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EVIDENCE SUMMARY FOR KQ2 ON THE PREDICTIVE ACCURACY OF SCREENING TESTS 
 
Background and approach to GRADE 
 
Observed to expected fracture ratio (O:E) ratio 
  
− The O:E ratio is a measure of model calibration, and indicates the extent of agreement between the expected number of 

events (i .e., number of fractures predicted by the tool) and the observed number of events (i .e., actual number of 
individuals with one or more fractures observed during follow-up) [1]. 
 

− The O:E ratio may range from 0 to infinity. An ideal tool would have a O:E ratio of 1.0, which means that there are exactly 
the same number of fractures observed as were predicted by the tool.  
 

− We considered tools to be well calibrated when the O:E ratio is between 0.8 and 1.2 [1]. An O:E ratio <1 indicates that the 
tool overestimates the observed probability of fractures, while an O:E ratio >1 indicates that the tool underestimates the 
observed probability of fractures. 

 

Conclusions and interpretation of the evidence 
 
− Due to heterogeneity that was not well  explained by our a-priori subgroup analyses, most conclusions are descriptive and 

not based on a pooled estimate. For the FRAX tool, we pooled data from Canadian studies at lower risk of bias and present 
these separately from the other studies that were all  at high risk of bias. 

 
− When there was no pooled estimate, we rated precision based on the recommendations for assessing the certainty of the 

evidence in the absence of a single estimate of effect from meta-analysis [2] 
 

− There were serious risk of bias concerns across the majority of studies that could merit rating down twice. We instead 
usually rated down once, considering that our ratings for inconsistency and imprecision may have been at least in part 
related to concerns about risk of bias and/or indirectness (i .e., to avoid double-counting when we rated down).  

 
− We considered a range of potential conclusions: 

 
− The tool is well calibrated: most comparisons showing an O:E ratio between 0.8 and 1.2 
− The tool underestimates fracture risk: most comparisons showing an O:E ratio >1.2, and the magnitude is 

adequately consistent and precise to draw clinically meaningful conclusions 
− The tool overestimates fracture risk: most comparisons showing an O:E ratio <0.8, and the magnitude is 

adequately consistent and precise to draw clinically meaningful conclusions 
− The tool is poorly calibrated: most comparisons showing an O:E ratio <0.8 or >1.2, but the direction of the 

calibration (over- or underestimation) is unclear 
 

− Certainty of evidence appraisals were based on the conclusion that is shown in each summary of findings table. 
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1. Clinical FRAX 
1.1 GRADE Summary of Findings 
Outcome* 
Studies; sample size 

Findings Certainty†.   What does the 
evidence say? 

Discrimination‡ [3] 
(pooled AUC, 95% CI) 

Clinical FRAX (high risk of bias studies) 
10-y hip fractures 
13 cohort; 343,755 
[4-16] 

None of the FRAX tools in this analysis were calibrated for 
Canada. Most studies show poor calibration and are 
inconsistent. Most often, the tool over- (n=4 studies, 4 
comparisons; O:E estimates from 0.26 to 0.72) or 
underestimated (n=5 studies, 7 comparisons; O:E 1.21 to 
3.87) the observed fracture risk. Inconsistency was not well 
explained by subgroup analyses.  

VERY LOWa Very uncertain for the 
conclusion of poor 
performance. 

All studies, regardless 
of risk of bias: 
F: 0.76 (0.72-0.81) 
M: 0.73 (0.68-0.77) 
 

10-y clinical fragility 
fractures 
12 cohort; 190,116 
[4, 5, 7-12, 14-20] 

Only one of the 12 studies used the FRAX tool calibrated for 
Canada. Most studies show poor calibration and are 
inconsistent. Most often, the tool underestimated (n=7 
studies, 8 comparisons; O:E 1.33 to 3.34) the observed 
fracture risk. Inconsistency was not well explained by 
subgroup analyses.  

VERY LOWb Very uncertain for the 
conclusion of poor 
performance. 

All studies, regardless 
of risk of bias: 
F: 0.67 (0.65-0.68) 
M: 0.62 (0.61-0.64) 

5-y hip fractures  
1 cohort; 1,054,815 
[21] 

A single study that did not use a FRAX tool calibrated to 
Canada showed underestimation of the observed 5-year risk 
of hip fracture (O:E 1.74, 95% CI 1.72-1.76). 

VERY LOWc Very uncertain for the 
conclusion of 
underestimation. 

NR 

5-y clinical fragility 
fractures 
1 cohort; 9,393 [22] 

A single study of a FRAX tool calibrated to Canada showed 
overestimation of the observed 5-year risk of clinical fragility 
fracture (O:E 0.75, 95% CI 0.68-0.89). 

VERY LOWd Very uncertain for the 
conclusion of 
overestimation. 

NR 

Clinical FRAX (lower risk of bias studies) 
10-y hip fractures 
3 cohort; 67,611 
[17-19] 

All studies used the FRAX tool calibrated for Canada. The 
pooled O:E showed acceptable calibration with some 
underestimation of the observed fracture risk, and a wide 
confidence interval (pooled O:E 1.13, 95% CI 0.74-1.72, 
I2=89.2%). 

LOWe May be well 
calibrated.  

See above. 

10-y clinical fragility 
fractures 
3 cohort; 67,611 
[17-19] 

All studies used the FRAX tool calibrated for Canada. The 
pooled O:E showed acceptable calibration with some 
underestimation of the observed fracture risk (O:E 1.10, 95% 
CI 1.01-1.20, I2=50.4%). 

MODERATEf Probably well 
calibrated. 

See above. 

5-y hip fractures 
1 cohort; 68,730 
(62,275 F, 6,445 M) 
[19] 

A single study, which used the FRAX tool calibrated for 
Canada, showed large overestimation of the observed 5-year 
risk of hip fracture in females (O:E 0.68, 95% CI 0.62-0.73) 
and imprecise overestimation in males (O:E 0.82, 95% CI 
0.60- 1.03). 

LOWg May be poorly 
calibrated. 

NR 

5-y clinical fragility 
fractures  
1 cohort; 68,730 
(62,275 F, 6,445 M) 
[19] 

A single study, which used the FRAX tool calibrated for 
Canada, found acceptable calibration in females (O:E 0.93, 
95% CI 0.89-0.96). The tool imprecisely underestimated the 
observed fracture risk in males (O:E 1.23, 95% CI 1.08-1.38). 

LOWh May be well calibrated 
(most applicable to 
females). 

NR 

BMD=bone mineral density; CI=confidence interval; F=female; M=male; NR=not reported; O:E ratio=ratio of observed to expected (predicted) 
events 
*Rows for 5-year fractures have been omitted from the table when no studies were located that reported on this outcome. 
† When our assessment of the certainty of evidence fell between levels, we assigned the level that best represented our actual certainty.   
‡Extracted directly from the 2018 USPSTF systematic review by Viswanathan et al. [3] 
 
Explanations: 
a 10-year hip fractures (high risk of bias studies): Serious concern about risk of bias: all  studies were at high risk of bias 
primarily due to concerns about predictor ascertainment (missing predictor data, predictors not handled as intended), 
outcome ascertainment (self-reported or including high trauma fractures), and analysis (high losses to follow-up/deaths not 
accounted for, inadequate number of fracture outcomes, short follow-up period, not accounting for competing mortality risk). 
Some concern about inconsistency: most point estimates agree with conclusions of poor performance, though 5 studies (6 
comparisons) suggest acceptable calibration. Inconsistency is not fully explained by a-priori subgroups, and the direction of 
poor performance (under- or overestimating) is unclear. Rated down 0.5 because it is believed that this inconsistency is at 
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least partly related to risk of bias concerns. Some concern about indirectness: in 5 (Azagra 2016a, Bolland 2011, Czerwinski 
2013, Goldshtein 2017, Pressman 2011) studies participants are l ikely to be higher risk than the general primary care 
population because they were referred for BMD testing, one study (Yin 2016) enrolled only veterans, and another (Ettinger 
2013) enrolled participants who were l ikely to be healthier than the general population. Differences between studies do not 
appear to explain the findings. None of the studies use the FRAX tool calibrated for Canada. Serious concern for imprecision: 
the confidence intervals of 7 studies cross the upper and/or lower threshold for being well calibrated, and most others are too 
wide to indicate a clinically meaningful over- or underestimation. No serious concerns for other considerations: no other 
concerns that would further impact certainty in the estimates. Publication bias not detected. 
 

b 10-year clinical fragility fractures (high risk of bias studies): Serious concern about risk of bias: all  studies were at high risk of 
bias primarily due to concerns about predictor ascertainment (missing predictor data, predictors not handled as intended), 
outcome ascertainment (self-reported or including high trauma fractures), and analysis (high losses to follow-up/deaths not 
accounted for, inadequate number of fracture outcomes, short follow-up period, not accounting for competing mortality risk). 
No serious concern about inconsistency: All  but two point estimates agree with conclusions of poor performance. The 
direction of poor performance is unclear. Some concern about indirectness: in 4 (Azagra 2016a, Bolland 2011, Czerwinski 
2013, Goldshtein 2017) studies, participants are l ikely to be higher risk than the general primary care population because they 
were referred for BMD testing, one study (Yin 2016) enrolled only veterans, and another (Ettinger 2013) enrolled participants 
who were l ikely to be healthier than the general population. Only one of the studies (Li  2015) used the FRAX tool calibrated 
for Canada. Differences between studies do not appear to explain the findings. Serious concern for imprecision: The 
confidence intervals of 4 studies cross the upper and/or lower threshold for being well calibrated, and most others are too 
wide to indicate a clinically meaningful over- or underestimation. No serious concerns for other considerations: no other 
concerns that would further impact certainty in the estimates. Publication bias not detected. 
 
c 5-year hip fractures (high risk of bias studies): Serious concern about risk of bias: the one included study is at high risk of bias 
because it did not account for competing risk of mortality and use of the tool was not as intended (halved the 10-year risk 
estimate to obtain a 5-year risk). Serious concern about inconsistency: there is no evidence of consistency because there was 
only one study reporting this outcome, and demonstrated inconsistency in other analyses reinforces the need for several 
studies to support certainty in conclusions. Some concern for indirectness: The study did not use the FRAX tool calibrated for 
Canada. No serious concerns for imprecision, or other considerations: no other concerns that would further impact certainty 
in the estimates.  
 
d 5-year clinical fragility fracture (high risk of bias studies): Serious concern about risk of bias: the one included study is at high 
risk of bias because it did not have adequate data on several predictors nor account for competing risk of mortality, and use of 
the tool was not as intended (halved the 10-year risk estimate to obtain a 5-year risk). Serious concern about inconsistency: 
there is no evidence of consistency because there was only one study reporting this outcome, and demonstrated 
inconsistency in other analyses reinforces the need for several studies to support certainty in conclusions. No serious concern 
about indirectness: The study used the FRAX tool calibrated for Canada and the population is quite representative. Serious 
concerns for imprecision, or other considerations: the confidence interval for the calibration includes values that indicate the 
tool may perform well.  
 
e 10-year hip fractures (lower risk of bias studies): No serious concern about risk of bias: any concerns about risk of bias were 
quite minimal compared to other analyzed studies. The main potential concern was the use of proxy variables which might be 
expects to result in underestimation of fracture risk (i .e., the tool would be better calibrated than it appears from the 
analysis), thus we did not rate down. Serious concern for inconsistency: Three of the four point estimates fall  in the range of 
acceptable performance, with one (Fraser 2011, men) showing substantial underestimation of the observed risk. The I2 for the 
pooled estimate is 89.2%. Some concern for imprecision: The confidence interval of the pooled estimate is wide, including the 
potential for substantial under- or overestimation of the observed risk. This is partly the result of inconsistency. No serious 
concerns about indirectness: participants in one of the studies may be higher risk than the general primary care population 
because they were all  referred for BMD testing. Based on other analyses, the impact on the findings is unclear. All  studies 
used the FRAX tool calibrated for Canada. No serious concerns for other considerations: no other concerns that would further 
impact certainty in the estimates. 
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f 10-year clinical fragility fractures (lower risk of bias studies): No serious concern about risk of bias: any concerns about risk of 
bias were quite minimal compared to other analyzed studies. The main potential concern was the use of proxy variables which 
might be expects to result in underestimation of fracture risk (i .e., the tool would be better calibrated than it appears from the 
analysis), thus we did not rate down. Some concern for inconsistency: All  point estimates fall  in the range of acceptable 
performance, with some inconsistency in the degree of underestimation (6 to 19%). I2 for the pooled estimate is 50.4%. Some 
concern for imprecision: The confidence interval includes a wide range of potential O:E estimates, ranging between 1 and 20% 
underestimation of the observed risk. This is partly the result of inconsistency. No serious concerns about indirectness: 
participants in one of the studies may be higher risk than the general primary care population because they were all  referred 
for BMD testing. Based on other analyses, the impact on the findings is unclear. All  studies used the FRAX tool calibrated for 
Canada. No serious concerns for other considerations: no other concerns that would further impact certainty in the estimates. 
 
g 5-year hip fractures (lower risk of bias studies): Some concern about risk of bias: Use of the tool was not as intended (halved 
the 10-year risk estimate to obtain a 5-year risk). Serious concern for inconsistency: there is no evidence of consistency 
because there is only one study for this outcome, and demonstrated inconsistency in other analyses reinforces the need for 
several studies to support certainty in conclusions. No serious concerns about indirectness: participants may be higher risk 
than the general primary care population because they all  were referred for BMD testing. Based on other analyses the impact 
on the findings is unclear. The study used the FRAX tool calibrated for Canada. Some concern about imprecision: the 95% 
confidence interval for males includes the potential that the tool is well  calibrated or overestimates the observed fracture risk. 
No serious concerns for other considerations: no other concerns that would further impact certainty in the estimates.  
 

h 5-year clinical fragility fractures (lower risk of bias studies): Some concern about risk of bias: Use of the tool was not as 
intended (halved the 10-year estimate to obtain a 5-year risk). Serious concern for inconsistency: there is no evidence of 
consistency because there is only one study for this outcome, and demonstrated inconsistency in other analyses reinforces 
the need for several studies to support certainty in conclusions. No serious concerns about indirectness: participants are l ikely 
to be higher risk than the general primary care population because they all  were referred for BMD testing. Based on other 
analyses the impact on the findings is unclear. The study used the FRAX tool calibrated for Canada. Some concern about 
imprecision: The 95% confidence interval for males includes the potential that the tool is well  calibrated or underestimates 
the observed fracture risk. No serious concerns for other considerations: no other concerns that would further impact 
certainty in the estimates.  
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1.2 Contributing data 

Calibration for the 10-year prediction of hip fractures 
 
High risk of bias studies (none Canadian) 

 
 

 

Lower risk of bias studies (all Canadian) 

 
 
  

with estimated prediction interval

Overall (I-squared = 89.2%)

Fraser 2011 (M)

Crandall 2019b (F)

Leslie 2017 (M)

Fraser 2011 (F)

Study

(0.36, 3.52)

1.13 (0.74, 1.72)

1.71 (1.29, 2.28)

1.13 (1.08, 1.18)

0.97 (0.78, 1.21)

0.93 (0.79, 1.10)

(95% CI)

O:E ratio

100.00

21.04

29.29

23.83

25.84

Weight

%

.1 .2 .5 1 2 5 10
NOTE: Weights are from random-effects model
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Calibration for the 10-year prediction of clinical fragility fractures (FRAX-defined major osteoporotic fractures) 
 
High risk of bias studies (All  but 1 non-Canadian) 

 
 
Lower risk of bias studies (All Canadian) 
 

 
 
Summary of subgroup analyses 

Outcome N studies; 
compar-
isons 

n  O:E ratio (95% CI)a 

or regression coefficient 
(95% CI) 

I2 Prediction 
interval 

1.0 10-year clinical fragility fractures 15; 17 251,272 1.18 (0.90, 1.54)b 100% 0.38, 3.66 
1.1 Between study subgroup: mean age (test for subgroup differences, p=0.063) 
<65 years 7; 7 226,572 1.36 (0.92, 2.02) 100% 0.44, 4.26 
≥65 years  8; 9 24,700 1.03 (0.65, 1.65) 99% 0.23, 4.67 
1.2 Between study subgroup: sex (test for subgroup differences, p=0.397) 
Males 5; 5 32,944 1.14 (0.85, 1.53) 96% 0.51, 2.54 
Females 12; 12 218,328 1.19 (0.80, 1.76) 100% 0.29, 4.91 
1.3 Between study sensitivity: risk of bias (test for subgroup differences, p=0.003) 
Unclear risk of bias 3; 4 61,156 1.10 (1.01, 1.20) 50% 0.89, 1.35 
High risk of bias 12; 12 190,116 1.18 (0.79, 1.76) 100% 0.28, 5.01 

with estimated prediction interval

Overall (I-squared = 50.4%)

Fraser 2011 (M)

Leslie 2017 (M)

Fraser 2011 (F)

Crandall 2019a (F)

Study

(0.89, 1.35)

1.10 (1.01, 1.20)

1.19 (1.00, 1.41)

1.14 (1.02, 1.27)

1.13 (1.05, 1.22)

1.06 (1.03, 1.08)

(95% CI)

O:E ratio

100.00

8.76

17.21

26.14

47.89

Weight

%

.1 .2 .5 1 2 5 10
NOTE: Weights are from random-effects model
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Outcome N studies; 
compar-
isons 

n  O:E ratio (95% CI)a 

or regression coefficient 
(95% CI) 

I2 Prediction 
interval 

1.4 Subgroup analysis using within-study data  
Females ≥65 years 6; 15 68,368 1.56 (1.18, 2.06)b 99% 0.53, 4.50 
1.5 Meta-regressions 
Mean age  15; 17 251,272 0.96 (0.92, 1.01), p=0.115 
Mean baseline risk 15; 17 251,272 -0.05 (-0.10, -0.01), p=0.029 
2.0 10-year hip fractures 17; 21 404,911 1.15 (0.88, 1.49)b 99% 0.37, 3.60 
2.1 Between study subgroup: mean age (test for subgroup differences, p=0.221) 
<65 years 8; 8 271,305 1.25 (0.72, 2.17) 99% 0.25, 6.26 
≥65 years  9; 12 133,606 1.09 (0.75, 1.58) 99% 0.32, 3.75 
2.2 Between study subgroup: sex (test for subgroup differences, p=0.404) 
Males 5; 5 32,944 1.35 (0.59, 3.10) 98% 0.14, 13.50 
Females 13; 16 371,967 1.09 (0.81, 3.27) 99% 0.37. 3.27 
2.3 Between study sensitivity: risk of bias (test for subgroup differences, p=0.796) 
Unclear risk of bias 3; 4 343,755 1.13 (0.74, 1.72) 89% 0.36, 3.52 
High risk of bias 13; 16 61,156 1.14 (0.80, 1.64) 99% 0.28, 4.59 
2.4 Subgroup analysis using within-study data 
Females ≥65 years 7; 18 123,719 1.57 (0.94, 2.62)b 100% 0.18, 13.44 
2.5 Meta-regressions 
Mean age  17; 21 404,911 0.99 (0.95, 1.03), p=0.57 
Mean baseline risk 17; 21 404,911 -0.01 (-0.11, 0.09), p=0.86 
3.0 5-year clinical fragility fractures 1; 2 62,275 

6,455 
F: 0.93 (0.89, 0.96)  
M: 1.23 (1.08, 1.38) 

NA NA 

4.0 5-year hip fractures 2; 3 In one study (n=68,730), the O:E ratio (95% CI) was 0.68 (0.62, 0.73) in 
females and 0.82 (0.60, 1.03) in males. In another study (n=1,054,815) 
the O:E ratio was 1.76. 

F=female; O:E ratio=ratio of observed to expected (predicted) events; M=male; NA=not applicable 
aPooled using restricted maximum likelihood (REML) estimation and the Hartung-Knapp-Sidik-Jonkman (HKSJ) correction. 
bThe pooled estimate was suppressed in the summary of findings due to high unexplained heterogeneity. 
 
Summary of data from calibration plots 
Within-study data from calibration plots were inconsistent (data available on request). Eight studies provided calibration plot 
data for 10-year risk of cl inical fragility fractures; none fully confirmed the conclusions drawn from between-study meta-
regression. Two studies (Azagra 2016, Goldshtein 2017) showed that FRAX without BMD underestimated the observed risk of 
cl inical fractures, one study (Li 2015) showed overestimation, and two (Crandall 2019b, Premaor 2013) showed acceptable 
calibration at all levels of baseline risk. Two studies (Bolland 2011, Ettinger 2013) showed that FRAX without BMD 
underestimated the observed risk of fractures in those at lower baseline risk, but may be well calibrated at higher levels of 
baseline risk (≥7.7% in one study and 15% in another). There was no apparent trend in the remaining study (Tamaki 2019).  
 
Seven studies provided calibration plot data for 10-year risk of hip fractures. Two studies (Crandall 2019b, Premaor 2013) 
showed that clinical FRAX underestimated the observed risk of hip fracture at lower levels of baseline risk, but appeared to be 
well calibrated at higher levels of baseline risk (≥1.6% in one study and 3% in another). Two studies (Bolland 2011, Tamaki 
2019) showed overestimation of the observed risk of hip fracture at higher levels of baseline risk, but acceptable calibration at 
lower levels of baseline risk (≤5.6% in one study and 0.2% in another). One study (Ettinger 2013) showed acceptable 
calibration at all levels of baseline risk and there was no apparent trend in the two remaining studies (Azagra 2016, Goldshtein 
2017). 
 
One study (Desbiens 2020)  provided calibration plot data for 5-year clinical fragility fractures. Clinical FRAX overestimated, to 
a similar degree, the observed risk of fracture at all  levels of baseline risk.  One study (Dagan 2017) reported calibration plot 
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data for the 5-year prediction of hip fractures. In this study, cl inical FRAX underestimated the observed risk of fracture at all  
levels of baseline risk. 
 
2. FRAX + BMD 
2.1 GRADE Summary of Findings 
Outcome* 
Studies; sample 
size 

Findings Certainty†.   What does the 
evidence say? 

Discrimination‡ [3] 
(pooled AUC, 95% CI) 

FRAX + BMD (high risk of bias studies) 
10-y hip fractures 
13 cohort; 138,606 
[4, 5, 7-15, 23, 24] 

None of the FRAX tools in this analysis were calibrated for 
Canada. Most studies show poor calibration and are 
inconsistent. Most often, the tool either over- (n = 4 studies, 6 
comparisons; O:E range from 0.24 to 0.68) or underestimated (n 
= 8 studies, 10 comparisons; O:E 1.30 to 3.33) the observed 
fracture risk. Inconsistency was not well explained by subgroup 
analyses. 

VERY LOWa Very uncertain for the 
conclusion of poor 
performance. 

All studies, regardless 
of risk of bias: 
F: 0.79 (0.76-0.81) 
M: 0.76 (0.72-0.80) 

10-y clinical 
fragility fractures 
16 cohort; 49,235 
[4, 5, 7-12, 14, 15, 
23-28] 

None of the FRAX tools in this analysis were calibrated for 
Canada. Most studies show poor calibration and are 
inconsistent. Most often (10 studies, 12 comparisons; O:E 1.11 
to 3.90), the tool underestimated the observed fracture risk. 
Inconsistency was not well explained by subgroup analyses.  

VERY LOWb Very uncertain for the 
conclusion of poor 
performance.  

All studies, regardless 
of risk of bias: 
F: 0.70 (0.68-0.71) 
M: 0.67 (0.66-0.68) 

FRAX + BMD (lower risk of bias studies) 
10-y hip fractures  
3 cohort; 61,156 
[17-19] 

All studies used the FRAX tool calibrated for Canada. The pooled 
O:E showed underestimation of the observed risk with a high 
level of inconsistency (O:E 1.31, 95% CI 0.91-2.13, I2 = 92.7%); 
two comparisons showed acceptable calibration while two 
others showed substantial underestimation of the observed 
fracture risk. 

LOWc May perform poorly. See above. 

10-y clinical 
fragility fractures 
3 cohort; 61,156 
[17-19] 

All studies used the FRAX tool calibrated for Canada. The pooled 
O:E showed acceptable calibration with some underestimation 
of the observed risk (O:E 1.16, 95% CI 1.12-1.20, I2 = 0%). 

MODERATEd Probably well 
calibrated. 

See above. 

5-y hip fractures 
1 cohort; 68,730 
(62,275 F, 6,445 M) 
[19] 

A single study, which used the FRAX tool calibrated for Canada, 
showed acceptable calibration with some overestimation in 
females (O:E 0.88, 95% CI 0.81-0.95) and males (O:E 0.88, 95% 
CI 0.65-1.10). 

LOWe May be well calibrated 
(most applicable to 
females. 

NR 

5-y clinical fragility 
fractures 
1 cohort; 68,730 
(62,275 F, 6,445 M) 
[19] 

A single, which used the FRAX tool calibrated for Canada, study 
provided inconsistent findings, showing acceptable calibration 
in females (O:E 1.00, 95% CI 0.97-1.04). The tool imprecisely 
underestimated the observed fracture risk in males (O:E 1.22, 
95% CI 1.07, 1.37). 

LOWf May be well calibrated 
(most applicable to 
females). 

