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1. Validity of fragility fracture risk
prediction tools

1.1.Review questions: What is the validity of risk
prediction tools for predicting the risk of fragility
fractures in adults, including those who have had a
previous fragility fracture?

1.1.1. Introduction

This review aims to look at the performance of UK-validated fragility fracture risk prediction
tools regarding their overall fit, calibration, and discriminatory power in adults at risk or
suspected risk of fragility fracture.

1.1.2. Summary of the protocol

For full details see the review protocols in Appendix A.

Table 1: PI(C)OTS characteristics of review question

Population Adults (18 years and older) who are at suspected risk of fragility fractures
(people with or at risk of primary or secondary osteoporosis or have had a
previous fragility fracture).

Intervention Risk prediction tools
Risk of major osteoporotic fracture or hip fracture using:
e CFracture
o FRAX-UK/FRAXplus-UK
o Without bone mineral density (BMD) assessment
o With BMD
o With BMD and trabecular bone score (TBS)
o FRAX with NOGG thresholds
e |DFracture
e QFracture
Strata: Version or iteration or risk prediction tool; type of fracture.
Outcomes Risk prediction tools
e Overall fit: R? statistic, Brier score

e Calibration: calibration plots and curves; calibration in the large;
observed:expected ratio; integrated calibration index

o Discrimination: c-statistic/AUC, D statistic for overall discrimination
e Reclassification (for example, net reclassification index)
e Discrimination at specific threshold: sensitivity/specificity, predictive

values
Target Fragility fracture
condition e Major osteoporotic fracture
e Hip fracture
Setting e Any setting
Study design ¢ Internal or external prospective or retrospective cohort validation studies

Abbreviations: AUC, area under the curve; FRAX, Fracture Risk Assessment Tool; NOGG, National Osteoporosis
Guideline Group.

Risk Prediction Tools. Draft for consultation. January 2026 Page 6 of 206
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1.1.3. Methods and process

This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual. Methods specific to this review question are
described in the review protocol in appendix A and in Section 1.2 below.

Declarations of interest were recorded according to NICE’s conflicts of interest policy.

1.1.4. Risk prediction evidence

Evidence was identified regarding risk prediction tools for predicting the risk of fragility
fractures in adults including those who have had a previous fragility fracture. The
assessments and the specific outcomes are summarised in Table 4. Full details can be found
in Appendix D, Appendix E, and Appendix F.

Evidence on the accuracy of bone assessment methods to predict fragility fracture was
sought as part of Evidence review D, whilst evidence on the effectiveness of risk assessment
tools was sought as part of Evidence review E.

1.1.5. Fragility fracture risk prediction tools

For a list of the predictors (risk factors) included in the risk prediction tools and model
features, see Table 2 and Table 3.

1.1.5.1. CFracture

CFracture was developed in 2023 and has been internally validated based on a large general
primary care population in the UK (CPRD GOLD database). The algorithm uses the same
risk factors, which are readily available in electronic healthcare records, as the QFracture
tool. CFracture estimates 10-year risk of hip or major osteoporotic (hip, shoulder, spine, or
wrist) fracture in men and women aged 30-99 years. Ascertainment of fracture (that is,
whether a fracture has occurred) was through use of primary care Read codes from the
CPRD GOLD database, and linked Hospital Episodes Statistics (HES) admitted patient care
or Office for National Statistics (ONS) death registration (both of which use ICD-10 codes).

The clinical risk factors included in the tool are: age, sex, ethnicity, smoking status, alcohol
status, type 1 and type 2 diabetes, body mass index (BMI), parental history of
osteoporosis/hip fracture, resident in a nursing or care home, previous fragility fracture,
history of falls, dementia, cancer, asthma, chronic obstructive pulmonary disease,
cardiovascular disease, chronic kidney disease, epilepsy, Parkinson’s disease, systemic
lupus erythematosus, rheumatoid arthritis, chronic liver disease, gastrointestinal conditions
likely to result in malabsorption (Crohn’s disease, ulcerative colitis, celiac disease,
steatorrhoea, blind loop syndrome), other endocrine conditions (thyrotoxicosis, primary or
secondary hyperparathyroidism, Cushing’s syndrome), 22 prescriptions for systemic
corticosteroids in the six months prior to cohort entry, =22 prescriptions for antidepressants six
months prior to cohort entry. In women, 22 prescriptions for oestrogen-only hormone
replacement therapy six months prior to cohort entry is also included in the model.

One strength of the CFracture model is that it uses a Fine-Grey hazard model and
associated Aalen-Johansen risk estimator to account for the competing risk of death from
non-fracture causes. As such, the model does not assume that individuals lost to follow up
have the same risk as those who are not.

1.1.5.2. FRAX/FRAXplus

The FRAX tool was developed in 2008 and was developed using baseline and follow up data
from nine prospective population-based cohorts (including Europe, Australia, Canada and
Japan) and validated in 11 prospective population-based cohorts (>1 million patient years),

Risk Prediction Tools. Draft for consultation. January 2026 Page 7 of 206
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all of which had similar risk profiles to the development cohorts. The tool estimates 10-year
hip or major osteoporotic (hip, shoulder, spine, or wrists) fracture risk in women and men
aged 40-90 years and can be used with or without a BMD measurement. For clarity, in this
guideline we have used the terms ‘FRAX with BMD’ and ‘FRAX without BMD.’ Ascertainment
of fracture was through self-report or hospital or central databases depending on the cohort.

The clinical risk factors included in the FRAX algorithm are: age, sex, weight, height,
previous fracture, parental hip fracture, alcohol use, current smoking, glucocorticoids, and
rheumatoid arthritis.

To be used in a specific country, the tool needs to be calibrated using country-specific
fracture incidence and mortality data. The tool is used widely across the world with currently
more than 80 country-specific models available on its website (www.fraxplus.org). A UK
version of the FRAX tool was calibrated in 2006 using fracture incidence and mortality data
from 1998.

One strength of the FRAX model, unlike QFracture (which uses a Cox model and Kaplan-
Meier risk estimate), is that it uses a Poisson regression model and associated maximum
likelihood estimator to account for the competing risk of death from non-fracture causes.

1.1.5.3. QFracture

QFracture was developed in 2009 and has been internally (Hippisley-Cox 2009) and
externally validated (Collins 2011) in large UK general primary care populations (QResearch
and THIN clinical databases). The algorithm is based on variables that are readily available
in electronic healthcare records and provides an estimate of an individual’'s 10-year risk of
first incident hip fracture or the 10-year risk of first incident major osteoporotic (hip, spine,
and wrist) fractures (including without the need for a BMD measurement). It can be used in
men or women aged 30-85 years without a previous fracture. Fracture ascertainment was
through primary care Read codes from the QResearch database.

The clinical risk factors included in the QFracture algorithm in men and women are: age, sex,
BMI, alcohol use, smoking, fall history, asthma, glucocorticoid use, cardiovascular disease,
chronic liver disease, rheumatoid arthritis, type 2 diabetes, tricyclic antidepressant use.
Additional factors used in women only are: hormone replacement therapy, parental history of
hip fracture, menopausal symptoms, gastrointestinal malabsorption, and other endocrine
disorders.

An updated version of the tool, QFracture 2012, has been internally (Hippisley-Cox 2012)
and externally (Hippisley-Cox 2014, Livingstone 2022) validated in similarly large UK primary
care population (QResearch and CPRD databases). This updated version included shoulder
(i.e. proximal humerus) fractures in its definition of MOF, expanded the age range to 30-100
years, and added the following additional risk factors to the model: ethnicity, previous
fracture, care home resident, use of antidepressants other than tricyclic antidepressants, use
of anticonvulsants, cancer, chronic renal disease, COPD, dementia, epilepsy, Parkinson’s
disease, systemic lupus erythematosus, and Type 1 diabetes. The current version of
QFracture is the 2016 version, which improves ascertainment of fracture by using linked
Hospital Episode Statistics (HES) data. However, there has not yet been a published internal
validation study and its performance in the general population is only briefly summarised on
the QFracture website (www.qgfracture.org).

One major drawback of the QFracture model is that it does not account for competing risks
because it uses a Cox proportional hazards model and provides an associated Kaplan-Meier
risk estimate. As such, because the model assumes that individuals who are lost to follow up
have the same fracture risk as those who are not lost to follow up, it will systematically
overpredict fracture risk.

Risk Prediction Tools. Draft for consultation. January 2026 Page 8 of 206
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Table 2: Risk factors (predictors) included in the fragility fracture risk prediction tools

Risk factor CFracture FRAX®/FRAXplus® QFracture

2009: 30-85
Age (years) in

development cohort 30-99 40-90 2012/2016: 30-100

Sex Y v y

BMI Y Y Y

Weight Y Y Y

Height Y Y Y
Optional

Bone mineral density FRAXplus: optional

(femoral neck T-score or - lumbar spine BMD -

absolute value) included
Trabecular bone score - Derived model -
Other anthropometric ) FRAXplus: Y Hip axis )
parameters length
Ethnicity Y Usvipsoi'osn';‘%iﬁ’;re 201212016
Y
Fracture history Y FRAXplus: Y recency 2012/2016
according to site

Parental history of
osteoporosis or hip Y Y Y
fracture
Fall history Y FRAXplus Y
Resident in nursing or v ) 2012/2016
care home
Secondary osteoporosis? i v i
(Yes/No)
Smoking Y Y Y
Alcohol use Y Y Y

2009: TCA only

2012/2016: use of

Antidepressant use Y TCA only antidepressants

other than TCA

included as

separate variable

Risk Prediction Tools. Draft for consultation. January 2026 Page 9 of 206
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Risk factor

Glucocorticoid use

Hormone replacement
therapy

Asthma

Cancer

Cardiovascular disease
Chronic kidney disease
Chronic liver disease
COPD

Dementia
Diabetes

Endocrine disorders

Epilepsy or
anticonvulsant use

Gastrointestinal
malabsorption®

Menopausal symptoms
Parkinson’s disease
Rheumatoid arthritis

Systematic lupus
erythematosus

CFracture

Y, oestrogen-only

< < < =< =< <

Y

Y (T1DM and
T2DM)

Y

Y

Y

FRAX®/FRAXplus®

Y

FRAXplus: Y high dose
use

FRAXplus: Y duration of
T2DM

QFracture

2012/2016

Y
2012/2016
Y
2012/2016
Y
2012/2016
2012/2016

Y

Y

2012/2016

Y

Y
2012/2016
Y

2012/2016

Abbreviations: COPD, chronic pulmonary obstructive disease; T1DM, type 1 diabetes mellitus; T2DM, type 2
diabetes mellitus; TCA, tricyclic antidepressants.

Notes

a. Forexample: Type 1 diabetes, chronic hyperthyroidism, premature menopause, chronic liver disease, chronic

malnutrition, chronic liver disease.
b. Includes Crohn’s disease, ulcerative colitis, celiac disease, steatorrhoea, blind loop syndrome.
c. Including taking progesterone.
d. Forexample: Down’s syndrome, other syndromal disorders, visual impairment, treatment with antipsychotics.

Table 3: Model features of fragility fracture risk prediction tools

Fracture risk
prediction tool

CFracture

Fracture
ascertainment

CPRD GOLD Read
codes + linked HES +

ONS data

Type of statistical
model: associated
risk estimator

Fine-Grey sub-
distribution hazard

Risk Prediction Tools. Draft for consultation. January 2026

Accounts for
competing risks?

