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Appendix 1. Evidence-to-Decision (EtD) Framework: Treatments to Prevent Fractures in Patients with Osteoporosis, Treatments vs. Placebo 

Comparative Effectiveness of Treatments to Prevent Fractures in Patients with Osteoporosis vs. Placebo 

POPULATION: Patients with Osteoporosis  

INTERVENTION: Bisphosphonates, RANK ligand inhibitor (denosumab), sclerostin inhibitor (romosozumab), sequential sclerostin inhibitor (romosozumab) to 
bisphosphonate (alendronate), PTHrP (abaloparatide), recombinant PTH (teriparatide), SERM (bazedoxifene, raloxifene)  

COMMON 
COMPARATOR: 

Placebo 

MAIN 
OUTCOMES: 

Fractures (hip, clinical vertebral, any clinical fracture, radiographic vertebral), serious adverse events, withdrawals due to adverse events, and other 
harms 

SETTING: Institutionalized settings or community  

  



3 
 

ASSESSMENT 

Desirable and undesirable effects 
How substantial are the desirable and undesirable anticipated effects for each intervention? 

Judgement 
(females) 

Research evidence (females) 

Desirable Effects 
Large: None 
 
Medium:  
• Bisphosphonates 
• Denosumab 

 
Small:  
• Teriparatide 
• Romosozumab to 

Alendronate  
• Raloxifene 

 
Trivial:  
• Abaloparatide 
• Romosozumab  
• Bazedoxifene 

 
Varies: None 
Don't know: None 
 
Undesirable Effects 
Large: None  
Medium: None 
 
Small:  
• Teriparatide 

 
Trivial:  
• Bisphosphonates  
• Abaloparatide 
• Denosumab  
• Romosozumab 

Table 1a. Summary of Findings (SoF), Interventions vs. placebo 

Treatment 

Relative Risk from Network Meta-analysis 
Certainty of Evidence  

Absolute Risk Difference of Events per 1,000 (provided only when direct pair-wise meta-analysis’ relative estimate is available) 
Fractures  Harms 

≥ 36 mo. 
Hip Clinical Vertebral 

Any Clinical 
fracture 

Radiographic 
Vertebral Serious AEs* 

 Withdrawal due 
to AEs 

Bisphosphonates 0.64 (0.50,0.82) 
⨁⨁⨁ 

6 fewer (11 fewer 
to 1 fewer) 

0.38 (0.24,0.62) 
⨁⨁⨁ 

18 fewer (26 fewer 
to 13 fewer) 

0.79 (0.68,0.91) 
⨁⨁⨁ 

24 fewer (42 fewer 
to 7 fewer) 

0.49 (0.40,0.61) 
⨁⨁⨁ 

56 fewer (84 fewer 
to 33 fewer) 

1.00 (0.89,1.11) 
⨁⨁⨁ 

2 fewer (34 fewer 
to 31 more) 

0.94 (0.86,1.03) 
⨁⨁⨁ 

0 fewer (20 fewer 
to 5 more) 

PTHrP 
(abaloparatide)  

--- --- --- --- --- --- 

Recombinant PTH 
(teriparatide) 

--- --- --- --- 0.77 (0.48,1.22) 
⨁◯◯ 

36 fewer (91 fewer 
to 20 more) 

2.93 (1.79,4.80) 
⨁⨁◯ 

127 more (73 more 
to 181 more) 

RANK ligand 
inhibitor 
(denosumab) 

0.61 (0.37,0.98) 
⨁⨁◯ 

4 fewer (8 fewer to 
0 fewer) 

0.32 (0.21,0.48) ‡ 
⨁⨁⨁ 

16 fewer (22 fewer 
to 11 fewer) 

0.81 (0.69,0.96) ‡ 
⨁⨁◯ 

14 fewer (25 fewer 
to 3 fewer)  

0.32 (0.20,0.54) 
⨁⨁◯ 

48 fewer  
(58 fewer to 39 

fewer) 

1.03 (0.83,1.27) 
⨁⨁◯ 

8 more (12 fewer 
to 27 more) 

1.15 (0.85,1.54) 
⨁⨁◯ 

3 more (4 fewer to 
10 more) 

Sclerostin 
inhibitor 
(romosozumab) 

--- --- --- --- --- --- 

Sequential 
Sclerostin 
inhibitor 
(romosozumab) 
to 

 
 

--- --- --- --- --- --- 

SERM 
(bazedoxifene)# 

0.93 (0.47,1.81) 
⨁◯◯ 
1 fewer 

0.68 (0.29,1.60) 
⨁⨁◯ 

2 fewer (6 fewer to 
3 more) 

0.88 (0.64,1.22) 
⨁◯◯ 

6 fewer (18 fewer 
to 6 more) † 

0.59 (0.43,0.79) ‡ 
⨁⨁◯ 

17 fewer (27 fewer 
to 7 fewer) 

1.07 (0.85,1.34) 
⨁⨁◯ 

12 more (9 fewer 
to 34 more) 

1.14 (1.01,1.30) 
⨁⨁◯ 

16 more (3 fewer 
to 35 more) § 
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• Romosozumab to 
Alendronate 

• Bazedoxifene 
• Raloxifene 

 
Varies: None 
 
Don't know: None 

 (5 fewer to 4 
more) 

SERM (raloxifene) 1.12 (0.64,1.94) 
⨁◯◯ 
1 more 

 (3 fewer to 5 
more) 

0.69 (0.38,1.27) 
⨁⨁◯ 

8 fewer (29 fewer 
to 12 more) 

0.92 (0.72,1.16) 
⨁⨁◯ 

6 fewer (18 fewer 
to 6 more) † 

0.59 (0.48,0.71) ‡ 
⨁⨁◯ 

28 fewer (57 fewer 
to 1 fewer) 

0.99 (0.78,1.26) 
⨁⨁◯ 

1 fewer (26 fewer 
to 24 more) 

1.14 (1.02,1.27) 
⨁⨁⨁ 

15 more (1 more 
to 28 more)  

12 to <36 mo. 
Hip Clinical Vertebral 

Any Clinical 
fracture 

Radiographic 
Vertebral Serious AEs* 

Withdrawal due to 
AEs 

Bisphosphonates 0.65 (0.43,0.97) 
⨁⨁◯ 

8 fewer (22 fewer 
to 2 more) § 

0.46 (0.24,0.89) 
⨁⨁⨁ 

21 fewer (46 fewer 
to 4 fewer) 

0.68 (0.51,0.92) 
⨁⨁⨁ 

59 fewer (106 
fewer to 12 more) 

0.44 (0.36,0.53) 
⨁⨁◯ 

44 fewer (65 fewer 
to 27 fewer) § 

1.02 (0.85,1.22) 
⨁⨁◯ 

12 more (47 fewer 
to 91 more) 

1.01 (0.72,1.40) 
⨁◯◯ 

3 more (10 fewer 
to 19 more) 

PTHrP 
(abaloparatide)  

--- --- 0.24 (0.11,0.53) 
⨁⨁◯ 

29 fewer (45 fewer 
to 14 fewer) 

0.14 (0.05,0.38) 
⨁⨁◯ 

36 fewer  
(52 to 21 fewer) 

0.89 (0.67,1.18) ‡ 
⨁⨁◯ 

12 fewer (42 fewer 
to 17 more) 

1.76 (1.30,2.39) 
⨁◯◯ 

38 more (11 more 
to 64 more) 

Recombinant PTH 
(Teriparatide) 

0.50 (0.12,1.98) 
⨁◯◯ 

4 fewer (12 fewer 
to 4 more) 

0.24 (0.08,0.71) 
⨁◯◯ 

45 fewer (76 fewer 
to 15 fewer) 

0.44 (0.31,0.62) 
⨁⨁⨁ 

27 fewer (56 fewer 
to 7 fewer) 

0.19 (0.14,0.26) 
⨁⨁⨁ 

69 fewer  
(112 fewer to 28 

fewer) 

0.91 (0.69,1.21) ‡ 
⨁⨁◯ 

10 fewer (39 fewer 
to 20 more) 

1.32 (1.03,1.69) 
⨁⨁◯ 

17 more (8 fewer 
to 42 more) § 

RANK ligand 
inhibitor 
(denosumab) 

--- 0.83 (0.07,9.64) 
◯◯◯ 

-- 

1.00 (0.48,2.09) 
⨁◯◯ 

1 fewer (27 fewer 
to 24 more) 

0.27 (0.14,0.52) 
⨁⨁◯ 

64 fewer 
 (92 fewer to 36 

fewer) 

0.98 (0.66,1.46) 
⨁⨁◯ 

2 fewer (46 fewer 
to 42 more) 

2.53 (0.49,12.98) 
◯◯◯ 

6 more (4 fewer to 
17 more) 

Sclerostin 
inhibitor 
(romosozumab) 

--- 0.18 (0.05,0.62) 
⨁⨁◯ 

4 fewer (6 fewer to 
1 fewer) 

0.64 (0.47,0.89) ‡ 
⨁⨁◯ 

9 fewer (15 fewer 
to 2 fewer) 

0.27 (0.16,0.47) 
⨁⨁◯ 

13 fewer (18 fewer 
to 8 fewer) 

1.10 (0.95,1.27) ‡ 
⨁⨁◯ 

9 more (5 fewer to 
22 more) 

0.88 (0.59,1.31) 
⨁◯◯ 

2 fewer (7 fewer to 
4 more) 

Sequential 
Sclerostin 
inhibitor 
(romosozumab) 
to 
bisphosphonate 
(alendronate) 

0.40 (0.23,0.70) 
⨁⨁◯ 

-- 

0.19 (0.08,0.46) 
⨁⨁◯ 

-- 

0.51 (0.29,0.89) 
⨁◯◯ 

-- 

0.22 (0.16,0.31) 
⨁⨁◯ 

-- 

0.97 (0.71,1.33) 
⨁⨁◯ 

-- 

0.90 (0.61,1.35) 
⨁◯◯ 

-- 

SERM 
(bazedoxifene) 

--- --- --- --- --- --- 
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SERM (raloxifene) --- 0.05 (0.00,0.81) 
⨁◯◯ 

35 fewer (62 fewer 
to 8 fewer) 

0.11 (0.02,0.54) 
⨁⨁◯ 

53 fewer (88 fewer 
to 19 fewer) 

0.26 (0.02,2.82) 
◯◯◯ 

15 fewer (45 fewer 
to 15 more) 

0.59 (0.22,1.63) 
◯◯◯ 

29 fewer (88 fewer 
to 30 more) 

2.59 (0.77,8.74) 
◯◯◯ 

49 more (3 fewer 
to 101 more) 

Color key: Favors treatment; Favors comparator; No difference.  
GRADE certainty of evidence (CoE): No evidence ---; Insufficient ◯◯◯; Low ⨁◯◯; Moderate ⨁⨁◯; High ⨁⨁⨁ 
*The FDA Code of Federal Regulations defines serious adverse effects as any event or reaction that results in death, a life threatening adverse event, 
inpatient hospitalization or prolongation of existing hospitalization, a persistent or significant incapacity or substantial disruption of the ability to conduct 
normal life functions, or a congenital anomaly or birth defect (FDA Code of Federal Regulations Title 21 (21CFR) 312.32 
[https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=312.32, MedDRA (former COSTART) coding system 
‡Direct comparison estimate (NMA data reported by default). The CGC reviewed the results from both the direct evidence and NMA, using the highest 
certainty of evidence that was available. 
§Inconsistent confidence interval between relative and absolute effect, due to differences in network estimates and direct-pairwise estimates, which are 
used to calculate the absolute estimates 
# Available in the US as a combined formulation of conjugated estrogens/bazedoxifene FDA warning: There is an increased risk of endometrial cancer in a 
female with a uterus who uses unopposed estrogens; The Women’s Health Initiative (WHI) estrogen-alone sub study reported increased risks of stroke 
and deep vein thrombosis; The WHI Memory Study estrogen-alone ancillary study of WHI reported an increased risk of probable dementia in 
postmenopausal females 65 years of age and older  
 
Additional Benefits 
Quality of Life and Functional Outcomes 
 
Only 1 eligible RCT reported on quality of life. The AAC trial narratively reported that alendronate was superior to placebo for “exercise gymnastic score” 
at 24 months (1). The other RCT found significant improved on the Oswestry Disability Index with 36 months of zoledronate versus placebo (2).  
 
Additional Harms 
 
Table1b.i. Adverse effects of treatments for osteoporosis in randomized trials and observational studies  
 

Comparison  Atypical Femoral Fractures 
Number of Studies Sample Size 
Time of outcome assessment 

Osteonecrosis of the Jaw 
Number of Studies Sample Size 
Time of outcome assessment 

Atrial Fibrillation 
Number of Studies Sample Size 
Time of outcome assessment 

Placebo or Unexposed Comparisons 
Bisphosphonates vs. placebo or 
unexposed  

4 RCTs (2-5) (N = 15,014) 
RCTs 24-36 months.  
13 observational studies (6-14); 
4 studies in 2 publications (13, 
14) (N = 4,549,171) 
observational: 3-10 years (if 
reported) 

5 RCTs (2-5, 15) (N = 11,743) 
RCTs 24-36 months. 
8 observational studies (16-23) (N = 
1,354,375) 
observational: 2-8 years (if reported) 
Meta-analysis of 1 RCT at 12 months; N = 
7,157 
RR, 3.00; 95% CI, 0.12,73.51 

5 RCTs (4, 5, 15, 24, 25) (N = 
10,649) 
RCTs 24-36 months.  
7 observational studies (N = 
302,387) (26-32) 
observational: 12 to 60 months (if 
reported) 



6 
 

Meta-analysis of 2 RCTs; N = 
14,195 
RR, 1.33; 95% CI, 0.21,7.66 
2 RCTs had zero events 
Meta-analysis of observational 
studies was not possible due to 
clinical and statistical 
heterogeneity  

⨁◯◯  
 

Meta-analysis of 1 RCT at 36 months; N = 
7,714 
RR, 1.00; 95% CI, 0.06,15.94 
4 RCTs had zero events 
Meta-analysis of 5 observational studies; N 
= 864,321 
aRR, 3.37; 95% CI, 1.91,5.24 

⨁◯◯  
 
 

Meta-analysis of 3 RCTs at 24 
months; N = 2,452 
RR, 1.00; 95% CI, 0.50,1.81 
Meta-analysis of 1 RCT at 36 
months; N = 7,714 
RR, 1.28; 95% CI, 0.95,1.74 
Meta-analysis of 6 observational 
studies; N = 284,780 
aRR, 0.99; 95% CI, 0.77,1.30 

⨁◯◯  
 

Denosumab vs. placebo  2 RCTs (33, 34); N = 8,718 
RCTs 24-36 months 
Both RCTs experienced zero 
events at 36 months. In a 7-year 
extension of FREEDOM, only 2 
AFFs were observed. 
Not rated 

2 RCTs (33, 34); N = 8,718  
RCTs 24-36 months  
Not rated 

1 RCT (34); N = 7,714 
RCT 36 months  
Meta-analysis of 1 RCT; N = 7,714 
RR, 1.00; 95% CI, 0.60,1.67 

⨁◯◯  
 

Romosozumab vs. placebo   1 RCT (35); N = 7,157 
RCT 12 months  
Meta-analysis of 1 RCT; N = 
7,157 
RR, 3.00 (95% CI, 0.12,73.51) 

◯◯◯ 

1 RCT (35); N = 3,581 
RCT 12 months 
Meta-analysis of 1 RCT; N = 3,581 
RR 3.00 (0.12,73.51) 

◯◯◯ 

No data 

Raloxifene, calcitonin, or 
teriparatide, denosumab, or 
estrogens vs. unexposed 
 

Raloxifene, calcitonin, or 
teriparatide vs. unexposed: 
1 observational study (9) 
N = 8,853 
Observational 40 months 
(average) 
Meta-analysis of 1 observational 
study; N = 8,853 
aRR, 0.49 (0.22,1.12) 

◯◯◯ 

No data Raloxifene, calcitonin, 
teriparatide, denosumab, or 
estrogens vs. unexposed: 
1 observational study (29); N = 
136,982 
observational NR 
Meta-analysis of 1 observational 
study; N = 136,982 
aRR, 1.13 (95% CI, 0.91,1.42) 

◯◯◯ 
Head-to-Head Comparisons 
Romosozumab then 
alendronate vs. alendronate  

1 RCT (36); N = 4,054  
RCT 24 months  
Meta-analysis of 1 RCT; N = 
4,054 
RR, 0.49 (95% CI, 0.09,2.69) 

◯◯◯ 

1 RCT (36); N = 4,054 
RCT 24 months  
Meta-analysis of 1 RCT; N = 7,180 
RR, 0.99; 95% CI, 0.06,15.77) 

◯◯◯ 
 

No data 
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Denosumab vs. zoledronate  1 RCT (37); N = 57 

RCT 24 months  
1 RCT observed zero AFF  
Not rated 

1 RCT (37); N = 57 
RCT 24 months  
Not rated 

No data 

Bisphosphonates vs. raloxifene  1 observational study (38) 
N = 324,397  
1,094,049 vs. 158,722 patient-
years of continuous exposure 
Meta-analysis of 1 observational 
study; N = 324,397 
aRR, 1.51; 95% CI, 1.23,1.84 

◯◯◯ 

3 observational studies (38-40); N = 
342,842 
observational 12 to 48 months (if reported) 
Meta-analysis of 2 observational studies; N 
= 332,944 
aRR, 1.94; 95% CI, 0.75,12.42 