NR 

BMD=bone mineral density; CI=confidence interval; F=female; M=male; NR=not reported; O:E ratio=ratio of observed to expected (predicted) 
events 
*Rows for 5-year fractures have been omitted from the table when no studies were located that reported on this outcome. 
† When our assessment of the certainty of evidence fell between levels, we assigned the level that best represented our actual certainty.   
‡Extracted directly from the 2018 USPSTF systematic review by Viswanathan et al. [3] 
 
 
Explanations: 
a 10-year hip fractures (high risk of bias studies): Serious concern about risk of bias: al l  studies were at high risk of bias 
primarily due to concerns about predictor ascertainment (missing predictor data, predictors not handled as intended), 
outcome ascertainment (self-reported or including high trauma fractures), and analysis (high losses to follow-up/deaths not 
accounted for, inadequate number of fracture outcomes, short follow-up period, not accounting for competing mortality risk). 
No serious concern about inconsistency: All  but two point estimates agree with conclusions of poor performance. The 
direction of poor performance (under- or overestimating) is unclear. Some concern about indirectness: in 5 (Azagra 2016a, 
Bolland 2011, Czerwinski 2013, Goldshtein 2017, Pressman 2011) studies participants are l ikely to be higher risk than the 
general primary care population because they were referred for BMD testing, and one study (Ettinger 2013) enrolled 
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participants who were l ikely to be healthier than the general population. No studies used the FRAX tool calibrated to Canada. 
Differences between studies do not appear to explain the findings. Serious concerns for imprecision: The confidence intervals 
of 10 studies cross the upper and/or lower threshold for being well calibrated, and most others are too wide to indicate a 
clinically meaningful over- or underestimation. No serious concerns for other considerations: no other concerns that would 
further impact certainty in the estimates. Publication bias not detected. 
 

b 10-year clinical fragility fractures (high risk of bias studies): Serious concern about risk of bias: al l  studies were at high risk of 
bias primarily due to concerns about predictor ascertainment (missing predictor data, predictors not handled as intended), 
outcome ascertainment (self-reported or including high trauma fractures), and analysis (high losses to follow-up/deaths not 
accounted for, inadequate number of fracture outcomes, short follow-up period, not accounting for competing mortality risk). 
Some concern about inconsistency: the point estimates for 12 studies (14 comparisons) agree with conclusions of poor 
performance, though 4 studies (4 comparisons) suggest acceptable calibration. Rated down 0.5 because it is believed that this 
inconsistency is at least partly related to risk of bias concerns. Some concern about indirectness: in 6 (Azagra 2016a, Bolland 
2011, Czerwinski 2013, Goldshtein 2017, Tebe Cordomi 2013, Tremollieres 2010) studies, participants are l ikely to be higher 
risk than the general primary care population because they were referred for BMD testing, and one study (Ettinger 2013) 
enrolled participants who were l ikely to be healthier than the general population. None of the studies used the FRAX tool 
calibrated for Canada. Serious concerns for imprecision: The confidence intervals of 6 studies cross the upper and lower 
threshold for being well calibrated, and most others are too wide to indicate a clinically meaningful over- or underestimation. 
No serious concerns for other considerations: no other concerns that would further impact certainty in the estimates. 
Publication bias not detected. 
 
d 10-year hip fractures (lower risk of bias studies): No serious concern about risk of bias: any concerns about risk of bias were 
quite minimal compared to other analyzed studies. The main potential concern was the use of proxy variables which might be 
expects to result in underestimation of fracture risk (i .e., the tool would be better calibrated than it appears from the 
analysis), thus we did not rate down. Serious concern for inconsistency: two comparisons are consistent with acceptable 
calibration while two others show substantial underestimation of the observed fracture risk; I2 for the pooled effect is 92.7%. 
No serious concern about indirectness: the participants may be higher risk than the general primary care population because 
they all  were referred for BMD testing. Based on other analyses the impact on the findings is unclear. All  studies used the 
FRAX tool calibrated for Canada. Some concern about imprecision: the 95% confidence interval for the pooled effect includes 
the potential for acceptable calibration and substantial underestimation of observed fracture risk. This is at least partly due to 
inconsistency. No serious concerns for other considerations: no other concerns that would further impact certainty in the 
estimates. 
 
c 10-year clinical fragility fractures (lower risk of bias studies): No serious concern about risk of bias: any concerns about risk 
of bias were quite minimal compared to other analyzed studies. The main potential concern was the use of proxy variables 
which might be expects to result in underestimation of fracture risk (i .e., the tool would be better calibrated than it appears 
from the analysis), thus we did not rate down. Some concern for imprecision: the 95% confidence interval is somewhat wide 
for clinically meaningful estimates, ranging from 12 to 20% underestimation. No serious concern about indirectness: the 
participants may be higher risk than the general primary care population because they all  were referred for BMD testing. 
Based on other analyses the impact on the findings is unclear. All  studies used the FRAX tool calibrated for Canada. No serious 
concerns for inconsistency, or other considerations: no other concerns that would further impact certainty in the estimates. 
 
e 5-year hip fractures (lower risk of bias studies): Some concern about risk of bias: Use of the tool was not as intended (halved 
the 10-year risk estimate to obtain a 5-year risk). Serious concern for inconsistency: there is no evidence of consistency 
because there is only one study for this outcome, and demonstrated inconsistency in other analyses reinforces the need for 
several studies to support certainty in conclusions. No serious concern about indirectness: the participants may be higher risk 
than the general primary care population because they all  were referred for BMD testing. Based on other analyses the impact 
on the findings is unclear. The study used the FRAX tool calibrated for Canada. Some concern about imprecision: the 95% 
confidence interval for males includes the potential that the tool is well  calibrated or overestimates the observed fracture risk. 
No serious concerns for other considerations: no other concerns that would further impact certainty in the estimates. 
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f 5-year clinical fragility fractures (lower risk of bias studies): Some concern about risk of bias: Use of the tool was not as 
intended (halved the 10-year risk estimate to obtain a 5-year risk). Serious concern for inconsistency: there is no evidence of 
consistency because there is only one study for this outcome, and demonstrated inconsistency in other analyses reinforces 
the need for several studies to support certainty in conclusions. No serious concern about indirectness: the participants may 
be higher risk than the general primary care population because they all  were referred for BMD testing. Based on other 
analyses the impact on the findings is unclear. The study used the FRAX tool calibrated for Canada.  Some concern about 
imprecision: the 95% confidence interval for males includes the potential that the tool is well  calibrated or underestimates the 
observed fracture risk. No serious concerns for other considerations: no other concerns that would further impact certainty in 
the estimates.  
 
2.2 Contributing data 

Calibration for the 10-year prediction of hip fractures 
High risk of bias studies (none Canadian) 

 
 
Lower risk of bias studies (all Canadian) 

 

 

 

with estimated prediction interval

Overall (I-squared = 92.7%)

Fraser 2011 (M)

Crandall 2019a (F)

Leslie 2017 (M)

Fraser 2011 (F)

Study

(0.33, 5.26)

1.31 (0.81, 2.13)

1.85 (1.39, 2.46)

1.59 (1.52, 1.66)

1.03 (0.83, 1.28)

1.00 (0.84, 1.19)

(95% CI)

O:E ratio

100.00

22.22

27.88

24.24

25.66

Weight

%

.1 .2 .5 1 2 5 10
NOTE: Weights are from random-effects model
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Calibration for the 10-year prediction of clinical fragility fractures (FRAX-defined major osteoporotic fractures) 

High risk of bias studies (none Canadian) 

 

Lower risk of bias studies (all Canadian) 
 

 

 

  

 

 

 

 

with estimated prediction interval

Overall (I-squared = 0.0%)

Fraser 2011 (M)

Crandall 2019a (F)

Leslie 2017 (M)

Fraser 2011 (F)

Study

(1.10, 1.21)

1.16 (1.12, 1.20)

1.19 (1.00, 1.41)

1.16 (1.14, 1.19)

1.14 (1.03, 1.27)

1.11 (1.03, 1.20)

(95% CI)

O:E ratio

100.00

1.61

86.15

4.23

8.01

Weight

%

.1 .2 .5 1 2 5 10
NOTE: Weights are from random-effects model
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Summary of subgroup analyses 
Outcome N studies; 

compar-
isons 

n  O:E ratio (95% CI)a 

or regression coefficient 
(95% CI) 

I2 Prediction 
interval 

1.0 10-year clinical fragility fractures 19; 22 110,391 1.38 (1.11, 1.72)b 100% 0.50, 3.83 
1.1 Between study subgroup: mean age (test for subgroup differences, p=0.228) 
<65 years 10; 11 79,825 1.51 (1.11, 2.06) 99% 0.53, 4.34 
≥65 years  9; 10 30,566 1.26 (0.84, 1.89) 99% 0.33, 4.78 
1.2 Between study subgroup: sex (test for subgroup differences, p=0.463) 
Males 7; 7 17,446 1.12 (0.72, 1.75) 97% 0.33, 3.83 
Females 15; 15 92,945 1.52 (1.16, 1.99) 100% 0.52, 4.39 
1.3 Between study sensitivity: risk of bias (test for subgroup differences, p=0.029) 
Unclear risk of bias 3; 4 61,156 1.16 (1.12, 1.20) 0% 1.10, 1.21 
High risk of bias 16; 17 49,235 1.45 (1.09, 1.93) 99% 0.44, 4.77 
1.4 Subgroup analysis using within-study data  
Females ≥65 years 7; 16 42,979 1.54 (1.27, 1.86)b 97% 0.75, 3.15 
1.5 Meta-regressions 
Mean age  19; 22 110,391 0.97 (0.93, 1.001), p=0.109 
Mean baseline risk 19; 22 110,391 -0.03 (-0.08, 0.02), p=0.23 
2.0 10-year hip fractures 16; 22 199,762 1.11 (0.81, 1.51)b 99% 0.27, 4.59 
2.1 Between study subgroup: mean age (test for subgroup differences, p=0.555) 
<65 years 8; 9 62,077 1.29 (0.81, 2.05) 94% 0.32, 5.17 
≥65 years  9; 12 137,685 1.05 (0.64, 1.70) 100% 0.18, 5.93 
2.2 Between study subgroup: sex (test for subgroup differences, p=0.686) 
Males 6; 6 15,641 1.27 (0.92, 1.99) 88% 0.40, 4.02 
Females 13; 16 184,121 1.04 (0.69, 1.57) 100% 0.20, 5.45 
2.3 Between study sensitivity: risk of bias (test for subgroup differences, p=0.418) 
Unclear risk of bias 3; 4 61,156 1.31 (0.81, 2.13) 93% 0.33, 5.26 
High risk of bias 13; 17 138,606 1.09 (0.73, 1.63) 99% 0.21, 5.58 
2.4 Subgroup analysis using within-study data 
Females ≥65 years 5; 14 97,875 1.09 (0.70, 1.70)b 99% 0.21, 5.71 
2.5 Meta-regressions 
Mean age  16; 22 199,762 0.97 (0.93, 1.01), p=0.113 
Mean baseline risk 16; 22 199,762 -0.05 (-0.19, 0.10), p=0.51 
3.0 5-year clinical fragility fractures 1; 2 62,275 

6,455 
F: 1.00 (0.97, 1.04) 
M: 1.22 (1.07, 1.37) 

NA NA 

4.0 5-year hip fractures 1; 2 62,275 
6,455 

F: 0.88 (0.81, 0.95) 
M: 0.88 (0.65-1.10) 

NA NA 

F=female; O:E ratio=ratio of observed to expected (predicted) events; M=male; NA=not applicable 
aPooled using restricted maximum likelihood (REML) estimation and the Hartung-Knapp-Sidik-Jonkman (HKSJ) correction. 
bThe pooled estimate was suppressed in the summary of findings due to high unexplained heterogeneity. 
 

Summary of data from calibration plots 
Within-study data from calibration plots were inconsistent (data available on request). Ten studies provided calibration plot 
data for 10-year risk of cl inical fragility fractures. In three studies (Tamaki 2019, Premaor 2013, Ettinger 2013), FRAX + BMD 
seemed well calibrated at all or most levels of baseline predicted risk. In two studies (Ettinger 2013, Crandall 2019a), FRAX + 
BMD over- or underestimated the observed fractures at low levels of fracture risk (≤3% in one study and 3.8% in another), but 
was well calibrated at higher levels of risk. In three studies (Azagra 2016a, Tebe Cordomi 2013, Bolland 2011), FRAX + BMD 
always underestimated the observed risk of cl inical fragility fractures, but this underestimation seemed to improve at 
increasing levels of baseline risk in two of the studies (Tebe Cordomi 2013, Bolland 2011). One study (Iki 2015) showed 
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consistent overestimation of the observed fracture risk, while there was no apparent trend in the remaining studies (Fraser 
2011, Melton 2012).  
 
Eight studies provided calibration plot data for 10-year risk of hip fracture. In three studies (Fraser 2011, Ettinger 2013, 
Premaor 2013), FRAX + BMD always or usually underestimated the 10-year risk of hip fracture, with no clear trend related to 
baseline fracture risk. One study (Azagra 2016a) showed consistent underestimation with improving calibration as the level of 
baseline risk increased. In one study (Bolland 2011), FRAX + BMD always overestimated hip fracture risk, with no clear trend 
by level of baseline risk. One study (Crandall 2019a) showed acceptable calibration in the middle quintiles of baseline risk (0.6-
4.1%), but underestimation at higher and lower levels of baseline risk. There was no apparent trend in the remaining two 
studies (Leslie 2010, Tamaki 2019). 
 
No studies presented calibration plot data for 5-year risk of cl inical fragility or hip fracture. 
 
3. Clinical Garvan 
3.1 GRADE Summary of Findings 
Outcome* 
Studies; sample 
size 

Findings Certainty†.   What does the 
evidence say? 

Discrimination‡ [3] 
(pooled AUC, 95% CI) 

Clinical Garvan 
10-y hip fractures 
2 cohort; 67,923 [6, 
29] 

In one study, the tool substantially underestimated the 
observed fracture risk (O:E 3.63, 95% CI 3.31-3.97 [6]. A second 
study reported only the Hosmer-Lemeshow test (p<0.0001), 
indicating poor calibration [29]. 

VERY 
LOWa 

Very uncertain for the 
conclusion of poor 
performance 

F: 0.68 (NR) 
M: 0.65 (NR) 

10-y clinical fragility 
fractures  
1 cohort; 5,063 [29] 

In one study, the Hosmer-Lemeshow test was significant 
(p=0.01014), indicating poor calibration [29]. 

VERY 
LOWb 

Very uncertain for the 
conclusion of poor 
performance 

F: 0.66 (0.61-0.72) 
M: NR 

5-y hip fractures 
1 cohort; 1,054,815 
[21] 

In one study, the tool substantially underestimated the 
observed fracture risk (O:E 2.17, 95% CI 2.16-2.17) [21]. 

LOWc May underestimate by 
116 to 117% 

NR 

5-y clinical fragility 
fractures 
1 cohort; 9,393 [22] 

In one study, the tool substantially underestimated the 
observed fracture risk (O:E 1.72, 95% CI 1.53-1.92). 

VERY 
LOWd 

Very uncertain for the 
conclusion of 
underestimation. 

NR 

BMD=bone mineral density; CI=confidence interval; F=female; M=male; NR=not reported; O:E ratio=ratio of observed to expected (predicted) 
events 
*Rows for 5-year fractures have been omitted from the table when no studies were located that reported on this outcome. 
† When our assessment of the certainty of evidence fell between levels, we assigned the level that best represented our actual certainty.   
‡Extracted directly from the 2018 USPSTF systematic review by Viswanathan et al. [3] 
Explanations: 
a 10-year hip fractures: Serious concern about risk of bias: the included studies were at high risk of bias due to concerns about 
the predictors (missing data for a substantial portion of participants), and analysis methods (high losses to follow-up 
unaccounted for, length of follow-up exceeding the prediction interval, and in one study the O:E value is not provided and 
cannot be calculated from the available data). Some concern for inconsistency: there is minimal evidence of consistency 
because there are only two studies for this outcome, however both support the conclusion of poor calibration. Some concern 
about indirectness: in one of the studies, the enrolled population was healthier than the general primary care population. 
Based on other analyses, the impact on the findings is unclear. No serious concern about imprecision: the degree of 
underestimation appears substantial, but the range of potential underestimation is not compatible with clinically meaningful 
conclusions. No serious concerns for other considerations: no other concerns that would further impact certainty in the 
estimates.  
 
b 10-year clinical fragility fractures: Serious concern about risk of bias: the one included study is at high risk of bias due to 
missing predictor data for several participants, length of follow-up that substantially exceeds the prediction interval, and 
concerns about the analysis because an O:E value is not provided and cannot be calculated from the available data. Serious 
concern for inconsistency: there is no evidence of consistency because there is only one study for this outcome, and 
demonstrated inconsistency in other analyses reinforces the need for several studies to support certainty in conclusions. No 



KQ2: How accurate are screening tests at predicting fractures among adults ≥40 years? 
 

15 
 

serious concerns for indirectness: the study population is well  aligned with the review question. Some concern about 
imprecision: the precision of the estimate is unknown, thus clinically meaningful conclusions cannot be drawn. No serious 
concerns for other considerations: no other concerns that would further impact certainty in the estimates.  
 
c 5-year hip fractures: Serious concern about risk of bias: the analysis in the one included study (Dagan 2017) did not account 
for competing risk of mortality and use of the tool was not as intended (halved the 10-year risk estimate to obtain a 5-year 
risk). Serious concern for inconsistency: there is no evidence of consistency because there is only one study for this outcome, 
and demonstrated inconsistency in other analyses reinforces the need for several studies to support certainty in conclusions. 
Some concern about indirectness: the cohort includes an unspecified number of participants who previously used anti-
osteoporosis medication. Based on other analyses, the impact on the findings is unclear. No serious concern about 
imprecision: the confidence interval allows for clinically meaningful conclusion about the range of potential underestimation. 
No serious concerns for other considerations: no other concerns that would further impact certainty in the estimates. 
 
d 5-year clinical fragility fractures: Serious concern about risk of bias: the analysis in the one included study did not have 
adequate predictor data nor account for competing risk of mortality, and use of the tool was not as intended (halved the 10-
year risk estimate to obtain a 5-year risk). Serious concern for inconsistency: there is no evidence of consistency because 
there is only one study for this outcome, and demonstrated inconsistency in other analyses reinforces the need for several 
studies to support certainty in conclusions. No serious concern about indirectness: the study used the FRAX tool calibrated for 
Canada and the population is quite representative. Serious concern about imprecision: the confidence interval does not allow 
for a clinically meaningful conclusion about the range of potential underestimation. No serious concerns for other 
considerations: no other concerns that would further impact certainty in the estimates. 
 
3.2 Contributing data 
Summary of data from calibration plots 
Within-study data from calibration plots were unavailable for 10-year clinical fragility fractures and 10-year hip fractures. One 
study (Desbiens 2020) reported on 5-year clinical fragility fractures, finding underestimation at lower predicted probabilities, 
good calibration at moderate risk (5%) and overestimation at higher risk. One study (Dagan 2017) provided calibration plot 
data for 5-year hip fractures. This study showed substantial underestimation of observed 5-year hip fracture risk in females, 
with calibration improving as the level of baseline risk increased. A similar trend was observed in males, though the degree of 
underestimation was lesser, with prediction of 5-year hip fractures being in the acceptable range at a baseline risk of 4.0-5.8% 
(deciles 8-9), and overestimated in the highest decile (10.4% baseline risk).  
 
 
 
4. Garvan + BMD 
4.1 GRADE Summary of Findings 
Outcome* 
Studies; sample 
size 

Findings Certainty†.   What does the 
evidence say? 

Discrimination‡ [3] 
(pooled AUC, 95% CI) 

Garvan + BMD 
10-y hip fractures 
5 cohort; 11,869 [5, 
11, 29-31] 

Most studies show poor calibration and are inconsistent. Most 
often, the tool overestimated fracture risk to an important 
magnitude, though the degree of overestimation is highly 
variable (n = 3 studies, 4 comparisons, O:E 0.10 to 0.66).  
Inconsistency was not well explained by subgroup analyses. 

VERY 
LOWa 

Very uncertain for the 
conclusion of poor 
performance 

F: 0.73 (0.66-0.79) 
M: 0.79 (NR) 

10-y clinical fragility 
fractures 
5 cohort; 11,733 [5, 
11, 29-31] 

Most studies show poor calibration and are inconsistent. Most 
often, the tool over- (n = 2 studies, 2 comparisons; O:E 0.34 to 
0.74) or underestimated (n = 1 study, 1 comparison; O:E 1.65) 
the observed fracture risk. One study reported only the Hosmer-
Lemeshow test (p=0.0001) [29], indicating poor calibration. 
Inconsistency was not well explained by subgroup analyses. 

VERY 
LOWb 

Very uncertain for the 
conclusion of poor 
performance 

F: 0.68 (0.64-0.71) 
M: 0.75 (NR) 

BMD=bone mineral density; CI=confidence interval; F=female; M=male; NR=not reported; O:E ratio=ratio of observed to expected (predicted) 
events 
*Rows for 5-year fractures have been omitted from the table when no studies were located that reported on this outcome. 
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† When our assessment of the certainty of evidence fell between levels, we assigned the level that best represented our actual certainty.   
‡Extracted directly from the 2018 USPSTF systematic review by Viswanathan et al. [3] 
 
Explanations: 
b 10-year hip fractures: Serious concern about risk of bias: al l  studies were at high risk of bias primarily due to concerns about 
the predictors (missing for several participants), outcome ascertainment (fractures not verified), and appropriateness of the 
analysis methods (losses to follow up and deaths not accounted for, follow-up shorter or longer than the prediction interval, 
competing risks not accounted for. Some concern about inconsistency: most point estimates agree with conclusions of poor 
performance (overestimating risk by an important magnitude), though 2 studies suggest acceptable calibration. Rated down 
0.5 because it is believed that this inconsistency is at least partly related to risk of bias concerns. No serious concern about 
indirectness: the study populations overall seem to align with the review question. Serious concerns about imprecision: The 
confidence intervals of 4 studies cross the upper and lower threshold for being well calibrated, and others are too wide to 
indicate a clinically meaningful overestimation.. No serious concerns for other considerations: no other concerns that would 
further impact certainty in the estimates. 
 

a 10-year clinical fragility fractures: Serious concern about risk of bias: al l  studies were at high risk of bias primarily due to 
concerns about the predictors (missing for several participants), outcome ascertainment (fractures not verified), and 
appropriateness of the analysis methods (losses to follow up and deaths not accounted for, follow-up shorter or longer than 
the prediction interval, competing risks not accounted for). Some concern about inconsistency: most point estimates agree 
with conclusions of poor performance (either under- or overestimating risk by an important magnitude), though 2 studies 
suggest acceptable calibration, and the direction of poor performance (under- or overestimating) is unclear. Rated down 0.5 
because it is believed that this inconsistency is at least partly related to risk of bias concerns. No serious concern about 
indirectness: the study populations overall seem to align with the review question. Serious concerns about imprecision: The 
confidence intervals of 2 studies cross the upper and lower threshold for being well calibrated, and most others are too wide 
to indicate a clinically meaningful under- or overestimation. No serious concerns for other considerations: no other concerns 
that would further impact certainty in the estimates. 
 

4.2 Contributing data 

Calibration for the prediction of 10-year hip fractures 

 

 

Calibration for the prediction of 10-year clinical fragility fractures 

 

 



KQ2: How accurate are screening tests at predicting fractures among adults ≥40 years? 
 

17 
 

Summary of data from calibration plots 
Within-study data from calibration plots were inconsistent (data available on request). Two studies provided calibration plot 
data for 10-year risk of cl inical fragility fractures. In one (Langsetmo 2011), Garvan + BMD had acceptable calibration at all 
levels of baseline risk. In another, the tool underestimated the risk of fracture at lower levels of baseline risk (≤13.2%), but 
seemed well calibrated in higher risk groups, except in the highest decile where risk was overestimated. 
 
Three studies provided calibration plot data for 10-year risk of hip fractures. In one study (Gourlay 2017), Garvan + BMD 
overestimated the observed fracture risk in the lower deciles of predicted risk but underestimated in the upper deciles. 
Conversely, another study (Bolland 2011) showed the opposite findings. Finally, one study (Langsetmo 2011 showed no clear 
trend in males, but that the tool consistently overestimated the risk of hip fracture in females. 
 
No studies presented calibration plot data for 5-year risk of cl inical fragility or hip fracture. 
 

5. Canadian Association of Radiologists and Osteoporosis Canada Risk Assessment tool (CAROC) 
5.1 GRADE Summary of Findings 
Outcome* 
Studies; sample 
size 

Findings Certainty†.   What does the 
evidence say? 

Discrimination‡ [3] 
(pooled AUC, 95% CI) 

CAROC (includes BMD)  
10-y hip fractures No studies reported this outcome. Not applicable NR 
10-y clinical fragility 
fractures 
1 cohort; 34,060 
[32] 

One study did not report an O:E ratio. Observed fracture risk 
(95% CI) was 6.4 (6.0-6.8)% in the low risk (<10%) group, 13.8 
(13.1-14.5)% in the moderate risk group (10-20%), and 23.8 
(22.5-25.0)% in the high risk group (>20%). 

LOWa May be adequately 
calibrated to predict a 
category of risk. 

NR 

BMD=bone mineral density; CI=confidence interval; NR=not reported; O:E ratio=ratio of observed to expected (predicted) events 
*Rows for 5-year fractures have been omitted from the table when no studies were located that reported on this outcome. 
† When our assessment of the certainty of evidence fell between levels, we assigned the level that best represented our actual certainty.   
‡Extracted directly from the 2018 USPSTF systematic review by Viswanathan et al. [3] 
 
Explanations: 
a 10-year clinical fragility fractures: Some concern about risk of bias: the one included study was at high risk of bias primarily 
due to concerns about outcome ascertainment (may include non-clinical vertebral fractures) and about the analysis because 
an O:E value is not provided and cannot be calculated from the available data. Serious concern for inconsistency: there is no 
evidence of consistency because there is only one study for this outcome, and demonstrated inconsistency in other analyses 
reinforces the need for several studies to support certainty in conclusions. Some concern about indirectness: al l  participants 
are those who were referred for BMD testing (higher risk). Based on other analyses, the impact on the conclusion is unclear. 
No serious concern about imprecision: though imprecision cannot be adequately assessed using the available data, this is 
already accounted for in concerns about risk of bias.  No serious concerns for other considerations: no other concerns that 
would further impact certainty in the estimates.  
 