Yes
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Fracture risk Fracture Type of statistical Accounts for
. .. ascertainment model: associated . . ”
prediction tool risk estimator competing risks?
model: Aalen-
Johansen
Self-report or Poisson regression
hospital/central generalised linear
FRAX databases model; Maximum Yes

likelihood estimation

QResearch: QResearch

Read codes
Cox’s proportional
QFracture 2016 version: QResearch hazards model; No
Read codes + linked HES Kaplan_Meier
data

Abbreviations: CPRD, Clinical Practice Research Database; HES, Hospital Episode Statistics; ONS, Office of
National Statistics.

1.1.6. Included studies
Risk prediction tool review

Ten validation studies on three fragility fracture risk prediction tools were included in the
review. Nine of the studies were prospective cohort studies, whilst one study (Green 2024)
was a retrospective cohort study. Seven studies were external validation studies: Akyea
2019 (FRAX-UK without BMD and QFracture 2016), Collins 2011 (QFracture 2009), Green
2024 (FRAX-UK with and without BMD), Hippisley-Cox 2014 (QFracture 2012), Ihama 2021
(FRAX-UK without BMD and QFracture 2016), Klop 2016 (FRAX-UK without BMD), and
Livingstone 2022 (QFracture 2012). One study (Hippisley-Cox 2012) reported an internal
validation study only of QFracture 2012. One study reported an internal validation study of
one tool and an external validation study of another tool in the same population cohorts
(Hippisley-Cox 2009: QFracture 2009 and FRAX-UK respectively) allowing direct comparison
of the tools.

Five of the external validation studies were conducted in the general population and used
large UK general primary care population databases of people registered with a general
practitioner (Akyea 2019, Collins 2011, Hippisley-Cox 2013, Klop 2016, Livingstone 2022).
Two studies were conducted in settings other than primary care: lhama 2021 was conducted
in 18 care homes in Lincolnshire, UK, whilst Green 2024 was conducted in a tertiary hospital
in Sheffield, UK. Three studies were conducted in people with comorbidities associated with
an increased risk of fragility fracture, including people with: chromic pulmonary obstructive
disease (Akyea 2019), coeliac disease (Green 2024), and rheumatoid arthritis (Klop 2016).

The included studies for the risk prediction tool review are summarised in Table 4 below.
Evidence from these studies is summarised in the clinical evidence summary below. Meta-
analysis of the risk prediction tools was not conducted due to the small number of studies for
each version of the risk prediction tools and the different populations they were conducted in.
Published calibration plots from the included studies were presented to the guideline
committee for consideration and if not reported, overall observed: expected (O:E) ratios were
estimated from them.

See also the study selection flow chart in Appendix C, study evidence tables in Appendix D,
forest plots in Appendix E, and PROBAST risk of bias tables in Appendix F.

Risk Prediction Tools. Draft for consultation. January 2026 Page 11 of 206
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1.1.7. Excluded studies
See the excluded studies list in Appendix G.

Risk Prediction Tools. Draft for consultation. January 2026 Page 12 of 206
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1.1.8. Summary of studies included in the fragility fracture risk prediction tool evidence review

Table 4: Summary of studies included in the fragility fracture risk prediction tool evidence review

Study Total number of Validation cohort Risk prediction Outcomes Overall fit,

participants . . tool predicted calibration, and
Type of study (Men/Women) Setting, population discrimination

measures

Age in years

Length of FU in

years

- FRAX-UK,v.3.12 - 10- MOF Discriminati

Akyea 2019 N=80,874 THIN database UK, v.3 0-year MO serimination

(42 799/38 075) o QFraCtUre 2016 = 10-year HF - AUC
External prospective elig’ible par’ticipants Primary care, GP- Threshold at 220%
cohort at baseline registered people (MOF) and 23%

with COPD=40 (HF) risk:

N=72,559 validation years-old - Sensitivity

dataset - Specificity

Mean age: 66.9 (SD - PPV

10) - NPV

Median length of

FU: COPD patients

5.28 (IQR 2.6-8.3);

Non-COPD patients

5.24 (IQR 2.6-8.3)

- QF 2 - 10- F (0] Il fit

Collins 2011 N=2,244,636 THIN database QFracture 2009 18 year gF v

(1,108,219/1,136,41 - 10-year -
External prospective 7) Primary care, GP- - Brier score
cohort registered, 30-85 Calibration

years-old

Risk Prediction Tools. Draft for consultation. January 2026
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Study

Type of study

Green 2024

External
retrospective cohort

Hippisley-Cox 2009

Internal prospective
cohort for QFracture
2009

External prospective
cohort for FRAX-UK

Risk Prediction Tools. Draft for consultation. January 2026

Total number of
participants
(Men/Women)

Age in years

Length of FU in
years

Median age: Men 47

(IQR 37-59);
Women 48 (37-62)

Median length of
FU: OF: 5.98 (IQR
2.61-8.5). HF: 6.03
(IQR 2.62-8.5)

N=593 (187/406)

Median age: 45.0
(IQR 31.5-57.6)

Median length of
FU: 10.5 (IQR 9.0-
13.4)

N=1,275,917
(633,764/642,153)

Median age: Men:
46.0 (IQR 37-69);
Women: 49.0 (IQR
37-63)

Median length of

FU: MOF: Men 5.6
(2.2-10.4); Women
5.7 (2.2-10.5). HF:

Validation cohort Risk prediction Outcomes
tool predicted
Setting, population
. . - FRAX-UK with - 10-year MOF
Coeliac disease +
BMD
DXA scan - FRAX-UK without
databases BMD

Tertiary hospital,
people with biopsy-
proven coeliac
disease
- QFracture 2009

- FRAX-UK

- 10-year risk OF

QResearch (version - 10-year HF

20) database
Primary care, GP-

registered, 30-85
years-old

Page 14 of 206

Overall fit,
calibration, and
discrimination
measures

Discrimination
- AUC
- D-statistic

Discrimination

NOGG age-specific
thresholds:

- Sensitivity

- Specificity

- PPV

- NPV

Overall fit

- R2
Calibration

- Calibration plot
- O-E ratio
Discrimination
- AUC

- D-statistic

Overall risk of bias

Overall directness

High risk of bias
Directly applicable

High risk of bias

Partially
applicable
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Study

Type of study

Hippisley-Cox 2012

Internal prospective
cohort for QFracture
2012

External prospective
cohort for QFracture
2009

Hippisley-Cox 2014

External prospective
cohort

Risk Prediction Tools. Draft for consultation. January 2026

Total number of
participants
(Men/Women)

Age in years

Length of FU in
years

Men 5.7 (2.2-10.4);
Women 5.9 (2.2-
10.6).

N=1,5683,373
(778,810/804,563)

Age range: 30-100
Length of FU: 7.44

N=3,271,512
(1,588,803/1,682,70
9)

N=2,852,381
QFracture eligible
patients in CPRD
database

Age range: 30-99

Validation cohort Risk prediction

tool
Setting, population

QResearch (version QFracture 2012

32) database

Primary care, GP-
registered, 30-100
years-old

CPRD database - QFracture 2012

Primary care, GP-
registered, 30-99
years-old

Outcomes
predicted

- 10-year MOF
- 10-year HF

- 10-year MOF
- 10-year HF

Page 15 of 206

Overall fit,
calibration, and
discrimination
measures

Overall fit

- R2
Calibration

- Calibration plot
- Observed,

expected at 290%

risk
Discrimination
- AUC
- D-statistic
Threshold at top
decile of risk:
- Sensitivity
Overall fit
- R2
Discrimination
- AUC
- D-statistic
Threshold at top
decile of risk:
- Sensitivity
- Specificity
- PPV

Overall risk of bias

Overall directness

- High risk of bias

- Partially
applicable

- High risk of bias

- Partially
applicable
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Study

Type of study

lhama 2021

External prospective
cohort

Klop 2016

External prospective
cohort

Total number of
participants
(Men/Women)

Age in years

Length of FU in
years

Length of FU: Up to
14.5

N= 217 (83/124)

Mean age: 81.21
(SD 12.51)

Length of FU: 12
months

Recalibration

N=11,582
(3729/7853) people
with rheumatoid
arthritis

N=38,755 people
(matched cohort
from general
population);
N=24,227 people
(matched cohort
from general
population after
HES linkage)

Validation cohort

Setting, population

Care homes in
Boston,
Lincolnshire, UK

Adult care home
residents

Recalibration

CPRD GOLD
database

Primary care, GP
registered, 40-90
years-old with RA

Primary care, GP-
registered, 40-90
years-old (matched
cohort)

Extension

Risk Prediction Tools. Draft for consultation. January 2026

Risk prediction
tool

- FRAX-UK without
BMD

- QFracture 2016

- FRAX-UK (v.3.9)
without BMD

Outcomes
predicted

- 10-year MOF

- 10-year MOF
- 10-year HF

Page 16 of 206

Overall fit,
calibration, and
discrimination
measures

- NPV

Discrimination
- c-statistic

Calibration

- Calibration plots
Discrimination

- c-statistic
Reclassification

- Net
reclassification
index

Overall risk of bias

Overall directness

- High risk of bias
- Directly applicable

- High risk of bias

- Directly applicable
(RA
population)/Partial
ly applicable
(matched cohort)
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Study

Type of study

Livingstone 2022

External prospective
cohort

Livingstone 2023¢

Internal prospective
cohort for CFracture

Total number of
participants
(Men/Women)

Age in years

Length of FU in
years

Mean age: 62.9 (SD
11.4)

Extension

N=7,221 people
with rheumatoid
arthritis (2263/4958)

Age: NR

Median length of FU
(IQR): 9.0 (5.3-10.0)

N=5,432,139
(2,684,730/2,747,40
9)

Mean age (SD):
Men 48.5 (15.6);
Women 50.7 (17.4)

Length of FU: Up to
12.2

N=1,810,713
(894,910/915,803)

Validation cohort

Setting, population

CPRD GOLD

database with linked

HES data

Primary care, GP
registered, 40-90
years-old with RA

CPRD GOLD
database + linked
HES and ONS
mortality data

Primary care, GP-
registered, 30-100
years-old

CPRD GOLD
database + linked
HES and ONS
mortality data

Risk Prediction Tools. Draft for consultation. January 2026

Risk prediction
tool

- QFracture 2012

- QFracture 2012
extension with
competing risks

- CFracture

Outcomes
predicted

- 10-year MOF
- 10-year HF

- 10-year MOF
- 10-year HF

Page 17 of 206

Overall fit,
calibration, and
discrimination
measures

Overall fit

- R2
Calibration

- Calibration plot
- O:E ratio
Discrimination
- c-statistic

- D-statistic

Calibration

- Calibration plot
- O:E ratio
Discrimination

Overall risk of bias

Overall directness

- High risk of bias

- Partially
applicable

- High risk of bias
- Partially

applicable
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Study Total number of Validation cohort Risk prediction Outcomes Overall fit, Overall risk of bias
participants tool predicted calibration, and
Type of study (Men/Women) Setting, population discrimination Overall directness
measures

Age in years

Length of FU in

years
. . - c-statistic
Median age: Men: Primary care, GP-
45 (IQR 35-59); registered, 30-99
Women: 47 (IQR years-old
35-63)

Length of FU: Up to
22.3

Abbreviations: AUC, area under the curve; COPD, chronic obstructive pulmonary disease; CPRD, Clinical Practice Research Datalink; EHR, electronic health record; FU, follow up;
HES, Hospital Episode Statistics; HF, hip fracture; IQR, interquartile range MOF, major osteoporotic fracture (hip, vertebral, wrist, proximal humeral or osteoporotic fractures);
NOGG, National Osteoporosis Guideline Group; NPV, negative predictive value; NR, not reported; OF, osteoporotic fracture (hip, vertebral, or distal radius fracture); ONS, Office of
National Statistics; O:E, ratio of observed risk to mean predicted risk; PPV, positive predictive value; QCT, quantitative computed tomography; RA, rheumatoid arthritis; THIN, The
Health Improvement Network.

