes Vertebral fractures 

 

The Chinese osteoporosis study and the FPT 

Xie 2019 

Methods 

Post-hoc analysis using data from 2 studies: 

-  Chinese osteoporosis study (NCT00414973): Chinese, open-labeled, multicenter, 
active comparator, randomized phase III study, carried out at 10 study centers 

- FPT (NCT00670501): Global, phase III, multicenter, double-blind, placebo-controlled, 
randomized study, conducted in 99 centers in 17 countries 

Participants 

Inclusion criteria: 

Only those who met the selection criteria for both the FPT and the Chinese study were 
considered: patients who were female with osteoporosis at high risk of fracture, aged 
≥55 years, and had no history of rheumatoid arthritis or use of corticosteroids.  

 

Inclusion criteria specific of each study: 
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- Chinese osteoporosis study: Ambulatory men (aged 40–85 years) or women (aged 
55–85 years and at least 3 years postmenopause). Established osteoporosis based on 
experiencing a fragility fracture prior to enrollment or T-score BMD <2.5 at LS or hip 

- FPT: Ambulatory women aged 35–80 years and at least 5 years postmenopause. 
Minimum of one moderate or two mild atraumatic vertebral fractures prior to 
enrollment. For those with <2 moderate fractures, or a T-score BMD of <1.0 at LS or 
hip. 

 

Exclusion criteria specific of each study: 

- Chinese osteoporosis study: Disease or medication (eg, corticosteroid) that affect 
bone metabolism. Impaired renal/hepatic function. Skeletal radiotherapy. Malignant 
neoplasm within 5 years. 

- FPT: Disease or medication (eg, corticosteroid) that affects bone metabolism. 
Impaired renal/hepatic function. Urolithiasis within 5 years. Drug or alcohol abuse. 

Interventions 

Duration: 

- Chinese osteoporosis study: 24 weeks of treatment 

- FPT: median of 19 months of treatment 

 

Chinese osteoporosis study (N=228): 

Intervention: Teriparatide 20 µg once daily  administered via subcutaneous injection  

Control: Salmon calcitonin 200 IU once daily administered intranasally 

 

FPT (N=228): 

Intervention: Teriparatide 20 µg or 40 µg once daily administered subcutaneously 

Control: Placebo 

Outcomes Clinical fractures 

 

The FRAME (The FRActure study in postmenopausal woMen with ostEoporosis) Trial 

 
Cosman 2016 

Methods FRAME: RCT, parallel group 

Participants 

N=7180 

6390 patients (89.0%) completed 12 months of the trial, and 6026 (83.9%) completed 
24 months. 

Inclusion criteria: Ambulatory postmenopausal women, 55 to 90 years of age, with a T 
score of −2.5 to −3.5 at the total hip or femoral neck were eligible for participation.  

Exclusion criteria: Patients had to have at least two vertebrae in the L1 through L4 
region and at least one hip that could be evaluated by means of dual-energy x-ray 
absorptiometry. Women who had a history of hip fracture, any severe or more than 
two moderate vertebral fractures, a history of metabolic bone disease or conditions 
affecting bone metabolism, osteonecrosis of the jaw, a 25-hydroxyvitamin D level of 
less than 20 ng per milliliter, current hypercalcemia or hypocalcemia, or recent use of 
drugs affecting bone metabolism (within defined washout periods; see the protocol) 
were excluded. 
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Interventions 

Intervention: romosozumab 210 mg subcutaneous administration once monthly for 12 
months followed by open-label denosumab 60 mg subcutaneous administration every 
6 months for additional 12 months (N=3321) 

Control: placebo, subcutaneous administration once monthly for 12 months followed 
by open-label denosumab 60 mg subcutaneous administration every 6 months for 
additional 12 months (N=3322) 

Outcomes Clinical, vertebral and non-vertebral fractures 

 

Cosman 2018 

Methods 

Secondary, posthoc analysis based on FRAME: (ClinicalTrials.gov, NCT01575834), a 
phase 3, international, randomized, double-blind, placebo-controlled, parallel-group 
trial. 

For fracture efficacy, the current analysis focused on the RRRs in FRAME in the second 
year alone, when all patients were treated with the same active therapy—denosumab. 

Participants 

7180 postmenopausal women with osteoporosis were included in the FRAME study. 

Inclusion criteria: Women were eligible for this study if they were between 55 and 90 
years old, had a T-score of –2.5 to –3.5 at the total hip or femoral neck, and at least 
two vertebrae in the L1 through L4 region and at least one hip that could be evaluated 
by DXA. 

Exclusion criteria: Women who had a history of hip fracture, any severe or more than 
two moderate vertebral fractures, a history of metabolic bone disease or conditions 
affecting bone metabolism, osteonecrosis of the jaw, a 25-hydroxyvitamin D level of 
less than 20 ng per milliliter, current hypercalcemia or hypocalcemia, or recent use of 
drugs affecting bone metabolism (within defined washout periods; see the protocol) 
were excluded. 

Interventions 

Intervention: romosozumab 210 mg, s.c. once monthly for 12 months (N= unclear)  

Control: placebo, s.c. once monthly for 12 months (N= unclear) 

Both treatment groups transitioned to denosumab 60 mg s.c. once every 6 months for 
an additional 12 months. 

Outcomes Clinical, major osteoporotic, vertebral, non-vertebral and hip fractures 

 

Cosman 2018 

Methods 

Posthoc analysis using the FRAME study: (ClinicalTrials.gov, NCT01575834), an 
international, randomized, double-blind, placebo-controlled, parallel-group, phase 3 
study. 

Latin America, Central/Eastern Europe, Western Europe and Australia/New Zealand, 
Asia Pacific and North America 

Participants 

7180 women were included, from which 6390 (89%) completed 12 months of study 

The highest enrolling region was Latin America (43%) (vs. Rest-of-world (57%): non-
Latin American population combined, which included Central/Eastern Europe, 
Western Europe and Australia/New Zealand and Asia Pacific) 

Inclusion criteria: ambulatory postmenopausal women, 55 to 90 years old, with a T-
score of –2.5 to –3.5 at the total hip or femoral neck 

Exclusion criteria: history of hip fracture, any severe or more than two moderate 
vertebral fractures, a history of metabolic bone disease or conditions affecting bone 
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metabolism, osteonecrosis of the jaw, a 25-hydroxyvitamin D level of less than 20 ng 
per milliliter, current hypercalcemia or hypocalcemia, or recent use of drugs affecting 
bone metabolism (within defined washout periods; see the protocol).  Any severe or 
more than two moderate vertebral fractures, or history of hip fracture. 

Interventions 

Intervention: romosozumab 210 mg, sc monthly for 12 months (Latin America N=1550, 
Rest-of-world N=2039) 

Control: placebo, sc monthly for 12 months  (Latin America N=1534, Rest-of-world 
N=2057) 

For both treatment groups: followed by open-label denosumab 60 mg, s.c. every 6 
months for an additional 12 months. 

Outcomes Clinical, major osteoporotic, vertebral, non-vertebral and hip fractures 

 

McCloskey 2021 

Methods 
Independent post hoc analysis of the phase 3 FRAME study (NCT01575834): 
international, double-blind, placebo-controlled, parallel group trial. 

Participants Inclusion criteria and exclusion criteria: not described in this paper. 

Interventions 

Women with postmenopausal osteoporosis were randomly assigned to receive s.c 
once monthly for 12 months: 

Intervention 1: romosozumab 210 mg 

Control: placebo 

Followed by open-label denosumab (Prolia, Amgen), at a dose of 60 mg which was 
administered s.c every 6 months for an additional 12 months 

Outcomes 
Clinical fractures, osteoporotic fractures, major osteoporotic fractures, hip fractures, 
clinical vertebral fractures, nonvertebral fractures and morphometric vertebral 
fractures. 
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The FREEDOM (Fracture Reduction Evaluation of Denosumab in Osteoporosis Every 6 

Months) study 
 

Adami 2012 

Methods 

The FREEDOM trial: a 3-year, international, randomized, double-blind, placebo-
controlled trial 

214 centers in Europe, North America, South America, Australia and New Zealand 

Participants 

Data from 7808 women were available from the FREEDOM trial 

N=7762 - women received at least one dose of study treatment 

Inclusion criteria: women aged 60 to 90 years with a BMD T-score of -2.5 or less at the 
lumbar spine or total hip, but not less than -4.0 at either site. 

Exclusion criteria: There were no exclusion criteria based on renal function. 

Interventions 

Treatment duration: 3 years 

Intervention 1: Denosumab 60 mg, subcutaneous injection every 6 months (N=3886)  

Control 1: Placebo, subcutaneous injection every 6 months (N=3876) 

Outcomes Non-vertebral fractures 

 

Austin 2012 

Methods 
The FREEDOM trial: multinational, randomized, double-blind trial 

214 centers  

Participants 

N=7808  

Inclusion criteria: postmenopausal women with a BMD T-score < –2.5 at the lumbar 
spine or total hip and not < –4.0 at either site. 

Interventions 

Treatment duration: 3 years 

Intervention:  Denosumab 60 mg, subcutaneous injection every 6 months (N=3902) 

Control: Placebo, subcutaneous injection every 6 months (N=3906) 

Outcomes Vertebral and non-vertebral fractures 

 

Boonen 2011 

Methods 

The FREEDOM trial: 3-year, randomized, double-blind, placebo-controlled, phase 3 
trial - posthoc analysis in subgroups of women at higher risk of new vertebral and hip 
fractures 

213 sites worldwide 

Participants 

The FREEDOM study enrolled 7808 women. 

Inclusion criteria: Ambulatory postmenopausal women with a BMD T-score less than - 
2.5 at the lumbar spine or total hip but not less than -4.0 at either site were eligible to 
enroll in this study. Women with two or more vertebral deformities could be eligible, 
as long as there were no severe vertebral deformities and at most two moderate 
vertebral deformities 

Participants enrolled in both treatments were group according to their risk for new 
vertebral and hip fractures: 
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- For new vertebral fractures the higher-risk subgroups included women with the 
following: 1) two or more preexisting vertebral fractures of any degree of deformity, 
or one or more vertebral fracture of moderate or severe deformity, or both (prevalent 
vertebral fracture status); 2) a femoral neck BMD T-score of -2.5 or less; or 3) both 
multiple and/or moderate or severe vertebral deformities and a femoral neck BMD T-
score of -2.5 or less.  

- For hip fractures the higher-risk subgroups included women: 1) 75 yr old or older; 2) 
with a femoral neck BMD T-score of -2.5 or less; or 3) 75 yr old or older and with a 
femoral neck BMD T-score of -2.5 or less.  

Women who did not have the risk factor(s) specified were included in the lower-risk 
subgroups. 

Interventions 
Intervention: denosumab 60 mg, subcutaneous injection every 6 months (N=3886) 

Control: placebo, subcutaneous injection every 6 months (N=3876) 

Outcomes Vertebral and hip fractures. Vertebral fractures stratified by previous fracture risk 

 

Cummings 2009 

Methods FREEDOM: RCT, parallel group 

Participants 

Inclusion criteria: Women between the ages of 60 and 90 years with a bone mineral 
density T score of less than −2.5 at the lumbar spine or total hip.  

Exclusion criteria: Women were excluded if they had conditions that influence bone 
metabolism or had taken oral bisphosphonates for more than 3 years. If they had 
taken bisphosphonates for less than 3 years, they were eligible after 12 months with-
out treatment. Women were also excluded if they had used intravenous 
bisphosphonates, fluoride, or strontium for osteoporosis within the past 5 ye a r s; or 
parathyroid hormone or its derivatives, corticosteroids, systemic hormone-
replacement therapy, selective estrogen-receptor modulators, or tibolone, calcitonin, 
or calcitriol within 6 weeks before study enrollment. Although consensus conferences 
have not specified a permissible risk of fracture for placebo-controlled trials,9,10 
women were excluded if they had a bone mineral density T score of less than −4.0 at 
the lumbar spine or total hip or any severe (or more than two moderate) prevalent 
vertebral fractures. As part of the consent process, potential subjects were informed 
about alternative treatments for osteoporosis. Women were excluded if they had a 
serum 25-hydroxyvitamin D level of less than 12 ng per milliliter. Subjects with a 
baseline 25-hydroxyvi-tamin D level of 12 to 20 ng per milliliter were given at least 800 
IU of vitamin D daily, and those with a baseline level above 20 ng per milliliter were 
given at least 400 IU daily. If total hip bone mineral density decreased by more than 
7% during a 12-month period or by 10% or more during the study or if the T score 
dropped below −4.0, the subject was again counseled by the local study clinician about 
using alternative treatments in lieu of continuing to participate in the study. 

Interventions 

Treatment duration: 36 months 

Intervention: denosumab 60 mg, subcutaneous injections every 6 months (N=3902) 

Control: placebo, subcutaneous injections every 6 months (N=3906) 

Outcomes Vertebral, non-vertebral and hip fractures 
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Jamal 2011 

Methods FREEDOM Trial: a multicentre RCT 

Participants 

N=7808  

Inclusion criteria: Women between 60 and 90 years of age with a BMD T-score of 
greater than 4.0 and less than 2.5 at the lumbar spine or total hip. 

Exclusion criteria: Women were excluded if they had current hyper- or 
hypoparathyroidism, current hypocalcemia (albumin-adjusted serum calcium 
concentration below 2.13 mmol/L) or vitamin D deficiency (25-hydroxyvitamin D level 
less than 30 nmol/L). There were no exclusion criteria based on serum measures of 
kidney function or urinary protein. 

Interventions 

Treatment duration: 36 months 

Intervention: denosumab 60 mg, subcutaneously every 6 months (N=3902) 

Control: placebo, subcutaneously every 6 months (N=3906) 

Outcomes Vertebral and non-vertebral fractures 

 

Kanis 2021 

Methods 

The phase 3 “Fracture Reduction Evaluation of Denosumab in Osteoporosis Every 6 
Months” (FREEDOM) study: a double-blind, randomized, placebo controlled trial 

Multinational study of efficacy included women from Canada, Europe, Latin America, 
South America, and the USA 

Participants Inclusion criteria and exclusion criteria: not described in this paper.  

Interventions 

Intervention 1: 60-mg denosumab subcutaneously every 6 months for 36 months 
(N=3902) 

Control: placebo subcutaneously every 6 months for 36 months (N=3906) 

All women received supplements containing at least 1000 mg of calcium daily with 
vitamin D (400 to 800+ IU daily), the latter depending on the baseline serum 25-
hydroxyvitamin D level. 

Outcomes Vertebral, non-vertebral and hip fractures 

 

 

Kendler 2019 

Methods 

Posthoc analysis using data from the FREEDOM study, the placebo-controlled trial and 
its open-label extension 

FREEDOM trial: an international, multicenter, randomized, double-blind, placebo-
controlled 

The FREEDOM Extension duration was up to 7 years, for a total of 10 years of 
denosumab treatment from the start of the FREEDOM study. 

Participants 

Inclusion criteria: 

FREEDOM Trial - eligible women were postmenopausal, 60–90 years old, with a 
lumbar spine or total hip BMD T-score less than −2.5 at either site, but greater than or 
equal to − 4.0 at both locations. Eligible women could not have had any severe, or 
more than two moderate, vertebral fractures and were free of other secondary causes 
of bone loss.  
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FREEDOM Extension - women who completed the FREEDOM study 3-year visit and did 
not discontinue or miss more than one dose of investigational product in either the 
denosumab or placebo arm. 

Interventions 

FREEDOM Trial (3 years) 

     Intervention: denosumab s.c. 60 mg every 6 months for 3 years (N=272) 

     Control: placebo s.c. every 6 months (N=438) 

FREEDOM trial + Expansion (10 years) 

     Patients who had received intervention or control during the trial period were 
schedule to receive subcutaneous open-label denosumab 60 mg every 6 months (± 1 
month) during the extension period (N=794) 

Outcomes Clinical, vertebral, non-vertebral and hip fractures 

 

 

McCloskey 2012 

Methods 
FREEDOM study: RCT, parallel group 

Canada, Europe, Latin America, South America, and the United States. 

Participants 

7808 women were included in FREEDOM study 

Inclusion criteria: women between the ages of 60 and 90 years (mean 72 years) who 
had a BMD T-score of less than -2.5 at the lumbar spine or total hip but not less than -
4.0 at either site. 

Interventions 

Treatment duration: 36 months 

Intervention: Denosumab 60 mg, subcutaneously every 6 months (N=3902) 

Control: placebo, subcutaneously every 6 months (N=3906) 

Outcomes Clinical and hip fractures 

 

McClung 2012 

Methods 
FREEDOM study: RCT, parallel group 

Ambulatory, international and multicenter. 

Participants 

7808 women were included in FREEDOM study, the majority was white. 

Inclusion criteria: women aged 60 to 90 years with a BMDT-score <-2.5 at either the 
lumbar spine or total hip and >=-4.0at both sites. subjects with <=3 years of oral 
bisphosphonate use and no use within 1 year of enrollment could enroll in the study. 