6. QFracture  
6.1 GRADE Summary of Findings 
Outcome* 
Studies; sample 
size 

Findings Certainty†.   What does the 
evidence say? 

Discrimination‡ [3] 
(pooled AUC, 95% CI) 

QFracture (no BMD)  
10-y hip fractures  
1 cohort; 5,200 [29] 
 

In one study, the O:E was not reported. The Hosmer-Lemeshow 
test was significant (p<0.0001), indicating poor calibration. 

VERY 
LOWa 

Very uncertain for the 
conclusion of poor 
performance. 

NR 

10-y clinical fragility 
fractures  
1 cohort; 5,063 [29] 

In one study, the O:E was not reported. The Hosmer-Lemeshow 
test was significant (p=0.0001), indicating poor calibration. 

VERY 
LOWb 

Very uncertain for the 
conclusion of poor 
performance. 

NR 
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5-y hip fractures 
1 cohort; 1,054,815 
[21] 

In one study, the tool underestimated the observed fracture risk 
(O:E 1.42, 95% CI 1.41-1.42). 

LOWc May underestimate by 
40 to 42%. 

NR 

5-y clinical fragility 
fractures 
1 cohort; 9,393 [22] 

In one study, the tool substantially underestimated the 
observed fracture risk (O:E 2.03, 95% CI 1.71-2.42). 

VERY 
LOWd 

Very uncertain for the 
conclusion of 
underestimation. 

NR 

BMD=bone mineral density; CI=confidence interval; NR=not reported; O:E ratio=ratio of observed to expected (predicted) events 
*Rows for 5-year fractures have been omitted from the table when no studies were located that reported on this outcome. 
† When our assessment of the certainty of evidence fell between levels, we assigned the level that best represented our actual certainty.   
‡Extracted directly from the 2018 USPSTF systematic review by Viswanathan et al. [3] 
 
Explanations: 
a 10-year hip fractures: Very serious concern about risk of bias: the one included study was at high risk of bias due to missing 
predictor data for several participants, length of follow-up that substantially exceeds the prediction interval, and concerns 
about the analysis because an O:E value is not provided and cannot be calculated from the available data. Serious concern for 
inconsistency: there is no evidence of consistency because there is only one study for this outcome, and demonstrated 
inconsistency in other analyses reinforces the need for several studies to support certainty in conclusions. No serious concern 
for indirectness: the study population is well aligned with the review question. Some concern for imprecision: the precision 
cannot be ascertained from the available data. No serious concerns for other considerations: no other concerns that would 
further impact certainty in the estimates.  
 

b 10-year clinical fragility fractures: Very serious concern about risk of bias: the one included study was at high risk of bias due 
to missing predictor data for several participants, length of follow-up that substantially exceeds the prediction interval, and 
concerns about the analysis because an O:E value is not provided and cannot be calculated from the available data. Serious 
concern for inconsistency: there is no evidence of consistency because there is only one study for this outcome, and 
demonstrated inconsistency in other analyses reinforces the need for several studies to support certainty in conclusions. No 
serious concern for indirectness: the study population is well aligned with the review question. Some concern for imprecision: 
the precision cannot be ascertained from the available data. No serious concerns for other considerations: no other concerns 
that would further impact certainty in the estimates.  
 
c 5-year hip fractures: Serious concern about risk of bias: the analysis in the one included study (Dagan 2017) did not account 
for competing risk of mortality and use of the tool was not as intended (halved the 10-year risk estimate to obtain a 5-year 
risk). Serious concern for inconsistency: there is no evidence of consistency because there is only one study for this outcome, 
and demonstrated inconsistency in other analyses reinforces the need for several studies to support certainty in conclusions. 
Some concern about indirectness: the cohort includes an unspecified number of participants who previously used anti-
osteoporosis medication. Based on other analyses, the impact on the findings is unclear. No serious concern about 
imprecision: the precision is adequate to draw clinically meaningful conclusions. No serious concerns for other 
considerations: no other concerns that would further impact certainty in the estimates. 
 
d 5-year clinical fragility fractures: Serious concern about risk of bias: the analysis in the one included study did not have 
adequate predictor data nor account for competing risk of mortality, and use of the tool was not as intended (halved the 10-
year risk estimate to obtain a 5-year risk). Serious concern for inconsistency: there is no evidence of consistency because 
there is only one study for this outcome, and demonstrated inconsistency in other analyses reinforces the need for several 
studies to support certainty in conclusions. No serious concern about indirectness: the study used the FRAX tool calibrated for 
Canada and the population is quite representative. Serious concern about imprecision: the confidence interval does not allow 
for a clinically meaningful conclusion about the range of potential underestimation. No serious concerns for other 
considerations: no other concerns that would further impact certainty in the estimates. 
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6.2 Contributing data 
Summary of data from calibration plots 
One study (Gourlay 2017) presented calibration plot data for 10-year hip fractures (data available on request), showing that 
QFracture overestimated the observed risk of fracture at the lower deciles of predicted baseline risk, but underestimated in 
the upper deciles. One study (Dagan 2017) presented calibration data for 5-year hip fractures, showing substantial 
overestimation of fracture risk, with this overestimation being most prominent at the lower deciles of baseline risk. 
 
One study (Desbiens 2020) reported calibration plot data for 5-year clinical fragility fracture, finding underestimation at all 
baseline levels of risk. No studies presented calibration plot data for 10-year clinical fragility fractures.  
 
7. Fracture and Immobilization Score (FRISC, includes BMD) 
7.1 GRADE Summary of Findings 
Outcome* 
Studies; sample 
size 

Findings Certainty†.   What does the 
evidence say? 

Discrimination‡ [3] 
(pooled AUC, 95% CI) 

Fracture and Immobilization Score (FRISC; includes BMD)  
10-y hip fractures No studies reported this outcome. Not applicable NR 
10-y clinical fragility 
fractures [26] 
1 cohort; 400 

In one study, FRISC was imprecise for overestimation of the 10-
year risk of clinical fragility fracture (O:E 0.74, 95% CI 0.59-0.93). 

VERY 
LOWa 

Very uncertain for the 
conclusion of poor 
performance 

F: 0.73 (NR) 

BMD=bone mineral density; CI=confidence interval; F=female; NR=not reported; O:E ratio=ratio of observed to expected (predicted) events 
*Rows for 5-year fractures have been omitted from the table when no studies were located that reported on this outcome. 
† When our assessment of the certainty of evidence fell between levels, we assigned the level that best represented our actual certainty.   
‡Extracted directly from the 2018 USPSTF systematic review by Viswanathan et al. [3] 
 
Explanations: 
a 10-year clinical fragility fractures: Serious concern about risk of bias: the one included study was at high risk of bias due 
unclear ascertainment of the outcome (may include non-clinical vertebral fractures) and competing risk of mortality not 
accounted for in the analysis. Serious concern for inconsistency: there is no evidence of consistency because there is only one 
study for this outcome, and demonstrated inconsistency in other analyses reinforces the need for several studies to support 
certainty in conclusions. No serious concerns about indirectness: the study population is well  aligned with the review 
question. Serious concern about imprecision: the confidence interval includes values aligned with overestimation and good 
calibration. No serious concerns for other considerations: no other concerns that would further impact certainty in the 
estimates. 
 
8. Clinical Fracture Risk Calculator (FRC)  
8.1 GRADE Summary of Findings 
Outcome* 
Studies; sample 
size 

Findings Certainty†.   What does the 
evidence say? 

Discrimination‡ [3] 
(pooled AUC, 95% CI) 

Clinical Fracture Risk Calculator (FRC)   
10-y hip fractures  
2 cohort; 100,382 
[33, 34] 

Calibration findings were inconsistent. In one study the clinical 
FRC underestimated the observed 10-year risk of hip fracture in 
women (O:E 1.44, 95% CI not reported). In another study, FRC 
was well calibrated for the 10-year prediction of hip fracture in 
men (O:E 0.97, 95% CI not reported). 

VERY 
LOWa 

Very uncertain for the 
conclusion of poor 
performance 

F: 0.83 (0.82-0.84) 
M: 0.71 (NR) 

10-y clinical fragility 
fractures  
1 cohort; 5,893 [33] 

In one study, the clinical FRC was well calibrated for the 10-year 
prediction of clinical fragility fracture (O:E 0.95, 95% CI not 
reported) in men. 

VERY 
LOWb 

Very uncertain for the 
conclusion of 
acceptable calibration 
in men 

F: NR 
M: 0.66 (NR) 

BMD=bone mineral density; CI=confidence interval; F=female; M=male; NR=not reported; O:E ratio=ratio of observed to expected (predicted) 
events 
*Rows for 5-year fractures have been omitted from the table when no studies were located that reported on this outcome. 
† When our assessment of the certainty of evidence fell between levels, we assigned the level that best represented our actual certainty.   
‡Extracted directly from the 2018 USPSTF systematic review by Viswanathan et al. [3] 
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Explanations: 
a 10-year hip fractures: Serious concern about risk of bias: the included studies are at high risk of bias, primarily due to 
inappropriate use of predictors or missing predictor values, losses to follow-up and deaths were excluded from the analysis or 
not adequately account for, and participants who started bisphosphonates after baseline were censored. Serious concern 
about inconsistency: there is some evidence of inconsistency since the two included studies show differing conclusions. In 
addition, demonstrated inconsistency in other analyses reinforces the need for several studies to support certainty in 
conclusions. Some concern about indirectness: the enrolled participants were healthier than the general population in one 
study (Ettinger 2012) and were all  referred for BMD testing in the other (Lo 2011; higher risk). Some concern about 
imprecision: no indication of precision is provided in the contributing studies, thus it is not possible to draw clinically 
meaningful conclusions. No serious concerns for other considerations: no other concerns that would further impact certainty 
in the estimates. 
 

b 10-year clinical fragility fractures: Serious concern about risk of bias: the one included study is at high risk of bias because 
predictor values were missing for 27% of participants, losses to follow-up and deaths were excluded from the analysis (32%), 
did not account for competing risk of mortality in the analysis, and participants who started bisphosphonates after baseline 
were censored. Serious concern about inconsistency: there is no evidence of consistency because there is only one study for 
this outcome, and demonstrated inconsistency in other analyses reinforces the need for several studies to support certainty in 
conclusions. Some concern about indirectness: the enrolled participants were healthier than the general population. Based on 
other analyses, the impact on the findings is unclear. Some concern about imprecision: no indication of precision is provided 
in the study, thus it is not possible to draw clinically meaningful conclusions. No serious concerns for other considerations: no 
other concerns that would further impact certainty in the estimates.  
 
8.2 Contributing data 
Summary of data from calibration plots 
One study (Ettinger 2012) presented calibration plot data for 10-year clinical fragility fractures (data available on request), 
showing acceptable calibration at all levels of baseline risk. Two studies provided calibration data for 10-year hip fractures. 
One (Ettinger 2012) showed acceptable calibration at all levels of baseline risk, while the other showed acceptable calibration 
only in the lowest two sextiles of baseline risk, with underestimation of risk in the remaining sextiles. 
 
No studies presented calibration plot data for 5-year clinical fragility or hip fractures.  
 
9. Fracture Risk Calculator (FRC) + BMD 
9.1 GRADE Summary of Findings 
Outcome* 
Studies; sample 
size 

Findings Certainty†.   What does the 
evidence say? 

Discrimination‡ [3] 
(pooled AUC, 95% CI) 

FRC + BMD  
10-y hip fractures  
2 cohort; 100,382 
[33, 34] 

Calibration findings were inconsistent. In one study, the FRC + 
BMD underestimated the observed 10 year risk of hip fracture in 
women (O:E 1.50, 95% CI not reported). In another study, FRC 
was well calibrated for the 10-year prediction of hip fractures in 
men (O:E 1.0, 95% CI not reported). 

VERY 
LOWa 

Very uncertain for the 
conclusion of poor 
performance 

F: 0.85 (0.84-0.86) 
M: 0.79 (NR) 

10-y clinical fragility 
fractures 
1 cohort; 5,893 [33] 

In one study, the FRC + BMD was well calibrated for the 10-year 
prediction of clinical fragility fracture in men (O:E 0.96, 95% CI 
not reported). 

VERY 
LOWb 

Very uncertain for the 
conclusion of 
acceptable calibration 

F: NR 
M: 0.70 (NR) 

BMD=bone mineral density; CI=confidence interval; F=female; M=male; NR=not reported; O:E ratio=ratio of observed to expected (predicted) 
events 
*Rows for 5-year fractures have been omitted from the table when no studies were located that reported on this outcome. 
† When our assessment of the certainty of evidence fell between levels, we assigned the level that best represented our actual certainty.   
‡Extracted directly from the 2018 USPSTF systematic review by Viswanathan et al. [3] 
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Explanations: 
a 10-year hip fractures: Serious concern about risk of bias: the included studies are at high risk of bias, primarily due to 
inappropriate use of predictors or missing predictor values, losses to follow-up and deaths were excluded from the analysis or 
not adequately account for, and participants who started bisphosphonates after baseline were censored. Serious concern 
about inconsistency: there is some evidence of inconsistency since the two included studies show differing conclusions. In 
addition, demonstrated inconsistency in other analyses reinforces the need for several studies to support certainty in 
conclusions. Some concern about indirectness: the enrolled participants were healthier than the general population in one 
study (Ettinger 2012) and were all  referred for BMD testing in the other (Lo 2011; higher risk). Some concern about 
imprecision: no indication of precision is provided in the contributing studies, thus it is not possible to draw clinically 
meaningful conclusions. No serious concerns for other considerations: no other concerns that would further impact certainty 
in the estimates.  
 
b 10-year clinical fragility fractures: Serious concern about risk of bias: the one included study is at high risk of bias because 
predictor values were missing for 27% of participants, losses to follow-up and deaths were excluded from the analysis (32%), 
did not account for competing risk of mortality in the analysis, and participants who started bisphosphonates after baseline 
were censored. Serious concern about inconsistency: there is no evidence of consistency because there is only one study for 
this outcome, and demonstrated inconsistency in other analyses reinforces the need for several studies to support certainty in 
conclusions. Some concern about indirectness: the enrolled participants were healthier than the general population. Based on 
other analyses, the impact on the findings is unclear. Some concern about imprecision: no indication of precision is provided 
in the study, thus it is not possible to draw clinically meaningful conclusions. No serious concerns for other considerations: no 
other concerns that would further impact certainty in the estimates.  
 
9.2 Contributing data 
Summary of data from calibration plots: One study (Ettinger 2012) presented calibration plot data for 10-year clinical fragility 
fractures (data available on request), showing acceptable calibration at all levels of baseline risk. Two studies provided 
calibration data for 10-year hip fractures. One (Ettinger 2012) showed acceptable calibration at most levels of baseline risk, 
while the other showed acceptable calibration only in the lowest two sextiles of baseline risk, with underestimation of risk in 
the remaining sextiles. 
 
No studies presented calibration plot data for 5-year clinical fragility or hip fractures.  
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EVIDENCE SUMMARY FOR KQ3a ON THE BENEFITS OF PHARMACOLOGIC TREATMENTS 
 
1. Alendronate vs. placebo 
1.1 GRADE Summary of Findings 
Outcome & 
Study approach 

Studies; sample size Follow-
up (y) 

Assumed 
population risk* 

Absolute effects (95% CI) Certainty What happens? 

Alendronate vs. placebo (postmenopausal females) 
Hip fractures 
Intention to treat 

7 RCT; 9,226 [35-42] 1 to 4 Study data:  
8 in 1000 

2.1 fewer in 1000  
(4.5 fewer to 1.9 more) 

LOWa May not reduce 

General F ≥65 y: 
20 in 1000 

5.3 fewer in 1000 
(11.3 fewer to 4.7 more) 

Clinical fragility fractures 
Intention to treat 

8 RCT; 8,854 [35, 37-
40, 42-47] 

1 to 4 Study data:  
96 in 1000 

14.7 fewer in 1000  
(24.5 fewer to 2.6 fewer) 

MODERATEb Probably reduces 

General F ≥65 y: 
202 in 1000 

28.4 fewer in 1000  
(47.8 fewer to 4.9 fewer) 

Clinical vertebral fractures The evidence from 5 RCTs (n=6,324) [35-38, 41, 46] is very uncertain. VERY LOWc Very uncertain 
All-cause mortality The evidence from 4 RCTs (n=5,272) [36, 37, 41, 47, 48] is very uncertain. VERY LOWd Very uncertain 

CI=confidence interval; RCT=randomized controlled trial; y=years 
* The effects without screening for the general risk population are estimated from PRIOR et al. [49], based on 10 year follow-up. Data for the 
general population <65 years is not included in the summary table (available on request). 
 
Explanations: 
a No major concerns about risk of bias: no major risk of bias concerns for main contributing study (Cummings 1998). Some 
concern about inconsistency: lack of evidence of consistency because the analysis hinges primarily on the one large 
(adequately powered) trial (Cummings 1998). Serious concern about indirectness: in one of the trials (Liberman 1995) it is 
possible that the fractures were the result of trauma (i.e., not fragil ity fractures); in all but Cummings 1998, it is unclear how 
the outcome is defined. The one adequately powered trial used a dose (5 mg/day for 24 months followed by 10 mg/day for 24 
months) that is not approved for use in Canada (lower than the approved dose and showing no difference). Some concern 
about imprecision: the number of events does not meet the optimal information size (<300), though the sample size is large. 
The confidence interval includes the potential for important benefit or no difference. No serious concern for other 
considerations: no other concerns that would further reduce our confidence in the findings. 
 
b No major concerns about risk of bias: no major risk of bias concerns for main contributing studies (Cummings 1998, 
Liberman 1995, Pols 1999). Some concerns about inconsistency: Presence of an effect is inconsistent among the trials. Some 
concern about indirectness: the prevalence of prior fracture in two of the larger trials (Liberman 1995, Pols 1999) is unknown 
and in one of the trials (Liberman 1995) it is possible that the fractures were the result of trauma (i.e., not fragil ity fractures). 
In 3 trials (Bell  2002, Hosking 2003, Lewiecki 2007) the outcome was self-reported and may include non-clinical vertebral 
fractures, but the findings were robust to sensitivity analysis removing these trials (did not rate down). The largest trial used a 
dose (5 mg/day for 24 months followed by 10 mg/day for 24 months) that is not approved for use in Canada (lower than the 
approved dose), but the pooled estimate sti l l  shows benefit (did not rate down). No serious concern about imprecision: the 
sample size is adequate and confidence interval is precise for benefit of alendronate. No serious concern for other 
considerations: no other concerns that would further reduce our confidence in the findings. 
 
c Some concerns about risk of bias: no major risk of bias concerns for the one study contributing events (Cummings 1998). The 
findings could be biased because several of the trials of alendronate did not report on this outcome specifically. Some 
concerns about inconsistency: there is no evidence of consistency because only one of the trials was large enough to show 
any events. Serious concern about indirectness: The largest trial used a dose (5 mg/day for 24 months followed by 10 mg/day 
for 24 months) that is not approved for use in Canada (lower than the approved dose). Some concern about imprecision: the 
number of events does not meet the optimal information size (<300), though the sample size is large. The confidence interval 
includes the potential for important benefit or no difference.  No serious concern for other considerations: no other concerns 
that would further reduce our confidence in the findings. 
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d Serious concern about risk of bias: in the one adequately powered trial (Cummings 1998), it is unclear how the outcome was 
collected (may not have been collected systematically). Selective reporting strongly suspected, since only 4 of the 11 trials of 
alendronate (36%) reported on this outcome, and appears to be collected passively in these trials. Some concern about 
inconsistency: lack of evidence of consistency because the analysis hinges primarily on the one large trial (Cummings 1998). 
Some concerns about indirectness: the main contributing trial (Cummings 1998) provided a dose of alendronate (5 mg/day for 
24 months followed by 10 mg/day for 24 months) that is not approved for use in Canada (lower than the approved dose and 
showing no difference). Serious concern about imprecision: the number of events does not meet the optimal information size 
(n<300), though the sample size is large. The confidence interval is very wide and includes the potential for both important 
benefit and harm. No serious concern for other considerations: no other concerns that would further reduce our confidence 
in the findings. 
 
1.2 Contributing data 
Alendronate vs. placebo – hip fractures 
 
Females 

 
Length of treatment was 12 months in Ascott-Evans 2003, Pols 1999, Yan 2009, and Chesnut 1995 (20 and 40 mg/day doses); 
24 months in Hosking 1998 and Chesnut 1995 (5 or 10 or 40 followed by 2.5 mg/day doses); 36 months in Liberman 1995 (5 or 
10 or 20 followed by 5 mg/day); and 48 months in Cummings 1998 (5 mg/day for 24 months followed by 10 mg/day for 24 
months). In all  studies, follow-up was to the end of the treatment period, except the Chesnut 1995 20 and 40 mg/day doses, 
where follow-up extended 12 months beyond the end of treatment. 

.

.

.

.

Overall  (I-squared = 0.0%, p = 0.975)

Hosking 1998

Cummings 1998 (FIT)

Subtotal  (I-squared = 0.0%, p = 0.863)

Chesnut 1995

Yan 2009

Subtotal  (I-squared = 0.0%, p = 0.561)

Alendronate 70 mg/week

Alendronate 5 mg/day

Alendronate mixed doses

Pols 1999 (FOSIT)

Study

Alendronate 10 mg/day

Subtotal  (I-squared = .%, p = .)

Liberman 1995

Subtotal  (I-squared = .%, p = .)

Ascott-Evans 2003

0/498

19/2214

0/157

0/280

2/950

Alendronate

1/597

0/95

0/502

24/2218

0/31

0/280

3/958

Placebo

3/397

0/49

0.73 (0.43, 1.24)

1.00 (0.02, 50.50)

0.79 (0.43, 1.45)

0.71 (0.14, 3.66)

1.00 (0.01, 199.47)

1.00 (0.02, 50.57)

0.72 (0.40, 1.28)

0.67 (0.11, 4.03)

OR (95% CI)

1.00 (0.02, 50.57)

0.22 (0.02, 2.13)

1.00 (0.02, 50.50)

1.00 (0.02, 63.49)

100.00

1.56

74.13

10.69

0.85

1.56

%

86.20

9.30

Weight

1.56

11.22

1.56

1.39

0.73 (0.43, 1.24)

1.00 (0.02, 50.50)

0.79 (0.43, 1.45)

0.71 (0.14, 3.66)

1.00 (0.01, 199.47)

1.00 (0.02, 50.57)

0.72 (0.40, 1.28)

0.67 (0.11, 4.03)

OR (95% CI)

1.00 (0.02, 50.57)

0.22 (0.02, 2.13)

1.00 (0.02, 50.50)

1.00 (0.02, 63.49)

100.00

1.56

74.13

10.69

0.85

1.56

%

86.20

9.30

Weight

1.56

11.22

1.56

1.39

  
1.00501 1 199
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Alendronate vs. placebo – clinical fragility fractures 
 
Females 

 

Length of treatment was 12 months in Ascott-Evans 2003, Hosking 2003, and Pols 1999; 24 months in Bell  2002, Hosking 1998, 
and Lewiecki 2007; 36 months in Liberman 1995 (5 or 10 or 20 followed by 5 mg/day); and 48 months in Cummings 1998 (5 
mg/day for 24 months followed by 10 mg/day for 24 months). In all  studies, follow-up was to the end of the treatment period. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.

.

.

.

Overall  (I-squared = 0.0%, p = 0.589)

Alendronate 10 mg/d

Lewiecki 2007 (open label)

Subtotal  (I-squared = 0.0%, p = 0.674)

Subtotal  (I-squared = 0.0%, p = 0.881)

Hosking 1998

Study

Subtotal  (I-squared = 0.0%, p = 0.482)

Liberman 1995

Cummings 1998 (FIT)

Hosking 2003a

Bell 2002

Alendronate mixed doses

Ascott-Evans 2003

Alendronate 70 mg/week

Pols 1999 (FOSIT)

Subtotal  (I-squared = .%, p = .)