Notes:

a. In addition to HES, CPRD Aurum is linked to Death Registration, Cancer data, Mental Health Services Dataset, and Small Area-level data.

b. Calculated from reported person-years of observation and number of people in cohort.

c. Size of internal validation cohort is unclear as insufficient detail provided about methods.

d. Fragility fracture risk prediction tool evidence: Overall fit, calibration, and discrimination data.

e. This study uses a 2:1 split of the same population cohort of Livingstone 2022 to develop and internally validate CFracture.

Risk Prediction Tools. Draft for consultation. January 2026 Page 18 of 206
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1.1.8.1. CFracture

Table 5: Clinical evidence profile: Performance data for 10-year risk of major osteoporotic fracture using CFracture

Type of validation Calibration plot

Study study Sex Overall fit Discrimination
Cohort, population OEI2 Rl ({5 (1)

Livingstone 2023 Internal prospective Men - NR - Yes - c-statistic=0.738 (0.732-
cohort - 1.06 (0.98-1.15) 0.743)
CPRD GOLD primary
care database, adults

30-99 years
Livingstone 2023 Internal prospective Women - NR - Yes - c-statistic=0.813 (0.810-
cohort - 1.16 (1.11-1.21) 0.816)

CPRD GOLD primary
care database, adults
30-99 years
Abbreviations: CPRD, Clinical Practice Research Datalink; O:E ratio, observed: expected ratio.

Table 6: Clinical evidence summary: Performance data for 10-year risk of hip fracture using CFracture

Type of validation Calibration plot

Study study Sex Overall fit Discrimination
. H 0,
Cohort, population O:E ratio (95% ClI)
o . - NR - Yes - c-statistic=0.886 (0.877-
Livingstone 2023 Lr:)tﬁ(r)r;tal prospective Men ~ 118 (1.05-1.32) 0.895)

CPRD GOLD, adults 30-
99 years

Risk Prediction Tools. Draft for consultation. January 2026 Page 19 of 206
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- . - NR - Yes - c-statistic=0.914 (0.908-
Livingstone 2023 Lr:)tﬁ:;r;tal prospective Women - 1.07 (0.98-1.15) 0.919)

CPRD GOLD primary
care database, adults
30-99 years
Abbreviations: CPRD, Clinical Practice Research Datalink; O:E ratio, observed: expected ratio.

1.1.8.2. FRAX-UK/FRAXplus-UK

Table 7: Clinical evidence summary: Performance data for 10-year risk of major osteoporotic fracture using FRAX-UK

Type of validation

tud Calibration plot Discrimination
Study study Sex Overall fit
. H 0, 0,
Cohort, population O:E ratio (95% ClI) (95% CI)
. - NR - NR - AUC=0.714 (0.706-0.722)
Akyea 2019 E;(tt]irrr:al prospective All Threshold 220% risk
- Sensitivity=25.4% (22.7-
THIN primary care 28.1)
database, adults with - Specificity=92.6% (91.0-
COPD=40 years-old 94.2)

- PPV=18.8% (16.4-21.1)
- NPV=94.8% (93.4-96.2)

Risk Prediction Tools. Draft for consultation. January 2026 Page 20 of 206
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Study

Green 2024

lhama 2021

Klop 2016

Risk Prediction Tools. Draft for consultation. January 2026

Type of validation

study Sex

Cohort, population

External retrospective All
cohort

Single-centre, tertiary
hospital, Sheffield, UK,
adults=18 years-old with
biopsy-proven coeliac
disease

External prospective All
cohort

Care homes in
Lincolnshire, UK, adult
care home residents

External prospective All
cohort

CPRD primary care
database, adults 40-90
years

- NR

- NR

- NR

Calibration plot
Overall fit
O:E ratio (95% ClI)

- NR

- NR

- Yes
- NR

Page 21 of 206

Discrimination
(95% CI)

Without BMD using

NOGG age-specific

thresholds:®

- Sensitivity=22.0 % (12.0-
35.0)

- Specificity=91.0% (89.0-
94.0)

- PPV=16.3% (8.7-27.6)

- NPV=93.5% (91.1-95.3)

With BMD using NOGG
age-specific thresholds:P

- Sensitivity=15% (6.0-
27.0)

- Specificity=92.0% (89.0-
94.0)

- PPV=11.4% (4.9-22.6)

- NPV=93.4% (91.0-95.2)

- c-statistic=0.655 (0.469-
0.803)°

- c-statistic=0.71 (0.698-
0.722)¢
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Type of validation
Study study Sex
Cohort, population

Klop 2016 External prospective All
cohort

CPRD primary care
database, adults with
RA, 40-90 years

- NR

Calibration plot
Overall fit

O:E ratio (95% ClI)

- Yes
- 0.632 (0.558-0.706)2

Discrimination
(95% CI)

- c-statistic=0.69 (0.671-
0.708)c

Abbreviations: COPD, chronic obstructive pulmonary disease; CPRD, Clinical Practice Research Datalink; NOGG, National Osteoporosis Guideline Group; O:E ratio, observed:

expected ratio; RA, rheumatoid arthritis.
Notes:

a. O:E ratio and 95% Cls calculated using equations in Table 2, Debray 2018.

b. 95% Cls calculated by developers.

¢, 95% Cl calculated from reported total number of patients, number of incident fractures, and number of patients not experiencing incident fractures using equations in Table 2,

Debray 2018.

Table 8: Clinical evidence summary: Performance data for 10-year risk of hip fracture using FRAX-UK

Type of validation
Study study Sex

Cohort, population

Akyea 2019 External prospective All
cohort

THIN primary care
database, adults with
COPD240 years

Risk Prediction Tools. Draft for consultation. January 2026

- NR

Calibration plot
Overall fit
O:E ratio (95% ClI)

- NR

Page 22 of 206

Discrimination

- AUC=0.761 (0.749-0.772)
Threshold23% risk

- Sensitivity=78.1% (75.6-
80.7)

Specificity=60.8% (57.8-
63.8)

- PPV=3.9% (2.7-5.1)

- NPV=99.3% (98.8-99.8)
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" . - R2=54.07% (52.1-53.65) - Yes - AUC=0.817 (0.807-
Hippisley-Cox 2009 Eé(tt]%rrrt\al prospective Men - 0.741 (0.673-0.808)¢ 0.827)
- D-statistic=2.22 (2.14-
QResearch primary care 2.3)
database, adults 40-85
years
I . - R?=54.83% (54.43-55.12) - Yes - AUC=0.845 (0.840-
H ley- 2 Ext I t w c
ippisley-Cox 2009 C;(hirrr:a prospective omen - 0.868 (0.815-0.921)2 0.850)
- D-statistic=2.26 (2.21-
QResearch primary care 2.3)
database, adults 40-85
years
. - NR - Yes - c-statistic=0.83 (0.812-
Klop 2016 E;(rt]irr?al prospective All - 0.884 (0.773-0.995)° 0.847)°

CPRD primary care
database, adults 40-90

years
- NR - Y - c-statistic=0.78 (0.752-
Klop 2016 External prospective All .es . gztoatlsctlc 078 (0.75
Calibration .805)
cohort
- 0.748 (0.561-0.935)2
CPRD primary care Recalibration
database, adults with - 0.748 (0.511-0.985)z
RA, 40-90 years o '
Extension

- 0.943 (0.649-1.238)2
Abbreviations: COPD, chronic obstructive pulmonary disease; CPRD, Clinical Practice Research Datalink; NOGG, National Osteoporosis Guideline Group; O:E ratio, observed:
expected ratio; RA, rheumatoid arthritis.
Notes:
a. O:E ratio calculated using equations in Table 2, Debray 2018.b. 95% ClI not estimable as only 9 datapoints available on the published calibration plot.
¢. 95% Cl calculated from reported total number of patients, number of incident fractures, and number of patients not experiencing incident fractures using equations in Table 2,
Debray 2018.

Risk Prediction Tools. Draft for consultation. January 2026 Page 23 of 206
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1.1.8.2.1. Reclassification: FRAX-UK recalibrated versus extended model

Table 9: Reclassification by FRAX-UK extended model for adults with rheumatoid arthritis

Study Comparison Description
Klop 2016 Extended FRAX-UK compared to  Extended model includes duration
FRAX-UK recalibrated using of rheumatoid arthritis, high-dose
NOGG intervention age-specific glucocorticoid use, and secondary
thresholds osteoporosis as predictors, in
addition to those included in
FRAX-UK.

Risk Prediction Tools. Draft for consultation. January 2026 Page 24 of 206

Reclassification

NRI=0.01 (95% CI -0.04-0.05)
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1.1.8.3. QFracture-2009

Table 10: Clinical evidence summary: Performance data for 10-year risk of major osteoporotic fracture using QFracture 2009

Type of validation study Calibration plot

Study Sex Overall fit (95% CI) Discrimination (95% CI)
Cohort, population O:E ratio (95% ClI)

- . - R>=30.02% (22.21-37.84) - Yes - AUC=0.688 (0.684-0.692)

Hippisley-Cox 2009 ' Internal prospective cohort Men - 0.984 (0.953-1.014)0 - D-statistic=1.34 (1.09-
QResearch (version 20) 1.59)
primary care database, adults
30-85 years

L . - R>=44.87% (43.07-46.67) - Yes - AUC=0.788 (0.786-0.790)

Hippisley-Cox 2009 | Internal prospective cohort Women - 0.999 (0.975-1.023)2 - D-statistic=1.85 (1.78-
QResearch (version 20) 1.91)
primary care database, adults
30-85 years

. . - R?>=37.99% (36.64-39.35) - Yes - AUC=0.739 (0.733-

Collins 2011 External prospective cohort Men - Brier=0.010 (0.008- - 0.953 (0.929-0.978)° 0.745)
THIN primary care database, 0.012) - D-statistic=1.60 (1.56-
adults 30-85 years 1.63)

. . - R>=49.24% (48.64-49.85) - Yes - AUC=0.816 (0.813-
llins 2011 E I h w

Collins 20 xternal prospective cohort omen - Brier=0.027 (0.025- - 0.950 (0.929-0.971)? 0.819)°
THIN primary care database, 0.029) - D-statistic=2.02 (1.99-
adults 30-85 years 2.04)

Abbreviations: THIN, The Health Improvement Network; O:E ratio, observed: expected ratio.

Notes:

a. O:E ratio calculated using equations in Table 2, Debray 2018.

b. 95% ClI calculated from reported total number of patients, number of incident fractures, and number of patients not experiencing incident fractures using equations in Table 2,
Debray 2018.

Risk Prediction Tools. Draft for consultation. January 2026 Page 25 of 206
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Table 11: Clinical evidence summary: Performance data for 10-year risk of hip fracture using QFracture 2009

Type of validation study Calibration plot
Study Sex Overall fit Discrimination
Cohort, population O:E ratio (95% CI)
I . - R?=63.19% - Yes - AUC=0.856 (0.851-0.860)
Hippisley-Cox 2009 | Internal prospective cohort Men (60.81-65.57) Adults 30-85 years - D-statistic=2.68 (2.55-
QResearch (version 20) primary care - 0.879 (0.767-0.992)2 2.82)
database, adults 30-85 years Adults 40-85 years

QResearch (version 20) primary care - 0.906 (0.817-0.994)*

database, adults 40-85 years

I~ . - R*=63.94% - Yes - AUC=0.890 (0.889-0.892)
Hippisley-Cox 2009 ' Internal prospective cohort Women (62.12-65.76) Adults 30-85 vears _ D-statistic=2.73 (2.62-
QResearch (version 20) primary care - 0.968 (0.852-1.084)2 2.83)
database, adults 30-85 years Adults 40-85 years

QResearch (version 20) primary care - 0.982(0.900-1.065)°

database, adults 40-85 years

. . - R?=60.42% - Yes - AUC=0.855 (0.848-
Collins 2011 External prospective cohort Men (59.22-61 _83) _ O ratio not extractable® 0.862)° (
THIN primary care database, adults 30-85 - Brier=0.005 - D-statistic=2.53 (2.46-
years (0.003-0.007) 2.59)
. . - R?=62.82% - Yes - AUC=0.890 (0.887-
Collins 2011 External prospective cohort Women (62.22-63.23) _ OE ratio not extractable® 0.893)c (
THIN primary care database, adults 30-85 - Brier=0.013 - D-statistic=2.66 (2.63-
years (0.012-0.015) 2.70)
Abbreviations: THIN, The Health Improvement Network; O:E ratio, observed: expected ratio.
Notes:

a. O:E ratio calculated using equations in Table 2, Debray 2018.

b. Data for observed and estimated risk not extractable from calibration plot.

c. 95% ClI calculated from reported total number of patients, number of incident fractures, and number of patients not experiencing incident fractures using equations in Table 2,
Debray 2018.

