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Additional file 6. Characteristics of the included studies

Additional Table 6.1. Characteristics of cohortstudies included in KQ2 on the predictiveaccuracy of screening tests
Author & year, Country

Design
Funding source
Azagra 2016a([1], Spain

Prospective cohort

Funding: government,
industry

Related studies: Azagra
2012 [2], Azagra 2015 [3]

Source of data and participant
eligibility

FRIDEX cohort: random sample of
3397 Caucasian women 240 and <90
years (mean(SD)57.2(8.2))referred
for bone density scanning forinitial
study of osteoporosis or treatment
follow-up from2000to 2010.

Exclusion: priortreatment withanti-
osteoporosis medication, Paget’s
disease, bone cancer; <10 years of
follow-up, died, unableto contactat
follow-up

Participant characteristics

Baseline predictedrisk

Length of follow-up

Analyzed sample: n=1308 (38.5% of
eligible); 100% F; mean (SD) 57.2 (8.2)
years; menopausal status NR; no
treatment with anti-osteoporosis drugs
atbaseline, some (% NR) may have
been treated during follow-up

Predicted 10-y risk: 3.6% MOF;0.9%
hip

Follow-up: 10 years

Screeningtool(s)
Included predictors & ascertainment
Risk prediction & handling of missing data

FRAX-Spain (3.2) tBMD

Predictors: attime of DXAscan (baseline visit),
participants self-reported age, sex, height,
weight (BMI), family history of hip fracture
(father/mother), history of fragility fracture,
smoking, alcohol risk intake, history of
glucocorticoids intake, history of anti-
osteoporosis medication. BMD measured atthe
femoral neckvia DXAwithT-score determination
using NHANES Il reference.

Prediction: blinded investigators used official
FRAX website; unclearhow many participants
had missing data nor how missingdata were
handled

Outcomes predicted &
ascertainment

Consideration of competing risk

10-year MOF (hip, humerus,
forearm, clinical spine), hip
fractures: self-reported at 10-y
follow-up and confirmed with
medical records; fractures that
could notbe confirmed were
excluded.

Competingrisk: not considered;
participants who died during
follow-up (5.8%) were excluded.

Calibration outcomes &
analyses

Expected and observed

fractures; O:E ratio;
calibrationplot

Subgroups: data available
by quintile of predicted risk
and by agecategory (2and
<65years)

This study updates Azagra
2012 inanexpanded
cohort; Azagra2015
providesimilardatain
slightly different
(overlapping) cohort

Azagra 2016b[4], Spain
Prospective cohort
Funding: government

Related studies: none

FROCAT cohort: random sample
(stratified by age) of 1434 Caucasian
women aged 240 and <90 years who
were patients of participating family
physiciansinCataloniain2001.

Exclusion: devel oped cancer during
follow-up, refused participation,
moved outsidethestudyarea, died,
unableto contactatfollow-up

Analyzed sample: n=1090 (76.0% of
eligible); 100% F; mean (SD) 59.1 (12.4)
years; menopausal status NR; 206
(18.9%) used anti-osteoporosis drugs

Predicted 10-y risk: 70.2% low risk
(FRAX <5%), 11.2% intermediate risk
(FRAX 5 to <7.5%), 18.6% highrisk
(FRAX >7.5%) for MOF

FRAX-Spain £ BMD (FRAX with BMD calculated in
asubsetof234[21.5%] women who had a DXA
scan following generalpractice)

Predictors: notreported; may beassumed to
alignwith the FRAX tool. BMD measured via DXA,
site NR.

10-year MOF (hip, humerus,
forearm, clinical spine): self-
reported during follow-upand
confirmed with hospital and
electronicrecords; fractures that
could notbe confirmed were
excluded.

Observed fracture
probability by category of
predicted risk

Subgroups: dataavailable
by category (low,
intermediate, high) of
predicted risk
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Author & year, Country
Design

Funding source

Source of data and participant
eligibility

Participant characteristics
Baseline predictedrisk
Length of follow-up

Follow-up: 10 years

Screeningtool(s)
Included predictors & ascertainment
Risk prediction & handling of missing data

Prediction: used FRAX-Spain; unclearhow many
participants had missing data nor how missing
data werehandled

Outcomes predicted &
ascertainment
Consideration of competing risk

Competingrisk: not considered;

participants who died during
follow-up (4.7%) were excluded.

Calibration outcomes &
analyses

Bolland2011[5], New
Zealand

Retrospective cohort
(RCT extension)

Funding: government

Related studies: none

1471 healthy postmenopausal
women >55 years who participated in
a 5-y RCT of calcium supplements,
startingin1998. Participants were
free of major medical conditions, had
normal lumbar spine BMD for their
age(Z-score>-2), werenottaking
anti-osteoporosis medications
(including HRT or vitamin D
supplements in doses >10001U/day),

Analyzed sample: n=1422 (96.7% of
eligible); 100% F; mean (SD) 74.2 (4.2)
years;all postmenopausal; no use of
anti-osteoporosis drugs atbaseline
(exclusion criteria), NR during follow-
up

Predicted 10-y risk: FRAX-BMD 8.5%
(95%Cl 8.2-8.8%) MOF, 3.0% (2.8-
3.2%) hip; FRAX (no BMD) 11.7%(11.3-

FRAX-New Zealand+BMD
Garvan+BMD

Predictors:ascertainment unclear butappear to
be self-reported on a baseline questionnaire.
FRAX: age, sex, BMI, history of personal fracture,
history of parental hip fracture, smoking status,
glucocorticoid use, alcohol intake, presence of
rheumatoid arthritis or secondary osteoporosis,
femoral neckBMD T-score (ascertainment NR);

10-y MOF (FRAX —shoulder, hip,
forearm, clinical vertebral),
osteoporoticfractures (Garvan—
hip, symptomaticvertebral,
forearm, metacarpal, humerus,
scapula, clavicle, distal femur,
proximal tibia, patella, pelvis,
sternum), hip fractures: during
5-y RCT, self-reported every 6
months and confirmed using

Expected and observed
fractures, expected
fracture probability, O:E
ratio, calibrationplot,
Hosmer-Lemeshow test

Subgroups: dataavailable
by decileand quintile of
predicted risk, and by age
category (<70, 70-75,75-

had serum 25(OH)D levels 25 nmol/L. | 12.1%)MOF, 5.5% (5.2-5.8%) hip; Garvan: age, sex, number of fallsin the past radiographs orreports; 80,>80 years)
Garvan19.4%(18.7-20.1%) year,and number of fractures sinceage 50 years, | thereafter all fractures were self-
Exclusion: missing baselineBMD, no | osteoporotic, 6.0% (5.6-6.5%)hip femoral neckBMD T-score (ascertainment NR) reported at 10-y follow-up.
follow-up data available
Follow-up: mean 8.8 years Prediction: Used FRAX-New Zealandand Garvan; | Competingrisk: not considered.
unclear how many participants had missingdata | Participants werecensoredat
nor how missing datawere handled death.
Crandall 2019b [6], USA Women’s Health Initiative Analyzed sample: n=62,723;62,621; | FRAX-US(3.0) (no BMD) Hip fractures: self-reported Observed and expected

Prospective cohort
Funding: government

Related studies: Crandall
2014 (7]

Observational Study(WHI-OS) and
Clinical Trials (WHI-CT): 90,764
postmenopausalwomen aged 50-79
years atbaseline (1993-1998)
enrolled at40 clinical centres. The
WHI-CT evaluated threeclinical
interventions: a low-fateating
pattern, menopausal hormone
therapy, calcium +vitaminD
supplementation

Exclusion: serious medical conditions,
no informationon medicationuseat
baseline, medications knownto
influence osteoporosis
(bisphosphonates, calcitonin,
parathyroid hormone, selective

64,739 for hip, MOF, and clinical
fracturesrespectively(69.1%, 69.0%,
and 71.3% of full sample); 100%F; all
postmenopausal;mean (SD)57.9(4.1)
years;55.6% wereusing HRT at
baseline, those on other anti-
osteoporosis drugs were excluded;
46% used HRT atany time during
follow-up

Baseline 10-year risk MOF and clinical
fracture (mean):6.3% for50-54y to
9.9% for 60-64y MOF, 15.8% for 50-54y
to 19.0% for 60-64y clinical fracture

Baseline 10-year risk hip (mean): FRAX
(only) 0.7%; Garvan(only) 0.2%

Garvan(no BMD)

Predictors: at baseline, questionnaires were used
to collectself-reported age, race/ethnicity,
medical history (previous fractures, rheumatoid
arthritis, falls in previous 12 months), medication
use, parental hipfractures, smoking, alcohol
intake, use of supplemental calcium andvitamin
D; heightand weight were measured.

Prediction: FRAX values were calculated by the
World Health Organization Collaborating Centre
for Metabolic Bone Disease (online); Garvan
using published formulas. Only participants with
completedatawereincluded.

annually (WHI-OS) or semi-
annually (WHI-CT) using
questionnaires. All hipfractures
were confirmed by physician
adjudicators usingmedical
records.

Competingrisk: not considered.
Participants who died during
follow-up were excluded from
the analysis.

fracture probability,
observed and expected
fractures

Subgroups: dataavailable
by agecategory (50-54y,
55-59y, 60-64 y)

Crandall 2014 provides
data by category of risk for
FRAX (< and 29.3% for
MOF), as annualized rates




Author & year, Country
Design

Funding source

Source of data and participant
eligibility

estrogen receptor modulators,
luteinizinghormone-releasing
hormone agents somatostatins (n =
1,111),incomplete FRAX or Garvan
risk factors, <10 years follow-up

Participant characteristics
Baseline predictedrisk
Length of follow-up

Follow-up: 10 years

Screeningtool(s)
Included predictors & ascertainment
Risk prediction & handling of missing data

Outcomes predicted &
ascertainment

Consideration of competing risk

Calibration outcomes &
analyses

Czerwinski2013[8],
Poland

Retrospective cohort
Funding: NR

Related studies: none

Cracow Medical Centre: 5092 women
aged 50-80 years from the
Malopolska region, randomly selected
from 100,000 patients who attended
for densitometric examination
between 1997 and 2001 andwere
capable of answering a 15-minute
telephone questionnaire. To be
included, women required complete
medical records (n=3350).

Exclusion: dementia, hearingloss,
memory loss, aphasiaimpeding
communication, questionnaire
incomplete or refused further
participation

Analyzed sample: n=1024 (30.6% of
eligible); 100% F; mean (SD) 63.8 (6.66)
years; menopausal status NR; 41.7%
taking anti-osteoporosis drugs at
baseline, NR during follow-up

Predicted 10-y risk (median (IQRY)):
FRAX+BMD (n = 886) 5.3 (3.5-8.5)%
MOF, 1.3 (0.7-2.4)% hip; FRAX (no
BMD) 4.9 (3.3-7.9)%, 0.9 (0.3-2.3)% hip

Follow-up: mean 11years

FRAX-Poland+BMD

Predictors: at baseline, an interview
guestionnaire was used to collect self-reported
risk factorsincluding age, sex, personal history of
fractures, hip fractures inparents, smoking, use
of glucocorticoids, rheumatoid arthritis, alcohol
intake, and secondary osteoporosis. Definitions
were based on the online nomogram. BMD
measured atthe spine and/or hipvia DXA, with
T-score basedon NHANES I1I reference data.

Prediction: NR - appear to have usedtheonline
nomogram; unclear how many participants had
missing data nor how missing data were handled

MOF (spine, distal radius,
humerus, proximal femur), hip
(proximal femur) fractures: self-
reported at 11-year follow-up;
included all fractures, even if
there were morethan one per
person

Competingrisk: not considered;
participants who diedduring
follow-up (4.3%) or werelost for
other reasons were excluded

Observed and expected
fracture probability,
observed fractures

Subgroups: none

Dagan 2017[9], Israel
Retrospective cohort
Funding: academic

Related studies: none

Clalit Health Services: 1,054,815
members 50-90years with atleast 3
years of continuous membership to

the Clalit Health Services national
health fund.

Exclusion: lostto follow-up (but
deaths wereincluded)

Analyzed sample: n=1,054,815(100%
of eligible); 54.6%F;38.0%50-59y,
28.4%60-69y,21.1%70-79y,12.5%
80-89 y; menopausal status NR; 0.8%
were on HRT atbaseline, other anti-
osteoporosis medications at baseline
and follow-up NR

Predicted 5-y hip fracturerisk (mean
(SD)): variable by age (NR for full
cohort); FRAX 0.2 (0.002)% in women
50-54 yt06.8 (0.037)% in women 85-
89y,0.1(0.001)%in men 50-54 y to
3.8(0.020)% in men 85-89 y; QFracture
0.3(0.004)%in women 4044y to
18.12(0.152)%in women 95-99 y, 0.05
(0.007)%inmen 40-44yto 18.30

FRAX-Israel (2012 version)
QFracture
Garvan

Predictors: electronic record data were used to
collectvariables at theindex date or mostrecent
documentationfor chronicconditions. FRAX:
age, sex, alcoholism, smokingstatus, parental hip
fracture history, MOFhistory, secondary
osteoporosis (type 1 diabetes, osteogenesis
imperfecta, hyperthyroidism, hypogonadism,
malabsorption, chronicliver disease),
rheumatoid arthritis, glucocorticoid use (90
days), BMI (measured height/weight); QFracture:
age, sex, BMI, alcoholism, smoking status,
parental hip fracture and MOF history, major
osteoporoticfracture history, history of falls,

Hip fracture: ascertainedvia
record review for clinical
diagnoses

Competingrisk: not considered;
participants who diedduring
follow-up were censored at
death.

Observed and expected
fracture probability,
observed fractures, O:E
ratio, calibration plot

Subgroups: dataavailable
in 5-year age/sex
categories andby decile of
predicted risk




Author & year, Country
Design

Funding source

Source of data and participant
eligibility

Participant characteristics

Baseline predictedrisk

Length of follow-up

(0.192)%inmen 95-99y; Garvan 0.20
(0.004)%inwomen 60-64yto 7.84
(0.134)%inwomen 90-94y,0.40
(0.004)%inmen 60-64yto 25.29
(0.160)%inmen 90-94y.

Follow-up: mean 4.73years

Screeningtool(s)
Included predictors & ascertainment
Risk prediction & handling of missing data

dementia, Parkinson’s, epilepsy, diabetes, other
endocrinedisorders, cancer history, obstructive
airway disorders, cardiovascular disease,
malabsorption, chronicliveror renal disorders,
purchase of glucocorticoids, antidepressants, or
HRT; Garvan: age, sex, BMI, fractures afterage
50y, fallsin pastyear.

Prediction: used full tool equations for QFracture
and Garvanviatheir websites. Used FRAX 10-y
probability charts and multiplied by 0.5to obtain
5-y probabilities. Multiple imputation was used
to impute data forthose with no documentation
of BMI, weight, or smoking status.

Outcomes predicted &
ascertainment

Consideration of competing risk

Calibration outcomes &
analyses

Desbiens2020[10],
Canada

Retrospective cohort
Funding: NR

Related studies: None

CARTaGENE: a population-based
survey of 40 to 69-yearolds, recruited
between 2009-2010 (25.6% response
ratefromrandom selection of 1% of
province’s population)

Exclusion: no renal function data,
advanced kidney disease (stage4 or
5),livedin nursing

homes, correctional facilities, and
First NationReserves

Analyzed sample: n=19,393 (9522 non-
CKD; 9114 CKD stage 2;

757 CKDstage3);51%F; 54 years;
menopausal status NR; 2.6% on HRT
and 3.6% on bisphosphonates at
baseline

Predicted 5-year risk:

FRAX MOF:no-CKD 1.5 (1.0-2.2), stage
2CKD2.0(1.2-2.8),stage3 CKD 2.4
(1.8-3.6)

QFracture MOF:no-CKD 0.5(0.3-0.8),
stage20.6(0.3-1.1),stage3 0.8 (0.5—
1.7)

Garvananyfracture:no-CKD 1.8 (0.4—
3.0),stage2 CKD2.0(0.7-3.7), stage 3
CKD2.3(1.3-5.0)

Follow-up: 5 years

FRAX-Canadianversion4.0 (without BMD)
QFracture
Garvan(without BMD)

Predictors: surveyincluded recruitment
interview including a health questionnaire,
undertook physical measurements (weightand
BMI), and hadbloodsamples drawn. Previous
fracturevia administrative database. Previous
fallsand parental history of fractures were not
availableand weresetatzero. Otherwise, data
was complete except for alcohol consumption
(0.7% missing), smoking (0.6%), and BMI (6.4%).

Prediction:

QFracture 5-year MOF probabilities computed
using 2012 version.

Garvanprobabilities of any fractureat5 years
were computed using the full published
equation.

FRAX - Obtained FRAX 10-year MOF probabilities
were then multipliedby 0.5 to obtain 5-year
MOF probabilities

MOF (hip, wrist, shoulder,
clinical spine): provincial
physicianclaims databases using
a previously validated

algorithm specifically devel oped
for Quebec databases

Competingrisk: not considered

Observed and predicted 5-
year fractureriskby CKD
stage; calibration plots.

Subgroups:ageand sex




Author & year, Country
Design

Funding source

Source of data and participant
eligibility

Participant characteristics
Baseline predictedrisk
Length of follow-up

Screeningtool(s)

Included predictors & ascertainment

Risk prediction & handling of missing data
Analysis for calibration using a direct modeling
approach, with missing data treated using 10
multipleimputationdatasets generated by
predictive meanmatching.

Outcomes predicted &
ascertainment

Consideration of competing risk

Calibration outcomes &
analyses

Ettinger 2012 [11], USA
Prospective cohort
Funding: NR

Related studies: none

Osteoporotic Fracturein Men (MrOS)
study: 5994 community dwellingmen
265 years recruited between March
2000 andApril 2002 at6 clinical
centres in Birmingham, Alabama;
Minneapolis, Minnesota; PaloAlto,
California;the Monongahela Valley
near Pittsburgh, Pennsylvania;
Portland, Oregon; and San Diego,
California

Exclusion: 101 men who used
bisphosphonates in the 30 days prior
to thebaselinevisit

Analyzed sample: n =5893 (98.3% of
eligible); 0% F; mean (SD) 73.6 (5.9)
years; no use of bisphosphonates at
baseline (exclusioncriteria), 7.1%
duringfollow-up (were censored);
other anti-osteoporosisdrugs NR

Baseline 10-y risk: 6.0% MOF, 2.4%hip
inthe middle quintile

Follow-up: mean 8.4 years

Fractureriskcalculator (FRC) £+ BMD

Predictors:atbaseline, participants completed a
guestionnaireincluding age, sex, BMI,
race/ethnicity, history of fracture after 45 years
(excluding from a motor vehicle accident or fall
from greater than standing height), parental
history of hipfracture, smoking, alcohol
consumption, rheumatoid arthritis; data onuse
of corticosteroids, medications for secondary
osteoporosis (insulin or history of
hypothyroidism) in past 30 days obtained from
the lowa Drug InformationService; BMD at
femoral neckmeasured viaDXAand T-and Z-
scores calculated usingNHANES 111 reference
data.

Prediction: data were complete for all predictors
for 72.9% of men. Missing data weresetto null
(with sensitivity analysis removing these men
alsoconducted). Those who started
bisphosphonates during follow-up were censored
atinitiation of treatment.

MOF (hip, wrist, shoulder,
clinical spine), hip fractures:
Self-reported on a questionnaire
every 4 months (>99% res ponse)
with confirmation by radiology
reports or radiographic images.
Fractures caused by excessive
trauma were excluded.

Competingrisk: not considered;
appearsthatparticipant
observations werecensoredat
death

Expected and observed
fracture probability for the
middle quintile, observed
fractures, calibration plot.