Alendronate 5 mg/d

2/46

0/498

Alendronate

45/597

272/2214

6/219

1/33

0/95

19/950

0/46

0/502

Placebo

38/397

312/2218

2/108

3/32

0/49

37/958

0.83 (0.72, 0.97)

5.13 (0.23, 112.65)

0.86 (0.73, 1.01)

0.51 (0.30, 0.87)

1.00 (0.02, 50.50)

OR (95% CI)

2.04 (0.50, 8.38)

0.79 (0.50, 1.24)

0.87 (0.73, 1.04)

1.48 (0.29, 7.45)

0.32 (0.03, 3.27)

1.00 (0.02, 63.49)

0.52 (0.30, 0.91)

1.00 (0.02, 50.50)

100.00

0.13

88.15

10.86

0.14

Weight

0.86

11.69

76.45

%

0.73

0.80

0.12

9.94

0.14

0.83 (0.72, 0.97)

5.13 (0.23, 112.65)

0.86 (0.73, 1.01)

0.51 (0.30, 0.87)

1.00 (0.02, 50.50)

OR (95% CI)

2.04 (0.50, 8.38)

0.79 (0.50, 1.24)

0.87 (0.73, 1.04)

1.48 (0.29, 7.45)

0.32 (0.03, 3.27)

1.00 (0.02, 63.49)

0.52 (0.30, 0.91)

1.00 (0.02, 50.50)

100.00

0.13

88.15

10.86

0.14

Weight

0.86

11.69

76.45

%

0.73

0.80

0.12

9.94

0.14

  
1.005 .05 .2 1 5 20 200
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Summary of within-study subgroup data for clinical fragility fractures 
Population Within-study subgroup data 
Femoral neck BMD T-score 
[37] 
 

≤-2.5: 107/819 [13.1%] vs. 159/812 [19.6%]; HR 0.64 (0.50, 0.82) 
≤-2.0: 199/1545 [12.9%] vs. 246/1522 [16.2%]; HR 0.78 (0.65, 0.94) 
>-2.5: 73/699 [10.9%] vs. 66/696 [9.5%]; HR 1.08 (0.87, 1.35) 

Age [46] ≥75 years: 88/1235 [7.9%] vs. 102/1236 [9.0%], HR 0.84 (0.63, 1.12) 
<75 years: 150/2667 [5.9%] vs. 191/2670 [7.6%], HR 0.78 (0.63-0.96) 

FRAX alone [45] Tertile 1 (3.48-18.75%): 101/1082 [9.3%] vs. 116/1071 [10.8%], RD -0.41 (-1.1, 0.30) 
Tertile 2 (18.76-31.06%): 128/1077 [11.9%] vs. 143/1076 [13.3%], RD -0.41 (-1.3, 0.44) 
Tertile 3 (31.07-76.23%): 155/1077 [14.4%] vs. 182/1076 [16.9%], RD -0.85 (-1.9, 0.18) 
Note: data also available by decile in Donaldson 2012 

FRAX + BMD [45] Tertile 1 (4.75-22.06%): 91/1083 [8.5%] vs. 104/1071 [9.7%], RD -0.34 (-1.0, 0.33) 
Tertile 2 (22.07-34.19%): 129/1087 [11.9%] vs. 140/1066 [13.1%], RD -0.41 (-1.3, 0.43) 
Tertile 3 (34.2-85.36%): 164/1066 [15.4%] vs. 197/1086 [18.1%], RD -0.91 (-2.0, 0.17) 

 
Alendronate vs. placebo – clinical vertebral fractures 
 
Females 

 

Length of treatment was 12 months in Ascott-Evans 2003, Yan 2009, and Chesnut 1995 (20 and 40 mg/day doses); 24 months 
in Hosking 1998 and Chesnut 1995 (5 or 10 or 40 followed by 2.5 mg/day doses); and 48 months in Cummings 1998 (5 mg/day 

.

.

.

.

Overall  (I-squared = 0.0%, p = 0.996)

Yan 2009

Subtotal  (I-squared = 0.0%, p = 0.857)

Alendronate 5 mg/d

Alendronate 70 mg/week

Cummings 1998 (FIT)

Study

Alendronate mixed doses

Subtotal  (I-squared = .%, p = .)

Hosking 1998

Chesnut 1995

Ascott-Evans 2003

Subtotal  (I-squared = .%, p = .)

Alendronate 10 mg/d

Subtotal  (I-squared = .%, p = .)

0/280

11/214

Alendronate

0/498

0/157

0/95

0/280

18/2218

Placebo

0/502

0/31

0/49

0.65 (0.32, 1.31)

1.00 (0.02, 50.57)

0.62 (0.29, 1.30)

0.61 (0.29, 1.30)

OR (95% CI)

1.00 (0.02, 63.49)

1.00 (0.02, 50.50)

1.00 (0.01, 199.47)

1.00 (0.02, 63.49)

1.00 (0.02, 50.57)

1.00 (0.02, 50.50)

100.00

2.55

92.62

91.23

Weight

2.28

2.55

1.40

2.28

2.55

2.55

%

0.65 (0.32, 1.31)

1.00 (0.02, 50.57)

0.62 (0.29, 1.30)

0.61 (0.29, 1.30)

OR (95% CI)

1.00 (0.02, 63.49)

1.00 (0.02, 50.50)

1.00 (0.01, 199.47)

1.00 (0.02, 63.49)

1.00 (0.02, 50.57)

1.00 (0.02, 50.50)

100.00

2.55

92.62

91.23

Weight

2.28

2.55

1.40

2.28

2.55

2.55

%

  
1.005 .05 .2 1 5 20 200
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for 24 months followed by 10 mg/day for 24 months). In all  studies, follow-up was to the end of the treatment period, except 
the Chesnut 1995 20 and 40 mg/day doses, where follow-up extended 12 months beyond the end of treatment. 
 
Alendronate vs. placebo – all-cause mortality 
 
Females 

  

Length of treatment was 12 months in Chesnut 1995 (20 and 40 mg/day doses) and Yan 2009; 24 months Chesnut 1995 (5 or 
10 or 40 followed by 2.5 mg/day doses) and Lewiecki 2007; and 48 months in Cummings 1998 (5 mg/day for 24 months 
followed by 10 mg/day for 24 months). In all  studies, follow-up was to the end of the treatment period, except the Chesnut 
1995 20 and 40 mg/day doses, where follow-up extended 12 months beyond the end of treatment. 

 
 

 

 

 

 

 

.

.

Overall  (I-squared = 0.0%, p = 0.990)

Yan 2009

Alendronate 70 mg/week

Cummings 1998 (FIT)

Lewiecki 2007 (open label)

Subtotal  (I-squared = 0.0%, p = 1.000)

Chesnut 1995

Alendronate mixed doses

Study

Subtotal  (I-squared = 0.0%, p = 0.736)

0/280

37/2214

0/46

1/157

Alendronate

0/280

40/2218

0/46

0/31

Placebo

0.94 (0.60, 1.46)

1.00 (0.02, 50.57)

0.93 (0.59, 1.45)

1.00 (0.02, 51.47)

1.00 (0.06, 16.13)

2.21 (0.01, 346.24)

OR (95% CI)

0.93 (0.60, 1.46)

100.00

1.23

96.88

1.22

2.45

0.67

Weight

97.55

%

0.94 (0.60, 1.46)

1.00 (0.02, 50.57)

0.93 (0.59, 1.45)

1.00 (0.02, 51.47)

1.00 (0.06, 16.13)

2.21 (0.01, 346.24)

OR (95% CI)

0.93 (0.60, 1.46)

100.00

1.23

96.88

1.22

2.45

0.67

Weight

97.55

%

  
1.00289 1 346
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2. Risedronate vs. placebo 
2.1 GRADE Summary of Findings 
Outcome & 
Study approach 

Studies; sample size Follow-
up (y) 

Assumed 
population risk* 

Absolute effects (95% CI) Certainty What happens? 

Risedronate vs. placebo (postmenopausal females) 
Hip fractures 
Intention to treat 

4 RCT; 9,672 [50-53] 1 to 3 Study data: 
30 in 1000 

7.9 fewer in 1000  
(13.0 fewer to 1.5 fewer) 

LOWa May reduce 

General F ≥65 y: 
20 in 1000 

5.3 fewer in 1000 
(8.7 fewer to 1.0 fewer) 

Clinical fragility fractures 
Intention to treat or 
exposed to ≥1 dose 

7 RCT; 10,572 [44, 50-
55] 

1 to 3 Study data:  
48 in 1000 

7.8 fewer in 1000  
(12.5 fewer to 2.3 fewer) 

LOWb May reduce 

General F ≥65 y: 
202 in 1000 

28.4 fewer in 1000 
(46.0 fewer to 8.1 fewer) 

Clinical vertebral fractures The evidence from 2 RCTs (n=230) [53, 54] is very uncertain. VERY LOWc Very uncertain 
All-cause mortality The evidence from 1 RCTs (n=170) [53] is very uncertain. VERY LOWd Very uncertain 

CI=confidence interval; RCT=randomized controlled trial; y=years 
* The effects without screening for the general risk population are estimated from PRIOR et al. [49], based on 10 year follow-up. Data for the 
general population <65 years is not included in the summary table (available on request). 
 
Explanations: 
a Serious concern about risk of bias: the one adequately powered trial (McClung 2001) is at high risk of bias due to a high rate 
of attrition (>30%). Some concern about inconsistency: lack of evidence of consistency because the analysis hinges primarily 
on the one adequately powered trial (McClung 2001). Some concern about indirectness: in the one adequately powered trial, 
the rate of prior fracture is unknown; 41% of those with known vertebral fracture status (n=6876, 74% of participants) had a 
prevalent vertebral fracture at baseline. This trial combined 2.5 mg/day and 5 mg/day doses in their analysis; the 2.5 mg/day 
is not an approved dosage in Canada (lower than the approved dose but sti l l showing benefit; did not rate down). No serious 
concern about imprecision: the sample size is large. No serious concern for other considerations: no other concerns that 
would further reduce our confidence in the findings. 
 
b Serious concern about risk of bias: the largest trial (McClung 2001) is at high risk of bias due to a high rate of attrition 
(>30%). Some concern about inconsistency: l imited evidence of consistency because the analysis hinges primarily on the one 
large trial (McClung 2001); however, most point estimates are in the same direction. Some concerns about indirectness: in the 
one adequately powered trial, the rate of prior fracture is unknown; 41% of those with known vertebral fracture status 
(n=6876, 74% of participants) had a prevalent vertebral fracture at baseline. This trial combined 2.5 mg/day and 5 mg/day 
doses in their analysis; the 2.5 mg/day is not an approved dosage in Canada (lower than the approved dose but sti l l  showing 
benefit; did not rate down). In Hosking 2003 the outcome was self-reported and may include non-clinical vertebral fractures, 
but the findings were robust to sensitivity analysis removing this trial (did not rate down). No serious concern about 
imprecision: the sample size is adequate and confidence interval is precise for benefit of risedronate. No serious concern for 
other considerations: no other concerns that would further reduce our confidence in the findings. 
 
c Serious concern about risk of bias: Li  2005 is at high risk of bias due to imbalance in rates of attrition between groups (14% in 
the placebo group and 7% in the risedronate group). The findings could be biased because several of the trials of risedronate 
did not report on this outcome specifically. No serious concern about inconsistency. Some concern about indirectness: in both 
of the included studies the rate of prior fracture is not known. Very serious concern about imprecision: the number of events 
does not meet the optimal information size (n<300), and the sample size is small. The confidence interval is very wide and 
includes the potential for both important benefit and harm. No serious concern for other considerations: no other concerns 
that would further reduce our confidence in the findings. 
 
d Serious concern about risk of bias: in the one included trial (Välimäki 2007), it is unclear how the outcome was collected 
(may not have been collected systematically). Selective reporting strongly suspected, since only 1 of the 6 trials of alendronate 
(17%) reported on this outcome, and appears to be collected passively. Some concern about inconsistency: lack of evidence of 
consistency because there is only one trial reporting on this outcome. No major concerns about indirectness: the one 
included trial is well  aligned with the review question. Serious concern about imprecision: the number of events does not 
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meet the optimal information size (n<300), and the sample size is small. The confidence interval is very wide and includes the 
potential for both important benefit and harm. No serious concern for other considerations: no other concerns that would 
further reduce our confidence in the findings. 
 
2.2 Contributing data 
Risedronate vs. placebo – hip fractures 
 
Females 

 

Length of treatment was 12 months in Li  2005; 24 months in Mortensen 1998 (cyclic treatment was 2 weeks on, 2 weeks off) 
and Valimäiki 2007; 36 months in McClung 2001 (2.5 or 5 mg/day). In all  studies, follow-up was to the end of the treatment 
period. 

 

 

 

 

 

.

.

.

Overall  (I-squared = 0.0%, p = 0.999)

Risedronate 5 mg/day

Study

Mortensen 1998

Li 2005

Valimaki 2007

Mortensen 1998

Risedronate mixed doses

Subtotal  (I-squared = .%, p = .)

Subtotal  (I-squared = .%, p = .)

Subtotal  (I-squared = 0.0%, p = 1.000)

Risedronate 5 mg/day cyclic

McClung 2001

Risedronate

0/38

0/30

0/115

0/37

137/6197

Placebo

0/18

0/30

0/55

0/18

95/3134

0.73 (0.56, 0.95)

OR (95% CI)

1.00 (0.01, 68.95)

1.00 (0.02, 52.04)

1.00 (0.01, 66.80)

1.00 (0.01, 67.64)

0.72 (0.55, 0.94)

1.00 (0.01, 68.95)

1.00 (0.09, 10.77)

0.72 (0.55, 0.94)

100.00

Weight

0.34

0.39

0.35

%

0.35

98.57

0.34

1.09

98.57

0.73 (0.56, 0.95)

OR (95% CI)

1.00 (0.01, 68.95)

1.00 (0.02, 52.04)

1.00 (0.01, 66.80)

1.00 (0.01, 67.64)

0.72 (0.55, 0.94)

1.00 (0.01, 68.95)

1.00 (0.09, 10.77)

0.72 (0.55, 0.94)

100.00

Weight

0.34

0.39

0.35

%

0.35

98.57

0.34

1.09

98.57

  
1.0145 1 68.9
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Risedronate vs. placebo – clinical fragility fractures 
 
Females 

 

Length of treatment was 12 months in Hosking 2003 and Li 2005; 24 months in Fogelman 2000 (2.5 mg/day or 5 mg/day), 
Hooper 2005 (2.5 mg/day or 5 mg/day) Mortensen 1998 (cyclic treatment was 2 weeks on, 2 weeks off) and Valimäiki 2007; 
36 months in McClung 2001 (2.5 or 5 mg/day). In all  studies, follow-up was to the end of the treatment period except 
Mortensen 1998, which extended one year beyond the end of treatment. 

Summary of within-study subgroup data for clinical fragility fractures 
Population Within-study subgroup data 
Risk factors/BMD [51] 70-79 years with osteoporosis (BMD T-score <-4 or -3 with at least 1 risk factor): 

304/3624 [8.4%] vs. 195/1821 [10.7%]; RR 0.8 (0.7, 1.0) 
70-79 years with osteoporosis + vertebral fracture at baseline: 116/1128 [10.3%] vs. 
141/875 [16.1%]; RR 0.7 (0.5, 0.9) 
≥80 years with ≥1 clinical risk factors: 278/2573 [10.8%] vs. 156/1313 [11.9%]; p=0.43 
(relative effect not provided) 

 

 

.

.

.

Overall  (I-squared = 0.0%, p = 0.994)

Risedronate 5 mg/d

Hooper 2005a

Subtotal  (I-squared = 0.0%, p = 0.925)

Study

Mortensen 1998a

Mortensen 1998b

Li 2005

McClung 2001

Hooper 2005b

Fogelman 2000a

Valimaki 2007

Hosking 2003b

Subtotal  (I-squared = .%, p = .)

Subtotal  (I-squared = 0.0%, p = 0.948)

Fogelman 2000b

Risedronate 2.5 mg/d or 5 mg/d cyclic

Risedronate mixed doses

3/127

Risedronate

0/38

0/37

0/30

583/6197

5/129

4/60

2/115

6/222

7/112

3/62

Placebo

0/18

0/18

0/30

351/3134

3/63

6/62

2/55

2/108

7/63

0.83 (0.73, 0.95)

0.49 (0.10, 2.49)

0.62 (0.23, 1.68)

OR (95% CI)

1.00 (0.01, 68.95)

1.00 (0.01, 67.64)

1.00 (0.02, 52.04)

0.84 (0.73, 0.97)

0.81 (0.19, 3.51)

0.69 (0.19, 2.56)

0.48 (0.07, 3.49)

1.46 (0.29, 7.35)

0.84 (0.73, 0.97)

0.75 (0.38, 1.49)

0.56 (0.19, 1.68)

100.00

0.86

2.17

Weight

0.09

0.10

0.11

93.77

0.86

1.21

0.58

0.58

93.77

4.06

1.84

%

0.83 (0.73, 0.95)

0.49 (0.10, 2.49)

0.62 (0.23, 1.68)

OR (95% CI)

1.00 (0.01, 68.95)

1.00 (0.01, 67.64)

1.00 (0.02, 52.04)

0.84 (0.73, 0.97)

0.81 (0.19, 3.51)

0.69 (0.19, 2.56)

0.48 (0.07, 3.49)

1.46 (0.29, 7.35)

0.84 (0.73, 0.97)

0.75 (0.38, 1.49)

0.56 (0.19, 1.68)

100.00

0.86

2.17

Weight

0.09

0.10

0.11

93.77

0.86

1.21

0.58

0.58

93.77

4.06

1.84

%
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Risedronate vs. placebo – clinical vertebral fractures 
 
Females 

  

Length of follow up was 12 months in Li  2005 and 24 months in Välimäiki 2007. Follow-up was to the end of treatment. 

 

 

 

 

 

 

 

 

 

 

 

.

Overall  (I-squared = 0.0%, p = 1.000)

Subtotal  (I-squared = 0.0%, p = 1.000)

Study

Li 2005

Valimaki 2007

Risedronate 5 mg/d

Risedronate

0/30

0/115

Placebo

0/30

0/55

1.00 (0.06, 17.79)

1.00 (0.06, 17.79)

OR (95% CI)

1.00 (0.02, 52.04)

1.00 (0.01, 66.80)

100.00

100.00

Weight

%

53.06

46.94

1.00 (0.06, 17.79)

1.00 (0.06, 17.79)

OR (95% CI)

1.00 (0.02, 52.04)

1.00 (0.01, 66.80)

100.00

100.00

Weight

%

53.06

46.94

  
1.005 .05 .2 1 5 20 200
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Risedronate vs. placebo – all-cause mortality 
 
Females 

 

Length of treatment was 24 months. Follow-up was to the end of treatment. 

 

 

 

 

 

 

 

 

 

 

 

Overall  (I-squared = 0.0%, p = .)

Study

Valimaki 2007

Risedronate

0/115

Placebo

0/55

1.00 (0.01, 66.80)

OR (95% CI)

1.00 (0.01, 66.80)

100.00

Weight

100.00

%

1.00 (0.01, 66.80)

OR (95% CI)

1.00 (0.01, 66.80)

100.00

Weight

100.00

%

  
1.015 1 66.8
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3. Zoledronic acid vs. placebo 
3.1 GRADE Summary of Findings 
Outcome & 
Study approach 

Studies; sample size Follow-
up (y) 

Assumed 
population risk* 

Absolute effects (95% CI) Certainty What happens? 

Zoledronic acid vs. placebo (post-menopausal females) 
Hip fractures 
Intention to treat 

3 RCT; 2,200 [56-59] 1 to 6 Study data: 
12 in 1000 

3.7 fewer in 1000  
(8.5 fewer to 7.4 more) 

LOWa May not reduce 

General F ≥65 y: 
20 in 1000 

6.1 fewer in 1000  
(14.1 fewer to 12.2 more) 

Clinical fragility fractures 
Intention to treat 

5 RCT; 3,218 [56-61] 1 to 6 Study data:  
58 in 1000 

20.1 fewer in 1000  
(27.6 fewer to 9.9 fewer) 

MODERATEb Probably reduces 

General F ≥65 y: 
202 in 1000 

62.6 fewer in 1000  
(87.7 fewer to 30.1 fewer) 

Clinical vertebral fractures 
Intention to treat 

4 RCT; 2,367 [56-59, 
61] 

1 to 6 Study data:  
34 in 1000 

18.7 fewer in 1000  
(25.6 fewer to 6.6 fewer) 

LOWc May reduce 

General F ≥65 y: 
27 in 1000 

14.9 fewer in 1000  
(20.4 fewer to 5.3 fewer) 

All-cause mortality The evidence from 3 RCTs (n=2,656) [56, 58, 60, 62] is very uncertain. VERY LOWd Very uncertain 
Zoledronic acid vs. placebo (males) 
Hip fractures 
Intention to treat 

1 RCT; 1,199 [63] 2 Study data:  
2 in 1000 

2.2 more in 1000 
(1.6 fewer to 42.0 more) 

LOWe May not reduce 

General M ≥65 y: 
16 in 1000 

16.7 more in 1000 
(12.9 fewer to 256.0 more) 

Clinical fragility fractures 
Intention to treat 

1 RCT; 1,199 [63] 2 Study data:  
18 in 1000 

7.7 fewer in 1000 
(14.2 fewer to 9.5 more) 

LOWf May not reduce 

General M ≥65 y: 
105 in 1000 

42.3 fewer in 1000 
(81.0 fewer to 48.0 more) 

Clinical vertebral fractures No study reported on this outcome. 
All-cause mortality The evidence from 1 RCT (n=1,199) [63] is very uncertain VERY LOWg Very uncertain 

CI=confidence interval; RCT=randomized controlled trial; y=years 
* The effects without screening for the general risk population are estimated from PRIOR et al. [49], based on 10 year follow-up. Data for the 
general population <65 years is not included in the summary table (available on request). 
 
Explanations: 
a No serious concern about risk of bias: no serious risk of bias concerns in the large trial (Reid 2018). Some concern about 
inconsistency: lack of evidence of consistency because the analysis hinges primarily on the one adequately powered trial (Reid 
2018). Some concern about indirectness: the one adequately powered trial (Reid 2018) used a 5mg/18 months dose which is 
not an approved dosage in Canada (lower than the approved dose and showing no difference). Serious concern about 
imprecision: the number of events does not meet the optimal information size (<300), and sample size is <4,000. No serious 
concern for other considerations: no other concerns that would further reduce our confidence in the findings. 
 
b No serious concern about risk of bias: no serious risk of bias concerns in the large trial (Reid 2018). Some concern about 
inconsistency: lack of evidence of consistency because the analysis hinges primarily on the one adequately powered trial (Reid 
2018). No serious concern about indirectness: the one adequately powered trial (Reid 2018) used a 5mg/18 months dose 
which is not an approved dosage in Canada (lower than the approved dose) but the pooled estimate sti l l  shows benefit (did 
not rate down). In McClung 2009 the outcome is self-reported and could include non-clinical vertebral fractures, and in Reid 
2018 clinical vertebral and nonvertebral fractures were added to determine the number of events. The analysis was robust to 
sensitivity analysis removing McClung 2009 and using nonvertebral fractures for Reid 2018 (did not rate down). No serious 
concern about imprecision: the sample size is adequate and confidence interval is precise for benefit of zoledronic acid. No 
serious concern for other considerations: no other concerns that would further reduce our confidence in the findings. 
 
c Some concern about risk of bias: no serious risk of bias concerns in the one large trial (Reid 2018). The findings could be 
biased because several of the trials of zoledronic acid did not report on this outcome specifically. Some concern about 
inconsistency: lack of evidence of consistency because the analysis hinges primarily on the one large trial (Reid 2018). No 
serious concern about indirectness: the one adequately powered trial (Reid 2018) used a 5mg/18 months dose which is not an 
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approved dosage in Canada (lower than the approved dose) but the pooled estimate sti l l  shows benefit (did not rate down). 
Serious concern about imprecision: the number of events does not meet the optimal information size (n<300). No serious 
concern for other considerations: no other concerns that would further reduce our confidence in the findings. 
 
d Serious concern about risk of bias: selective reporting suspected, since only 3 of the 5 studies of zoledronic acid (60%) in 
females reported on this outcome, and appears to be collected passively in all but one (Reid 2018) of these trials. Some 
concern about inconsistency: some concern about lack of evidence of consistency because the analysis hinges primarily on the 
one larger trial (Reid 2018). Serious concerns about indirectness: The main contributing study (Reid 2018) provided a dose of 
zoledronic acid (5mg/18 months) that is not approved for use in Canada (lower than the approved dose and showing no 
difference). Serious concern about imprecision: the number of events does not meet the optimal information size (n<300) and 
the sample size is <4,000. No serious concern for other considerations: no other concerns that would further reduce our 
confidence in the findings. 
 
e No serious concern about risk of bias: no serious risk of bias concerns in the on included trial. Some concern about 
inconsistency: no evidence of consistency because there is only one included trial. Serious concern about imprecision: the 
number of events does not meet the optimal information size. No serious concern for indirectness, or other considerations: 
no other concerns that would further reduce our confidence in the findings. 
 
f No serious concern about risk of bias: no serious risk of bias concerns in the on included trial. Some concern about 
inconsistency: no evidence of consistency because there is only one included trial. Serious concern about imprecision: the 
number of events does not meet the optimal information size. No serious concern for indirectness, or other considerations: 
no other concerns that would further reduce our confidence in the findings. 
 
g Serious concern about risk of bias: it is unclear how the outcome was collected (may not have been collected 
systematically), appears to be collected passively. Some concern about inconsistency: some concern about lack of evidence of 
consistency because there is only one trial in the analysis. Serious concern about imprecision: the number of events does not 
meet the optimal information size (n<300) and the sample size is <4,000. No serious concern for indirectness or other 
considerations: no other concerns that would further reduce our confidence in the findings. 
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3.2 Contributing data 
Zoledronic acid vs. placebo – hip fractures  
 
Females 

  
 
Length of follow-up was to the end of the treatment period for all  studies, corresponding to 12 months (1 infusion) for Grey 
2009 and Grey 2014; 72 months (4 infusions) for Reid 2018. 

 

 

 

 

 

 

 

 

 

 

 

.

.

Overall  (I-squared = 0.0%, p = 0.964)

Subtotal  (I-squared = 0.0%, p = 1.000)

Zoledronic acid 5mg/year

Reid 2018

Subtotal  (I-squared = .%, p = .)

Grey 2009

Grey 2014

Study

Zoledronic acid 5mg/18 months

8/1000

0/25

0/45

Intervention

12/1000

0/25

0/45

Placebo

0.69 (0.29, 1.63)

1.00 (0.06, 16.33)

0.67 (0.27, 1.64)

0.67 (0.27, 1.64)

1.00 (0.02, 52.36)

1.00 (0.02, 51.49)

OR (95% CI)

100.00

7.66

92.34

92.34

3.81

3.84

Weight

%

0.69 (0.29, 1.63)

1.00 (0.06, 16.33)

0.67 (0.27, 1.64)

0.67 (0.27, 1.64)

1.00 (0.02, 52.36)

1.00 (0.02, 51.49)

OR (95% CI)

100.00

7.66

92.34

92.34

3.81

3.84

Weight

%

  
1.005 .05 .2 1 5 20 200
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Males 

 

Length of follow-up was to the end of the treatment, corresponding to 24 months (2 infusions). 