Risk Prediction Tools. Draft for consultation. January 2026 Page 26 of 206
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1.1.8.4. QFracture-2012

Table 12: Clinical evidence summary: Performance data for 10-year risk of major osteoporotic fracture using QFracture-2012

Study

Hippisley-Cox 2012

Hippisley-Cox 2012

Hippisley-Cox 2014

Hippisley-Cox 2014

Risk Prediction Tools. Draft for consultation. January 2026

Type of validation
study

Cohort, population

Internal prospective
cohort

QResearch (version 32)
primary care database,
adults 30-100 years

Internal prospective
cohort

QResearch (version 32)
primary care database,
adults 30-100 years

External prospective
cohort

CPRD primary care
database, adults 30-99
years

External prospective
cohort

Sex

Men

Women

All

Men

Overall fit

R?=38.20% (36.89-39.57) -

R2=51.9% (51.2-52.6) -

NR -

R2=49.8% (48.9-50.7) ;

Page 27 of 206

Calibration plot
O:E ratio (95% CI)

Yes
0.866 (0.841-0.891)2

Yes
0.897 (0.876-0.917)?

NR

Yes
0.744 (0.722-0.766)3?

Discrimination

- AUC=0.711 (0.703-0.719)

- D-statistic=1.61 (1.56-
1.66)

Threshold290% risk:

- Sensitivity=37.0% (36.0-
38.0)

- Specificity=not estimable

- AUC=0.790 (0.787-0.793)

- D-statistic=2.13 (2.10-
2.15)

Threshold290% risk:

- Sensitivity=35.0% (34.0-
36.0)

- Specificity=not estimable

Threshold290% risk:

- Sensitivity=50.0% (49.0-
50.0)

- Specificity=90.0% (90.0-
91.0)

- AUC=0.768 (0.763-0.773)

- D-statistic=2.038 (2.002-
2.075)
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Study

Hippisley-Cox 2014

Livingstone 2022

Livingstone 2022

Type of validation
study

Cohort, population

CPRD primary care
database, adults 30-99
years

External prospective
cohort

CPRD primary care
database, adults 30-99
years

External prospective
cohort

CPRD GOLD primary
care database, adults
30-100 years

External prospective
cohort

CPRD GOLD primary
care database, adults
30-100 years

Sex

Women

Men

Women

Overall fit

- R?=56.3% (55.8-56.7)

- R2=42.4% (41.9-43.0)

- R?=54.8% (54.5-55.1)

a. O:E ratio and 95% Cls calculated using equations in Table 2, Debray 2018.

Risk Prediction Tools. Draft for consultation. January 2026

Page 28 of 206

Calibration plot
O:E ratio (95% ClI)

Yes
0.823 (0.807-0.839)2

Yes

1.817 (1.806-1.827)
without competing risks?

1.483 (1.473-1.494) with
competing risks?

Yes

1.508 (1.481-1.536)
without competing risks?

1.212 (1.185-1.239) with
competing risks?

Abbreviations: CPRD, Clinical Practice Research Datalink; THIN, The Health Improvement Network; O:E ratio, observed: expected ratio.
Notes:

Discrimination

AUC=0.817 (0.814-0.819)

D-statistic=2.322 (2.301-
2.343)

c-statistic=0.738 (0.735-
0.741)

D-statistic=1.76 (1.74-
1.78)

c-statistic=0.813 (0.811-
0.815)

D-statistic=2.25 (2.24-
2.27)
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Performance data for 10-year risk of hip fracture using QFracture-2012

Study

Hippisley-Cox 2012

Hippisley-Cox 2012

Hippisley-Cox 2014

Hippisley-Cox 2014

Risk Prediction Tools. Draft for consultation. January 2026

Type of validation
study

Cohort, population

Internal prospective
cohort

QResearch (version 32)
primary care database,
adults 30-85 years

Internal prospective
cohort

QResearch (version 32)
primary care database,
adults 30-85 years

External prospective
cohort

CPRD primary care
database, adults 30-99
years

External prospective
cohort

CPRD primary care
database, adults 30-99
years

Sex

Men

Women

All

Men

Overall fit

R?=70.37% (69.25-71.49) -

R2=71.73% (71.0-72.30) -

NR -

R?=69.0% (68.5-70.0) -
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Table 13: Clinical evidence summary:

Calibration plot
O:E ratio (95% CI)

Yes
0.785 (0.732-0.839)?

Yes
0.799 (0.749-0.850)?

NR

Yes
0.765 (0.712-0.817)?

Discrimination

- AUC=0.875 (0.868-0.883)

- D-statistic=3.15 (3.06-
3.24)

Threshold290% risk:

- Sensitivity=64.0% (62.0-
67.0)

- Specificity=not estimable

- AUC=0.893 (0.890-0.896)

- D-statistic=3.26 (3.21-
3.31)

Threshold290% risk:

- Sensitivity=60.0% (58.0-
61.0)

- Specificity=not estimable

Threshold=290% risk:

- Sensitivity=67.0% (66.0-
67.0)

- Specificity=90.0% (90.0-
91.0)

- AUC=0.872 (0.867-0.877)

- D-statistic=2.046 (1.977-
2.116)
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a.
b.

Hippisley-Cox 2014

Livingstone 2022

Livingstone 2022

External prospective
cohort

CPRD primary care
database, adults 30-99
years

External prospective
cohort

CPRD GOLD primary
care database, adults
30-100 years

External prospective
cohort

CPRD GOLD primary
care database, adults
30-100 years

Abbreviations: CPRD, Clinical Practice Research Datalink.
Notes:
O:E ratio and 95% Cls calculated using equations in Table 2, Debray 2018.
95% Cls not estimable.

1.1.8.5. QFracture 2016

Study

Type of validation
study

Cohort, population

Women

Men

Women

Sex

Risk Prediction Tools. Draft for consultation. January 2026

- R?=70.6% (70.2-71.0)

- R2=70.9% (70.4-71.3)

- R2=71.7% (71.4-71.9)

Overall fit
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Yes
0.859 (0.805-0.912)2

Yes

1.757 (1.720-1.793) with
no competing risks?
1.319 (1.288-1.349) with
competing risks?

Yes

1.306 without competing
risksap

0.930 with competing
risksa.°

Calibration plot
O:E ratio (95% ClI)

AUC=0.890 (0.888-0.892)

D-statistic=3.171 (3.139-
3.203)

c-statistic=0.888 (0.882-
0.893)

D-statistic=3.19 (3.16-
3.23)

c-statistic=0.918 (0.915-
0.921)

D-statistic=3.26 (3.24-
3.28)

Table 14: Clinical evidence summary: Performance data for 10-year risk of major osteoporotic fracture using QFracture-2016

Discrimination
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Akyea 2019 External prospective All
cohort

THIN primary care
database, adults with
COPD=40 years-old

Ihama 2021 External prospective All
cohort

Care homes,
Bedfordshire, UK, adult
care home residents

- NR

- NR

- NR

- NR

Abbreviations: THIN, The Health Improvement Network; O:E ratio, observed: expected ratio.

Table 15: Clinical evidence summary: Performance data for 10-year risk of hip fracture using QFracture-2016

Type of validation
Study study Sex
Cohort, population

Akyea 2019 External prospective All
cohort

THIN primary care
database, adults with
COPD=40 years-old

Risk Prediction Tools. Draft for consultation. January 2026

- NR

Overall fit

O:E ratio (95% Cl)

- NR
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Calibration plot

- AUC=0.614 (0.605-0.623)

Threshold220% risk:

- Sensitivity: 25.2% (22.5-
27.9)

- Specificity: 87.7% (85.7-
89.7)

- PPV: 12.2% (10.2-14.2)

- NPV: 94.5% (93.1-95.9)

- c-statistic=0.736 (0.553-
0.862)

Discrimination

- AUC=0.761 (0.749-0.772)

Threshold23% risk:

- Sensitivity=82.1% (79.7-
84.5)

- Specificity=55.2% (52.1-
58.3)

- PPV=3.6% (2.5-4.8)

- NPV=99.3% (98.8-99.8)
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N

Abbreviations: COPD, chronic obstructive pulmonary disease;
THIN, The Health Improvement Network; O:E ratio, observed.expected ratio.

1.1.9. GRADE profiles for discriminatory power of fragility fracture risk prediction tools

Table 16: GRADE profile for discriminatory power of risk prediction tools to predict 10-year risk of major osteoporotic fracture

CFracture Very Not serious Serious® Not serious - 0.738 (0.732- VERY

seriousP 0.743) LOW
Men 30-99

Internal prospective
cohort

- CPRD GOLD, HES,
ONS (Livingstone
20232), N=894,910

CFracture 1 Very Not serious Serious® Not serious - 0.813 (0.810- VERY

seriousP 0.816) LOW
Women 30-99

Internal prospective
cohort

- CPRD GOLD, HES,
ONS (Livingstone 2023
a), N=915,803

Risk Prediction Tools. Draft for consultation. January 2026 Page 32 of 206
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FRAX-UK without BMD Very Not serious Not serious Very serious? - 0.655 (0.469- VERY
seriousP 0.803) LOW

Adults in care homes

External prospective
cohort

UK regional care homes
(lhama 2021), N=207

FRAX-UK without BMD 1 Very Not serious Not serious Not serious - 0.714 (0.706- LOW

serious® 0.722)
Adults with COPD=240

years-old

External prospective
cohort

THIN (Akyea 2019),
N=72,559

FRAX-UK without BMD 1 Very Not serious Not serious Serious? - 0.71 (0.698- VERY

seriousP 0.722) LOW
Adults 40-90 years

External prospective
cohort

- CPRD primary care
database with HES

Risk Prediction Tools. Draft for consultation. January 2026 Page 33 of 206
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linkage (Klop 2016),
N=24,227

FRAX-UK without BMD 1 Very

seriousP
Adults with rheumatoid

arthritis, 40-90 years

External prospective
cohort

- CPRD primary care
database (Klop 2016),
N=7,221

QFracture 2009 2 Very

seriousP
Men 30-85

Internal prospective
cohort

QResearch v.20
(Hippisley-Cox 2009),
N=633,764

External prospective
cohort

- THIN (Collins 2011),
N=1,108,219

Not serious

Very serious®

Risk Prediction Tools. Draft for consultation. January 2026

Not serious

Serious®

Page 34 of 206

Serious? - 0.69 (0.671- VERY
0.708) LOW
Not serious Internal validation VERY
LOW
- 0.688 (0.684-
0.692)

External validation

- 0.739 (0.733-
0.745)
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QFracture 2009
Women 30-85