Exclusion criteria: Women with more than two moderate vertebral fractures or any 
severe vertebral fracture, assessed by the semi quantitative grading of lateral spine 
radiographs. Subjects who had used oral bisphosphonates for >3 years. 

Interventions 

Treatment duration: 3 years 

Intervention: Denosumab 60 mg, subcutaneous injections every 6 months(N=3902) 

Control: placebo, subcutaneous injections every 6 months (N=3906) 

Outcomes Vertebral and non-vertebral fractures 
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Palacios 2015 

Methods Post-hoc analysis of the FREEDOM study 

Participants 

7808 women were included in the FREEDOM study 

Inclusion criteria: Women aged 60–90 years with a bone mineral density (BMD) T-
score of less than -2.5 but not less than -4.0 at either the lumbar spine or total hip; 
women with previous therapy for osteoporosis were eligible as long as they had not 
used intravenous bisphosphonates or strontium within the past 5 years; an oral 
bisphosphonate for more than 3 years; or parathyroid hormone or its derivatives, 
systemic hormone replacement therapy, or selective estrogen receptor modulators 
within 6 weeks before study enrolment. If they had taken bisphosphonates for less 
than 3 years, they were eligible after 12 months without treatment. 

Exclusion criteria: women that had any severe or more than two moderate prevalent 
vertebral fractures. 

Interventions 

Treatment duration: 36 months 

Intervention: Denosumab 60 mg, subcutaneous injections every 6 months (N=3900) 

Control: placebo, subcutaneous injections every 6 months (N=3903) 

Outcomes Clinical fractures, analysis stratified by previous fracture history and by age 

 

Simon 2013 

Methods 

Data from FREEDOM study, specifically: the DXA sub study, the QCT radius sub study 
and overall FREEDOM study. 

International, multicenter 

Participants 

Inclusion criteria: postmenopausal women aged 60 to 90 years with a DXA BMD T-
score lower than -2.5 at the lumbar spine or total hip. 

Exclusion criteria: women that had a BMD T-score lower than -4.0 at either site, any 
severe vertebral fracture or more than two moderate vertebral fractures, or 
conditions that affect bone metabolism; had taken oral bisphosphonates for more 
than 3 years; or had received intravenous bisphosphonates, fluoride, or strontium 
treatment for osteoporosis within the last 5 years. 

Interventions 

Treatment duration: 36 months 

Intervention: denosumab 60 mg, subcutaneous injections every 6 months (N=3902) 

Control: placebo, subcutaneous injections every 6 months (N=3906) 

Outcomes Non-vertebral fractures 
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The FREEDOM and STAND studies 

 

Reid 2010 

Methods 

 Analysis included data from two phase 3 clinical trials: 

-  FREEDOM: 36-month randomized, double-blind, placebo-controlled phase 3 trial. 

- STAND: Study of Transitioning from AleNdronate to Denosumab (STAND) was a 12-
month randomized, double-blind, double dummy, active-comparator phase 3 trial 

Participants 

Inclusion criteria: 

- FREEDOM: Participants were ambulatory postmenopausal women from 60 to 90 
years of age with a bone mineral density (BMD) T–score of less than –2.5 at the lumbar 
spine or total hip and greater than –4.0 at both sites. 

- STAND: Subjects were ambulatory postmenopausal women 55 years of age or older 
with BMD T-scores of between –2.0 and –4.0 at the lumbar spine or total hip. All 
participants had 6 months or more of prior alendronate treatment. 

 

Excluded criteria: Both studies excluded women who had a disease or condition known 
to affect bone metabolism, as well as patients with prior intravenous bisphosphonate 
use. 

- FREEDOM: Women were excluded if they had used oral bisphosphonates for more 
than 3 years or if they had taken oral bisphosphonates for more than 3 months and 
the last dose was within 1 year of enrollment 

 

Interventions 

FREEDOM 

Intervention: denosumab 60 mg administered as a subcutaneous injection every 6 
months 

Control: placebo 

 

STAND 

Intervention: subcutaneous denosumab 60-mg injection every 6 months plus an oral 
placebo tablet once weekly 

Control: placebo injection every 6 months plus a weekly oral alendronate tablet 

Outcomes Clinical fractures 
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The HORIZON-PFT (Health Outcomes and Reduced Incidence with Zoledronic Acid Once 

Yearly (HORIZON) Pivotal Fracture Trial (PFT)) 
 

Black 2007 

Methods 

The Health Outcomes and Reduced Incidence with Zoledronic Acid Once Yearly 
(HORIZON) Pivotal Fracture Trial.  

Multicenter, United States and Germany 

Participants 

N=7765 

Inclusion criteria: Postmenopausal women between the ages of 65 and 89 years were 
eligible for inclusion if they had a bone mineral density T score of −2.5 or less at the 
femoral neck, with or without evidence of existing vertebral fracture, or a T score of 
−1.5 or less, with radiologic evidence of at least two mild vertebral fractures or one 
moderate vertebral fracture. Previous use of oral bisphosphonates was allowed, with 
the duration of the washout period dependent on previous use (e.g., previous use of 
≥48 weeks required 2 years of washout). Concomitant use of the following 
osteoporosis medications was allowed at baseline and during follow-up: hormone 
therapy, raloxifene, calcitonin, tibolone, tamoxifen, dehydroepiandrosterone, 
ipriflavone, and medroxyprogesterone. 

Exclusion criteria: Ineligibility criteria included any previous use of parathyroid 
hormone or sodium fluoride, use of anabolic steroids or growth hormone within 6 
months before trial entry or oral or intravenous systemic corticosteroids within 12 
months, and any previous use of strontium. Patients with a serum calcium level of 
more than 2.75 mmol per liter or less than 2.00 mmol per liter were ineligible, as were 
patients with a calculated creatinine clearance of less than 30.0 ml per minute at 
either of two baseline visits or urine dipstick results of more than 2+ for protein, 
without evidence of contamination or bacteriuria. 

Interventions 

Patients were followed until 36 months 

Intervention: zoledronic acid 5 mg, 15 minute intravenous administration at baseline 
(day 0), at 12 months, and at 24 months (N=3875) 

Control: placebo, 15 minute intravenous administration at baseline (day 0), at 12 
months, and at 24 months (N=3861) 

Outcomes Clinical, vertebral, non-vertebral and hip fractures 

 

Black 2021 

Methods 

3-year  international,  randomized,  double-blind, placebo-controlled  phase  3 study,  
Health  Outcomes  and Reduced Incidence with Zoledronic Acid Once Yearly-Pivotal 
Fracture Trial (HORIZON-PFT). 

 

Multicenter, United States and Germany 

Participants 

N=7765 

Inclusion criteria: postmenopausal women age 65 to 89 years were eligible if the 
following criteria were met; BMD T-score at the femoral neck ≤2.5 or T-score ≤-1.5 
with at least two mild vertebral fractures or one moderate vertebral fracture. Previous 
use of oral bisphosphonates was allowed, with the duration of the washout period 
dependent on previous bisphosphonate use. The following concomitant osteoporosis 
medications were allowed at baseline and during follow-up: hormone therapy, 
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raloxifene, calcitonin, tibolone, tamoxifen, dehydroepiandrosterone, ipriflavone, and 
medroxy-progesterone. 

Exclusion criteria: Participants were ineligible if any of the following criteria were met: 
any previous use of parathyroid hormone, strontium, or sodium fluoride; use of 
anabolic steroids or growth hormone within 6 months before study entry; intravenous 
systemic corticosteroids within 12 months; or a calculated creatinine clearance <30 
mL/min 

Interventions 

Patients were monitored for 3 years. 

Intervention: ZOL 5 mg, 15 minutes intravenous administration at baseline (day 0), at 
12 months, and at 24 months (N=3862) 

Control: placebo infusion at baseline (day 0), at 12 months, and at 24 months 
(N=3852) 

All participants received oral daily calcium (1000 to 1500 mg) and vitamin D (400 to 
1200 IU). 

Outcomes Vertebral, non-vertebral and hip fractures 

 

Cauley 2011 

Methods 
The HORIZON-PFT: 3 year RCT 

240 clinical centers in 27 countries 

Participants 

7736 women with established osteoporosis, 79% of the women were white 

Inclusion criteria: All women in the HORIZON trial were between the ages of 65 and 89 
years, postmenopausal, and had a femoral neck bone mineral density (BMD) T-score 
of -2.5 or less with or without evidence of existing vertebral fractures or a T-score of -
1.5 or less with radiologic evidence of at least two mild or one moderate vertebral 
fracture. Prior bisphosphonate use was allowed, with the duration of washout period 
depending on duration of previous use. 

Interventions 

Intervention: Zoledronic acid 5 mg, 15-minute intravenous administration at baseline, 
12 months and 24 months (N=3875) 

Control: placebo, 15-minute intravenous administration at baseline, 12 months and 24 
months (N=3861) 

Outcomes Clinical fractures 

 

Eastell 2009 

Methods Subgroup analysis using data from HORIZON-PFT: a 36 month RCT, parallel group 

Participants 

Inclusion criteria: Postmenopausal women aged 65– 89 yr were eligible for inclusion if 
they had a femoral neck T-score ≤ -2.5 with or without evidence of an existing 
vertebral fracture, or a T-score ≤ -1.5 with radiological evidence of at least two mild or 
one moderate vertebral fracture(s). Prior oral bisphosphonate use was allowed, with 
washout duration dependent on previous use (e.g. > 48 wk of usage required a 2-yr 
washout). 

Interventions 

Intervention: zoledronic acid 5 mg, single infusion at baseline, 12 and 24 months 
(N=3875) 

Control: placebo, single infusion at baseline, 12 and 24 months (N=3861) 

Outcomes Vertebral, non-vertebral and hip fractures 
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Jacques 2012 

Methods 
Data from HORIZON-PFT: a prospective, randomized, double-blind, placebo-controlled 
multinational trial 

Participants 

N=7736  

Inclusion criteria: postmenopausal women that had a femoral neck BMD T-score of -
2.5 or less, with or without existing vertebral fracture, or a T-score of -1.5 or less, with 
radiological evidence of at least two mild vertebral fractures or one moderate 
vertebral fracture. Prior oral bisphosphonate use was allowed, with washout duration 
dependent on previous use (eg, >48 weeks of usage required a 2-year washout). 

Interventions 

Intervention: zoledronic acid, intravenous administration at baseline, 12 and 24 
months (N=3875) 

Control: placebo, intravenous administration at baseline, 12 and 24 months (N=3861) 

Outcomes Vertebral and non-vertebral fractures 

 

Popp 2014 

Methods Sub study of HORIZON; follow-up: 3 years 

Participants 

110 women were included in this analysis, mean age 77 years 

96 women completed the study over 36 months 

Inclusion criteria:  

- HORIZON Trial - Postmenopausal women between the ages of 65 and 89 years with 
osteoporosis, defined as a BMD T-score ≤ −2.5 at the FN with or without prevalent 
vertebral fracture or ≤−1.5 in the presence of at least two mild or one moderate 
vertebral fracture.   

- Sub study of HORIZON – In addition to the HORIZON Trial inclusion criteria, women 
had to have received at least one dose of study drug, had attended at least one follow-
up visit, and did not experience weight loss ≥ 10%. 

Interventions 

Intervention: 15-minute intravenous administration of ZOL 5 mg at baseline, 12 and 24 
months (N=55) 

Control: placebo at baseline, 12 and 24 months (N=55) 

Outcomes Clinical, vertebral and non-vertebral fractures 

 

Liberman  
 

Meunier 1997 

Methods 

RCT, parallel group, pooled data 

18 sites in the USA and 19 sites in Australia, Canada, Europe, Israel, Mexico, New 
Zealand and South America 

Participants 

Inclusion criteria: Postmenopausal women between 45 and 80 yr of age (mean 63) 
with osteoporosis, defined as lumbar spine BMD at least 2.5 SD below the young adult 
mean, without the requisite of an existing fracture, were eligible for participation.   

Exclusion criteria: women with other causes of osteoporosis (e.g., treatment with 
glucocorticoids) or other disorders of bone and mineral metabolism (e.g., vitamin D 
deficiency, Paget’s disease, or hyperparathyroidism); active peptic ulcer disease, 
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abnormal renal function (serum creatinine level, >1.5 mg per deciliter [130 mmol per 
liter]), or abnormal hepatic function; abnormalities of the lumbar spine precluding the 
assessment of bone mineral density at a minimum of three lumbar vertebrae or a 
history of hip fracture; or any prior treatment with bisphosphonates or treatment 
within the preceding 12 months with estrogen, progestin, calcitonin, fluoride, or an 
anabolic steroid. 

Interventions 

Intervention: alendronate - 5 mg/day or 10 mg/day for 3 years; or 20 mg/day for 2 
years followed by 5mg/day for the third year. (N=526) 

Control: placebo for 3 years (N=355) 

Outcomes Vertebral and non-vertebral fractures 

 

Tucci 1996 

Methods 
RCT, parallel group 

18 centers in the USA 

Participants 

478 women were enrolled in the study. 91% were Caucasian and 8% Asian 

Inclusion criteria: subjects were women 45 to 82 years of age who were 
postmenopausal for at least 5 years and who had osteoporosis as defined by a low 
lumbar spine bone mineral density (BMD) (less than 0.92 g/cm2 by Lunar DPX or less 
than 0.80 g/cm2 by Hologic QDR or Norland XI-26). Pre-existing vertebral fracture was 
not a requirement for eligibility. These subjects were otherwise in good health based 
on their medical history, physical examination, and laboratory screening evaluation, 
and were no more than 15% below or 30% above ideal body weight. Their spinal 
anatomy was suitable for dual-energy x-ray absorptiometry (DXA) of the lumbar spine, 
with at least three evaluable vertebrae from Ll-L4. 

Exclusion criteria: Criteria for exclusion included: 1) metabolic disease known to alter 
skeletal or mineral metabolism, 2) cancer, history of any illness, or significant end-
organ disease that might confound the results of the study or pose additional risk to 
the subject, 3) history of an osteoporotic fracture of the proximal femur, 4) active 
upper gastrointestinal disease, 5) significantly impaired renal function (serum 
creatinine >1.5 mg/dL), 6) use of medications known to alter skeletal or mineral 
metabolism, 7) daily use of medications which have appreciable potential for 
gastrointestinal irritation, and 8) use of any illicit drug, smoking of more than 20 
cigarettes per day, habitual ingestion of greater than six cups of coffee per day, or 
more than two alcohol containing beverages per day. 

Interventions 

Intervention 1: alendronate 5 mg/day for 3 years(N=98) 

Intervention 2: alendronate 10 mg/day for 3 years (N=94) 

Intervention 3: alendronate 20 mg/day for 2 years, switched to 5mg/day for the 3rd 
year (N=94) 

Control: placebo, daily for 3 years (N=192) 

Outcomes Non-vertebral fractures 
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The MORE (Multiple Outcomes of Raloxifene Evaluation) study  
 

Agnusdei 2000 

Methods 
The MORE trial: 36 month, placebo-controlled, double-blind randomized trial. 

180 centers in 25 countries. 

Participants 

Baseline and follow-up radiographs were available for 6828 women (89%) 

Inclusion criteria: women aged 31 to 80 years (a mean age of 67 years), who were at 
least 2 years postmenopausal and had no severe or chronically disabling conditions 
but who had osteoporosis, defined by low BMD or X ray evidence of vertebral 
fractures. 

Women were divided in 2 groups: 

- Study I: those whose femoral neck or lumbar spine BMD was more than 2.5 standard 
deviations below peak bone density, 

- Study II: and those with ≥1 moderate or ≥2 mild vertebral fractures in the presence of 
low BMD (as specified for Study I) or ≥2 moderate fractures, regardless of BMD.  

Interventions 

Study I 

Intervention: Raloxifene 60 mg or 120 mg per day (N= 2959) 

Control: placebo (N=1506) 

Study II 

Intervention: Raloxifene 60 mg or 120 mg per day (N= 1513) 

Control: placebo (N=757) 

Outcomes 
Vertebral and non-vertebral fractures. Vertebral fractures stratified by previous 
fracture history. 

 

Barrett-Connor 2004 

Methods 

The MORE study consisted of a 3-year core treatment phase (a randomized, double-
blind, placebo-controlled trial) followed by a 1-year extension phase for 4 years of 
total follow-up. During the 4th year women were allowed to take other bone-active 
agents, except oral estrogen or estrogen-progestin therapy. 

Posthoc analysis of the MORE trial based on data reported through 4 years of follow-
up. 

180 sites in 25 countries 

Participants 

N=7705, primarily white (96%). 

Inclusion criteria: Participants were at least 2 years postmenopausal and had 
osteoporosis defined by a BMD T score of 2.5 SD or less at the lumbar spine or femoral 
neck or radiographically apparent fractures 

Interventions 
Intervention 1: Raloxifene 60 mg or 120 mg per day (N=5129) 

Control: placebo (N=2576) 

Outcomes Hip fractures 
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Bjarnason 2001 

Methods 
The MORE trial 

180 centers in 25 countries 

Participants 

Analysis based on 3-year follow-up data from 2722 women. 