 

 

 

 

 

 

 

 

 

 

 

 

.

Overall  (I-squared = .%, p = .)

Zoledronic acid 5mg/year

Boonen 2012

Study

Subtotal  (I-squared = .%, p = .)

2/588

Intervention

1/611

Placebo

2.08 (0.19, 22.98)

2.08 (0.19, 22.98)

OR (95% CI)

2.08 (0.19, 22.98)

100.00

100.00

Weight

100.00

%

2.08 (0.19, 22.98)

2.08 (0.19, 22.98)

OR (95% CI)

2.08 (0.19, 22.98)

100.00

100.00

Weight

100.00

%

  
1.005 .05 .2 1 5 20 200
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Zoledronic acid vs. placebo – clinical fragility fractures 

Females 

 

Length of follow-up was to the end of the treatment period for all  studies, corresponding to 12 months for Reid 2002 (4 
mg/year in 1, 2, or 4 infusions); 12 months (1 infusion) for Grey 2009 and Grey 2014; 72 months (4 infusions) for Reid 2018. 
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Overall  (I-squared = 0.0%, p = 0.932)

Zoledronic acid 5mg/18 months

Subtotal  (I-squared = .%, p = .)

Reid 2002

McClung 2009

Zoledronic acid mixed doses

Reid 2018

Subtotal  (I-squared = .%, p = .)

Grey 2014

McClung 2009

Subtotal  (I-squared = 0.0%, p = 0.853)

Grey 2009

Study

Zoledronic acid 5mg/year

4/168

6/198

115/1000

2/45

4/181

3/25

Intervention

1/59

5/101

182/1000

3/45

4/101

2/25

Placebo

0.64 (0.51, 0.82)

0.63 (0.49, 0.81)

1.40 (0.15, 12.82)

0.61 (0.18, 2.05)

0.63 (0.49, 0.81)

1.40 (0.15, 12.82)

0.67 (0.11, 4.18)

0.56 (0.14, 2.28)

0.71 (0.33, 1.49)

1.50 (0.23, 9.76)

OR (95% CI)

100.00

90.06

0.82

3.63

90.06

0.82

1.62

2.84

9.12

1.03

Weight

%

0.64 (0.51, 0.82)

0.63 (0.49, 0.81)

1.40 (0.15, 12.82)

0.61 (0.18, 2.05)

0.63 (0.49, 0.81)

1.40 (0.15, 12.82)

0.67 (0.11, 4.18)

0.56 (0.14, 2.28)

0.71 (0.33, 1.49)

1.50 (0.23, 9.76)

OR (95% CI)

100.00

90.06

0.82

3.63

90.06

0.82

1.62

2.84

9.12

1.03

Weight

%
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Females – sensitivity analysis 
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Overall  (I-squared = 0.0%, p = 0.788)

Study

Subtotal  (I-squared = .%, p = .)

Zoledronic acid 5mg/18 months

Zoledronic acid 5mg/year

Reid 2002

Subtotal  (I-squared = .%, p = .)

Reid 2018

Subtotal  (I-squared = 0.0%, p = 0.545)

Grey 2009

Grey 2014

Zoledronic acid mixed doses

Intervention

4/168

101/1000

3/25

2/45

Placebo

1/59

148/1000

2/25

3/45

0.70 (0.54, 0.91)

OR (95% CI)

1.40 (0.15, 12.82)

1.40 (0.15, 12.82)

0.68 (0.52, 0.89)

0.68 (0.52, 0.89)

0.99 (0.27, 3.59)

1.50 (0.23, 9.76)

0.67 (0.11, 4.18)

100.00

Weight

1.05

%

1.05

95.56

95.56

3.38

1.32

2.06

0.70 (0.54, 0.91)

OR (95% CI)

1.40 (0.15, 12.82)

1.40 (0.15, 12.82)

0.68 (0.52, 0.89)

0.68 (0.52, 0.89)

0.99 (0.27, 3.59)

1.50 (0.23, 9.76)

0.67 (0.11, 4.18)

100.00

Weight

1.05

%

1.05

95.56

95.56

3.38

1.32

2.06
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Males 

 

Length of follow-up was to the end of the treatment period, corresponding to 24 months (2 infusions). 
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Overall  (I-squared = .%, p = .)

Study

Boonen 2012

Subtotal  (I-squared = .%, p = .)

Zoledronic acid 5mg/year

Intervention

6/588

Placebo

11/611

0.57 (0.21, 1.54)

OR (95% CI)

0.57 (0.21, 1.54)

0.57 (0.21, 1.54)

100.00

Weight

%

100.00

100.00

0.57 (0.21, 1.54)

OR (95% CI)

0.57 (0.21, 1.54)

0.57 (0.21, 1.54)

100.00

Weight

%

100.00

100.00
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Zoledronic acid vs. placebo – clinical vertebral fractures 

Females 

 

Length of follow-up was to the end of the treatment period for all  studies, corresponding to 12 months for Reid 2002 (4 
mg/year in 1, 2, or 4 infusions); 12 months (1 infusion) for Grey 2009 and Grey 2014; 72 months (4 infusions) for Reid 2018. 
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Overall  (I-squared = 0.0%, p = 0.918)

Study

Subtotal  (I-squared = .%, p = .)

Subtotal  (I-squared = 0.0%, p = 1.000)

Zoledronic acid mixed doses

Subtotal  (I-squared = .%, p = .)

Zoledronic acid 5mg/18 months

Reid 2018

Grey 2009

Zoledronic acid 5mg/year

Grey 2014

Reid 2002

ZoledronicAcid

14/1000

0/25

0/45

0/168

Placebo

34/1000

0/25

0/45

0/59

0.44 (0.24, 0.80)

OR (95% CI)

1.00 (0.01, 88.11)

1.00 (0.06, 16.33)

0.41 (0.22, 0.77)

0.41 (0.22, 0.77)

1.00 (0.02, 52.36)

1.00 (0.02, 51.49)

1.00 (0.01, 88.11)

100.00

Weight

1.11

%

2.85

96.04

96.04

1.42

1.43

1.11

0.44 (0.24, 0.80)

OR (95% CI)

1.00 (0.01, 88.11)

1.00 (0.06, 16.33)

0.41 (0.22, 0.77)

0.41 (0.22, 0.77)

1.00 (0.02, 52.36)

1.00 (0.02, 51.49)

1.00 (0.01, 88.11)

100.00

Weight

1.11

%

2.85

96.04

96.04

1.42

1.43

1.11
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Zoledronic acid vs. placebo – all-cause mortality 

Females 

 

Treatment was 5mg/year for 12 months (1 infusion) for 12 months in Grey 2014 and McClung 2009b; 5 mg/year for 24 months 
(2 infusions) in McClung 2009a; 5 mg/1.5 years for 72 months (4 infusions) in Reid 2018. Follow-up was to the end of the 
treatment period for all  studies, except McClung 2009b, where follow-up extended for 12 months beyond the end of the 
treatment period (i.e., 1 infusion at baseline with 2 year follow-up). 
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Overall  (I-squared = 0.0%, p = 0.904)

Subtotal  (I-squared = .%, p = .)

Zoledronic acid 5mg/18 months

Reid 2018

Zoledronic acid 5mg/year

McClung 2009

Study

Subtotal  (I-squared = 0.0%, p = 0.927)

Grey 2014

McClung 2009

27/1000

0/181

Intervention

0/41

1/198

41/1000

0/101

Placebo

0/34

0/101

0.69 (0.43, 1.11)

0.66 (0.40, 1.08)

0.66 (0.40, 1.08)

1.00 (0.02, 60.04)

OR (95% CI)

1.48 (0.16, 13.40)

1.00 (0.02, 52.61)

2.52 (0.06, 103.14)

100.00

96.61

96.61

1.12

Weight

3.39

1.19

1.08

%

0.69 (0.43, 1.11)

0.66 (0.40, 1.08)

0.66 (0.40, 1.08)

1.00 (0.02, 60.04)

OR (95% CI)

1.48 (0.16, 13.40)

1.00 (0.02, 52.61)

2.52 (0.06, 103.14)

100.00

96.61

96.61

1.12

Weight

3.39

1.19

1.08

%
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Males 

 

Treatment was 5 mg/year for 24 months (2 infusions), with follow-up to the end of the treatment period. 
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Overall  (I-squared = .%, p = .)

Zoledronic acid 5mg/year

Subtotal  (I-squared = .%, p = .)

Study
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Intervention

15/588

Placebo

18/611

0.87 (0.43, 1.73)

0.87 (0.43, 1.73)

OR (95% CI)

0.87 (0.43, 1.73)

100.00

100.00

Weight

100.00
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0.87 (0.43, 1.73)

0.87 (0.43, 1.73)

OR (95% CI)

0.87 (0.43, 1.73)
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100.00
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100.00
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4. Bisphosphonates (alendronate, risedronate, zoledronic acid) vs. placebo 
4.1 GRADE Summary of Findings 
Outcome & 
Study approach 

Studies; sample size Follow-
up (y) 

Assumed 
population risk* 

Absolute effects (95% CI) Certainty What happens? 

Bisphosphonates (alendronate, risedronate, or zoledronic acid) vs. placebo (postmenopausal females) 
Hip fractures 
Intention to treat 

14 RCT; 21,038 [35-42, 
50-53, 56-59] 

1 to 6 Study data: 
11 in 1000 

2.9 fewer in 1000  
(4.6 fewer to 0.9 fewer) 

LOWa May reduce 

General F ≥65 y: 
20 in 1000 

5.3 fewer in 1000  
(8.3 fewer to 1.6 fewer) 

Clinical fragility fractures 
Intention to treat or 
exposed to ≥1 dose 

19 RCT; 22,482 [35, 37-
40, 42-47, 50-61] 

1 to 6 Study data:  
58 in 1000 

11.1 fewer in 1000  
(15.0 fewer to 6.6 fewer) 

MODERATEb Probably reduces 

General F ≥65 y: 
202 in 1000 

33.6 fewer in 1000  
(46.0 fewer to 19.8 fewer) 

Clinical vertebral fractures; 
Intention to treat or 
exposed to ≥1 dose 

11 RCT; 8,921 [35-38, 
41, 46, 53, 54, 56-59, 
61] 

1 to 6 Study data:  
21 in 1000 

10.0 fewer in 1000  
(14.0 fewer to 3.9 fewer) 

LOWc May reduce 

General F ≥65 y: 
27 in 1000 

12.8 fewer in 1000 
(17.9 fewer to 5.0 fewer) 

All-cause mortality 
Intention to treat or 
exposed to ≥1 dose 

8 RCT; 8,542 [36, 37, 
41, 47, 48, 53, 56, 58, 
60, 62] 

1 to 6 Study data: 
30 in 1000 

5.5 fewer in 1000  
(11.9 fewer to 3.4 more) 

LOWd May not reduce 

General F >65 y: 
57 in 1000 

10.3 fewer in 1000  
(22.6 fewer to 6.4 more) 

CI=confidence interval; RCT=randomized controlled trial; y=years 
* The effects without screening for the general risk population are estimated from PRIOR et al. [49], based on 10 year follow-up. Data for the 
general population <65 years is not included in the summary table (available on request). 
 
Explanations: 
a Some concern about risk of bias: the largest contributing trial (McClung 2001) was at high risk of bias due to high (>30%) loss 
to follow-up. There were no major concerns about the other adequately powered studies. No serious concern about 
inconsistency: the adequately powered trials appear to be showing the same direction of effect, with varying degrees of 
precision. Serious concern about indirectness: the prevalence of prior fracture in several of the larger trials (Liberman 1995, 
McClung 2001, Pols 1999) is unknown, and in one of these trials (Liberman 1995) it is possible that the fractures were the 
result of trauma (i.e., not fragil ity fractures). The adequately powered trial for each drug provided doses that are not approved 
for use in Canada (in all cases lower than the approved dose). The clinical utility of findings from this analysis are unclear, since 
they do not provide information about which bisphosphate might provide benefit. No major concerns about imprecision: the 
sample size is large. No serious concern for other considerations: no other concerns that would further reduce our confidence 
in the findings. 
 
b Some concern about risk of bias: the largest contributing trial (McClung 2001) was at high risk of bias due to high (>30%) loss 
to follow-up. There were no major concerns about the other adequately powered studies. No serious concern about 
inconsistency: the adequately powered trials appear to be showing the same direction of effect, with varying degrees of 
precision. Some concern about indirectness: the prevalence of prior fracture in several of the larger trials (Liberman 1995, 
McClung 2001, Pols 1999) is unknown, and in one of these trials (Liberman 1995) it is possible that the fractures were the 
result of trauma (i.e., not fragil ity fractures). The adequately powered trial for each drug provided doses that are not approved 
for use in Canada (in all cases lower than the approved dose) but the pooled effect sti l l  shows a benefit for bisphosphonates 
(did not rate down). Fractures were self-reported and undefined in four trials and could have included non-clinical vertebral 
fractures (Bell  2002, Hosking 2003, Lewiecki 2007, McClung 2001); in two trials clinical vertebral and nonvertebral fractures 
were added to determine the number of events (McClung 2009, Reid 2018). The findings were robust to sensitivity analysis 
removing self-reports and using only nonvertebral fractures (did not rate down). No major concerns about imprecision: the 
sample size is large and the pooled estimate is precise for benefit of bisphosphonates. No serious concern for other 
considerations: no other concerns that would further reduce our confidence in the findings. 
 
c Some concern about risk of bias: no major risk of bias concerns for the larger contributing trials. The findings could be biased 
because several of the available trials for each drug did not report on this outcome specifically. Some concern about 
inconsistency: lack of evidence of consistency since the pooled effect hinges primarily on two trials, one for alendronate and 
one for zoledronic acid. There were no adequately powered trials for risedronate. No serious concern about indirectness: the 
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adequately powered trials for alendronate and zoledronic acid provided doses that are not approved for use in Canada (in all 
cases lower than the approved dose) but the pooled effect sti l l shows a benefit for bisphosphonates (did not rate down). 
Some concerns about imprecision: the number of events does not meet the optimal information size but the sample size is 
large. No serious concern for other considerations: no other concerns that would further reduce our confidence in the 
findings. 
 
d Serious concern about risk of bias: in one of the larger trials (Cummings 1998), it is unclear how the outcome was defined 
and how it was collected (may not have been collected systematically). Selective reporting strongly suspected, since only 8 of 
the 22 trials of bisphosphonates in females (36%) reported on this outcome, and appears to be collected passively in the 
majority of trials. Some concern about inconsistency: lack of evidence of consistency because the analysis hinges primarily on 
0-1 large trials per drug (n=1 alendronate, n=0 risedronate, n=1 zoledronic acid). Serious concern about indirectness: the main 
contributing studies provided doses of the drugs that are not approved for use in Canada (lower than the approved dose and 
showing no difference). No serious concern about imprecision: the sample size is large. No serious concern for other 
considerations: no other concerns that would further reduce our confidence in the findings. 
 
 
4.2 Contributing data 
Bisphosphonates vs. placebo – hip fractures 
 
Females 

 
See analyses of individual drugs for details on treatment dosage and duration. 

.

.

.

Overall  (I-squared = 0.0%, p = 1.000)

Grey 2009

Grey 2014

Subtotal  (I-squared = 0.0%, p = 0.975)

Liberman 1995

Valimaki 2007

Study

McClung 2001

Zoledronic acid

Cummings 1998 (FIT)

Subtotal  (I-squared = 0.0%, p = 0.964)

Reid 2018

Risedronate

Pols 1999 (FOSIT)

Ascott-Evans 2003

Subtotal  (I-squared = 0.0%, p = 0.999)

Hosking 1998

Mortensen 1998

Alendronate

Chesnut 1995

Li 2005

Yan 2009

Mortensen 1998

0/25

0/45

1/597

0/115

Intervention

137/6197

19/2214

8/1000

2/950

0/95

0/498

0/37

0/157

0/30

0/280

0/38

0/25

0/45

3/397

0/55

Placebo

95/3134

24/2218

12/1000

3/958

0/49

0/502

0/18

0/31

0/30

0/280

0/18

0.73 (0.58, 0.92)

1.00 (0.02, 52.36)

1.00 (0.02, 51.49)

0.73 (0.43, 1.24)

0.22 (0.02, 2.14)

1.00 (0.01, 66.80)

OR (95% CI)

0.73 (0.56, 0.95)

0.79 (0.43, 1.45)

0.69 (0.29, 1.63)

0.67 (0.27, 1.64)

0.67 (0.11, 4.03)

1.00 (0.02, 63.49)

0.73 (0.56, 0.95)

1.00 (0.02, 50.50)

1.00 (0.01, 67.64)

1.00 (0.01, 199.47)

1.00 (0.02, 52.04)

1.00 (0.02, 50.57)

1.00 (0.01, 68.95)

100.00

0.29

0.29

18.86

2.11

0.26

Weight

72.51

13.98

7.58

7.00

1.75

0.26

73.56

0.29

0.25

0.16

0.29

0.29

%

0.25

0.73 (0.58, 0.92)

1.00 (0.02, 52.36)

1.00 (0.02, 51.49)

0.73 (0.43, 1.24)

0.22 (0.02, 2.14)

1.00 (0.01, 66.80)

OR (95% CI)

0.73 (0.56, 0.95)

0.79 (0.43, 1.45)

0.69 (0.29, 1.63)

0.67 (0.27, 1.64)

0.67 (0.11, 4.03)

1.00 (0.02, 63.49)

0.73 (0.56, 0.95)

1.00 (0.02, 50.50)

1.00 (0.01, 67.64)

1.00 (0.01, 199.47)

1.00 (0.02, 52.04)

1.00 (0.02, 50.57)

1.00 (0.01, 68.95)

100.00

0.29

0.29

18.86

2.11

0.26

Weight

72.51

13.98

7.58

7.00

1.75

0.26

73.56

0.29

0.25

0.16

0.29

0.29

%

0.25
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No statistically significant evidence of small study bias (Harbord p-value: 0.669) 
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Bisphosphonates vs. placebo – clinical fragility fractures 
 
Females 

 
See analyses of individual drugs for details on treatment dosage and duration. 
 
 
 
 
 
 
 
 
 
 

.

.

.

Overall  (I-squared = 0.0%, p = 0.969)

Hooper 2005b
Hosking 2003

McClung 2009a

Bell 2002

Hosking 2003

Li 2005

Fogelman 2000b

McClung 2001

Grey 2009

Cummings 1998 (FIT)

Zoledronic acid

Ascott-Evans 2003

Liberman 1995

Hosking 1998

Lewiecki 2007 (open label)

McClung 2009b

Mortensen 1998a

Valimaki 2007
Mortensen 1998b

Hooper 2005a

Fogelman 2000a
Risedronate

Study

Subtotal  (I-squared = 0.0%, p = 0.614)
Pols 1999 (FOSIT)

Reid 2002
Subtotal  (I-squared = 0.0%, p = 0.932)

Grey 2014

Subtotal  (I-squared = 0.0%, p = 0.996)

Reid 2018

Alendronate

5/129
6/222

6/198

1/33

6/219

0/30

7/112

583/6197

3/25

272/2214

0/95

45/597

0/498

2/46

4/181

0/38

2/115
0/37

3/127

4/60

Intervention

19/950

4/168

2/45

115/1000

3/63
1/54

5/101

3/32

1/54

0/30

7/63

351/3134

2/25

312/2218

0/49

38/397

0/502

0/46

4/101

0/18

2/55
0/18

3/62

6/62

Placebo

37/958

1/59

3/45

182/1000

0.80 (0.73, 0.88)

0.81 (0.19, 3.51)
1.46 (0.17, 12.38)

0.61 (0.18, 2.05)

0.32 (0.03, 3.27)

1.48 (0.17, 12.55)

1.00 (0.02, 52.04)

0.56 (0.19, 1.68)

0.84 (0.73, 0.97)

1.50 (0.23, 9.76)

0.87 (0.73, 1.04)

1.00 (0.02, 63.49)

0.79 (0.50, 1.24)

1.00 (0.02, 50.50)

5.13 (0.23, 112.65)

0.56 (0.14, 2.28)

1.00 (0.01, 68.95)

0.48 (0.07, 3.49)
1.00 (0.01, 67.64)

0.49 (0.10, 2.49)

0.69 (0.19, 2.56)

OR (95% CI)

0.83 (0.71, 0.97)
0.52 (0.30, 0.91)

1.40 (0.15, 12.82)
0.64 (0.51, 0.82)

0.67 (0.11, 4.18)

0.83 (0.73, 0.95)

0.63 (0.49, 0.81)

100.00

0.39
0.16

0.65

0.29

0.16

0.05

0.84

42.98

0.18

27.93

0.05

4.27

0.05

0.05

0.51

0.04

0.27
0.04

0.40

0.55

Weight

36.43
3.63

0.15
17.84

0.29

45.73

16.07

%

0.80 (0.73, 0.88)

0.81 (0.19, 3.51)
1.46 (0.17, 12.38)

0.61 (0.18, 2.05)

0.32 (0.03, 3.27)

1.48 (0.17, 12.55)

1.00 (0.02, 52.04)
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0.84 (0.73, 0.97)

1.50 (0.23, 9.76)

0.87 (0.73, 1.04)

1.00 (0.02, 63.49)

0.79 (0.50, 1.24)

1.00 (0.02, 50.50)

5.13 (0.23, 112.65)

0.56 (0.14, 2.28)

1.00 (0.01, 68.95)

0.48 (0.07, 3.49)
1.00 (0.01, 67.64)

0.49 (0.10, 2.49)

0.69 (0.19, 2.56)

OR (95% CI)

0.83 (0.71, 0.97)
0.52 (0.30, 0.91)

1.40 (0.15, 12.82)
0.64 (0.51, 0.82)

0.67 (0.11, 4.18)

0.83 (0.73, 0.95)

0.63 (0.49, 0.81)

100.00

0.39
0.16

0.65

0.29

0.16

0.05

0.84

42.98

0.18

27.93

0.05

4.27

0.05

0.05

0.51

0.04

0.27
0.04

0.40

0.55

Weight

36.43
3.63

0.15
17.84

0.29
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%
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Females - sensitivity analysis 

 

.

.

.
Overall  (I-squared = 0.0%, p = 0.985)

Reid 2018

Subtotal  (I-squared = 0.0%, p = 0.788)

Study

Hooper 2005a

Grey 2009

Zoledronic acid
Grey 2014

Alendronate

Valimaki 2007
Subtotal  (I-squared = 0.0%, p = 0.995)

Cummings 1998 (FIT)

Hooper 2005b

McClung 2001

Subtotal  (I-squared = 0.0%, p = 0.537)

Mortensen 1998a

Fogelman 2000b

Ascott-Evans 2003

Pols 1999 (FOSIT)

Risedronate

Mortensen 1998b

Liberman 1995
Hosking 1998

Li 2005

Reid 2002

Fogelman 2000a

101/1000

Intervention

3/127

3/25
2/45

2/115

272/2214

5/129

583/6197
0/38

7/112

0/95

19/950

0/37

45/597
0/498

0/30

4/168

4/60

148/1000

Placebo

3/62

2/25
3/45

2/55

312/2218

3/63

351/3134
0/18

7/63

0/49

37/958

0/18

38/397
0/502

0/30

1/59

6/62

0.81 (0.74, 0.89)

0.68 (0.52, 0.89)

0.70 (0.54, 0.91)

OR (95% CI)

0.49 (0.10, 2.49)

1.50 (0.23, 9.76)
0.67 (0.11, 4.18)

0.48 (0.07, 3.49)
0.83 (0.72, 0.95)

0.87 (0.73, 1.04)

0.81 (0.19, 3.51)

0.84 (0.73, 0.97)

0.83 (0.71, 0.97)

1.00 (0.01, 68.95)

0.56 (0.19, 1.68)

1.00 (0.02, 63.49)

0.52 (0.30, 0.91)

1.00 (0.01, 67.64)

0.79 (0.50, 1.24)
1.00 (0.02, 50.50)

1.00 (0.02, 52.04)

1.40 (0.15, 12.82)

0.69 (0.19, 2.56)

100.00

13.98

14.63

Weight

0.42

0.19
0.30

0.28
47.73

29.26

0.41

45.02

37.64

0.05

0.88

0.05

3.80

%

0.05

4.48
0.05

0.05

0.15

0.58

0.81 (0.74, 0.89)

0.68 (0.52, 0.89)

0.70 (0.54, 0.91)

OR (95% CI)

0.49 (0.10, 2.49)

1.50 (0.23, 9.76)
0.67 (0.11, 4.18)

0.48 (0.07, 3.49)
0.83 (0.72, 0.95)

0.87 (0.73, 1.04)

0.81 (0.19, 3.51)

0.84 (0.73, 0.97)

0.83 (0.71, 0.97)

1.00 (0.01, 68.95)

0.56 (0.19, 1.68)

1.00 (0.02, 63.49)

0.52 (0.30, 0.91)

1.00 (0.01, 67.64)

0.79 (0.50, 1.24)
1.00 (0.02, 50.50)

1.00 (0.02, 52.04)

1.40 (0.15, 12.82)

0.69 (0.19, 2.56)

100.00

13.98

14.63

Weight

0.42

0.19
0.30

0.28
47.73

29.26

0.41

45.02

37.64

0.05

0.88

0.05

3.80

%

0.05

4.48
0.05

0.05

0.15

0.58
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No statistically significant evidence of small study bias (Harbord p-value: 0.674). 
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Bisphosphonates vs. placebo – clinical vertebral fractures 
 
Females 

 

See analyses of individual drugs for details on treatment dosage and duration. 

.

.

.