Internal prospective
cohort

- QResearch v.20
(Hippisley-Cox 2009),
N=642,153

External prospective
cohort

- THIN (Collins 2011),
N=1,136,417

QFracture 2012
Men 30-100

Internal prospective
cohort

- QResearch v.32
(Hippisley-Cox 2012),
N=778,810

Very
seriousP

Very
seriousP

Serious'

Serious'
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Serious®
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Internal validation VERY
LOW

Not serious

- 0.788 (0.786-
0.790)

External validation

- 0.816 (0.813-
0.819)

Internal validation VERY
LOW

Not serious

- 0.711(0.703-
0.719)

External validation

- 0.768 (0.763-
0.773) HC2014

- 0.738 (0.735-
0.741) LG2022



DRAFT FOR CONSULTATION
Osteoporosis: risk assessment

External prospective

cohorts

- CPRD (Hippisley-Cox
2014), N=1,588,803

- CPRD GOLD, HES,

ONS (Livingston 2022),
N=2,684,730
QFracture 2012 3 Very Seriousf Serious® Not serious Internal validation VERY
seriousP LOW
Women 30-100 - 0.790 (0.787-
0.793)
Internal prospective
cohort External validation
- QResearch v.32 internal - 0.817 (0.814-
validation cohort 0.819) HC 2014
(Hippisley-Cox 2012),
N=804,563 - 0.813 (0.811-

0.815) LG2022
External prospective
cohorts

- CPRD (Hippisley-Cox
2014), N=1,682,709

- CPRD GOLD, HES,

ONS (Livingstone
2022), N=2,747,409
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QFracture 2016 Very
seriousP

Adults with COPD=40

years-old

External prospective
cohort

- THIN (Akyea 2019),
N=72,559

QFracture 2016 1 Very

) seriousP
Adults in care homes

External prospective
cohort

- Regional UK care
homes external
validation cohort (Ihama
2021), N=207

Not serious

Not serious Not serious

Not serious

Not serious - 0.614 (0.605-
0.623)

Serious? - 0.736 (0.553- VERY
0.862) LOW

Abbreviations: COPD, chronic obstructive pulmonary disease; CPRD, Clinical Practice Research Datalink; HES, Hospital Episode Statistics; ONS, Office of National Statistics;

THIN, The Health Improvement Network; O:E ratio, observed.expected ratio.

Notes:

a. Livingstone 2023 is a sub-cohort of Livingstone 2022.

b. Very serious risk of bias in the evidence contributing to the outcomes. More than 50% of the weight of the evidence came from studies at high risk of bias as per PROBAST.
c. Population is partially applicable due to study limited to adults from the general population that includes participants not at suspected risk or not at risk of fragility fracture

(women < 65 and men < 75 years).
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P 1 d. Very serious imprecision because 95% Cl crosses 2

clinical decision thresholds (0.5 and 0.7) or serious imprecision because 95% ClI crosses 1 clinical decision threshold (0.5 or 0.7).
e. Very serious inconsistency between internal and external validation results with non-overlapping 95% confidence intervals and point estimates either side of clinical decision

threshold of 0.7.
f.  Serious inconsistency between internal and external validation results with non-overlapping 95% confidence intervals.

Table 17: GRADE profile for discriminatory power of risk prediction tools to predict 10-year risk of hip fracture

CFracture Very seriousP Not serious Serious® Not serious 0.886 (0.877- VERY LOW
0.895)

Men 30-99

Internal prospective

cohort

- CPRD GOLD, HES,
ONS (Livingstone
20232), N=894,910

CFracture 1 Very serious® Not serious Serious® Not serious 0.914 (0.908- VERY LOW
0.919
Women 30-99 :

Internal prospective

cohort

- CPRD GOLD, HES,
ONS (Livingstone
20232), N=915,803

FRAX-UK without 1 Very serious® Not serious Serious® Not serious 0.83 (0.812- VERY LOW
BMD 0.847)
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Adults 40-90

External prospective

cohort

- CPRD with HES
linkage (Klop 2016),
N=24,227

FRAX-UK without 1 Very seriousP Not serious Serious® Not serious 0.817 (0.807- VERY LOW
BMD 0.827)

Men 40-85

External prospective

cohort

- QResearch, v.20
(Hippisley-Cox 2009),

N=424,336
FRAX-UK without 1 Very serious® Not serious Serious® Not serious 0.845 (0.840- VERY LOW
BMD 0.850)
Women 40-85

External prospective
cohort

QResearch, v.20
(Hippisley-Cox 2009),
N=454,499
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FRAX-UK without
BMD

Adults with COPD=40
years-old

External prospective
cohort

THIN (Akyea 2019),
N=72,559

FRAX-UK without
BMD

Adults with RA, 40-90

External prospective
cohort

CPRD (Klop 2016),
N=11,582

QFracture 2009
Men 30-85

Internal prospective
cohort
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Very serious®

Very serious®

Not serious

Not serious

Very serious?

Serious®
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Serious®

Page 40 of 206

Not serious 0.761 (0.749- VERY LOW

0.772)

Not serious 0.78 (0.752- VERY LOW

0.805)

Not serious Internal VERY LOW

validation

- 0.688 (0.684-
0.692)
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- QResearch v.20
(Hippisley-Cox 2009),
N=633,764

External prospective

cohort

- THIN (Collins 2011),
N=1,108,219

QFracture 2009
Women 30-85

Internal prospective
cohort

- QResearch v.20
(Hippisley-Cox 2009),
N=642,153

External prospective
cohort

- THIN (Collins 2011),
N=1,136,417

QFracture 2012
Men 30-100

Internal prospective
cohort
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Very serious®

Serious?

Not serious

Serious®

Serious®
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Not serious

Not serious

External

validation

- 0.739 (0.733-
0.745)

Internal VERY LOW
validation
- 0.788 (0.786-

0.790)

External

validation

- 0.816 (0.813-
0.819)

Internal VERY LOW
validation
- 0.875 (0.868-

0.883)
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- QResearch v.32
(Hippisley-Cox 2012),
N=778,810

External prospective

cohorts

- CPRD (Hippisley-Cox
2014), N=1,588,803

- CPRD GOLD, HES,
ONS (Livingstone
2022), N=2,684,730

QFracture 2012

Women 30-100

Internal prospective

cohort

- QResearch v.32
(Hippisley-Cox 2012),
N=804,563

External prospective

cohorts

- CPRD (Hippisley-Cox
2014), N=1,682,709
CPRD GOLD, HES,
ONS (Livingstone
2022), N=2,747,409
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Serious®
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Not serious

External
validation

- 0.872(0.867-
0.877) HC2014

- 0.888 (0.882-
0.893) LG2022

Internal VERY LOW
validation

- 0.893 (0.890-
0.896)

External
validation

- 0.890 (0.888-
0.892) HC2014

- 0.918 (0.915-
0.921) LG
2022
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QFracture 2016 Very serious® Not serious Serious® Not serious - 0.761 (0.749- VERY LOW
Adults with COPD=40 0.772)

years-old

External prospective

cohort
- THIN (Akyea 2019),
N=72,559
Abbreviations: COPD, chronic obstructive pulmonary disease; CPRD, Clinical Practice Research Datalink; FRAX, Fracture risk assessment tool; HES, Hospital Episode Statistics;
ID, intellectual disabilities;, ONS, Office of National Statistics; RA, rheumatoid arthritis; THIN, The Health Improvement Network; O:E ratio, observed:expected ratio.
Notes:
a. Livingstone 2023 uses a sub-cohort of Livingstone 2022.
b. Very serious risk of bias in the evidence contributing to the outcomes. More than 50% of the weight of the evidence came from studies at high risk of bias as per PROBAST.
c. Population is partially applicable due to study limited to adults from the general population that includes participants not at suspected risk or not at risk of fragility fracture
(women < 65 and men < 75 years).
d. Very serious inconsistency between internal and external validation results with non-overlapping 95% confidence intervals and point estimates either side of clinical decision
threshold of 0.7.
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1.1.10. Economic evidence

Economic evidence related to risk assessment tools was sought as part of Evidence
Review E. No included studies compared alternative risk prediction tools.

1.1.11. Economic model

This area was not prioritised for new cost-effectiveness analysis.

1.1.12. Unit costs

FRAX and QFracture have free online calculators. FRAXplus® adjustments require
the user to purchase an annual service plan, for example €50 for an individual user
(£43 using September 2025 HMRC exchange rates).

CFracture did not have an online calculator available at the time of guideline
development.

1.2. The committee’s discussion and interpretation of
the evidence

1.2.1. The outcomes that matter most

The committee agreed that the clinical outcomes the risk prediction tools should
predict were major osteoporotic (MOF) fracture and hip fracture. MOF was defined as
hip, clinical vertebral, humerus and forearm in accordance with FRAX and QFracture
(2012) risk prediction tools.

The following statistical outcomes were identified as relevant to assessing the
performance of risk prediction tools:
e Overall fit: R?2and Brier score
e Calibration: calibration plots and curves, calibration in the large,
observed:expected (O:E) ratio, integrated calibration index
¢ Discrimination: AUC/c-statistic and D statistic for overall discrimination,
sensitivity, specificity, and predictive values at specific thresholds
e Reclassification statistics (Net reclassification index)

The committee recognised that there are, and have been, many proposed measures
of assessing the performance of risk prediction tools and that validation studies have
often reported some (but not all) of the above measures. Although evidence was
identified on all the listed UK-validated tools, reporting of the various performance
measures was generally not comprehensive. Data on all available measures from the
included studies were extracted but the committee decided to focus on the O:E ratio
to assess calibration and AUC/c-statistic values to assess discriminatory power
across all possible thresholds, as these were reported in most identified studies.

The committee focussed on assessing the calibration plots and associated estimated
O:E ratio (a measure of how well on average the observed and predicted risks agree)
as several of the included studies reported sufficient data to calculate this. AUC/c-
statistic values and O:E ratios were either extracted from the studies or calculated
from the available data or calibration plots in line with the methods detailed in Debray
2018. Other calibration measures such as calibration slope and calibration-in-the-
large were largely not reported in most studies. Reclassification decisions are also
important to compare the utility of the tools as they assess whether the new
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prediction model improves on the old model. Similar to measures of calibration, most
studies did not report reclassification measures.

There were few studies on each risk prediction tool and so meta-analysis of their
overall calibration and discriminatory power was not possible.

Clinical decision thresholds

Clinical decision thresholds were set as default values for AUC, sensitivity, and
specificity, indicating that a test would be recommended if 0.7 and above and not
recommended if below 0.5 indicating that a test is no better than chance and
therefore of no clinical use. The AUC describes the overall prognostic accuracy
across the full range of possible thresholds. The following criteria were used for
evaluating AUCs:

o <0.50: worse than chance
0.50-0.60: very poor

0.61-0.70: poor

0.71-0.80: moderate

0.81-0.90: good

0.91-1.00: excellent or perfect test.

O O O O O

1.2.2. The quality of the evidence

GRADE assessment was conducted on the discriminatory power of the fracture risk
prediction tool using the reported c-statistics or AUC values as this was reported for
most studies. All the risk prediction tools for the outcomes of MOF and HF were
assessed as low to very low certainty. They were all downgraded for high risk of bias,
using the PROBAST tool, mainly due to ‘measurement error’ in the various domains:
information about predictor variables, fracture ascertainment, or statistical
frameworks not accounting for competing risks (for example, QFracture).

Some discrimination outcomes were downgraded for directness and assessed as
partially applicable because the majority of the studies were conducted in unselected
populations with people below the age risk threshold (women below 65 and men
below 75 years). This meant that studies included people not at risk or suspected risk
of fragility fracture. Some outcomes were also downgraded for imprecision due to the
95% confidence intervals crossing 1 or 2 of the clinical decision thresholds (0.5 and
0.7).