◯◯◯ 
 

2 observational studies (41, 42); 
N = 36,866 
observational 10 to 12 months 
average  
Meta-analysis of 2 observational 
studies; N = 36,866 
aRR, 0.83; 95% CI, 0.40,1.59 

◯◯◯ 
 

Bisphosphonates vs. raloxifene 
or calcitonin 
 

1 observational study (43) 
N = 33,815 
observational mean 2.13 years 
(SD 2.21) 
Meta-analysis of 1 observational 
study; N = 33,815 
aRR, 1.03 (95% CI, 0.70,1.52) 

◯◯◯ 

No data No data 

Bisphosphonates vs. raloxifene, 
calcitonin, or teriparatide 
 

1 observational study (9) 
N = 5,119 
observational 40 months 
(average) 
Meta-analysis of 1 observational 
study; N = 5,119 
aRR, 0.63 (95% CI, 0.27,1.42) 

◯◯◯ 

No data No data 

Bisphosphonate vs. denosumab 
 

No data No data 1 observational study (44); N = 
32,470 
observational NR  
Meta-analysis of 1 observational 
study; N = 32,470 
aRR, 1.38; 95% CI, 1.03,1.85 

◯◯◯ 
Bisphosphonates vs. raloxifene 
or supplements (calcitonin, 
vitamin D, or ipriflavone) 
 

No data No data 1 observational study (45); N = 
130,182 
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observational Median 4 years 
Meta-analysis of 1 observational 
study; N = 130,182 
aRR, 0.52 (95% CI, 0.29, 0.91) 

◯◯◯ 
Included studies reported higher risk of some specific adverse events including nausea and hypercalcemia after treatment with peptide hormones when 
compared to both, placebo, and bisphosphonate. The risk of hot flashes or deep vein thrombosis is higher after treatment with SERMs when compared 
with placebo, although such specific harms were rare. aRR, adjusted relative risk 
 
Table 1.b. ii. Pharmacovigilance reports for denosumab and anabolic drugs http://openvigil.sourceforge.net/     

Denosumab Romosozumab Teriparatide Abaloparatide 
Number 
of matching 
records  

160,234 3,792 104,397 10,002 

Gender 
distribution 

123,205 (76.89%) females 2,882 (76%) females 93,781 (89.83%) females 9,385 (93.83%) females 
22,699 (14.17%) males 285 (7.52%) males 9,363 (8.97%) males 164 (1.64%) males 
665 (0.42%) unknowns 

 
33 (0.03%) unknowns 

 

Age distribution 
  
  
  

70 (3633) 78 (84) 75 (2590) 64 (236) 
74 (3291) 82 (74) 77 (1904) 63 (220) 
73 (3256) 79 (73) 76 (1898) 60 (202) 
68 (3196) 83 (71) 79 (1858) 61 (197) 

Top adverse 
events 
Event (number of 
reports) 
  
  

death (17,521) fall (308) nausea (8,596) headache (,1582) 
arthralgia (7,028) injection site pain (196) arthralgia (8,266) nausea (1,281) 
osteonecrosis of jaw (6,926) arthralgia (130) pain in extremity (8,112)  

dizziness (7,902)  
dizziness (1,050) 

 
Table 1.b.iii. Serious adverse events after anabolic drugs or denosumab indicated for the treatment of osteoporosis 
(Epocrates) 

  Denosumab Romosozumab Abaloparatide Teriparatide 
anaphylaxis/angioedema x x x   
calciphylaxis       x 
cardiovascular death risk   x     
depression       x 
drug reaction with eosinophilia 
and systemic syndrome 

x       
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erythema multiforme   x     
femur fractures, atypical x x     
hypercalcemia     x   
hypercalciuria     x   
hypocalcemia x x     
hypotension, orthostatic     x x 
infection, serious x       
malignancy x       
Risk of myocardial infraction   x     
multiple vertebral fractures 
(upon treatment 
discontinuation) 

x       

musculoskeletal pain, severe x       
osteonecrosis, jaw x x     
osteosarcoma     x x 
pancreatitis x       
pneumonia       x 
stroke   x     
vasculitis x       
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Judgement (males) Research evidence (males) 

Desirable Effects 
○ Trivial 
● Small 
○ Medium 
○ Large  
○ Varies 
○ Don't know  
Undesirable Effects 
○ Large 
○ Medium 
○ Small  
● Trivial  
○ Varies 
○ Don't know  

Evidence on Treatments in Male Adults  
 
Table 1c. Summary of Findings (SoF), Males with Osteoporosis 

 Hip Clinical 
Vertebral 

Any 
Clinical 

Radiographic 
Vertebral 

Nonvertebral Serious 
Adverse 
Events 

Withdrawals 
due to 
Adverse 
Events 

Atrial 
Fibrillation 

≥ 36 months 
Bisphosphon
ates 
1 trial of 
alendronate 
(46) 
134 
participants 

No data No data 0.73 (0.27 to 
1.98) 
30 fewer 
(140 fewer to 
70 more) 
◯◯◯ 

 
 

0.42 (0.19 to 
0.97) 
140 fewer 
(266 fewer to 
13 fewer) 

⨁◯◯ 
 
 

0.73 (0.27 to 
1.98) 
30 fewer 
(140 fewer to 
70 more) 
N/A 

No data No data No data 

12 to < 36 months 
Bisphosphon
ates 
(5, 47-50) 
3 trials of 
zoledronate(
5, 47, 48), 1 
of 
risedronate 
(49), 1 trial of 
alendronate 
(50) 
 

No data 0.35 (0.04 to 
3.32) 
3 fewer (10 
fewer to 3 
more) 
◯◯◯ 

 
 

0.75 (0.43 to 
1.25) 
10 fewer (30 
fewer to 10 
more) 

⨁⨁◯ 
 
 

0.39 (0.22 to 
0.83) 
18 fewer (62 
fewer to 15 
more) 

⨁⨁◯ 
 
 

0.71 (0.28 to 
1.79) 
5 fewer (25 
fewer to 12 
more)  
N/A 

0.95 
(0.82,1.09)  
12 fewer (55 
fewer to 24 
more) 

⨁⨁⨁ 

 
 

0.66 
(0.26,1.64) 
2 fewer (70 
fewer to 19 
more) 

⨁⨁◯ 
 
 

Meta-
analysis of 2 
RCTs; N = 
1,988 
1.06 
(0.39,2.28) 
2 more (14 
fewer to 13 
more) 
Adjusted 
meta-analysis 
of 1 
observational 
study 
1.53 
(0.96,2.45) 

⨁◯◯ 

 
 Color key: Favors treatment; Favors comparator; No difference.  
GRADE certainty of evidence (CoE): No evidence ---; Insufficient ◯◯◯; Low ⨁◯◯; Moderate ⨁⨁◯; High ⨁⨁⨁  
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Certainty of evidence  
What is the overall certainty of the evidence of effects for each intervention? 

Judgement (females) Research evidence (females) Additional considerations 

High:  
• Bisphosphonates 
Moderate: 
• Abaloparatide 
• Denosumab 
• Romosozumab 
• Romosozumab to 

Alendronate 
Low:  
• Bazedoxifene 
• Teriparatide 
• Raloxifene 
Insufficient: None 
No included studies: 
None  

See SoF table under “Desirable and Undesirable Effects.”  N/A 

Judgement (males) Research evidence (males) Additional considerations 

What is the overall 
certainty of the 
evidence of effects? 
○ Insufficient 
●Low  
○ Moderate  
○ High 
○ No included studies 

See evidence under “Desirable and Undesirable Effects.” 
 

N/A 
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Values 
Is there important uncertainty about or variability in how much people value the main outcomes? 

Judgement Research evidence Additional considerations 

Important 
uncertainty or 
variability: None 
Possibly important 
uncertainty or 
variability: 
• Bisphosphonates, 
• Abaloparatide 
• Teriparatide 
• Denosumab, 
• Romosozumab, 
• Romosozumab to 

Alendronate 
• Bazedoxifene 
• Raloxifene 
Probably no 
important 
uncertainty or 
variability: None  
No important 
uncertainty or 
variability: None 

Evidence on values and preferences (51-53) showed that females considered the effectiveness and adverse 
effects of treatments equally, followed by convenience of taking medication, and impact on daily routine (i.e., 
preferred less frequent dosing , oral route of administration, and injectable route over oral if take at a lower 
frequency)(51). Out-of-pocket costs were considered factors of extreme importance(51). Bisphosphonates can 
be taken through a variety of routes and frequencies, giving patients an opportunity to tailor treatment to 
their preferences (Table 2). Denosumab is only available by subcutaneous injection to be given every 6 
months. Feedback from the CGC Public Panel reported preferences for the use of bisphosphonates to treat 
osteoporosis. Similar to the research evidence, the Public Panel’s preferences were also driven by the benefits 
and harms profile.  
 
Five out of 8 members of from the Public Panel provided feedback on their preferences based on the findings 
from the systematic review informing the guideline; 5 of 8 members responded. 

• All of respondents indicated that they would take/recommend one or more of the medications 
presented to treat osteoporosis.  

• When asked what medications they would take/recommend to treat osteoporosis, only 3 respondents 
identified specific medications (N = 3/5) when presented with information about medications vs. 
placebo: 

o Preferences for bisphosphonates were identified by all respondents (n = 3/3) 
o Preferences for treatment with RANK ligand inhibitors (n = 2/3) & sclerostin inhibitors (n = 

2/3) were identified  
o Preferences for sequential treatment (n = 2/3) and SERMs (n = 1/3) were also identified  

• All respondents indicated that they would take/recommend Bisphosphonates (Zoledronic acid) to 
treat low bone mass 

• Preferences for taking/recommending medications (overall) were primarily on balance of benefits vs. 
harms; other considerations that may have expected (e.g., costs, administration) were not cited, 
however panel members had this information within the survey or in supplemental document which 
was new from previous surveys  

Critical outcomes evaluated included 
patient-oriented clinical outcomes of 
bone fractures, patient functional 
status, quality of life, and serious 
adverse events, and important 
outcomes included withdrawals due to 
adverse events. When evaluating the 
net benefits of the various treatments, 
we looked at rates of bone fractures at 
longer (≥36 months) and shorter time of 
outcome assessment (12 to < 36 
months)(54). The CGC prioritized 
benefits and harms lasted ≥36 months, 
and cost-effectiveness from all oral and 
injectable medications regardless of 
treatment duration(51). 
  
Each study contributed to outcomes at 
one time point of fracture assessment 
(at 12 to < 36 months or ≥36 months). In 
addition, we prioritized the prevention 
of hip fractures and clinical vertebral 
fractures followed by the prevention of 
any clinical or radiographic vertebral 
fractures based on the high risk of 
disability, institutionalization, morbidity, 
and mortality in people with clinical 
fractures(55, 56) and the high risk of 
future fractures in people with 
radiographic fractures (57). Appendix 
Table 1 presents definitions of each 
fracture category. We also prioritized 
serious adverse events reported in 
randomized controlled trials (RCTs) and 
observational studies as more clinically 
important than withdrawals due to 
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adverse events usually available from 
RCTs only. Overall, we contextualized 
the balance between benefits and 
harms based on the direction and the 
magnitude of treatment effects across 
all outcomes and considering the 
certainty of evidence. 
 
Informed decision-making about 
treatments for osteoporosis should be 
based on discussions with patients 
about potential benefits, harms, patient 
values and preferences about oral or 
injectable drug formulations, and costs.  
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Balance of effects 
Does the balance between desirable and undesirable effects favor the intervention or the comparison for each intervention? 

Judgement (females) Research evidence (females) Additional considerations 

Favors the 
intervention:  
• Bisphosphonates  
• Denosumab 
Probably favors the 
intervention:  
• Romosozumab to 

Alendronate  
• Raloxifene 
• Teriparatide 
Does not favor either 
the intervention or 
the comparison:  
• Abaloparatide 
• Romosozumab 
• Bazedoxifene 
Probably favors the 
comparison: None 
 
Favors the 
comparison: None 
Varies: None 
Don’t know: None  

See SoF table under “Desirable and Undesirable Effects.”    

Judgement (males) Research evidence (males) Additional considerations 

Does the balance 
between desirable 
and undesirable 
effects favor the 
intervention or the 
comparison?  
○ Favors the 
intervention 
○ Probably favor 
savors intervention 

See evidence under “Desirable and Undesirable Effects.” 
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○ Does not favor 
either the 
intervention or the 
comparison 
○ Probably favors the 
comparison 
○ Favors the 
comparison 
 
○ Varies 
● Don't know 

Resources required 
How large are the resource requirements (costs) for each intervention? 

Judgement Research evidence Additional considerations 

Large costs: 
• Teriparatide 
• Denosumab 
Modest costs: 
• Abaloparatide 
• Romosozumab 
• Romosozumab to 

Alendronate 
• Raloxifene 
Negligible costs and 
savings: 
• Bisphosphonates 
Modest savings: 
None 
Large savings: None 
 
Varies: None 
 
Don't know: 
Bazedoxifene 

• Alendronate federal payment ceiling is the lowest when compared with ibandronate or risedronate 
(Table 1c). Brand formulations of bisphosphonates is much more expensive than available generic 
versions of the same drug (Table 1d).  

• There is a substantial variability in pharmacy prices for bisphosphonates with alendronate being the 
least and zoledronic acid being the most expensive medications (Table 1d).  

• The overall treatment cost is higher for injectable formulations that include reimbursement for clinic 
visits and potential missing work hours for working patients.  

• Annual cost per Medicare beneficiary is lower for generic than brand formulations (Figure 1a).  
• Bisphosphonates (Figure 1b) are much less expensive than other drug classes (Figure 1c).  
• Teriparatide is the most expensive followed by denosumab, abaloparatide, romosozumab, and 

raloxifene (Figure 1b). 
• Eligible RCTs reported on fracture outcomes after treatment with alendronate, risedronate, or 

zoledronate. The evidence on ibandronate, was limited to intermediate outcomes(51).  
• Prescribing medications without the evidence of their effects on fracture presents additional potentially 

unnecessary cost of care that should be justified. 
•  
Table 1d. Federal Upper Limit as the Federal Payment Ceiling for Anti-osteoporosis Medications with ≥3 
Generic Versions, 2021  

Drug Dose 
Weighted Average Manufacturer Prices - Federal 
Upper Limit 

Alendronate sodium 35mg $18-31 
Alendronate sodium 70mg $10-20 
Ibandronate sodium 150mg $165-367 
Risedronate sodium 35 mg $337-1861 
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Risedronate sodium 150mg $820-1958 
Source: https://www.medicaid.gov/medicaid/prescription-drugs/federal-upper-limit/index.html, Accessed in 
July 2021 
 
Table 1e. Pharmacy Cost for Brand or Generic Versions of Anti-osteoporosis Medications, 2021 

Generic or Brand Dose Cost 
alendronate sodium 

Generic oral tablet, 5 mg (30 ea.) $12.29  
Generic oral tablet, 10 mg (30 ea.) $31.50  
Generic oral tablet, 40 mg (30 ea.) $295.99  
Generic oral tablet, weekly: 35 mg (3 dose pack, 4 tabs) $249.63  
Generic oral tablet, weekly: 70 mg (3 dose pack, 4 tabs) $128.99  
Brand oral tablet, 70 mg (1 dose pack, 4 tabs) $368.55  
Brand oral tablet, 70 mg (1 dose pack, 4 tabs) $163.41  

ibandronate sodium 
Generic oral tablet, monthly: 150 mg (1 dose pack, 3 tabs) $20.88  
Brand oral tablet, monthly: 150 mg (1 dose pack, 3 tabs) $725.99  

risedronate sodium 
Generic oral tablet, weekly: 35 mg (1 dose pack, 4 tabs) $239.99  
Generic oral tablet, 150 mg (1 dose pack, 1 tab) $167.99  
Brand oral tablet, weekly: 35 mg (1 dose pack, 4 tabs) $454.99  
Brand oral tablet, weekly: 35 mg (1 dose pack, 4 tabs) $284.19  
Brand oral tablet: 150 mg (1 dose pack, 1 tab) $421.99  

zoledronic acid 
Generic 1 vial 4 mg base/100ml $41.00 – $45.68 
Brand 1 vial 5 mg base/100ml $1,139.52  
Brand 1 vial 4 mg base/5ml $812.02  
Brand 1 vial 4 mg base/100ml $972.57  

Source: http://www.goodrx.com; https://www.drugs.com/price-guide 
 
 
Figure 1a. Medicare Part D Average Spending Per Dosage Unit for Brand or Generic Versions of Anti-
osteoporosis Medications, 2019 
 

https://www.medicaid.gov/medicaid/prescription-drugs/federal-upper-limit/index.html
http://www.goodrx.com/
https://www.drugs.com/price-guide/pamidronate
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Figure 1b. Bisphosphonates 
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Figure 1c. Newer drugs 
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Cost effectiveness 
Which intervention does the cost effectiveness favor?  