Subgroups: dataavailable
by quintile of predicted risk

Ettinger 2013 [12], USA
Prospective cohort
Funding: government

Related studies: Gourlay
2017 [13], Orwoll 2017
[14], Harvey 2018[15],
Langsetmo 2018 [16],
Buehring 2018[17]

Osteoporotic Fracturein Men (MrOS)
study: 5994 community dwellingmen
>65 years recruited between March
2000 andApril 2002 at6 clinical
centres in Birmingham, Alabama;
Minneapolis, Minnesota; Palo Alto,
California; the Monongahela Valley
near Pittsburgh, Pennsylvania;
Portland, Oregon; and San Diego,
California

Analyzed sample: n=5891 (98.3% of
original sample); 0% F; mean (SD) 73.6
(5.9) years; no use of bisphosphonates
atbaseline(exclusioncriteria), 7.1%
duringfollow-up (were censored);
other anti-osteoporosisdrugs NR

Baseline 10-y risk (mean (SD)):
FRAX+BMD 7.6 (4.3)% MOF, 2.3 (3.1)%
hip; FRAX (no BMD) 8.9 (4.6)% MOF,
3.5(3.6)%hip

FRAX-US (3.3) £BMD

Predictors: atbaseline, participants completed a
guestionnaireincluding age, sex, ethnicity,
history of fractures after age 50, rheumatoid
arthritis, parental hip fracture, smoking, alcohol
consumption; heightand weight were measured;
prescriptionandnon-prescription medicationin
the past30 dayswereidentified usingan
electronic medications inventory database; BMD
of total hip and subregions measured via DXA

MOF (hip, clinical spine,
forearm, shoulder), hip
fractures: self-reported on a
guestionnaire every 4 months
(>99% response) with
confirmation by radiology
reports or radiographic images.
All fractures wereincluded
regardless of the degree of
trauma.

Expected and observed
fracture probability,
observed fractures, O:E
ratio, calibration plot

Subgroups: data available
by quintile of baseline risk

Gourlay 2017 direcatly
compares FRAX to Garvan
and QFracture. Other




Author & year, Country
Design

Funding source

Source of data and participant
eligibility

Exclusion: 101 men who used
bisphosphonates in the 30 days prior
to thebaseline visit

Participant characteristics
Baseline predictedrisk
Length of follow-up

Follow-up: mean (SD) 8.4(2.3) years

Screeningtool(s)
Included predictors & ascertainment
Risk prediction & handling of missing data

and T-and Z-scores calculated using NHANES |11
referencedata.

Prediction: Calculated atthe World Health
Organization Collaborating Centre for Metabolic
Bone Disease using onlinealgorithmversion 3.3;
inputvalues forsecondaryosteoporosis were set
to null dueto lack of informationon conditions
associated with boneloss. 23.9% were missing
parental hip fractureinformation, 4.1%on
corticosteroid use andsecondary osteoporosis.

Outcomes predicted &
ascertainment

Consideration of competing risk

Competing risk: Kaplan-Meier
product-limit method was used
to calculate 10-year cumulative
incidence probabilitiesin the
presence of competing risk of
mortality. Note, observations
censored atthestart of
bisphosphonate use.

Calibration outcomes &
analyses

related studies do not
provide any additional data
of interest.

Fraser 2011 [18], Canada
Prospective cohort

Funding: government,
foundation, industry

Related studies: Leslie
20113a[19]

Canadian Multicentre Osteoporosis
Study: peoplelivingwithina 50-km
radius of nine Canadian citiesand
aged 250 yearsatstudy entry
randomly selected from a list of
residential phone numbers. 43%
agreed to participateand had a
baselineinterview.

Exclusion: participants without
follow-up data, who did notagreeto
participate, Indigenous peoples
residinginnorthern regions of the
country

Analyzed sample: n=6697 (100% of
thosewho agreed to participate);
71.3%F; mean (SD) 65.7 (8.9) years;
menopausal status NR; use of anti-
osteoporosis medications NR

Predicted 10-yrisk (mean (SD)) in
women: FRAX+BMD 10.8(7.8)% MOF,
2.7 (4.8)% hip; FRAX (no BMD) 10.6
(7.1)% MOF, 2.9 (4.2)% hip

Predicted 10-y risk (mean (SD)) in
men: FRAX+BMD 5.4 (3.2)% MOF, 1.3
(2.0)% hip; FRAX (no BMD) 5.4 (2.7)%
MOF, 1.4 (1.8)%hip

Follow-up: 10 years

FRAX-Canada+BMD

Predictors: at baseline, height and weight were
measured. Abaseline questionnaire was used to
collectself-reported age, history of osteoporotic
fractures sinceage 50. Rheumatoid arthritiswas
self-reported with treatment ascertained using
drug codes for methotrexate,
hydroxychloroquine or corticosteroids.
Corticosteroid use ascertained using drugcodes
for oral or IV glucocorticoids. History of parental
hip fractureself-reported for those with 5-year
data, or history of any parental osteoporotic
fracture used from baseline questionnairein
thosewithout5-yeardata. BMD measured atthe
lumbarspineandfemoral neckvia DXA,andT-
scores calculated usingNHANES 111 reference
data.

Prediction: the WHO Coordinating Centre used
the Canadian FRAX tool calibrated usingnational
hip fracture and mortality data along with the
FRAX predictorvariables from CaMos to calculate
10-year fracture probability. Unclear howmany
participants may have had missing data or how
this was handled.

MOF (hip, humerus,
forearm/wrist, clinical spine),
hip fractures: self-reported on a
yearly postal questionnaireand
structured interview, with
consentto contactthetreating
physicianof hospital for
verification.

Competingrisk: Survival
methods were used to control
forincomplete follow-up
(18.7%). 10-y estimates of
observed fractures derived using
Kaplan-Meier method with
incomplete observations
censored and death treated asa
competingrisk.

Observed and expected
fracture probability,
calibrationplot, calibration
slope

Subgroups: dataavailable
by sex and by quintile of
baselinerisk

Leslie2011a provides data
for thewhole population
(notstratified by sex) and
by category of baseline risk
(high, moderate, low)




Author & year, Country
Design

Funding source

Goldshtein2018[20],
Israel

Retrospective cohort
Funding: none

Related studies: none

Source of data and participant
eligibility

Maccabi Healthcare Services:
141,320female membersofa
government-fundedhealth
maintenance organization (MHS)
aged 50-90 yearsin 2004 who had at
least 3 years of priormembership.
BMDis included inthe membership
packagefor those 260 years, those
>50 years with prior fragility fracture,
familyhistory of osteoporosis, BMI
<19, use of bisphosphonates or
SERMS, or use of glucocorticoids >3
months.

Exclusion: missing dataon heightand
weight (5%) required forthe FRAX
calculator

Participant characteristics

Baseline predictedrisk

Length of follow-up

Analyzed sample: n=141,320(100%
of eligible); 100% F; median (IQR) 58
(54-67) years; menopausal status NR;
19% were prescribed any anti-
osteoporosis drugs before theindex
date, 20% were ever treated for >3
years (both pre- and post-index date)

Predicted 10-y risk (mean): FRAX-BMD
7.0% MOF, 1.8% hip; FRAX (no BMD)
6.9% MOF, 2.2% hip

Follow-up: 10 years

Screeningtool(s)
Included predictors & ascertainment
Risk prediction & handling of missing data

FRAX-Israel +BMD

Predictors: electronic record data were used to
collectvariables atthe lastdata pointavailable
onthe index data, exceptforsmokingand BMI,
for which missing baseline data werereplaced by
the lastavailable status up to theend of baseline
data collection. Collected age, sex, BMI, previous
fracture (defined as MOF), familyhistoryof hip
fracture (used history of osteoporosis as a proxy),
prolonged exposure to glucocorticoids
(dispensations of medication), rheumatoid
arthritis, secondary osteoporosis, and high
alcohol consumption defined by diagnostic
codes.BMD atthefemoral neck extracted from
data maintained by 7 medical centresand
converted to T-scores using NHANES |1 reference
standards.

Prediction: used downloadable papercharts
fromthe FRAX website. For patients with missing
data on smoking status (1.5%) the default value
was used.

Outcomes predicted &
ascertainment

Consideration of competing risk

MOF (femoral neck, clinical
spine, forearm, proximal
humerus), hip (femoral neck)
fracture: ascertained using
clinical diagnosis and procedure
codes; fracturethatoccurred6
months follow-upa motor
vehicleaccidentandall events
including multiple fracture
diagnosis codes with thesame
datewere considered more likely
to betrauma-related and
excluded fromanalysis.

Competingrisk: not considered;
participants who diedduring
follow-up were censored at
death.

Calibration outcomes &
analyses

Expected and observed

fracture probability,
observed fractures,
calibrationplot, Hosmer-
Lemeshow test

Subgroups: dataavailable
by agecategory (>and<
70 vyears), treatment
status, presence of
diabetes, and by decile of
baselinerisk

Gourlay 2017[13], USA
Prospective cohort

Funding: government,
academic

Related studies: none
(seeEttinger 2013[12]
for FRAX outcomes)

Osteoporotic Fracturein Men (MrOS)
study: 5994 community dwellingmen
265 years recruited between March
2000 andApril 2002 at6 clinical
centres in Birmingham, Alabama;
Minneapolis, Minnesota; PaloAlto,
California;the Monongahela Valley
near Pittsburgh, Pennsylvania;
Portland, Oregon; and San Diego,
California

Exclusion: history of hip or clinical
vertebral fracture, pastor current
antifracture treatment
(bisphosphonate, calcitonin,

Analyzed sample: n =4808-5200(80.2-
86.8% of total sample, depending on
outcome); 0% F; mean (SD) 73.4 (5.8)
years among men with BMD data; no
use of anti-osteoporosisdrugs at
baseline (exclusioncriteria), <1%
duringfollow-up

Baseline 10-y risk: NR

Follow-up: mean 15.8 years

GarvantBMD
QFracture (no BMD)

Predictors: predictors used and method of
ascertainment NR, assumed to beself-reported
andincludedage, height, weight (BMI), race,
previous fracture after age 50 years, smoking,
alcohol use, historyof parental hip fracture,
rheumatoid arthritis, oral glucocorticoiduse;
BMD atfemoral neckmeasured via DXAand T-
and Z-scores calculated using NHANES |11
referencedata.

Prediction: riskscores calculated using externally
generated parameter estimates provided by the

MOF (clinical spine, forearm,
hip, shoulder), hip fractures:
Self-reported on a questionnaire
every 4 months (>99% response)
with confirmation by radiology
reports or radiographic images.

Competingrisk: not fully
considered; only men with a
MOF or hip fracture developing
beforea competing risk (anti-
fracturetreatment, death,
incident osteoporosis) were
considered.

Observed fractures,
Hosmer-Lemeshow test,
calibrationplot (hip
fracturesonly)

Subgroups: dataavailable
by decile of predicted risk
for each tool (in calibration
plot) for hipfractures only




Author & year, Country
Design
Funding source

Source of data and participant
eligibility

teriparatide), osteoporosis by BMD
criteriaatbaseline

Participant characteristics
Baseline predictedrisk
Length of follow-up

Screeningtool(s)

Included predictors & ascertainment

Risk prediction & handling of missing data
respective algorithms. 54% missing data for
rheumatoid arthritis, 29% for parental history of
hip fracture, 21% for glucocorticoid use. Handling
of missingdata NR.

*data alsoavailable for FRAX-US, but thisis not
the main FRAX study for analysisinthis cohort;
seeEttinger 2013

Outcomes predicted &
ascertainment

Consideration of competing risk

Calibration outcomes &
analyses

Holloway2018[21],
Australia

Prospective cohort

Funding: government,
foundation

Related studies: none

Geelong Osteoporosis Study: 769
men 40-90 years randomly selected
from Commonwealth electoral rolls in
the Barwon Statistical Division
(capturesalmostalladultsin the
region), south-eastern Australia,
between 2001 and 2006.

Exclusion: bone densitometry
performed by Lunar DPX-L (does not
allow calculation of trabecular bone
score), missing femoral neckor
lumbarspine BMD, missing one or
more FRAX variable

Analyzed sample: n =591 (76.9% of
eligible); 0% F; 70 (60-79) years; 1.4%
taking anti-osteoporosis drugs at
baseline, NR during follow-up.

Predicted 10-y risk (median (IQR)): 3.7
(2.1-5.9)% MOF, 1.2 (0.3-2.4)% hip

Follow-up: median(IQR) 9.5 (7.5-11.4)
years

FRAX-Aus + BMD

Predictors:at baseline, height and weight were
measured. Participants self-reportedage, sex,
previous fractures, current smoking, alcohol
consumption, oralglucocorticoid use,
rheumatoid arthritis, secondary osteoporosis
(insulin-treated diabetes, osteogenesis
imperfect, untreated longstanding
hyperthyroidism, malabsorption, chronicliver
disease, chronic malnutrition [BMI1<18.5
km/m?]), use of anti-osteoporosis medication;
BMD atthe femoral neckandlumbarspinevia
DXA.

Prediction: data were entered into the FRAX
onlinetool. Participants with missing FRAX data
were excluded atbaseline.

MOF (clinical spine, hip, wrist,
proximal humerus), hip
fractures: identified by
examining radiological records
fromallimaging centres across
the study region

Competingrisk: not considered;
endpoint considered to befirst
MOF, death, or end of study
follow-up

Expected fracture
probability, observed
fractures

Subgroups: data available
for high (>20% MOF, 3%
hip) vs. (<20% MOF, 3%
hip) low baseline risk

Iki 2015[22], Japan
Prospective cohort

Funding: government,
academic

Related studies: none

FORMEN cohort: ancilliary study
including a subset of 2012 men who
completed the Fujiwara-kyocohort
study, which enrolled 4427 men 265
years in2007 fromfourcitiesin Nara
Prefecture. Men werelivingathome,
ableto walk without assistance from
another person,and ableto provide
self-reported information and provide
consent.

Analyzed sample: n =1805 (89.7% of
enrolled); 0% F; mean (SD) 73.0(5.1)
years; anti-osteoporosis drugs at
baselineNR, 17 (0.9%) during follow-
up (bisphosphonates for 26 months or
activated vitamin D or other drugs for
>2 years)

Predicted 10-yrisk (mean (SD)): 5.9
(1.4)% MOF

Follow-up: median4.5 years

FRAX-Japan(3.8)+BMD

Predictors:at baseline, in-person interviews
using a structured questionnaire were used to
collectage, historyof disease (rheumatoid
arthritis, conditions associated with
osteoporosis) and medications related to disease
(e.g., glucocorticoids), smoking, drinking, diet,
prior fragility fracture, maternal hip fracture at
>50 years (substituted for parental history).
Heightand weight were measured; BMD atthe
spine, hip,andfemoral neckwere measured via

10-y MOF (femoral neck, spine,
distal forearm, or proximal
humerus): Self-reported in
follow-up interviews with trained
nurses, or in telephone or mail
surveys;onlyincludedfractures
thatoccurred without a strong
external force

Competingrisk: not considered,
appearsthatthosewho died
duringfollow-upor werelost for

Expected fracture
probability, observed and
expected fractures

Subgroups: dataavailable
by tertile of baselinerisk




Author & year, Country
Design

Funding source

Source of data and participant
eligibility

Exclusion: missing information
required for FRAX calculation

Participant characteristics
Baseline predictedrisk
Length of follow-up

Screeningtool(s)
Included predictors & ascertainment
Risk prediction & handling of missing data

DXAand T-scores calculated according to
Japanesereferencedata.

Prediction: appear to have used online
calculator. Participants with missing data were
excluded.

Outcomes predicted &
ascertainment

Consideration of competing risk

other reasons (10.3%), were
excluded.

Calibration outcomes &
analyses

Langsetmo 2011 [23],
Canada

Prospective cohort

Funding: government,
foundation, industry

Related studies: none

Canadian Multicentre Osteoporosis
Study: 9424 peopleliving withina 50-
kmradius of nine Canadian cities and
aged 55-95 years atstudyentry
randomly selected from a list of
residential phone numbers.

Exclusion: missing data, <1 year of
follow-up data

Analyzed sample: n=5758 (61.1% of
eligible); 72.1%F; mean (SD) 67.7 (7.6)
years; menopausal status NR; 21.5%
used anti-osteoporosis drugs at
baseline, NR during follow-up

Predicted 10-y risk (mean (SD)) in
women: 18.33(14.04)% low trauma,
5.63(10.31)% hip

Predicted 10-yrisk (mean (SD)) in
men: 11.75(12.74)% low trauma, 2.66
(6.16)% hip

Follow-up: mean 8.5 years

Garvan(with BMD)

Predictors: at baseline participants completed a
guestionnaireto self-reportage, presence of
prior fractures after age 50 years, fallsin the past
year (fallsin past month used as a proxy)

Prediction: NR, used the Dubbonomogram
previouslyderived viamodel selection. Unclear
how many participants had missing data orhow
this was handled.

Low trauma fractures, hip
fractures: self-reported on yearly
follow-up questionnaires or in-
person.Included fractures
withouttraumaor caused by a
fall fromstandingheightor less,
excluding skull, face, hands,
ankles, feet.

Competingrisk: not considered;
participants werecensoredat
death or loss to follow-up,and
Kaplan-Meier methods used to
accountfor varying lengths of
follow-up, but consideration of
death as a competing hazard NR

Observed and expected
fracture probability,
observed fractures,
calibrationplot

Subgroups: data available
by sex and by quintile of
baselinerisk

Leslie2016[24], Canada
Retrospective cohort
Funding: none

Related studies: Leslie

2009 [25], Leslie 2010b
[26]

Manitoba Bone Density Program:
34,060 women and men 250 yearsat
baseline with BMD recorded in the
Manitoba Bone Mineral Density
Database (whichrecords all BMD
testing conducted in the province of
Manitoba) fromJanuary 1,1996
onward. Criteria forscreening were
women 265 years without riskfactors,
and men or women <65 years with
risk factors.

Exclusion: BMD measured priorto
January 1, 1996, receivinganti-
osteoporosis therapy, <5 years of
observationtime

Analyzed sample: n=34,060 (NR% of
eligible); 91%F; mean(SD)66.6(9.8)
years; menopausal status NR; no use of
anti-osteoporosis drugs atbaseline
(exclusion criteria); NR duringfollow-

up

Predicted 10-yrisk (mean (SD)): 44 3%
low risk (<10%), 37.9% moderate risk
(10-20%), 17.8% highrisk (>20%)

Follow-up: mean 9.8 years

CAROC

Predictors:age, sex, femoralneck BMD, prior
fragilityfracture, andsystemicglucocorticoid use
(3-month cumulative therapyinpastyearata
prednisone-equivalentdose of >7.5 mg/day)
assessed througha combination of hospital
discharge abstracts, diagnoses, and procedures
(ICD-9-CM or I1CD-10-CAcodes), physicianbilling
claims (1CD-9-CM) andinformation collected
directly from participants at the time of DXA
scanning. BMD of lumbar spine and femoral
assessed by DXAand total hip T-scores calculated
from NHANES |11 white female reference values.

MOF (hip, clinical vertebral,
forearm, humerus): health
records assess forthe presence
ofincidence of relevant non-
traumaticfracture codes. Hip
and forearm fractures need to be
associated with site-s pecific
fracturereduction, fixation, or
castingcodes.

Competingrisk: For each
category of risk, the observed
incidence of mortality was
compared, adjusting for the
competing risk of mortality

Expected and observed
fracture probability,
observed fractures

Subgroups: dataavailable
by category (low,
moderate, high) of
baselinerisk.

Leslie2009and2010b
provide datafor similar
overlapping cohorts, but
with shorter follow-up. The
Leslie 2010b cohort
includes thoseon anti-
osteoporosis treatment.




Author & year, Country
Design

Funding source

Source of data and participant
eligibility

Participant characteristics
Baseline predictedrisk
Length of follow-up

Screeningtool(s)
Included predictors & ascertainment
Risk prediction & handling of missing data

Prediction: calculation NR; unclear how many
participants had missing data and howthis was
handled

*data alsoavailable for FRAX-Canada, butthisis
notthe main FRAX study for analysisin this
cohort

Outcomes predicted &
ascertainment

Consideration of competing risk

Calibration outcomes &
analyses

Leslie2017b [27], Canada
Retrospective cohort
Funding: NR

Related studies: Leslie
2010a[28], Leslie2011b
[29], Leslie2012a[3],
Leslie2012b [31], Leslie
2013 [32], Leslie2014
[33],Brennan2014 [34],
Majumdar2016[35],
Martineau2017 [36],
Leslie2017a[37], Leslie
2018 [38], Bolton 2017
[39],Lix2018[40],Yang
2019 [41],Crandall2019a
[42]

Manitoba Bone Density Program:
62,275 women and 6,455 men >50
years atbaseline with BMD recorded
in the Manitoba Bone Mineral Density
Database (whichrecordsall BMD
testing conducted in the province of
Manitoba) fromJanuary 1,1996to
2013.Criteriaforscreening were
women 265 years without riskfactors,
and men or women <65 years with
risk factors.