Inconsistency between the internal validation study of the tool and external validation
studies was assessed for the 2009 and 2012 versions of QFracture. There was
serious inconsistency for prediction of MOF and HF by QFracture 2009 in women
with non-overlapping 95%Cls. There was also very serious inconsistency in men for
both MOF and HF outcomes as, in addition the AUC point estimates were on either
side of the clinical decision thresholds; for QFracture 2012, there was serious
inconsistency for prediction of MOF in both men and women.

One study (Livingstone 2023) used two-thirds of the same population cohort as
another included study (Livingstone 2022) to develop CFracture and the remaining
one-third of the cohort to internally validate CFracture and directly compare it to the
performance of (that is, externally validate) QFracture 2012. Data on this direct
comparison between CFracture and QFracture 2012 was not included in this review
because data for the whole cohort (reported in Livingstone 2022) is already included
and the results are likely to be similar.
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1.2.3. Benefits and harms

Generally, the performance of the UK-validated tools in terms of both calibration and
discrimination was acceptable for the estimation of an individual’s 10-year risk of
MOF and HF. The committee recognised that there were substantive differences in
how the models underlying the UK-validated tools are constructed, with different
statistical models and associated risk estimators, and different methods of fracture
ascertainment, used. Risk prediction tools that account for competing risk of
mortality, such as FRAX and CFracture, are in principle better models. This is
because those that do not account for competing risk of mortality, such as QFracture,
make the assumption that individuals lost to follow up (who are more likely to be
older and have comorbidities) have the same fracture risk as those not lost to follow-
up. This can lead to systematic overprediction of fracture risk depending on the
frequency of competing risk events in a particular validation cohort. CFracture, a
more recently constructed tool, is like QFracture as it was constructed using the
same variables as QFracture and a similar development dataset. One feature of this
tool is that, unlike QFracture, it accounts for competing mortality risk and appears to
improve overall discriminatory performance of the tool with moderate or good AUC
for MOF and good or excellent AUC for HF.

One study was identified for the IDFracture tool that is a risk prediction model for the
identification of people with intellectual disabilities at risk of major osteoporotic
fracture and hip fracture. The study was not included as it had not been peer-
reviewed. The committee were aware that the study is awaiting publication and
therefore have not made a research recommendation. The committee also noted that
for the tool to be useful to NHS practitioners there would also need to be an online
calculator for it.

FRAX-UK is widely available and accounts for competing risk of non-fracture
mortality. However, the UK model has not been updated since 2008 (using fracture-
incidence and mortality data from before 2000). Five studies of FRAX-UK in mostly
small (<1000) sample high-fracture risk populations such as COPD were identified
(Akyea 2019, Green 2024, Hippisley-Cox 2009, lhama 2021, Klop 2016).

For the prediction of major osteoporotic fracture, three studies (Akyea 2016, lhama
2021, Klop 2016) reported poor or moderate AUC values (ranging from 0.66 to 0.71).
One study reported sensitivity, specificity, and predictive values of FRAX-UK with
and without BMD using the NOGG age-specific thresholds, which showed very low
sensitivity and PPV. This indicates that there is a substantive risk of false negatives
(and therefore missed fractures). The committee acknowledged that although the
discriminatory power of FRAX-UK to predict MOF outcomes was not excellent, it
should be used alongside other factors to decide who should have a DXA scan.

For the prediction of hip fracture, three studies (Akyea 2019, Hippisley-Cox 2009,
Klop 2016) showed that FRAX-UK had overall good or moderate discriminatory
power with AUC values ranging from 0.76 to 0.85 in the general primary care
population. The relatively narrow 95%Cls reflect the large size of the studies. One
study in adults with COPD from the primary care population (Akyea 2019) estimated
that although its sensitivity using a 3% fracture risk threshold was above the
threshold for recommendation, it had low specificity and would therefore lead to a
substantial number of false positives and patients receiving unnecessary further
assessment.

No studies were identified on FRAXplus® adjustments which unlike the online FRAX
calculator is not freely available online.
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QFracture 2012 was shown to be well validated in 2 independent general primary
care cohorts (Hippisley-Cox 2014, Livingstone 2022) and in general, it appears to
perform better than the 2009 version. Performance was excellent with high values in
all performance categories. The AUC values ranged from moderate to good for major
osteoporotic fracture risk (0.74 — 0.82) and good to excellent (0.87-0.92) for hip
fracture outcomes. However, the committee recognised that the model does not
account for the competing risks of non-fracture mortality.

Calibration performance in these cohorts suggest that when more robust fracture
ascertainment methods are used (such as linked hospital or mortality data), the tool
tended to underestimate MOF and HF fracture risk in the cohort. For example,
although calibration was improved for predicting 10-year risk of MOF in men when
competing risks of non-fracture mortality were accounted for (for example, reducing
O:E ratio from 1.82 to 1.48 in men), QFracture still substantially underestimated
fracture risk. Calibration performance for QFracture 2012 in women was slightly
better for women than for men in estimating MOF and HF risk, although it still
underestimated fracture risk (Livingstone 2022).

Generally, the committee agreed that the lack of comprehensive reporting of the
performance measures (that is, overall fit, calibration, discrimination, and
reclassification) makes it difficult to assess the included UK-validated risk prediction
tools.

QFracture 2016 is currently in use but there are few validation studies: the internal
validation study is available but has not been published, and the tool still does not
account for competing risks of non-fracture cause mortality. The two studies (Akyea
2019, Ihama 2021) conducted in high-risk populations reported AUC values of 0.74
and 0.61 for major osteoporotic fracture and 0.76 for hip fracture. The discriminatory
power ranged from poor to moderate. Overall fit and calibration measures were not
reported so the committee were not able to fully assess its benefits and harms.

CFracture accounts for competing risks of non-fracture mortality and had similar
overall discriminatory power to QFracture 2012 for both MOF and HF in one internal
validation study (approximately 1.7m people) (Livingstone 2023). Overall, CFracture
performed better at estimating HF rather than MOF risk with potentially excellent
calibration and discriminatory power in women (AUC values ranged from 0.74 and
0.81 for MOF and 0.89 and 0.91 for HF in men and women respectively).

1.2.4. Conclusions and committee experiences

The committee’s overall approach to the risk assessment pathway in people
identified as at risk or suspected risk of fracture is discussed in Evidence review E.
Currently, using FRAX-UK or QFracture is recommended when using a risk
prediction tool to estimate an individual’s risk of MOF and HF for most age groups in
the previous NICE guideline on osteoporosis (see Supporting Document G: NICE
CG146 Osteoporosis Full Guideline and Appendices). The committee agreed that
none of the evidence identified in this review and alongside evidence reviews D and
E merited any change to this recommendation.

The evidence for both FRAX-UK and QFracture tools were similarly calibrated and
had relatively similar discriminatory power and therefore, did not clearly favour one
tool over the other. Since the estimated risk calculated by these tools for an individual
are not commensurate, the committee emphasised that the same risk prediction tool
should be used to allow consistent monitoring across time from baseline. The
committee also recognised that since QFracture does not include BMD as a risk
factor, clinicians wishing to adjust estimated risk using this information will need to
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use the UK version of FRAX, which can incorporate measurements taken at the
femoral neck. The online Qfracture calculator uses the latest version of the tool
(2016) and although there is limited evidence for this version it was agreed that it is
likely to have similar discrimination to the 2012 version.

The committee also noted that FRAX-UK is shorter than QFracture with the former
requiring only 11 fields to be completed (12 if BMD is included) compared to 24 (26 if
BMI is included) for the latter and that, in some regions of the country, FRAX is used
to determine eligibility for DXA scan. A recommendation was made to highlight that
FRAX and QFracture assess risk differently because they do not include all the same
risk factors in their models and were developed in different cohorts with different age
groups (see Table 2). The committee emphasised that the risk prediction tools can
return different estimates for an individual and that care needs to be taken when
assessing their clinical risk profile.

Important risk factors that are treated differently in the tools include high alcohol
intake, family history of osteoporosis, secondary causes of osteoporosis, current
medication use, and living in a care home. For example, alcohol intake is defined
using 5 categories of alcohol intake in QFracture whilst FRAX has a yes or no
question about consuming 3 or more units of alcohol per day. The committee
recommended to do a full clinical risk assessment alongside the risk prediction tool
because QFracture and FRAX do not include all factors associated with an increased
risk of fracture (for example, if a person is taking medicines associated with
accelerated bone loss such as aromatase inhibitors or androgen deprivation
therapy).

1.2.4.1. Research recommendation

Although the CFracture model and associated development and validation data is
publicly available, there is no available calculator, and the committee therefore could
not recommend it. Given the promising results from the available internal validation
study, the committee agreed that a research recommendation should be made for
external validation studies comparing the performance of CFracture and the latest
available versions of QFracture and FRAX-UK.

1.2.5. Cost effectiveness and resource use

None of the identified cost-effectiveness analyses in Review E compared risk
assessment with QFracture and FRAX.

The committee agreed that in terms of the fragility fracture risk assessment itself, the
cost of using FRAX (without BMD) and QFracture would be similar as they would
take similar time to complete, and both have freely available online calculators. It was
agreed they could both be completed as part of a 15-minute GP appointment to
discuss risk factors and patient history. It was noted that risk assessment may also
take place in secondary care, for example if a patient is referred to a fracture liaison
service or during a hospital admission.

Downstream resource use would depend on the rules applied in conjunction with the
risk assessment in terms of who goes on to have a BMD assessment and treatment.
In current practice, different rules are often applied with QFracture and FRAX as
QFracture is often used in conjunction with SIGN guidance for DXA and treatment
initiation and FRAX is generally used in conjunction with NOGG guidance which have
different criteria for BMD assessment and treatment. However, the committee agreed
that the same principles should be applied regarding BMD assessment and treatment
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initiation irrespective of risk prediction tool used and that downstream resource use
was also considered likely to be similar in this case.

The committee noted that risk can be estimated with or without BMD with FRAX. The
committee recommendations for initial assessment to determine eligibility of DXA
necessarily relate to risk calculation without BMD. The committee did not specifically
recommend that risk is recalculated following BMD assessment although noted that
clinicians may choose to do this in some cases. The committee agreed that there
would be a follow-up appointment after DXA and that if needed risk could be
recalculated during this or it may be done as part of the DXA scan and included in
the report. It was therefore considered unlikely to result in a significant resource use
difference between the tools even when done.

The committee noted that while the online FRAX calculator is free to use, use of
FRAXplus® adjustments incurs additional costs. However, the committee did not
make recommendations related to use of these adjustments due to a lack of clinical
evidence.

The committee discussed whether the fact that different risk prediction tools can
return different estimates for an individual (discussed in previous section above)
could mean that the choice of tool might result in different numbers of people eligible
for DXA and so lead to differences in resource use. The committee agreed that while
sometimes different people may be considered high risk with different tools the
overall numbers considered eligible for DXA was likely to be similar, if the same
threshold was used, and this was unlikely to lead to substantial differences in
downstream resource use between the use of either of the two tools.

The recommendation for use of either QFracture or FRAX when using a fracture risk
prediction tool is not a change from the previous NICE guideline. The committee
advised that FRAX is currently more widely used in England currently as most people
use the NOGG guideline which uses FRAX, and FRAX score is sometimes built into
DXA referral processes. The committee agreed however that QFracture is also used.
QFracture is used most commonly in Scotland due to the SIGN guideline that states
a preference for this tool. The recommendation about choice of risk prediction tool is
not expected to result in a significant resource impact to the NHS.

1.2.6. Other factors the committee took into account

The committee noted that people with learning difficulties may find completing the
forms difficult depending on the severity of their condition. However, the forms are
generally completed by healthcare professionals rather than the individual
themselves, but extended GP appointment time may be needed. People with
learning disabilities or cognitive impairment may be less able to provide accurate
answers in relation to risk factors that are not recorded in the medical records (for
example, parental hip fracture).