The study was stratified for radiologically significant prevalent vertebral fractures such 
that one third of the women had prevalent vertebral fractures (sub study II) and two-
thirds of the women had no significant deformities (sub study I). 

Inclusion criteria: postmenopausal women with a bone mineral density T-score of the 
spine or femoral neck below –2.5. 

Exclusion criteria: women diagnosed with an estrogen-sensitive cancer or had other 
diseases or treatments known to influence bone metabolism. 

Interventions 
Intervention: Raloxifene 60 mg or 120 mg per day (N=overall not stated) 

Control: placebo (N=overall not stated) 

Outcomes Vertebral fractures 

 

Delmas 2003 

Methods 
MORE: RCT, parallel group 

25 countries (including United States and Canada) 

Participants 

N=7705 

Inclusion criteria: Women who were at least 2 years postmenopausal and had no 
severe or long-term disabling conditions, but who had osteoporosis, defined as low 
bone mineral density or radiographically apparent vertebral fractures. 

Exclusion criteria: Women were excluded if they had experienced bone disease other 
than osteoporosis, substantial postmenopausal symptoms or abnormal uterine 
bleeding, endometrial carcinoma, a history of or suspected breast carcinoma at any 
time, or a history of non-skin cancer in the previous 5y; taken an androgen, calcitonin 
or BP within the previous 6 mo; been taking oral estrogen within the previous 2 mo,; 
been receiving fluoride therapy for more than 3 mo during the previous 2y.; 
undergone systematic glucocorticoid therapy for more than 1 mo within the past year; 
taken antiseizure drugs or pharmacologic doses of cholecalciferl; had a history of 
thromboembolic disorders within the last 10y (except in association with an injury; 
experienced endocrine disorders requiring therapy (except for type 2 diabetes or 
hypothyroidism)); had serum creatinine levels above 225 nmol/L (2.5 mg/dL); had 
active renal lithiasis, abnormal hepatic function, or untreated malabsorption; or 
consumed more than 4 alcoholic drinks per day. In addition, we excluded women with 
pathologic fractures, those from whom satisfactory thoracic and lumbar radiographs 
could not be obtained, and those with fewer than 2 lumbar and 4 thoracic vertebrae 
that were evaluable. 

Interventions 

Treatment duration: 3 years 

Intervention: raloxifene 60 mg/day (N=2557) 

Intervention: raloxifene 120 mg/day (N=2572) 

Control: placebo, daily (N=2576) 

Outcomes Vertebral and non-vertebral fractures 
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Ettinger 1999 

Methods 

RCT, parallel group 

180 centers in 25 countries (Approximately half the study subjects were recruited by a 
centralized campaign in the United States and Canada that used both print and radio 
advertisements.) 

Participants 

7705 women were enrolled in the study; 95.7% were white 

Inclusion criteria: women who were at least 2 years postmenopausal and had no 
severe or long-term disabling conditions but who had osteoporosis, defined as low 
bone mineral density or radiographically apparent vertebral fractures. 

Exclusion criteria: Women were excluded if they had experienced bone disease other 
than osteoporosis, substantial postmenopausal symptoms or abnormal uterine 
bleeding, endometrial carcinoma, a history of /or suspected breast carcinoma at 
anytime, or a history of non skin cancer in the previous 5 years; taken an androgen, 
calcitonin, or bisphosphonate within the previous 6 months; been taking oral estrogen 
within the previous 2 months; been receiving fluoride therapy for more than 3 months 
during the previous 2years; undergone systemic glucocorticoid therapy for more than 
1 month within the past year; taken anti seizure drugs or pharmacologic doses of 
cholecalciferol; had a history of thromboembolic disorders within the last 10 
years(except in association with an injury; experienced endocrine disorders requiring 
therapy (except for type 2 diabetes or hypothyroidism); had serum creatinine levels 
above 225 μmol/L (2.5 mg/dL); had active renal lithiasis, abnormal hepatic function, or 
untreated malabsorption; or consumed more than 4 alcoholic drinks per day. In 
addition, we excluded women with pathologic fractures, those from whom satisfactory 
thoracic and lumbar radiographs could not be obtained, and those with fewer than2 
lumbar and 4 thoracic vertebrae that were evaluable. 

Interventions 

(Intervention 1 and 2: N=4536) 

Intervention 1: raloxifene 60 mg per day 

Intervention 2: raloxifene 120 mg per day  

Control: placebo (N=2292) 

Outcomes Vertebral, non-vertebral and hip fractures 

 

Johnell 2004 

Methods 

MORE: a RCT, parallel group 

Multicenter in 25 countries (United States, Scandinavia, other parts of Europe, and 
other (Latin America and Asia)). Approximately half of the study subjects were 
recruited by a centralized campaign in the United States and Canada that used both 
print and radio advertisements  

Participants 

Inclusion criteria: women who were at least 2 years postmenopausal and had 
osteoporosis, defined as low BMD or a radiographically apparent vertebral fracture. 

Exclusion criteria: women were excluded if they had experienced bone disease other 
than osteoporosis, substantial postmenopausal symptoms or abnormal uterine 
bleeding, endometrial carcinoma, a history of or suspected breast carcinoma at any 
time, or a history of non-skin cancer in the previous 5 years; taken an androgen, 
calcitonin or BP within the previous 6 months; been taking oral estrogen within the 
previous 2 months; been receiving fluoride therapy for more than 3 months during the 
previous 2 years.; undergone systematic glucocorticoid therapy for more than 1 month 
within the past year; taken antiseizure drugs or pharmacologic doses of 
cholecalciferol; had a history of thromboembolic disorders within the last 10 years  
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(except in association with an injury; experienced endocrine disorders requiring 
therapy (except for type 2 diabetes or hypothyroidism)); had serum creatinine levels 
above 225 μmol/L (2.5 mg/dL); had active renal lithiasis, abnormal hepatic function, or 
untreated malabsorption; or consumed more than 4 alcoholic drinks per day. In 
addition, we excluded women with pathologic fractures, those from whom satisfactory 
thoracic and lumbar radiographs could not be obtained, and those with fewer than 2 
lumbar and 4 thoracic vertebrae that were evaluable. 

Interventions 

Treatment duration: 3 years 

Intervention: raloxifene 60 mg or 120 mg per day (N=4536) 

Control: placebo, daily (N=2292) 

Outcomes Vertebral fractures 

 

Kanis 2003 

Methods The MORE trial 

Participants 

N=3204 - subgroup of patients from the MORE study 

Inclusion criteria: women who were at least 2 years postmenopausal and had 
osteoporosis, defined by a T-score of 2.5 SD or less at the lumbar spine (L1–L4) or 
femoral neck based on the Hologic reference data or radiographically apparent 
fractures. 

Interventions 

Treatment duration: 36 months 

Intervention: raloxifene 60 mg/day (N=1577) 

Control: placebo, daily (N=1627) 

Outcomes Vertebral fractures, analysis stratified on LS T-score 

 

Kanis 2010 

Methods 

MORE: a RCT, parallel group 

Data from the 2 sub-studies was combined 

Up to 36 months of follow-up for efficacy and non-serious adverse events and up to 40 
months of follow-up for serious adverse events 

Multicenter in 25 countries 

Participants 

7705 women were recruited in MORE 

Inclusion criteria: women aged 31 to 80 years in 25 countries who had been 
postmenopausal for at least 2 years and who met World Health Organization criteria 
for having osteoporosis. Study group 1 included those in whom femoral neck or 
lumbar spine bone mineral density T-score was below −2.5 SD. Study group 2 included 
women who had low bone mineral density and one or more moderate or severe 
vertebral fractures, or two or more mild vertebral fractures, or who had at least two 
moderate fractures regardless of their bone mineral density. 

Exclusion criteria: Women were excluded if they had bone disease other than 
osteoporosis, had taken systemic glucocorticoid therapy for more than 1 month within 
the previous year or consumed more than 4 alcoholic drinks daily. 

Interventions 

Intervention 1: raloxifene 60 mg/day  

Intervention 2: raloxifene 120 mg/day  

Control: placebo, daily  
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Outcomes Clinical, vertebral and non-vertebral fractures 

 

Maricic 2002 

Methods The MORE Trial: randomized, placebo-controlled, double-blind 

Participants 
The MORE Trial enrolled 7705 postmenopausal women with osteoporosis, defined by 
a lumbar spine or femoral neck BMD T score at or below 2.5 and/or radiographically 
apparent prevalent vertebral fractures. 

Interventions 

3 year treatment  

Intervention 1: raloxifene hydrochloride 60 mg/d (N=2572) 

Intervention 2: raloxifene hydrochloride 120 mg/d (N=2557) 

Control: placebo (N=2576) 

Outcomes Vertebral fractures 

 

Qu 2005 

Methods 
The MORE trial: a double-blind, randomized, placebo-controlled, 4-year trial 

180 study centers 

Participants 

N=6828 

Inclusion criteria: postmenopausal women with osteoporosis (defined by a lumbar 
spine or femoral neck bone mineral density (BMD) T‐score ≤ –2.5 using the 
manufacturers’ reference databases, and/or radiographically apparent prevalent 
vertebral fractures) in MORE, who had a baseline and at least one follow-up 
radiograph. 

Interventions 

Intervention 1: raloxifene 60 mg/day (N=2259) 

Intervention 2: raloxifene 120 mg/day (N=2277) 

Control: placebo (N=2292) 

Outcomes Vertebral fractures 

 

Sarkar 2002 

Methods MORE trial, a 3-year RCT 

Participants 

7705 women enrolled in the MORE trial, from which 6828 of them had at least 1 post-
baseline BMD determination.  

Inclusion criteria: women at least 2 years postmenopausal 

Exclusion criteria: women that had bone disease other than osteoporosis, substantial 
postmenopausal symptoms, abnormal uterine bleeding, or endometrial carcinoma; 
women who had pathological fractures, women for whom satisfactory thoracic and 
lumbar spine radiographs could not be obtained, and women with fewer than two 
lumbar vertebrae that were evaluable. 

Interventions 
Intervention: raloxifene 60 mg/day or 120 mg/day(N=4536) 

Control: placebo, daily (N=2292) 

Outcomes Vertebral fractures 
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Sarkar 2004 

Methods 

MORE trial, a 3-year RCT 

Data from a subgroup of women enrolled in the MORE trial; 17 centers in 5 countries 
(North America, South America and Europe) 

Participants 

N=2503 women  

Inclusion criteria:  

- MORE Trial: postmenopausal women with osteoporosis with either BMD at least 2.5 
SD below the young adult mean or at least two radiographically apparent vertebral 
fractures women, 

- Specific of this study: women had paired (baseline and endpoint) measurements of 
FN BMD, serum osteocalcin (OC), and bone-specific alkaline phosphatase (ALP). 

Exclusion criteria: women that had experienced a bone metabolic disease other than 
osteoporosis; had a history of or suspected breast cancer; had abnormal 
postmenopausal uterine bleeding or endometrial cancer; had a diagnosis of cancer 
other than skin cancer in the previous 5 years; used an androgen, calcitonin, or 
bisphosphonate within the previous 6 months; taken an oral estrogen within the last 2 
months; had experienced a thromboembolic event within the last 10 years; received 
treatment for an endocrine disorder (other than type 2 diabetes or hypothyroidism); 
had renal lithiasis, abnormal hepatic function, or malabsorption; or consumed greater 
than four alcoholic drinks per day. 

Interventions 
Intervention: raloxifene 60 mg/day or 120 mg/day (N=1650) 

Control: placebo, daily (N=853) 

Outcomes Vertebral fractures 

 

Siris 2002 

Methods MORE trial 

Participants 

7705 women were enrolled in the MORE trial 

Inclusion criteria: women with osteoporosis, as defined by low bone mineral density 
(femoral neck or lumbar spine BMD T-score ≤ -2.5) and/or radiographically apparent 
vertebral fractures, who were at least 2 years postmenopausal. 

Interventions 

Treatment duration: 3 years 

Intervention 1: raloxifene 60 mg/day (N=2259) 

Intervention 2: raloxifene 120 mg/day (N=2277) 

Control: placebo, daily (N=2292) 

Outcomes Vertebral fractures, analysis stratified by previous fracture history 

 

Sontag 2010 

Methods 

The MORE trial, duration of 4 years: 

- a 3-year core treatment phase and  

- a 1-year extension phase (during which women were permitted to take other bone-
active agents, except for oral estrogen or estrogen–progestin therapy) 

180 sites in 25 countries 

Participants N=5114, primarily white (96%) 
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Inclusion criteria:  

Patients were enrolled into two sub-studies: 

-  One sub-study included patients whose femoral neck or lumbar spine BMD T-score 
was less than or equal to -2.5.  

- The other sub-study included patients with low BMD and one or more moderate or 
severe vertebral fractures or two or more mild vertebral fractures, or who had at least 
two moderate fractures regardless of their BMD.  

In the present report, prevalent vertebral fracture status was based upon the 
adjudicated fracture determination. 

Interventions 
Intervention: raloxifene 60 mg/day (N=2549) 

Control: placebo, daily (N=2565) 

Outcomes Vertebral fractures 

 

 

Silverman 2008 
 

Bueno 2017 

Methods 

3-year RCT, parallel-group, phase 3 trial 

206 sites in Asia–Pacific countries, Canada, Europe, Latin America, South Africa, and 
the United States 

Participants 

Full inclusion/exclusion criteria and methodology are available in the primary 
publication (Silverman 2008). 

 

Inclusion criteria: generally healthy women who were at least 2 years postmenopausal 
and had osteoporosis. 

Exclusion criteria: presence of any diseases/conditions that might affect bone 
metabolism or interfere with densitometry, pathologic vertebral fractures, any serious 
conditions (eg, endometrial hyperplasia or carcinoma, abnormal vaginal bleeding, 
malignancy within 10 years), or vasomotor symptoms requiring treatment. Women 
with a history or presence of venous thromboembolic events (VTEs) were also 
excluded. Use of androgens, systemic estrogens (except estriol ≤2.0 mg/d), topical 
estrogens (>3 times/wk), progestogens, SERMs, bisphosphonates, calcitonin, 
parathyroid hormone, or cholecalciferol (>50,000 IU/wk) within 6 months before 
screening was also cause for exclusion. 

 

Interventions 

N=7492 received intervention or placebo. 

Intervention 1: Bazedoxifene 20 mg/d 

Intervention 2: Bazedoxifene 40 mg/d  

Intervention 2: Bazedoxifene 60 mg/d  

Control: placebo, once daily  

All participants received oral calcium (up to 1200 mg/d) and vitamin D (400-800 IU/d) 
supplements. 

Outcomes Vertebral fractures and non-vertebral fractures 
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Bruyère 2012 

Methods 

RCT, phase 3 trial 

206 sites in Asia–Pacific countries, Canada, Europe, Latin America, South Africa, and 
the United States 

Participants 

Data was available for 5244 women. 

Inclusion criteria: healthy women between the ages of 55 and 85 with at least 2 years 
since menopause and with osteoporosis, defined as low BMD or radiographically 
confirmed vertebral fractures. Subjects without prevalent vertebral fracture were 
required to have lumbar spine or femoral neck BMD T scores between -2.5 and -4.0 
(inclusive), whereas subjects with prevalent vertebral fracture (at least one mild 
vertebral fracture) were required to have lumbar spine and femoral neck BMD T 
scores not worse than -4.0. 

Interventions 

3476 women were treated with Bazedoxifene. 

Intervention 1: Bazedoxifene 20 mg, taken orally once per day  

Intervention 2: Bazedoxifene 40 mg, taken orally once per day  

Control: placebo, taken orally once per day (N=1768) 

Outcomes Vertebral fractures 

 

Kanis 2009 

Methods 

3-year RCT, parallel group 

Included women from the Asia/Pacific countries, Canada, Europe, Latin America, South 
Africa, and the United States. 

Participants 

N=5643 

Inclusion criteria: Generally healthy women between the ages of 55 and 85yr were 
eligible for study inclusion if they were at least 2 yr postmenopausal and had 
osteoporosis, defined as low BMD or radiographically confirmed vertebral fractures. 
Subjects without prevalent vertebral fracture were required to have lumbar spine or 
femoral neck BMD T-scores between −2.5 and −4.0 (inclusive), whereas subjects with 
prevalent vertebral fracture (at least one mild vertebral fracture) were required to 
have lumbar spine and femoral neck BMD T-scores not worse than −4.0. 

Exclusion criteria: Women were excluded if they had diseases that may affect bone 
metabolism, conditions that could interfere with bone mineral densitometry, 
pathologic vertebral fractures, vasomotor symptoms requiring treatment, or serious 
conditions such as endometrial hyperplasia or carcinoma, abnormal vaginal bleeding, 
malignancy within 10 yr of the study, endocrine disorders requiring treatment, or 
untreated malabsorption disorders. Subjects with an active or history of deep vein 
thrombosis, pulmonary embolism, orretinal vein thrombosis were also excluded, as 
were subjects with elevated fasting total cholesterol or triglyceride levels (≥310 or 
≥300 mg/dl, respectively). The use of androgens, systemic estrogen (except estriol 
≤2.0 mg/d), topical estrogen (>3 times/wk), progestogens, SERMs, bisphosphonates, 
calcitonin, PTH, and cholecalciferol (>50,000 IU/wk) was prohibited within 6 mo of 
screening. 