Exclusion: incomplete FRAX data

Analyzed sample: 68,730 (100% of
eligible with complete data); 90.6%F;
mean(SD) 64.1 (11.1)years for females
and 66.0(12.2) years formales;
menopausal status NR; use of anti-
osteoporosis drugs NR

Predicted 5-y risk: NR (but outcome
data available)

Predicted 10-yriskin women (mean
(SD)): FRAX+BMD 10.9 (8.0)% MOF, 2.6
(4.5)% hip; FRAX (no BMD) 11.8(9.0)%
MOF, 3.4 (5.3)% hip

Predicted 10-y riskin men (mean
(SD)): FRAX+BMD 8.2 (5.2)% MOF, 3.6
(3.6)% hip; FRAX (no BMD) 11.88.0
(5.0)% MOF, 2.8 (3.8)% hip

Follow-up: mean 7.1 (4.2) years.
Estimated fracture probabilities at 5-
and 10-years using simplelinear
rescaling

FRAX-Canada(3.7) + BMD

Predictors: height and weight were self-reported
pre-2000, measured thereafter (BMI); linkage to
hospital discharge abstracts and billingclaims
used to assess priorfracture (non-traumatic),
prolonged oral corticosteroid used (>90days
dispensedin the pastyear), parental hip
fractures (self-report from 2005-onward and by
linkage to hospitalization recordsinearlier
years), current smoking (self-reportfrom 2005
onwards and usingchronic obstructive
pulmonary disease codesinearlier years),
alcohol use (self-reported from 2012 onwards
and usingalcohol substance abuse codes in
earlier years), secondary osteoporosis via records
(hyperthyroidism, chronic malnutrition, chronic
liver disease, inflammatorybowel disease,
Parkinson’s disease, cerebrovascular disease,
multiple sclerosis, ankylosing spondylitis, organ
transplant)

Prediction: used online FRAX calculator; included
participants with complete data

MOF (humeraus, hip, clinical
vertebral, forearm), hip
fractures: extracted relevant
ICD-9-CM or ICD-10-CA codes
and physicianbilling claims for
fractures not associated with
codes indicative of severe
trauma. For hip and forearm
fractures, site-specificfracture
reduction, fixation, or casting
codewas required.

Competing mortality: the
cumulativeincidence function
for MOF and hipfracturewas
constructed following a
competing mortality framework

Observed and expected
fracture probability,
observed fractures, O:E

Subgroups: data available
by sex

Crandall 2019aisthemain
study for analysisin
women (alsoprovides data
in 10-yearage groups from
40-80+vyears). Leslie 2010a
provides calibration plots.
Majumdar 2016 provides
data for thosewith and
without diabetes.
Remaining studies offer
limited additional
information.

Li 2015 [43],Canada
Prospective cohort

Funding: academic,
industry

GLOW cohort: 4000 Canadian
(Hamilton, Ontario) women 255 years
enrolled between May 2008and
March 2009 from an international
cohortbringing together data from 17
sites in10 countries. Participants
were stratified such that

Analyzed sample: n=3985 (99.6% of
eligible); 100% F; mean (SD) 69.4 (8.9)
years; menopausal status NR; use of
anti-osteoporosis drugs NR

Baseline 10-y risk: mean (SD) 16 (99)%
MOF

FRAX-Canada without BMD

Predictors: at baseline, a mailed questionnaire or
telephoneinterview was usedto collectdataon
age, sex, weight, height, history of fragility
fracture, parental hipfracture, smoking, alcohol

MOF (spine, upper arm or
shoulder, wrist, hip): self-
reported on a mailed annual
guestionnaire or telephone
interviewinthe case of non-
response

Expected fracture
probability, observed
fractures

Subgroups: data available
by category of predicted
risk (low, moderate, high)
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Author & year, Country
Design

Funding source

Related studies: none

Source of data and participant
eligibility

approximatelytwo-thirds were 265
years

Exclusion: cognitive impairment,
language barrier, institutionalized, too
ill to completethesurvey

Participant characteristics
Baseline predictedrisk
Length of follow-up

Follow-up: mean 3.01years

Screeningtool(s)
Included predictors & ascertainment
Risk prediction & handling of missing data

intake, oral glucocorticoids, rheumatoid arthritis,
secondary osteoporosis

Prediction: NR, likely used online algorithm. Used
the multipleimputationapproach to impute
missing data if the percentage was morethan
10%. When less than 10% of data on a variable
were missing, the medianor mean of that
variable was used for imputation.

Outcomes predicted &
ascertainment
Consideration of competing risk

Competingrisk: not considered.

Appears that participant
observations werecensoredat
death.

Calibration outcomes &
analyses

Lo 2011 [44], USA
Retrospective cohort
Funding: academic
Related studies: none

*samepopulationas
Pressman2011 [45

Kaiser Permanente Northern
California: 116,962 women 50-85
years who underwenta hip BMD scan
during 1997-2003 who were
members of a largeintegrated
healthcare deliverysystemin
Northern California serving >3 million
members

Exclusion: <1 year of continuous (<90-
day gap) membershippriorand
following the DXAscan, DXAnot
electronically accessible, missing
race/ethnicity, women who hadfilled
a bisphosphonate prescription in the
year prior to DXA; excluded during
follow-up after the 4t"
bisphosphonate prescription

Analyzed sample: n=94,489(80.8% of
availablecohort; 100% F; 41.4% 50-59
years, 34.8%60-69years, 20.2% 70-79
years, 3.6% 80+years; menopausal
status NR; 42% taking HRT at baseline
(other anti-osteoporosis medications
NR and bisphosphonates excluded), NR
duringfollow-up

Baseline 10-y risk: NR —participants
categorized and predicted risk
compared to observed risk

Follow-up: mean (IQR) 6.6(3.6-8.3)
years

Fracture Risk Calculator (FRC; withBMD)

Predictors: age, race/ethnicity, and body mass
index (BMI) were determined attheindex BMD
scan date. Used ambulatory care, hospitalization,
and pharmacydatabases to obtain glucocorticoid
use (21825 mg of cumulative prednisone dose
equivalentin the prioryear), rheumatoid
arthritis,andsecondarycauses of boneloss
(diabetes mellitus with insulin use,
malabsorption syndrome, chronicliver disease,
osteogenesisimperfecta). Prior history of
fractureafter age 45 years based on
hospitalization and outpatient diagnoses of
fracture (ICD codes). Femoral neckBMD
measured via DXAand calculated Z-scores using
NHANES |1l reference ranges.

Prediction: Entered dataintothe Foundationfor
Osteoporosis Research and Education FRC
website. Information on alcohol consumption
and parental history of hip fracture unavailable
and smokingstatus not uniformlyavailable.
Missinginputvalues assumed to be null. Those
with missing BMI were assigned the median
valueinthecohort.

Hip fracture: extracted from
patientrecords using relevant
ICD-9 codes, excluding open
fractures and those associated
with majortrauma.

Competingrisk: not considered;
used Kaplan-Meier product-limit
estimatesto calculate observed
fracture probability with
participants censored at death,
loss to follow-up, or 4t
bisphosphonate prescription

Observed fractures, O:E
ratio, calibration plot

Subgroups: data available

by category of baseline risk

(low, moderate, high)

Marques 2017 [46],
Portugal

Combined 3 population-based
cohorts (n=5049):

Analyzed sample: n=2626 (52.0% of
eligible); 73%F; mean (SD) 58.2(10.2)
years; menopausal status NR; use of

FRAX-Portugal £ BMD

MOF (hip, wrist, shoulder,
clinical spine), hip fracture: self-
reported, with confirmation by

Expected fracture
probability, observed and
expected fractures,
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Author & year, Country
Design

Funding source

Prospective cohort

Funding: academic,
industry

Related studies: none

Source of data and participant
eligibility

SAOL cohort: 1745 people >18 years
were randomly selected from the
Santo Antdénio dos Olivais country
electoral register between March
1998 and April 2000

IPR cohort: 819 people >40 years who
were referred for a DXAscan
performed between December 1999
andJuly 2001 at Instituto Portugués
de Reumatologia, Lisbon.

EPIPorto cohort:2485 people>18
years randomly selected from 1999 to
2003. FRAX was completed atthe
second follow-up (2005-2006)and
considered to be baseline.

Exclusion: incomplete FRAX data

Participant characteristics
Baseline predictedrisk
Length of follow-up

anti-osteoporosis drugs at baseline NR;
7.6%duringfollow-up

Predicted 10-y risk (median (IQRY)):
FRAX-BMD 3.4 (1.8-6.9)% MOF, 0.7
(0.2-2.5)% hip; FRAX (no BMD) 2.9(1.7-
5.8)% MOF, 0.5 (0.2-1.6)% hip

Follow-up: mean (SD)9.12 (1.5) years

Screeningtool(s)
Included predictors & ascertainment
Risk prediction & handling of missing data

Predictors:at baseline, participants completed
guestionnairesincluding age, BMI, previous
fracture, parental hipfracture, current smoking,
oral glucocorticoids, rheumatoid arthritis,
secondary osteoporosis, alcohol use; BMD was
measured via DXAatthefemoral neckand
lumbarspine, with hip T-scores calculated
accordingto NHANES |1l reference data. All
variables were defined exactly as prescribed by
FRAX.

Prediction: appearto have used theonline
calculator. Participants with missing FRAX data
were excluded atbaseline.

Outcomes predicted &
ascertainment

Consideration of competing risk

clinical filereviewin the SAOL
cohortonly. For thosewho died
duringfollow-up, fracture data
were collected from family
members.

Competingrisk: not considered.
Participants who died during
follow-up wereincluded in the
analysis.

Calibration outcomes &
analyses

Subgroups: data available
by age category (<60, 60-
75,>75years)andsex

Melton 2012 [47], USA
Prospective cohort
Funding: academic

Related studies: none

Rochester Epidemiology Project:503
women and men recruited froman
age-stratified sample of Rochester,
Minnesota women 240vyears at
baselinethatwas selected usingthe
medical records linkage system of the
Rochester Epidemiology Project for
patientsseenin1980 +1 year (almost
all of populationis seen withina 3-y
period).

Exclusion: NR

Analyzed sample: n =499 (99.2% of
eligible); 50% F; mean ageNR, range
40-93 years; menopausal status NR;
treatment with anti-osteoporosis drugs
NR

Baseline 10-y risk (median (range): 7
(0-45)% MOF; hip fracture NR

Follow-up: 74% followed for atleast 10
years

FRAX-US (3.1) + BMD

Predictors: participants were interviewed to
collect personal history of fracture after 35 years,
rheumatoid arthritis, oral glucocorticoid use,
currentsmoking, heavy alcohol use (>2
drinks/day), parental historyof hipfracture.
Community medical records were used to
confirm priorfractures and collectinformation
on conditions predisposing to fallsor secondary
osteoporosis. Femoral neck BMD was measured
via DXAand T-score calculated from national
reference data forwomen.

Prediction: calculated by the World Health
Organization Collaborating Centre for Metabolic
Bone Diseases using FRAX 3.1 models.

MOF (hip, clinical spine, distal
forearm, proximal humerus), hip
fractures: self-reported in
periodicinterviews and
confirmed with medical record
review. Original x-rays were not
available for review so diagnosis
of vertebral fracture was
accepted basedon a radiologist's
report. Categorized incidentally
noted vertebral fractures
separately fromthosereported
as symptomatic.

Competing risk: Computations
for observed probability based
on the method of Berry, which
accounts for both incomplete
follow-up and the competing risk
of death (O:Eratio)

Expected fracture
probability, expected and
observed fractures, O:E
ratio

Subgroups: data available
by sex and by quartile of
predicted risk
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Author & year, Country
Design

Funding source

Pluskiewicz 2015 [48],
Poland

Prospective cohort
Funding: NR

Related studies: none

Source of data and participant
eligibility

RAC-OST-POL study cohort: 625
postmenopausalwomen randomly
selected from the Racibdrz district,
and 353 women invited by postin
May 2010 foranepidemiological
study on osteoporosis.

Exclusion: changed address or phone
number during follow-up, refused to
cooperate, died

Participant characteristics
Baseline predictedrisk
Length of follow-up

Analyzed sample: n=770(78.7% of
eligible); 100% F; mean (SD) 65.6 (7.3)
years;all postmenopausal; use of anti-
osteoporosis drugs NR

Predicted 10-y risk (mean (SD)):
FRAX+BMD 5.7 (3.8)% non-traumatic
fractures, 1.4(2.3)% hipfractures;
FRAX (no BMD) 7.0 (5.1)%
nontraumaticfractures, 2.0(2.4)% hip
fractures; Garvan+tBMD 17.6 (12.6)%
nontraumaticfractures, 5.0 (8.7)% hip
fractures

Follow-up: 4 years

Screeningtool(s)
Included predictors & ascertainment

Risk prediction & handling of missing data

FRAX-Poland(3.9)+BMD
Garvan+BMD

Predictors: ascertainment unclear, assumed to

be self-reported. At baseline, collected

informationon priorfracture, hipfracturein
parents, smoking, rheumatoid arthritis, steroid or
anticonvulsant use, alcohol intake, diabetes,
thyroid disease, earlymenopause (before 45
years) malabsorption, renal or liver failure. The
authorsdo notreporthowthesewereusedin

the tools.

Prediction: appearto have used online

nomograms; unclearhow many participants had
missing data nor how missing data were handled

Outcomes predicted &
ascertainment

Consideration of competing risk

All fractures of nontraumatic
origin, hip fractures of
nontraumaticorigin: self-
reported atyearly follow-upand
confirmed by a doctor.

Competingrisk: not considered;
participants who diedduring
follow-up (3.1%) or werelost for
other reasons were excluded

Calibration outcomes &
analyses

Expected fracture
probability, observed
fractures

Subgroups: data available
by baseline high (>10%)
andlow (£10%) FRAX
probability

Premaor 2013 [49], USA
Prospective cohort
Funding: government
Related studies: Hillier

2011 [50], Kalvesten 2016
[51]

Study of Osteoporotic Fractures
(SOF): 8098 community-based
ambulatory women recruited
between September 1986 and
October 1988 from population-based
listings atfourclinical centresin
Portland, Oregon; Minneapolis,
Minnesota; Baltimore, Maryland; and
Monongahela Valley near Pittsburgh,
Pennsylvania. This analysis included
women who attended the 2-year
follow-up visit.

Exclusion: women unableto walk
without assistance, with bilateral hip
replacements, black women, missing
FRAX variables

Analyzed sample: n=6049 (74.7% of
eligible); 100% F; mean (SD) 72.2 (5.3)
years; menopausal status NR; use of
anti-osteoporosis drugs NR

Baseline 10-y risk: FRAX+BMD 18.2%
MOF, 7.1% hip in obese, 23.3% MOF,
10.9% hip innon-obese; FRAX (no
BMD) 17.6% MOF,5.8% hip inobese,
23.6% MOF, 11.4% hip in non-obese

Follow-up: mean (SD)9.03 (2.22)years

FRAX-US (3.0) £ BMD

Predictors:atsecond (baseline) visit, participants
completed a self-administered questionnaire
including age, smoking habits, alcohol, family
history of fractures, personal history of fractures
after 50 years, medical conditions such as

diabetes mellitus, rheumatoid arthritis,

glucocorticoid use; weightand height (BMI) were
measured; BMD of proximal femur (total hip and

subregions) measured via DXA.

Prediction: used the FRAX algorithm for

Caucasian women. Excluded any participants

with missing FRAX data.

MOF (hip, clinical spine, wrist,
humerus), hip fractures: self-
reported on a questionnaire
every 4 months (98% response)
with confirmation by radiology
reports. Pathological fractures
(including periprosthetic) and
fractures secondary to extreme
trauma were excluded.

Competingrisk: not considered.
Appears that participant
observations werecensoredat
death.

Expected fracture
probability, observed and
expected fractures,
Hosmer-Lemeshow test

Subgroups: data available
by quartile of predicted
risk, category of risk (low
vs. high<and 23%or 20%)

Kalvesten 2016 provides
data by decileof riskin 5-
year age categories. Hillier
2011 does not provide
additional data of interest.

Pressman2011 [45], USA
Retrospective cohort

Funding: academic

Kaiser Permanente Northern
California: 116,962 women 50-85
years who underwenta hip BMD scan
during 1997-2003 who were
members of a largeintegrated

Analyzed sample: n=94,489(80.8% of
availablecohort; 100%F; 41.4% 50-59
years, 34.8%60-69years, 20.2% 70-79
years, 3.6% 80+ years; menopausal
status NR; 42% taking HRT at baseline

FRAX-US (3.0) £ BMD

Predictors: age, race/ethnicity, and body mass
index (BMI) were determined attheindex BMD
scan date. Used health planadministrative

Hip fracture: extracted from
patientrecords using relevant
ICD-9 codes, excluding open
fractures and those associated
with majortrauma.

Expected and observed
fracture probability,
observed fractures, O:E
ratio
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Author & year, Country
Design
Funding source

Related studies: none

*samepopulationas Lo
2011 [44]

Source of data and participant
eligibility

healthcaredeliverysystemin
Northern California serving >3 million
members

Exclusion: <1 year of continuous (<90-
day gap) membership priorand
following the DXAscan, DXAnot
electronically accessible, missing
race/ethnicity, women who hadfilled
a bisphosphonate prescription in the
year prior to DXA; excluded during
follow-up after the 4th
bisphosphonate prescription

Participant characteristics

Baseline predictedrisk

Length of follow-up

(other anti-osteoporosis medications
NR and bisphosphonates excluded), NR
duringfollow-up

Baseline 10-y risk: FRAX-BMD 0.25%
for 50-59y, 0.68%for 60-69y, 2.80% for
70-79y, 4.90% for 80-85y hip; FRAX
(without BMD) 0.34% for 50-59y,
1.11%for 60-69y, 4.03% for 70-79y,
9.21%for 80-85yhip

Follow-up: mean 6.6 years

Screeningtool(s)
Included predictors & ascertainment
Risk prediction & handling of missing data

databases to obtaindata for current smoking,
use of glucocorticoids (>1825 mg prednisone
equivalentsin prioryear), rheumatoidarthritis,
secondary causes of boneloss (diabetes mellitus
with insulin use, malabsorption syndrome,
chronic liver disease), prior fracture after age 45
years. Femoral neckBMD measured via DXAand
calculated Z-scores using NHANES |11 reference
ranges.

Prediction: Risk estimates obtained from the
WHO Collaborating Centre for Metabolic Bone
Diseases viathe International Osteoporosis
Foundationwebsite. Information on alcohol
consumption and parental history of hipfracture
unavailable andsmoking status not uniformly
available. Missing input values assumed to be
null. Those with missing BMI were assigned the
median valueinthecohort.

Outcomes predicted &
ascertainment

Consideration of competing risk

Competingrisk: not considered;
used Kaplan-Meier product-limit
estimates to calculate observed
fracture probability with
participants censored at death,
loss to follow-up, or 4t
bisphosphonate prescription

Subgroups: data available

Calibration outcomes &

analyses

by age category (60-69y,
70-79y, 80+y) and by
category of baselinerisk
(low, moderate, high)

Reyes Dominguez 2017
[52], Spain

Prospective cohort
Funding: foundation

Related studies: none

400 peoplefromthe Canarylslands
who attended for densitometry and
had no osteoporoticvalues.