1.2.7. Recommendations supported by this evidence review

This evidence review supports recommendations 1.3.1-1.3.9 and the research
recommendation on the validity of CFracture risk prediction tool for predicting the risk
of fragility fractures in adults, including those who have had a previous fragility
fracture. There is overlap between evidence reviews and recommendations from
evidence reports C, D and E.
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Appendices

Appendix A Review protocols

Review protocol: What is the validity of risk prediction tools for predicting the risk of fragility fractures in adults, including

those who have had a previous fragility fracture?

Field

Content

Review title

Fragility fracture risk prediction tools and bone assessment methods to predict fragility fracture

Review question

3.1a What is the validity of risk prediction tools for predicting the risk of fragility fractures in adults, including those who have had
a previous fragility fracture?

Objective

Fractures associated with osteoporosis, often described as ‘fragility fractures,’ typically result from a low impact injury such as a
fall from standing height or less which would otherwise not be expected to result in a fracture. Fragility fractures can occur
spontaneously with no history of injury and most vertebral fractures do not result from a fall but are precipitated by an activity
involving lifting, twisting, or bending. This review will update NICE guideline CG146 and will evaluate (i) the validity of risk
prediction tools in the same or different population/setting used to develop model, and (ii) the accuracy of bone assessment
methods in adults (and associated optimum thresholds), for predicting the risk of fragility fracture in adults, including those who
have had a previous fragility fracture.

Searches

The following databases (from inception) will be searched:
- Embase

- MEDLINE

- Epistemonikos

Searches will be restricted by:
- English language studies
- Human studies

Other searches:
- Reference searching
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- Citation searching
- Inclusion lists of systematic reviews

The searches may be re-run 6 weeks before the final committee meeting and further studies retrieved for inclusion if relevant.

The full search strategies will be published in the final review.

Medline search strategy to be quality assured using the PRESS evidence-based checklist (see methods chapter for full details).

Condition or domain
being studied

Fragility fracture

Population

Inclusion: Adults (18 years and older) who are at suspected risk of fragility fracture (people with or at risk of primary or
secondary osteoporosis or have had a previous fragility fracture)

Exclusion: Children and young people less than 18 years

Risk prediction
tool/bone assessment
method

The following multivariable risk prediction tools for major osteoporotic fracture (MOF) or hip fracture (HF), which have been
validated in a UK-population, will be included:

e CFracture

e FRAX®-UK/FRAXplus®-UK
o Without bone mineral density assessment (BMD)
o With BMD
o With BMD and trabecular bone score (TBS)

¢ FRAX with NOGG thresholds

e |DFracture

e QFracture

Strata: Version or iteration of risk prediction tool; Type of fracture (MOF, HF).

Note: This is an amendment to the initial protocol, undertaken after the initiation of data analysis, to clarify the following risk tools
and bone assessment methods:

- addition of IDFracture tool
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- clarification that FRAX with additional analyses refers to FRAX with NOGG thresholds.

Target condition

Fragility fracture.
e Major osteoporotic fracture (MOF)
e Hip fracture (HF)

For risk prediction tools, timing is for 5- or 10-year risk of MOF or HF

Types of study to be
included

Risk prediction tools

Inclusion:

e External validation cohort studies

¢ Internal-external cross validation cohort studies

e Internal validation cohort studies of the included fragility risk prediction tools

The original internal validation studies of each risk prediction model will be included to enable comparison to the relevant
identified external validation studies. External validation studies may be in the same populations and setting used in the
development of the prediction model, or in different populations or settings. Such studies may also compare more than one
fragility fracture risk prediction tool.

Exclusion
o For FRAX®-UK/FRAXplus®, validation studies not conducted in the UK

e Studies using machine learning algorithms, polygenic risk scores, or radiomic models will be excluded

Note: This is an amendment to the initial protocol, undertaken after the initiation of data analysis, to clarify that only UK validation
studies of risk tools will be included.

Other exclusion criteria

¢ Non-English language studies

Conference abstracts

Context

All settings

Primary outcomes
(critical outcomes)

The validity of risk prediction tools for fragility fracture will be evaluated using the following measures:
e Overall fit
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o R?2 statistic (for continuous outcomes)
o Brier score (for binary/time-to-event outcomes)
e Calibration (agreement between observed and predicted values)
o Calibration-in-the-large
o Observed/expected ratio
o Calibration plots and curves
o Integrated calibration index
e Overall discrimination for binary or to-event outcomes (fracture v no fracture)
o c-statistic/Area under the curve [AUC]) for binary outcomes
o Harrell's Concordance (C) index or Royston’s D statistic for time-to-event outcomes
e Reclassification (e.g. Net Reclassification Index)
e Discrimination at specific threshold
o Predictive values

o Sensitivity and specificity
All outcomes are considered equally important for decision making and therefore have all been rated as critical.

Data extraction
(selection and coding)

All references identified by the searches and from other sources will be uploaded into EPPI R5 and de-duplicated.

Titles and abstracts of the retrieved citations will be screened to identify studies that potentially meet the inclusion criteria
outlined in the review protocol.

Dual sifting will be performed on at least 10% of records; 90% agreement is required. Disagreements will be resolved via
discussion between the two reviewers, and consultation with senior staff if necessary.
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Full versions of the selected studies will be obtained for assessment. Studies that fail to meet the inclusion criteria once the full
version has been checked will be excluded at this stage. Each study excluded after checking the full version will be listed, along
with the reason for its exclusion.

A standardised form will be used to extract data from studies. The following data will be extracted: study details (reference,
country where study was carried out, type and dates), participant characteristics, inclusion and exclusion criteria, details of the
interventions if relevant, setting and follow-up, relevant outcome data, and source of funding. One reviewer will extract relevant
data into a standardised form, and this will be quality assessed by a senior reviewer.

Risk of bias (quality)

Risk of bias will be assessed using the appropriate checklist as described in Developing NICE guidelines: the manual:

assessment
e PROBAST for risk prediction tool studies
A second reviewer will quality assure 10% of the critical appraisal assessments. Discrepancies will be identified and resolved
through discussion (with a third party where necessary).
Strategy for data
synthegs)ils Heterogeneity between the studies in effect measures will be assessed using the |2 statistic and visually inspected. An I? value

greater than 50% will be considered indicative of substantial heterogeneity. Sensitivity analyses will be conducted based on pre-

specified subgroups using stratified meta-analysis to explore the heterogeneity in effect estimates. If this does not explain the

heterogeneity, the results will be presented pooled using random effects.

- GRADEpro will be used to assess the quality of evidence for each outcome, taking into account individual study quality and the
meta-analysis results. The 4 main quality elements (risk of bias, indirectness, inconsistency, and imprecision) will be appraised
for each outcome. Publication bias will be considered with the guideline committee, and if suspected will be tested for when
there are more than 5 studies for that outcome.

The risk of bias across all available evidence was evaluated for each outcome using an adaptation of the ‘Grading of
Recommendations Assessment, Development and Evaluation (GRADE) toolbox’ developed by the international GRADE working
group http://www.gradeworkinggroup.org/

- Where meta-analysis is not possible, data will be presented and quality assessed individually per outcome.
- WIinBUGS will be used for network meta-analysis, if possible, given the data identified.

Analysis of sub-groups

Subgroups that will be investigated if heterogeneity is present:

o People who have received treatment that affects bone density; People who have not received treatment that affects bone
density)

Intervention
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Type and method of

! O Diagnostic

review
Prognostic
O Qualitative
| Epidemiologic
O Service Delivery
Other — Risk tool review

Language English

COUntry England

Anticipated or actual 2023

start date

Anticipated completion November 2025

date

Stage of review attime | Rqyiew stage Started Completed

of this submission
Preliminary searches 2 2
Piloting of the study selection process 2 2
Formal screening of search results against eligibility criteria 2 2
Data extraction 2 v
Risk of bias (quality) assessment 2 2
Data analysis v 2

Named contact

5a. Named contact
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Guideline Development Team NGC

5b Named contact e-mail
Carlos.Sharpin@nice.org.uk

5e Organisational affiliation of the review

National Institute for Health and Care Excellence (NICE)

Review team members

From NICE:

Carlos Sharpin [Guideline lead]

Julie Neilson [Senior research fellow]
Clare Jones [Senior technical analyst]
Annette Chalker [Technical analyst]
Linyun Fou [Technical analyst]

Kate Lovibond [Senior Health economist]
Muksitur Rahman [Health economist]
Sarah Glover [Information specialist]
Stephen Deed [Information specialist]

Claire Sloan [Information specialist]

Funding
sources/sponsor

Development of this systematic review is being funded by NICE.

Conflicts of interest

All guideline committee members and anyone who has direct input into NICE guidelines (including the evidence review team and
expert witnesses) must declare any potential conflicts of interest in line with NICE's code of practice for declaring and dealing
with conflicts of interest. Any relevant interests, or changes to interests, will also be declared publicly at the start of each
guideline committee meeting. Before each meeting, any potential conflicts of interest will be considered by the guideline
committee Chair and a senior member of the development team. Any decisions to exclude a person from all or part of a meeting
will be documented. Any changes to a member's declaration of interests will be recorded in the minutes of the meeting.
Declarations of interests will be published with the final guideline.
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Collaborators Development of this systematic review will be overseen by an advisory committee who will use the review to inform the

development of evidence-based recommendations in line with section 3 of Developing NICE guidelines: the manual. Members of
the guideline committee are available on the NICE website: http://www.nice.org.uk/guidance/indevelopment/gid-ng10216

Other registration N/A
details
Reference/URL for N/A

published protocol

Dissemination plans NICE may use a range of different methods to raise awareness of the guideline. These include standard approaches such as:

- notifying registered stakeholders of publication
- publicising the guideline through NICE's newsletter and alerts

- issuing a press release or briefing as appropriate, posting news articles on the NICE website, using social media channels, and
publicising the guideline within NICE.

Keywords Assessment tool: accuracy; adults; bone assessment; bone mineral density (BMD); calibration; CFracture; computed
tomography; dual-X-ray absorptiometry (DEXA, DXA); fragility fracture; fracture risk; FRAX; hip fracture; IDFracture; imaging;
prediction tool; osteoporosis; hip fracture; osteoporotic fracture; QFracture; quantitative computed tomography (QCT);
quantitative ultrasound (QUS); risk prediction; trabecular bone score; validation; X-ray.

Details of existing
review of same topic
by same authors

Overview | Osteoporosis: assessing the risk of fragility fracture | Guidance | NICE

Current review status 0 Ongoing
Completed but not published
O Completed and published
O Completed, published, and being updated
0 Discontinued

Additional information N/A
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Details of final
publication

www.nice.org.uk
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Appendix B Literature search strategies

The literature searches for this review are detailed below and complied with the methodology
outlined in Developing NICE guidelines: the manual.(NICE2014) For more information,
please see the Methodology review published as part of the accompanying documents for
this guideline.

B.1 Clinical search literature search strategy

Searches were constructed using a PICO framework where population (P) terms were
combined with Intervention (l) and in some cases Comparison (C) terms. Outcomes (O) are
rarely used in search strategies as these concepts may not be indexed or described in the
title or abstract and are therefore difficult to retrieve. Search filters were applied to the search
where appropriate.

Q3.1a What is the validity of risk prediction tools for predicting the risk of fragility fractures in
adults, including those who have had a previous fragility fracture?