Interventions 

Intervention 1: bazedoxifene 20 mg/day (N=1886) 

Intervention 2: bazedoxifene 40 mg/day (N=1872) 

Control: placebo, daily (N=1885) 
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Outcomes Clinical, vertebral and non-vertebral fractures 

 

Kaufman 2013 

Methods 
Phase III RCT, parallel group 

International, multicenter 

Participants 

7492 women were included 

Inclusion criteria: Postmenopausal women aged 55 to 85 years who had osteoporosis, 
defined as a lumbar spine or femoral neck BMD T-score of≤−2.5 or presence of at least 
one radiologically confirmed prior vertebral fracture. 

Exclusion criteria: Exclusion criteria included diseases that affect bone metabolism, 
malignancy, endometrial hyperplasia or carcinoma, a history of venous 
thromboembolic disease, an abnormal lipid profile, or use of certain hormonal 
medications for 6 months prior to screening 

Interventions 

Treatment duration: 3 years 

Intervention 1: bazedoxifene 20 mg/day (N=1886) 

Intervention 2: bazedoxifene 40 mg/day (N=1872) 

Intervention 3: raloxifene 60 mg/day (N=1849) 

Control: placebo, daily (N=1885) 

Outcomes Clinical, vertebral and non-vertebral fractures 

 

Silverman 2008 

Methods 

Phase 3 RCT, parallel group 

206 sites in Asia-Pacific countries, Canada, Europe, Latin America, South Africa, and 
the United States 

Participants 

7492 women were randomized to treatment and received at least one dose of study 
medication;  87% were white 

Inclusion criteria: Generally healthy women between the ages of 55 and 85yr were 
eligible for study inclusion if they were at least 2 yr postmenopausal and had 
osteoporosis, defined as low BMD or radiographically confirmed vertebral fractures. 
Subjects without prevalent vertebral fracture were required to have lumbar spine or 
femoral neck BMD T-scores between −2.5 and −4.0 (inclusive), whereas subjects with 
prevalent vertebral fracture (at least one mild vertebral fracture) were required to 
have lumbar spine and femoral neck BMD T-scores not worse than −4.0. 

Exclusion criteria: Women were excluded if they had diseases that may affect bone 
metabolism, conditions that could interfere with bone mineral densitometry, 
pathologic vertebral fractures, vasomotor symptoms requiring treatment, or serious 
conditions such as endometrial hyperplasia or carcinoma, abnormal vaginal bleeding, 
malignancy within 10 yr of the study, endocrine disorders requiring treatment, or un-
treated malabsorption disorders. Subjects with an active or history of deep vein 
thrombosis, pulmonary embolism, or retinal vein thrombosis were also excluded, as 
were subjects with elevated fasting total cholesterol or triglyceride levels (≥310 or 
≥300 mg/dl, respectively). The use of androgens, systemic estrogen (except estriol 
≤2.0 mg/d), topical estrogen (>3 times/wk), progestogens, SERMs, bisphosphonates, 
calcitonin, PTH, and cholecalciferol (>50,000 IU/wk) was prohibited within 6 mo of 
screening. 
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Interventions 

Intervention 1: bazedoxifene 20 mg, orally once daily (N=1886) 

Intervention 2: bazedoxifene 40 mg, orally once daily (N=1872) 

Intervention 3: raloxifene 60 mg, orally once daily (N=1849) 

Control: placebo, orally once daily (N=1885) 

Outcomes Vertebral fractures 

 

 

The VERO (The VERtebral fracture treatment comparisons in Osteoporotic women) Study 

 
Body 2020 

Methods 

VERtebral fracture treatment comparison in Osteoporotic women (VERO) trial: 
International, multicenter, randomized, double-blind, active-controlled, parallel group, 
24-month trial 

Clinical trial information: ClinicalTrials.gov Identifier: NCT01709110 

Participants 

Inclusion criteria: Eligible participants were ambulatory postmenopausal women aged 
> 45 years with a baseline bone mineral density (BMD) T-score less than or equal to 
−1.50 standard deviations (SD) at the femoral neck, total hip, or lumbar spine. Patients 
had to have radiographic evidence of at least two moderate (between a 26% and 40% 
reduction in vertebral body height) or one severe (more than 40% reduction in 
vertebral body height) prevalent vertebral fragility fractures according to the 
classification of Genant et al.. Prior use of bisphosphonates or other osteoporosis 
drugs was allowed. 

Exclusion criteria: Patients were excluded if they had (a) low serum 25-hydroxy-
vitamin D levels (< 9.2 ng/mL or 23 nmol/L), (b) abnormally elevated serum intact 
parathyroid hormone (PTH [1-84]) at baseline (> 72 pg/mL or > 7.6 pmol/L), or (c) 
significantly impaired renal function as defined by a calculated endogenous creatinine 

clearance of < 30 mL/min/m2. 

Interventions 
Intervention: 20 µg daily of s.c. teriparatide plus an oral weekly placebo (N=680) 

Control: 35 mg weekly of oral risedronate plus daily injections of placebo (N=680)  

Outcomes Clinical, vertebral and non-vertebral fractures 

 

Geusens 2018 

Methods VERO: a RCT, parallel group 

Participants 

Inclusion criteria: post- menopausal women with at least 2 moderate or 1 severe VFx, 
according to the classification of Genant and colleagues, and a BMD T -score of -1.5 
were enrolled. 

Exclusion criteria: 

Interventions 

Treatment duration: 24 months 

Intervention: 20 mg of s.c. teriparatide once daily plus oral weekly placebo (N=680)  

Control: 35 mg of oral risedronate once weekly plus daily injections of placebo (N=680) 

Outcomes Clinical and vertebral fractures 
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Geusens 2020 

Methods 

Post hoc analysis 

The vertebral fracture treatment comparisons in osteoporotic women (VERO): 
international, multicenter, randomized, double-blind, active-controlled, parallel-group, 
24-month trial 

116 centers in 14 countries across Europe, South and North America. 

Participants 

Inclusion criteria: Eligible participants were ambulatory postmenopausal women aged 
>45 years with a baseline BMD T-score less than or equal to −1.50 standard deviations 
(SD) at the femoral neck, total hip, or lumbar spine, assessed at the study site. Patients 
had to have radiographic evidence of at least two moderate (a reduction in vertebral 
body height of 26–40%) or one severe (>40% reduction) prevalent vertebral fragility 
fracture according to the classifcation of Genant et al. Prior use of bisphosphonates or 
other osteoporosis drugs was allowed. 

Exclusion criteria: Patients were excluded if they had (a) low serum 25-hydroxy-
vitamin D levels (< 9.2 ng/mL or 23 nmol/L), (b) abnormally elevated serum intact 
parathyroid hormone (PTH [1-84]) at baseline (> 72 pg/mL or > 7.6 pmol/L), or (c) 
significantly impaired renal function as defined by a calculated endogenous creatinine 

clearance of < 30 mL/min/m2. 

Interventions 

Intervention 1: injectable subcutaneous teriparatide (20 µg daily) plus an oral weekly 
placebo 

Intervention 2: oral risedronate (35 mg weekly) plus an injectable subcutaneous daily 
placebo 

Outcomes Vertebral fractures 

 

Kendler 2018 

Methods 
The VERO study: randomised, double-blind, active-controlled, parallel-group trial 

123 centers in 14 countries in Europe, South America and North America 

Participants 

1366 women participated in the VERO study (680 women in each treatment group 
started the treatment); most of the participants were white 

1013 women completed the trial (74.2%) 

Inclusion criteria: ambulatory post-menopausal women older than 45 years of age 
with a bone mineral density T score less than or equal to –1·50 SDs at the femoral 
neck, total hip, or lumbar spine. Participants had to have radiographic evidence of at 
least two moderate (i.e., a reduction in vertebral body height of 26–40%) or one 
severe (more than 40% reduction) prevalent vertebral fragility fracture according to 
the classification of Genant and colleagues. 

Exclusion criteria: We excluded patients with unresolved skeletal diseases other than 
osteoporosis, malignant tumors in the 5 years before screening, osteonecrosis of the 
jaw, previous atypical subtrochanteric femoral fractures, risk factors for osteosarcoma, 
gastrointestinal disorders contraindicating risedronate, significantly impaired hepatic 
function, or a calculated creatinine clearance less than 30 mL/min using the Cockcroft–
Gault equation. We also excluded patients who had undergone kyphoplasty or 
vertebroplasty at three or more levels before randomisation or within the 6 months 
before randomisation. Participants had to have normal baseline serum albumin-
corrected calcium, parathyroid hormone, and free thyroxine concentrations, and 25-
hydroxy-vitamin D concentration greater than 23 nmol/L. 
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Interventions 

Treatment phase of 24 months 

Intervention: injectable subcutaneous teriparatide 20 μg daily plus an oral weekly 
placebo (N=680) 

Control: oral risedronate 35 mg weekly plus injectable subcutaneous daily placebo 
(N=680) 

Outcomes Clinical, vertebral and non-vertebral fractures 

 

Kendler 2020 

Methods 
The VERtebral fracture treatment comparisons in Osteoporotic women (VERO) trial: 
international, multicenter, randomized, double-blind, active-controlled, parallel-group, 
24-month trial 

Participants 

Inclusion criteria: ambulatory postmenopausal women over 45 years of age with a 
BMD T-score ≤-1.5 standard deviations at the femoral neck, total hip, or lumbar spine, 
and radiographic evidence of at least 2 moderate or 1 severe prevalent vertebral 
fragility fractures according to the classification of Genant et al.. 

Exclusion criteria: Exclusion criteria included low serum 25-hydroxy-vitamin D (25OHD) 
levels (< 9.2 ng/mL or 23 nmol/L), abnormally elevated serum intact parathyroid 
hormone (PTH [1–84]) at baseline (> 72 pg/mL or > 7.6 pmol/L), and significantly 
impaired renal function as defined by a calculated endogenous creatinine clearance of 
< 30 mL/min/m2. 

Interventions 

Treatment 1: injectable subcutaneous teriparatide (20 μg) daily plus an oral weekly 
placebo 

Treatment 2: oral risedronate (35 mg) weekly plus injectable subcutaneous daily 
placebo 

Outcomes Vertebral, clinical, non-vertebral and major non-vertebral fractures 

 

Minisola 2019 

Methods 
The VERO study: an international, multicenter, randomized, double-blind, active-
controlled, parallel-group, 24 months trial (ClinicalTrials.gov Identifier: NCT01709110). 

Participants 

1360 women included in the VERO study; 74.2 % completed the 24-month trial 

Inclusion criteria: ambulatory postmenopausal women over 45 years of age with a 
bone mineral density Tscore ≤ − 1.5 standard deviations (SDs) at the femoral neck, 
total hip, or lumbar spine, and with radiographic evidence of at least two moderate or 
one severe prevalent vertebral fragility fracture according to the classification of 
Genant et al. 

Exclusion criteria: Patients with serum 25(OH)D levels < 9.2 ng/mL (23 nmol/L) were 
excluded from the study, as well as patients with abnormally elevated values of serum 
intact parathyroid hormone (PTH) (1–84) at baseline defined as > 72 pg/mL (or > 7.6 
pmol/L) and significantly impaired renal function as defined by a calculated 
endogenous creatinine clearance of < 30 mL/min/m2. 

Interventions 

Treatment duration: 24 months 

Intervention: injectable subcutaneous teriparatide 20 μg daily plus an oral weekly 
placebo (N=680) 

Control: oral risedronate 35 mg weekly plus injectable subcutaneous daily placebo 
(N=680) 
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Outcomes Clinical, vertebral and non-vertebral fractures 

 

 

The VERT (Vertebral Efficacy with Risedronate Therapy) Trials 
 

Harris 1999 

Methods 
VERT: a RCT, parallel group 

110 study centers in North America 

Participants 

2458 women met the entry criteria; 96% were white 

Inclusion criteria: No older than 85 years; if 5 years had elapsed since natural or 
surgical menopause, and if they had either 2 or more radiographically identified 
vertebral fractures (T4-L4, inclusive) or 1 vertebral fracture and lumbar-spine (L1-L4) 
BMD (defined as <=0.83 g/cm2 [Hologic instrument] or <=0.94 g/cm2 [Lunar 
instrument]). These values represent a t-score of -2 (2 SDs below the mean for young 
adults). 

Exclusion criteria: Women were excluded if they had conditions that might interfere 
with the evaluation of spinal bone loss, or if they had received drugs known to affect 
bone metabolism (such as calcitonin, calcitriol or cholecalciferol supplements within 1 
mo prior to study entry; anabolic steroids, estrogen or estrogen-related drugs, or 
progestins within 3 mo; or biphosphonates, fluoride or subcutaneous estrogen 
implants within 6 mo). 

Interventions 

Treatment duration: 3 years 

Intervention 1: risendronate 5 mg/day, once daily for 3 year (N=813) 

Control: placebo, once daily for 3 years (N=815) 

Outcomes Vertebral, non-vertebral and hip fractures 

 

Kanis 2005 

Methods 

VERT-MN and VERT-NA: phase III RCT 

VERT-MN – Europe and Australasia 

VERT-NA – North America 

Participants 

N=1802 patients that had paired spine radiographs 

Inclusion criteria:  

VERT-MN – enrolled postmenopausal women with at least two prevalent vertebral 
fractures;  

VERT-NA – enrolled postmenopausal women with either low lumbar spine BMD (T-
score ≤ -2 SD) and one radiographically confirmed prevalent vertebral fracture or at 
least two prevalent vertebral fractures irrespective of BMD.  

In both trials, patients were required to be ambulatory, <85 years of age, and at least 5 
years postmenopausal 

Exclusion criteria: Randomized trial of the effects of risedronate on vertebral fractures 
in women with established postmenopausal osteoporosis. Vertebral Efficacy with 
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Risedronate Therapy (VERT) Study Group. Those patients enrolled because of low 
lumbar spine BMD and one prevalent vertebral fracture were excluded. 

Interventions 

Treatment duration: 3 years 

Intervention: risedronate 5 mg, daily (N=892) 

Control: placebo, daily (N=910) 

Outcomes Vertebral fractures 

 

Reginster 2000 

Methods 

RCT, parallel group 

Study duration: 3 years 

80 study centers in Europe and Australia 

Participants 

1226 women were randomized 

Inclusion criteria: Ambulatory women up to 85 years old and at least 5 years 
postmenopausal were eligible if they had at least two radiographically confirmed 
vertebral (T4–L4) fractures. 

Exclusion criteria: Exclusion criteria included conditions that might interfere with 
evaluation of spinal osteoporosis, and use of calcitonin, calcitriol or vitamin D 
supplements within 1 month, anabolic steroids, estrogen, estrogen-related drugs or 
progestogen within 3 months, or bisphosphonates, fluoride or subcutaneous estrogen 
implant within 6 months. 

Interventions 

Intervention 1: risedronate 2.5 mg, once daily for 2 years (N=410) 

Intervention 2: risedronate 5 mg, once daily for 3 years (N=408) 

Control: placebo, once daily for 3 years (N=408) 

Outcomes Vertebral, non-vertebral and hip fractures 

 

Watts 2003 

Methods 

Analysis using data from two similar randomized, double-blind, placebo-controlled 
studies of the effect of risedronate on vertebral fracture, Vertebral Efficacy with 
Risedronate Therapy (VERT) Multinational (VERT-MN) and VERT-North America (VERT-
NA)  

Participants 

Inclusion criteria: In both studies, patients were required to be ambulatory, no older 
than 85 yr of age, and at least 5 yr postmenopausal: 

- VERT-MN enrolled 1226 postmenopausal women at 80 centers in Europe and 
Australia. Patients in this study were required to have two or more prevalent 
radiographically confirmed thoracolumbar (T4–L4) vertebral fractures. 

- VERT-NA enrolled 2458 postmenopausal women at 110 centers in North America. 
Patients were required to have two or more prevalent radiographically confirmed 
vertebral fractures (T4–L4) or one vertebral fracture and low lumbar spine (L1–L4) 
bone mineral density [BMD; defined as ≤0.83 g/cm2 (Hologic instrument) or ≤0.94 
g/cm2 (Lunar instrument)]. The cutoff values for low lumbar spine BMD represent a T-
score of -2 (2 SD values below the mean for young adults). 

Exclusion criteria: Women were excluded from the studies if they had conditions that 
might interfere with the evaluation of spinal bone loss, or if they had received drugs 
known to affect bone metabolism. 
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Interventions 

Intervention 1: risedronate 2.5 mg/d 

Intervention 2: risedronate 5 mg/d 

Control: placebo, daily 

Outcomes Vertebral fractures 

 

 

The VERT trials and the HIP trial 

 

Roux 2012 

Methods 

Posthoc analysis of subset of patients participating in three prospective, randomized, 
placebo controlled clinical trials, with durations of up to 3 years (Vertebral Efficacy 
with Risedronate Trial–MultiNational (VERT-MN); Vertebral Efficacy with Risedronate 
Trial–North America (VERT-NA); and the risedronate Hip Intervention Program (HIP)). 