Exclusion: did notattend anyfollow-
up visits, started anti-osteoporosis
treatmentduring follow-up

Analyzed sample: n=121 (30.3% of
eligible); 90.5%F (in eligible sample);
mean (SD) 59.3 (6.8) years;
menopausal status NR; no use of anti-
osteoporosis drugs (exclusioncriteria)

Predicted 10-y risk: median (IQR) 15
(10;28)% MOF; 3 (1;8)% hip

Follow-up: 10 years

Garvan+BMD

Predictors:age, sex, presence of fragility
fractures beyond 50years, fallsin the past12
months appearto beself-reported (NR); BMD
measured via densitometry, site NR

Prediction: used the online Garvan calculator;
participants with less than complete follow-up
were excluded at baseline

10-y fragility fractures (not
defined), hip fractures:self-
reported during follow-up

Competingrisk: not considered;
participants who diedduring
follow-up were excluded.

Expected fracture
probability, observed
fractures

Subgroups: none

Sornay-Rendu2010 [53],
France

Prospective cohort
Funding: industry

Related studies: none

OFELY cohort: 867 randomly selected
volunteer women froma large health
insuranceregistry fromthe Rhéne
district (Lyon and its surroundings)
recruited between February 1992 and
December 1993

Exclusion: <40 yearsatinclusionin
the cohort

Analyzed sample: 867 (100%of
enrolled); 100% F; mean (SD) 58.8
(10.3) years; 680(78.4%)
postmenopausal; 127 (14.6%) took
HRT for 25 years (including during
baseline), nonetook bisphosphonates

Predicted 10-y risk (mean (SD)):
FRAX+BMD 5.9 (6.3)% MOF, 1.8 (4.3)%

FRAX £ BMD

Predictors:atbaseline, a questionnaire was used
to collect parental historyof hipfracture, prior
fragilityfracture (low trauma fractures of wrist,
humerus, vertebrae, hip after 40 years), current
tobaccosmoking, daily consumption of alcohol of
morethan 2 units, ever long-term use of oral
glucocorticoids, rheumatoid arthritis, and other

10-y MOF (clinical vertebral, hip,
shoulder, forearm), hip
fractures: self-reported at each
annual follow-up or by mail if did
notattend. All fractures
confirmed with radiographs or
surgical report. Onlyincluded
low-trauma fractures and

Expected fracture
probability, observed
fractures

Subgroups: data available
by quartile of baselinerisk,
by 5-year agegroup
between 40 and 89 years,
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Author & year, Country
Design

Funding source

Source of data and participant
eligibility

Participant characteristics

Baseline predictedrisk

Length of follow-up

hip; FRAX (no BMD) 6.6 (7.3)% MOF,
2.4(5.1)%hip

Follow-up: 10 years

Screeningtool(s)

Included predictors & ascertainment

Risk prediction & handling of missing data
secondary causes of osteoporosis. Heightand
weight were measured; BMD measured atthe
femoral neckvia DXAand T-score calculated
using NHANES IlI reference values.

Prediction: used the FRAX tool; unclear how
many participants had missing data norhow
missing data were handled

Outcomes predicted &
ascertainment
Consideration of competing risk

symptomaticvertebralfractures

thatcameto clinical attention.

Competingrisk: not considered
for cohort-level data,
participants appear to be
censored atdeath. Authors state
thatthey ‘corrected for
mortality’ by providing data by
1000 P-Yfor data by quartile of
risk.

and for those untreated at

Calibration outcomes &
analyses

baseline

Tamaki 2019 [54], Japan

Funding: government,
industry

Related studies: Tamaki
2011 [55]

4550 women wererandomlyselected
in5-year agegroups (15-79vyears)
usingresident registrations from
seven municipalities. Of these, 3985
women (87.6%) completed the
baselinesurveyin 1996.The
participants from five municipalities
were selected for the cohort study.

Exclusion: use of anti-osteoporosis
drugs atbaseline, death, missing data

Analyzed sample: n=1541 (33.9% of
eligible); 100% F; mean (SD) 58.1 (10.6)
years; menopausal status NR; 127
(8.0%) used anti-osteoporosis drugs
duringfollow-up

Predicted 10-yrisk (mean (SD)):
FRAX+BMD 6.9 (6.2%) MOF; FRAX (no
BMD) 7.1 (6.6)%

Follow-up: median10years (10years
in Myakojima, 15-16 years in the other
municipalities)

FRAX-Japan(3.8)£BMD

Predictors: at baseline, trained public health
nurses collected self-reported age, history of
fractures, disease history, prescribed
medications, smokinganddrinking habits (daily
alcohol consumptionsubstituted for>3 units per
day), mother’s history of fractures after age 50y
(substitutedfor parental history). Height and
weight were measured. BMD was measured at
the lumbarspine using DXA.

Prediction: Used the online FRAX-Japan tool.
Participants with missing data or who changed
address were excluded.

10-y MOF (clinical fracture of
hip, vertebra, disal forearm,
proximal humerus):self-
reportedin interviews with
public health nurses or on mailed
surveys during follow-up; only
included fractures that occurred
withouta strong external force

Competingrisk: not considered;
participants who diedduring
follow-up were excluded.

Expected fracture
probability, observed
fractures

Subgroups: none.

Tamaki 2011 provides data
for hip fractures and by
quartile of expected risk
(MOF and hipfracture).

Tanaka2010[56], Japan
Prospective cohort
Funding: NR

Related studies: none

Of 1453 inhabitants aged 40-79 years
in Miyamavillagelisted inthe
residentregistration in December
1988, 200 women were recruited.
This cohort was combined with200
women recruited froma listof 2261
inhabitants aged 40-79 years in Taiji
TowninlJunel1992.

Exclusion: NR

Analyzed sample: n =400 (100% of
selected from cohorts); 100% F; mean
(SD) 59.5 (11.3) years; menopausal
status NR; proportion usinganti-
osteoporosis drugs NR

Predicted 10-y risk: FRAX:9.5% MOF;
FRISC20.3% MOF

Follow-up: 10 years

FRAX-Japan+BMD
FRISC + BMD (developed within a separate
cohortinthesamestudy)

Predictors:self-reported on a self-administered
guestionnairein the Miyama cohort, and a mix of
self-reported questionnaire and interview-
administered questionnaire in the Taiji cohort.
FRAX: age, sex, weight, height, previous fracture,
parental history of hip fracture (Taiji cohort only),
current smoking status, glucocorticoid use,
rheumatoid arthritis, alcohol intake and femoral

10-y MOF (hip, surgical neck of
humerus, distal forearm, clinical
vertebral): ascertainment NR,
other thanradiographs were
used to ascertain morphometric
vertebral fracturesinthe
Miyama cohort during follow-up.

Competingrisk: not considered.
Participants werecensoredat
death.

Expected and observed
fractures, O:Eratio,
Hosmer-Lemeshow test

Subgroups: none
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Author & year, Country
Design

Funding source

Source of data and participant
eligibility

Participant characteristics
Baseline predictedrisk
Length of follow-up

Screeningtool(s)
Included predictors & ascertainment
Risk prediction & handling of missing data

neck BMD; FRISC: age, weight, lumbar BMD,
prior fracture, presence of backpain.

Prediction: entered into the online FRAX tool or
used self-developed FRISC algorithm. For the
Miyama cohort, it was assumed that participants
had no parental history of hip fracture. Unclear
how many other participants had missing data or
how these were handled. Participants who
moved or were lost to follow-up weretreated as
censored.

Outcomes predicted &
ascertainment

Consideration of competing risk

Calibration outcomes &
analyses

Tebé Cordomi 2013 [57],
Spain

Retrospective cohort
Funding: government

Related studies: none

CETIR cohort: random sample of 2086
women aged 40-90 years with a first
visitfor bone densitometry atthe
CETIR Medical CentreinBarcelonaat
the request of a general practitioner
or specialist between January 1992
and February2008.

Exclusion: did nothaveatleastone
follow-up survey or earlier report of
MOF, or did notconsent to the study

Analyzed sample: n=1231 (59.0% of
eligible); 100% F; mean (SD) 56.8 (7.8)
years; menopausal status NR; 436
(35.4%) used anti-osteoporosis drugs
duringfollow-up (78%
bisphosphonates)

Predicted 10-y risk: 4.6% MOF

Follow-up: median(IQR) 10.95(0.52)
years

FRAX-Spain + BMD

Predictors: at baselinevisit (or by telephone),
trained technicians collected self-reported age,
sex, BMI, personal and family history of MOF,
history of other comorbidities (likely to affect
bonedensity: rheumatoid arthritis,
hyperparathyroidism, diabetes mellitus, anorexia
nervosa, hyperthyroidism, secondary
osteoporosis), use of drugs with potential effects
on BMD (glucocorticoids, anticonvulsants,
diuretics), smoking status, alcohol intake in units
per day

Prediction: used FRAX-Spain; unclear how many
participants had missing data nor how missing
data werehandled

10-y MOF (forearm, proximal
humerus, clinical spine, hip):
self-reported and confirmed by
imaging studies for some butnot
all participants. Included only
fractures resulting from low-
intensity trauma.

Competingrisk: not considered;
participants who diedduring
follow-up were excluded.

Expected and observed
fractures; O:Eratio

Subgroups: data available

by decile of predicted risk;
agecategory (40-55, 55-65,
65-75, 275 years)

Trémollieres 2010 [58],
France

Prospective cohort
Funding: industry

Related studies: none

MENOS cohort: 4024 women >45
years who were consecutively
referred to the Menopause Centreat
Toulouse University Hos pital between
1988 and 1991 for a systematic
‘menopause checkup’.

Exclusion: pastor currentuse (any
time during follow-up) of anti-
osteoporosis drugs for >3 months

Analyzed sample: 956 (41.0% of
eligible); 100% F; mean (SD) 53.5 (4.2)
years; menopausal status NR; no use of
anti-osteoporosis drugs (includingHRT;
exclusioncriteria)

Predicted 10-yrisk (mean (SD)): 3.8
(2.4)%

Follow-up: mean (SD) 13.4 (1.4) years

FRAX + BMD

Predictors:at baseline, participants a computer-
assistedstandardized questionnaire was
completed anda trained research nurse
extracted Age, weight, height, BMI, reproductive
history, self-reported history of low-trauma
fractures after age 45, parental history of hip
fracture, history of medical conditions and use of
medications knownto impairbone mass,

MOF (clinical spine, hip, distal
forearm, proximal humerus):
self-reported at follow-upand
confirmed using radiographs or
medical/surgical reports.
Systematicradiographs of the
spinewerenot performedand
only minimal or no trauma
fractures and symptomatic spine
fractures were considered.

Expected fracture
probability, observed and
expected fractures

Subgroups: none
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Author & year, Country
Design
Funding source

Source of data and participant
eligibility

(with the exception of calciumor
vitaminD supplements) (n=1695),
missing femoral neckBMD
measurement (measured lumbar
spineonly pre-1989), did not attend
atfollow-up

Participant characteristics
Baseline predictedrisk
Length of follow-up

Screeningtool(s)
Included predictors & ascertainment
Risk prediction & handling of missing data

smokinganddrinking status, dietary calcium
intake, physical activity level. Height and weight
were measured. BMD was measured atthe
lumbarspine (pre-1989) or femoralneck (1989
onward) via DXA, with T-scores calculated using
the author’s personal normative data.

Prediction: calculated using the FRAX website;
unclear how many participants had missing data
nor how missing datawere handled

Outcomes predicted &
ascertainment

Consideration of competing risk

Competingrisk: not considered;
participants who diedduring
follow-up (3.1%) or werelost for
other reasons were excluded

Calibration outcomes &

analyses

Yin 2016 [59], USA
Prospective cohort
Funding: government

Related studies: none

Veterans Aging Cohort Study Virtual
Cohort (VACS-VC): 25,720 HIV-
infected veterans matched with
uninfected veterans by age, sex, race-
ethnicity, andgeographic region who
enrolled for carein the Veterans
Health Administrationinthesame
calendar year. Veterans aged 50-70
years atyear2000wereincludedin
the analysis.

Exclusion: weight exceeding 125 kg
limit of the FRAX tool; missing data
for FRAX variables

Analyzed sample: 24,451 (95% of
original sample); 0% F; mean (SD) 55.6
(5.4) years; use of anti-osteoporosis
drugs NR

Baseline 10-y risk (mean): 2.8% MOF
and 0.3% hip forHIV+; 2.7% MOF and
0.2% hip for HIV-

Follow-up: 10 years

FRAX-US (modified; no BMD)

Predictors: extracted nine FRAX variables that
were availablein the VACS-VC database—age,
race/ethnicity, weight, height (BMl), history of
previous fragility fracture, ever glucocorticoid

use, rheumatoid arthritis, alcohol use, current
smoking.

Prediction: entered dataintothe FRAX website.
Did notuseparental historyof hipfractureor
secondary osteoporosisinthe calculation
becausethisinformationwas not collected inthe
VACS-VC.Instead,a ‘no’ response was imputed
for all.

MOF (hip, shoulder, forearm,
clinical vertebral), hip fractures:
collected via chartreview using
relevant|CD-9-CM codes,
previouslyvalidated by chart
review of 400 randomly selected
radiologyreports

Competingrisk: not considered.
Appears that participant
observations were censoredat
death.

Expected fracture
probability (by HIV status),
observed fracture
probability, observed
fractures, O:Eratio

Subgroups: dataavailable
by level of risk (<and 23%)
for hip fractures

BMD: bone mineral density; BMI (body mass index); DXA: dual-energy x-ray absorptiometry; F: female; HRT: hormone replacement therapy; MOF: major osteoporotic fracture; NHANES: National Health and Nutrition Examination
Survey; P-Y: person-years; RCT: randomized controlled trial;y: year
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Additional Table 6.2. Characteristics of trials included for KQ3a on the benefits of pharmacologic treatments
Author & year; Setting

Design; Funding source
Length of follow-up
Ascott-Evans 2003 [1]
18 centres in9 countries (Argentina,
Australia, Austria, Brazil, Finland, Germany,
New Zealand, Spain, South Africa)

2-armRCT (parallel)
Industry

Follow-up:1year

Population characteristics

144 postmenopausal females (% of eligible NR) with low lumbar spine BMD
(T-scorebetween -3.5 and-1.5), previously treated with hormone
replacementtherapy and stopped within 3 months before the study; mean
(SD)57.3 (6.6) yearsold; no prior osteoporotic fractures (exclusion criteria);
baselinefracturerisk NR

Exclusion: history of metabolicbone disease, osteoporoticfracture, or recent
use of bisphosphonates and/ordrugs knownto affect bone metabolism

Treatment(s) & Comparators (s) of interest
Adherence

a)Oral alendronate 10 mg/dayfor 1 year(n=95)
b) Oral placebo for1 year(n=49)

+ calcium 500 mg/day

AdherenceNR

Outcomes & Ascertainment
Available subgroups

Hip fractures (not defined): self-reported as
AEs

Clinical fractures (not defined): self-reported
as AEs

Subgroups:none

Bell 2002 (2]

8 centres geographicallydistributed across
USA

2-armRCT (parallel)

Funding NR

Follow-up:2 years

65 African-American postmenopausal females (% of eligible NR) with low
lumbarspine BMD (£0.86g/cm?); mean (SD) 66.2 (8.8) years old; prior
fracture NR; baseline fracturerisk NR

Exclusion: disease or drug therapyaffecting bone metabolism; >1 lumbar
spinefracture;abnormal renal function or a historyof cancer or major upper
gastrointestinal mucosal erosive disease

a)Oralalendronate 10 mg/dayfor 2 years (n=33)
b) Oral placebo for2 years (n=33)

+ calcium 500 mg/day, vitamin D 5001U/day

AdherenceNR

Clinical fractures (not defined): self-reported
as AEs

Subgroups:none

Bone 2008 [3]
21 centres inthe USAand Canada

2-armRCT (parallel)
Industry

Follow-up:2 years

332 postmenopausal ambulatory females (100% of eligible) with low lumbar
spineBMD (T-scores-1.0to-2.5); mean (SD) 59.4(7.5) years old; no prior
fractures (inclusioncriteria); baseline fracturerisk NR

Exclusion: oral bisphosphonates use for 23 years; recent treatment with anti-
osteoporosis drugs; underlying condition that might resultin abnormal bone
metabolism

a) Subcutaneous denosumab, 60 mg every 6
months for 2 years (n =166)
b) Subcutaneous placebo for2 years (n =166)

+ calcium 21000 mg/day, vitamin D 2400 mg/day

Adherence: 329 (99%)received at leastone dose of
study medication; 86% completed treatment

Clinical fractures (new vertebral or
nonvertebral fractures; excluded skull, facial
bones, mandible, metacarpals, phalanges of
the fingers/toes or ifthey were the result of
severetrauma):self-reported and confirmed
radiographically

All-cause mortality: NR

Subgroups:none

Boonen 2012 [4]
Europe, South America, Africa,and
Australia

2-armRCT (parallel)

Industry

Follow-up:2 years

1199 males (% of eligible NR) with low BMD (Tscore<-1.5) atthetotal hipor
femoral neckfor those with between 1 and 3 prevalent mild/moderate
vertebral fractures or low BMD (T-score of <-2.5) atthe hip, femoral neck, or
lumbarspine for those without prior fractures; median (range) 66 (50-85)
years old; prior osteoporotic fracture NR (32% had prevalent vertebral
fractures); baselinefracturerisk NR

Exclusion: >4 prevalentvertebral fractures; low serum 25-hydroxyvitamin D;
renal insufficiency; hyper/hypocalcemia; treatment with anti-osteoporosis

a) Intravenous zoledronicacid 5 mgatbaselineand
1year (n=588)

b) Intravenous placebo atbaselineand 1 year(n =
611)

+ calcium 1000to 1500 mg/day, vitaminD 800 to
1200 1U/day

Hip fractures (not defined): self-reported at
each visitandverified centrally by means of a
radiographicreportor surgical notes

Clinical fractures (vertebraland
nonvertebral): self-reported ateach visitand
verified centrallyby means of a radiographic
reportor surgical notes

All-cause mortality: NR
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Author & year; Setting

Design; Funding source

Population characteristics

Treatment(s) & Comparators (s) of interest
Adherence

Outcomes & Ascertainment
Available subgroups

Length of follow-up

drugs if washout period not met; testosteroneinprior year; anabolic steroids
or growth hormonein prior 6 months; bilateral hip replacement;
hyperthyroidism; primary hyperparathyroidism

Adherence: 52 men who received zoledronicacid
(8.8%) and 53 men who received placebo (8.7%) did
notreceive thesecond infusion

Subgroups:none

Chesnut1995 [5]

7 centres geographicallydistributed across
the US

6-arm RCT (parallel)

Industry

Follow-up:2 years

188 postmenopausal females (100% of eligible) with|lowlumber spine BMD
(<0.88 g/cm?); mean (SD) 63.0 (6.3) years old; no prior spine or hipfractures
(exclusion criteria); baseline fracture risk NR

Exclusion: any disease or drug therapy potentially affecting bone metabolism;
presence of spineor hipfractures attributable to osteoporosis

a)Oralalendronate groups (n=157):
i. 5mg/dayfor2years;
ii. mg/dayfor2vyears;
iii. 40 mg/day for 3 monthsfollowed by 2.5
mg/day for 21 months;
iv. 20 mg/day for 1 yearthen placebofor 1 year;
v. 40 mg/day for 1 yearthen placebofor 1 year
b) Oral placebo for2 years

+ calcium 500 mg/day

Hip fracture (not defined): self-reported as
AEs and assessed by physician investigator
Clinical fractures (nonvertebral fractures):
ascertainment NR

All-cause mortality (deaths during the study -
considered an AE): ascertainment NR

Subgroups: NR

Cummings 1998 [6]
11 clinical centresin the USA

2-armRCT (parallel)
Industry
Follow-up:4 years

Associated publications: Hochberg 2005
[7]; Donaldson2012 [8]

4432 postmenopausal females (100% of eligible) withlow femoral neck BMD
(<0.68 g/cm?); mean (SD) 67.7 (6.1) years old; 35.5% prior fracture; mean (SD)
FRAX 10-y MOF 27.0 (12.3)with BMD, 24.3 (12.2) without BMD