Judgement Research evidence Additional considerations 

Favors the 
comparison: None  
Probably favors the 
comparison: None 
Does not favor either 
the intervention or 
the comparison: 
None 
Probably favors the 
intervention: 
• Bisphosphonates  
Favors the 
intervention: None 
Varies:  
• Abaloparatide 
• Teriparatide 
• Denosumab 
• Romosozumab 

We considered the national data on resource utilization and published systematic reviews of economic 
analyses of life-time horizon cost applicable to the US(58). National Medicare data suggested that 
bisphosphonates are substantially less expensive than the other drug classes (average annual spending per 
Medicare beneficiary among bisphosphonates ranged from $39 to $2,732 versus $593 to $22,156 among 
other medications (denosumab, SERM [raloxifene], PTHrP [abaloparatide], recombinant PTH [teriparatide], 
sclerostin inhibitor [romosozumab]; Appendix 1 Table 1d, Figures 1b and 1c)(59). The Medicare data also 
showed that generic oral alendronate or generic intravenous zoledronate were the least expensive when 
compared with brand formulations (Appendix 1 Table 1e). The overall treatment cost was probably higher for 
injectable intravenous formulations because the overall cost included reimbursement for clinic visits, infusion 
costs (intravenous), and potential missed work hours for working patients. A systematic review of 43 RCTs in 
71,809 postmenopausal females concluded that the most cost-effective initial therapy of post-menopausal 
osteoporosis was generic zoledronate (cost per 1 hip fracture reduction=$7,995) or oral alendronate (cost per 
1 hip fracture reduction=$19,488) (Appendix 1 Table 1f) (51, 60). This analysis did not address additional costs 
associated with injectable drugs or with brand formulations. Another systematic review (61) concluded that 
oral alendronate and risedronate had the maximum net benefit for patients with high baseline risk of 
fractures while gains in quality-adjusted life-years (QALYs) would be much smaller in patients with low 
baseline risk of fracture (Appendix 1 Table 1g). The authors concluded that intravenous bisphosphonates have 
much higher incremental cost-effectiveness ratios (> £50,000 per QALY) than no treatment and therefore do 

  



20 
 

• Romosozumab to 
Alendronate 

• Bazedoxifene 
• Raloxifene 
 
No included studies: 
None 

not meet thresholds for high value interventions in the UK(51).(51). The absolute cost to use denosumab, 
romosozumab, or teriparatide would be higher if discontinuation is followed with an alternative sequential 
treatment. 
 
The evidence from the published CEAs was insufficient to conclude economic value of drugs for 
osteoporosis(51). The most recent systematic review of cost-effectiveness analyses of drug for osteoporosis 
included 12 CEAs but only one CEA was from the US (62). The review concluded that denosumab, zoledronic 
acid and teriparatide were cost-effective based on willingness to pay thresholds from countries where 
economic evaluations have been conducted(63)The review suggested that baseline risk of fracture, the 
magnitude of medication effects on fracture prevention, medication adherence and persistence, and drug 
cost contributed to cost-effectiveness of available medications(63). A single cost-effectiveness analysis 
conducted in the US (62) concluded that denosumab was cost-effective compared to other osteoporotic 
treatments in older osteoporotic US males based on indirect evidence from a single RCT on postmenopausal 
females(64).  
 
 
Table 1f. Cost Analysis of Anti-Osteoporotic Drugs for the Treatment and Prevention of Fractures  

Drugs Cost per 1 fracture reduction ($) 
vs. Placebo Hip Vertebral Nonvertebral 
Alendronate 19,488 3,097 6,912 
Risedronate 170,100 118,260 82,620 
Ibandronate NA 17,464 NA 
Raloxifene NA 48,564 NA 
Denosumab 569,024 46,024 165,268 
Teriparatide NA 454,685 929,376 
Zoledronate, generic, 4 mg 7,995 1,495 NA 
Zoledronate, brand, 5 mg 135,792 25,091 NA 
vs. Alendronate Hip Vertebral Nonvertebral 
Risedronate NA NA NA 
Ibandronate NA NA NA 
Raloxifene NA NA NA 
Denosumab NA 141,716 NA 
Teriparatide NA 794,304 1,555,512 
Zoledronate, generic, 4 mg NA 2,294 NA 
Zoledronate, brand, 5 mg NA 74,592 NA 

Adapted from the published meta-analysis of 43 RCTs in 71,809 postmenopausal females that were similar in 
recruitment age (mean ± SD, 67.3 ± 8.1 years) and follow-up duration (25.5 ± 12.6 months). Cost comparisons 
were evaluated for a treatment strategy multiplied by NNT (number needed to treat) to prevent a fracture in 
1 female(60). 
 



21 
 

Table 1g. Summary of Final ICERs and Subgroups Analyzed from Articles Assessing Cost-effectiveness of 
Denosumab Compared with Generic Alendronate(53). 

Previous Fracture BMD Age 
Final ICER 
(range in 2017 US dollar) 

No previous fracture −2.5-4 70+ Cost saving to $139,000 
No previous fracture <−2.5 50-55 $254,000 to $260,000 
Prevalent fracture  <-2.5-4 50-80 Cost saving to $69,734 
Previous fracture <−2.5 50-55 $196,565 to $205,187 
One CRF a −2.5 72+ $91,000 to $96,000 
One CRFa <−2.5 50-55 $175,000 to $180,000 
Two CRFsa −2.5 72+ $60,000 to $63,000 
Two CRFsa <−2.5 50-55 $118,000 to $121,000 
Three CRFsa −2.5 72+ $30,000 to $33,000 
Three CRFsa <−2.5 50-55 $63,000 to $66,000 
High risk −2.5 72+ $10,938  

BMD: bone mineral density; ICER: incremental cost-effectiveness ratio. 
a clinical risk factors (CRFs) include prior fragility fracture, parental history of hip fracture, current tobacco 
smoking, long-term use of oral glucocorticoids, rheumatoid arthritis, other causes of secondary osteoporosis, 
and high alcohol consumption; Cost-saving are in bold 
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SUMMARY OF JUDGEMENTS – IN FEMALES 
 

  

 

JUDGEMENT 

Bisphosphonates PTHrP 
(abaloparatide)  

Recombinant 
PTH 

(teriparatide) 

RANK ligand 
inhibitor 

(Denosumab) 

Sclerostin 
inhibitor 

(romosozumab) 

Sclerostin 
inhibitor 

(romosozumab) 
to 

bisphosphonate 
(alendronate) 

SERM 
(bazedoxifene) 

SERM 
(raloxifene) 

DESIRABLE EFFECTS Medium Trivial Small Medium Trivial Small Trivial Small  

UNDESIRABLE EFFECTS Trivial Trivial Small Trivial Trivial Trivial Trivial Trivial  

CERTAINTY OF EVIDENCE High Moderate Low Moderate Moderate Moderate Low Low  

VALUES 

Possibly 
important 

uncertainty or 
variability 

Possibly 
important 

uncertainty or 
variability 

Possibly 
important 

uncertainty or 
variability 

Possibly 
important 

uncertainty or 
variability 

Possibly 
important 

uncertainty or 
variability 

Possibly 
important 

uncertainty or 
variability 

Possibly 
important 

uncertainty or 
variability 

Possibly 
important 

uncertainty or 
variability 

 

BALANCE OF EFFECTS Favors the 
intervention 

Does not favor 
either the 

intervention or 
the comparison 

Probably favors 
the intervention 

Favors the 
intervention 

Does not favor 
either the 

intervention or 
the comparison 

Probably favors 
the intervention 

 Does not favor 
either the 

intervention or 
the comparison 

Probably favors 
the intervention 

 

RESOURCES REQUIRED Negligible costs 
and savings  Modest costs Large costs Large costs Modest costs Modest costs Varies Modest costs  

COST EFFECTIVENESS Probably favors 
the intervention  Varies Varies Varies Varies Varies Varies Varies  
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SUMMARY OF JUDGEMENTS – IN MALES  
 

 
JUDGEMENT 

Bisphosphonates 

DESIRABLE EFFECTS Small 

UNDESIRABLE EFFECTS Trivial 

CERTAINTY OF EVIDENCE Low 

VALUES Possibly important uncertainty or variability 

BALANCE OF EFFECTS Probably favors the intervention 

RESOURCES REQUIRED Don’t know 

COST EFFECTIVENESS Don’t know 
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CONCLUSIONS 

Recommendation(s) 

Recommendation 1a: ACP recommends that clinicians use bisphosphonates for initial pharmacologic treatment to reduce the risk of fractures in postmenopausal females diagnosed 
with primary osteoporosis (strong recommendation; high-certainty evidence).  
 
Recommendation 1b: ACP suggests that clinicians use bisphosphonates for initial pharmacologic treatment to reduce the risk of fractures in males diagnosed with primary 
osteoporosis (conditional recommendation; low-certainty evidence).  
 
Recommendation 2a: ACP suggests that clinicians use the RANK ligand inhibitor (denosumab) as a second-line pharmacologic treatment to reduce the risk of fractures in 
postmenopausal females diagnosed with primary osteoporosis who have contraindications to or experience adverse effects of bisphosphonates (conditional recommendation; 
moderate-certainty evidence).  
 
Recommendation 2b: ACP suggests that clinicians use the RANK ligand inhibitor (denosumab) as a second-line pharmacologic treatment to reduce the risk of fractures in males 
diagnosed with primary osteoporosis who have contraindications to or experience adverse effects of bisphosphonates (conditional recommendation; low-certainty evidence).  
 
Recommendation 3: ACP suggests that clinicians use the sclerostin inhibitor (romosozumab, moderate- certainty evidence) or recombinant PTH (teriparatide, low- certainty evidence), 
followed by a bisphosphonate, to reduce the risk of fractures only in females with primary osteoporosis with very high risk of fracture (conditional recommendation). 
  
Justification 

Bisphosphonates should be used as first line treatment in both females and males with primary osteoporosis. In postmenopausal females and males with 
osteoporosis, bisphosphonates had the most favorable balance between benefits, harms, patient values and preferences, and cost among the drug classes we 
evaluated (Appendix 1 Tables 1a-1c) (51). However, bisphosphonates were associated with a higher risk of osteonecrosis of the jaw and atypical femoral or 
subtrochanteric fractures in observational studies when compared with people with osteoporosis who were not treated with bisphosphonates (low-certainty of 
evidence) (Appendix 1 Tables 1bi-iii) (51). In addition to net clinical benefits, bisphosphonates are much cheaper (Table ) than other pharmacologic treatments and 
are available in generic formulations.  
 
These recommendations are applicable to bisphosphonates studied in the eligible primary RCTs (alendronate, risedronate, or zoledronate), which were evaluated in 
the accompanying evidence review (51). There is no evidence that ibandronatfe reduces hip fractures (51). (65)The RANK ligand inhibitor (denosumab) can be used 
as a second-line treatment in both females and males at high-risk of fracture. Evidence from RCTs showed that denosumab had a favorable long-term net-benefit in 
postmenopausal females with primary osteoporosis, a history of osteoporotic fractures, and a history of prior treatments with bisphosphonates (Appendix 4 Table 
4a) (51). Use of denosumab was not associated with a higher risk of ONJ (51); however, events were detected in the extension trials and more data are needed to 
clarify the risk. (51) 
 
Benefits and Harms of Bisphosphonates  
Evidence from the network meta-analysis suggested no greater benefits from other drug classes when compared with bisphosphonates (Appendix 2 Table 2a) (51). 
High-certainty evidence showed that bisphosphonates reduced the risk of hip fractures (absolute risk difference [ARD], 6 fewer events per 1000 patients), clinical 
vertebral fractures (ARD, 18 fewer events per 1000 patients), any clinical fracture (ARD, 24 fewer events per 1000 patients), and radiographic vertebral fractures 



25 
 

(ARD, 56 fewer events per 1000 patients) compared to placebo in RCTs assessing outcomes at least 36 months after initiation of treatment (Appendix 1 Table 1a). 
High-certainty evidence showed no differences between bisphosphonates and placebo in serious adverse events and withdrawals due to adverse events at least 3 
years after initiation of treatment in included RCTs (Appendix 1 Table 1a) (51). However, evidence from observational studies showed that bisphosphonates were 

associated with a higher risk of atypical femoral fractures and osteonecrosis of the jaw (pooled from 5 observational studies adjusted RR, 3.4; 95% CI, 1.9, 5.2; low-
certainty) at least 2 to 3 years after treatment initiation when compared with people with osteoporosis who were not treated with bisphosphonates (Appendix 1 
Table 1b.i-iii), although observed events were not common (unadjusted incidence for osteonecrosis of the jaw: 0.01% to 0.3% of bisphosphonate users) (51). Longer 
treatment duration with bisphosphonates may have been associated with the higher risk of osteonecrosis of the jaw (51) and atypical femoral fractures (51). The 
higher risk of atypical femoral fractures was observed in Asian females when compared to non-Hispanic white females (595 vs. 109 per 100,000 person-years) (51). 
 
When compared with other medications, evidence from RCTs suggested that there may be no differences in fracture risk reduction at >36 months between 
bisphosphonates and denosumab (low- certainty; Appendix 2 Table 2a). Raloxifene probably reduced radiographic fractures when compared with placebo but 
increased the risk of withdrawal due to adverse events in RCTs and was associated with the higher risk of venous thromboembolism (51). Evidence from studies 
with shorter follow up (12 to 36 months) showed no greater net benefit from other drug classes when compared with bisphosphonates (Appendix 2 Tables 2a-b) 
(51). 
 
Benefits and Harms of the RANK Ligand Inhibitor (Denosumab)  
Currently, denosumab is the only available RANK ligand inhibitor. Evidence showed that denosumab reduced clinical vertebral fractures (ARD, 16 fewer events per 
1000 patients; high- certainty), probably reduced the risk of hip fractures (ARD, 4 fewer events per 1000 patients; moderate- certainty), any clinical fracture (ARD, 
14 fewer events per 1000 patients; moderate- certainty) and radiographic vertebral fractures (ARD, 48 fewer events per 1000 patients; moderate- certainty) in RCTs 
assessing outcomes at least 3 years after initiation of treatment (Appendix 1 Table 1a). Denosumab probably reduced the risk of radiographic vertebral fractures at 
shorter follow-up (12 to 36 months) (ARD, 64 fewer events per 1000 patients; moderate -certainty) (Appendix 1 Table 1a). 
 
Evidence showed there are probably no differences in serious adverse effects and withdrawal due to adverse effects at 36 months between denosumab and 
placebo (moderate- certainty; Appendix 1 Table 1a) or bisphosphonates in RCTs (moderate- certainty; Appendix 2 Table 2a). 
 
 
Evidence showed that the benefits after 24-months of treatment with recombinant PTH (teriparatide) or the sclerostin inhibitor (romosozumab) may have 
outweighed harms only in a select population of postmenopausal females (mean age >74) with osteoporosis and very high-risk of fracture (Appendix 1 Table 1a and 
Appendix 2 Table 2a) (35, 36, 51, 66-69). We developed our recommendations based on the assessment of very high- risk of fracture in primary RCTs (36, 69). Very 
high-risk of fracture was based on older age and either a recent fracture (e.g., within the past 12 months), or history of multiple clinical osteoporotic fractures, or 
multiple risk factors for fracture (see Table 3), or failure of other available osteoporosis therapy (70-73) (Appendix 4 Table 4a). 
 
Currently, romosozumab is the only available sclerostin inhibitor and teriparatide is the only available recombinant PTH. Discontinuation of romosozumab or 
teriparatide treatment may result in rapid bone loss and higher fracture risk and should be followed by administration of an antiresorptive agent (74, 75).  
 
Since this is a conditional recommendation for females, we did not make a recommendation for males because any further downgrading due to indirectness was 
not sufficient to support a clinical recommendation.  
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Benefits and Harms of Recombinant PTH (Teriparatide)  
None of the included studies evaluated the long-term benefits of teriparatide (Appendix 1 Table 1a). Evidence showed that teriparatide reduced the risk of any 
clinical fractures and radiographic vertebral fractures (ARD, 27 and 69 fewer, respectively, per 1000 patients; high- certainty) and may have reduced clinical 
vertebral fractures (ARD, 45 fewer per 1000 patients; low- certainty)when compared with placebo at 24 months of outcome assessment (51), but may have resulted 
in no difference in risk of hip fractures (low- certainty). Evidence from RCTs showed that teriparatide may have resulted in no difference in the risk of serious 
adverse effects (low- certainty) but probably increased the risk of withdrawal due to adverse effects at 36 or 24 months of follow-up (ARD, 127 or 17 more, 
respectively, per 1000 patients; moderate- certainty); most commonly due to nausea, dizziness, vomiting, headache, palpitations, and leg cramps (51, 76).  
 
When compared with bisphosphonates at 24 months of outcome assessment, evidence showed that teriparatide probably reduced the risk of radiographic 
vertebral fractures (moderate -certainty; ARD, 66 fewer per 1000 patients), may have reduced the risk of any clinical fracture (low- certainty; ARD, 46 fewer per 
1000 patients), and may have resulted in no differences in serious adverse events (low- certainty) or withdrawal due to adverse events (moderate -certainty). 
However, teriparatide increased the risk of withdrawal due to adverse events at longer term (36 months) (RR 3.1, low- certainty) (Appendix 2 Table 2a)(51). There is 
not yet sufficient evidence on the benefits and harms from sequential therapy with bisphosphonate after 72 weeks of teriparatide (51, 77)(51).  
 