Overall  (I-squared = 0.0%, p = 0.999)

Subtotal  (I-squared = 0.0%, p = 1.000)

Subtotal  (I-squared = 0.0%, p = 0.918)

Alendronate

Grey 2009

Reid 2018

Ascott-Evans 2003

Yan 2009

Valimaki 2007

Subtotal  (I-squared = 0.0%, p = 0.996)

Risedronate

Zoledronic acid

Grey 2014

Cummings 1998 (FIT)

Study

Chesnut 1995

Hosking 1998

Li 2005

Reid 2002

0/25

14/1000

0/95

0/280

0/115

0/45

11/2214

AllBiophosphates

0/157

0/498

0/30

0/168

0/25

34/1000

0/49

0/280

0/55

0/45

18/2218

Placebo

0/31

0/502

0/30

0/59

0.52 (0.33, 0.81)

1.00 (0.06, 17.79)

0.44 (0.24, 0.80)

1.00 (0.02, 52.36)

0.41 (0.22, 0.77)

1.00 (0.02, 63.49)

1.00 (0.02, 50.57)

1.00 (0.01, 66.80)

0.65 (0.32, 1.31)

1.00 (0.02, 51.49)

0.61 (0.29, 1.30)

OR (95% CI)

1.00 (0.01, 199.47)

1.00 (0.02, 50.50)

1.00 (0.02, 52.04)

1.00 (0.01, 88.11)

100.00

1.68

62.76

0.89

%

60.28

0.81

0.91

0.79

35.56

0.90

32.44

Weight

0.50

0.91

0.89

0.70

0.52 (0.33, 0.81)

1.00 (0.06, 17.79)

0.44 (0.24, 0.80)

1.00 (0.02, 52.36)

0.41 (0.22, 0.77)

1.00 (0.02, 63.49)

1.00 (0.02, 50.57)

1.00 (0.01, 66.80)

0.65 (0.32, 1.31)

1.00 (0.02, 51.49)

0.61 (0.29, 1.30)

OR (95% CI)

1.00 (0.01, 199.47)

1.00 (0.02, 50.50)

1.00 (0.02, 52.04)

1.00 (0.01, 88.11)

100.00

1.68

62.76

0.89

%

60.28

0.81

0.91

0.79

35.56

0.90

32.44

Weight

0.50

0.91

0.89

0.70
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Harbord p-value = 0.002; all the small studies had no events compared to the two larger studies with OR<1.  This causes 
the effect shown in the Harbord test, but from the funnel plot we can clearly see that any bias is inconsequential. 
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Bisphosphonates vs. placebo – all-cause mortality 
 
Females 

 

See analyses of individual drugs for details on treatment dosage and duration. 

 

.

.

.

Overall  (I-squared = 0.0%, p = 0.991)

Grey 2014

McClung 2009

Subtotal  (I-squared = 0.0%, p = 0.904)

Valimaki 2007

Lewiecki 2007 (open label)

Risedronate

Cummings 1998 (FIT)

Subtotal  (I-squared = 0.0%, p = 0.990)

Subtotal  (I-squared = .%, p = .)

Zoledronic acid

Yan 2009

Study

Reid 2018

Chesnut 1995

McClung 2009

Alendronate

0/41

1/198

0/115

0/46

37/2214

0/280

Intervention

27/1000

1/157

0/181

0/34

0/101

0/55

0/46

40/2218

0/280

Placebo

41/1000

0/31

0/101

0.81 (0.59, 1.12)

1.00 (0.02, 52.61)

2.52 (0.06, 103.14)

0.69 (0.43, 1.11)

1.00 (0.01, 66.80)

1.00 (0.02, 51.47)

0.93 (0.59, 1.45)

0.94 (0.60, 1.46)

1.00 (0.01, 66.80)

1.00 (0.02, 50.57)

OR (95% CI)

0.66 (0.40, 1.08)

2.21 (0.01, 350.25)

1.00 (0.02, 60.04)

100.00

0.60

0.54

50.04

0.53

0.60

47.89

49.43

0.53

0.61

Weight

48.34

0.33

0.56

%

0.81 (0.59, 1.12)

1.00 (0.02, 52.61)

2.52 (0.06, 103.14)

0.69 (0.43, 1.11)

1.00 (0.01, 66.80)

1.00 (0.02, 51.47)

0.93 (0.59, 1.45)

0.94 (0.60, 1.46)

1.00 (0.01, 66.80)

1.00 (0.02, 50.57)

OR (95% CI)

0.66 (0.40, 1.08)

2.21 (0.01, 350.25)

1.00 (0.02, 60.04)

100.00

0.60

0.54

50.04

0.53

0.60

47.89

49.43

0.53

0.61

Weight

48.34

0.33

0.56

%
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No statistically significance evidence of small study bias (Harbord p-value = 0.225). 
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5. Denosumab vs. placebo 
5.1 GRADE Summary of Findings 
Outcome & 
Study approach 

Studies; sample size Follow-
up (y) 

Assumed 
population risk* 

Absolute effects (95% CI) Certainty What happens? 

Denosumab vs. placebo (postmenopausal females) 
Hip fractures 
Intention to treat 

3 RCT; 8,542 [64-68] 0.5 to 3 Study data: 
11 in 1000 

3.9 fewer in 1000 
(6.7 fewer to 0.2 more) 

LOWa May not reduce 

General F ≥65 y: 
20 in 1000 

7.1 fewer in 1000 
(12.1 fewer to 0.4 more) 

Clinical fragility fractures 
Intention to treat or 
exposed to ≥1 dose 
 

5 RCT; 9,231 [47, 48, 
64-67, 69] 

0.5 to 3 Study data:  
42 in 1000 

12.2 fewer in 1000  
(16.8 fewer to 7.3 fewer) 

MODERATEb Probably reduces 

General F ≥65 y: 
202 in 1000 

51.5 fewer in 1000  
(72.1 fewer to 30.1 fewer) 

Clinical vertebral fractures 
Intention to treat or 
exposed to ≥1 dose 
 

3 RCT; 8,397 [64, 67, 
69-71] 

0.5 to 3 Study data:  
24 in 1000 

16.2 fewer in 1000  
(18.9 fewer to 12.1 fewer) 

MODERATEc Probably reduces 

General F ≥65 y: 
27 in 1000 

18.2 fewer in 1000  
(21.2 fewer to 13.6 fewer) 

All-cause mortality 
Intention to treat or 
exposed to ≥1 dose 
 

5 RCT; 9,185 [47, 48, 
64-67, 69, 71] 

0.5 to 3 Study data: 
23 in 1000 

4.7 fewer in 1000  
(9.5 fewer to 1.8 more) 

MODERATEd Probably does not 
reduce 

General F >65 y: 
57 in 1000 

11.4 fewer in 1000  
(23.1 fewer to 4.3 more) 

Health-related quality of 
life (OPAQ-SV; 0-100; 
higher = better) after 3-y 
of treatment 

1 RCT; 6,481 
postmenopausal 
females [72] 

3 Change from baseline: physical function (-1.3 
vs. -1.2), emotional status (-1.4 vs. -1.6), and 
back pain (4.1 vs. 4.3) for denosumab vs. 
placebo. 

MODERATEe Probably does not 
change 

Denosumab vs. placebo (males) 
Hip fractures 
Intention to treat 

1 RCT; 242 [73] 1 Study data:  
0 in 1000 

No difference in 1000 VERY LOWf Very uncertain 

General M ≥65 y: 
16 in 1000 

No difference in 1000  
(15.7 fewer to 436.4 more) 

Clinical fragility fractures 
Intention to treat 

1 RCT; 242 [73] 1 Study data: 
16 in 1000 

8.4 fewer in 1000 
(16.3 fewer to 71.2 more) 

VERY LOWg Very uncertain 

General M ≥65 y: 
105 in 1000 

49.6 fewer in 1000 
(100.3 fewer to 291.1 more) 

Clinical vertebral fractures 
Intention to treat 

1 RCT; 242 [73] 1 Study data:  
0 in 1000 

No difference in 1000 VERY LOWh Very uncertain 

General M ≥65 y: 
10 in 1000 

No difference in 1000 
(9.8 fewer to 329.1 more) 

All-cause mortality 
Exposed to ≥1 dose 

1 RCT; 240 [73] 1 Study data: 
8 in 1000 

No difference in 1000 
(7.5 fewer to 107.4 more) 

VERY LOWi Very uncertain 

General M >65 y: 
76 in 1000 

No difference in 1000 
(71.1 fewer to 494.8 more) 

CI=confidence interval; OPAQ-SV=Osteoporosis Assessment Questionnaire - Short Version; RCT=randomized controlled trial; vs=versus; y=years 
* The effects without screening for the general risk population are estimated from PRIOR et al. [49], based on 10 year follow-up. Data for the 
general population <65 years is not included in the summary table (available on request). 
 
Explanations: 
a No serious concern about risk of bias: the one adequately powered trial (Cummings 2009) is at low risk of bias. Serious 
concern about inconsistency: no evidence of consistency because the analysis hinges on one large trial (Cummings 2009); the 
remaining trials were inadequately powered to show a reduction in hip fractures. Some concern about indirectness: hip 
fracture outcome in the Zhu 2017 trial is undefined, so it is unclear if these are fragil ity fractures. Though the contribution to 
the analysis is small, the pooled estimate is altered (becomes non-significant) when this study is included. Serious concern 
about imprecision: the number of events does not meet the optimal information size (<300), but the sample size is large. The 
95% confidence interval for the pooled effect includes the potential for a benefit or for no difference. No serious concern for 
other considerations: no other concerns that would further reduce our confidence in the findings. 
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b No serious concern about risk of bias: the one adequately powered trial (Cummings 2009) is at low risk of bias. Some 
concern about inconsistency: no evidence of consistency because the analysis hinges on one large trial (Cummings 2009); the 
remaining trials contribute very l ittle to the analysis. No serious concern about indirectness: The one large trial uses a dosage 
lower than the one approved in Canada, but the pooled effect sti l l shows a benefit of denosumab (did not rate down). In one 
trial the fracture outcome is self-reported and could include non-clinical vertebral fractures (Lewiecki 2007), in another clinical 
vertebral and nonvertebral fractures were added to determine the number of events (Cummings 2009). The findings were 
robust to sensitivity analysis removing Lewiecki 2007 and using only nonvertebral fractures for Cummings 2009 (did not rate 
down). No serious concern about imprecision: The sample size is adequate and the pooled estimate is precise for a benefit of 
denosumab. No serious concern for other considerations: no other concerns that would further reduce our confidence in the 
findings. 
 
c No serious concern about risk of bias: the one adequately powered trial (Cummings 2009) is at low risk of bias. Some 
concern about inconsistency: no evidence of consistency because the analysis hinges on one large trial (Cummings 2009); 
remaining trials are underpowered and have 0 events. No serious concern about indirectness: The adequately powered trial 
uses a dosage lower than the one approved in Canada, but the pooled effect sti l l shows a benefit of denosumab (did not rate 
down). No serious concern about imprecision: The sample size is adequate and the pooled estimate is precise for a benefit of 
denosumab. No serious concern for other considerations: no other concerns that would further reduce our confidence in the 
findings. 
 
d No serious concern about risk of bias: no serious risk of bias concerns for the main contributing trial (Cummings 2009). Some 
concern about inconsistency: lack of evidence of consistency because the analysis hinges primarily on one large trial 
(Cummings 2009). The remaining trials were l ikely underpowered to detect a difference in mortality. No serious concern 
about indirectness: the main contributing studies are well aligned with the review question. Serious concern about 
imprecision: the number of events does not meet the optimal information size (n<300), though the sample size is large. The 
confidence interval includes the potential for both important benefit and no difference. No serious concern for other 
considerations: no other concerns that would further reduce our confidence in the findings. 
 
e No serious concern about risk of bias: no serious risk of bias concerns for the one contributing trial (Cummings 2009). Some 
concern about inconsistency: lack of evidence of consistency because there is only one study reporting on this outcome. Some 
concerns about indirectness: analysis includes a selected population of participants who completed all  3 years of the trial 
(82% placebo, 84% denosumab; 99% of these completed the questionnaire); it is unclear if ratings would be different for 
those who did not complete the trial. No serious concern about imprecision: the sample size is large. No serious concern for 
other considerations: no other concerns that would further reduce our confidence in the findings. 
 
f Serious concern about risk of bias: the trial was at high risk of reporting bias as the outcome was not mentioned in the trial 
registration nor methods, and it is unclear whether it was collected systematically. Some concern about inconsistency: lack of 
evidence of consistency because there is only one study reporting on this outcome. Serious concern about imprecision: the 
study was not adequately powered to detect a difference in fractures, and no events were reported. No serious concern for 
indirectness or other considerations: no other concerns that would further reduce our confidence in the findings. 
 
g Serious concern about risk of bias: the trial was at high risk of reporting bias as the outcome was not mentioned in the trial 
registration nor methods, and it is unclear whether it was collected systematically. Some concern about inconsistency: lack of 
evidence of consistency because there is only one study reporting on this outcome. Serious concern about imprecision: the 
number of events does not meet the optimal information size (n<300). No serious concern for indirectness or other 
considerations: no other concerns that would further reduce our confidence in the findings. 
 
h Serious concern about risk of bias: the trial was at high risk of reporting bias as the outcome was not mentioned in the trial 
registration nor methods, and it is unclear whether it was collected systematically. Some concern about inconsistency: lack of 
evidence of consistency because there is only one study reporting on this outcome. Serious concern about imprecision: the 
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study was not adequately powered to detect a difference in fractures, and no events were reported. No serious concern for 
indirectness or other considerations: no other concerns that would further reduce our confidence in the findings. 
 
i Serious concern about risk of bias: it is unclear how the outcome was collected (may not have been collected systematically). 
Some concern about inconsistency: lack of evidence of consistency because there is only one study reporting on this outcome. 
Serious concern about imprecision: the number of events does not meet the optimal information size (n<300), and the 
sample size is very small. No serious concern for indirectness or other considerations: no other concerns that would further 
reduce our confidence in the findings. 
 
5.2 Contributing data 
Denosumab vs. placebo – hip fractures 
 
Females 

 

Treatment was as follows: 60mg/6 months for 36 months (6 infusions) in Cummings 2009; 60 mg/6 months for 12 months (2 
infusions) in Zhu 2017; 60 mg/6 months for 6 months in Pitale 2015. Follow-up was to the end of treatment. 
 
 
 
 
 
 
 
 

.

Overall  (I-squared = 0.0%, p = 0.682)

Cummings 2009 (FREEDOM)

Zhu 2017

Subtotal  (I-squared = 0.0%, p = 0.682)

Study

Denosumab 60 mg/6 months

Pitale 2015

26/3902

2/367

Intervention

0/124

43/3906

0/117

Placebo

0/126

0.64 (0.39, 1.02)

0.61 (0.37, 0.99)

3.65 (0.06, 236.56)

0.64 (0.39, 1.02)

OR (95% CI)

1.00 (0.02, 50.80)

100.00

98.02

0.83

100.00

Weight

%

1.15

0.64 (0.39, 1.02)

0.61 (0.37, 0.99)

3.65 (0.06, 236.56)

0.64 (0.39, 1.02)

OR (95% CI)

1.00 (0.02, 50.80)

100.00

98.02

0.83

100.00

Weight

%

1.15
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Males 

 
Treatment was 60 mg/6 months for 12 months (2 infusions), with follow-up to end of treatment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.

Overall  (I-squared = .%, p = .)

Denosumab 60 mg/6 months

Subtotal  (I-squared = .%, p = .)

Orwoll 2012 (ADAMO)

Study

0/121

Intervention

0/121

Placebo

1.00 (0.02, 50.80)

1.00 (0.02, 50.80)

1.00 (0.02, 50.80)

OR (95% CI)

100.00

100.00

100.00

Weight

%

1.00 (0.02, 50.80)

1.00 (0.02, 50.80)

1.00 (0.02, 50.80)

OR (95% CI)

100.00

100.00

100.00

Weight

%
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Denosumab vs. placebo – clinical fragility fractures 
 
Females 

 
 
Treatment was as follows: 60 mg/6 months for 12 months (2 infusions) in Zhu 2017; 60 mg/6 months for 24 months (4 
infusions) in Bone 2008; 60mg/6 months for 36 months (6 infusions) in Cummings 2009; and 6 or 14 or 30 mg/3 months or 14 
or 60 or 100 or 210 mg/6 months for 24 months (4 or 8 infusions) in Lewiecki 2007. Follow-up was to the end of treatment. 
 
Summary of within-study subgroup data for clinical fragility fractures in females 

Population Within-study subgroup data 
Femoral neck BMD T-score 
[64, 68] 

≤-2.5: 105/1384 [8.1%] vs. 159/1406 [12.3%]; HR 0.65 (0.51, 0.83) 
>2.5: 128/2495 [5.5%] vs. 131/2484 [5.6%]; HR 0.97 (0.76 to 1.23) 

Age [64, 68] ≥75 years: 88/1235 [7.9%] vs. 102/1236 [9.0%]; HR 0.84 (0.63, 1.12) 
<75 years: 150/2667 [5.9%] vs. 191/2671 [7.6%]; HR 0.78 (0.63, 0.96) 

Prior nonvertebral fracture 
[64, 68] 

Yes: 103/1163 [9.4%] vs. 121/1177 [11.2%]; HR 0.84 (0.65, 1.09) 
No: 135/2737 [5.3%] vs. 172/2724 [6.6%]; HR 0.77 (0.62, 0.97) 

Prevalent vertebral fracture 
[64, 68] 

Yes: 84/929 [9.6%] vs. 77/915 [9.2%]; HR 1.06 (0.78, 1.44) 
No: 151/2864 [5.7%] vs. 209/2854 [7.7%]; HR 0.71 (0.62, 0.97) 

FRAX ± BMD [64, 68] “[…] increasing efficacy of denosumab as baseline probability increased from 5% to 18%. At 
fracture probabilities higher than 18%, no further increase in efficacy with higher 
probabilities was observed. For example, at 10% probability (23rd percentile), denosumab 
decreased fracture risk by 11% (p=0.629), whereas at 20% (70th percentile) the reduction 
was 71% (p<0.001) and at 30% (90th percentile) it was 50% (p=0.001). A similar pattern 
was observed if major fracture probability was calculated without the input of femoral neck 
BMD, or if hip fracture probabilities were used.” 

 

.

.

Overall  (I-squared = 0.0%, p = 0.664)

Subtotal  (I-squared = 0.0%, p = 0.750)

Bone 2008

Subtotal  (I-squared = .%, p = .)

Zhu 2017

Pitale 2015

Denosumab mixed doses

Study

Denosumab 60 mg/6 months

Lewiecki 2007

Cummings 2009 (FREEDOM)

2/164

2/367

0/124

Intervention

12/314

267/3902

7/165

1/117

0/126

Placebo

0/46

385/3906

0.70 (0.59, 0.82)

0.69 (0.58, 0.81)

0.29 (0.06, 1.40)

15.25 (0.06, 4161.66)

0.64 (0.06, 7.10)

1.00 (0.02, 50.80)

OR (95% CI)

15.25 (0.06, 4161.66)

0.69 (0.59, 0.82)

100.00

99.94

1.87

0.06

0.41

0.14

Weight

0.06

97.53

%

0.70 (0.59, 0.82)

0.69 (0.58, 0.81)

0.29 (0.06, 1.40)

15.25 (0.06, 4161.66)

0.64 (0.06, 7.10)

1.00 (0.02, 50.80)

OR (95% CI)

15.25 (0.06, 4161.66)

0.69 (0.59, 0.82)

100.00

99.94

1.87

0.06

0.41

0.14

Weight

0.06

97.53

%
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Males 

 
Treatment was 60 mg/6 months for 12 months (2 infusions). Follow-up was to the end of treatment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.

Overall  (I-squared = .%, p = .)

Subtotal  (I-squared = .%, p = .)

Denosumab 60 mg/6 months

Study

Orwoll 2012 (ADAMO)

Intervention

1/121

Placebo

2/121

0.50 (0.04, 5.59)

0.50 (0.04, 5.59)

OR (95% CI)

0.50 (0.04, 5.59)

100.00

100.00

Weight

100.00

%

0.50 (0.04, 5.59)

0.50 (0.04, 5.59)

OR (95% CI)

0.50 (0.04, 5.59)

100.00

100.00

Weight

100.00

%
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Denosumab vs. placebo – clinical vertebral fractures 
 
Females 

 
Treatment was as follows: 60 mg/6 months for 6 months (1 infusion) for Pitale 2015; 60 mg/6 months for 24 months (4 
infusions) in Bone 2008; 60mg/6 months for 36 months (6 infusions) in Cummings 2009. Follow-up was to the end of 
treatment. 
 

 

 

 

 

 

 

 

 

 

 

 

.

Overall  (I-squared = 0.0%, p = 0.723)

Study

Bone 2008

Pitale 2015

Denosumab 60 mg/6 months

Subtotal  (I-squared = 0.0%, p = 0.723)

Cummings 2009 (FREEDOM)

Intervention

0/164

0/124

29/3902

Placebo

0/165

0/126

92/3906

0.32 (0.21, 0.49)

OR (95% CI)

1.00 (0.02, 50.70)

1.00 (0.02, 50.80)

0.32 (0.21, 0.49)

0.32 (0.21, 0.48)

100.00

Weight

0.54

%

0.54

100.00

98.91

0.32 (0.21, 0.49)

OR (95% CI)

1.00 (0.02, 50.70)

1.00 (0.02, 50.80)

0.32 (0.21, 0.49)

0.32 (0.21, 0.48)

100.00

Weight

0.54

%

0.54

100.00

98.91
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Males 

 
Treatment was 60 mg/6 months for 12 months (2 infusions). Follow-up was to the end of treatment. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.

Overall  (I-squared = .%, p = .)

Study

Subtotal  (I-squared = .%, p = .)

Orwoll 2012 (ADAMO)

Denosumab 60 mg/6 months

Intervention

0/121

Placebo

0/121

1.00 (0.02, 50.80)

OR (95% CI)

1.00 (0.02, 50.80)

1.00 (0.02, 50.80)

100.00

Weight

100.00

100.00

%

1.00 (0.02, 50.80)

OR (95% CI)

1.00 (0.02, 50.80)

1.00 (0.02, 50.80)

100.00

Weight

100.00

100.00

%

  
1.005 .05 .2 1 5 20 200



KQ3a: What are the benefits of pharmacologic treatments to prevent fragil ity fractures among adults ≥ 40 years? 
 

60 
 

Denosumab vs. placebo – all-cause mortality 
 

Females 

 

Treatment was as follows: 60 mg/6 months for 6 months in Pitale 2015; 60 mg/6 months for 12 months (2 infusions) in Orwoll 
2012 and Zhu 2017; 60 mg/6 months for 24 months in Bone 2008; 60mg/6 months for 36 months (6 infusions) in Cummings 
2009; 6 mg or 14 mg or 30 mg/3 months, or 14 mg or 60 mg or 100 mg or 210 mg/6 months for 24 months (8 or 4 infusions) in 
Lewiecki 2007. Follow-up was to the end of treatment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.

.

Overall  (I-squared = 0.0%, p = 0.954)

Subtotal  (I-squared = .%, p = .)

Lewiecki 2007

Pitale 2015

Study

Denosumab 60 mg/6 months

Bone 2008

Zhu 2017

Subtotal  (I-squared = 0.0%, p = 0.906)

Cummings 2009 (FREEDOM)

Denosumab mixed doses

1/314

0/124

Intervention

0/164

2/367

70/3886

0/46

0/126

Placebo

0/165

0/117

90/3876

0.79 (0.58, 1.08)

2.15 (0.01, 632.43)

2.15 (0.01, 632.43)

1.00 (0.02, 50.80)

OR (95% CI)

1.00 (0.02, 50.70)

3.65 (0.06, 236.56)

0.79 (0.58, 1.08)

0.78 (0.57, 1.06)

100.00

0.25

0.25

0.55

Weight

0.55

0.40

99.75

98.24

%

0.79 (0.58, 1.08)

2.15 (0.01, 632.43)

2.15 (0.01, 632.43)

1.00 (0.02, 50.80)

OR (95% CI)

1.00 (0.02, 50.70)

3.65 (0.06, 236.56)

0.79 (0.58, 1.08)

0.78 (0.57, 1.06)

100.00

0.25

0.25

0.55

Weight

0.55

0.40

99.75

98.24

%
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Males 
 

 
Treatment was 60 mg/6 months for 12 months (2 infusions). Follow-up was to the end of treatment. 

.

Overall  (I-squared = .%, p = .)

Study

Orwoll 2012 (ADAMO)

Denosumab 60 mg/6 months

Subtotal  (I-squared = .%, p = .)

Intervention

1/120

Placebo

1/120

1.00 (0.06, 16.17)

OR (95% CI)

1.00 (0.06, 16.17)

1.00 (0.06, 16.17)

100.00

Weight

100.00

%

100.00

1.00 (0.06, 16.17)

OR (95% CI)

1.00 (0.06, 16.17)

1.00 (0.06, 16.17)

100.00

Weight

100.00

%

100.00
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EVIDENCE SUMMARY FOR KQ3b ON THE HARMS OF PHARMACOLOGIC TREATMENTS 
 
Background and approach to GRADE 
− We appraised the evidence based on presence/direction of an effect, not magnitude (no thresholds) 
− Preferentially used GRADE assessments as reported by the authors. In some cases we altered these as appropriate. 
− When authors did not report GRADE appraisals, we perform these using data available within the systematic review. 
− In several cases, the information needed to perform GRADE appraisals was inadequately reported, thus we made 

the following assumptions: 
a) Risk of bias: For RCTs, rate down 1 level in all cases where ROB has not been assessed for harms outcomes 

(i.e., no evidence that risk of bias is low). For observational studies, start at low certainty to capture the 
likely bias in assessment and reporting of harms data.  

b) Imprecision & inconsistency: When inadequate information, these were combined into a single rating. For 
imprecision, relied primarily on sample size (i.e., 300 events; n=4000 for rare outcomes), while consistency 
accounted for the width of the confidence interval if a forest plot was not provided. 

c) Indirectness: In most cases did not rate down, because selection of SRs means that most of the evidence is 
direct. Rated down when systematic reviews reported composite outcomes and these did not represent the 
number of patients with one or more of the outcomes. 