Exclusion: recent peptic ulcers; dyspepsia requiring daily treatment; renal or
hepatic dysfunction; severe malabsorption; hypertension; myocardial
infarctionwithin 6 months; unstable angina; hypothyroidism or
hyperparathyroidism; estrogen or calcitonin useinprior 6 months;
bisphosphonates orsodium fluoride use (>1 mg/d) atany time; vertebral
fracturein thealendronate group

a)Oral alendronate 5 mg/day for 2 years, then 10
mg/day for 2 years(n=2214)
b) Placebofor 4 years(n=2218)

+500 mgcalcium,2501U vitamin D if dietary intake
was low

Adherence: At closeout, 82.5% of surviving placebo
participants and81.3% of alendronate participants
were still taking study medication

Hip fractures (excluded pathologic fractures
or fractures dueto trauma): diagnosed by a
physicianandself-reported, confirmed by
written reports of radiographs or other tests
Clinical fractures (excluded pathologic
fractures orfractures due to trauma, facial
and skull fractures): diagnosed by a physician
and confirmed by written reports of
radiographs orother tests

All-cause mortality: NR

Subgroups: baseline BMD, FRAX score; age

Cummings 2009 [9]
International study centres

2-armRCT (parallel)

Industry

Follow-up:3years

Associated publications: Boonen 2011 [10];

McClung 2012 [11]; McCloskey 2012 [12];
Silverman2012[13]

7868 females (100% of eligible) withlow BMD (T-score <2.5) atthe lumbar
spineor total hip;mean (SD) 72.3(5.2)years old; 34% had a prior
nonvertebral fracture; baseline 10 year major osteoporoticfracture risk
assessed with FRAX for those withBMD in the treatment group was median
(IQR)15.1(10.4-21.7)and 15.1(10.4-21.4) inthe control group. Without BMD
was 16.9(11.2-24.0)for thetreatmentgroupand16.7(11.4-24.3) forthe
control group; baseline 10 year hip fracture riskassessed with FRAX for those
with BMD was 4.8 (2.5-8.7) in thetreatmentgroupand4.8 (2.5-8.7) in the
control group. Without BMD was 6.2 (3.5-10.6) inthe treatment groupand
6.1(3.5-10.7) inthe control group

Exclusion: conditions thatinfluence bone metabolism; oral bisphosphonates

usefor >3 years (but were eligible after 12 months without treatment);

a) Subcutaneous denosumab 60 mg every 6 months
for 36 months (n=3922)

b) Subcutaneous placebo every 6 months for36
months (n=3935)

+ At least calcium 1000 mg/day. Those with a
baseline 25-hydroxyvitamin D level of 12-20 ng/mi
were given atleastvitamin D 8001U/day, andthose
with a baselinelevel above 20ng/ml were given at
least4001U/day

Adherence: 5979 (76%) received all injections

Hip fractures (femur neck, femur
intertrochanter, and femur subtrochanter;
excluded pathologicand traumaticfractures):
self-reported, confirmed by diagnostic
imagingor a radiologist's report

Clinical fractures (nonvertebral fractures
excluding the skull, face, mandible,
metacarpals, fingers, toes, pathologicand
traumaticfractures): self-reported, confirmed
by diagnostic imaging ora radiologist's report
All-cause mortality: recordedas AEs at
physicianstudy sites
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Author & year; Setting

Design; Funding source
Length of follow-up

Population characteristics

Treatment(s) & Comparators (s) of interest
Adherence

Outcomes & Ascertainment
Available subgroups

intravenous bisphosphonates, fluoride, or strontium use for osteoporosis
within the past5 years; use of parathyroid hormone or its derivatives,
corticosteroids, systemic hormone-replacement therapy, selective estrogen-
receptor modulators, tibolone, calcitonin, or calcitriol in prior 6 weeks; BMD T
score<-4.0 atthelumbarspineor total hip, severe prevalent vertebral
fractures; low serum 25-hydroxyvitamin D

Quality of life or wellbeing (Health-related
Quality of Life): self-administered
Osteoporosis Assessment Questionnaire-
Short-version (OPAQ-SV)

Subgroups:age, baseline BMD, baseline FRAX,
prior fracture, age+ BMD

Fogelman 2000([14]

13 centres inFrance, the UK, the
Netherlands, Belgium, and Germany
3-armRCT (parallel)

Industry

Follow-up:4 years

543 postmenopausal females (% of eligible NR) with low lumbar spine BMD
(T-score<-2); mean (SD) 64.7 (7.2) years old; 30.1% had a prior vertebral
fracture (otherfractures NR); baseline fracturerisk NR

Exclusion: hyperparathyroidism, hyperthyroidism, or osteomalacia within a
year beforethe study; history of cancer; abnormalities that would interfere
with the measurement of lumbar spine BMD by dual-energyx-ray
absorptiometry (DXA); use of medications (within6-12 months before the
study) known to affect bone metabolism, including an injection of vitamin D 2
10,000 IU.

a) Risedronate groups (n=363):

i. oral risedronate 2.5 mg/day for 2 years; this
group was discontinued by protocol
amendmentat9 of the13 centres;

ii. oral risedronate 5 mg/dayfor 2 years

b) Oral placebo (n=180)
+ calcium 1000 mg/day

Adherence: 355 (65%) patients completed 24
months of treatment: 143 (79%) inthe placebo
group, 73 (40%) in therisedronate 2.5-mg group; 76
were withdrawn dueto protocol amendment (68%
of remaining completed 24 months),and 139 (78%)
inthe5-mgrisedronate group

Clinical fractures (nonvertebral fractures):
self-reported as AEs and spontaneous reports

Subgroups:none

Grey 2009 [15]
Clinical research facility in Auckland, New
Zealand

Government

Follow-up:2 years

50 postmenopausal females (27% of eligible) with BMD T-score between -1
and-2 atthelumbarspineor total hip; mean (SD) 63.5(8.1) yearsold; no
prior hip orvertebral fractures (exclusion criteria), other fractures NR;
baselinefracturerisk NR

Exclusion:illnesses ortherapies knownto affect the skeleton; low bone mass
(BMD T scoreatlumbarspineor total hip<-2); prior hipor vertebral fracture;
ever used bisphosphonates; anyother major systemic disease

a) Intravenous zoledronicacid 5 mg single infusion
(n=25)

b) Intravenous placebo single infusion (n =25)

Adherence: All patients received one dose of the
study drug. One withdrew.

Hip fractures (not defined): ascertainment NR
Clinical fractures (incidentfractures -not
defined): ascertainment NR

Subgroups:none

Grey 2014 [16]
Auckland, New Zealand

4-armRCT (parallel)

Government, industry

180 postmenopausal females (100% of eligible) witha low BMD (T-score
between -1 and-2.5) ateitherlumbar spine or total hip, not taking
medications knownto affect bone health, and had a baseline serum 25(0H)D
level >25 nmol/L; mean (SD) 65.3(8.5)years old; 16.9% hada prior fracture
duringadulthood; baseline fracture risk NR

Exclusion: NR

a) Zoledronicacid groups (n=135):
i. intravenous zoledronicacid 1 mgsingle
infusion
ii. intravenous zoledronicacid 2.5 mgsingle
infusion
iii. intravenous zoledronicacid 5 mgsingle
infusion

Hip fractures (not defined): ascertainment NR
Clinical fractures (incidentfractures -not
defined): ascertainment NR

All-cause mortality (deaths during the study):
ascertainment NR

Subgroups: none
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Author & year; Setting

Design; Funding source

Population characteristics

Treatment(s) & Comparators (s) of interest
Adherence

Outcomes & Ascertainment
Available subgroups

Length of follow-up

Associated publication(s): Grey 2017 (5-y
open label extension)[17] & Grey 2012 (1-
y follow up) [18]

Follow-up: 2 years (5 years for mortality in
Grey 2017 [17])

b) Placebo (100 ml of 0.9% NaCl)singleinfusion

Adherence: 2 in each group did notreceive the
study medication

Hooper 2005(19]
11 centres inAustralia

3-armRCT (parallel)
Industry

Follow-up:2 years

383 postmenopausal females (% of eligible NR) with a lumbar spine BMD T-
score>-2.5,a serumfollicle stimulating hormone concentration of atleast 50
mlU/ml, and a serum estradiol concentration of no morethan20 pg/ml;
mean (SD) 52.7 (3.2) years old; prior fracture NR; baseline fracture risk NR

Exclusion: NR

a) Risedronate groups (n=257):
i. oral risedronate 2.5 mg/day
ii. oral risedronate 5 mg/day

b) Oral placebo daily(n=126)

+ calcium 1000 mg/day

Adherence: 296 (77%) completed the
study/treatment

Clinical fractures (incident non-vertebral
fractures): self-reported as AEs

Subgroups:none

Hosking 1998 [20]
4 study centres in USA, Denmark, UK

4-armRCT (parallel) - 3 arms of interest
Industry

Follow-up:2 years

1000 postmenopausal females (% eligible NR) in good health with no clinical
or laboratory evidence of systemic disease, proportion of participants with
low lumbar spine BMD (<0.8 g/cm?) was limited to 10%; mean (SD) 53.3 (4.0)
years old; priorfracture NR; baseline fracturerisk NR

Exclusion: abnormal renal function; history of cancer; pepticulceror
esophageal disease requiring prescription medicationwithinthe previous five
years; previous bisphosphonate or fluoride use; regular therapywith a
phosphate-binding antacid; estrogen-replacement therapy within the
previous three months; therapywith any other drug that affects the skeleton

a)Oral alendronate 5 mg/day for 2 years (n=498)
b) Oral placebo dailyfor 2 years (n=502)

+thosewith a calciumintake of less than 500
mg/day were advised to increase theirintake

Adherence: 905 (91%) completed all 24 months of
treatment (409 in placebo, 396 in alendronate)

Hip fractures (not defined): self-reported AEs
Clinical fractures (not defined): self-reported
AEs

All-cause mortality (deaths during the study
considered a serious AE): outcome NR

Subgroups:none

Hosking 2003 [21]

38sites in Europe (Belgium, Finland,
France, Germany, Italy, Sweden, Spain, UK)
and Brazil

3-armRCT (parallel)

Industry

Follow-up:1year

549 postmenopausal females (100% of eligible) 260 and<90 years of age
with osteoporosis as defined by low BMD (lumbarspine or total hipBMD T-
score<-2.5, or both lumbarspineand total hipBMD T-score<-2.0); mean
(SD) 69.2 (6.4) yearsold; 48.4% prior fracture; baseline fracture risk NR.

Exclusion: historyof any illness orif significant abnormalities that might

compromise the patient’s safety or the evaluation of the study results;
patients with osteoporosis sosevere participationin a placebocontrolled trial
was unethical; baseline 25-hydroxyvitamin D level below 9 ng/ml, or below
15 ng/ml with biochemical evidence of osteomalacia; metabolic and other
bone diseases; prior concomitant oestrogen preparations (>2 weeks within6
months), thyroidhormone (<6 weeks before the study or with abnormal

a) Oral alendronate 70 mg/week for 1 year(n =
219)

b) Oral risedronate 5 mg/day (n=222)
c) Oral placebofor 1 year(n=108)
Adherence: >75% over the first 3 months of the

studyin 95% of alendronate and risedronate
groups, 99% of placebo group

Clinical fractures (‘clinicallydiagnosed
vertebral or nonvertebral’): self-reported as
AEs

Subgroups:none
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Author & year; Setting

Design; Funding source
Length of follow-up

Population characteristics

Treatment(s) & Comparators (s) of interest
Adherence

Outcomes & Ascertainment
Available subgroups

thyroid stimulatinghormone), fluoride (>1 mg/day), glucocorticoids (>1
month within 6 months), bisphosphonate (>2 weeks), supplemental calcium
(exceptif ongoing for >4 weeks).

Lewiecki 2007 [22]
29 centres inthe USA
9-armRCT (parallel)

Industry
Follow-up:2 years

Associated publication: McClung 2006 (1-
year follow-up)[23]

412 postmenopausal females (100% of eligible) <80 years old with a BMD T-
scoreof-1.8to—4.0 atthelumbarspineor—1.8to—3.5 atthe femoral neck
or total hip;mean (SD) 62.1(8.5)yearsold; nolong bonefractures in past6
months or osteoporoticfracturesinpast 2 years (exclusion); baseline fracture
risk NR.

Exclusion: use of bisphosphonates within 12 months or fluoride within 24
months;tibolone, PTH or any derivative, systemic glucocorticoids, inhaled
glucocorticoids, anabolic steroids, or testosterone within6 months;and
estrogens, selective estrogen receptor modulators, calcitonin, or calcitriol
within 3 months of enrollment; hyper-or hypoparathyroidism, hyper- or
hypothyroidism, hypocalcemia, rheumatoid arthritis, Paget’s disease of bone,
osteomalacia, creatinine clearance <35 ml/minute, malabsorption syndrome;
recentlong-bone fracture (within 6 months), >1 grade 1 vertebral fracture,
osteoporosis-related fracture within thelast 2 years.

a) Subcutaneous denosumab groups (n =319)
i. 6,14,0r 30 mgevery 3 months for 2 years
ii. 14,60,100,0r 210 mgevery 6 months
(alternatingwith placebo) for2 years

b) Oral alendronate 70 mg/week (open-label) for 2
years (n=47)

c¢) Subcutaneous placebo every 3 months for 2
years (n=46)

+ calcium 1000 mg/day, vitamin D 2001U/day

Adherence:98.5%received atleastonedose

Clinical fractures (‘osteoporotic’ fractures):
self-reported as AEs

All-cause mortality (not defined):
ascertainment NR

Li 2005 [24]
China

2-armRCT (parallel)
Funding NR

Follow-up:1years

60 postmenopausal females (% of eligible NR) ingood health who do not
smoke or drink alcohol, without organ disease, bone metabolic diseases, do
not use medications that affect bone metabolism,andhadlow lumbar spine
BMD (T-score<-2.5)foratleastthree evaluablevertebraeinthe L1—L4
region; mean (SD) age NR but participants were between 45-68 years old
(inclusion criteria); prior fracture NR; baseline fracturerisk NR

Exclusion: NR

a) Oralrisedronate 5mg/day for1 year (n=30)
b) Oral placebo daily(n=30)

+ calcium 600 mg/day, vitamin D (Caltrate D) 125
IU/day

Adherence: 6 (10%) did not complete the study (2
intreatment, 4 in control). Appears that those who
completed took the study drugs.

Hip fractures (new fractures): self-reported
and physical examination

Clinical fractures (new fracture): self-
reported and physical examination

Subgroups:none

Liberman 1995[25]

18 centres in USA (one RCT); Australia,
Canada, Europe, Israel, Mexico, New
Zealand, South America (other RCT)

4-armRCT (parallel)

Industry

994 postmenopausal females (% of eligible NR) with low lumbar s pine BMD
(2.5 SD below the mean valuein premenopausal white females); mean 64
years old (SD NR); prior osteoporoticfracture NR (20.5% had prior vertebral
fracture); baseline fracture risk NR

Exclusion: other causes of osteoporosis; other disorders of boneandmineral
metabolism; active pepticulcerdisease; abnormal renal or hepaticfunction;
abnormalities of the lumbar spine precluding the assessment of bone mineral
density ata minimum of three lumbar vertebrae or a historyof hipfracture;

a)Alendronategroups (n=526):
i. oral alendronate 5 mg/day for 3 years;
ii. oral alendronate 10 mg/day for 3 years;
iii. oral alendronate 20 mg/day for 2 years+5 mg
oral alendronate daily for 1 year

b) Oral placebo dailyfor 3 years

+ calcium 500 mg/day

Hip fractures (not defined): recorded if
symptomaticatfollow-up

Clinical fractures (symptomatic nonvertebral
fractures):recorded if symptomaticat follow-
up

All-cause mortality (not defined):
ascertainment NR - 2 deaths reported by
Tucci 1996 (USAsubset), butthegroup
assignmentis not mentioned
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Author & year; Setting

Design; Funding source

Population characteristics

Treatment(s) & Comparators (s) of interest
Adherence

Outcomes & Ascertainment
Available subgroups

Length of follow-up
Associated publication: Tucci 1996
(Fractures datafromthe USAtrial) [26]

Follow-up: 3 years

any prior treatment with bisphosphonates, estrogen, progestin, calcitonin,
fluoride, or ananabolic steroid within the preceding 12 months

Adherence: 160 (27%) discontinued treatment at
somepointduring thestudy

Subgroups:none

McClung 2009 [27]

25 centres inFrance, Spain, UK, USA,
Sweden

3-armRCT (parallel)

Industry

Follow-up:2 years

581 postmenopausal females (100% of eligible) withlowBMD atthe lumbar
spine(T-score<—1.0 and >-2.5) and femoral neck (T-score >-2.5); mean (SD)
60.0 (7.9) yearsold; priorfracture NR; baselinefracture risk NR

Exclusion: morethan onegrade 1 vertebral facture or withany grade2 or 3
vertebral fracture; vitaminD level less than 15 ng/mL before randomization;
renal insufficiency; hypercalcemia or hypocalcemia; use or prior treatment
with oral bisphosphonates, calcitonin, SERMs, estrogen, or tibolone (except
accordingto specified washout schedule)

a) Zoledronicgroups (n=379):
i. intravenous zoledronicacid 5 mgatbaseline
and month 12;
ii. intravenous zoledronicacid 5 mgatbaseline
followed by placeboat month 12

b) Placeboinfusion atbaselineand month12

+ calcium 500-1200 mg/day, vitamin D 400-800
IU/day

Adherence: 58 (10%) did not complete the study;
appearsall those who completed the study
received the study drug

Clinical fractures (not defined): self-reported
AEs (assumed)

All-cause mortality (deaths during the study):
regularsafety monitoring of AEs

Subgroups NR

McClung 2001 [28]

183 study centersin North America, New
Zealand, andAustralia

2-armRCT (parallel)

Industry

Follow-up: 3 years (meanfollow-up forall
participants was 2.3 years)

9331 postmenopausal ambulatoryfemales (98.3% of eligible) who (a) were
70-79 y and osteoporoticwith a low BMD at the femoral neck (T-score >4 SD
below mean peak valueinyoung adults or <-3) plus atleast onerisk factor for
hip fractureor (b) were>80y and had atleast one nonskeletal risk factorfor
hip fracture, with a low BMD atthe femoral neck (T-score<-4 or <-3 with a
hip-axislength 211.1); mean (SD) 77.7 (5.4) years old; 30% had prior vertebral
fracture (otherfractures NR); baseline fracturerisk NR

Exclusion: major medical iliness; recent history of cancer; another metabolic
bonedisease withinthe previous year; important abnormalities inthe results
of routine laboratory tests; recent use of drugs known to affect bone; allergy
to any bisphosphonate; history of bilateral hipfractures; anyphysical or
mental condition precluding participation

a)Oralrisedronate 2.5 mgor 5.0 mgdaily for 3
years (n=6197)

b) Placebotabletdaily for 3 years (n =3134)

+ calcium 1000 mg/day, vitamin D <5001U/daywas
given if the serum 25-hydroxyvitamin D
concentrationatthetime of screening was below
16 ng/ml (40 nmol/L)

Adherence:3093 (50%) in the risedronate group
and 1584 (51%)in the placebogroupcompleted
treatment

Hip fractures (all hipfractures):
radiographically confirmed

Clinical fractures (nonvertebral osteoporotic
fractures of the wrist, leg, humerus, hip,
pelvis or clavicle): radiographically confirmed

Subgroups: age; risk factors; BMD; vertebral
fractures atbaseline

Mortensen 1998 [29]
Two study centres inUSAand Denmark

3-armRCT (parallel)

Industry

111 postmenopausal ambulatory females (% of eligible NR) with estradiol
levels 240 pg/mLand FSH >20 U/L, normal lumbarspine BMD (within2 SD of
age matched mean bone mass), weigh between 45 and 90 kg and be within
25% of normal weightand height values; mean (SD)51.5(3.8) years old; no
prior osteoporoticfractures (exclusion criteria); baseline fracture risk NR

a) Risedronategroups (n=75)
i. Cyclic risedronate: oral 5 mg/day for 2 weeks,
followed by 2 weeks of placebo eachweek for
2 years;
ii. daily risedronate: oral 5 mg/dayfor 2 years

b) Oral placebo dailyfor 2 years (n =36)