North America, Multinational 

Participants 

N=5454  

Inclusion criteria: Subjects that had participated the VERT-MN, VERT-NA and HIP and 
that received risedronate 5 mg/day or placebo with paired evaluable spinal X-rays. 

Interventions 
Intervention: Risedronate 5mg/day (N=2729) 

Control: placebo (N=2725) 

Outcomes Vertebral fractures 

 

Seibel 2004 

Methods 
Subgroup analysis using data from 3 large clinical trials - the multinational and the 
North American VERT (Vertebral Efficacy with Risedronate Therapy) and the HIP (Hip 
Intervention Program) studies. 

Participants 

N=1593 

Inclusion criteria:  

- VERT trials - postmenopausal women with two vertebral fractures or one vertebral 
fracture and a low lumbar spine BMD (T-score < -2 SD), 

- HIP trial - postmenopausal women 70–79 years of age with low femoral neck BMD (T-
score < -3 SD) or at least 80 years of age with at least one non-skeletal risk factor for 
hip fracture, 

- subset of patients specifically for this study: Patients from the VERT trial and patients 
with a baseline femoral neck T-score ≤ -2.5 SD from the HIP trial. Patients who had 
baseline measurements of urinary excretion of deoxypyridinoline and took at least one 
dose of study medication and had baseline and at least one post-baseline spinal 
radiograph. 

Interventions 

Treatment duration: 3 years 

Intervention: risedronate 5 mg, daily (n=795) 

Control: placebo, daily (n=798) 

Outcomes Vertebral fractures 
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Watts 2005 

Methods 

Analysis using data from 3 randomized, double-blind, placebo-controlled, parallel 
group, phase III clinical studies conducted in parallel: the Vertebral Efficacy with 
Risedronate Therapy North America (VERT-NA) and Multinational (VERT-MN) clinical 
studies and the Hip Intervention Program (HIP) study 

Participants N=3979 

Interventions 

Treatment duration: up to 3 years 

Intervention: risedronate 2.5 mg or 5 mg, daily (n=1418) 

Control: placebo, daily (n=2561) 

Outcomes Non-vertebral fractures 

 

 

The VERT and BMD trials 

 

Siris 2008 

Methods 
Posthoc analysis with data from the subsets of postmenopausal women with 
osteopenia from 4 RCTs: BMD Multinational, BMD North America, VERT Multinational 
and VERT North America. 

Participants 

N=620 

Inclusion criteria: postmenopausal women who had no radiographic vertebral 
fractures at baseline and had a femoral neck T-score between −1 and −2.5 SD as 
measured by DXA (NHANES III). 

Exclusion criteria: patients treated with estrogen and estrogen-related drugs within 3 
months of study entry or for more than 1 month within 6 months of study entry. 

Interventions 

Treatment duration: 1.5 to 3 years 

Intervention: risedronate 5mg/day (N=311) 

Control: placebo, daily (N=309) 

Outcomes Major osteoporotic, vertebral and non-vertebral fractures 
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The ZEST (Zoledronic acid in frail Elders to STrengthen bone) study 
 

Greenspan 2015 

Methods 

ZEST (the Zoledronic acid in frail Elders to STrengthen bone study): a 2-year RCT, 
parallel group 

Pittsburgh, Pennsylvania area 

Participants 

N=181 

Inclusion criteria: We included frail women 65 years or older who resided in a nursing 
home or assisted-living facility, who were not receiving a bisphosphonate, and who 
had either a history of vertebral or hip fracture or a measured BMD below the 
treatment cutoff for osteoporosis (based on 2003 National Osteoporosis Foundation 
guidelines: lower than −2.0 SD at the spine, hip, or radius [i.e., more than 2 standard 
deviations below the bone density of a healthy 30-year-old]). All women whose 25-
hydroxyvitamin D levels were lower than 20 ng/dL received vitamin D supplements (50 
000 IU/wk for 2 months) and were rescreened. All participants received a daily divided 
dose of vitamin D (800 IU/d) and 1200 mg/d of elemental calcium (supplement plus 
diet). We included women who had cognitive and functional impairment, immobility, 
multiple medical conditions, and who were prescribed multiple medications (including 
glucocorticoids and antiseizure medications). 

Exclusion criteria: We excluded those with a projected life expectancy of less than 2 
years or an estimated glomerular filtration rate below 30 mL/min. 

Interventions 
Intervention: zoledronic acid 5 mg, one infusion(N=89) 

Control: placebo, one infusion (N=92) 

Outcomes Clinical and vertebral fractures 
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S5 Table. Funding and conflict of interest statements of included studies 

Reference 

Author Year 

Funding sources / 
Sources of support 

 (as stated in the 
manuscript) 

 Conflict of interest 

 (as stated in the manuscript) 

Adachi 2009 

Financial support for 
this research and its 
publication was 
provided by Merck & 
Co., Inc., Rahway, New 
Jersey, the 
manufacturer of 
Fosamax. 

Drs. Adachi, Faraawi, O’Mahony, and Nayar have received funding from 
Merck for clinical studies and/or have acted as consultants or speakers 
for Merck. Dr. Massaad, Ms. Yacik, and Dr. Evans are employees of 
Merck and may hold stock options in the company. Dr. Adachi has 
received consultant’s fees from, been a member of the speakers’ 
bureau of, or participated in clinical trials for Amgen Canada Inc., 
AstraZeneca Pharmaceuticals LP, Eli Lilly Canada Inc., GlaxoSmithKline, 
Merck, Novartis Pharmaceuticals Corporation, Pfizer Inc., Procter and 
Gamble Pharmaceuticals, Roche Diagnostics Corp, sanofi-aventis 
Canada Inc., Servier, and Wyeth Pharmaceuticals. 

Adami 2008 

This study was funded 
by Lilly Research 
Laboratories, Eli Lilly 
andCompany, 
Indianapolis IN. 

Drs. Li Xie, Gail P. Dalsky, and Adrien Sipos are full-time employees of Eli 
Lilly and Company. Dr. Javier San Martin was an employee of Eli Lilly and 
Company at the time the study was done. This study was funded by Lilly 
Research Laboratories, Eli Lilly and Company, Indianapolis IN. 

Anastasilakis 
2015 

Not stated. 

Athanasios D. Anastasilakis has received lecture fees and research grant 
from Amgen and lecture fees from Lilly; Stergios A. Polyzos has received 
lecture fee and research grant from Amgen; Athina Gkiomisi, Zacharias 
G. Saridakis, Dimitrios Digkas, Ilias Bisbinas, Grigorios T. Sakellariou, 
Athanasios Papatheodorou, and Panagiotis Kokkoris have nothing to 
declare. Polyzois Makras has received lecture fees and research grants 
from Amgen, and lecture fees from Glaxo, Lilly, Pfizer, Leo, Genesis, 
ELPEN, VIANEX. Neither Amgen nor Novartis had any implication in any 
stage of this study (study’s conception and design, analysis and 
interpretation of data, drafting, or revising the manuscript). 

Aro 2018 

This investigator-
initiated academic 
investigation had a 
shared funding from 
the Academy of Finland 
(contract #117058), 
Novartis Inc. (contract 
CDJN608 FI01), and 
Turku University 
Hospital (government-
sponsored research 
contract #13705). The 
femoral component 
was RSA-marked by 
Stryker Inc., and the 
hospital purchased the 
implants without extra 
charge. The sponsors 

The authors declare that they have no conflict of interest 



172 
 

Reference 

Author Year 

Funding sources / 
Sources of support 

 (as stated in the 
manuscript) 

 Conflict of interest 

 (as stated in the manuscript) 

had no further role in 
the study. 

Ascott Evans 
2003 

This study was funded 
by Merck & Co, Inc, 
which markets 
alendronate. 

Ms Vandormael and Drs Stuch and Melton are employees of Merck & 
Co, Inc and own stock in the company. 

Barrett-
Connor 2006 

Supported by Eli Lilly, 
Indianapolis. 

Dr. Barrett-Connor reports having received salary support from Eli Lilly 
for serving as principal investigator and as an investigator at a clinical 
site for the RUTH trial; having served on paid advisory boards for Merck, 
Eli Lilly, Procter & Gamble, and Amgen; and having received grant 
support from Amgen. Dr. Mosca reports having received consulting fees 
from Eli Lilly and Organon. Dr. Collins reports having received consulting 
fees from Eli Lilly, Berlex, Merck, Pantarhei, and Pfizer; having received 
lecture fees from Berlex, Merck, Pfizer, Novo Nordisk, and Organon; and 
having received grant support from Eli Lilly, Organon, and Merck. Dr. 
Grady reports having received salary support, by means of contracts 
with the University of California, San Francisco, from Berlex, Eli Lilly, 
Merck, Pfizer, and WyethAyerst Research and consulting fees for 
chairing a data and safety monitoring board at Organon. Dr. Kornitzer 
reports having received grant support and lecture fees from Eli Lilly, 
Merck, Bristol-Meyers Squibb, Sandoz, and AstraZeneca. Dr. Wenger 
reports having received salary support from Eli Lilly for serving as 
coprincipal investigator and as principal investigator at a clinical site for 
the RUTH trial; having received consulting fees from Eli Lilly, CV 
Therapeutics, NitroMed, Schering-Plough, and the Leadership Council 
for Improving Cardiovascular Care; having received speaker’s fees from 
Pfizer, Novartis, Merck, Eli Lilly, and NitroMed; and having received 
research grants or contracts or having served on trial steering 
committees for Eli Lilly, AstraZeneca, and Pfizer. Dr. Geiger and Ms. 
McNabb are full-time employees and stockholders of Eli Lilly. No other 
potential conflict of interest relevant to this article was reported.  

Bell 2002 Not stated. Not stated. 

Bock 2012 

This study was 
supported by an 
unrestricted research 
grant from Roche 
Pharma AG. 

Dieter Felsenberg has acted as a consultant and speaker for Roche, 
Novartis, Procter and Gamble and MSD but has not received royalties 
from the companies. Oliver Bock has acted as a speaker for the same 
companies. Other research studies of the Center for Muscle and Bone 
Research have been supported financially by Roche, Novartis, Procter 
and Gamble and MSD. Peter Martus received an institutional grant from 
Roche. All other authors have no conflicts of interest. 

Body 2002 

This work was 
supported by a grant 
from Eli Lilly and Co. 
(India- napolis, IN). 

Not stated. 
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Bone 1997 
This work was 
supported by Merck 
Research Laboratories. 

Not stated. 

Bone 2000 

This work was 
supported by grants 
from Merck Research 
Laboratories. 

Not stated. 

Bone 2008 
This work was 
supported by Amgen 
Inc. 

H.G.B. is an investigator, consultant, and/or speaker for Amgen Inc., 
Osteologix, Nordic Bioscience, Merck, Zelos, Pfizer, Eli Lilly, GSK/Roche, 
NPS Pharmaceuticals, and Novartis. M.A.B. is a consultant and/or 
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for Amgen Inc. and an advisory board member for Amgen Canada, 
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Wyeth, Amgen Inc., Zelos, Pfizer, and Servier. H.W., Y.L., and J.S.M. are 
employed by Amgen Inc. 

Brown 2009 

This study was 
supported by Amgen 
(Thousand Oaks, CA, 
USA). 

Dr Brown is an investigator for Amgen and has served as a consultant 
for and/or received honoraria or research funding from Abbott, Amgen 
Arthrolab, Bristol Myers Squibb, Eli Lilly, Genizon, GlaxoSmithKline, 
Merck Frosst, Nicox, Novartis, Pfizer, Procter & Gamble, Roche, Sanofi-
Aventis, Servier, Roche, Wyeth, and Zelos. Dr Prince is an investigator 
for Amgen and has received honoraria or research funding and/or 
served as a consultant for Eli Lilly, Merck, Novartis, and Servier. Dr Deal 
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received research funding or consulting fees from Amgen, Eli Lilly, 
GlaxoSmithKline, Novartis, and Procter & Gamble. Dr Recker is an 
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& Gamble, Roche, and Wyeth. Dr Kiel has received honoraria and/or 
research funding from Amgen, Hologic, Merck, Novartis, and Pfizer and 
has served as a consultant or on the speakers bureau for Amgen, Eli 
Lilly, GSK, Merck, Novartis, Procter & Gamble, Roche, and Wyeth. Dr 
Alvaro-Gracia is an investigator for Amgen. Dr de Gregorio has received 
research grants from Amgen, Merck, and Roche. Dr Hadji is an 
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by Amgen Inc., Astellas 

Jacques P. Brown has received research support from Mereo 
BioPharma, Radius Health, and Servier; has served as a consul-tant for 
Amgen and Servier; and has served on speakers’ bureaus for Amgen. 
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Cesar Libanati is an employee of UCB Pharma and owns stock in UCB 
Pharma 

Clemmesen 
1997 

Not stated. Not stated. 
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AR39191 and DK46381. 

Not stated. 

Cosman 2005 

Supported in part by a 
grant (AR39191) from 
the National Institutes 
of Health. 

Dr. Cosman reports having received speakers’ fees from Eli Lilly, Merck, 
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from Procter & Gamble; consults for Amgen, Eli Lilly, GlaxoSmithKline, 
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S1 Fig. Funnel Plots 

Funnel plot of comparison: Treatment vs. Placebo, outcome: Clinical fractures 
 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor agonist [PTHR], 

placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators [SERM], SE [standard 

error], RR [risk ratio] 
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Funnel plot of comparison: Treatment vs. Comparator, outcome: Clinical fractures 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor agonist [PTHR], 

romosozumab [Romo], selective oestrogen receptor modulators [SERM], SE [standard error], RR [risk ratio]  
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Funnel plot of comparison: Treatment vs. Placebo, outcome: Vertebral fractures 
 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor agonist [PTHR], 

placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators [SERM], SE [standard 

error], RR [risk ratio] 
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Funnel plot of comparison: Treatment vs. Comparator, outcome: Vertebral fractures 

 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor agonist [PTHR], 

romosozumab [Romo], selective oestrogen receptor modulators [SERM], SE [standard error], RR [risk ratio] 
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Funnel plot of comparison: Treatment vs. Placebo, outcome: Non-vertebral fractures 
 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor agonist [PTHR], 

selective oestrogen receptor modulators [SERM], SE [standard error], RR [risk ratio] 
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Funnel plot of comparison: Treatment vs. Comparator, outcome: Non-vertebral fractures 

 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor agonist [PTHR], 

romosozumab [Romo], selective oestrogen receptor modulators [SERM], SE [standard error], RR [risk ratio] 
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Funnel plot of comparison: Treatment vs. Placebo, outcome: Hip fractures 
 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor agonist [PTHR], 

placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators [SERM], SE [standard 

error], RR [risk ratio] 
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S6 Table. Estimates of effects and quality ratings for comparison of drugs 
 

Estimates of effects and quality ratings for comparison of drugs to prevent vertebral 

fractures 

 Direct evidence Network meta-analysis 

 Relative Risk  
[95% CI] 

Absolute Risk* 
[95% CI]  

 

Odds Ratio 
[95% CI] 

Certainty of 
Evidence 

Comparison     

PTHR v PBO 0.24 [0.14, 0.41] 96 fewer per 1000 
[from 112 fewer to 74 fewer]§ 

- MODERATEa 

SERM v PBO 0.67 [0.52, 0.86] 14 fewer per 1000 
[from 20 fewer to 6 fewer] §§ 

- MODERATEa 

Romo v PBO 0.27 [0.16, 0.47] 13 fewer per 1000 
[from 15 fewer to 10 fewer] §§§ 

- MODERATEa 

PTHR v BP 0.43 [0.31, 0.60] 63 fewer per 1000 
[from 77 fewer to 44 fewer] §§§§ 

- MODERATEa 

Dmab v BP 0.80 [0.15, 4.24] - - LOWa,d 
Romo v BP 0.52 [0.43, 0.64] 57 fewer per 1000 

[from 68 fewer to 43 fewer] §§§§§ 
- MODERATEa 

Romo v PTHR - - - LOWa,d 
BP v Dmab - - 1.83 [1.14, 2.93] MODERATEa 
BP v PBO 0.61 [0.52, 0.70] 26 fewer per 1000 

[from 32 fewer to 20 fewer] 

§§§§§§ 

0.58 [0.50, 0.67] MODERATEa 

BP v PTHR - - 2.51 [1.82, 3.46] MODERATEa 
BP v Romo - - 2.06 [1.40, 3.03] MODERATEa 
BP v SERM 1.64 [0.61, 4.38] - 0.97 [0.73, 1.29] LOWa,d 
Dmab v PBO 0.33 [0.26, 0.41] 46 fewer per 1000 

[from 50 fewer to 40 fewer] 

§§§§§§§ 

0.32 [0.20, 0.50] MODERATEa 

Dmab v PTHR - - 1.37 [0.79, 2.39] LOWa,d 
Dmab v Romo - - 1.13 [0.62, 2.06] LOWa,d 
Dmab v SERM - - 0.53 [0.32, 0.89] LOWa,d 
PBO v PTHR - - 4.36 [3.15, 6.01] MODERATEa 
PBO v Romo - - 3.58 [2.41, 5.32] MODERATEa 
PBO v SERM - - 1.69 [1.32, 2.16] MODERATEa 
PTHR v Romo - - 0.82 [0.50, 1.35] LOWa,d 
PTHR v SERM - - 0.39 [0.26, 0.58] MODERATEa 
Romo v SERM - - 0.47 [0.30, 0.75] MODERATEa 

Abbreviations: Bisphosphonates [BP], confidence interval [CI], denosumab [Dmab], parathyroid hormone receptor 
[PTHR] agonists, placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators [SERM]. 
*The absolute measure of intervention effects is a difference between the baseline risk of an outcome (median in 
control group) and the risk of outcome after the intervention is applied. § Baseline risk calculated from Neer 2001; §§ 

Baseline risk calculated from Silverman 2008;  §§§ Baseline risk calculated from Cosman 2016; §§§§ Baseline risk 
calculated from Cosman 2005; §§§§§ Baseline risk calculated from Saag 2017; §§§§§§ Baseline risk calculated from Bone 
1997; §§§§§§§ Baseline risk calculated from Cummings 2009 
a Downgraded due to serious risk of bias; b Downgraded due to serious risk of inconsistency; c Downgraded due to 

serious risk of indirectness; d Downgraded due to serious risk of imprecision; e Downgraded due to serious risk of 

publication bias.  
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Estimates of effects and quality ratings for comparison of drugs to prevent non-vertebral 

fractures. 