Benefits and Harms of the Sclerostin Inhibitor (Romosozumab)  
None of the included studies evaluated the long-term benefits and harms of romosozumab nor did any report the impact on the risk of hip fractures (51). 
Moderate-certainty evidence from RCTs assessing outcomes at 12-36 months after treatment initiation showed that romosozumab probably reduced clinical 
vertebral (ARD, 4 fewer per 1000 patients), radiographic vertebral (ARD, 13 fewer per 1000 patients), and any clinical fracture (ARD, 9 fewer per 1000 patients) 
compared to placebo, but the prevention of hip fractures was not reported (Appendix 1 Table 1a) (51). At 12 months, romosozumab compared to bisphosphonates 
may have resulted in no differences in clinical or radiographic vertebral fractures (low certainty) with no evidence about its effect in hip fractures (51). Evidence 
from RCTs showed that romosozumab may have resulted in no differences in serious adverse events (moderate certainty) or withdrawals due to adverse events 
(low certainty) when compared to placebo (51). Romosozumab increased the risk of cardiovascular events compared to alendronate (hazard ratio, 1.9; 95% CI, 
1.1,3.1) (36, 51, 78). 
 
Benefits and Harms of the Sequential Therapy  
Evidence from RCTs that looked explicitly at sequential therapy with bisphosphonates after initial treatment with denosumab, romosozumab, or teriparatide was 
limited (51, 78, 79). Moderate-certainty evidence from a single large RCT (36) showed that romosozumab followed by alendronate probably reduced all clinical 
bone fractures compared to placebo and probably reduced hip (ARD, 12 fewer per 1000 patients), clinical vertebral (ARD, 13 fewer per 1000 patients), any clinical 
(ARD, 33 fewer per 1000 patients), and radiographic vertebral fractures (ARD, 40 fewer per 1000 patients) compared to a bisphosphonate alone at 12-36 months of 
outcome assessment, without higher risk of serious harms or withdrawal due to adverse effects (Appendix 1 Table 1a and Appendix 2 Table 2a)(51).  

 

Clinical Considerations 

• Clinicians should prescribe generic medications if possible rather than more expensive brand-name medications.  
• Clinicians treating adults with osteoporosis should encourage adherence to recommended treatments and healthy lifestyle modifications, including 

exercise, and counseling for evaluation and prevention of falls.  
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• Adequate calcium and vitamin D intake should be part of fracture prevention in all adults with low bone mass or osteoporosis. 
• Clinicians should assess baseline risk for fracture based on individualized assessment of bone density, history of fractures, response to prior treatments for 

osteoporosis, and multiple risk factors for fractures (Appendix Table 3). There are many available risk assessment tools with varying predictive value which 
were not evaluated in the systematic review (51) or in this guideline.  

• Current evidence suggests that increasing the duration of bisphosphonate therapy to longer than 3 to 5 years reduces risk for new vertebral fractures but 
not risk for other fractures (51, 80-82). However, there is increased risk for long-term harms (51). Therefore, clinicians should consider stopping 
bisphosphonates after 5 years unless the patient has a strong indication for treatment continuation  

• The decision for a temporary bisphosphonate treatment discontinuation (holiday) and its duration should be individualized and should be based on baseline 
risk for fractures, type of medication and its half-life in bone, benefits, and harms (higher risk for fracture due to drug discontinuation). 

• Females initially treated with an anabolic agent should be offered an antiresorptive agent after discontinuation to preserve gains and because of serious 
risk for rebound and multiple vertebral fractures. 

• Older adults (for example, those aged >65 years) with osteoporosis may be at increased risk for falls and other adverse events due to polypharmacy or drug 
interactions. Individualized treatment selection should address contraindications and cautions for drugs indicated to treat osteoporosis based on 
comorbidities and concomitant medications (Appendix 1 Tables 1j-k) as well as reassessment of other drugs associated with higher risk for falls and 
fractures. 

• There is variable risk for low bone mass in transgender persons based on age at gonadectomy, therapy with sex hormones, distribution of comorbidities, 
and behavioral risk factors for osteoporosis and fractures. When considering the potential risk for fractures, history of gonadectomy (including age) and sex 
steroid therapy should be considered in treatment decisions for secondary osteoporosis.  

Subgroup considerations 

Treatment effectiveness across subgroups 
• Relative treatment effects did not differ by fracture risk, though risk definitions and inclusion criteria varied by study.  
• There was little indication that osteoporosis treatment was more effective in participants aged ≥ 75 years.  
• Most trials excluded participants with renal insufficiency or the equivalent of chronic kidney disease (CKD) stage IV or worse, but there is evidence that 

zoledronate, alendronate, and denosumab are effective in individuals with mild to moderate CKD. [Of note, only 1 trial distinguished patients with CKD 
stage IIIa (creatinine clearance 45-59 ml/min) from patients with CKD stage IIIb (creatinine clearance 30-44 ml/min), so we have very limited information 
about safety and efficacy in patients with moderately severe renal insufficiency]. 

 
Table 1h. Treatment effectiveness across subgroups (Treatment vs. Placebo) 

Treatment Follow-up duration 

Subgroup 
Prevalent vertebral 
fracture 

No prevalent vertebral 
fracture 

Prior osteoporosis 
treatment Age ≥75 

vs. Placebo 
Bisphosphonates 12 to < 36 months ZOL (5, 24)† Unclear Unclear ZOL (25), ALN (83)§ 

≥ 36 months ZOL (4, 84), ALN (3), RIS 
(85)† ZOL (81, 84, 86), RIS (87) † ZOL (84)* RIS (88), ZOL (84, 86)† 

(84) 
Abaloparatide 12 to < 36 months (35, 89)† (35)† Unclear (35, 90, 91)† 
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≥ 36 months Unclear Unclear Unclear Unclear 
Teriparatide 12 to < 36 months (89)† 

Unclear Unclear (67, 92, 93)† (67, 69)* 
≥ 36 months Unclear Unclear Unclear Unclear 

Denosumab 12 to < 36 months (33)* Unclear Unclear Unclear 
≥ 36 months 

(64, 94)† (34, 64, 94)† 
(64)* 

(64, 94)† 
(64) 

Romosozumab 12 to < 36 months (95)* (35, 96)† Unclear Unclear 
≥ 36 months Unclear Unclear Unclear Unclear 

Raloxifene 12 to < 36 months Unclear Unclear Unclear Unclear 
≥ 36 months (97)* (97)* Unclear Unclear 

Bazedoxifene 12 to < 36 months Unclear Unclear Unclear Unclear 
≥ 36 months (98)* Unclear Unclear Unclear 

Note. In order to be listed as effective within a given subgroup, the treatment had to: be effective in improving one or more fracture outcomes in our network meta-analyses of the 
primary trials (i.e., a treatment that was effective in a post-hoc subgroup analysis or in a single trial, but not in the overall collection of studies analyzed, would not be listed in this 
table as effective) and include a population in which the majority of participants have the risk factor in question, and/or; be shown to be similarly effective in participants with and 
without the risk factor in question (usually through post-hoc subgroup analyses demonstrating a treatment-risk factor interaction term with P > 0.10).  
Unclear indicates no studies in which the majority of participants in the parent trial had characteristic of interest, and no subgroup analyses reporting treatment effects according to 
characteristic of interest 
Abbreviations: ALN: alendronate; RIS: risedronate; ZOL: zoledronate 
*Effective, but only for radiographic vertebral fractures 
†Effective for one or more clinical fracture outcomes 
§Not effective for any outcome studied  
  

Multiple Chronic Conditions and Polypharmacy 

Individualized treatment selection should address contraindications and cautions for drugs indicated to treat osteoporosis based on comorbidities and concomitant medications 
(Table 1j and 1k). The balance between benefits and harms would be more favorable after zoledronic acid or teriparatide in people with osteoporosis and baseline comorbid 
coagulation disorder (Appendix Tables 3-4).  
 
The FDA reports drug interactions with bisphosphonates and the following: agents acting on calcium homeostasis/antacids, magnesium salts, NSAIDs, corticosteroids, diuretics, 
hypotensive agents, aminoglycosides, see drug labeling reports for more information. 
 
Table 1j. Contraindications and Cautions for Bisphosphonate Based on Comorbidity and Concomitant Medications  

Comorbidities, 
Suggested ICD codes Alendronate Ibandronate Pamidronate Risedronate Zoledronic acid 
Achalasia, K22.0 Contraindicated Contraindicated None reported Contraindicated None reported 
Aspiration risk, * Contraindicated None reported None reported None reported None reported 
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Renal impairment, N18 Contraindicated if 
CrCl <35 

Contraindicated if CrCl 
<30 

Contraindicated if CrCl 
<30 

Contraindicated if 
CrCl <30 

Contraindicated if 
CrCl <30 

Esophageal stricture, K22.2 Contraindicated Contraindicated None reported Contraindicated None reported 
Hypocalcemia, E83.51 Contraindicated Contraindicated None reported Contraindicated Contraindicated 
Invasive dental procedure (osteonecrosis of the 
jaw), M87.180 

 None reported Contraindicated Contraindicated  None reported Contraindicated 

Anemia, D64.9 Caution† Caution† None reported Caution† None reported 
Coagulation disorder, D68 Caution † Caution † None reported Caution† None reported 
Concurrent nephrotoxic agent use, N14.1 None reported None reported Caution † None reported Caution† 
Corticosteroid use Caution † Caution † Caution † Caution† Caution†  
Infection, A00- B99 Caution † Caution†  None reported Caution† None reported 
Malignancy, C00-D49 Caution† Caution † None reported Caution†  None reported 

Sources: FDA drug labels, Dynamed, IBM Micromedex, Epocrates, Reference.medscape.com/drug 
*T17.21 Gastric contents in pharynx 
† Caution: high risk of a discrete set of adverse reactions and other potential safety hazards that are serious or otherwise clinically significant because they have implications for 
prescribing decisions. To include an adverse event in the section, there should be reasonable causal association between the drug and the adverse event (no need for definitively 
established causality). 
 
Table 1k. Contraindications and Cautions for Drugs Indicated for Fracture Prevention Based on Comorbidity and Concomitant Medications  

 Monoclonal antibodies Parathyroid hormone analogue Selective estrogen receptor 
modulators 

Comorbidities Romosozumab Denosuma
b Teriparatide Abaloparatide  Raloxifene 

Renal impairment CrCl <30 CrCl <30 CrCl <30 CrCl <30 CrCl <50 

Calcemia Caution: 
hypocalcemia 

Caution: 
hypocalce
mia 

Caution: hypercalcemia Caution: hypercalcemia None reported 

Invasive dental procedure 
(osteonecrosis of the jaw) 

Caution Caution None reported None reported None reported 

Anemia Caution Caution None reported None reported None reported 
Coagulation disorder Caution Caution None reported None reported None reported 
Corticosteroid use Caution Caution  None reported None reported None reported 
Infection None reported Caution  None reported None reported None reported 
Malignancy Caution  Caution  Caution if history of skeletal 

malignancy  
Caution if history of skeletal 
malignancy 

None reported 

Radiotherapy Caution  None 
reported 

Caution if history of bone 
radiotherapy 

Caution if history of bone 
radiotherapy 

None reported 
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Hereditary osteosarcoma disorders None reported None 
reported 

Caution, FDA caution  Caution, FDA warning  None reported 

Cardiovascular risk Caution, FDA 
warning 

None 
reported 

None reported None reported Caution 

Hepatic impairment None reported None 
reported 

None reported None reported Caution 

Stroke history or risk Caution, FDA 
warning 

None 
reported 

None reported None reported Caution, FDA warning 

Thromboembolism history or risk None reported None 
reported 

None reported None reported Caution, FDA warning 

Urolithiasis None reported None 
reported 

Caution Caution None reported 

Hypersensitivity to drug/class Caution Caution Caution Caution Caution 
Angiogenesis inhibitor use Caution  Caution  None reported None reported None reported 

 

FDA warning- Boxed warnings (formerly known as Black Box Warnings) are the highest safety-related warning that medications can have assigned by the Food and Drug 
Administration. These warnings are intended to bring the consumer’s attention to the major risks of the drug. Medications can have a boxed warning added, taken away, or 
updated throughout their tenure on the market (99). 
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Appendix 2. EtD Framework: Treatments to Prevent Fractures in Patients with Osteoporosis, Other Treatments Compared to. Bisphosphonates 

Comparative Effectiveness of Treatments to Prevent Fractures in patients with Osteoporosis vs. Bisphosphonates 

POPULATION: Patients with Osteoporosis  

INTERVENTION: RANK ligand inhibitor (denosumab), Sclerostin inhibitor (romosozumab), Sequential Sclerostin inhibitor (romosozumab) to bisphosphonate 
(alendronate), PTHrP (abaloparatide), Recombinant PTH (teriparatide), SERM (bazedoxifene, raloxifene)  

COMMON 
COMPARATOR: 

Bisphosphonates 

MAIN OUTCOMES: Fractures (hip, clinical vertebral, clinical fracture, radiographic vertebral), serious adverse events, withdrawals due to adverse events, and other 
harms 

ASSESSMENT 

Desirable and undesirable effects 
How substantial are the desirable and undesirable anticipated effects for each intervention? 

Judgement Research evidence 

Desirable Effects 
Large: None 
 
Medium: None 
Small:  
• Romosozumab to 

Alendronate 
 

Trivial:  
• Abaloparatide 
• Teriparatide 
• Denosumab 
• Romosozumab 
• Bazedoxifene  
• Raloxifene 

 
Varies: None 
Don't know: None 
Undesirable Effects 

Table 2a. Summary of Findings (SoF), Other Interventions vs. Bisphosphonates 

Treatment 

Relative Risk from Network Meta-analysis 
Certainty of Evidence  

Absolute Risk Difference of Events per 1,000 (provided only when direct pair-wise meta-analysis is available) 
Fractures  Harms  

≥ 36 mo. Hip Clinical Vertebral Any Clinical 
fracture 

Radiographic 
Vertebral Serious AEs* Withdrawal due to 

AEs 
PTHrP 
(abaloparatide)  

--- --- --- ---   --- --- 

Recombinant PTH 
(teriparatide) 

--- --- --- --- 0.77 (0.48,1.24) 
⨁◯◯ 

3.11 (1.88,5.13) 
⨁◯◯ 

RANK ligand 
inhibitor 
(denosumab) 

0.94 (0.55,1.62) 
⨁◯◯ 

-- 

0.82 (0.33,2.06) 
⨁◯◯ 

-- 

1.03 (0.74,1.45) 
⨁⨁◯ 

-- 

0.66 (0.38,1.14) 
⨁◯◯ 

-- 

1.03 (0.82,1.31) 
⨁⨁◯ 

-- 

1.21 (0.89,1.65) 
⨁◯◯ 

-- 
Sclerostin 
inhibitor 
(romosozumab) 

--- --- --- --- --- --- 

Sequential 
Sclerostin 

--- --- --- --- --- --- 
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Large: None 
 
Medium:  
• Teriparatide 
Small:  
• Abaloparatide 
• Bazedoxifene 
• Raloxifene 
 
Trivial:  
• Denosumab  
• Romosozumab 
• Romosozumab to 

Alendronate 
 

Varies: None 
Don't know: None 

inhibitor 
(romosozumab) 
to 
bisphosphonate 
(alendronate) 
SERM 
(bazedoxifene) 

1.44 (0.70,2.95) 
⨁◯◯ 

-- 

1.76 (0.66,4.70) 
⨁◯◯ 

-- 

1.12 (0.79,1.59) 
⨁◯◯ 

-- 

1.20 (0.70,2.06) 
⨁◯◯ 

-- 

1.07 (0.83,1.38) 
⨁⨁◯ 

-- 

1.21 (1.04,1.41) 
⨁⨁◯ 

-- 
SERM (raloxifene) 1.73 (0.95,3.18) 

⨁◯◯ 
-- 

1.80 (0.83,3.89) 
◯◯◯ 

-- 

1.16 (0.88,1.53) 
⨁◯◯ 

-- 

1.18 (0.78,1.81) 
⨁◯◯ 

-- 

1.00 (0.77,1.30) 
⨁⨁◯ 

-- 

1.21 (1.05,1.39) 
⨁⨁◯ 

-- 

12 to <36 mo. Hip Clinical Vertebral Any Clinical 
fracture 

Radiographic 
Vertebral Serious AEs* Withdrawal due to 

AEs 
PTHrP 
(abaloparatide) 

--- --- 0.35 (0.15,0.81) 
⨁⨁◯ 

-- 

0.31 (0.11,0.88) 
⨁◯◯ 

-- 

0.94 (0.65,1.37) 
⨁◯◯ 

-- 

1.75 (1.17,2.61) 
⨁◯◯ 

-- 
Recombinant PTH 
(teriparatide) 

0.77 (0.18,3.25) 
◯◯◯ 

-- 

0.51 (0.14,1.84) 
◯◯◯ 

-- 

0.64 (0.43,0.95) 
⨁◯◯ 

46 fewer (72 fewer 
to 19 fewer) 

0.43 (0.32,0.60) 
⨁⨁◯ 

66 fewer (100 to 
32 fewer) 

1.05 (0.81,1.37) 
⨁◯◯ 

32 more (90 fewer to 
74 more) 

1.31 (0.97,1.77) 
⨁◯◯ 

28 more (2 fewer 
to 57 more) 

RANK ligand 
inhibitor 
(denosumab) 

--- 1.80 (0.17,19.02) 
◯◯◯ 

30 more (85 fewer 
to 144 more) 

1.46 (0.67,3.21) 
◯◯◯ 

33 more (57 fewer 
to 123 more) 

0.61 (0.31,1.21) 
◯◯◯ 

33 fewer (57 
fewer to 123 

more) 

0.97 (0.63,1.50) 
◯◯◯ 

-- 

2.52 (0.47,13.34) 
◯◯◯ 

-- 

Sclerostin 
inhibitor 
(romosozumab) 

--- 0.38 (0.09,1.57) 
⨁◯◯ 

-- 

0.94 (0.51,1.76) 
⨁◯◯ 

-- 

0.62 (0.35,1.11) 
⨁◯◯ 

-- 

1.08 (0.78,1.52) 
⨁◯◯ 

-- 

0.87 (0.52,1.47) 
⨁◯◯ 

-- 
Sequential 
Sclerostin 
inhibitor 
(romosozumab) 
to 
bisphosphonate 
(alendronate) 

0.62 (0.42,0.91) 
⨁⨁◯ 

12 fewer (22 fewer 
to 2 fewer) 

0.41 (0.22,0.75) 
⨁⨁◯ 

13 fewer (20 fewer 
to 5 fewer) 

0.74 (0.63,0.89)  
⨁⨁◯ 

33 fewer (53 fewer 
to 14 fewer) 

0.51 (0.39,0.66) 
⨁⨁◯ 

40 fewer (55 
fewer to 24 

fewer) 

0.96 (0.74,1.24) 
⨁⨁◯ 

13 fewer (41 fewer 
to 15 more) 

0.90 (0.72,1.13) 
⨁⨁◯ 

7 fewer (23 fewer 
to 8 more) 

SERM 
(bazedoxifene) 

--- --- --- --- --- --- 
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SERM (raloxifene) --- 0.10 (0.01,1.88) 
◯◯◯ 

-- 

0.17 (0.03,0.81) 
⨁⨁◯ 

-- 

0.59 (0.05,6.50) 
◯◯◯ 

-- 

0.58 (0.21,1.63) 
◯◯◯ 

-- 

2.58 (0.73,9.09) 
◯◯◯ 

-- 
Color key: Favors treatment; Favors comparator; No difference.  
GRADE certainty of evidence: No evidence ---; Insufficient ◯◯◯; Low ⨁◯◯; Moderate ⨁⨁◯; High ⨁⨁⨁ 
*The FDA Code of Federal Regulations defines serious adverse effects as any event or reaction that results in death, a life threatening adverse event, 
inpatient hospitalization or prolongation of existing hospitalization, a persistent or significant incapacity or substantial disruption of the ability to conduct 
normal life functions, or a congenital anomaly or birth defect (FDA Code of Federal Regulations Title 21 (21CFR) 312.32 
[https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=312.32, MedDRA (former COSTART) coding system 
 
Additional Benefits 
Quality of Life and Functional Outcomes 
The 24-month VERO trial comparing teriparatide and risedronate found no significant differences in health-related quality of life.  
 