Hip fractures (part of nonvertebral fractures):
self-reported AEs (assumed)

Clinical fractures (nonvertebral fractures):
self-reported AEs (assumed)

Subgroups:none
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Author & year; Setting
Design; Funding source
Length of follow-up

Population characteristics

Treatment(s) & Comparators (s) of interest
Adherence

Outcomes & Ascertainment
Available subgroups

Follow-up:3years (2 yearstreatment+1
follow-up)

Exclusion: any use of bisphosphonate, thyroid hormone therapy,
glucocorticoids, anabolicagents, calcitonin, vitamin D, high-dose calcium,
diuretics, or anticonvulsants for more than 1 month within the previous 6
months; estrogens and/or progestogens use for more than 1 month within
the pastyear; fluoride use for more than 1 month ever inthe past; history of
any generalized bone disease; historyof alcohol or drug abuse; significant
organic or psychiatric disease; established osteoporosis (e.g., atraumatic
vertebral deformityor a history of osteoporosis related fracture of the hip or
wrist); bilateral oophorectomy or any other type of artificially induced
menopause

AdherenceNR

Orwoll2012[30]

Multicentre: USA, Denmark, Sweden,
France, Poland, Canada, Belgium
2-armRCT (parallel)

Industry

Follow-up:1year

242 ambulatory males (% of eligible NR) with low BMD (T-score<-2.0 and >-
3.5)atthelumbar spine or femoral neck, orhada previous major
osteoporoticfractureandlow BMD (T-score<-1.0 and>-3.5) atthe lumbar
spineor femoral neck; mean (SD) 65.0 (9.8); 39.3% had priorfracture (any
type),and 14.9% hada prior major osteoporoticfracture; baseline 10 year
major osteoporotic fracture risk assessed with FRAX was mean (SD) 9.8 (6.3)

Exclusion: any severe or more than one moderate vertebral fracture on
screening spinalx-ray; any vertebral fracture or clinical fracture diagnosed
within 6 months before screening; anydisease knownto affect bone
metabolism;low serum 25(OH)-vitamin D; any bisphosphonate use >3
months cumulativelyin the previous 2 years or for>1 month in the pastyear
or any useinthe 3 months before randomization; use of anabolicsteroids or
testosterone, glucocorticoids, calcitonin, calcitriol or vitamin D derivatives,
and other bone-active drugs in the 3 months before screening

a) Subcutaneous denosumab, 60mg every 6 months
for 1 year (atbaselineand month6)(n=121)

b) Subcutaneous placebo for 1 year (atbaselineand
month 6) (n=121)

+ calcium 1000 mg/day, atleast vitamin D 800
IU/day

Adherence: NR (appearsthatthose who completed
the study completed theinjections of denosumab)

Hip fractures (not defined): self-reported AEs
(assumed)

Clinical fractures (not defined): self-reported
AEs (assumed)

All-cause mortality (death during the study):
ascertainment NR

Subgroups:none

Pitale2015 [31]
11 centres inlIndia

2-armRCT (parallel)
Industry

Follow-up: 6 months

250 postmenopausal females (84.7% of eligible) withlow BMD (T-score <-2.5
and >-4.0) ateither thelumbar spine or total hip; mean (SD) 62.6 (5.0) years
old; 7.2% had a priorfracture; baseline 10 year major osteoporoticfracture
risk assessed with FRAX was mean (SD) 7.5 (4.4) when Hologic machine used
for BMD and 7.6 (4.2) when Lunar machine used, while baseline hip fracture
riskwas 2.9 (2.7)when Hologic machine used forBMD and 3.0 (2.6) when
Lunar machineused

Exclusion: metabolicbone diseases other than osteoporosis; hyper-or
hypoparathyroidism, rheumatoid arthritis, malabsorption syndrome or prior
treatment with drugs thatalter bone metabolism; vitamin D deficiency; use
of medications knownor suspected to have activity on bone metabolism

a) Subcutaneous denosumab 60 mgatbaseline (n =
124)

b) Subcutaneous placebo atbaseline (n=126)

+ atleastcalcium 1000 mg/day, atleast vitamin D
4001U/day

Adherence: allreceived 1 dose of the study drug

Hip fractures (not defined): self-reported AEs
(assumed)

Clinical fractures (not defined): self-reported
AEs (assumed)

All-cause mortality (death during the study):
ascertainmentNR

Subgroups:none
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Author & year; Setting

Design; Funding source
Length of follow-up

Population characteristics

Treatment(s) & Comparators (s) of interest
Adherence

Outcomes & Ascertainment
Available subgroups

Pols 1999([32]

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

2-armRCT (parallel)
Industry

Follow-up:12 months

1908 postmenopausal females (% of eligible NR) in good health with low
lumbarspine BMD (atleast 2 SD belowthe mean for premenopausal females;
<0.86 g /cm? by Hologic QDR densitometry or <0.98 g/ cm? by Lunar DPX
densitometry), and between 20% below and 50% above ideal body weight;
mean (SD) 62.8 (7.4) years old; prior fracture NR; baseline fracture risk NR

Exclusion: metabolicbone disease other than osteoporosis; disturbed
parathyroid orthyroid function; major gastrointestinal disease within the
year before enrollmentor use of a drug to inhibit gastricacidsecretionfor >2
weeks within 3 months of studyentry; myocardial infarction withinthe year
prior to enrollment; uncontrolled hypertension or untreated angina; i mpaired
renal function; end organ disease; bisphosphonate or fluoride use during the
previous 6 months; estrogen, ipriflavone or calcitonin use during the previous
4 months; any anabolicsteroid, glucocorticoid or progestin use for >2 weeks
within the previous 6 months; use of medications that mightalter bone or
mineral metabolism

a) Oral alendronate 10 mg/dayfor 12 months
b) Placebotabletfor 12 months
+ calcium 500 mg/day

Adherence NR

Hip fractures (not defined): self-reported AEs
Clinical fractures (nonvertebral fractures):
self-reported as AEs

Subgroups: NR

Reid 2002 [33]
24 centers in10 countries

6-armRCT (parallel)
Industry

Follow-up:1year

227 postmenopausal females (% of eligible NR) with low lumbar spine (L1 to
L4) BMD (atleast2.0 SD below the mean value for young adults; T-score <-2),
with no morethan onevertebral fracture atscreening mean (SD) 64.1(6.4)
years old; prior osteoporotic fractures NR (no vertebral fractures at study
entry); baselinefracturerisk NR

Exclusion: systemic estrogen treatment within the previous 3 months;
evidence of secondary osteoporosis; clinical or laboratory evidence of hepatic
or renal disease; disorders of the parathyroid or thyroid glands; serum 25-
hydroxyvitamin D concentration of <15 ng/ml (37 nmol/L); history of cancer;
previous bisphosphonates or fluoride use; current use of drug(s) knownto
affecttheskeleton

a) Zoledronicacid groups (n =168):
i. intravenousinfusion zoledronic acid1 mg
every 3 months for 1 year;
ii. intravenous infusion zoledronic acid4 mg
onceatthebeginning of thetrial;
iii. intravenous infusion zoledronic acid2 mgat
baselineandat6 months

b) intravenousinfusionsaline placeboevery 3
months for 1 year (n=59)

+ calcium 1000 mg/day

Adherence NR

Clinical fractures (nonvertebral fractures):
self-reported (assumed)

Subgroups:none

Reid 2018 [34]
Auklandregion of New Zealand

2-armRCT (parallel)

Government

Follow-up:6 years

2000 postmenopausal ambulatoryfemales (100% of eligible) with low BMD
(T-scoreof-1.0to-2.5) ateither thetotal hipor femoral neck; mean (SD) 71
(5.0) yearsold; 23.8%hada prior nonvertebral fracture after age 45 yand
13.2%had a priorvertebral fracture; baseline 10 year major osteoporotic
fractureriskassessed with FRAX was median (IQR) 12 (9-16)% for zoledronate
group and 12(9-15)% for the placebo group, baseline 10year hipfracture risk
was 2.4 (1.5-3.9)% for the zoledronicacid group and 2.3 (1.5-3.8)% for the
placebo group

a) 4 infusions of zoledronicacid 5 mgat 18 month
intervals (n=64)

b) 4 infusions of normalsaline (placebo) at 18
month intervals (n=75)

+vitaminD 2.5 mg (100,000 IU) single dose 1 week
beforefirstinfusionfollowed by 1.25 mg/month

Hip fractures (not defined): self-reported and
if hospitalized, diagnosis was confirmed from
the participant's medicalrecords;
symptomaticfractures were confirmed by
radiologyreports or radiographs

Clinical fractures (all symptomatic vertebral
fractures and all nonvertebral fractures;
excluded fractures of the toes, metatarsal
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Author & year; Setting

Design; Funding source
Length of follow-up

Population characteristics

Treatment(s) & Comparators (s) of interest
Adherence

Outcomes & Ascertainment
Available subgroups

Exclusion: estimated glomerular filtrationrate <30 ml/minute per 1.73 m2 of
body-surface area; major systemic disease; cancer inthe previous 2 years;
metabolic bone disease; regular use of bone-active drugsinthe previous year

infusion forthe duration of thetrial; calcium 1
mg/day was advised but not provided

Adherence: 806 (81%)in the zolendronic acidgroup
and 825 (83%) inthe placebo group received four
doses of thetrial regimen.

bones, fingers, metacarpal bones, skull, facial
bones, mandible, and pathologic fractures):
self-reported and if hospitalized, diagnosis
was confirmed from the participant's medical
records; symptomatic fractures were
confirmed by radiology reports or
radiographs

All-cause mortality (deaths during the study):
vital status confirmed with theuseofa
national database of deathrecords attheend
oftrial

Subgroups: noneforoutcome of interest

Valimaiki 2007 [35]

14 study centres across Europe (Finland,
Netherlands, Norway, Spain, Sweden)
2-armRCT (parallel)

Industry

Follow-up:2 years

171 ambulatory postmenopausal females (% of eligible NR) with a low lumbar
spine BMD (between -2.5 and-1 SD below mean value for young adults), had
>1 other risk factorfor osteoporosis, presence of hip osteopenia (proximal
femur T-score<-1), andwere not taking HRT, calcitriol, or calcitonin
treatment 12,4, and 4 weeks priorto enrollment; mean (SD) 65.9 (6.8) years
old; priorfracture NR; baseline fracturerisk NR

Exclusion: history of cancer within the 5 years before the study; anycondition
thatmightinterfere withthe evaluation of lumbar spine BMD; any disease
requiring long-term treatment with systemic corticoids; bisphosphonate use
within 6 months of starting the studytreatment or for >14 days within 1 year
beforethestartofthestudy

a) Oralrisedronate 5 mg/day for2 years (n=114)
b) Placebotabletfor 2 years (n=57)
+ calcium 1000 mg/day, vitamin D 4001U/day

Adherence:>90% in both treatment groups (94%
risedronate and 90% placebo)

Hip fractures (not defined): self-reported or
investigator observed AEs

Clinical fractures (nonvertebral fractures —
notdefined; clinical vertebral fractures also
reported): self-reported orinvestigator
observed AEs

All-cause mortality (deaths during the study):
investigator observed AEs

Subgroups:none

Yan 2009 [36]
7 centres in China

2-armRCT (parallel)
Government, industry

Follow-up:1year

560 postmenopausal females (% of eligible NR) with low lumbar spine BMD
(atleast2 SD below the mean bone mass of normal young Chinese females),
no prevalentvertebral fractures on radiographs; mean (SD) 64.9 (6.2) years
old; priorfracture NR; baseline fracturerisk NR

Exclusion: history of diseases that affect calcium orbone metabolism, other
than postmenopausal boneloss;serious liver or heart disease, or renal
dysfunction; bisphosphonate, anabolic steroid, estrogen or estrogen-related
drug use within thelast 12 months; glucocorticoid or fluoride use withinthe
last6 months; supplements with vitamin D within the last 3 months

a) Oral alendronate 70 mg/week for 12 months (n=
280)

b) Oral placebo for 12 months (n=280)

+ 2 Calcichew/day (calcium 500 mg, vitamin D 200
V)

Adherence: participants completed diaries which
were validated with tablet counts. Data NR.

Hip fractures (whether or notassociated with
trauma): safety evaluations performed at
each visitandparticipants also self-reported
as AEs

Clinical fractures (whether or notassociated
with trauma): safety evaluations performed
ateachvisitandparticipants also self-
reported as AEs

All-cause mortality (deaths during the study):
ascertainmentNR

Subgroups:none
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Author & year; Setting Population characteristics Treatment(s) & Comparators (s) of interest Outcomes & Ascertainment

Design; Funding source Adherence Available subgroups
Length of follow-up
Zhu 2017 [37] 486 postmenopausal ambulatory Chinese females (99.8% of eligible) with low | a) Subcutaneous denosumab60mgatbaselineand | Hip fractures (femoral neck fracture): self-
8 GlaxoSmithKlineinvestigational sitesin BMD (T-score<-2.5 and >-4.0) ateitherthelumbarspine or total hip, withat | 6 months (n=365) reported as SAEs
China least one other risk factor; mean (SD) 69.0 (6.0) years old; prior fracture NR; Clinical fractures (anyevent-injury,
baselinefracturerisk NR b) Subcutaneous placebo atbaselineand at6 poisoning, procedural complication;,
2-armRCT (parallel) months (n=119) humerus, lumbar fractures reported): self-
Exclusion: metabolicbone disease, hypo- or hyperparathyroidism; thyroid reported as SAEs
Industry condition; rheumatoidarthritis; malignancy; liver disease; physical or + atleastcalcium 600 mg/day, vitamin D 400 All-cause mortality (fatal adverse event—
psychiatric disorder compromising participation; human immunodeficiency IU/day fatalities during the study): recorded as a AEs
Associated publication: Zhu 2016 virus; vitamin D deficiency; history of oral/dental conditions; prior use of
(registration) [38] bisphosphonates >3 years or <3 years withlast dose <1 year priorto Adherence: 484 (99.8%) received atleastonedose | Subgroups:none
enrolment; use of drugs affecting bone metabolisminprior 6 weeks; of investigational product
Follow-up:1year laboratory abnormalities that couldinterfere withthe study; abnormal serum
calcium; <2 evaluable lumbarvertebrae; history of >2 vertebral fractures or
very high fracturerisk needing to be treated with drugs.

AE=adverse event; BMD=bone mineral density; DXA=dual-energy x-ray absorptiometry; |U=international units; MOF=major osteoporotic fracture; NR=notreported; RCT=randomized controlled trial; SAE serious adverse event;
SD=standard deviation; USA=United States of America; UK=United Kingdom
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Additional Table 6.3. Characteristics of systematic reviews included for KQ3b on the harms of pharmacologic treatments
Study eligibility

Author & year

Date of search

Risk of bias appraisal
Certainty appraisal

Outcomes & Ascertainment

Funding source
Chen2015(1]

No external funding

Inception toJune 2014

Design: cohorts
Population: females and males with osteoporosis

Interventions: alendronate or bisphosphonate (anydose) vs.

controls (not specified)

Newcastle-Ottawa Scale

Certainty notassessed

Gl cancer: separateanalyses foreachof colorectal, gastric, esophageal, liver,
pancreatic, oral, bile duct, small intestinal

Crandall 2014 (AHRQ)
(2,3]

Government

January 2005to
March 2014 (updating
anearlierreport);
later updated to July
2016 for
bisphosphonates [4]

Design: RCTs, large (n>1,000) observational studies and case
reports for rare events

Population: adults with orwithoutlow bone
density/osteoporosis (could be due to chronicuse of
glucocorticoids, but not other diseases of bone metabolism)
Interventions:alendronate, risedronate, zoledronicacid,
denosumab (any FDA-approved dose) vs. placebo

ROB notassessedfor harm
outcomes

Strength of evidence using
AHRQ methods (similarto
GRADE) for selected
outcomes

Non-serious Gl AE: conditions such as acid reflux, esophageal irritation, nausea,
vomiting, and heartburn

Influenza-like symptoms: separate analyses for ‘influenza-like symptoms’, and
composite of arthralgia, myalgia, pyrexia, chills, and influenza-like symptoms
Musculoskeletal pain: separate analyses forarthritis, arthralgia; myalgia,
cramps, limbpain

Serious cardiovascular AE: separate analyses for acute coronary syndrome,
cerebrovasculardeath, serious cerebrovascularaccidents, pulmonary embolism,
thromboembolicevents, serious cardiacevents

Serious cardiacrhythm disturbances: atrial fibrillation

Serious Gl AE (excluding cancer): separate analyses for allserious Gl AE; Gl
perforations, ulcers, bleeds; serious esophageal AE; serious hepatobiliary AE

Gl cancer: separate analyses for esophageal cancer, Gl cancer, colon cancer
Dermatologic AE: separate analyses for injection site reactions; rash/eczema
Infections: NR; used a previously published pooledanalysis

Atypical femoral fractures: atypical (low-stress) subtrochanteric or femoral
fractures

Osteonecrosis of the jaw: NR

Davis 2016 (NIHR) [5]

Government

2008 to September
2014

Design: RCTs; non-randomized studies ifneeded
Population: females 265 and males 275 years, or younger
with low BMD (T-score<-1) or risk factors.
Interventions:alendronate (10mg/dayor 70 mg/week),
risedronate (5 mg/day or35 mg/week), zoledronicacid (5
mg/year) vs. placeboor non-active treatments

ROB notassessedfor harm
outcomes

Certainty notassessed

Any non-serious AE: anyadverse event

Influenza-like symptoms: variable - upper respiratoryinfections, influenza,
pyrexia, headache, chills, nasopharyngitis, bronchitis, pneumonia, cough,
fatigue

The symptoms analyzed varied across drugs based on trial reporting

Davis 2020 (NIHR) [6]

Inception toJuly 2018

Design: RCTs
Population: females 265 and males >75years, or younger

ROB notassessedfor harm
outcomes

Any non-serious AE: anyadverse event
Any serious AE: number of patients experiencing any serious AE

Government with presence of risk factors. Serious cardiovascular AE: separate analyses for stroke, venous
Interventions: denosumab (60 mg/6 months) vs. placeboor | Certainty notassessed thromboembolism
non-active treatments Venous thromboembolism: NR
Atypical femoral fractures: NR, as describedin theincluded studies
Osteonecrosis of the jaw: NR, as described in theincluded studies
Diedhou2015(7] DateofsearchNR Design: RCTs, prospective cohorts ROB notassessed Musculoskeletal pain: arthralgia
Population: females and males treated to prevent or reduce
Funding NR fractures Certainty notassessed
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Author & year

Date of search

Study eligibility

Risk of bias appraisal

Outcomes & Ascertainment

Funding source

Interventions: denosumab (60 mg/6 months) vs. placebo

Certainty appraisal

Fink2019 (AHRQ) [8] | January1995to Design: RCTs, observational studies ROB notassessedfor harm Atypical femoral fracture: subtrochanteric or femoral fractures with atypical
October 2018 Population: females and males >50 years on osteoporosis outcomes features (withor without radiologic confirmation). Excluded pathologic,
Government treatmentfor >3 years (rare harms); periprosthetic, traumaticfractures.
Interventions: alendronate, zoledronicacid, denosumab(any | GRADE Osteonecrosis of the jaw: defined by diagnostic codes * clinical confirmation
dose) vs. placebo
Kranenburg2016[9] | InceptiontolJanuary Design: RCTs CochraneROB tool Serious cardiovascular AE: separate analyses for cardiovascular mortality,
2016 Population: anypatients treated for >1 year stroke, myocardial infarction, and composite or nonfatal stroke, nonfatal
Funding NR Interventions: alendronate, risedronate, zoledronicacid (any | Certainty notassessed myocardial infarction, death due to vascular cause.
dose) vs. placeboor no treatment
Lv2020(10] Inception toJune 2019 | Design: RCTs CochraneROB tool Serious cardiovascular AE: separate analyses for three composite
Population: participants with primary osteoporosis or cardiovascularendpoints: 1) cardiovascular death or death, myocardial
Government osteopeniaand without disorders likelyto affect bone Certainty notassessed infarction, stroke; 2) [1] and heartfailure, 3) stroke, atrial fibrillation, heart

metabolism, with follow-up of 26 months
Interventions: denosumab (any market-approved dose) vs.
placebo

failure, coronary heart disease

Tsourdi2020[11]

No external funding

Inception to August
2020

Design: RCTs, observational studies including case series
Population: studies where patients discontinued denosumab
(includes cancer patients andthose receivingglucocorticoid
treatment). Excluded those with metastatic disease,
metabolic bone disease.