The network meta-analysis did not provide information on non-vertebral fractures 

 Direct evidence Network meta-analysis 

 Relative Risk  
[95% CI] 

Absolute Risk* 
[95% CI]  

 

Odds Ratio 
[95% CI] 

Certainty of 
Evidence 

Comparison     

PTHR v PBO 0.63 [0.48, 0.82] 15 fewer per 1000 
[from 21 fewer to 7 fewer]§ 

- MODERATEa 

SERM v PBO 0.94 [0.86, 1.02] - - LOWa,d 
Romo v PBO 0.75 [0.53, 1.05] - - LOWa,d 
PTHR v BP 0.77 [0.56, 1.05] - - LOWa,d 
Dmab v BP 1.29 [0.56, 2.99] - - LOWa,d 
Romo v BP 0.82 [0.68, 0.99] - - LOWa,d 
Romo v PTHR 0.85 [0.33, 2.20] - - LOWa,d 
BP v Dmab - - - - 
BP v PBO 0.83 [0.76, 0.90] 8 fewer per 1000 

[from 11 fewer to 5 fewer]§§ 
- MODERATEa 

BP v PTHR - - - - 
BP v Romo - - - - 
BP v SERM 0.76 [0.42, 1.39] - - LOWa,d 
Dmab v PBO 0.82 [0.69, 0.96] 14 fewer per 1000 

[from 23 fewer to 3 fewer]§§§ 
- MODERATEa 

Dmab v PTHR - - - - 
Dmab v Romo - - - - 
Dmab v SERM - - - - 
PBO v PTHR - - - - 
PBO v Romo - - - - 
PBO v SERM - - - - 
PTHR v Romo - - - - 
PTHR v SERM - - - - 
Romo v SERM - - - - 

Abbreviations: Bisphosphonates [BP], confidence interval [CI], denosumab [Dmab], parathyroid hormone receptor 
[PTHR] agonists, placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators [SERM]. 
*The absolute measure of intervention effects is a difference between the baseline risk of an outcome (median in 

control group) and the risk of outcome after the intervention is applied. § Baseline risk calculated from Miller 2016 

(ACTIVE study); §§ Baseline risk calculated from Hooper 2005; §§§ Baseline risk calculated from Cummings 2009. 

a Downgraded due to serious risk of bias; b Downgraded due to serious risk of inconsistency; c Downgraded due to 

serious risk of indirectness; d Downgraded due to serious risk of imprecision; e Downgraded due to serious risk of 

publication bias. 

  



198 
 

Estimates of effects and quality ratings for comparison of drugs to prevent hip fractures 

 Direct evidence Network meta-analysis 

 Relative Risk  
[95% CI] 

Absolute Risk* 
[95% CI]  

 

Odds Ratio 
[95% CI] 

Certainty of 
Evidence 

Comparison     

PTHR v PBO 0.43 [0.10, 
1.82] 

- - LOWa,d 

SERM v PBO 1.11 [0.69, 
1.79] 

- - LOWa,d 

Romo v PBO 0.37 [0.10, 
1.41] 

- - LOWa,d 

PTHR v BP 0.68 [0.20, 
2.40] 

- - LOWa,d 

Dmab v BP 0.33 [0.01, 
8.14] 

- - LOWa,d 

Romo v BP 0.62 [0.42, 
0.91] 

12 fewer per 1000 
[from 19 fewer to 3 fewer]§ 

- MODERATEa 

Romo v PTHR 3.00 [0.12, 
73.24] 

- - LOWa,d 

BP v Dmab - - 1.25 [0.74, 2.13] LOWa,d 
BP v PBO 0.70 [0.59, 

0.83] 
4 fewer per 1000 

[from 5 fewer to 2 fewer]§§ 
0.72 [0.60, 0.85] MODERATEa 

BP v PTHR - - 1.63 [0.81, 3.26] LOWa,d 
BP v Romo - - 1.63 [1.10, 2.42] MODERATEa 
BP v SERM 0.42 [0.06, 

2.88] 
- 0.72 [0.45, 1.16] LOWa,d 

Dmab v PBO 0.61 [0.37, 
0.98] 

4 fewer per 1000 
[from 7 fewer to 0 fewer]§§§ 

0.57 [0.35, 0.95] MODERATEa 

Dmab v PTHR - - 1.30 [0.55, 3.07] LOWa,d 
Dmab v Romo - - 1.31 [0.68, 2.52] LOWa,d 
Dmab v SERM - - 0.58 [0.30, 1.13] LOWa,d 
PBO v PTHR - - 2.28 [1.13, 4.58] MODERATEa 
PBO v Romo - - 2.28 [1.50, 3.48] MODERATEa 
PBO v SERM - - 1.01 [0.65, 1.58] LOWa,d 
PTHR v Romo - - 1.00 [0.45, 2.22] LOWa,d 
PTHR v SERM - - 0.44 [0.20, 1.01] LOWa,d 
Romo v SERM - - 0.44 [0.24, 0.81] MODERATEa 

Abbreviations: Bisphosphonates [BP], confidence interval [CI], denosumab [Dmab], parathyroid hormone receptor 
[PTHR] agonists, placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators [SERM]. 
*The absolute measure of intervention effects is a difference between the baseline risk of an outcome (median in 
control group) and the risk of outcome after the intervention is applied. § Baseline risk calculated from Saag 2017; §§ 
Baseline risk calculated from Reid 2018; §§§ Baseline risk calculated from Cummings 2009. 
a Downgraded due to serious risk of bias; b Downgraded due to serious risk of inconsistency; c Downgraded due to 

serious risk of indirectness; d Downgraded due to serious risk of imprecision; e Downgraded due to serious risk of 

publication bias. 
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Estimates of effects and quality ratings for comparison of drugs to prevent major 

osteoporotic fractures 

 Direct evidence Network meta-analysis 

 Relative Risk  
[95% CI] 

Absolute Risk* 
[95% CI]  

 

Odds Ratio 
[95% CI] 

Certainty of 
Evidence 

Comparison     

PTHR v PBO 0.52 [0.37, 
0.75] 

20 fewer per 1000 
[from 26 fewer to 10 fewer] 

- MODERATEa 

SERM v PBO 0.57 [0.24, 
1.34] 

- - LOWa,d 

Romo v PBO 0.60 [0.40, 
0.89] 

7 fewer per 1000 
[from 11 fewer to 2 fewer] 

- MODERATEa 

PTHR v BP 0.46 [0.27, 
0.79] 

32 fewer per 1000 
[from 44 fewer to 13 fewer] 

- MODERATEa 

Dmab v BP 1.26 [0.67, 
2.38] 

- - LOWa,d 

Romo v BP 0.72 [0.52, 
0.99] 

- - MODERATEa 

BP v Dmab - - 0.71 [0.30, 1.66] LOWa,d 
BP v PBO 1.01 [0.19, 

5.38] 
- 0.66 [0.46, 0.94] MODERATEa 

BP v PTHR - - 1.29 [0.69, 2.42] LOWa,d 
BP v Romo - - 1.28 [0.84, 1.95] LOWa,d 
BP v SERM - - 1.18 [0.33, 4.27] LOWa,d 
Dmab v PBO 3.73 [0.22, 

61.96] 
- 0.93 [0.38, 2.26] LOWa,d 

Dmab v PTHR - - 1.82 [0.65, 5.07] LOWa,d 
Dmab v Romo - - 1.81 [0.71, 4.60] LOWa,d 
Dmab v SERM - - 1.66 [0.37, 7.56] LOWa,d 
PBO v PTHR - - 1.96 [1.15, 3.33] MODERATEa 
PBO v Romo - - 1.95 [1.26, 3.04] MODERATEa 
PBO v SERM - - 1.79 [0.52, 6.21] LOWa,d 
PTHR v Romo - - 1.00 [0.50, 1.98] LOWa,d 
PTHR v SERM - - 0.92 [0.24, 3.52] LOWa,d 
Romo v SERM - - 0.92 [0.25, 3.42] LOWa,d 

Abbreviations: Bisphosphonates [BP], confidence interval [CI], denosumab [Dmab], parathyroid hormone receptor 
[PTHR] agonists, placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators [SERM]. 
*The absolute measure of intervention effects is a difference between the baseline risk of an outcome (median in 
control group) and the risk of outcome after the intervention is applied. § Baseline risk calculated from Miller 2016 
(ACTIVE); §§ Baseline risk calculated from Reid 2018; §§§ Baseline risk calculated from Cummings 2009. 
a Downgraded due to serious risk of bias; b Downgraded due to serious risk of inconsistency; c Downgraded due to 

serious risk of indirectness; d Downgraded due to serious risk of imprecision; e Downgraded due to serious risk of 

publication bias. 
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Estimates of effects and quality ratings for comparison of drugs in relation to all-cause 

mortality 

 Direct evidence Network meta-analysis 

 Relative Risk  
[95% CI] 

Absolute Risk 
[95% CI]  

 

Odds Ratio 
[95% CI] 

Certainty of 
Evidence 

Comparison     

PTHR v PBO 1.27 [0.64, 2.51] - - LOWa,d 
SERM v PBO 0.94 [0.85, 1.05] - - LOWa,d 
Romo v PBO 0.81 [0.22, 2.96] - - LOWa,d 
PTHR v BP 0.70 [0.24, 2.02] - - LOWa,d 
Dmab v BP 0.62 [0.17, 2.20] - - LOWa,d 
Romo v BP 0.98 [0.74, 1.31] - - LOWa,d 
Romo v PTHR 0.82 [0.10, 6.62] - - LOWa,d 
SERM v BP 1.63 [0.20, 13.20] - - LOWa,d 
BP v Dmab - - 1.34 [0.95, 1.89] LOWa,d 
BP v PBO 0.99 [0.86, 1.12] - 0.99 [0.86, 1.13] LOWa,d 
BP v PTHR - - 0.86 [0.51, 1.43] LOWa,d 
BP v Romo - - 0.96 [0.75, 1.24] LOWa,d 
BP v SERM - - 1.05 [0.87, 1.26] LOWa,d 
Dmab v PBO 0.77 [0.57, 1.05] - 0.73 [0.53, 1.01] LOWa,d 
Dmab v PTHR - - 0.69 [0.35, 1.17] LOWa,d 
Dmab v Romo - - 0.72 [0.48, 1.08] LOWa,d 
Dmab v SERM - - 0.78 [0.55, 1.10] LOWa,d 
PBO v PTHR - - 0.87 [0.52, 1.46] LOWa,d 
PBO v Romo - - 0.98 [0.76, 1.27] LOWa,d 
PBO v SERM - - 1.06 [0.94, 1.21] LOWa,d 
PTHR v Romo - - 1.13 [0.64, 1.98] LOWa,d 
PTHR v SERM - - 1.22 [0.72, 2.08] LOWa,d 
Romo v SERM - - 1.09 [0.81, 1.45] LOWa,d 

Abbreviations: Bisphosphonates [BP], confidence interval [CI], denosumab [Dmab], parathyroid hormone receptor 
[PTHR] agonists, placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators [SERM]. 
a Downgraded due to serious risk of bias; b Downgraded due to serious risk of inconsistency; c Downgraded due to 

serious risk of indirectness; d Downgraded due to serious risk of imprecision; e Downgraded due to serious risk of 

publication bias. 
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Estimates of effects and quality ratings for comparison of drugs in relation to adverse 

events 

 Direct evidence Network meta-analysis 

 Relative Risk  
[95% CI] 

Absolute Risk 
[95% CI]  

 

Odds Ratio 
[95% CI] 

Certainty of 
Evidence 

Comparison     

PTHR v PBO 0.97 [0.89, 1.06] - - LOWa,d 
SERM v PBO 1.00 [0.99, 1.00] - - LOWa,d 
Romo v PBO 0.99 [0.97, 1.01] - - LOWa,d 
PTHR v BP 0.94 [0.87, 1.01] - - LOWa,d 
Dmab v BP 0.98 [0.95, 1.02] - - LOWa,d 
Romo v BP 0.98 [0.96, 1.00] - - LOWa,d 
Romo v PTHR 1.15 [1.00, 1.33] - - LOWa,d 
SERM v BP 1.01 [0.94, 1.09] - - LOWa,d 
BP v Dmab - - 1.09 [0.94, 1.26] LOWa,d 
BP v PBO 1.01 [1.00, 1.02] - 1.11 [1.02, 1.20] LOWa,d 
BP v PTHR - - 1.19 [0.99, 1.44] LOWa,d 
BP v Romo - - 1.09 [0.91, 1.30] LOWa,d 
BP v SERM - - 1.07 [0.91, 1.25] LOWa,d 
Dmab v PBO 1.00 [0.98, 1.01] - 1.02 [0.87, 1.19] LOWa,d 
Dmab v PTHR - - 1.09 [0.86, 1.38] LOWa,d 
Dmab v Romo - - 1.00 [0.80, 1.26] LOWa,d 
Dmab v SERM - - 0.98 [0.80, 1.21] LOWa,d 
PBO v PTHR - - 1.07 [0.89, 1.30] LOWa,d 
PBO v Romo - - 0.98 [0.82, 1.18] LOWa,d 
PBO v SERM - - 0.97 [0.83, 1.12] LOWa,d 
PTHR v Romo - - 0.92 [0.73, 1.16] LOWa,d 
PTHR v SERM - - 0.90 [0.71, 1.14] LOWa,d 
Romo v SERM - - 0.98 [0.78, 1.24] LOWa,d 

Abbreviations: Bisphosphonates [BP], confidence interval [CI], denosumab [Dmab], parathyroid hormone receptor 
[PTHR] agonists, placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators [SERM]. 
a Downgraded due to serious risk of bias; b Downgraded due to serious risk of inconsistency; c Downgraded due to 

serious risk of indirectness; d Downgraded due to serious risk of imprecision; e Downgraded due to serious risk of 

publication bias. 
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Estimates of effects and quality ratings for comparison of drugs in relation to number of 

patients cardiovascular related serious adverse events 

 Direct evidence Network meta-analysis 

 Relative Risk  
[95% CI] 

Absolute Risk 
[95% CI]  

 

Odds Ratio 
[95% CI] 

Certainty of 
Evidence 

Comparison     

SERM v PBO 1.03 [0.95, 1.11] - - LOWa,d 
Romo v PBO 1.04 [0.76, 1.41] - - LOWa,d 
PTHR v BP 0.74 [0.20, 2.69] - - LOWa,d 
Dmab v BP 1.24 [0.37, 4.23] - - LOWa,d 
Romo v BP 1.08 [0.85, 1.37] - - LOWa,d 
Romo v PTHR 4.91 [0.24, 101.65] - - LOWa,d 
BP v Dmab - - 0.91 [0.67, 1.23] LOWa,d 
BP v PBO 0.91 [0.77, 1.09] - 0.94 [0.76, 1.16] LOWa,d 
BP v PTHR - - 1.36 [0.71, 2.59] LOWa,d 
BP v Romo - - 0.91 [0.72, 1.15] LOWa,d 
BP v SERM - - 0.91 [0.72, 1.15] LOWa,d 
Dmab v PBO 0.98 [0.62, 1.53] - 1.04 [0.83, 1.31] LOWa,d 
Dmab v PTHR - - 1.50 [0.73, 3.05] LOWa,d 
Dmab v Romo - - 1.01 [0.72, 1.41] LOWa,d 
Dmab v SERM - - 1.00 [0.78, 1.29] LOWa,d 
PBO v PTHR - - 1.44 [0.73, 2.84] LOWa,d 
PBO v Romo - - 0.97 [0.75, 1.25] LOWa,d 
PBO v SERM - - 0.97 [0.87, 1.07] LOWa,d 
PTHR v Romo - - 0.67 [0.34, 1.33] LOWa,d 
PTHR v SERM - - 0.67 [0.34, 1.33] LOWa,d 
Romo v SERM - - 1.00 [0.76, 1.32] LOWa,d 

Abbreviations: Bisphosphonates [BP], confidence interval [CI], denosumab [Dmab], parathyroid hormone receptor 
[PTHR] agonists, placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators [SERM]. 
a Downgraded due to serious risk of bias; b Downgraded due to serious risk of inconsistency; c Downgraded due to 

serious risk of indirectness; d Downgraded due to serious risk of imprecision; e Downgraded due to serious risk of 

publication bias.  
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S7 Table. Cochrane Risk of Bias tool 2 
Risk of bias assessment as assessed by the Cochrane risk of bias tool 2. The specific type of bias is presented 

in the top column, and the individual studies in the left row. The tool includes the following domains on risk 

of bias: arising from the randomization process (D1), due to deviations from the intended interventions 

(D2), due to missing outcome data (D3), in measurement of the outcome (D4), and in selection of the 

reported result (D5). 