Additional Harms  
Table 2b. Additional Harms after Intervention vs. bisphosphonates 

Comparison  Atypical Femoral Fractures 
Number of Studies Sample Size 
Time of outcome assessment 

Osteonecrosis of the Jaw 
Number of Studies Sample Size 
Time of outcome assessment 

Atrial Fibrillation 
Number of Studies Sample Size 
Time of outcome assessment 

Head-to-Head Comparisons 
Romosozumab then 
alendronate vs. alendronate  

1 RCT (36); N = 4,054  
RCT 24 months  
Meta-analysis of 1 RCT; N = 4,054 
RR, 0.49 (95% CI, 0.09,2.69) 

◯◯◯ 
 

1 RCT (36); N = 4,054 
RCT 24 months  
Meta-analysis of 1 RCT; N = 7,180 
RR, 0.99; 95% CI, 0.06,15.77) 

◯◯◯ 
 

No data 

Bisphosphonates vs. raloxifene  1 observational study (38) 
N = 324,397 1,094,049 vs. 
158,722 patient-years of 
continuous exposure 
Meta-analysis of 1 observational 
study; N = 324,397 
aRR, 1.51; 95% CI, 1.23,1.84 

◯◯◯ 

3 observational studies (38-40); N = 342,842 
observational 12 to 48 months (if reported) 
Meta-analysis of 2 observational studies; N 
= 332,944 
aRR, 1.94; 95% CI, 0.75,12.42 

◯◯◯ 
 

2 observational studies (41, 42); N 
= 36,866 
observational 10 to 12 months 
average  
Meta-analysis of 2 observational 
studies; N = 36,866 
aRR, 0.83; 95% CI, 0.40,1.59 

◯◯◯ 
 

Bisphosphonates vs. raloxifene 
or calcitonin 

1 observational study (43) 
N = 33,815 

No data No data 
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 observational mean 2.13 years 
(SD 2.21) 
Meta-analysis of 1 observational 
study; N = 33,815 
aRR, 1.03 (95% CI, 0.70,1.52) 

◯◯◯ 
Bisphosphonates vs. raloxifene, 
calcitonin, or teriparatide 
 

1 observational study (9) 
N = 5,119 
observational 40 months 
(average) 
Meta-analysis of 1 observational 
study; N = 5,119 
aRR, 0.63 (95% CI, 0.27,1.42) 

◯◯◯ 

No data No data 

Bisphosphonate vs. denosumab 
 

No data No data 1 observational study (44); N = 
32,470 
observational NR Meta-analysis of 
1 observational study; N = 32,470 
aRR, 1.38; 95% CI, 1.03,1.85 

◯◯◯ 
Bisphosphonates vs. raloxifene 
or supplements (calcitonin, 
vitamin D, or ipriflavone) 
 

No data No data 1 observational study (45); N = 
130,182 
observational Median 4 years 
Meta-analysis of 1 observational 
study; N = 130,182 
aRR, 0.52 (95% CI, 0.29, 0.91) 

◯◯◯ 
 
GRADE certainty of evidence: No evidence ---; Insufficient ◯◯◯; Low ⨁◯◯; Moderate ⨁⨁◯; High ⨁⨁⨁ 
*adjusted relative risk (RR), aRR, adjusted relative risk; NR, not reported  

 

Certainty of evidence 
What is the overall certainty of the evidence of effects for each intervention? 
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Judgement Research evidence Additional considerations 

High: None 
 
Moderate: 
• Romosozumab to 

Alendronate 
Low:  
• Abaloparatide 
• Teriparatide 
• Denosumab 
• Romosozumab 
• Bazedoxifene 
• Raloxifene 
Insufficient: None 
 
No included studies: None  

See SoF table under “Desirable and Undesirable Effects.”  N/A 
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Values 
Is there important uncertainty about or variability in how much people value the main outcomes? 

Judgement Research evidence Additional considerations 

Important uncertainty or 
variability: None 
Possibly important 
uncertainty or variability: 
• Bisphosphonates  
• Abaloparatide 
• Teriparatide 
• Denosumab, 
• Romosozumab, 
• Romosozumab to 

Alendronate 
• Bazedoxifene 
• Raloxifene 
 
Probably no important 
uncertainty or variability: 
None  
No important uncertainty 
or variability: None 

See Appendix 1 
 
Additional public panel feedback is collected through two surveys developed ad-hoc. To date, one survey 
has sought the public panel’s thoughts on the findings from the systematic review informing the 
guideline; 5 of 8 members responded. A second survey asking for the public panel’s thought on the draft 
recommendation is planned in February 2022. 

• When presented with the information about medications vs. bisphosphonates, only 1 
respondent indicated they would change their previous thoughts about which medications to 
take/recommend for treatment of osteoporosis identifying that some of the medications do 
appear to show a clear long-term advantage with little or no increased risk of SAEs or 
withdrawals. 
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Balance of effects 
Does the balance between desirable and undesirable effects favor the intervention or the comparison for each intervention? 

Judgement Research evidence Additional considerations 

Favors the comparison: 
None 
Probably favors the 
comparison:  
• Abaloparatide 
• Teriparatide 
• Bazedoxifene 
• Raloxifene 
Does not favor either the 
intervention or the 
comparison: 
• Denosumab  
• Romosozumab 
 
Probably favors the 
intervention: 
• Romosozumab to 

Alendronate 
Favors the intervention: 
None 
Varies: None 
Don’t know: None  

See SoF table under “Desirable and Undesirable Effects.”  N/A 
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Resources required 
How large are the resource requirements (costs) for each intervention? 

Judgement Research evidence Additional considerations 

Large costs: 
• Teriparatide 
• Denosumab 
Modest costs: 
• Abaloparatide 
• Romosozumab 
• Romosozumab to 

Alendronate 
• Raloxifene 
Negligible costs and 
savings: None 
 
Modest savings: None 
Large savings: None 
 
Varies: None 
 
Don't know: Bazedoxifene 

See Appendix 1. N/A 
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Cost effectiveness 
Which intervention does the cost effectiveness favor? 

Judgement Research evidence Additional considerations 

Favors the comparison: 
None 
 
Probably favors the 
comparison: None 
 
Does not favor either the 
intervention or the 
comparison: None 
 
Probably favors the 
intervention: None 
Favors the intervention: 
None 
 
Varies:  
• Abaloparatide 
• Teriparatide 
• Denosumab 
• Romosozumab 
• Romosozumab to 

alendronate 
• Bazedoxifene 
• Raloxifene 
 
No included studies: None 

See Appendix 1. N/A  
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SUMMARY OF JUDGEMENTS 
 

 

JUDGEMENT 

PTHrP 
(abaloparatide)  

Recombinant PTH 
(teriparatide) 

RANK ligand 
inhibitor 

(Denosumab) 

Sclerostin inhibitor 
(romosozumab) 

Sclerostin inhibitor 
(romosozumab) to 

bisphosphonate 
(alendronate) 

SERM 
(bazedoxifene) SERM (raloxifene) 

DESIRABLE EFFECTS Trivial Trivial Trivial Trivial Small Trivial Trivial  

UNDESIRABLE EFFECTS Small  Medium  Trivial Trivial Trivial Small Small  

CERTAINTY OF EVIDENCE Low Low Low Low Moderate Low Low  

VALUES 
Possibly important 

uncertainty or 
variability 

Possibly important 
uncertainty or 

variability 

Possibly important 
uncertainty or 

variability 

Possibly important 
uncertainty or 

variability 

Possibly important 
uncertainty or 

variability 

Possibly important 
uncertainty or 

variability 

Possibly important 
uncertainty or 

variability 
 

BALANCE OF EFFECTS 

Probably favors the 
comparison 

Probably favors 
the comparison 

Does not favor 
either the 

intervention or the 
comparison 

Does not favor 
either the 

intervention or 
the comparison 

Probably favors the 
intervention 

Probably favors the 
comparison 

Probably favors 
the comparison  

RESOURCES REQUIRED Modest costs Large costs Large costs Modest costs Modest costs Don’t know Modest costs  

COST EFFECTIVENESS Varies Varies Varies Varies Varies Varies Varies  
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Subgroup considerations 

Treatment effectiveness across subgroups 
Teriparatide 

- Direct comparative evidence that teriparatide reduces clinical fracture and vertebral fracture risk compared to bisphosphonates (VERO trial, Kendler 2018(100)) 
o All participants had one or more vertebral fractures 
o 44% had one or more non-vertebral fractures 
o Most (72%) had previously been on osteoporosis medications 
o Median age 72.6 
o Baseline mean T-scores were > -2.5 

- Subgroup analyses from VERO (Geusens 2018)(101) show similar effects among patients with and without prior nonvertebral fracture, with and without T-score > -
2.5, and those who were and were not on bisphosphonates previously. Also, similar effects across age terciles, including those age 76.8 and greater(101).  

 
Romosozumab to alendronate 

- Direct comparative evidence that one year of romosozumab followed by one year of alendronate was more effective than two years of alendronate (36) 
o Nearly all participants had a prior osteoporotic fracture 
o Mean age 74.4 
o FRAX score 20 
o Baseline FN T-score – 2.94 
 

Table 2c. Treatment effectiveness across subgroups (treatment vs. bisphosphonate) 

Treatment Follow-up duration 

Subgroup 
Prevalent vertebral 
fracture 

No prevalent vertebral fracture 
 

Prior osteoporosis 
treatment Age ≥75 

vs. Bisphosphonate 
Teriparatide vs. 
risedronate 12 to < 36 months (100, 101)† Unclear  (100, 101)†  (100, 101)† 

Romosozumab to 
alendronate vs. 
alendronate 

12 to < 36 months 
 (36, 100, 101)† Unclear Unclear (36)† 

Note. Note. In order to be listed as effective within a given subgroup, the treatment had to be effective in improving one or more fracture outcomes in our network meta-
analyses of the primary trials (i.e., a treatment that was effective in a post-hoc subgroup analysis or in a single trial, but not in the overall collection of studies analyzed, 
would not be listed in this table as effective); and include a population in which the majority of participants have the risk factor in question; and/or be shown to be similarly 
effective in participants with and without the risk factor in question (usually through post-hoc subgroup analyses demonstrating a treatment-risk factor interaction term with 
P > 0.10).  
Unclear indicates no studies in which the majority of participants in parent trial had characteristic of interest, and no subgroup analyses reporting treatment effects 
according to characteristic of interest 



42 
 

Abbreviations: ALN: alendronate; RIS: risedronate; ZOL: zoledronate 
†Effective for one or more clinical fracture outcomes  

Multiple Chronic Conditions and Polypharmacy 

See Appendix 1. 
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Appendix 3. EtD Framework: Treatments to Prevent Fractures in Patients with Low Bone Mass, Treatments vs. Placebo 

Should pharmacological treatment vs. no treatment (placebo) or other active treatment be used for adults with low bone mass? 

POPULATION: Adults with low bone mass 

INTERVENTION: Pharmacological treatments 

COMPARISON: No treatment (placebo) or other active treatment 

MAIN OUTCOMES: Fractures (hip, clinical vertebral, any clinical fracture, radiographic vertebral), serious adverse events, withdrawals due to adverse events, and other harms 

ASSESSMENT 

Desirable and undesirable effects 
How substantial are the desirable and undesirable anticipated effects? 

Judgement Research evidence 

Desirable Effects 
○ Trivial 
● Small 
○ Medium 
○ Large 
○ Varies 
○ Don't know 
 
Undesirable Effects 
○ Large 
○ Medium 
○ Small 
● Trivial 
○ Varies 
○ Don't know  

Treatments to Prevent Fractures in patients with Low Bone Mass  
Bisphosphonates are the only treatment assessed for clinical fracture risk prevention among females with low bone mass (baseline T-scores at the hip or 
femoral neck between -1.0 and -2.5) who are aged 65 or older included in a 6-year study with zoledronate and 18 months with alendronate (86, 102).  
 
Table 3a. Bisphosphonates vs. placebo for low bone mass 

 Benefits 
RR (95% CI) 

Harms 
RR (95% CI) 

Bisphosphonates 
(zoledronate and 

alendronate) 
 Hip Fracture 

Clinical 
Vertebral 
Fracture 

Any Clinical 
fractures  

Radiographic 
Vertebral 
Fracture 

Serious 
Adverse Events 

(SAEs) 

Withdrawal 
due to Adverse 

Events (AEs) 

Atrial 
Fibrillation 

≥ 36 mo 
 

0.67 
 (0.27, 1.62) 

 
◯◯◯ 

0.41 (0.22, 
0.76) 
⨁◯◯ 

0.64 
 (0.52, 0.79) 
⨁◯◯ 

0.47 
 (0.29,0.76) 
⨁◯◯ 

0.90 
 (0.81, 1.00) 
⨁◯◯ 

0.94 
(0.49, 1.82) 
◯◯◯ 

0.98 
(0.68, 1.41) 
◯◯◯ 

 
12 to <36 mo. 

-- -- ◯◯◯ -- -- ◯◯◯ -- 

CI: confidence interval; RR: risk ratio 
Color key: Favors treatment; Favors comparator; No difference.  
GRADE certainty of evidence: No evidence ---; Insufficient ◯◯◯; Low ⨁◯◯; Moderate ⨁⨁◯; High ⨁⨁⨁ 
 
The effectiveness across different individual bisphosphonates has not been directly evaluated in females with low bone mass, and evidence from 
subgroup analyses of studies on risedronate and denosumab reporting specific intervention effects in females with low bone mass is very uncertain 
(insufficient) (83, 86, 87, 103). 
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Certainty of evidence 
What is the overall certainty of the evidence of effects? 

Judgement Research evidence Additional considerations 

○ Insufficient 
● Low 
○ Moderate 
○ High 
○ No included studies  

See SoF table under “Desirable and Undesirable Effects.”  N/A  

Values 
Is there important uncertainty about or variability in how much people value the main outcomes? 

Judgement Research evidence Additional considerations 

○ Important uncertainty 
or variability 
● Possibly important 
uncertainty or 
variability 
○ Probably no 
important uncertainty 
or variability 
○ No important 
uncertainty or 
variability  

See Appendix 1. 
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Balance of effects 
Does the balance between desirable and undesirable effects favor the intervention or the comparison? 

Judgement Research evidence Additional considerations 

○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor either 
the intervention or the 
comparison 
● Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ Don't know  

See SoF table under “Desirable and Undesirable Effects.”  N/A  
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Resources required 
How large are the resource requirements (costs)? 

Judgement Research evidence Additional considerations 

○ Large costs 
○ Moderate costs 
○ Negligible costs and 
savings 
○ Moderate savings 
○ Large savings 
● Varies 
○ Don't know  

See Appendix 1. N/A  

Cost effectiveness 
Does the cost-effectiveness of the intervention favor the intervention or the comparison? 