Interventions: denosumab and its discontinuation vs.
discontinuationof placebo

ROB notassessed

Certainty notassessed

Rebound fractures (hip, clinical, clinical vertebral, multiple clinical vertebral):
fractures thatoccurredafter stopping treatment.

Viswanathan 2018
(USPSTF) [12,13]

Government

November 2009 to
October 2016; active
surveillance through
March 2018

Design: RCTs, observational studies publishedsince any
recentsystematicreview

Population: studies where the majority of adults with
increased risk of fracture

Interventions: alendronate, risedronate, zoledronicacid,
denosumab (FDA-approved doses)vs. placebo or no
treatment

ROB notassessedfor harm
outcomes

Strength of evidence using
USPSTF methods

Discontinuations due to AE: discontinuation attributed to AEs, including any of:
cardiovascularevents, hot flashes, esophageal cancer, gastrointestinal events,
osteonecrosis of the jaw, atypical fractures of the femur, and rashes.

Serious AE: NR, appearstoincludeany serious AE

Serious cardiacrhythm disturbances: atrial fibrillation

AE=adverse event; AHRQ=Agency for Healthcare Research and Quality; BMD=bone mineral density; EPC=Evidence-based Practice Centre; FDA=United States Foodand Drug Administration; Gl=gastrointestinal; GRADE: Grading of
Recommendations Assessment, Development and Evaluation; NIHR=National Institute for Health Research; NR=not reported; RCT=randomized controlled trial; ROB=risk of bias; USPSTF=United States Preventive Services Task

Force;vs.=versus
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Table 6.4. Characteristics of studies included for KQ3b on the harms from discontinuation of denosumab treatment

Author & year; Setting
Design; Funding source
Length of follow-up
Tripto-Shkolnik 2020
State-mandated healthorganizationin
Israel

Retrospective cohort study linking
healthcare system (medication purchase)
with osteoporosis registry data

Follow-up:9 (4.8-12) months after
discontinuation

Population characteristics

3110 (91% females) new initiators of denosumab with 2 or more consecutive

(less than 3 refill gap) medication purchases starting from January2012;
mean (SD) 72.3 (9.2) years old; 42.4% prior fractures; 5.4% first-line therapy

Exclusion: <12 and 15 months preand post

(respectively) denosumabinitiation date continuous membershipinthe
health organization

Treatment(s) & Comparators (s) of interest

a) Discontinuation (refill gap 3+ months) (n=1500)

b) Persistentusers (n=1610)

Outcomes & Ascertainment
Available subgroups

Rebound fractures (i.e. multipleclinical
vertebral fractures): registry data with
adjudicated by a further manual review of
electronicmedical records by an expert
endocrinologist; within1 yr from

discontinuationvs. sustained from the end of

firsttreatmentyearand onwards (in
persistence usergroup)

Subgroups: Nonefor this (rare) outcome

REFERENCE

1. Tripto-Shkolnik L, Fund N, RouachV, Chodick G, Shalev V, Goldshtein I. Fracture incidence after denosumab discontinuation: Real-world data from alarge healthcare provider. Bone. 2020;130:115150.
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Additional Table 6.5. Characteristics of studies included for KQ4 on the acceptability of screening and/or treatment
Participant characteristics

Author & Year, Country
Design
Study description

Format of information
Knowledge of risk
Information provided on benefits and harms

Outcomes of interest
Subgroup data

De Bekker-Grob 2008[1],
Netherlands

Cross-sectional

Discrete choice experiment
using hypothetical drug
treatment profiles and five
treatment attributes:
effectiveness of treatment
(reduction of risk of hip
fracture), nauseaasan
adverse effect of treatment,
total treatmentduration,
route of drug
administrationandcosts.

n =120 (66% of eligible) community dwel ling women >60
years from 34 general practices in the area of Rotterdam
who participated in a studyon osteoporosis casefinding

Age,mean (SD): 71.8 (7.9)y

Menopausal status: NR

BMD: NR

Prior fracture:NR

Osteoporosis dx: NR

Medication use: NR

Concern about fractures: NR

Perceived severity of fractures: NR

Absolute fracturerisk: 60 (50%) had a hip fracturerisk
<6% (lowrisk) and 60(50%)hada hip fracturerisk>6%
(high risk) based on a simplerisk score using Dutch
guidelines.

Perceived fracturerisk: NR

Previous screening: NR

Format: Participants completed a discrete choice experiment where
they chose between sets of two different treatment profiles, with the
option of no treatment. Eachtreatment profile had different levels of
five attributes: effectiveness, nausea as an adverse effect, duration,
route of administration, cost.

Knowledge of risk: Participants were provided their lifetime fracture
risk (highor low) based on a simplerisk score using Dutch guidelines

Benefits of treatment: 10-yearrisk reduction in hip fracture could be
5%, 10%, 25%, or 50%. The current drug treatment was consideredto
be a weekly oral bisphosphonate taken for 5 years that could provide
a 30%fracturerisk reduction.

Harms of treatment: Nausea could either be presentor not present.
The currentdrugtreatment was considered to have nausea as a
possibleadverse effect.

Relative importance of treatment, self-reportedina
telephoneinterview: The positive constantterm (=1.23,
95%Cl1 0.81, 1.66,p<0.001)suggests that respondents
preferred drugtreatment over no drugtreatmentwhen all
other attributes were setto zero.

For bisphosphonates, respondents were willing to payup to ™
338 euroto receive treatment compared withno treatment.
They would thus bewilling to pay forthis treatmentif the
fractureriskreductionwas atleast12%.

Preference for the current drug profile: The positive utility
value of the specificdrug profile (utility =0.46) indicates a
preferencefor this drug treatment over no treatment.

Subgroups:
Lower levels of treatment effectiveness were more acceptable
to high-risk patients than to low-risk patients (p =0.05)

Fuzzell 2020[2], USA
Cross-sectional

Treatment-naive
participants provided
informationandthen
interviewed with open-
ended and survey
questions.

n=30 (46% of eligible), females >65 years who had never
been offered and had never taken bisphosphonates (BPs)
recruited from research participantlists

Age, mean (SD): 72.7 (4.8)
Menopausal status: NR

BMD: NR

Prior fracture:NR

Osteoporosis dx: NR (100% treatment naive)
Medication use: NR

Concern about fractures: NR
Perceived severity of fractures: NR
Absolute fracturerisk: NR
Perceived fracturerisk: NR
Previous screening: NR

Format: Information was textual andvisual (icon arrays) on risk of
outcomes for women 1 yearafter hipfracture, risk of further bone
loss for women taking BPs, risk of fracture for women who doanddo
nottake BPs.

Knowledge of risk: Actual risk for fracture/bone mineral density t-
score/indication for BP therapy was not criteria for eligibilityandwas
not collected from participants.

Benefits of treatment: Lowers chance of breaking a bone (by about
half), 20 in 100 women with osteoporosis break a bone without taking
medication,andonly 10in100who take this medicationbreak a
bone. Lowers chance of forward curve of the spine (kyphosis),
disability, andlossof independence.

Harms of treatment: This medication has very rareside effects such
as:Aproblemwith thejawbone, wherethelower or upper jaw is
exposed. Thishappensin1in10,000to1in 100,000 people.

Acceptors (of treatment) and cautious acceptors (accept but
little worried aboutit) of BPs: 17/30(56.6%)

Many participants’ responses indicated they were worried
aboutosteoporosis overallandwere willing to take
medicationto treatit, butwere unwilling to take BPs in
particularbecause of concerns about side effects. Eg 80%
would be willing to take a medication

Subgroups: None
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Author & Year, Country
Design
Study description

Participant characteristics

Format of information

Knowledge of risk

Information provided on benefits and harms

An unusual breakof the thigh bone. This happensinabout1in
10,000 people. If asked, women wouldbetold “Some people talk
aboutstomachproblems, butresearchfound that peopletakingthe
medicine do not have stomach problems more thanpeople taking

a placebo (orsugar pill).

Outcomes of interest
Subgroup data

Hudson 2011[3], New
Zealand

RCT (4-arm)

Participants were
communicated information
on the benefits and harms
of a hypothetical treatment
using absolute or relative
values.

n =393 women (34% of eligible) 250 years enrolled as a
patientof one of 10 GPs at4 practices in Christchurch.

Age, mean (SD): 63.1(8.7)y
Menopausal status: NR

BMD: NR

Prior fracture:57 (14.5%)
Osteoporosisdx: 17 (4.3%)
Medication use: NR

Concern about fractures: NR
Perceived severity of fractures: NR

Absolute 10-year hip fracture risk (FRAX), median (IQR):

2.2(0.5-2.7)%

Perceived fracturerisk: 321(81.7%) believed they were
unlikelyto sustain a fracture

Previous screening: NR

Format: Participants received information on a hypothetical

treatmentin one of four groups:

— benefits andharms both described pictorially inabsolute terms;

— benefits described pictorially in absolute terms, harms described in
relativeterms;

— benefits described in relative terms, harms described pictorially in
absoluteterms;

— benefits andharms both described inrelative terms

Knowledge of risk: 10-year hip fracture risk calculated using FRAX.

Benefits of treatment: rel ative reduction in risk of hip fracture by
40%, or presented with a chart of 1000 women showing the number
expected to havea hip fracturein 10 years and the number avoided
by taking treatment (varied from 1-200/1000 according to individual
fracturerisk).

Harms of treatment: relativeincreaseinrisk of stroke by 67%, or
presented with a chart of 1000 women showing the number of
women expected to havea strokeinthenext 10 years without
treatment (12 per 1000) and the additional strokes with treatment (8
per 1000).

Acceptance of treatment afterabsolute vs. relative
presentation of benefits self-reported on a4-point scale
(very likely, quite likely, quite unlikely, very unlikely): 82
(43%) vs.71(36%) likely, 110(57%) vs. 129 (65%) unlikely, OR
1.73(95%ClI 1.10-2.73), p=0.018 adjusted forage, previous dx
of osteoporosis, education, self-reported risk.

Among those acceptingtreatment after presentation of
benefits (n =153), likelihood of still accepted after absolute
vs. relative presentationof harms:32 (46%) vs. 12 (14%)
likely, 38 (25%) vs. 71 (50%) unlikely, OR 4.89 (95% CI 2.30-
11.0), p<0.001.

Subgroups:

— Predictors of acceptance of treatment after presentation of
benefitincluded age (per decade after 10years) (OR1.4,
95% Cl 1.05-1.78), previous diagnosis of osteoporosis (OR
5.4,95%Cl 1.52-26.12), self-reported risk (vs. verylikely)
(OR1.8,95%Cl 1.1-3.0for quite unlikely; OR 1.9,95%Cl
1.01-3.65for quite/very likely). There was no significant
effect of history of fracture, absolute 10-year hip fracture
risk, or BMD.

— After presentation of benefits andharms, onlyhigher self-
reported risk (OR2.7,95%Cl 1.3-5.5)and absolute
presentationof harms (OR3.8,95% Cl 1.9-8.1) increased
the likelihood of acceptingtreatment.

Hudson 2012[4], New
Zealand

Cross-sectional

Participants completed a
questionnaireabout their

n=354(36%of eligible) patients aged 50-70 years (44%
female) who were registered with 3 GPs in Christchurch

Age, mean (SD): 59.7 (5.7)y
Menopausal status: NR
BMD: NR

Prior fracture: NR

Format: Participants completed a mailed questionnairein whichthey
were presented with a scenarioof 5,000 people aged 50-70years
undergoing treatment with alendronate or other bisphosphonates for
10 years. Participants were asked to select the number of hip
fractures that they considered justified accepting treatmentfrom 1, 5,
50,100,500, 0r1000.

Minimum acceptable benefit of the medication self-reported
on a questionnaire: 227 (64%) chose a minimum acceptable
benefitthat was greater than the actual benefit of medication
(>50 hip fractures prevented), 56 (16%) matchedtheactual
benefit,and 71 (20%) were lower than the actual benefit (<50
hip fractures prevented).
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Author & Year, Country

Design

Study description
expectations of the benefits
of four treatment options.

Participant characteristics

Osteoporosis dx: 33 (9%)
Medication use: 35 (10%)
Concern about fractures: NR
Perceived severity of fractures: NR
Absolute fracturerisk: NR
Perceived fracturerisk: NR
Previous screening: NR

Format of information

Knowledge of risk

Information provided on benefits and harms

Knowledge of risk: Participants were not provided with information
on their individualrisk, but knew if they had osteoporosis.

Benefits of treatment: Not provided. The authors considered 50 hip
fractures avoided to be the correctanswer, based on a 60-yearold
woman with a 10-year hip fracturerisk of 2.3% and a 53%relative risk
reductionwith alendronate.

Harms of treatment: “This medication has no major side effects”

Outcomes of interest
Subgroup data

Subgroups:

Age, sex, past diagnosis of osteoporosis, and use of
medications for osteoporosis were not significant predictors
of overestimating the minimum acceptable benefit

Kalluru2017[5], New
Zealand

RCT(4-arm)

Participants readtextabout
the benefits of treatmentin
various ways (having or not
havingan event; natural
frequencies ornumber
needed to treat).

n=200(91%of eligible) patients >60 years (81% female)
who had been referred to a publichospital clinicfor bone
density measurement, but were not taking any anti-
osteoporosis treatments

Age,mean: 69y

Menopausal status: NR

BMD, femoral neck T-score: meanacross groups wasin
the osteopenicrange

Prior fracture: 66 (33%)

Osteoporosis dx: NR

Medication use: no currentuse

Concern about fractures: NR

Perceived severity of fractures: NR

Absolute 5-year osteoporotic fracture risk (Garvan),
median (IQR): 7.4 (5.5,12.0)%

Absolute 5-year hip fracturerisk (Garvan), median (IQR):

1.4(0.8,3.0)%

Perceived 5-y osteoporotic fracturerisk, median (IQR):
20 (10, 50)%; estimates were 2-3 times higher than
calculator

Perceived 5-y hip fracture risk, median (IQR): 19 (10,
40)%; estimates were 10-20 times higher than calculator
Previous screening: NR

Format: Participants were randomized to one of 4 arms which
differed in their framing of the benefits andrisk of a hypothetical
treatmentthatreduces osteoporoticfractures by 33%.

Knowledge of risk: All participants were provided their 5-yearrisk of
osteoporoticand hip fracture using Garvan+BMD

Benefits of treatment: Osteoporosis medication reduces osteoporotic

fractures by 33%, and hip fractures by 40%. Framed eitheras the:

(1)chanceof havingan eventandbenefits in natural frequencies (out
of 100 people, the number havingan osteoporaotic fracture would
decreasefrom20to 13, hip fracturefrom5 to 3);

(2)chanceof nothaving an eventin natural frequencies (out of 100
people, the number not having an osteoporotic fracture would
increasefrom 80to 87, hip fracturefrom95to 97);

(3)chance of havingan eventin number needed to treat (15 people
would need to betreated to prevent one osteoporoticfracture, 50
would need to betreated to prevent one hip fracture);

(4)chanceof nothaving an eventin number needed to treat (if 15
peopleweretreated 14 would receive no benefitinterms of
osteoporoticfracture preventionandinl person afracture would
be prevented;if 50 people were treated 49 wouldreceive no
benefitin terms of hipfracture preventionand1 hipfracture
would be prevented).

Harms of treatment: Not provided.

Perceived level of risk of osteoporotic fracture and hip
fracture at which treatment would be considered self-
reported on a questionnaire: at baseline, the median (IQR) 5-
yrisk threshold for oral tablets was 50(25, 70)% for
osteoporoticfractureand50 (30, 75)% for hip fracture. The
threshold forintravenous medications was 60 (30, 80)% for
osteoporoticfractureand60 (40,80)% for hip fracture.
Receivinginformation on benefits led to no or very small
changesinriskthresholds (decrease of <10%).

Proportion believing that they should take osteoporosis
medication: At baseline, 30 (15%) said yes, 67 (34%) said no,
101 (51%) were unsure. After receiving information, of those
originally saying yes, 67% still said yes, 27% saidno,and 7%
were unsure. Of those originallysaying no, 4% saidyes, 81%
still said no, and 15% were unsure. Of those originally being
unsure, 12%said yes, 39% saidno, and48% were sstill unsure.
This means that after receiving information, 37 (18.5%) said
yes, 101 (51%) said no,and 60(30%)were unsure. At3
months follow-up, 53 (27%) actually started or intended to
start medication, while 122 (61%) did not.

At baseline, 46% of participants estimated their hipor total
fractureriskwas equal or greater than one of the thresholds
they considered highenough fortreatment. This decreasedto
37% after they received information.

Subgroups:
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Author & Year, Country

Design
Study description

Participant characteristics

Format of information
Knowledge of risk
Information provided on benefits and harms

Outcomes of interest
Subgroup data

There were no between-group differencesinperceived level
of riskatwhichtreatmentwouldbe considered (p <0.6) at
baseline or afterthereceipt of informationinvaried formats.

LeBlanc 2015[6], USA

Prospective cohort (one
armofa RCT)

Clinicians engaged patients
in shared decision making
aboutstarting
bisphosphonates using the
Osteoporosis Choice
decision aid.

n =32 women >50 years witha diagnosis of osteoporosis
or osteopenia who were identified by their clinician as
potentially eligible for bisphosphonates and had an
upcoming BMD evaluation at participating primarycare
practices affiliated with the Mayo Clinic, Rochester,
Minnesota. Women were part of a RCT where 95% of
thoseeligible were enrolled.

Age, mean (SD): 69 (8)y

Menopausal status: NR

BMD: NR

Prior fracture: NR

Osteoporosis dx: All diagnosed with osteopenia or
osteoporosis

Medication use: no currentuse.

Concern about fractures: NR

Perceived severity of fractures: NR

Absolute fracturerisk (FRAX), mean (SD): 14 (8)%; 10
(31%) had a risk <10%, 16 (50%) had a risk11-20%,and 6
(19%) had a risk >20%

Perceived fracturerisk: NR

Previous screening: NR

Format: The OsteoporosisChoice decisionaid was used by the
clinicianduring the clinical encounter. Patients and clinicians were to
review thedecision aid, deliberate about whether to start
bisphosphonates, and make a decision together atthattimeor ata
later time. https://shareddecisions.mayoclinic.org/decision-aid-
information/decision-aids-for-chronic-disease/other-decision-aids/

Knowledge of risk: Participants were provided their 10-year risk of
MOF using FRAX. After the encounter, 20 (69%) correctly identified
their risk without treatment, and 23 (79%) correctlyidentified their
risk with treatment. Median (I1QR) osteoporosis knowledge score (13
items, higher =more knowledge) was 7.0 (4.5, 9.0).

Benefits of treatment: Absolute risk reduction with bisphosphonates
represented using anevidence-based pictograph andassuming a
treatment-related reductioninoverall fractures of 40%. For example:
“Roughly 24 in 100 have a fracture withinthe nextyears. 76 will not.
16 haveavoided a fracture because of the medication.” (patients fill in
the numbers)

Harms of treatment: “Abdominal problems: About 1in4 people will
have heartburn, nausea, or belly pain. However, itmay notbefrom
medication. If the medication is the cause, the problem will go away if
you stop takingit. Osteonecrosis of the jaw: If 10,000 patients are
treated, we would expect fewer than1to havebonesores that may
be painful or need surgery. For comparison, if 10,000 patients who
have a tooth extracted are treated, we would expect fewer than 30 to
havebonesores of thejawthat may be painful orneed surgery.”

Decision to start medicationreported on asurvey and
verified using pharmacy records: 12 (41%) of patients decided
to starttaking a bisphosphonateand 10 of these (83%)
decided tofill that prescription. Eight (28%) decided not to
startbisphosphonatesand 9 (32%) were undecided.