The crib sheet for parallel trials was applied, and we aimed to assess the effect of assignment to the 

intervention. The risk of bias was assumed to be equivalent across different fracture site outcomes. Each of 

the domains was scored as 'high', 'low' or 'some concerns' in relation to risk of bias. An overall risk of bias 

judgement for each study was made. High risk of bias was given if there was high risk of bias in at least one 

domain, or if three or more domains were rated to have some concerns. Low risk of bias was given if there 

were low risk of bias in all domains, and some concerns was given, if there were some concerns in at least 

one domain, but not high risk of bias in any of the domains. The following sources were obtained to help 

inform the risk of bias assessment: journal article(s), conference abstract(s), trial protocol or trial registry 

record (e.g. clinicaltrials.gov) and was therefore exclusively based on published information. 

 

Study D1 D2 D3 D4 D5 Overall 

Adachi 2009 Low Low High Low 
Some 
concerns High 

Adami 2008 High 
Some 
concerns High Low 

Some 
concerns High 

Anastasilakis 2015 
Some 
concerns High High Low 

Some 
concerns High 

Ascott Evans 2003 
Some 
concerns Low High Low 

Some 
concerns High 

Bell 2002 
Some 
concerns Low High Low 

Some 
concerns High 

Black 1996 (FIT 1) 
Some 
concerns Low Low Low 

Some 
concerns 

Some 
concerns 

Black 2007 (HORIZON 
PFT) 

Some 
concerns Low Low Low 

Some 
concerns 

Some 
concerns 

Bock 2012 Low Low Low Low 
Some 
concerns 

Some 
concerns 

Body 2002 
Some 
concerns Low Low Low 

Some 
concerns 

Some 
concerns 

Bone 1997 
Some 
concerns Low 

Some 
concerns Low 

Some 
concerns High 

Bone 2000 
Some 
concerns Low 

Some 
concerns Low 

Some 
concerns High 

Brown 2009 (DECIDE) 
Some 
concerns Low 

Some 
concerns Low 

Some 
concerns 

Some 
concerns 

Chesnut 2004 (BONE) 
Some 
concerns Low 

Some 
concerns Low 

Some 
concerns High 

Clemmesen 1997 
Some 
concerns Low High Low 

Some 
concerns High 

Cosman 2001 Low 
Some 
concerns High Low 

Some 
concerns High 

Cosman 2005 
Some 
concerns 

Some 
concerns 

Some 
concerns Low 

Some 
concerns High 
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Study D1 D2 D3 D4 D5 Overall 

Cosman 2009 
Some 
concerns 

Some 
concerns 

Some 
concerns Low 

Some 
concerns High 

Cosman 2011 
Some 
concerns Low 

Some 
concerns Low 

Some 
concerns High 

Cosman 2016 (FRAME) Low Low Low Low Low Low 

Cummings 1998 (FIT 2) Low Low 
Some 
concerns Low 

Some 
concerns 

Some 
concerns 

Cummings 2009 
(FREEDOM) 

Some 
concerns 

Some 
concerns High Low Low High 

DownsJr 2000 
Some 
concerns Low High Low 

Some 
concerns High 

Dursun 2001 
Some 
concerns High High Low 

Some 
concerns High 

Ensrud 2008 (RUTH) 
Some 
concerns Low High Low 

Some 
concerns High 

Ettinger 1999 (MORE) Low Low 
Some 
concerns Low 

Some 
concerns 

Some 
concerns 

Fogelman 2000 
Some 
concerns 

Low High Low Some 
concerns 

High 

Freemantle 2012 (DAPS) 
Some 
concerns 

Some 
concerns Low Low 

Some 
concerns High 

Galesanu 2018 
Some 
concerns High High 

Some 
concerns 

Some 
concerns High 

Geusens 2018 (VERO) 
Some 
concerns 

Some 
concerns High Low High High 

Greenspan 1998 
Some 
concerns Low High Low 

Some 
concerns High 

Greenspan 2003 Low Low Low Low 
Some 
concerns 

Some 
concerns 

Greenspan 2015 (ZEST) 
Some 
concerns Low Low Low 

Some 
concerns 

Some 
concerns 

Grey 2009 
Some 
concerns Low Low Low Low 

Some 
concerns 

Grey 2012 Low Low Low Low 
Some 
concerns 

Some 
concerns 

Hadji 2012 
Some 
concerns Low 

Some 
concerns Low 

Some 
concerns High 

Harris 1999 (VERT USA) 
Some 
concerns Low Low Low 

Some 
concerns 

Some 
concerns 

Hooper 2005 
Some 
concerns Low Low Low 

Some 
concerns 

Some 
concerns 

Hosking 1998 (EPIC) 
Some 
concerns Low Low Low 

Some 
concerns 

Some 
concerns 

Hosking 2003 Low Low Low Low 
Some 
concerns 

Some 
concerns 

Kendler 2010 (STAND) 
Some 
concerns Low Low Low 

Some 
concerns 

Some 
concerns 

Langdahl 2017 
(STRUCTURE) Low 

Some 
concerns 

Some 
concerns Low 

Some 
concerns High 

Lewiecki 2007 (AMG 
BONE) 

Some 
concerns High High Low 

Some 
concerns High 

Lindsay 1997 
Some 
concerns 

Some 
concerns Low Low 

Some 
concerns High 
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Study D1 D2 D3 D4 D5 Overall 

Lufkin 1998 
Some 
concerns 

Low High Low Some 
concerns 

High 

Malouf-Sierra 2017 
Some 
concerns Low Low Low 

Some 
concerns 

Some 
concerns 

McClung 2001 (HIP) 
Some 
concerns Low 

Some 
concerns Low 

Some 
concerns High 

McClung 2005 
Some 
concerns Low 

Some 
concerns Low 

Some 
concerns 

Some 
concerns 

McClung 2009 
Some 
concerns Low High Low 

Some 
concerns High 

McClung 2014 
Some 
concerns Low Low Low 

Some 
concerns 

Some 
concerns 

Miller 2008 
Low Low Some 

concerns 
Low Some 

concerns 
Some 
concerns 

Miller 2016_x Low 
Some 
concerns Low Low Low 

Some 
concerns 

Miller 2016_y (ACTIVE) 
Some 
concerns Low Low Low Low 

Some 
concerns 

Mortensen 1998 
Some 
concerns Low 

Some 
concerns Low 

Some 
concerns High 

Muscoso 2004 
Some 
concerns 

Some 
concerns Low Low 

Some 
concerns High 

Neer 2001 (FPT) 
Some 
concerns Low Low Low 

Some 
concerns 

Some 
concerns 

Panico 2011 
Some 
concerns High High Low 

Some 
concerns High 

Pols 1999 (FOSIT) 
Some 
concerns Low High Low 

Some 
concerns High 

Recker 2004 (IBAN IV) 
Some 
concerns Low High Low 

Some 
concerns High 

Recker 2007 (EVA) 
Low Low Some 

concerns 
Low Some 

concerns 
Some 
concerns 

Recknor 2013 Low Low High Low 
Some 
concerns High 

Reginster 2000 (VERT 
EU) 

Some 
concerns Low 

Some 
concerns Low 

Some 
concerns High 

Reginster 2003 
Some 
concerns Low Low Low 

Some 
concerns 

Some 
concerns 

Reid 2002 
Some 
concerns 

Low High Low Some 
concerns 

High 

Reid 2004 
Some 
concerns 

Low Some 
concerns 

Low Some 
concerns 

High 

Reid 2018 Low Low Low Low Low Low 

Roux 2014 
Some 
concerns Low Low Low 

Some 
concerns 

Some 
concerns 

Sambrook 2004 (EFFECT) 
Some 
concerns 

Low Some 
concerns 

Low Some 
concerns 

High 

Silverman 2008 Low Low High Low 
Some 
concerns High 

Saag 2017 (ARCH) Low Low Low Low Low Low 

Tucci 1996 (Liberman) 
Some 
concerns Low High Low 

Some 
concerns High 
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Study D1 D2 D3 D4 D5 Overall 

Välmaki 2007 
Some 
concerns Low Low Low 

Some 
concerns 

Some 
concerns 
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S2 Fig. Forest Plots 

Forest plot of risk ratio on clinical fractures comparing treatment to placebo 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor [PTHR] agonists, 

placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators [SERM], confidence interval 

[CI]. 
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Forest plot of risk ratio on clinical fractures comparing treatment to other treatments 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor [PTHR] agonists, 

romosozumab [Romo], selective oestrogen receptor modulators [SERM], confidence interval [CI]. 
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Forest plot of risk ratio on vertebral fractures comparing treatment to placebo 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor [PTHR] agonists, placebo [PBO], 

romosozumab [Romo], selective oestrogen receptor modulators [SERM], confidence interval [CI].  
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Forest plot of risk ratio on vertebral fractures comparing treatment to other treatments 

 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor [PTHR] agonists,  

romosozumab [Romo], selective oestrogen receptor modulators [SERM], confidence interval [CI]. 
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Forest plot of risk ratio on non-vertebral fractures comparing treatment to placebo 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor [PTHR] agonists, placebo [PBO], 

romosozumab [Romo], selective oestrogen receptor modulators [SERM], confidence interval [CI].   
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Forest plot of risk ratio on non-vertebral fractures comparing treatment to other 

treatments 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor [PTHR] agonists, 

romosozumab [Romo], selective oestrogen receptor modulators [SERM], confidence interval [CI]. 
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Forest plot of risk ratio on hip fractures comparing treatment to placebo 
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Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor 

[PTHR] agonists, placebo [PBO], romosozumab [Romo], selective oestrogen receptor 

modulators [SERM], confidence interval [CI].Forest plot of risk ratio on hip fractures 

comparing treatment to other treatments 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor [PTHR] agonists, 

romosozumab [Romo], selective oestrogen receptor modulators [SERM], confidence interval [CI].  



215 
 

Forest plot of risk ratio on major osteoporotic fractures comparing treatment to placebo 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor [PTHR] agonists, 

placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators [SERM], confidence interval 

[CI].  
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Forest plot of risk ratio on major osteoporotic fractures comparing treatment to other 

treatments 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor [PTHR] agonists, 

romosozumab [Romo], selective oestrogen receptor modulators [SERM], confidence interval [CI].  



217 
 

Forest plot of risk ratio on all-cause mortality comparing treatment to placebo 
 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor [PTHR] agonists, 

placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators [SERM], confidence interval 

[CI].  
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Forest plot of risk ratio on all-cause mortality comparing treatment to other treatments 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor [PTHR] agonists, 

romosozumab [Romo], selective oestrogen receptor modulators [SERM], confidence interval [CI].  
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Forest plot of risk ratio on number of patients with any adverse events comparing 

treatment to placebo 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor [PTHR] agonists, 

placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators [SERM], confidence interval 

[CI].  
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Forest plot of risk ratio on number of patients with any adverse events comparing 

treatment to other treatments 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor [PTHR] agonists, 

romosozumab [Romo], selective oestrogen receptor modulators [SERM], confidence interval [CI].  
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Forest plot of risk ratio on number of patients with cardiovascular related serious adverse 

events comparing treatment to placebo 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor [PTHR] agonists, 

placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators [SERM], confidence interval 

[CI].  
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Forest plot of risk ratio on number of patients with cardiovascular related serious adverse 

events comparing treatment to other treatments 

 

Abbreviations: Bisphosphonates [BP], denosumab [DMAB], parathyroid hormone receptor [PTHR] agonists, 

romosozumab [Romo], selective oestrogen receptor modulators [SERM], confidence interval [CI].  
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S3 Fig. Distribution of baseline risk indicators across the direct 

comparisons included in network meta-analysis 
The distribution of baseline risk indicator (mean age) across the direct comparisons included in the network meta-

analysis 

 

Abbreviations: Bisphosphonates [BP], denosumab [Dmab], parathyroid hormone receptor [PTHR] agonists, 

placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators [SERM]. 

The distribution of baseline risk indicator (mean BMI) across the direct comparisons included in the network meta-

analysis 

 

Abbreviations: Bisphosphonates [BP], body mass index [BMI], denosumab [Dmab], parathyroid hormone 

receptor [PTHR] agonists, placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators 

[SERM]. 
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The distribution of baseline risk indicator (FRAX) across the direct comparisons included in the network meta-analysis 

 

Abbreviations: Bisphosphonates [BP], denosumab [Dmab], parathyroid hormone receptor [PTHR] agonists, 

placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators [SERM]. 

The distribution of baseline risk indicator (lumbar spine BMD T-score) across the direct comparisons included in the 

network meta-analysis 

 

Abbreviations: Bisphosphonates [BP], bone mineral density [BMD], denosumab [Dmab], parathyroid 

hormone receptor [PTHR] agonists, placebo [PBO], romosozumab [Romo], selective oestrogen receptor 

modulators [SERM].  
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The distribution of baseline risk indicator (previous fracture history) across the direct comparisons included in the 

network meta-analysis 

 

Abbreviations: Bisphosphonates [BP], denosumab [Dmab], parathyroid hormone receptor [PTHR] agonists, 

placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators [SERM].  
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S8 Table. Network meta-analysis, sensitivity analyses  
Sensitivity analyses adjusting each group for the study duration multiplied by the specific number of participants randomly allocated (i.e., a proxy for 

patient-years) are presented in supplemental material 

Sensitivity analyses, fractures outcomes 
 Clinical fractures VF Non-VF Hip MOF 

 OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI 

BP vs Dmab 0.801 (0.56 to 1.14) 1.829 (1.11 to 3.01) 0.991 (0.76 to 1.29) 1.181 (0.68 to 2.06) 0.667 (0.28 to 1.59) 

BP vs PBO 0.756 (0.66 to 0.86) 0.578 (0.49 to 0.68) 0.794 (0.72 to 0.88) 0.671 (0.54 to 0.84) 0.653 (0.46 to 0.93) 

BP vs PTHR 1.519 (1.13 to 2.04) 2.517 (1.81 to 3.50) 1.283 (1.01 to 1.63) 1.568 (0.78 to 3.17) 1.573 (0.78 to 3.18) 

BP vs Romo 1.245 (0.97 to 1.60) 2.063 (1.38 to 3.09) 1.208 (0.96 to 1.53) 1.616 (1.08 to 2.43) 1.3 (0.85 to 1.98) 

BP vs SERM 1.437 (0.74 to 2.80) 0.963 (0.70 to 1.32) 0.957 (0.80 to 1.15) 0.782 (0.47 to 1.29) 1.098 (0.30 to 4.01) 

Dmab vs PBO 0.944 (0.65 to 1.37) 0.316 (0.20 to 0.51) 0.801 (0.62 to 1.03) 0.568 (0.34 to 0.95) 0.979 (0.40 to 2.40) 

Dmab vs PTHR 1.896 (1.20 to 3.00) 1.376 (0.77 to 2.45) 1.295 (0.92 to 1.83) 1.327 (0.56 to 3.16) 2.358 (0.77 to 7.18) 

Dmab vs Romo 1.554 (1.01 to 2.39) 1.128 (0.60 to 2.11) 1.22 (0.87 to 1.72) 1.368 (0.69 to 2.70) 1.948 (0.76 to 5.01) 

Dmab vs SERM 1.794 (0.85 to 3.80) 0.526 (0.30 to 0.93) 0.966 (0.71 to 1.31) 0.662 (0.32 to 1.38) 1.646 (0.36 to 7.47) 

PBO vs PTHR 2.009 (1.48 to 2.72) 4.357 (3.12 to 6.08) 1.616 (1.27 to 2.05) 2.338 (1.16 to 4.73) 2.409 (1.29 to 4.49) 