Judgement Research evidence Additional considerations 

○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor either 
the intervention or the 
comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
● No included studies  

No included studies. N/A  
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SUMMARY OF JUDGEMENTS 
 JUDGEMENT 

PROBLEM No Probably no Probably yes Yes  Varies Don't know 

DESIRABLE EFFECTS Trivial Small Medium Large  Varies Don't know 

UNDESIRABLE EFFECTS Large Medium Small Trivial  Varies Don't know 

CERTAINTY OF EVIDENCE Insufficient Low Moderate High   No included 
studies 

VALUES 
Important 

uncertainty or 
variability 

Possibly important 
uncertainty or 

variability 

Probably no 
important 

uncertainty or 
variability 

No important 
uncertainty or 

variability 
   

BALANCE OF EFFECTS Favors the 
comparison 

Probably favors the 
comparison 

Does not favor 
either the 

intervention or the 
comparison 

Probably favors 
the intervention 

Favors the 
intervention Varies Don't know 

RESOURCES REQUIRED Large costs Moderate costs Negligible costs 
and savings Moderate savings Large savings Varies Don't know 

COST EFFECTIVENESS Favors the 
comparison 

Probably favors the 
comparison 

Does not favor 
either the 

intervention or the 
comparison 

Probably favors the 
intervention 

Favors the 
intervention Varies No included 

studies 
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CONCLUSIONS 

Recommendation 

Recommendation 4: ACP suggests that clinicians take an individualized approach regarding whether to start pharmacologic treatment with a 
bisphosphonate in females over the age of 65 with low bone mass (osteopenia) to reduce the risk of fractures (conditional recommendation; low-
certainty evidence).   
Justification 

Any benefits of using a bisphosphonate to reduce the risk of fractures in females with low bone mass need to be balanced with harms and costs based on an 
individualized assessment of the baseline risk of fractures. Diagnostic criteria in the primary studies were used to define low bone mass in females 
(Appendix 4 Table 4c). The effectiveness across different individual bisphosphonates has not been directly evaluated in females with low bone mass. The 
evidence from subgroup analyses of RCTs on risedronate and denosumab reporting specific intervention effects on bone fractures in females with low bone 
mass was very uncertain (insufficient evidence) (51). The systematic review did not identify any studies reporting on fracture outcomes for males with low 
bone mass or on differences in treatment outcomes according to sex (51). Since the certainty of evidence was low in females, further extrapolation 
downgraded the certainty in males to insufficient due to indirectness (51). Therefore, evidence was very uncertain to make a recommendation for or 
against treatment in males with low bone mass.  
 
Benefits and Harms of Bisphosphonates (Zoledronate) 
Low-certainty evidence from a long-term (6 years) single RCT of older females with a higher baseline risk of fracture (2.3%) than females with low bone 
mass (51, 86) showed that zoledronate may have reduced any clinical fractures and radiographic vertebral fractures, although evidence was very uncertain 
for the effect on hip fractures, withdrawals due to adverse events, or risk for atrial fibrillation(Appendix 3 Table 3a) (51, 86, 102). Evidence showed there 
may have been no differences in serious adverse events (51).  

Clinical considerations 

See Appendix 1. 

Subgroup considerations 

Males: The systematic review did not identify any studies reporting on outcomes for males with low bone mass or any evidence that would suggest outcomes associated 
with pharmacologic treatment would differ according to sex.  

Multiple Chronic Conditions and Polypharmacy 

See Appendix 1. 
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Appendix 4: Study population characteristics  
Table 4a. Baseline characteristics in randomized trials of anti-osteoporotic drugs in adults with osteoporosis 
 
Treatment vs. control 
Author, year 
Study name 
Risk of bias 

Study sites 
Country Enrollment years 
Trial length (months) 

N  
% male, if any 
Age 
Race/ethnicity* 
(Mean (SD) or %) 

Prior OP 
treatment* 

Baseline BMD T-score 
(mean (SD) or %) 
FRAX score, if reported* 

Prevalent vertebral 
fractures 
Other prior 
fractures* 

12 to < 36 months 

Bisphosphonates 

Alendronate vs. placebo 
Orwoll, 2000 (50) 
N/A 
Low 

Multicenter 
North America, Europe 
Years NR 
24 

241 
Male: 100% 
Age: 63 (12) 
White: 99%; Other: 1% 

NR LS: -2.1 
FN: -2.3 
TH: -2.1 

Any: 52% 

Alendronate vs. placebo 
(alfacalcidol + calcium) 
Ringe, 2007 (1) 
AAC Trial 
High 

Single center 
Germany 
Years NR 
24  

90 Male: 37% 
Age: 66 (9)  
Race/ethnicity NR 

Yes 
% NR 

LS: -3.68 (0.48) vs. -3.87 
(0.41) vs. -3.65 (0.39) 
TH: -3.06 (0.35) vs. -3.03 
(0.40) vs. -2.93 (0.37) 

Mean (SD): 3.0 
(1.6) 
Nonvertebral: 1.9 
(1.3) 

Alendronate vs. 
supplement only Zhou, 
2020 (83) 
N/A 
High 

Single center 
China 
2017 
18 

123 
Male: 75% 
Age: 83 (3)  
Asian: 100% 

Yes 
% NR 

T-scores NR 
BMD (g/cm2) LS: 1.13 (0.24) 
FN: 0.75 (0.05) 
TH: 0.82 (0.08) 

None (excluded) 

Risedronate vs. placebo 
Boonen, 2009 (49) 
N/A 
High 

Multicenter 
US, Europe, AU/NZ, 
Lebanon 
Years NR 
24  

284 
Male: 100% 
Age: 60 (11) 
White: 95%; Unknown: 4%; 
Asian: 1%; Hispanic: 1%; Indian: 
1% 

NR LS: -3.3 (0.9) Any: 34% 

Zoledronate vs. placebo 
Boonen, 2012 (47) 
N/A 
Low 

Multicenter 
Europe, S. America, Africa, 
AU 
2006-2010 
24 

1199 
Male: 100% 
Median age (range): 66 (50 to 
85) 
< 65: 44% 

Yes 
2% 

FN: -2.23 (0.68) 
TH: -1.70 (0.76) 

0: 69% 
1: 19% 
³ 2: 12% 
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Treatment vs. control 
Author, year 
Study name 
Risk of bias 

Study sites 
Country Enrollment years 
Trial length (months) 

N  
% male, if any 
Age 
Race/ethnicity* 
(Mean (SD) or %) 

Prior OP 
treatment* 

Baseline BMD T-score 
(mean (SD) or %) 
FRAX score, if reported* 

Prevalent vertebral 
fractures 
Other prior 
fractures* 

65 to < 75: 38% 
³ 75: 17% 
White: 94%; Black: 1%; Asian: 
0.3%; Other: 4% 

Zoledronate vs. placebo 
Greenspan, 2015 (25) 
ZEST 
Moderate 

Multicenter 
SNF/ALF 
US (PA) 
2007-2012 
24  

197 
Age: 85 (1) 
Race/ethnicity NR 

No LS: -0.8 (0.2)  
FN: -2.3 (0.1) 
TH: -2.1 (0.1) 
FRAX: 
TH: 9.7 (1.5) 
Major OP: 22.7 (1.5) 

Any: 52% 

Zoledronate vs. placebo 
Lyles, 2007 (15) 
HORIZON-RFT 
Low 

Multicenter 
US, CA, S. America, Europe 
Years NR 
24  

2127 
Male: 23% 
Age: 75 (10) 
White: 91%; Black: 1% 

Yes 
% NR 

FN ≤ -2.5: 42% 
-2.5 to -1.5: 33% 
> -1.5: 12% 
Missing: 12% 

Any: 100% 

Zoledronate vs. placebo 
Nakamura, 2017 (5) 
ZONE 
Moderate 

Multicenter 
Japan 
Years NR 
24  

665 
Male: 6% 
Age: 75 (5) 
Asian: 100% 

Yes 
Previous BP use: 
10% 

LS: -2.87 (0.84) 
FN: -2.95 (0.87) 
TH: -2.27 (0.95) 

0: 9% 
1: 51% 
2: 26% 
≥ 3: 15% 

Zoledronate vs. placebo 
(activated vitamin D3) 
Bai, 2013 (24) 
N/A 
High 

Single 
China 
2008-2010 
24 

483 
Age: 57 (7) 
Race/ethnicity NR 

Yes 
% NR (similar 
between 
groups) 

FN ≤ -2.5: 43% 
-2.5 to -1.5: 54% 
≥ -1.5: 2.5% 

Previous vertebral 
Fx: 62% 

Abaloparatide 

See Miller, 2016 under ‘teriparatide’ 

Denosumab 

See Anastasilakis, 2019 under ‘head-to-head’ 
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Treatment vs. control 
Author, year 
Study name 
Risk of bias 

Study sites 
Country Enrollment years 
Trial length (months) 

N  
% male, if any 
Age 
Race/ethnicity* 
(Mean (SD) or %) 

Prior OP 
treatment* 

Baseline BMD T-score 
(mean (SD) or %) 
FRAX score, if reported* 

Prevalent vertebral 
fractures 
Other prior 
fractures* 

Denosumab  
vs. placebo Nakamura, 
2014 (33) 
DIRECT 
Low 

Multicenter 
Japan 
Years NR 
24  

1011 
Male: 5% 
Age: 70 (7) 
< 65: 21% 
65-74: 52% 
≥ 75: 27% 
Asian: 100% 

Yes 
% NR 

LS (L1 to L4): -2.74 
FN: -2.32 
TH: -1.98 

0: 2% 
1: 67% 
2: 24% 
≥ 3: 8% 

Raloxifene 

Raloxifene vs. placebo 
Morii, 2003 (104) 
N/A 
High 

Multicenter 
Japan 
Years NR 
12   

284 
Age: 65 (6) 
Asian: 100% 

Yes 
% NR 

T-score NR 
BMD (g/cm2) LS (L2 to L4): 
0.67 (0.05) 

Any: 26% 

See Uemura, 2020 under ‘multiple drug classes’ 

Romosozumab 

Romosozumab vs. 
placebo Cosman, 2016 
(35) 
FRAME 
Low 

Multicenter 
N. and S. America, Europe, 
Asia, AU 
Years NR 
12 

7180 
Age: 71 (7) 
≥75: 31% 
Hispanic: 40% 

Yes 
% NR 

LS: -2.72 (1.04) 
FN: -2.76 (0.28) 
TH: -2.48 (0.47) 
FRAX: 13.4 (8.8) 

≥ 1: 18% 
Nonvertebral Fx: 
22% 

See Saag, 2017 under ‘Multiple drug classes’ 

Teriparatide 

See Hagino, 2021 under ‘Head-to-head’ 

Teriparatide vs. 
risedronate 
Kendler, 2018 (100) 
VERO 
Low 

Multicenter 
N. and S. America, Europe 
2012-2016 
24 

1366 
Age: 73 (9) 
White: 97%; Black: 2%; Asian: 1% 

Yes 
72% 

LS: -2.27 (1.24) 
FN: -2.27 (0.76) 
TH: -1.95 (0.87) 

≥ 1: 100% 
1: 34% 
2: 26% 
3: 15% 
4: 9% 
≥ 5: 16% 
Nonvertebral: 
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Treatment vs. control 
Author, year 
Study name 
Risk of bias 

Study sites 
Country Enrollment years 
Trial length (months) 

N  
% male, if any 
Age 
Race/ethnicity* 
(Mean (SD) or %) 

Prior OP 
treatment* 

Baseline BMD T-score 
(mean (SD) or %) 
FRAX score, if reported* 

Prevalent vertebral 
fractures 
Other prior 
fractures* 

1: 24% 
2: 12% 
3: 6% 
4: 1% 
≥ 5: 1% 

Abaloparatide vs. 
teriparatide vs. placebo 
Miller, 2016 (89) 
ACTIVE 
Low 

Multicenter 
N. and S. America, Europe, 
Asia 
2011-2013 
18  

2463 
Age: 69 (7) 
White: 81%; Black: 3%; Asian: 
16% 

Yes 
% NR 

LS: -2.9 (0.9) 
FN: -2.2 (0.6) 
TH: -1.9 (0.7) 

Any: 22% 
Nonvertebral: 30%  
Any Fx history: 63% 

Teriparatide vs. placebo 
Nakamura, 2012 (67) 
TOWER 
Moderate 

Multicenter 
Japan 
Years NR 
17 

601 
Male: 5% 
Age: 75 (6) 
Asian: 100% 

Yes 
% NR 

LS: -2.7 (0.9) 
FN: -2.4 (0.7) 

0: 10% 
1: 40% 
2 to 3: 35% 
≥ 4: 15% 

Teriparatide 
(20 or 40 ug) 
vs. placebo Neer, 2001 
(69) 
FPT 
Moderate 

Multicenter 
99 sites in 17 countries 
Years NR 
24  

1637 
Age: 70 (7) 
White: 98% 

NR T-score NR 
Adequate radiographs:  
LS BMD (g/cm2): 0.82 (0.17) 
Inadequate radiographs:  
LS BMD (g/cm2): 0.84 (0.16) 

Mean (SD) 
Adequate: 2.3 (1.8) 
Inadequate: 2.3 
(1.7) 

Head-to-head: treatments vs. bisphosphonates 

Denosumab vs. 
zoledronate 
Anastasilakis, 2019 (37) 
AfterDmab 
Moderate 

Multicenter 
Greece 
2015-2016 
24  

60 
Age: 65 (2) 
Race/ethnicity NR 

Yes 
100% 

LS: -1.84 (0.15) 
FN: -1.68 (0.10) 

Any: 26% 

Romosozumab then 
alendronate vs. 
alendronate  

Multicenter 
Europe; Middle East; 
Central, N. and S. America; 
AU/NZ; Asia-Pacific; ZA 

4093 
Age: 74 (8) 
Hispanic: 31% 

Yes 
% NR 

LS: -2.94 (1.25) 
FN: -2.89 (0.49) 
TH: -2.78 (0.68) 
FRAX: 20.2 (10.2) 

Any: 96% 
Previous 
osteoporotic Fx ≥ 
age 45: 99% 
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Treatment vs. control 
Author, year 
Study name 
Risk of bias 

Study sites 
Country Enrollment years 
Trial length (months) 

N  
% male, if any 
Age 
Race/ethnicity* 
(Mean (SD) or %) 

Prior OP 
treatment* 

Baseline BMD T-score 
(mean (SD) or %) 
FRAX score, if reported* 

Prevalent vertebral 
fractures 
Other prior 
fractures* 

Saag, 2017 (36) 
ARCH 
Low 

Years NR 
24 (12 double-blind, 12 
open-label)  

Previous 
nonvertebral Fx ≥ 
45: 38% 
Previous hip Fx: 9% 

≥ 36 months 

Bisphosphonates 

Alendronate vs. placebo 
Black, 1996 (3) 
FIT 
Low 

Multicenter  
US  
Recruitment completed in 
1993  
36  

2027 
Age: 71 (6) 
75 to 81: 26% 
65 to 74: 57% 
< 65: 17% 
White: 97%; Asian: 1%; 
AA/Black: 1% 

No T-score NR 
BMD (g/cm2) FN: 0.57 (0.07) 
Posterior-anterior spine: 
0.79 (0.14) 

1: 70% 
2: 17% 
≥ 3: 13% 
History of post-
menopausal 
Fx: 57% 

Alendronate vs. placebo 
Cummings, 1998 (105) 
FIT 
Low 

Multicenter 
US 
Years NR 
48 

4432 
Age: 67 (6) 
< 65: 35% 
65 to 74: 53% 
75 to 80: 13% 
Race/ethnicity NR 

No  FN > -2.5: 37% 
-2.0 to -2.5: 33% 
-1.5 to -2.0: 30% 

Fx history since age 
45: 36% 

Alendronate vs. 
alfacalcidol Ringe, 2004 
(46) 
N/A 
Moderate 

Single site 
Germany 
Years NR 
36 

134 
Male: 100% 
Age: 52.1 (10.9) 
Race/ethnicity NR 

Yes, with 
washout 
% NR 

LS: -3.42 
FN: -2.53 

Prevalent vertebral 
Fx:  
79% vs. 80% 

Ibandronate (0.5 or 1 
mg) vs. risedronate 
Nakamura, 2013 (106) 
MOVER 
Moderate 

Multicenter 
Japan 
Years NR 
36 

1265 
Male: 5% 
Age: 73 (6) 
≥75: 42% 
Asian: 100% 

Yes  
% NR 

LS (L2 to L4): -2.71 (1.01) 
FN: -2.48 (0.73) 
TH: -2.17 (0.87) 

1: 50% 
2: 26% 
> 2: 25% 
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Treatment vs. control 
Author, year 
Study name 
Risk of bias 

Study sites 
Country Enrollment years 
Trial length (months) 

N  
% male, if any 
Age 
Race/ethnicity* 
(Mean (SD) or %) 

Prior OP 
treatment* 

Baseline BMD T-score 
(mean (SD) or %) 
FRAX score, if reported* 

Prevalent vertebral 
fractures 
Other prior 
fractures* 

Ibandronate vs. placebo 
Chesnut, 2004 (107) 
BONE 
Moderate 

Multicenter 
Europe and N. America 
Years NR 
36 

2946 
Age: 69 (6) 
Other demographics NR 

No BPs, 
otherwise, NR 

LS: -2.8 (0.9) 
FN: -2.0 (0.9) 
TH: -1.7 (0.9) 