Subgroups: none

Liu 2020 [7] &Billington
2019 [8], Canada

Liu: Cohortstudy;
Billington: Cross-sectional
(smaller thanLiu with same
patients but additional

Liu:n=208 females (group 1 n=125; group 2 n=85)
Billington: n =85 females (overlap withLiuingroup 1)
245 years referred by a primarycare provider for age-
associated osteoporosis.

Liu (wholesample unless otherwise specified):
Age, median (IQR): 63.5 (NR) y

Format:

Group 1: The group self-management programincluded education
aboutosteoporosis, consequences of fragility fracture, fracturerisk
factors, anddetailed benefits and risks of various pharmacologic
treatments (raloxifene, alendronate, risedronate, zoledronicacid,
denosumab, teriparatide). Prior to the self-management program,
patients attended a 2-hteaching sessionon the basics of osteoporosis

Plan toinitiate therapy, decline therapy, or remain
undecided self-reportedon a questionnaire: 20.2% chose to
initiate pharmacologictherapy

Subgroups:
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Author & Year, Country

Design

Study description
subgroup data based on risk
for hip fracture)

Liu:

Group 1:Group (5-10
patients) self-management
consultprogramaimed at
facilitating decision-making
abouttreatment for
osteoporosis.

Group 2:Traditional one-
on-oneconsultationwith
specialist.

(Combined foranalysisin
this review)

Billington:sameasgroup 1
above.

Participant characteristics

Menopausal status: NR

BMD T-scoreatfemoral neck, median(IQR):group1:-1.9
(-2.3,-1.3);group 2:-1.5(-2.2,-0.9)

Prior fracture: 64 (30.8%)

Osteoporosis dx: 100%

Medication use: 79 (38%) prior use

Concern about fractures: 36 (42%) were worried about
their fracturerisk(only reported in Billington)

Perceived severity of fractures: NR

Absolute 10-year risk (FRAX), median (IQR): group 1:
11.5 (8.6, 18.2)%MOF, 24 (19%) had a risk >20%; 2.1 (1.1,
4.5)% hip, (in Billington) 31 (37%) had a risk 23%,; group 2:
11.5(7.9,16.3)%MOF, 16(19%) had arisk >20%; 2.3
(1.0,4.0)%hip

Perceived fracturerisk: NR

Previous screening: NR

Format of information

Knowledge of risk

Information provided on benefits and harms

and lifestyleinterventions suchthatthetotal teaching and decision-
making process includes >4 hours of instructionandinteraction.
Group 2: Traditional one-on-one sessionwith similarinformation to
group sessions and a shared decision making approach.

Benefits of treatment: individual absolute fracture risk reduction
calculated assuming a 40% relative riskreductionfrom baseline

Harms of treatment: generalinformation related to eachdrug of
interest, includinghot flashes (7-10%), leg cramps, blood clot (1 per
1000 in past 3 years), indigestion, heartburn, nausea (about 10%),
osteonecrosis of thejaw (veryrare,1in 10,000to 1in 100,000),
atypicalfractures of the thigh bone (veryrare,1in10,000to 1in
100,000), flu-like symptoms (3-4%) lasting 2-3 days, pain, dry skin, skin
infection (rare), leg cramps.

Outcomes of interest
Subgroup data

— Ofthose with FRAX 10-y MOF>20% 18/40 (45%) accepted
therapyvs.15/85(17.6%) of those witha moderate risk 10-
19.9%vs 9/83(11%) low risk 0-9.9%

— (fromBillington) Of those with a 10-year hip fracturerisk
>3%10/31 (32%) accepted therapy vs. 10/54 (19%) of those
with a risk <3%, p=0.012

— Ofthosewith priorfracture 26/64 (40.6%)accepted
therapy

— (fromBillington) Median (1QR) femoral neck T-score was -
2.6(-1.9,-2.9) among acceptors,-2.1(-1.2,-2.5) among
decliners,and-2.6(-2.3,-2.7) among undecided

Worry aboutfracturerisk was presentin 12 (52%) of
acceptors, 11 (28%) of decliners,and 12 (57%) of undecided

Montori 2011[9], USA

Prospective cohort(one
armofa RCT)

Clinicians engaged patients
in shared decision making
aboutstarting
bisphosphonates using the
Osteoporosis Choice
decision aid.

n=>52(100% of eligible) postmenopausal women 250
years who were patients of 10 general medicineand
primary care practices affiliated withthe Mayo Clinic,
Rochester, Minnesota. Women had BMD levels consistent
with a diagnosis of osteopenia or osteoporosis and were
found by their clinicianto be eligible for bisphosphonate
therapy, butwere notalready taking prescriptionanti-
osteoporosis medications.

Age, median (range): 67(51-84) y

Menopausal status: all postmenopausal

BMD T-score at left femoral neck, median (range): -1.80
(-3.7t0-0.7)

Prior fracture: 23 (44%)

Osteoporosis dx: all had osteoporosis or osteopenia
Medication use: none (exclusioncriteria)

Concern about fractures: NR

Perceived severity of fractures: NR

Format: The OsteoporosisChoice decisionaidwas used by the
clinicianduring the clinical encounter. Patients and clinicians were to
review thedecision aid, deliberate about whether to start oral
alendronate, and make a decisiontogether atthattimeor ata later
time. https://shareddecisions.mayoclinic.org/decision-aid-
information/decision-aids-for-chronic-disease/other-decision-aids/

Knowledge of risk: Participants were provided their 10-year risk of
MOF using FRAX, and were categorized into one of three arbitrary
categories: <10%, 10-30%, or >30% risk.

Benefits of treatment: Absolute risk reductionwithalendronate
shown on a pictograph, assuming a reductionin overall fracture risk of
40%. For example: “Roughly 24in 100 have a fracture within the next
years.76 will not. 16 have avoideda fracture because of the
medication.”

Decision to start medicationreported on asurvey and
verified after 6 months using pharmacy records: 23 (44%) of
patients decided to start bisphosphonates, and all of these
patients hadprescriptions for bisphosphonatesin the
pharmacydata.

Subgroups:

— 1/2(50%) in thelowrisk, 18/40 (45%) in the moderaterisk,
and 4/10(40%) in the high riskgroup started
bisphosphonates
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Author & Year, Country

Design
Study description

Participant characteristics

Absolute 10-y MOF risk (FRAX), median (range): 19(6.1
to 39)%

Absolute 10-y hip fracturerisk (FRAX), median (range):
2.05(0.6t018)%

Perceived fracturerisk: NR

Previous screening: NR

Format of information

Knowledge of risk

Information provided on benefits and harms

Harms of treatment: “Abdominal problems: About1in4 peoplewill
haveheartburn, nausea, or belly pain. However, it may notbefrom
medication. If the medication is the cause, the problem will go away if
you stop takingit. Osteonecrosis of the jaw: Fewer than 1in 10,000
(over next 10 y) will have bone sores of thejaw that may need
surgery).

Outcomes of interest
Subgroup data

Neuner 2014 [10], USA
Cross-sectional

Participants were provided
informationregarding
fracturerisks andtreatment
risks and benefits, followed
by a series of vignettes
depictinga 70-year-old
woman atbaselinefracture
risks between 5-50%.

n=241(31%of eligible) women 260 years randomly
selected fromthoseseeninthe past12 monthsatthree
general internal medicine practices in Milwaukee,
Wisconsin. Inclusion criteria were designed to target
postmenopausalwomen likely to be faced with fracture
preventive treatment decision-making.

Age, mean (SD): 69.4 (7.19)y

Menopausal status: all postmenopausal

BMD: NR

Prior fracture: 82 (34%) any fracture, 7 (3%) hipfracture
afteragedOy

Osteoporosis dx: 215(89%) had a priorbone density test
and of these 65 (27%) had osteoporosisand 75(31%) had
osteopenia

Medication use: Appearto be untreated (inclusion
criteria)

Concern about fractures: NR

Perceived severity of fractures: NR

Absolute fracturerisk: NR.63% had atleastone major
risk factor other than low bone density.

Perceived fracturerisk: Those with osteoporosis
estimated their 10-y fractureriskto be 43%, those
without osteoporosis estimated itat 37%. Women
estimated theirlifetime mean (SD)fracturerisk at 50
(33)%.

Previous screening: NR

Format: Each hypothetical vignette asked the subject to imagine that
shewas a 70-year-old womanwhoserisk of a broken hip in the next
10 years was n% and risk of other fractures was 4n%.

Knowledge of risk: Participants providedtheir10-year fracturerisk
estimate using the FRACTURE Index.

Benefits of treatment: The effect of treatment was summarized with
the statement, “if you take an osteoporosis medication once weekly,
you canreduceyour chance of breakinga bone” andwas also
depicted using 2 pictographs. Each pictographshowed 100 women
andtheir fracture outcomesinnext 10 years. The first pictograph
showed the riskwith no medication andthe secondtherisk with
medication. A33%fracturerisk reduction withtreatment was
assumed. Thevignettes were displayed inorder of increasing risk (1%
hip/4% other, 2%/8%, 3%/12%, 6%/24%, 8%/32%, and 10%/40%).
Vignette 3 represents the current treatment threshold.

Harms of treatment: Provided in a box next to the pictograph-
stomachupset severe enoughto stop therapy (5 or more outof 100
people), osteonecrosis of thejaw (1/100,000), and atrial fibrillation
(1/100).

Willingness to take medication was self-reported
immediately afterreadingthe vignettes: Willingness to
accepttreatmentincreased withincreasing level of risk. 43%
accepted at5%risk, 45% at 10%risk, 51% at 15%risk (current
treatmentthreshold), 66% at30% risk, 77%at40%risk, 82%
at50%risk.

Subgroups:

— 0Odds of accepting treatmentincreased marginally with
increasing 10-yearfractureriskfor vignette 3 only, OR 1.02,
95%Cl 1.01 to 1.03. Therelationship was not significant for
other vignettes.

— 0Odds of accepting treatment was higher for those with vs.
without osteoporosisinvignettes 1-3, but not others.
Vignette 1: 64.2% with vs. 37.5%without osteoporosis
would accept,OR2.66,95%Cl 1.35t0 5.25.

Vignette2: 62.3%vs.40.2%,0R2.23,95%Cl 1.14t0 4.36
Vignette3:71.7%vs.45.1%,0R2.9,95%Cl 1.4t05.9

Sheridan 2016 [11], USA

(4-a rm)

n =258 women (% of eligible NR, but 24% of eligible
cohort participated inanyof the screening services;
osteoporosiswas a subgroup)aged 50-64 years, with a
BMI 218, no historyof fracture or family history of
osteoporosis, no current use of prednisone (>30

Format: Participants were provided one of four 1-page written
evidence-based support sheets for osteoporosis screening using BMD
and treatmentwith bisphosphonates (suchas alendronate).

Mean (SD) intention to accept screening during the usually
recommended screening interval (5 years) self-reported
before and immediately after reading the information sheet
(range 1-5, where higher scores indicate strongerintentions):
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Author & Year, Country

Design

Study description
Participants were presented
with information on
benefits andharms of
screening (and associated
treatment) in one of four
formats:words, numbers,
numbers +narrative,
numbers +framed
presentation

Participant characteristics

consecutivedays), <3 drinks per day, nonsmokers.
Women wereeligibleifthey hadan upcoming visit, and
were eligible to receive information on osteoporosis
screening at one of four community-based practices
affiliated with the Duke Primary Care Research
Consortium.

Age,mean: 57y

Menopausal status: NR

BMD: NR

Prior fracture: none (exclusion criteria)
Osteoporosis dx: NR

Medication use: NR

Concern about fractures: NR

Perceived severity of fractures: NR

Absolute fracturerisk: NR

Perceived fracturerisk: After screening mean (SD) risk
(range 1-4 where higher scores indicate higher risk)
ranged from1.76(0.82)t0 2.27(1.00) across groups.
Previous screening: 146 (57%)

Format of information

Knowledge of risk

Information provided on benefits and harms

Knowledge of risk: Knowledge of risk not applicable, because patients
have notbeen screened. After reading theinformation, mean (SD)
disease specificknowledge (range 0-2, where higher scores indicate
greater knowledge) ranged from1.13(0.72) to 1.20(0.59) across
groups. Mean(SD) general screening knowledge (range 0-8, where
higher scores indicate greater knowledge) ranged from5.33(1.93) to
5.74 (1.76) across groups.

Benefits of screening and treatment:

(1)Words:finding and treating osteoporosis early reduces broken hip
bones in very few of the women who arescreened andtreated and
reduces the chances of other brokenbonesina few.

(2)Numbers:finding and treating osteoporosis early reduces broken
hip bones in 2 per 1000screenedandtreated over 10years (7 per
1000 to 5 per 1000) and reduces the chances of other broken
bones.

(3)Numbers +narrative: same as presentation of numbers, but with
added narrative fromwomen and photographs.

(4)Numbers +framed: same as presentation of numbers for benefits

Harms of screening and treatment: Finding out about osteoporosis
mightlead some women to worry abouta broken bone. Experts are
unsure how many women worry. Bisphosphonates may cause minor
stomachupsetin nottaken according to instructions. They may also
causemuscleand joint painsin some people. Most serious symptoms
arerare. Overdiagnosis presented by showing thatincident disease
rates exceed important outcomes: “It affects 45 of every 1000 women
you age. Itincreases the changes of broken bones, particularlyin the
hip and spine. Inthe next 10 years, about 7 of every 1000 women
your agewill havea brokenhip.”

(1)Words:Over 10 years veryfew women will have damage to the
jaw (osteonecrosis)or atypical breaks of the bone.

(2)Numbers: Of every 1000 women treated over 10 years 1 to 10 will
have damageto thejaw (osteonecrosis) and 5 will have atypical
breaks of thebone.

(3)Numbers +narrative: same as presentation of numbers, but with
added narrative fromwomen and photographs.

Outcomes of interest
Subgroup data

Words:3.64(1.08)vs.3.38(1.16); MD -0.23 (-0.40,-0.06), p <

0.001

Numbers:3.73 (1.08) vs. 3.73(1.10); MD 0.02 (-0.15, 0.19), ns
Narrative: 3.88 (0.69) vs. 3.82 (0.85); MD -0.06(-0.23,0.11), ns
Framed: 3.69 (0.92) vs. 3.67(1.18); MD -0.05(-0.21,0.12), ns

Subgroups:

— Therewas no differenceinthechangein intention to accept
screening between groups (p =0.19)

— Changeinintention to acceptscreening did not differ by
subgroups of patients defined by previous screening or
worry about health
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Author & Year, Country

Design
Study description

Participant characteristics

Format of information

Knowledge of risk

Information provided on benefits and harms

(4)Numbers +framed: same as presentation of numbers, but framed
as benefits of NOT beingscreened (e.g., avoid unnecessary
treatments and side effects).

Outcomes of interest
Subgroup data

Si2019[12], China
Cross-sectional

Discrete choice experiment
using hypothetical drug
treatment profiles and four
treatmentattributes:
effectiveness, adverse
effects, out of pocket costs,
mode of administration.

n=267 (% of eligible NR) patients (81% female) who
attended the department of Rheumatology of the Third
Affiliated Hos pital of Sun Yat-sen University and were
assessed by their clinician to be atriskfor osteoporotic
fracture.

Age, mean (SD): 63.4 (10.2)y
Menopausal status: NR

BMD T-score, mean (SD): -2.1 (0.8)
Prior fracture: 66 (23%)
Osteoporosis dx: 119 (42%) self-reported and 88 (31%)
with osteoporosis defined by T-score
Medication use: NR

Concern about fractures: NR
Perceived severity of fractures: NR
Absolute fracturerisk: NR
Perceived fracturerisk: NR

Previous screening: NR

Format: Participants completed a discrete choice experiment where
they chose between sets of two different treatment profiles, with the
option of no treatment. Eachtreatment profile had different | evels of
four attributes: effectiveness, adverse effects, out of pocket costs,
mode of administration. The attributes were based on the
characteristics of alendronate, zoledronicacid, raloxifene, calcitonin,
denosumab, and calcium/vitamin D.

Knowledge of risk: Participants were not provided with information
ontheirindividualrisk, but knew if they had osteoporosis.

Benefits of treatment: Treatment efficacy inreducing therisk of
fracture couldbe 20%, 30%, 40%, or 50%.

Harms of treatment: could be one of flu-like symptoms, skin
reactions, gastrointestinal disorders - these were assumed to occur in
1 of every 50 patients undergoing treatment. Each of these effects
was relatively mild, disappeared after a few days,andhadnolong-
term or severe consequences.

Relative importance of treatment, self-reportedon a
questionnaire: The positive constantterm (ASC=9.57,95%Cl
7.51,11.63)indicates that on average patients preferredto
received treatment over no treatment. Patients significantly
preferred a treatment with higher clinical efficacy. The SD of
the constant was statistically significant, indicated the
presence of significant preference heterogeneityfor
treatment.

Patients were willing to pay3689Yuan(5thand95th
percentiles 2037 and 6532 Yuan, respectively) more per
annumfor a 1% improvementinmedication efficacy of
preventing fractures.

Subgroups:

— Patients who were women and those with osteoporosis had
a stronger preference for receiving osteoporosis medication
(p<0.05).

— Therewas no significant difference in preference for
treatment by presence of priorfracture.

Smallwood2017[13], USA
Prospective cohort

Patients engaged withan
onlinedecisionaid about
treatment for osteoporosis
containinga summary of
medicationrisksand
benefits

n=NR (<33) women =55 years (to ensure
postmenopausalstatus) who had undergone screening at
one of three primary care clinics within a Midwestern
multispecialty academicgroup practiceandwere found to
havea T-scoreof <-1. Women wererecruited through a
patient portal or by mailed invitationandwere partofa
RCT where 82% of those eligible were enrolled.

Age, mean: 68.8y

Menopausal status: All postmenopausal

BMD: All had a T-scoreof <-1

Prior fracture: 13 (44.8%)

Osteoporosis dx: 16 (55.2%) had osteopeniaand 13
(44.8%) had osteoporosis

Medication use: No pastor current use of
bisphosphonates (subgroup of the population)

Format: Patients accessedan online decision aidtitled ‘Healthy
Bones’ fromthe Agency for Healthcare Researchand Quality (no
longer appearsto beavailable online—broken link), whichwas
adapted toincludea personalized fracture risk (FRAX-BMD) calculator
andinformationabout osteoporosis including cases, risk factors, ‘how
to determineif you have osteoporosis’, details about prescription and
non-prescription treatment, and a values elicitation exercise. Aside
from medication, recommendations for getting more dietary calcium
and thetypes of exercise thatis beneficial for bones was also
included.

Knowledge of risk: The tool enabled patients to calculate their 10-y
MOF riskusing FRAX-BMD. Knowledge score (about osteoporosis) was
74% atbaseline, 84% post-intervention, and 82% at 3 months.

Proportion of patients taking anti-osteoporosis medications
at 6 months ascertained using a chart review: 5.3%

Subgroups: None
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Author & Year, Country Participant characteristics Format of information Outcomes of interest

Design Knowledge of risk Subgroup data
Study description Information provided on benefits and harms
Concern about fractures: NR Benefits of treatment: A medication tableincluded information on
Perceived severity of fractures: NR evidenceavailable for 7 different medications, as follows:
Absolute fracturerisk: NR; 89% had atleastonefracture | — Alendronate, risedronate, denosumab: some protectionagainst hip,
risk factor other than ageand low BMD back,and otherfractures
Perceived fracturerisk: NR — Ibandronate: some protection against backfractures, unknown for
Previous screening: All had been screened using BMD hip and other fractures
— Teriparatide: some protectionagainst back and other fractures,
**Note: abovedataarefor theentirecohortas unknown for hip fractures
participant characteristics are notavailable forthe — Raloxifene: some protection against back fractures but not for hip
subgroup of interest (untreated patients) or other fractures
Harms of treatment: Information provided to patients but NR

ASC=alternative specific constant; BMD=bone mineral density; Cl=confidence interval; IQR=interquartile range; MOF=major osteoporotic fracture; NR=not reported; OR=odds ratio; RCT=randomized controlled trial; SD=standard
deviation; USA=United States of America; y=years
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