− Where it was reasonable (i.e., at least low certainty of evidence, statistically significant effect, 5 or fewer included 
studies), we looked to the included studies to provide absolute effects when these were not reported by the 
included SRs. For larger analyses, we looked at the five largest contributing studies. 

 
 
1. Alendronate vs. placebo or no treatment 
1.1 GRADE Summary of Findings 
Outcome Studies; sample 

size 
Assumed 
pop. risk* 

Absolute effects (95% CI) Certainty What happens? 

Alendronate vs. placebo or no treatment 
Serious adverse events 
Atypical femoral fractures  
(subtrochanteric) [74]  

1 cohort; 220,360 0.06 per 
1000 

0.08 more per 1000 (0.05 more to 0.14 more) LOWa May increase 

Atypical femoral fractures  
(femoral shaft) [74] 

1 cohort; 220,360 0.03 per 
1000 

0.06 more per 1000 (0.03 more to 0.10 more) LOWb 

Osteonecrosis of the jaw 
[74] 

1 cohort; 220,360 0.1 per 1000 0.22 more per 1000 (0.04 more to 0.59 more) LOWc 

Any serious AE [3, 75] 5 RCT; 1,955 106 per 1000 5.7 fewer per 1000  (31.9 fewer to 29.4 more) LOWd May not increase 
GI perforations, ulcers, 
bleeds [76-78] 

10 RCT; 137 
events 

NR Cannot be calculated; NS difference LOWe 

Serious esophageal AE [76-
78] 

5 RCT; 499,062 NR Cannot be calculated; NS difference LOWf 

Atrial fibrillation [76-78] 1 RCT; NR 14 per 1000 3.6 more per 1000 (0.6 fewer to 9.0 more) LOWg 
1 SR of 32 RCT; 
17,291 

2.2 more per 1000 (1.8 fewer to 7.7 more) 

Very uncertain: serious GI AEs (any)h [76-78], GI cancer (colorectali, gastricj, esophagealk, liverl, pancreaticm, oraln, bile ducto, small intestinalp) [79], 
serious cardiovascular AE (acute coronary syndromeq, cerebrovascular deathr, thromboembolic eventss) [76-78], and atypical femoral fractures 
(anyt, with long term treatment [>3 years]u) [74]. 
No evidence: serious stroke, pulmonary embolism 
Non-serious adverse events and discontinuation due to AE 
Non-serious GI AE [76-78] 50 RCT; 22,549 589 per 1000 16.3 more per 1000 (2.4 more to 31.3 more) MODERATEv Probably 

increases 
Discontinuation due to AE  
[3, 75] 

9 RCT; 9,160 68 per 1000 1.4 fewer per 1000 (10.0 fewer to 8.3 more) MODERATEw Probably does 
not increase 

Any non-serious AE [80] 5 RCT; 4,720 815 per 1000 16.3 fewer per 1000 (81.5 fewer to 48.9 more) LOWx May not increase 
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Outcome Studies; sample 
size 

Assumed 
pop. risk* 

Absolute effects (95% CI) Certainty What happens? 

Very uncertain: influenza-like symptomsy [80] and musculoskeletal (arthritis and arthralgiaz; myalgia, cramps, and limb painaa) AEs [76-78].  
AE=adverse event; GI=gastrointestinal; NR=not reported; NS=not statistically significant; RCT=randomized controlled trial; SR=systematic review  
* The control event rate is the median rate in the control group for studies in the analysis. These were extracted directly from the systematic 
reviews when possible. Otherwise, we extracted these data from the included primary studies when there were ≤5 in the analysis or used the 5 
largest studies from larger analyses to calculate the control event rate. 
 
Explanations: 
a Atypical femoral fractures (subtrochanteric): Rated by Fink 2019. Authors note moderate risk of bias, unknown 
consistency (1 study), imprecise, direct, reporting bias undetected, large magnitude of effect (+1). Revised to not rate 
down for imprecision, as the sample size is large and the entire confidence interval is showing harm. 
 
b Atypical femoral fractures (femoral shaft): Rated by Fink 2019. Authors note moderate risk of bias, unknown 
consistency (1 study), imprecise, direct, reporting bias undetected, large magnitude of effect (+1). Revised to not rate 
down for imprecision, as the sample size is large and the entire confidence interval is showing harm. 
 
c Osteonecrosis of the jaw: Rated by Fink 2019. Authors note moderate risk of bias, unknown consistency (1 study), 
imprecise, direct, reporting bias undetected, large magnitude of effect (+1). Revised to not rate down for imprecision, as 
the sample size is large and the entire confidence interval is showing harm. 
 
d Any serious adverse event:  serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated 
down one level due to likely bias in harms ascertainment and reporting; very serious concerns about imprecision: 
sample size may be adequate (>1000), but the confidence interval is close to the threshold for harm and benefit; no 
serious concerns about inconsistency, indirectness, or other considerations. 
 
e Gastrointestinal perforations, ulcers, and bleeds: serious concerns about risk of bias: risk of bias not assessed for harm 
outcomes, rated down one level due to likely bias in harms ascertainment and reporting; serious concerns about 
imprecision: the number of events does not meet the optimal information size (<300); no serious concerns about 
inconsistency, indirectness, or other considerations. 
 
f Serious esophageal adverse events: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, 
rated down one level due to likely bias in harms ascertainment and reporting; serious concerns about 
inconsistency/imprecision: no information on the sample size, confidence interval includes both important harm and no 
effect; no serious concerns about indirectness or other considerations. 
 
g Atrial fibrillation: Rated by Crandall 2014. Based on independent rating, serious concerns about risk of bias: risk of 
bias not assessed for harm outcomes, rated down one level due to likely bias in harms ascertainment and reporting; 
some concerns about inconsistency: some inconsistency, the large trials show both benefit and harm; serious concerns 
about imprecision: the sample size is large but the confidence interval is wide, including both important benefit and no 
effect; no serious concerns about indirectness or other considerations. 
 
h All serious gastrointestinal adverse events: serious concerns about risk of bias: risk of bias not assessed for harm 
outcomes, rated down one level due to likely bias in harms ascertainment and reporting; serious concerns about 
imprecision: confidence interval includes both benefit and no effect; serious concerns about indirectness: because the 
number of events is unlikely to reflect the number of people with ≥1 event; no serious concerns about inconsistency or 
other considerations. 
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i Colorectal cancer: no serious concerns about risk of bias: the systematic review authors did not report major risk of 
bias concerns; serious concerns about inconsistency: presence of unexplained heterogeneity, I2=80%; no serious 
concerns for imprecision, indirectness or other considerations. 
 
j Gastric cancer: no serious concerns about risk of bias: the systematic review authors did not report major risk of bias 
concerns; serious concerns about imprecision: the sample size is large, but confidence interval includes harm and no 
difference; no serious concerns for inconsistency (I2=24%), indirectness or other considerations. 
 
k Esophageal cancer: no serious concerns about risk of bias: the systematic review authors did not report major risk of 
bias concerns; serious concerns about inconsistency: studies show differing directions of effect, I2=52%; serious concerns 
about imprecision: the sample size is large, but confidence interval includes harm and benefit (related to inconsistency); 
no serious concerns for indirectness or other considerations. 
 
l Liver cancer: no serious concerns about risk of bias: the systematic review authors did not report major risk of bias 
concerns; serious concerns about inconsistency: presence of unexplained heterogeneity, I2=65%; no serious concerns 
for imprecision, indirectness, or other considerations. 
 
m Pancreatic cancer: no serious concerns about risk of bias: the systematic review authors did not report major risk of 
bias concerns; serious concerns about imprecision: the sample size is large, but confidence includes both harm and no 
effect; no serious concerns for inconsistency (I2=7%), indirectness, or other considerations. 
 
n Oral cancer: no serious concerns about risk of bias: the systematic review authors did not report major risk of bias 
concerns; some concerns about inconsistency: no evidence of consistency since there is only one study in the analysis; 
very serious concerns about imprecision: the sample size is large, but confidence interval is very wide, including both 
important benefit and harm; no serious concerns for indirectness or other considerations. 
 
o Bile duct cancer: no serious concerns about risk of bias: the systematic review authors did not report major risk of bias 
concerns; some concerns about inconsistency: no evidence of consistency since there is only one study in the analysis; 
serious concerns about imprecision: the sample size is large, but confidence interval includes harm and no effect; no 
serious concerns for indirectness or other considerations. 
 
p Small intestinal cancer: no serious concerns about risk of bias: the systematic review authors did not report major risk 
of bias concerns; some concerns about inconsistency: no evidence of consistency since there is only one study in the 
analysis; very serious concerns about imprecision: the sample size is large, but confidence interval is very wide, including 
both important benefit and harm; no serious concerns for indirectness or other considerations. 
 
q Acute coronary syndrome: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated 
down one level due to likely bias in harms ascertainment and reporting; very serious concerns about 
inconsistency/imprecision: the sample size is not reported and there is no forest plot, but the confidence interval is very 
wide, including both important benefit and harm; no serious concerns about indirectness or other considerations. 
 
r Cerebrovascular death: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down 
one level due to likely bias in harms ascertainment and reporting; very serious concerns about 
inconsistency/imprecision: the sample size is not reported and there is no forest plot, but the confidence interval is very 
wide, including both important benefit and harm; no serious concerns about indirectness or other considerations. 
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s Thromboembolic events: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down 
one level due to likely bias in harms ascertainment and reporting; some concerns about inconsistency: no evidence of 
consistency since there is only one trial in the analysis; very serious concerns about imprecision: the confidence interval 
is very wide, including both important benefit and harm; no serious concerns about indirectness or other 
considerations. 
 
t Atypical femoral fractures (any; vs. placebo): Rated by Fink 2019. Authors note low risk of bias (however not rated 
specifically for harm outcomes), unknown consistency (1 study), highly imprecise, direct, reporting bias undetected. 
 
u Atypical femoral fractures (any; vs. no treatment): Rated by Fink 2019. Authors note moderate risk of bias, unknown 
consistency (1 study), highly imprecise, direct, reporting bias undetected. Revised to not rate down for imprecision, as 
the sample size is large and the entire confidence interval is showing harm. 
 
v Non-serious gastrointestinal adverse events: serious concerns about risk of bias: risk of bias not assessed for harm 
outcomes, rated down one level due to likely bias in harms ascertainment and reporting; no serious concerns about 
inconsistency, imprecision, indirectness, or other considerations. 
 
w Discontinuation due to adverse events: serious concerns about risk of bias: risk of bias not assessed for harm 
outcomes, rated down one level due to likely bias in harms ascertainment and reporting; no serious concerns about 
inconsistency, imprecision, indirectness, or other considerations. 
 
x Any non-serious adverse event: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated 
down one level due to likely bias in harms ascertainment and reporting; serious concerns about inconsistency: studies 
differ in direction of effects (one larger study shows harm while others are close to no effect) and I2=85%; no serious 
concerns about imprecision, indirectness, or other considerations. 
 
y Influenza-like symptoms: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down 
one level due to likely bias in harms ascertainment and reporting; some concerns about inconsistency: there is no 
evidence of consistency because the analysis includes only one trial; serious concerns about imprecision: small sample 
size (n=241), number of events cannot reach the optimal information size; no serious concerns about indirectness or 
other considerations. 
 
z Arthritis and arthralgia: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down 
one level due to likely bias in harms ascertainment and reporting; very serious concerns about inconsistency and 
imprecision: the sample size is not reported and there is no forest plot, however the confidence interval is very wide, 
including both serious harm and benefit; no serious concerns about indirectness or other considerations. 
 
aa Myalgia, cramps, and limb pain: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated 
down one level due to likely bias in harms ascertainment and reporting; very serious concerns about inconsistency and 
imprecision: the sample size is not reported and there is no forest plot, however the confidence interval is very wide, 
including both serious harm and benefit; no serious concerns about indirectness or other considerations. 
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2. Risedronate vs. placebo 
2.1 GRADE Summary of Findings 
Outcome Studies; sample 

size 
Assumed 
pop. risk* 

Absolute effects (95% CI) Certainty What happens? 

Risedronate vs. placebo 
Serious adverse events 
Any serious AE [3, 75] 5 RCT; 7,195 11 per 1000 2.6 fewer per 1000 (10.2 fewer to 5.7 more) MODERATEa Probably does not 

increase 
Very uncertain: serious GI AEs (allb; GI perforations, ulcers bleedsc; serious esophageal AEd) [76-78], GI cancere [76-78], acute coronary syndromef, 
cerebrovascular deathg, pulmonary embolismh [76-78], atrial fibrillationi [76-78]. 
No evidence: serious stroke, thromboembolic events [76-78], atypical femoral fractures, or osteonecrosis of the jaw. 
Non-serious adverse events and discontinuation due to AE 
Any non-serious AE [80] 6 RCT; 9,575 915 in 1000 45.8 fewer in 1000 (146.4 fewer to 73.2 more) MODERATEj Probably does not 

increase Non-serious GI AE [76-78] 21 RCT; 3,474 
events 

223 in 1000 5.2 more in 1000  (8.8 fewer to 20.3 more) MODERATEk 

Discontinuation due to AE [3, 
75] 

5 RCT; 7,159 111 in 1000 1.0 fewer in 1000  (11.8 fewer to 10.9 more) MODERATEl 

Very uncertain: influenza-like symptomsm [80], pharyngitisn [80], and arthritis and arthralgiao [76-78]. 
No evidence: myalgia, cramps, and limb pain [76-78]. 

AE=adverse event; GI=gastrointestinal; NR=not reported; NS=not statistically significant; RCT=randomized controlled trial; SR=systematic review  
* The control event rate is the median rate in the control group for studies in the analysis. These were extracted directly from the systematic 
reviews when possible. Otherwise, we extracted these data from the included primary studies when there were ≤5 in the analysis or used the 5 
largest studies from larger analyses to calculate the control event rate. 
 
Explanations: 
b Any serious adverse event: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated 
down one level due to likely bias in harms ascertainment and reporting; no serious concerns about inconsistency, 
imprecision, indirectness, or other considerations. 
 
b All serious gastrointestinal adverse events: serious concerns about risk of bias: risk of bias not assessed for harm 
outcomes, rated down one level due to likely bias in harms ascertainment and reporting; serious concerns about 
indirectness: because the number of events is unlikely to reflect the number of people with ≥1 event; no serious 
concerns about inconsistency, imprecision, or other considerations. 
 
c Gastrointestinal perforations, ulcers, and bleeds: serious concerns about risk of bias: risk of bias not assessed for harm 
outcomes, rated down one level due to likely bias in harms ascertainment and reporting; very serious concerns about 
inconsistency/imprecision: sample size not reported and there is no forest plot, confidence interval is very wide and 
includes both benefit and harm; no serious concerns for indirectness or other considerations. 
 
d Serious esophageal adverse events: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, 
rated down one level due to likely bias in harms ascertainment and reporting; very serious concerns about 
inconsistency/imprecision: sample size not reported and there is no forest plot, confidence interval is very wide and 
includes both benefit and harm; no serious concerns for indirectness or other considerations. 
 
e Gastrointestinal cancer: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down 
one level due to likely bias in harms ascertainment and reporting; serious concerns about inconsistency: no evidence of 
consistency since there is only one trial in the analysis; very serious concerns about imprecision: the sample size is very 
small, thus the optimal information size cannot be met; no serious concerns for indirectness or other considerations. 
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f Acute coronary syndrome: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down 
one level due to likely bias in harms ascertainment and reporting; very serious concerns about 
inconsistency/imprecision: sample size not reported and there is no forest plot, confidence interval is very wide and 
includes both benefit and harm; no serious concerns for indirectness or other considerations. 
 
g Cerebrovascular death: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down 
one level due to likely bias in harms ascertainment and reporting; very serious concerns about 
inconsistency/imprecision: sample size not reported and there is no forest plot, confidence interval is very wide and 
includes both benefit and harm; no serious concerns for indirectness or other considerations. 
 
h Pulmonary embolism: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down one 
level due to likely bias in harms ascertainment and reporting; very serious concerns about inconsistency/imprecision: 
sample size not reported and there is no forest plot, confidence interval is very wide and includes both benefit and 
harm; no serious concerns for indirectness or other considerations. 
 
i Atrial fibrillation: Rated by Crandall 2014. Based on independent assessment, serious concerns about risk of bias: risk 
of bias not assessed for harm outcomes, rated down one level due to likely bias in harms ascertainment and reporting; 
serious concerns about inconsistency: no evidence of consistency since there is only one trial in the analysis; very 
serious concerns about imprecision: the sample size not reported, but the confidence interval is very wide and includes 
both benefit and harm; no serious concerns for indirectness or other considerations. 
 
j Any non-serious adverse event: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated 
down one level due to likely bias in harms ascertainment and reporting; no serious concerns about inconsistency, 
imprecision, indirectness, or other considerations. 
 
k Non-serious gastrointestinal adverse events: serious concerns about risk of bias: risk of bias not assessed for harm 
outcomes, rated down one level due to likely bias in harms ascertainment and reporting; no serious concerns about 
inconsistency, imprecision, indirectness, or other considerations. 
 
l Discontinuation due to adverse events: serious concerns about risk of bias: risk of bias not assessed for harm 
outcomes, rated down one level due to likely bias in harms ascertainment and reporting; no serious concerns about 
inconsistency: limited evidence of consistency because the evidence is dominated by one large trial, but consistent with 
results for alendronate; no serious concerns about imprecision, indirectness, or other considerations. 
 
m Influenza-like symptoms: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down 
one level due to likely bias in harms ascertainment and reporting; some concerns about inconsistency: there is no 
evidence of consistency because the analysis includes only one trial; very serious concerns about imprecision: small 
sample size (n=284), the optimal information size is not met; no serious concerns about indirectness or other 
considerations. 
 
n Pharyngitis: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down one level due 
to likely bias in harms ascertainment and reporting; some concerns about inconsistency: there is no evidence of 
consistency because the analysis includes only one trial; very serious concerns about imprecision: small sample size 
(n=284), the optimal information size is not met; no serious concerns about indirectness or other considerations. 
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o Arthritis and arthralgia: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down 
one level due to likely bias in harms ascertainment and reporting; very serious concerns about 
inconsistency/imprecision: the sample size is not reported and there is no forest plot, however the confidence interval is 
very wide, including benefit and harm; no serious concerns about indirectness or other considerations. 
 
3. Zoledronic acid vs. placebo 
3.1 GRADE Summary of Findings  
Outcome Studies; sample size Assumed pop. risk* Absolute effects (95% 

CI) 
Certainty What happens? 

Zoledronic acid vs. placebo 
Serious adverse events 
Any serious AE [3, 75] 3 RCT; 1,950 114 in 1000 0.9 fewer in 1000 (19.8 fewer to 21.8 more) MODERATEa Probably does 

not increase 
Acute coronary syndrome 
[76-78] 

2 RCT; NR NR Cannot be calculated; NS difference LOWb May not increase 

Serious stroke [76-78] 2 RCT; NR NR Cannot be calculated; NS difference LOWc 
Very uncertain: cerebrovascular deathd [76-78], atrial fibrillation [76-78]e, atypical femoral fracturesf [76-78], osteonecrosis of the jawg [76-78].  
No evidence: serious GI AE (any; GI perforations, ulcers, bleeds; serious esophageal AE), GI cancer, pulmonary embolism, thromboembolic events. 
Non-serious adverse events and discontinuation due to AE 
Any non-serious AE [80] 6 RCT; 9,575 915 in 1000 51.8 more per 1000 (no difference to 112.2 

more) 
MODERATEh Probably 

increases 
Pyrexia [80] 5 RCT; 11,823 38 in 1000 127.7 more in 1000 (34.6 more to 337.4 more) MODERATEi 
Headache [80] 4 RCT; 9,712 53 in 1000 60.4 more in 1000 (19.1 more to 126.7 more) MODERATEj 
Influenza-like symptoms [76-
78] 

5 RCT; 10,695 44 in 1000 142.5 more in 1000 (105.5 more to 188.4 more) MODERATEk 

Arthritis and arthralgia [76-
78] 

6 RCT; 11,171 145 in 1000 178.5 more in 1000 (137.4 more to 224.1 more) MODERATEl 

Myalgia [76-78] 5 RCT; 11,065 17 in 1000 70.7 more in 1000 (54.6 more to 90.8 more) MODERATEm 
Arthralgia, myalgia, pyrexia, 
chills, & influenza-like 
symptoms [76-78] 

6 RCT; 11,676 219 in 1000 422.8 more in 1000 (398.6 more to 446.3 more) LOWn May increase 

Chills [80] 2 RCT; 799 12 in 1000 33.7 more in 1000 (3.0 more to 127.2 more) LOWo 
Non-serious GI AE [76-78] 3 RCT; 840 79 in 1000 30.9 more in 1000 (11.8 fewer to 97.6 more) LOWp May not increase 
Very uncertain: discontinuation due to AEq [3, 75]. 

AE=adverse event; GI=gastrointestinal; MI=myocardial infarction; NR=not reported; NS=not statistically significant; RCT=randomized controlled 
trial; SR=systematic review  
* The control event rate is the median rate in the control group for studies in the analysis. These were extracted directly from the systematic 
reviews when possible. Otherwise, we extracted these data from the included primary studies when there were ≤5 in the analysis or used the 5 
largest studies from larger analyses to calculate the control event rate. 
 
Explanations: 
a Any serious adverse event: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated 
down one level due to likely bias in harms ascertainment and reporting; no serious concerns about inconsistency, 
imprecision, indirectness, or other considerations. 
 
b Acute coronary syndrome: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated 
down one level due to likely bias in harms ascertainment and reporting; serious concerns about 
inconsistency/imprecision: the sample size is not reported and there is no forest plot, but the confidence interval 
includes benefit and no effect; no serious concerns for indirectness or other considerations. 
 
c Serious stroke: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down one level 
due to likely bias in harms ascertainment and reporting; serious concerns about inconsistency/imprecision: the sample 
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size is not reported and there is no forest plot, but the confidence interval includes harm and no effect; no serious 
concerns for indirectness or other considerations. 
 
d Cerebrovascular death: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down 
one level due to likely bias in harms ascertainment and reporting; very serious concerns about 
inconsistency/imprecision: the sample size is not reported and there is no forest plot, but the confidence interval is wide 
and includes benefit and harm; no serious concerns for indirectness or other considerations. 
 
e Atrial fibrillation: Rated by Crandall 2014. Reasoning not provided, but there are likely to be concerns about risk of 
bias, and the analysis relies on only two trials (likely small). 
 
f Atypical femoral fractures: Rated by Fink 2019. No explanation provided but there were no events reported in the one 
included trial. Probable concerns about risk of bias, lack of evidence of consistency, and a small sample size to assess a 
rare event (<4,000). 
 
g Osteonecrosis of the jaw: Rated by Fink 2019. No explanation provided but there were no events reported in the one 
included trial. Probable concerns about risk of bias, lack of evidence of consistency, and a small sample size to assess a 
rare event (<4,000). 
 
h Any non-serious adverse event: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated 
down one level due to likely bias in harms ascertainment and reporting; no serious concerns about inconsistency: the 
findings are heterogeneous in terms of effect size, but the direction of effect is homogeneous across studies; no serious 
concerns about imprecision, indirectness, or other considerations. 
 
i Pyrexia: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down one level due to 
likely bias in harms reporting; no serious concerns about inconsistency, imprecision, indirectness, or other 
considerations. 
 
j Headache: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down one level due 
to likely bias in harms ascertainment and reporting; no serious concerns about inconsistency, imprecision, indirectness, 
or other considerations. 
 
k Influenza-like symptoms: Rated by Crandall 2014. Based on independent rating, serious concerns about risk of bias: 
risk of bias not assessed for harm outcomes, rated down one level due to likely bias in harms ascertainment and 
reporting; no serious concerns about inconsistency, imprecision, indirectness, or other considerations. 
 
l Arthritis and arthralgia: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down 
one level due to likely bias in harms ascertainment and reporting; no serious concerns about inconsistency, imprecision, 
indirectness, or other considerations. 
 
m Myalgia: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down one level due to 
likely bias in harms ascertainment and reporting; no serious concerns about inconsistency, imprecision, indirectness, or 
other considerations. 
 
n Composite of arthralgia, myalgia, pyrexia, chills, and influenza-like symptoms: Rated by Crandall 2014. Based on 
independent rating, serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down one 
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level due to likely bias in harms ascertainment and reporting; serious concerns about indirectness: composite outcome 
that is unlikely to represent the number of people with ≥1 event; no serious concerns about inconsistency, imprecision, 
or other considerations. 
 
o Chills: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down one level due to 
likely bias in harms ascertainment and reporting; serious concerns about inconsistency/imprecision: there is no forest 
plot or indication of heterogeneity, but the sample size is small (<4000 for a rare event); no serious concerns for 
indirectness or other considerations. 
 
p Non-serious gastrointestinal adverse events: serious concerns about risk of bias: risk of bias not assessed for harm 
outcomes, rated down one level due to likely bias in harms ascertainment and reporting; serious concerns about 
inconsistency/imprecision: forest plot not provided, the number of events does not meet the optimal information size 
(n=83); no serious concerns about indirectness or other considerations. 
 
q Discontinuation due to adverse events: serious concerns about risk of bias: risk of bias not assessed for harm 
outcomes, rated down one level due to likely bias in harms ascertainment and reporting; some concerns about 
inconsistency: lack of evidence of consistency since there is only one trial in the analysis; serious concerns about 
imprecision: the sample size is small for a rare event (<4,000); no serious concerns for indirectness or other 
considerations. 
 