1: 94% 
2: 44% 

Risedronate vs. placebo 
Reginster, 2000 (108) 
VERT MN 
High 

Multicenter (80) Europe 
and AU 
Years NR 
36 

1226 
Age: 71 (7) 
Race/ethnicity NR 

Yes 
% NR 

LS: -2.84 (1.39) Median/pt. (range): 
4 (0 to 13) 

Risedronate vs. placebo 
 Harris, 1999 (85) 
VERT NA 
Low 

Multicenter 
North America 
1993-1998 
36 

2458 
Age: 69 (8) 
Race/ethnicity NR 

No LS: -2.4 (1.4) 
FN: -2.7 (1.1) 

Any: 80% 
Mean (SD): 2.5 
(0.1) 

Zoledronate vs. placebo 
Lu, 2021 (2) 
N/A 
High 

Single site 
China 
2013-2018 
36 

188 
Male: 19.2% 
Age: 68.7 
100% Asian 

No T-scores NR 
left FN BMD g/cm2: 0.51 
(0.11) 

NR 

Zoledronate vs. placebo 
Reid, 2018 (86) 
N/A 
Low 

Multicenter (community-
based) 
NZ 
2009-2011 
72  

2000 
Age: 71 (5) 
European: 95%; Māori: 2%; East 
Asian: 2% 

Yes 
% NR 

LS: -0.91(1.12) 
FN: -1.64 (0.47) 
TH: -1.27 (0.59) 

Any: 14% 
Nonvertebral: 24% 

Zoledronate vs. placebo 
Black, 2007 (4) 
HORIZON-PFT 
Low 

Multicenter  
US, CA, Europe, Asia, S. 
America 
2002-2006  
36  

7765 
Age: 73 (5) 
< 70: 30% 
70 to 74: 32% 
≥ 75: 39% 
Race/ethnicity NR 

Yes 
21% both 
groups 

FN < -2.5: 73% 
-2.5 to -1.5: 26% 
> -1.5: 1% 
Missing: 0.6% 

0: 38% 
1: 28% 
2+: 34% 
Missing: < 0.1% 

Bazedoxifene 
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Treatment vs. control 
Author, year 
Study name 
Risk of bias 

Study sites 
Country Enrollment years 
Trial length (months) 

N  
% male, if any 
Age 
Race/ethnicity* 
(Mean (SD) or %) 

Prior OP 
treatment* 

Baseline BMD T-score 
(mean (SD) or %) 
FRAX score, if reported* 

Prevalent vertebral 
fractures 
Other prior 
fractures* 

Bazedoxifene (20 or 40 
mg) vs. raloxifene vs. 
placebo  Silverman, 2008 
(109) 
N/A 
Low 

Multicenter 
Asia-Pacific, CA, ZA, US, 
Europe, Latin America 
Years NR 
36  

7492 
Age: 67 (7) 
White: 88% 

Yes  
% NR 

LS: -2.4 (1.2) 
FN: -1.7 (0.9) 

Any: 56% 

Denosumab 

Denosumab vs. placebo 
Cummings, 2009 (34) 
FREEDOM 
Moderate 

Multicenter  
US, CA, UK, Europe, S. 
America, AU/NZ 
Years NR 
36  

7868 
Age: 72 (5) 
< 70 y: 26% 
70-74 y: 42% 
≥ 75 y: 32% 
Race/ethnicity NR 

Yes 
% NR 

LS: -2.82 (0.70) 
FN: -2.15 (0.72) 
TH: -1.89 (0.81) 

Any: 24% 
Missing: 3% 

Raloxifene 

Raloxifene vs. placebo 
 
Group 1: T-score < -2.5 
Group 2: low BMD + FX 
history Ettinger, 1999 
(110) 
MORE 
Moderate 

Multicenter 
180 sites in 25 countries 
1994-1997 
36 for primary outcomes; 
40 for SAEs  

7705 
Group 1: 
Age: 65 (7) 
Group 2: 
Age: 68 (7) 
Race/ethnicity NR 

Yes 
Previous 
estrogen 
therapy: 
Group 1: 29% 
Group 2: 27%  

T-scores NR 
Hologic densitometry: 
Group 1: 
FN: 0.59 (0.06) 
LS: 0.77 (0.11) 
Group 2:  
FN: 0.57 (0.07) 
LS: 0.75 (0.13) 

Group 1: 
0: 89% 
1: 10% 
≥ 2: 2% 
Group 2: 
0: 10% 
1: 40% 
≥ 2: 50% 

See Silverman, 2008 under ‘bazedoxifene’ 

Teriparatide 

Teriparatide vs. placebo 
Fujita, 2014 (68) 
N/A 
Moderate 

Multicenter 
Japan 
1999-2002 
36  

 329 
Male: 8% 
Age: 72 (7) 
Race/ethnicity NR 

Yes 
% NR 

LS: -2.80 (1.10) 1: 39% 
2: 24% 
3: 37% 

 
*Only treatment group characteristics are reported unless significant between-group difference existed, in which case reported as treatment vs. control 
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Abbreviations: AU: Australia; BMD: bone mineral density; CA: Canada; FN: femoral neck; Fx: fracture; HRT: hormone replacement therapy; LS: Lumbar spine; 
N/A: not applicable; NR: not reported NZ: New Zealand; OP: osteoporosis; PA: Pennsylvania; RoB: Risk of Bias; SD: standard deviation; TH: total hip; UK: United 
Kingdom; US: United States; ZA: South Africa 
1 RCT enrolled subjects in long-term care facilities (25) 
 
Table 4b. Baseline Characteristics in Osteoporosis RCTs that Included Males 
 

Treatment vs. Control  
Author, Year 
Study Name 
Total Sample Size (N) 
Risk of Bias 

Study sites 
Country 
Years of Enrollment 
Follow-up  

Prior 
Osteoporosis 
Treatment  
Treated (%) 

Demographics 
% Male, if applicable 
Age: Mean (SD) 
% Patients by Age 
Group 
Race/Ethnicity 

Baseline mean BMD T-scores 
(SD) 
Lumbar Spine, Femoral Neck, 
Total Hip 
Treatment vs. Control 

Prevalent vertebral 
fractures 
Other prior 
fractures, if 
applicable 
Treatment vs. 
Control 

Bisphosphonates in RCTs that enrolled all males 
Alendronate vs. placebo  
Orwoll, 2000(50) 
N/A 
N = 241 
Low 

Multicenter 
North America, Europe 

NR Male: 100% 
Age: 63 (12) vs. 63 (13) 
White: 99 vs. 97% 
Other: 1 vs. 3% 

LS: -2.1 vs. -2.0 
FN: -2.3 vs. -2.2 
TH: -2.1 vs. -2.1 

Any vertebral fx: 
52% vs. 49% 

Alendronate vs. 
alfacalcidol Ringe, 
2004(46) 
N/A 
N = 134 
Moderate 

Single site 
Germany 
Years NR 
36 months 

Yes, with 
washout 
% NR 

Male: 100% 
Age: 52.1 (10.9) vs. 53.3 
(11.1) 
Race/ethnicity NR 

LS: -3.42 vs. -3.35 
FN: -2.53 vs. -2.56 

Prevalent vertebral 
fracture:  
79% vs. 80% 

Risedronate vs. placebo  
Boonen, 2009(49) 
N/A 
N = 284 
High 

Multicenter 
US, Europe, 
Australia/New Zealand, 
Lebanon 
24 months 

NR Male: 100% 
Age: 60 (11) vs. 62 (11); 
P = 0.28 
White: 95% vs. 95% 
Unknown race: 4% vs. 
2% 
Asian: 1% vs. 1% 
Hispanic: 1% vs. 1% 
Indian: 1% vs. 1% 

LS: -3.3 (0.9) vs. -3.1 (0.9); P = .31 Any: 34% vs. 35% 

Zoledronate vs. placebo  
Boonen, 2012(47) 
N/A 

Multicenter 
Europe, South America, 
Africa, Australia 

Yes 
1.9 vs. 1.3% 

Male: 100% 
Age: 66 vs. 66 
< 65: 44.2 vs. 46.5 

FN: -2.23 (0.68) vs. -2.24 (0.69) 
TH: -1.70 (0.76) vs. -1.72 (0.81) 

0: 68.7% vs. 66.9% 
1: 19.4% vs. 22.1% 
³ 2: 11.7% vs. 10.8% 
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Treatment vs. Control  
Author, Year 
Study Name 
Total Sample Size (N) 
Risk of Bias 

Study sites 
Country 
Years of Enrollment 
Follow-up  

Prior 
Osteoporosis 
Treatment  
Treated (%) 

Demographics 
% Male, if applicable 
Age: Mean (SD) 
% Patients by Age 
Group 
Race/Ethnicity 

Baseline mean BMD T-scores 
(SD) 
Lumbar Spine, Femoral Neck, 
Total Hip 
Treatment vs. Control 

Prevalent vertebral 
fractures 
Other prior 
fractures, if 
applicable 
Treatment vs. 
Control 

N = 1199 
Low 

2007-2008 
24 months 

65 to < 75: 38.4 vs. 34.9 
³ 75: 17.3 vs. 18.7 
White: 94.4 vs. 94.6% 
Black: 0.9 vs. 0.5% 
Asian: 0.3 vs. 0.0% 

Bisphosphonates in RCTs that enrolled males 
Alendronate vs. placebo 
(alfacalcidol + calcium) 
Ringe, 2007 (1) 
AAC Trial 
N = 90 
High 

Single 
Germany 
Years NR 
24 months 

Yes 
% NR 

Male: 36.7% vs. 36.7% 
Age: 65.7 (9.44) vs. 65.9 
(7.63) vs. 66.4 (9.51) 
Other NR 

LS: -3.68 (0.484) vs. -3.87 (0.406) 
vs. -3.65 (0.390) 
Hip: -3.06 (0.346) vs. -3.03 (0.404) 
vs. -2.93 (0.374) 

Mean (SD) 
3.0 (1.55) vs. 3.1 
(1.60) vs. 3.1 (1.57) 
Nonvertebral 
fractures: 1.9 (1.28) 
vs. 2.0 (1.13) vs. 1.8 
(1.18) 

Alendronate vs. 
supplement only (not 
blinded) 
Zhou, 2020(83) 
N/A 
N = 123 
High 

Single center 
China 
2017 
18 months 

Yes 
% NR 

Male: 74.8% 
Age: 83.16 (3.09) vs. 
83.82 (2.85) 
100% Asian 

T-scores NR 
BMD in g/cm2 
LS: 1.129+0.241 vs. 1.217 +0.237 
FN: 0.746+0.054 vs. 0.793+0.079 
Hip: 0.822+0.082 vs. 0.871+0.104 

None 
(excluded) 

Ibandronate (0.5 or 1 
mg) vs. Risedronate 
Nakamura, 2013(106) 
MOVER 
N = 1265 
Moderate 

Multi-site 
Japan 
36 months 

Yes 
% NR 

Male: 5.3% vs. 7.3% vs. 
8.8% 
Age: 72.9 (6.34) vs. 72.2 
(6.38) vs. 73.0 (6.29) 
≥75: 41.8% vs. 35.9% vs. 
39.6% 
100% Asian 

LS (L2–L4): -2.71 (1.01) vs. -2.68 
(1.01) vs. -2.59 (1.06) 
FN: -2.48 (0.73) vs. -2.41 (0.80) vs. 
-2.53 (0.79) 
Hip: -2.17 (0.87) vs. -2.09 (0.86) 
vs. -2.18 (0.86) 

1: 49.5% vs. 48.2% 
vs. 48.7% 
2: 25.8% vs. 27.7% 
vs. 25.3% 
>2: 24.7% vs. 24.1% 
vs. 26.1% 

Zoledronate vs. placebo  
Lu, 2021 (2) 
N/A 
N = 188 

Single site 
China 
2013-2018 
36 months 

No Male: 19.2 vs. 19.7%; P 
= 0.94 
Age: 68.7 (9.3) vs. 70.8 
(9.1); P =0 .30 

T-scores NR 
left FN BMD g/cm2: 0.51 (0.11) 
vs. 0.51 (0.11); P = 0.91 

NR 
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Treatment vs. Control  
Author, Year 
Study Name 
Total Sample Size (N) 
Risk of Bias 

Study sites 
Country 
Years of Enrollment 
Follow-up  

Prior 
Osteoporosis 
Treatment  
Treated (%) 

Demographics 
% Male, if applicable 
Age: Mean (SD) 
% Patients by Age 
Group 
Race/Ethnicity 

Baseline mean BMD T-scores 
(SD) 
Lumbar Spine, Femoral Neck, 
Total Hip 
Treatment vs. Control 

Prevalent vertebral 
fractures 
Other prior 
fractures, if 
applicable 
Treatment vs. 
Control 

High 100% Asian 
Zoledronate vs. placebo  
Lyles, 2007(15) 
HORIZON-RFT 
N = 2127 
Low 

Multicenter 
US, Canada, South 
America, Europe 
24 months 

Yes 
% NR 

Male: 23.3% vs. 24.5% 
Age: 74.4 (9.48) v 74.6 
(9.86) 
White: 91.4 vs. 90.9% 
Black: 0.6 vs. 1.0% 

FN 
≤ -2.5: 42.3 vs. 41.1% 
-2.5 to -1.5: 33.8 vs. 35.3% 
> -1.5: 11.5 vs. 11.4% 
missing: 12.3 vs. 12.1% 

Any: 100% 

Zoledronate vs. placebo 
Nakamura, 2017 (5) 
ZONE 
N = 665 
Moderate 

Multicenter 
Japan 
enrollment period not 
specified 
24 months 

Yes 
Previous 
bisphosphona
te use: 9.7% 
vs. 8.5% 

Male: 6.4% vs. 5.7% 
Age: 74.9 (5.4) vs. 74.3 
(5.4) 
100% Asian  

LS: -2.87 (0.84) vs. -2.97 (0.83) 
FN: -2.95 (0.87) vs. -2.94 (0.85) 
Hip: -2.27 (0.95) vs. -2.20 (0.89) 

0: 8.8% vs. 10.6% 
1: 50.6% vs. 48.6% 
2: 26.1% vs.25.4% 
3+: 14.5% vs. 15.4% 

PTH analogue 
Teriparatide vs. placebo  
Fujita, 2014 (68) 
N/A 
N = 329 
Moderate 

Multicenter 
Japan 
1999-2002 
36 months 

Yes 
% NR 

Male: 7.7% vs. 6.3%; P = 
0.53 
Age: 71.6 (6.7) vs. 71.3 
(6.9); P = 0.91 
Race NR 

LS: -2.80 (1.10) vs. -3.02 (0.88); P 
= 0.18 

1: 39.3% vs. 38.5%  
2: 24.0% vs. 34.3% 
3: 36.7% vs. 27.3% 
P = 0.53 

Teriparatide vs. placebo 
Nakamura, 2012 (67) 
TOWER 
N = 601 
Moderate  

Multi-site 
Japan 
Years NR 
72 weeks 

Yes 
% NR 

Male: 4.5% vs. 3.4% 
Age: 75.1 (5.8) vs. 75.5 
(5.8) 
100% Asian 

LS: -2.7 (0.9) vs. -2.6 (0.9) 
FN: -2.4 (0.7) vs. -2.4 (0.8) 

0: 10.1% vs. 12.2% 
1: 40.2% vs. 41.6% 
2-3: 35.0% vs. 
35.0% 
≥4: 14.7% vs. 11.2% 

RANK ligand inhibitor 
Denosumab 
 vs. placebo Nakamura, 
2014 (33) 
DIRECT 
N = 500 vs. 511 
Low 

Multicenter 
Japan 
Years NR 
24 months 

Yes 
% NR 

Male: 4.9% vs. 5.0% 
Age: 69.9 (7.36) vs. 69.0 
(7.67) 
<65: 21.0% vs. 26.3% 
65-74: 52.1% vs. 48.1% 
75+: 26.9% vs. 25.6% 
100% Japanese 

LS (L1-L4): -2.78 (0.89) vs. -2.73 
(0.88) 
Femoral neck: -2.38 (0.70) vs. -
2.29 (0.71) 
Hip: -2.01 (0.79) vs. -1.95 (0.73) 

0: 1.3% vs. 1.9% 
1: 66.7% vs. 66.5% 
2: 23.9% vs. 21.9% 
3+: 8.1% vs. 9.8% 
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Abbreviations: BMD: bone mineral density; NR: not reported; SD: standard deviation  
 
Table 4c. Baseline characteristics in randomized trials of bisphosphonates in adults with low bone mass compared with placebo 

Drug  
RCTs 
Total sample 

Demographics (ranges) 
% males  
Age: Mean  
Race/ethnicity: % 
Residence 

Baseline BMD T-score 
Concomitant osteoporosis 
treatment  

Prior fractures 
Prior osteoporosis 
treatment 

Baseline risk of 
fracture 
Inclusion Criteria 
Exclusion Criteria 
 

Zoledronate vs. placebo     
Zoledronate (86) 
1 RCT of 2000 subjects 
 

 
95% European 
 
Residing in long-term care facilities 0% 
 

Baseline BMD T-score L-Spine: 
-0.91 (1.12) 
Advice for dietary intake of 
calcium 1 gram/day and 
vitamin D (2.5 mg to 1.25mg 
cholecalciferol) 
 
 

Nonvertebral 
fractures in 24% 
Vertebral 
fractures in 14%  
No bone active 
drugs in past year 

Low baseline risk of 
fracture 
Eligible: 
postmenopausal 
females 65 years or 
older, with osteopenia  
Excluded: 
comorbidities resulting 
in secondary 
osteoporosis, prior 
anti-osteoporotic 
medications 
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Appendix 5: Detailed Methods of the Systematic Review and Guideline  
 
Details of the ACP guideline development process can be found in ACP's methods articles (111, 112).  
 