PBO vs Romo 1.646 (1.27 to 2.13) 3.572 (2.36 to 5.41) 1.523 (1.20 to 1.93) 2.41 (1.54 to 3.78) 1.991 (1.28 to 3.10) 

PBO vs SERM 1.901 (0.97 to 3.73) 1.667 (1.22 to 2.28) 1.205 (1.01 to 1.44) 1.166 (0.68 to 1.99) 1.681 (0.48 to 5.87) 

PTHR vs Romo 0.82 (0.57 to 1.19) 0.82 (0.49 to 1.37) 0.942 (0.68 to 1.30) 1.031 (0.46 to 2.30) 0.826 (0.39 to 1.74) 

PTHR vs SERM 0.946 (0.46 to 1.96) 0.383 (0.25 to 0.59) 0.746 (0.56 to 1.00) 0.499 (0.21 to 1.17) 0.698 (0.17 to 2.88) 

Romo vs SERM 1.155 (0.57 to 2.35) 0.467 (0.28 to 0.77) 0.792 (0.59 to 1.06) 0.484 (0.25 to 0.92) 0.845 (0.23 to 3.17) 

Abbreviations: bisphosphonate [BP], confidence interval [CI], Denosumab [Dmab], major osteoporotic fractures [MOF], odds ratio [OR], parathyroid 

hormone receptor agonist [PTHR], placebo [PBO], romosozumab [Romo]; selective oestrogen receptor modulators [SERM], vertebral fractures [VF] 

 



227 
 

Sensitivity analysis, safety outcomes 
 AE SAE CVD Deaths 

 OR 95%CI OR 95%CI OR 95%CI 

BP vs Dmab 1.092 (0.94 to 1.27) 0.83 (0.60 to 1.14) No info  

BP vs PBO 1.116 (1.02 to 1.22) 0.859 (0.68 to 1.08)   

BP vs PTHR 1.196 (0.99 to 1.45) 1.324 (0.69 to 2.56)   

BP vs Romo 1.089 (0.90 to 1.31) 0.877 (0.69 to 1.12)   

BP vs SERM 1.065 (0.90 to 1.26) 0.825 (0.64 to 1.07)   

Dmab vs PBO 1.022 (0.87 to 1.20) 1.034 (0.82 to 1.30)   

Dmab vs PTHR 1.096 (0.86 to 1.40) 1.595 (0.78 to 3.28)   

Dmab vs Romo 0.998 (0.79 to 1.26) 1.056 (0.75 to 1.49)   

Dmab vs SERM 0.975 (0.78 to 1.22) 0.993 (0.77 to 1.28)   

PBO vs PTHR 1.072 (0.88 to 1.31) 1.542 (0.78 to 3.07)   

PBO vs Romo 0.976 (0.81 to 1.18) 1.021 (0.79 to 1.33)   

PBO vs SERM 0.954 (0.81 to 1.13) 0.96 (0.86 to 1.07)   

PTHR vs Romo 0.911 (0.72 to 1.16) 0.662 (0.33 to 1.32)   

PTHR vs SERM 0.89 (0.70 to 1.14) 0.623 (0.31 to 1.25)   

Romo vs SERM 0.978 (0.77 to 1.25) 0.941 (0.71 to 1.25)   

Abbreviations: adverse events [AE], cardiovascular related serious adverse events [SAE CVD], 

bisphosphonate [BP], confidence interval [CI], Denosumab [Dmab], odds ratio [OR], parathyroid hormone 

receptor agonist [PTHR], placebo [PBO], romosozumab [Romo]; selective oestrogen receptor modulators 

[SERM] 
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S9 Table. Mean ranks on clinical fractures 
 

Treatment Mean rank 

PTHR 1.40 

Romo 2.31 

SERM 2.92 

BP 3.70 

Placebo 5.14 

Dmab 5.53 

Abbreviations: Bisphosphonates [BP], denosumab [Dmab], parathyroid hormone receptor [PTHR] agonists, 

placebo [PBO], romosozumab [Romo], selective oestrogen receptor modulators [SERM]. 

S10 Table. SUCRA on clinical fractures 
 

The surface under the cumulative ranking curve (SUCRA) is a numeric presentation of the overall ranking and presents 

a single number associated with each treatment on clinical fractures. SUCRA values range from 0 to 1. The higher the 

SUCRA value, the higher the likelihood that a therapy is in the top rank or one of the top ranks; the closer to 0, the more 

likely that a therapy is in the bottom rank, or one of the bottom ranks. Abbreviations: Bisphosphonates [BP], denosumab 

[Dmab], parathyroid hormone receptor [PTHR] agonists, romosozumab [Romo], selective oestrogen receptor 

modulators [SERM]. 

 

Treatment SUCRA value 

PTHR 0.921 

Romo 0.737 

SERM 0.616 

BP 0.460 

Placebo 0.172 

Dmab 0.094 
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S4 Fig. Rankogram on clinical fractures.  

Histograms are shown for each treatment reflecting corresponding probabilities for each position in the 

ranking of the five interventions (rankograms). The shades of gray visualise the ranks; bars with the darkest 

gray colour are the probability of the treatment being ranked highest, and the bars with the lightest gray 

colour are the probability of the intervention being ranked the lowest. Abbreviations: Bisphosphonates 

[BP], denosumab [Dmab], parathyroid hormone receptor [PTHR] agonists, placebo [PBO], romosozumab 

[Romo], selective oestrogen receptor modulators [SERM]. 
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S11 Table. Meta-regression analyses 

Meta-regression analyses on clinical fracture risk 

Risk indicator 
k 

comparisons 
β 95% CI tau2 tau2

0
§ %tau2

explained* I2 p-value† 

Antiresorptives v placebo 
        

Previous fracture history, % 15 0.998 (0.994 to 1.002) 0.01 0.01 0% 20 0.347 
Age, y (mean) 17 0.979 (0.960 to 0.998) 0.00 0.01 97% 1 0.031 
Lumbar Spine BMD T-score 
(mean) 17 1.100 (0.921 to 1.314) 0.02 0.01 0% 33 0.294 
BMI, kg/m2 (mean) 12 0.998 (0.835 to 1.193) 0.03 0.02 0% 50 0.981 

BP v placebo         

Previous fracture history, % 13 0.998 (0.994 to 1.002) 0.01 0.01 0% 24 0.345 
Age, y (mean) 16 0.976 (0.958 to 0.996) 0.00 0.01 100% 0 0.016 
Lumbar Spine BMD T-score 
(mean) 15 1.114 (0.929 to 1.336) 0.02 0.01 0% 37 0.244 

BMI, kg/m2 (mean) 11 0.995 (0.827 to 1.196) 0.03 0.02 0% 56 0.954 

Anabolics v placebo         

Previous fracture history, % 3 1.000 (0.982 to 1.018) 0.05 0.00 0% 13 0.998 
Age, y (mean) 3 1.068 (0.925 to 1.233) 0.00 0.00 100% 0 0.367 
BMI, kg/m2 (mean) 3 1.366 (0.600 to 3.112) 0.00 0.00 100% 0 0.458 

Anabolics v BP         

Previous fracture history, % 3 1.000 (0.971 to 1.030) 0.06 0.04 0% 68 0.998 
Age, y (mean) 4 0.985 (0.892 to 1.088) 0.07 0.03 0% 52 0.763 
Lumbar Spine BMD T-score 
(mean) 4 0.546 (0.280 to 1.062) 0.00 0.03 100% 0 0.075 
BMI, kg/m2 (mean) 4 0.773 (0.580 to 1.031) 0.00 0.03 100% 0 0.079 

Abbreviations: bisphosphonate (BP), body mass index (BMI), bone mineral density (BMD), confidence interval (CI), year (y) 
Estimates from REML-based meta-regressions for the association between log(RR) for the outcome and the covariates were back-transformed. The slope, β, should 
be interpreted as the proportional increase (or decrease) in the treatment effect (i.e. risk ratio) pr. unit increase in the baseline risk indicator. § tau-squared for the 
model without the covariate; * %tau2

explained was calculated as (tau2
model w. risk indicator - tau2

model without risk indicator)/tau2
model without risk indicator*100;  

† P-value from a Wald test for the effect of the covariate in the model. Bold p-values are presented as figures in supplemental material.  
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Meta-regression on vertebral fracture risk 

 Risk indicator 
k 

comparisons 
β 95% CI tau2 tau2

0
§ %tau2

explained* I2 p-value† 

Antiresorptives vs. placebo 
        

Previous fracture history, % 20 1.000 (0.995 to 1.005) 0.07 0.06 0% 70 0.960 
Age, y (mean) 26 0.977 (0.949 to 1.005) 0.07 0.08 2% 67 0.112 
Lumbar Spine BMD T-score 
(mean) 17 1.111 (0.848 to 1.455) 0.08 0.07 0% 72 0.444 
BMI, kg/m2 (mean) 20 1.026 (0.894 to 1.178) 0.09 0.08 0% 74 0.711 

BP vs. placebo         

Previous fracture history, % 14 0.999 (0.992 to 1.005) 0.06 0.06 0% 64 0.656 
Age, y (mean) 18 0.984 (0.955 to 1.013) 0.05 0.05 0% 55 0.263 
Lumbar Spine BMD T-score 
(mean) 12 1.064 (0.800 to 1.413) 0.08 0.07 0% 68 0.671 

BMI, kg/m2 (mean) 13 1.048 (0.888 to 1.237) 0.06 0.05 0% 60 0.582 

Anabolic treatment vs. placebo         

Previous fracture history, % 4 1.003 (0.991 to 1.016) 0.08 0.02 0% 32 0.636 
Age, y (mean) 4 1.066 (0.923 to 1.230) 0.02 0.02 0% 22 0.387 
Lumbar Spine BMD T-score 
(mean) 3 3.969 (0.638 to 24.673) 0.00 0.01 100% 0 0.139 
BMI, kg/m2 (mean) 4 1.220 (0.893 to 1.666) 0.01 0.02 54% 5 0.212 
FRAX score (mean) 3 1.063 (0.966 to 1.170) 0.00 0.01 100% 0 0.210 

Anabolic treatment vs. BP         

Previous fracture history, % 6 1.013 (0.992 to 1.033) 0.00 0.00 0% 0 0.228 
Age, y (mean) 6 1.076 (0.974 to 1.189) 0.00 0.00 0% 0 0.148 
Lumbar Spine BMD T-score 
(mean) 6 0.935 (0.495 to 1.766) 0.00 0.00 0% 0 0.835 
BMI, kg/m2 (mean) 5 1.066 (0.727 to 1.562) 0.04 0.00 0% 16 0.743 

Abbreviations: bisphosphonate (BP), body mass index (BMI), bone mineral density (BMD), Fracture Risk Assessment Tool (FRAX), confidence interval (CI), year (y) 
Estimates from REML-based meta-regressions for the association between log(RR) for the outcome and the covariates were back-transformed. The slope, β, should 
be interpreted as the proportional increase (or decrease) in the treatment effect (i.e. risk ratio) pr. unit increase in the baseline risk indicator. 
§ tau-squared for the model without the covariate 
* %tau2

explained was calculated as (tau2
model w. covariate - tau2

model without covariate)/tau2
model without covariate*100. 

† P-value from a Wald test for the effect of the covariate in the model. Bold p-values are presented as figures in Fig 1 and in supplemental material. 
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Meta-regression on non-vertebral fracture risk 

Risk indicator 
k 

comparisons 
β 95% CI tau2 tau2

0
§ %tau2

explained* I2 p-value† 

Antiresorptives vs. placebo         

Previous fracture history, % 26 0.999 (0.997 to 1.002) 0.00 0.01 2% 20 0.518 
Age, y (mean) 34 0.988 (0.975 to 1.002) 0.00 0.01 43% 11 0.082 
Lumbar Spine BMD T-score 
(mean) 21 0.943 (0.823 to 1.080) 0.00 0.01 21% 16 0.395 
BMI, kg/m2 (mean) 24 1.031 (0.975 to 1.090) 0.01 0.01 21% 21 0.284 

BP vs. placebo         

Previous fracture history, % 20 1.001 (0.998 to 1.004) 0.01 0.00 0% 20 0.629 

Age, y (mean) 26 0.990 (0.972 to 1.008) 0.01 0.01 0% 19 0.267 

Lumbar Spine BMD T-score 
(mean) 16 0.958 (0.805 to 1.140) 0.01 0.01 1% 33 0.629 

BMI, kg/m2 (mean) 18 0.960 (0.837 to 1.100) 0.01 0.01 0% 32 0.556 

Anabolic treatment vs. placebo         

Previous fracture history, % 4 0.998 (0.992 to 1.004) 0.00 0.00 0% 0 0.444 
Age, y (mean) 4 1.098 (0.859 to 1.403) 0.00 0.00 0% 0 0.455 
Lumbar Spine BMD T-score 
(mean) 4 0.787 (0.209 to 2.961) 0.00 0.00 0% 0 0.723 
BMI, kg/m2 (mean) 3 0.923 (0.730 to 1.167) 0.00 0.00 0% 0 0.503 
FRAX score (mean) 3 0.979 (0.911 to 1.053) 0.00 0.00 0% 0 0.568 

Anabolic treatment vs. BP         

Previous fracture history, % 6 0.994 (0.977 to 1.012) 0.00 0.00 0% 0 0.529 
Age, y (mean) 7 1.018 (0.946 to 1.096) 0.00 0.00 0% 0 0.635 
Lumbar Spine BMD T-score 
(mean) 6 0.803 (0.390 to 1.654) 0.00 0.00 0% 0 0.552 
BMI, kg/m2 (mean) 5 0.938 (0.694 to 1.268) 0.00 0.00 0% 0 0.678 

Abbreviations: bisphosphonate (BP), body mass index (BMI), bone mineral density (BMD), Fracture Risk Assessment Tool (FRAX), confidence interval (CI), year (y) 
Estimates from REML-based meta-regressions for the association between log(RR) for the outcome and the covariates were back-transformed. The slope, β, should be interpreted as 
the proportional increase (or decrease) in the treatment effect (i.e. risk ratio) pr. unit increase in the baseline risk indicator. 
§ tau-squared for the model without the covariate; * %tau2

explained was calculated as (tau2
model w. covariate - tau2

model without covariate)/tau2
model without covariate*100. 

† P-value from a Wald test for the effect of the covariate in the model. Bold p-values are presented as figures in supplemental material.  
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Meta-regression on hip fracture risk 

Risk indicator 
k 

comparisons 
β 95% CI tau2 tau2

0
§ %tau2

explained* I2 p-value† 

Antiresorptives vs. placebo         

Previous fracture history, % 15 1.001 (0.994 to 1.009) 0.00 0.00 0% 3 0.723 
Age, y (mean) 18 0.984 (0.948 to 1.022) 0.01 0.00 0% 3 0.416 
Lumbar Spine BMD T-score 
(mean) 13 0.928 (0.570 to 1.511) 0.03 0.02 0% 17 0.765 

BMI, kg/m2 (mean) 16 1.107 (0.824 to 1.487) 0.00 0.00 0% 2 0.500 

BP vs. placebo         

Previous fracture history, % 11 1.002 (0.994 to 1.010) 0.00 0.00 0% 0 0.669 
Age, y (mean) 13 1.001 (0.960 to 1.043) 0.00 0.00 0% 0 0.962 
Lumbar Spine BMD T-score 
(mean) 9 0.905 (0.541 to 1.514) 0.01 0.00 0% 7 0.704 

BMI, kg/m2 (mean) 11 1.130 (0.814 to 1.569) 0.00 0.00 0% 0 0.466 

Anabolic treatment vs. 
placebo     

 
   

Previous fracture history, % 3 1.006 (0.984 to 1.029) 0.00 0.00 0% 0 0.586 
Age, y (mean) 3 0.709 (0.205 to 2.446) 0.00 0.00 0% 0 0.586 
FRAX score (mean) 3 1.090 (0.800 to 1.485) 0.00 0.00 0% 0 0.586 

Anabolics vs. BP         

Previous fracture history, % 5 1.010 (0.975 to 1.046) 0.16 0.00 0% 23 0.578 
Age, y (mean) 5 0.780 (0.570 to 1.068) 0.00 0.00 100% 0 0.121 
Lumbar Spine BMD T-score 
(mean) 4 0.652 (0.014 to 30.283) 0.60 0.02 0% 42 0.827 
BMI, kg/m2 (mean) 3 0.711 (0.268 to 1.891) 0.00 0.00 0% 0 0.495 

Abbreviations: bisphosphonate (BP), body mass index (BMI), bone mineral density (BMD), Fracture Risk Assessment Tool (FRAX), confidence interval (CI), year (y) 
Estimates from REML-based meta-regressions for the association between log(RR) for the outcome and the covariates were back-transformed. The slope, β, should 
be interpreted as the proportional increase (or decrease) in the treatment effect (i.e. risk ratio) pr. unit increase in the baseline risk indicator. 
§ tau-squared for the model without the covariate; * %tau2

explained was calculated as (tau2
model w. covariate - tau2

model without covariate)/tau2
model without covariate*100; 

† P-value from a Wald test for the effect of the covariate in the model. 

 