4. Bisphosphonates vs. placebo or no treatment 
4.1 GRADE Summary of Findings 
Outcome Studies; sample 

size 
Assumed 
pop. risk* 

Absolute effects (95% CI) Certainty What happens? 

Bisphosphonate vs. placebo or no treatment 
Serious adverse events 
Atypical femoral fracture 
(any, with long-term 
treatment, >3 years) [74] 

1 cohort; ~2.8 mill 0.3 in 1000† 11 (7 to 14) in 10,000 in-years  LOWa May increase 
1 case-control; 
1,368 

NA; OR 93 (66 to 132) for >5 years  

1 case-control; 
290 

NA; OR 25.65 (10.74 to 61.28) 

Atypical femoral fracture 
(subtrochanteric) [76-78] 

3 RCT; NR 0.3 in 1000† 1.0 more in 1000 (2.6 fewer to 41.1 more) LOWb 
1 SR of 11 
observational; NR 

0.2 more in 1000 (0.1 more to 0.4 more) 

Pooled: safety 
databases; NR 

1.1 more in 1000 (0.7 more to 1.5 more) 

Osteonecrosis of the jaw 
[76-78] 

Case series, SRs; 
NR 

NR Inconsistent, 0.3 to 43.0 in 1000 LOWc 

Stroke [81] 2 RCT; 9,825 33 in 1000 2.0 more in 1000 (5.9 fewer to 11.6 more) MODERATEd Probably does 
not increase Myocardial infarction [81] 5 RCT; 10,4040 12 in 1000 2.2 fewer in 1000 (5.2 fewer to 2.0 more) MODERATEe 

Nonfatal stroke, MI, death - 
vascular cause [81] 

12 RCT; 16,888 67 in 1000 3.4 fewer in 1000 (8.7 fewer to 3.4 more) LOWf May not increase 

Cardiovascular mortality [81] 5 RCT; 10,165 22 in 1000 2.6 fewer in 1000 (8.4 fewer to 5.1 more) LOWg 
Very uncertain: esophageal cancerh [76-78] and atrial fibrillationi [76-78].   
No evidence: effect of long-term bisphosphonates (>3 years) on the risk of osteonecrosis of the jaw. 

AE=adverse event; GI=gastrointestinal; MI=myocardial infarction; NR=not reported; NS=not statistically significant; RCT=randomized controlled 
trial; SR=systematic review  
* The control event rate is the median rate in the control group for studies in the analysis. These were extracted directly from the systematic 
reviews when possible. Otherwise, we extracted these data from the included primary studies when there were ≤5 in the analysis or used the 5 
largest studies from larger analyses to calculate the control event rate. 
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Explanations: 
a Atypical femoral fracture (long term bisphosphonates vs. no treatment): Rated by Fink 2019. Authors note moderate 
risk of bias, precise, consistent, direct, reporting bias undetected, large magnitude of effect (+1). 
 
b Atypical femoral fracture (subtrochanteric): Rated by Crandall 2014. Evidence is inconsistent and dominated by 
observational studies. 
 
c Osteonecrosis of the jaw (bisphosphonate vs. placebo): Rated by Crandall 2014. Evidence is inconsistent and 
dominated by observational studies. 
 
d Stroke: no serious concerns about risk of bias: authors note no serious risk of bias concerns for the included studies; 
some concerns about imprecision: sample size is large but the confidence interval includes harm and no effect; no 
serious concerns about inconsistency, indirectness, or other considerations. 
 
e Myocardial infarction no serious concerns about risk of bias: authors note no serious risk of bias concerns for the 
included studies; some concerns about imprecision: sample size is large but the confidence interval includes harm and 
no effect; no serious concerns about inconsistency, indirectness, or other considerations. 
 
f Composite of nonfatal stroke, myocardial infarction, death from vascular cause: some concerns about risk of bias: 
authors note that 5 of 12 studies are at high or unclear risk of bias; serious concerns about indirectness: composite 
outcome which does not represent the number of participants with ≥1 event; no serious concerns about inconsistency, 
imprecision, indirectness, or other considerations. 
 
g Cardiovascular mortality: some concerns about risk of bias: authors note that 2 of 5 studies are at high or unclear risk 
of bias; some concerns about imprecision: sample size is large but the confidence interval includes benefit and no effect; 
no serious concerns about inconsistency, indirectness, or other considerations. 
 
h Esophageal cancer: Rated by Crandall 2014. Reasoning not reported but the evidence is inconsistent and dependent 
on observational studies. 
 
i Atrial fibrillation: Rated by Viswanathan 2018. Authors note fair study quality, inconsistent evidence dominated by one 
study per drug (no evidence of consistency), imprecise despite large sample size, no evidence of reporting bias. 
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5. Denosumab vs. placebo 
5.1 GRADE Summary of Findings 
Outcome Studies; sample 

size 
Assumed 
pop. risk* 

Absolute effects (95% CI) Certainty What happens? 

Denosumab vs. placebo 
Serious adverse events 
Any serious AE [3, 75] 4 RCT; 8,663 81 per 1000 9.8 more per 1000  (10.0 fewer to 35.2 more) LOWa May not increase 
Serious cardiac events [76-
78] 

3 RCT; NR NR Cannot be calculated; NS difference LOWb 

Stroke [82] 2 RCT; 7,733 NR Cannot be calculated; NS difference LOWc 
Cardiovascular death + MI + 
stroke [83] 

4 RCT; 9,066 NR Cannot be calculated; NS difference LOWd 

Cardiovascular death + MI + 
stroke + heart failure [83] 

4 RCT; 9,066 NR Cannot be calculated; NS difference LOWe 

Very uncertain: serious infectionsf [3, 75], venous thromboembolismg [82]; composite of stroke, atrial fibrillation, heart failure, coronary artery 
diseaseh [83]; atrial fibrillationi [76-78], atypical femoral fracturesj [74, 82], and osteonecrosis of the jawk [74, 82].   
No evidence: serious GI AE (any; GI perforations, ulcers, bleeds; serious esophageal) [76-78], GI cancer [76-78], thromboembolic events [76-78], 
cardiac death [76-78]. 
Non-serious adverse events and discontinuation due to AE 
Non-serious GI AE [76-78] 3 RCT; 8,454 105 in 1000 64.5 more in 1000 (26.4 more to 113.3 more) MODERATEl Probably 

increases Rash or eczema [3, 75] 3 RCT; 8,454 17 in 1000 15.8 more in 1000 (7.6 more to 27.0 more) MODERATEm 
Infections (any) [76-78] 4 RCT; 8,691 7 in 1000 1.8 more in 1000 (0.1 more to 4.0 more) MODERATEn 
Eczema [3, 75] 1 RCT; 7,762 17 in 1000 13.8 more in 1000 (5.8 more to 24.5 more) LOWo May increase 
Any non-serious AE [82] 5 RCT; 9,201 907 in 1000 No difference in 1000 (9.1 fewer to 9.1 more) MODERATEp Probably does 

not increase 
Discontinuation due to AE 
[3, 75] 

3 RCT; 8,451 21 in 1000 Cannot be calculated; NS difference LOWq May not increase 

Very uncertain: arthralgiar [84], injection-site reactionss [3, 75], and rasht [3, 75].      
No evidence: influenza-like symptoms. 
Rebound fractures with discontinuation (discontinuation of denosumab vs. discontinuation of placebo) 
Very uncertain: non-vertebral fracturesu [85], clinical vertebral fracturesv [85], and multiple clinical vertebral fracturesw [85].  
No evidence: hip fracture. 

AE=adverse event; GI=gastrointestinal; MI=myocardial infarction; NR=not reported; NS=not statistically significant; RCT=randomized controlled 
trial; SR=systematic review  
* The control event rate is the median rate in the control group for studies in the analysis. These were extracted directly from the systematic 
reviews when possible. Otherwise, we extracted these data from the included primary studies when there were ≤5 in the analysis or used the 5 
largest studies from larger analyses to calculate the control event rate. 
 
Explanations: 
a Any serious adverse event: Rated by Viswanathan 2018. Authors note fair study quality, consistent (but a single large 
trial dominates the results), imprecision, no evidence of reporting bias. 
 
b Serious cardiac events: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down 
one level due to likely bias in harms ascertainment and reporting; some concerns for inconsistency/imprecision: limited 
information to judge (no sample size), but seems relatively precise; no serious concerns for indirectness or other 
considerations. 
 
c Stroke: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down one level due to 
likely bias in harms ascertainment and reporting; some concerns for inconsistency: limited evidence of consistency since 
there are only two trials in the analysis; some concerns for imprecision: the sample size is large but difference may be 
somewhat imprecise; no serious concerns for indirectness or other considerations. 
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d Composite of cardiovascular death, myocardial infarction, heart failure: serious concerns about risk of bias: risk of bias 
not assessed for harm outcomes, rated down one level due to likely bias in harms ascertainment and reporting; serious 
concerns about indirectness: the composite outcome is not representative of the number of people with ≥1 event; no 
serious concerns for inconsistency, imprecision, or other considerations. 
 

e Composite of cardiovascular death, myocardial infarction, stroke, heart failure: serious concerns about risk of bias: risk 
of bias not assessed for harm outcomes, rated down one level due to likely bias in harms ascertainment and reporting; 
serious concerns about indirectness: the composite outcome is not representative of the number of people with ≥1 
event; no serious concerns for inconsistency, imprecision, or other considerations. 
 
f Serious infections: Rated by Viswanathan 2018. Authors note fair study quality, consistent (but a single large trial 
dominates the results), imprecision (despite large sample size), no evidence of reporting bias. 
 
g Venous thromboembolism: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated 
down one level due to likely bias in harms ascertainment and reporting; some concerns for inconsistency: limited 
evidence of consistency since there are only two trials in the analysis; serious concerns for imprecision: the sample size 
is inadequate for assessment of a rare event (<4,000); no serious concerns for indirectness or other considerations. 
 
h Composite of stroke, atrial fibrillation, heart failure, coronary artery disease: serious concerns about risk of bias: risk of 
bias not assessed for harm outcomes, rated down one level due to likely bias in harms ascertainment and reporting; 
serious concerns about inconsistency/imprecision: sample size is large, but confidence interval includes both harm and 
no effect; serious concerns about indirectness: the composite outcome is not representative of the number of people 
with ≥1 event; no serious concerns for other considerations. 
 
i Atrial fibrillation: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down one level 
due to likely bias in harms ascertainment and reporting; some concerns for inconsistency: limited evidence of 
consistency since there is only one trial in the analysis; very serious concerns for imprecision: sample size not provided, 
but confidence interval is very wide, including both benefit and harm; no serious concerns for indirectness or other 
considerations. 
 
j Atypical femoral fractures: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down 
one level due to likely bias in harms ascertainment and reporting; some concerns for inconsistency: cannot be 
adequately assessed because there were no events reported in any trial; serious concerns for imprecision: the sample 
size is inadequate as no events were reported in either group; no serious concerns for indirectness or other 
considerations. 
 
k Osteonecrosis of the jaw: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down 
one level due to likely bias in harms ascertainment and reporting; some concerns for inconsistency: cannot be 
adequately assessed because there were no events reported in any trial; serious concerns for imprecision: the sample 
size is inadequate as no events were reported in either group; no serious concerns for indirectness or other 
considerations. 
 
l Non-serious gastrointestinal adverse events: serious concerns about risk of bias: risk of bias not assessed for harm 
outcomes, rated down one level due to likely bias in harms ascertainment and reporting; no serious concerns for 
inconsistency, imprecision, indirectness, or other considerations. 
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m Rash or eczema: Rated by Crandall 2014 as high certainty. Independent reassessment indicates serious concerns 
about risk of bias: risk of bias not assessed for harm outcomes, rated down one level due to likely bias in harms 
ascertainment and reporting; no serious concerns for inconsistency, imprecision, indirectness, or other considerations. 
 
n Infections: Rated by Crandall 2014. Independent reassessment indicates serious concerns about risk of bias: risk of 
bias not assessed for harm outcomes, rated down one level due to likely bias in harms ascertainment and reporting; no 
serious concerns for inconsistency, imprecision, indirectness, or other considerations. 
 
o Eczema: Serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down one level due to 
likely bias in harms ascertainment and reporting; some concerns about inconsistency: no evidence of consistency since 
there is only one study in the analysis; no serious concerns for imprecision, indirectness, or other considerations. 
 
p Any non-serious adverse event: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated 
down one level due to likely bias in harms ascertainment and reporting; no serious concerns for inconsistency, 
imprecision, indirectness, or other considerations. 
 
q Discontinuation due to adverse events: serious concerns about risk of bias: risk of bias not assessed for harm 
outcomes, rated down one level due to likely bias in harms ascertainment and reporting; serious concerns for 
imprecision: the sample size is adequate, but the confidence interval includes both no effect and harm; no serious 
concerns for inconsistency, indirectness, or other considerations. 
 
r Arthralgia: serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down one level due 
to likely bias in harms ascertainment and reporting; some concerns about inconsistency: no evidence of consistency 
since there is only one study in the analysis; serious concerns about imprecision: sample size not provided, confidence 
interval may be wide (authors only report “not statistically significant”); no serious concerns for indirectness or other 
considerations. 
 
s Injection site reactions: Rated by Crandall 2014 as high certainty. Independent reassessment indicates serious 
concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down one level due to likely bias in 
harms ascertainment and reporting; some concerns about inconsistency: no evidence of consistency since there is only 
one study in the analysis; serious concerns about imprecision: the number of events does not meet the optimal 
information size (n=2), and the confidence interval is very wide, including benefit and harm; no serious concerns for 
indirectness or other considerations. 
 
t Rash: Serious concerns about risk of bias: risk of bias not assessed for harm outcomes, rated down one level due to 
likely bias in harms ascertainment and reporting; some concerns about inconsistency: no evidence of consistency since 
there is only one study in the analysis; serious concerns about imprecision: the sample size is small for assessment of a 
rare event (<4,000); no serious concerns for indirectness or other considerations. 
 
u Nonvertebral fractures (denosumab discontinuation vs. placebo discontinuation): serious concerns about risk of bias: 
the one included trial is non-randomized; some concerns for inconsistency: there is no evidence of consistency; serious 
concerns for imprecision: the number of events does not meet the optimal information size (<300); serious concerns for 
indirectness: the outcome may include non-clinical fractures, the follow-up is short (median 2-6 months), and the 
fractures cannot be attributed to rebound effects with confidence. 
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v Clinical vertebral fractures (denosumab discontinuation vs. placebo discontinuation): serious concerns about risk of 
bias: the one included trial is non-randomized; some concerns for inconsistency: there is no evidence of consistency; 
serious concerns for imprecision: the number of events does not meet the optimal information size (<300); serious 
concerns for indirectness: the outcome includes non-clinical fractures (though number with clinically recognized 
fractures is provided), the follow-up is short (median 2-6 months), and the fractures cannot be attributed to rebound 
effects with confidence. 
  
w Multiple vertebral fractures (denosumab discontinuation vs. placebo discontinuation): serious concerns about risk of 
bias: the one included trial is non-randomized; some concerns for inconsistency: there is no evidence of consistency; 
serious concerns for imprecision: the number of events does not meet the optimal information size (<300); serious 
concerns for indirectness: the outcome includes non-clinical fractures (though number with clinically recognized 
fractures is provided), the follow-up is short (median 2-6 months), and the fractures cannot be attributed to rebound 
effects with confidence.  
 
 
 
6. Denosumab discontinuation vs. non-discontinuation 
6.1 GRADE Summary of Findings 
 
Outcome Studies; sample 

size 
Assumed 
Risk in those 
remaining 
on 
denosumab* 

Absolute effects (95% CI) Certainty What happens? 

Rebound fractures (i.e. 
multiple vertebral fractures) 
[86] 

1 cohort; 3,110 0.01 per 
1000 

0.07 more per 1000  VERY LOWa Uncertain 

 
Explanation:  

a Rebound fractures: some concerns about risk of bias: the study did not control for confounders in their analysis for this 
(rare) outcomes, but the groups were very similar across a large number of variables; some concerns for inconsistency: 
there is no evidence of consistency; some concerns about imprecision: the sample size was likely inadequate for the low 
(<1%) incidence of the outcome; some concerns for indirectness; most (>90%) of the participants were on second or 
greater line therapy and a large proportion (>40%) had previous fractures   
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EVIDENCE SUMMARY FOR KQ4 ON THE ACCEPTABILITY OF SCREENING AND/OR TREATMENT 
 
1. GRADE Summary of Findings 
Studies; sample 
size 

Findings Certainty* What does the evidence say? 

Acceptance of screening 
Females 50-65 y 
1 observational; 
258  

− Females (57% previously screened; low risk based on age) had moderate-to-
strong intentions to be screened (mean (SD) intention score 3.74 (0.96)/5) 
[87]. 

− Reading information on the benefits (2 fewer hip fractures in 1000/10 y or 
‘very few’) and harms (osteonecrosis of the jaw – 1-10/1000 or ‘very few’, 
atypical fractures – 5/1000 or ‘very few’, overdiagnosis – incidence disease 
rate exceeding important outcomes), was not associated with any important 
change in the intention to accept screening [87].  

− There was no difference by subgroups of patients defined by previous 
screening or worry about health [87]. 

LOWa Females aged 50-65 years (low 
risk) may have a high intention to 
be screened, and this intention 
may not be changed after reading 
a 1-page decision support sheet (1 
study, n=258) [87]. 

Acceptance of treatment with information 
Adults (predom-
inantly female) 
≥50 y, mean 63-
73 y 
3 observational, 
2 RCT; 1,010  

− In two studies (n=593) [88, 89], 19 to 39% of patients who were aware of 
their fracture risk and received information on benefits (and harms in one 
study)[88] were willing to initiate treatment. 

− In one small study (n=30) [90], 57% of females unaware of their fracture risk 
were acceptors or cautious acceptors of bisphosphonate treatment. More 
females (80%) would accept treatment of some form, with an indication 
females are concerned about the harms of bisphosphonates.   

− In two studies (n=387; ~50% at high risk of fracture or with osteoporosis) 
[91, 92], at various levels of efficacy (5% to 50%) women preferred 
treatment over no treatment, with significant variability in the strength of 
those preferences.  

− One study (n=267) [92] showed that females and those with osteoporosis 
had a stronger preference for being treated, but not those with a prior 
fracture. 

LOWb Patients’ preference for treatment 
vs. no treatment may be highly 
variable (3 studies, n=317) [90-92]. 
After receiving information on 
their personal fracture risk, 
relatively few (19 to 39%) patients 
may be willing to accept 
treatment (2 studies, n=593) [88, 
89]. 

Acceptance of treatment with decision aids 
Postmenopausal 
females ≥45 y, 
mean 64-69 y 
4 observational 
(5 reports); 
~324 

− In two studies (n~240) [93-95], postmenopausal women with osteoporosis or 
osteopenia who were aware of their fracture risk were provided decision 
aids outlining potential benefits and harms treatment. Overall, few (20.2%) 
decided to initiate treatment, and many were undecided. Of those with prior 
fracture or at high risk (i.e. common treatment thresholds of 20% and 3% for 
clinical and hip fracture) 32-45% accepted treatment [93, 95]. In one study, 
only 5.3% were taking anti-osteoporosis drugs at 6 months follow-up.[94]  

− In two studies (n=84) [96, 97] clinicians used the Osteoporosis Choice 
decision aid during a clinical encounter, after which less than half (41 to 44%) 
decided to initiate treatment. Most (>80%) of these patients had actually 
initiated treatment at follow-up. 

MODERATEc Few (5-20%) postmenopausal 
females with osteoporosis or 
osteopenia who read decision aids 
and are aware of their fracture 
risk are willing to initiate 
treatment (2 studies, n~240) [93-
95]. Somewhat more may be 
willing to start treatment when 
the decision aid is used during a 
clinical encounter (41-44%; 2 
studies, n=84) [96, 97] or when 
they have had a previous fracture 
or are at higher fracture risk (32-
45%; 1 study, n=208). Overall, a 
minority of postmenopausal 
females at increased risk for 
fracture may accept treatment. 

Minimum acceptable benefit of treatment 
Adults ≥50 y, 
mean 60-72 y 
3 observational; 
741 

− In one study (n=354, 44% female, unaware of fracture risk) [98], 64% of 
adults required 100 to 1000 fewer hip fractures per 5000 people for a 
treatment with no major side effects to be acceptable (50 assumed to be 
‘correct’). 

− Overestimation of benefits did not vary significantly by age, sex, diagnosis of 
osteoporosis, and use of medications for osteoporosis [98]. 

− In one study (n=267)[92] patients preferred a treatment with higher clinical 
efficacy and were willing to pay 3689 Yuan (~700 CAD) per annum for 1% 

LOWd About two-thirds (64%) of adults 
≥50 years may have overly 
optimistic views of the benefits of 
treatment (1 study, n=354) [98]; 
these views may be highly variable 
(3 studies, n=741) [91, 92, 98]. 
Patients may require a reduction 
of 20 to 200 fractures per 1000 to 



KQ4: For patients ≥40 years, what is the acceptability of screening and/or initiating treatment to prevent fragil ity fractures 
when considering the possible benefits and harms from screening and/or treatment? 
 

77 
 

Studies; sample 
size 

Findings Certainty* What does the evidence say? 

improvement in medication efficacy, but this was variable (~385 to 1250 
CAD). In a second study (n=120) [91], patients were willing to pay up to 338 
Euro (~500 CAD) for treatment if the fracture risk reduction was at ≥ 12%. 

consider 10 y of bisphosphonate 
treatment acceptable (1 study, 
n=354) [98]. 

Level of risk at which treatment is acceptable 
Adults (predom-
inantly female) 
≥45 y 
6 observational; 
1091 

− In one study (n=200) [89], the median (IQR) 5-y risk threshold for oral 
medication was 50 (25, 70)% for osteoporotic and 50 (30, 75)% for hip 
fracture. Information on benefits had little impact on these thresholds.  

− In a second study (n=241) [99] those with osteoporosis or higher estimate of 
risk were more likely to accept treatment, but 28% to 38% of females would 
not accept treatment in high risk scenarios (≥3% hip, 12% other fracture). 

− Two studies (n=445) [88, 97] showed low risk females may be just as willing 
to accept treatment as higher risk females. In a third study (n=85) [93] 
acceptance of treatment was higher among those with a high (≥3%) risk of 
hip fracture (32% vs. 19%, p=0.012) but not a high (≥20%) risk of MOF (47% 
vs. 23%, p=0.11) compared to those at lower risk.  

− In one study (n=120) [91], patients at higher fracture risk were willing to 
accept less effective treatments than those at lower risk. 

LOWe Among adults ≥45 years (97% 
female; aware of personal risk) 
there is large heterogeneity in the 
level of risk at which treatment 
would be considered [88, 89, 91, 
93, 97, 99]. Many (19 to 51%) are 
willing to accept treatment at low 
levels of fracture risk (5 to 20%), 
but a large proportion (44 to 68%) 
of high-risk females (≥3% hip or 
≥20% osteoporotic fracture risk; 
≥30% in one study) would choose 
not to be treated (3 studies, 
n=378) [88, 93, 97]. 

CAD=Canadian dollars; IQR=interquartile range; MOF=major osteoporotic fracture; RCT=randomized controlled trial; SD=standard deviation; 
y=years            
* When our assessment of the certainty of evidence fell between levels, we assigned the level that best represented our actual certainty. 
 
Explanations: 
a Acceptance of screening: Some concern about potential for selection bias (24% of the eligible population participated); some 
concern about lack of evidence of consistency; some concern about indirectness due to the intervention (hypothetical 
scenario rather than actual decision about being screened); some concern about imprecision due to small sample size (<300). 
 
b Acceptance of treatment with information: Serious concern about risk of bias due to potential selection bias in two studies 
(36 to 66% of eligible population participated in Hudson 2011 and de Bekker-Grob 2008, respectively), unclear participant 
understanding of the information provided in all studies, and lack of information on harms in Kalluru 2017; serious concern 
about indirectness due to population (many participants were lower risk and would not be eligible for treatment) and the 
intervention (hypothetical scenario rather than actual decision about treatment). 
 
c Acceptance of treatment with decision aids: Some concern about risk of bias due to lack of controll ing (or subgroup analysis) 
for important confounders (namely baseline risk) in 2 studies; though risk of bias is high in the Smallwood study, this was a 
minor contributor to the analysis so we did not rate down further; some concern about imprecision with sample size near 
minimum of 300.  
 
d Minimum acceptable benefit of treatment: Serious concern about risk of bias due to potential selection bias in two studies 
(36 to 66% of eligible population participated in Hudson 2011 and de Bekker-Grob 2008, respectively), unclear participant 
understanding of the information provided in all studies, and inaccurate information on harms in Hudson 2012 (“no major side 
effects”); serious concern about indirectness due to population (in the Hudson 2012 and Si 2019 studies were not aware of 
their own risk) and the intervention (hypothetical scenario rather than actual decision about treatment). 
 
e Level of risk at which treatment is acceptable: Serious concern about risk of bias due to potential selection bias in four 
studies (31 to 66% of eligible population participated in Neuner 2014, Hudson 2011, and de Bekker-Grob 2008, unclear in 
Bil l ington 2019), unclear participant understanding of the information provided in all studies except those using decision aids 
(Bil l ington 2019 and Montori 2011), and lack of information on harms in Kalluru 2017; some concern about indirectness due to 
the intervention (hypothetical scenario rather than actual decision about treatment in all  studies except those using decision 
aids). 
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