Panel Composition and Stakeholder Involvement  
The CGC is a multidisciplinary group of 14 members. Twelve of these members are internal medicine 
physicians representing various clinical areas of expertise across hospital and ambulatory medicine, 
including internal medicine subspecialties (for example, geriatrics, nephrology, rheumatology, 
pulmonology, and hospital medicine). The development of this guideline also included perspectives, 
values, and preferences of 2 nonphysician CGC members who represent the public and a 7-member CGC 
Public Panel. The CGC convened a technical expert panel made up of clinical topic experts, clinicians, and 
epidemiologists to inform the systematic review and assist in refining the scope and key questions. 

 
Disclosures of Interests and Management of Conflicts of Interest  
All financial and intellectual disclosures of interest were declared, and potential conflicts were discussed 
and managed in accordance with CGC policy (112). Disclosure of interests and management of any 
conflicts can be found on ACP’s website 
(https://www.acponline.org/clinical_information/guidelines/guidelines/conflicts_cgc.htm).  

 
Key Questions and Clinical Outcomes of Interest 
The CGC identified the key questions (Table 5a). Members of the CGC (clinicians and non clinician public 
members) and the CGC Public Panel members were asked a priori to independently rate the importance 
of evaluated outcomes (Table 5b). All critical and important outcomes were considered in developing 
recommendations. 

 
Table 5a. List of Key Questions 

Key Questions 

KQ 1. What are the effects of pharmacologic interventions on fracture-related outcomes in females with low bone 
mass? 
KQ 2. What are the effects of pharmacologic interventions on fracture-related outcomes in males with low bone 
mass? 
KQ 3. What are the comparative effects of pharmacologic treatments on fracture related outcomes in females 
with osteoporosis? 
KQ 4. What are the comparative effects of pharmacologic treatments on fracture related outcomes in males with 
osteoporosis? 
KQ 5. What are the harms of pharmacologic therapy used to treat low bone mass or osteoporosis? 
KQ 6. What are the effects of pharmacologic therapy compared to non-pharmacologic therapy (such as exercise) 
on fracture related outcomes in patients with low bone mass or osteoporosis? 
KQ 7. What are patients’ values and preferences on osteoporosis prevention and treatment? How do patients 
with low bone mass or osteoporosis weigh the benefits and harms of pharmacologic and non-pharmacological 
interventions for fracture prevention? How do patients use this valuation in their decision-making regarding 
treatment?  
KQ 8. What are the costs and cost-effectiveness of pharmacologic interventions used to reduce fracture-related 
outcomes in males and females with low bone mass or osteoporosis?  

 
Systematic Review  
This guideline is based on an accompanying systematic review and network meta-analysis done by the 
ACP Center for Evidence Review at the Portland Veteran Affairs Research Foundation and funded by ACP 
(51). 
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Values & Preferences 
The accompanying systematic reviewer included systematic reviews on patient values and preferences 
In addition, ACP staff surveyed the CGC Public Panel to assess their preferences regarding the 
intervention options, through two surveys developed ad-hoc to collect public panel’s thoughts on the 
findings from the systematic review informing the guideline; and to ask for their thought on the draft 
recommendations. 
 
Costs 
The CER included systematic reviews on costs or cost-effectiveness. The ACP staff also searched several 
commercial and government databases to find drug cost from patient and societal perspectives. 
 
Clinical Considerations 
Clinical considerations summarize information that is pertinent to implementation of the 
recommendations, but they do not inform the development of the recommendations. Since clinical 
considerations may go beyond the scope of the key questions, additional references outside the scope 
of the systematic review may be incorporated. This evidence may be identified in other existing 
systematic reviews, reference lists of included primary studies, or reference works shared by the 
Technical Expert Panel.  
 
Peer Review 
The supporting systematic review and guideline each underwent a peer review process through the 
journal. The guideline was posted online for comments from ACP Regents and ACP Governors, who 
represent internal medicine and its subspecialty physician members at the national and international 
level. The CGC considered any comments before finalizing the guideline. 
 
Guideline Expiration or Living Guideline Process 
The CGC intends to maintain this topic as living. Quarterly literature surveillance is planned to identify 
and evaluate new evidence from published randomized controlled trials, and both the guideline and 
systematic review will be periodically updated. 
 
Table 5b. Outcome Ratings  

Outcomes Rated as Critical Outcomes Rated as Important 
• Reduction in fractures (prioritized hip, 

followed by clinical vertebral, then any 
clinical, then radiographic vertebral) 

• Functional status 
• Quality of life 
• Serious adverse events 

• Withdrawals due to adverse events 

Outcome prioritization 
When evaluating the net benefits of the various treatments, we looked at rates of bone fractures at longer (≥36 
months) and shorter time of outcome assessment (12 to < 36 months) (54). The CGC prioritized benefits and 
harms that lasted ≥36 months, and cost-effectiveness from all oral and injectable medications regardless of 
treatment duration (51). Each study contributed to outcomes at one time point of fracture assessment (at 12 to 
< 36 months or ≥36 months). In addition, we prioritized the prevention of hip fractures and clinical vertebral 
fractures followed by the prevention of any clinical or radiographic vertebral fractures based on the high risk of 
disability, institutionalization, morbidity, and mortality in people with clinical fractures (55, 56) and the high risk 
of future fractures in people with radiographic fractures (57). Appendix Table 2 presents definitions of each 
fracture category.  
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We also prioritized serious adverse events reported in randomized controlled trials (RCTs) and observational 
studies as more clinically important than withdrawals due to adverse events usually available from RCTs only. 
Overall, we contextualized the balance between benefits and harms based on the direction and the magnitude 
of treatment effects across all outcomes and considering the certainty of evidence. 
 

 
 

Table 5c. Ongoing Studies 
The CER searched ClinicalTrials.gov for potentially eligible studies in November 2021. The CER has highlighted 
those ongoing studies that have recently completed or are due to complete soon and could be published for 
inclusion in an updated evidence review, depending on the date of that review. 
The CER identified 14 ongoing studies that would potentially be eligible for inclusion in an updated review: 
9 RCTs and 5 NRSs 
Of these 14 ongoing studies, 1 published a journal article in 2021(113) 
Table 5c Potentially Eligible Ongoing Studies 

NCT Identifier 
Study Name 

Enrollment 
Population 

Treatment 
Groups 

Follow-
up Eligible Outcomes 

Primary 
Completi
on Date 

Status 

RCTs 
NCT02589600(
114) 

ZEST II 

N = 310 
(actual) 

Females aged 
65 and older 
living in long-
term care 
facilities and 
who have 
osteoporosis 

• Zoledronic 
acid, in 
combination 
with vitamin 
D and 
calcium 
supplements 

• Vitamin D 
and calcium 
supplements 

Up to 3 
years 

• Non-traumatic 
incident 
fractures 
(vertebral and 
nonvertebral) 

Septemb
er 2022 
(estimate
d) 

Ongoing 

NCT03293108(
115) 

Not reported 

N = 190 
(estimated) 

Females post 
menopause 
with 
osteoporosis 

• Denosumab 
biosimilar 
(Arylia), in 
combination 
with vitamin 
D and 
calcium 
supplements 

• Denosumab 
(Amgen), in 
combination 
with vitamin 
D and 
calcium 
supplements 

Up to 
18 
months 

• Vertebral 
fractures 

• AEs 

Septemb
er 2020 
(estimate
d) 

Ongoing 

Primary 
completi
on date 
passed 

No 
results 
posted 

No 
publicati
on 
identifie
d 



63 
 

NCT Identifier 
Study Name 

Enrollment 
Population 

Treatment 
Groups 

Follow-
up Eligible Outcomes 

Primary 
Completi
on Date 

Status 

NCT03868033(
116) 

DST 

N = 100 
(estimated) 

Females post 
menopause 
and males 
aged over 50 
on 
denosumab 
for at least 2 
years for 
osteoporosis 

• Denosumab 
for 2 years 

• Zoledronic 
acid for 1 
year 
followed by 
denosumab 
for 1 year 

• Zoledronic 
acid for 2 
years 

• Zoledronic 
acid for 1 
year with 
additional 
treatment if 
bone 
turnover is 
increased 

Up to 2 
years 

• Clinical 
osteoporotic 
fracture 

Decembe
r 2022 
(estimate
d) 

Ongoing 

NCT04591275(
117) 

Not reported 

N = 278 
(estimated) 

Females post 
menopause 
with 
osteoporosis 
and at high 
risk of 
fracture 

• Biosimilar 
denosumab 
(CMAB807), 
in 
combination 
with vitamin 
D and 
calcium 
supplements 

• Denosumab 
(Prolia), in 
combination 
with vitamin 
D and 
calcium 
supplements 

Up to 
12 
months 

• New 
osteoporotic 
fractures 

• AEs 
• SAEs 

January 
2023 
(estimate
d) 

Ongoing 
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NCT Identifier 
Study Name 

Enrollment 
Population 

Treatment 
Groups 

Follow-
up Eligible Outcomes 

Primary 
Completi
on Date 

Status 

NCT04719572(
118) 

Not reported 

N = 180 
(estimated) 

Females post 
menopause 
and males 
aged 50 and 
older with 
osteoporosis 
or osteopenia 

• Alendronate, 
zoledronate, 
tripopeptide, 
denosumab, 
activated 
vitamin D, 
menatetreno
ne soft 
capsules, 
according to 
the patient's 
condition, in 
combination 
with vitamin 
D and 
calcium 
supplements 

• Lifestyle 
changes 
(diet, 
exercise) and 
rehabilitatio
n, in 
combination 
with vitamin 
D and 
calcium 
supplements 

• Vitamin D 
and calcium 
supplements 

Up to 
12 
months 

• Fracture rate 
• AEs 

Septemb
er 2022 
(estimate
d) 

Ongoing 

NCT04729621(
119) 

Not reported 

N =326 
(estimated) 

Females post 
menopause 
with 
osteoporosis 

• Biosimilar 
denosumab 
(TVB-009) 

• Denosumab 
(Prolia), 
followed by 
biosimilar 
denosumab 
(TVB-009) 

• Denosumab 
(Prolia) 

Up to 
78 
weeks 

• Fractures 
• AEs 
• Withdrawals 

due to AEs 

June 
2023 
(estimate
d) 

Ongoing 
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NCT Identifier 
Study Name 

Enrollment 
Population 

Treatment 
Groups 

Follow-
up Eligible Outcomes 

Primary 
Completi
on Date 

Status 

NCT05058443(
120) 

Not reported 

N = 120 
(estimated) 

Adults who 
had vertebral 
kyphoplasty 
for 
osteoporotic 
vertebral 
compression 
fractures 

• Denosumab 
• Placebo 

Up to 
12 
months 

• Disability 
• Health-related 

quality of life 

March 
2022 
(estimate
d) 

Ongoing 

NCT05065164(
121) 

Not reported 

N = 125 
(estimated) 

Adults who 
had screw 
internal 
fixation of 
osteoporotic 
vertebral 
compression 
fracture 

• Denosumab 
• Placebo 

Up to 
12 
months 

• Disability 
• Health-related 

quality of life 

March 
2022 
(estimate
d) 

Ongoing 

NCT05087030(
122) 

Not reported 

N = 434 
(estimated) 

Females post 
menopause 
with 
osteoporosis 

• Biosimilar 
denosumab 
(RGB-14-P) 

• Denosumab 
(Prolia) 

Up to 
78 
weeks 

• Vertebral 
fragility fracture  

• Nonvertebral 
fragility fracture 

• AEs 

June 
2023 
(estimate
d) 

Ongoing 

Nonrandomized Studies 
NCT01416194(
123) 

Not reported 

N = 10,497 
(actual) 

Females aged 
45 and over 
with 
osteoporosis 
who have 
records of 
receiving 
bazedoxifene, 
bisphosphona
tes or 
raloxifene 

• Bazedoxifen
e 

• Bisphosphon
ates 

• Raloxifene 

Up to a 
maximu
m of 
92.1 
months 

• VTE 
• Ischemic stroke 
• Cardiac 

disorders 
• AF 
• Biliary events 
• Hypertriglycerid

emia 
• Renal failure 
• Malignancies 
• Depression 
• Ocular events 
• Thyroid 

disorders-goiter 

April 
2019 
(actual) 

Ongoing 

Primary 
completi
on date 
passed 

Results 
posted 
on 
CT.gov in 
May 
2020 

No 
publicati
on 
identifie
d 
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NCT Identifier 
Study Name 

Enrollment 
Population 

Treatment 
Groups 

Follow-
up Eligible Outcomes 

Primary 
Completi
on Date 

Status 

NCT01967160(
124) 

Not reported 

N = 2,560 
(actual) 

People with 
cancer 
treated with 
antiresorptive 
therapies for 
skeletal-
related event 
prevention 

• Denosumab 
• Zoledronic 

acid 

Up to 5 
years 

• Osteonecrosis 
of the jaw 

• Infection 
leading to 
hospitalization 

August 
2019 
(actual) 

Publishe
d in 2021 
by 
Ehrenste
in et 
al.(113) 

NCT02304887(
125) 

Not reported 

N = 1,000 
(estimated) 

Adults aged 
45 and over 
with 
osteoporosis 

• Bisphosphon
ates 

• Teriparatide 
• Denosumab 

Up to 
10 
years 

• Renal function Decembe
r 2018 
(estimate
d) 

Ongoing 

Primary 
completi
on date 
passed 

No 
results 
posted 

No 
publicati
on 
identifie
d 

NCT02520362(
126) 

Not reported 

N = 508,215 
(estimated) 

Females post 
menopause 

Females post 
menopause 
with 
osteoporosis 

Males with 
osteoporosis 

Patients who 
receive 
denosumab 
for 
unapproved 
indications 

• Bisphosphon
ates 

• Denosumab 

Up to 
10 
years 

• Osteonecrosis 
of the jaw 

• Atypical femoral 
fracture 

• Fracture healing 
complications 

• Hypocalcemia 
• Infection 
• Dermatologic 

AEs 
• Acute 

pancreatitis 
• Hypersensitivity 
• New primary 

malignancy 

March 
2024 
(estimate
d) 

Ongoing 
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NCT Identifier 
Study Name 

Enrollment 
Population 

Treatment 
Groups 

Follow-
up Eligible Outcomes 

Primary 
Completi
on Date 

Status 

NCT04974723(
127) 

Not reported 

N = 16,000 

Females post 
menopause 
new to 
anabolic 
therapies 

• Abaloparatid
e 

• Teriparatide 

Up to 
18 
months 

• Time to a 
composite of 
nonfatal MI, 
nonfatal stroke, 
or in-hospital 
cardiovascular 
death 

• Time to a 
composite of 
nonfatal MI, 
nonfatal stroke, 
heart failure, or 
in-hospital 
cardiovascular 
death 

August 
2021 
(estimate
d) 

Ongoing 

Primary 
completi
on date 
passed 

No 
results 
posted 

No 
publicati
on 
identifie
d 

 

RCT Duplication Using Real World Data 
The CER also identified 2 studies designed to duplicate 2 pivotal RCTs in osteoporosis (HORIZON and VERO) using 
health care claims data. The CER has not highlighted these as being eligible studies, as they are not RCTs of 
effectiveness, and as such, do not meet the inclusion criteria. However, they are nonrandomized duplicates of 
pivotal osteoporosis RCTs, so the CER has included them for information. 

NCT Identifier 
Study Name 

Enrollment 
Population 

Treatment 
Groups 

Follow
-up 

Eligible 
Outcomes 

Primary 
Completio
n Date 

Status 

NCT04736693(128
) 

Not reported 

N = 18,028 
(actual) 

Females 
post 
menopause 
with 
osteoporosi
s 

• Raloxifene 
• Zoledronic 

acid 

Up to 
540 
days 

• Hip fracture 
• Nonvertebra

l fracture 

February 
2021 
(actual) 

Ongoing 

Primary 
completio
n date 
passed 

No results 
posted 

No 
publication 
identified 

NCT04879420(129
) 

Not reported 

N = 12,757 
(actual) 

Females 
post 
menopause 
with 
osteoporosi
s 

• Teriparatid
e 

• Risedronate 

Up to 
730 
days 

• New 
vertebral 
fractures 

• Nonvertebra
l fractures 

June 2021 
(estimated) 

Ongoing 

Primary 
completio
n date 
passed 

No results 
posted 
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NCT Identifier 
Study Name 

Enrollment 
Population 

Treatment 
Groups 

Follow
-up 

Eligible 
Outcomes 

Primary 
Completio
n Date 

Status 

No 
publication 
identified 

Abbreviations. AE: adverse event; AF: atrial fibrillation; NCT: US National Clinical Trial; RCT: randomized controlled 
trial; SAE: serious adverse event; VTE: venous thromboembolism. 

Notes 
• Excluded people with anorexia nervosa (assumed to be secondary osteoporosis) 
• Excluded people post renal transplant (assumed to be secondary osteoporosis) 
• Excluded people with breast cancer (assumed to be secondary osteoporosis) 
• Excluded studies that completed over 3 years ago, without any identified publications 
• Excluded studies measuring bone mass density alone 
• Excluded RCTs with only outcomes of interest being safety 
• Excluded comparisons of generic vs. brand formulations 
• Excluded comparisons of branded formulations 
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