Table 18: Database parameters, filters and limits applied
Database Dates searched Search filter used

Medline (OVID) 1946 — 15 November 2024 Prognostic studies
Systematic reviews

Exclusions (animal studies, letters,
comments, editorials, case
studies/reports)

English language
Embase (OVID) 1974 — 15 November 2024 Prognostic studies
Systematic reviews

Exclusions (animal studies, letters,
comments, editorials, case
studies/reports)

English language

The Cochrane Library (Wiley) Cochrane Reviews to 202 Issue 11 Exclusions (clinical trials,
of 12 conference abstracts)

CENTRAL to 2024 Issue 11 of 12
Epistemonikos (The Inception to 15 November 2024 Systematic review studies
Epistemonikos Foundation)

Exclusions (Cochrane reviews)

English language
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Medline (Ovid) search terms

1 exp Osteoporosis/
2 (osteopor* or osteo-por* or osteop?eni* or osteo-p?eni*).tw,kf.
3 ((age-relat™ or agerelat* or perimenopaus* or peri-menopaus* or postmenopaus* or

post-menopaus* or menopaus* or pathologic*) adj4 bone* adj4 (los* or mass or
architectur® or microarchitectur® or micro-architectur* or dens* or mineral* or content
or demineral®* or strength* or quality or quantit®)).tw.

4 ((abnormal* or secondary or early or prematur*) adj4 bone* adj4 (los* or reduc* or
mass or architectur* or microarchitectur* or micro-architectur* or dens* or mineral* or
content or strength* or quality or quantit*)).tw.

5 ((low* or reduc* or decreas™* or los*) adj4 bone* adj4 (mass or architectur* or
microarchitectur*® or micro-architectur® or dens* or mineral* or content or strength* or
quality or quantit®)).tw.

6 ((age-relat* or agerelat* or perimenopaus* or peri-menopaus* or postmenopaus* or
post-menopaus* or menopaus* or pathologic*) adj4 BMD).tw.

7 ((low* or los* or reduc* or decreas* or abnormal* or secondary) adj4 BMD).tw.
8 (bone* adj4 (deteriorat* or weak* or fragil* or decalc* or brittle* or atroph*)).tw.
9 ((trabecula* or cancellous) adj4 (loss* or thin* or reduc* or decreas™* or deteriorat® or

low* or abnormal*)).tw.

10 ((age-relat* or agerelat* or perimenopaus* or peri-menopaus* or postmenopaus* or
post-menopaus* or menopaus* or pathologic*) adj4 skeletal adj4 (los* or mass or
architectur* or microarchitectur* or micro-architectur* or dens* or mineral* or content
or demineral* or strength* or quality or quantit® or decalc* or atroph*)).tw.

11 ((abnormal* or secondary or early or prematur*) adj4 skeletal* adj4 (los* or reduc* or
mass or architectur* or microarchitectur* or micro-architectur* or dens* or mineral* or
content or strength* or quality or quantit* or atroph*)).tw.

12 ((low* or reduc* or decreas* or los*) adj4 skeletal adj4 (mass or architectur* or
microarchitectur* or micro-architectur* or dens* or mineral* or content or strength* or
quality or quantit*)).tw.

13 Bone Diseases, Metabolic/

14 Osteoporotic Fractures/

15 (fragil* adj4 (fracture or fractures)).tw.

16 ((low-impact* or low-energy or low-trauma* or insufficien*) adj4 fracture*).tw.

17 ((risk* or frequen* or inciden* or suscept® or suspect® or predict* or prevent* or stop*)

adj4 fracture®).tw.

18 ((recurrent or recurring or repeat* or history or chronic or previous or prior or habitual)
adj4 fracture*).tw.

19 refracture®.tw.
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20 or/1-19

21 exp Densitometry/

22 (densitometr* or BMD-test* or BMD-tool* or densimetr®).tw.

23 (bone adj4 mineral adj4 dens* adj4 test*).tw.

24 (bone adj4 mineral adj4 dens* adj4 tool*).tw.

25 Absorptiometry, Photon/

26 (absorptiometr* adj4 (dpx* or dual-energ™ or dual-photon* or photon*)).tw.

27 X-Rays/

28 (x-ray* or xray*).tw.

29 ((grenz* or roentgen*) adj4 ray*).tw.

30 (x-radiation* or xradiation*).tw.

31 (DXA* or DEXA).tw.

32 (FRAX or FRAXTM or Qfracture* or Q-fracture* or Cfracture* or C-Fracture*).tw.

33 (fracture* adj2 risk adj2 assess* adj2 tool*).tw.

34 (QCT* or pQCT* or HR-pQCT* or HRPQCT* or PCD-CT* or PCDCT* or SR-MUCT* or
SRMUCT* or HRclinCT* HRclin-CT* or HR-clin-CT* or HR-clinCT*).tw.

35 (QUS or PEUS or P-EU or P-EUS or PEQUS).tw.

36 or/21-35

37 Tomography, X-Ray Computed/

38 (cat scan* or ct scan* or cine ct or cine-ct or tomodensitomet*).tw.

39 ((computed or computer assisted or computeriz* or computeris* or electron beam* or
axial*) adj4 tomograph*).tw.

40 Four-Dimensional Computed Tomography/

41 (4d ct or 4dct or 4-dimensional CT or four dimensional CT).tw.

42 exp Tomography, Spiral Computed/

43 ((helical or spiral) adj4 ct*).tw.

44 exp Ultrasonography/

45 (ultrasound* or ultra-sound* or ultrason* or sonograph* or echograph* or
echotomograph*).tw.

46 (bindex* or echolight*).tw.

47 or/37-46
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48 (quantitative* or asynchronous or high-res* or highres or photon-count* or
photoncount* or pulse-echo* or pulseecho* or pulsecho*).tw.

49 47 and 48

50 36 or 49

51 20 and 50

52 predict.ti.

53 (validat* or rule*).ti,ab.

54 (predict* and (outcome* or risk* or model*)).ti,ab.

55 ((history or variable* or criteria or scor* or characteristic* or finding* or factor*) and
(predict* or model* or decision* or identif* or prognos*)).ti,ab.

56 decision*.ti,ab. and Logistic models/

57 (decision* and (model* or clinical*)).ti,ab.

58 (prognostic and (history or variable* or criteria or scor* or characteristic* or finding* or
factor* or model*)).ti,ab.

59 (stratification or discrimination or discriminate or c statistic or "area under the curve" or
AUC or calibration or indices or algorithm or multivariable).ti,ab.

60 ROC curve/

61 or/52-60

62 Meta-Analysis/

63 exp Meta-Analysis as Topic/

64 (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.

65 ((systematic* or evidence*) adj3 (review™* or overview*)).ti,ab.

66 (reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.

67 (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

68 (search* adj4 literature).ab.

69 (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or
psycinfo or cinahl or science citation index or bids or cancerlit).ab.

70 cochrane.jw.

71 ((multiple treatment* or indirect or mixed) adj2 comparison*).ti,ab.

72 or/62-71

73 61or72
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74 51 and 73

75 animals/ not humans/

76 74 not 75

77 limit 76 to (letter or historical article or comment or editorial or news or case reports)
78 76 not 77

79 limit 78 to english language

Embase (Ovid) search terms

1 exp Osteoporosis/

2 exp Osteopenia/

3 (osteopor* or osteo-por* or osteop?eni* or osteo-p?eni*).tw,kf.

4 ((age-relat* or agerelat* or perimenopaus* or peri-menopaus* or postmenopaus* or

post-menopaus* or menopaus* or pathologic*) adj4 bone* adj4 (los* or mass or
architectur* or microarchitectur* or micro-architectur* or dens* or mineral* or content
or demineral* or strength* or quality or quantit*)).tw.

5 ((abnormal* or secondary or early or prematur*) adj4 bone* adj4 (los* or reduc* or
mass or architectur* or microarchitectur* or micro-architectur® or dens* or mineral* or
content or strength* or quality or quantit*)).tw.

6 ((low* or reduc* or decreas* or los*) adj4 bone* adj4 (mass or architectur® or
microarchitectur* or micro-architectur* or dens* or mineral* or content or strength* or
quality or quantit*)).tw.

7 ((age-relat® or agerelat™ or perimenopaus* or peri-menopaus* or postmenopaus* or
post-menopaus* or menopaus* or pathologic*) adj4 BMD).tw.

8 ((low* or los* or reduc* or decreas* or abnormal* or secondary) adj4 BMD).tw.
9 (bone* adj4 (deteriorat™ or weak* or fragil* or decalc* or brittle* or atroph*)).tw.
10 ((trabecula* or cancellous) adj4 (loss* or thin* or reduc* or decreas* or deteriorat® or

low* or abnormal*)).tw.

11 ((age-relat* or agerelat™ or perimenopaus* or peri-menopaus* or postmenopaus* or
post-menopaus* or menopaus* or pathologic*) adj4 skeletal adj4 (los* or mass or
architectur® or microarchitectur* or micro-architectur® or dens* or mineral* or content
or demineral* or strength* or quality or quantit* or decalc* or atroph*)).tw.

12 ((abnormal* or secondary or early or prematur*) adj4 skeletal* adj4 (los* or reduc* or
mass or architectur* or microarchitectur* or micro-architectur® or dens* or mineral* or
content or strength* or quality or quantit* or atroph*)).tw.

13 ((low* or reduc* or decreas* or los*) adj4 skeletal adj4 (mass or architectur* or
microarchitectur* or micro-architectur* or dens* or mineral* or content or strength* or
quality or quantit®)).tw.
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14 metabolic bone disease/ or exp bone demineralization/

15 fragility fracture/

16 (fragil* adj4 (fracture or fractures)).tw.

17 ((low-impact* or low-energy or low-trauma* or insufficien*) adj4 fracture*).tw.

18 ((risk* or frequen* or inciden* or suscept* or suspect® or predict* or prevent* or stop*)
adj4 fracture*).tw.

19 ((recurrent or recurring or repeat* or history or chronic or previous or prior or habitual)
adj4 fracture*).tw.

20 refracture*.tw.

21 or/1-20

22 Bone densitometry/

23 (densitometr* or BMD-test* or densimetr*).tw.

24 (bone adj4 mineral adj4 dens* adj4 test*).tw.

25 (bone adj2 mineral adj2 dens* adj2 tool*).tw.

26 Photon absorptiometry/

27 (absorptiometr* adj4 (dpx* or dual-energ® or dual-photon* or photon*)).tw.

28 X ray/ or dual energy X ray absorptiometry/

29 (x-ray* or xray*).tw.

30 ((grenz* or roentgen*) adj4 ray*).tw.

31 (x-radiation* or xradiation*).tw.

32 (DXA* or DEXA).tw.

33 FRAX tool/ or Qfracture/

34 (FRAX or FRAXTM or Qfracture* or Q-fracture* or Cfracture® or C-Fracture*).tw.

35 (fracture* adj2 risk adj2 assess* adj2 tool*).tw.

36 (QCT* or pQCT* or HR-pQCT* or HRpQCT* or PCD-CT* or PCDCT* or SR-MUCT* or
SRMUCT* or HRclinCT* HRclin-CT* or HR-clin-CT* or HR-clinCT*).tw.

37 (QUS or PEUS or P-EU or P-EUS or PEQUS).tw.

38 or/22-37

39 X-ray computed tomography/

40 (cat scan* or ct scan* or cine ct or cine-ct or tomodensitomet*).tw.

41 ((computed or computer assisted or computeriz* or computeris* or electron beam* or

axial*) adj4 tomograph*).tw.
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42 Four dimensional computed tomography/

43 (4d ct or 4dct or 4-dimensional CT or four dimensional CT).tw.

44 exp Tomography, Spiral Computed/

45 ((helical or spiral) adj4 ct*).tw.

46 exp echography/

47 (ultrasound* or ultra-sound* or ultrason* or sonograph* or echograph* or

echotomograph*).tw.

48 (bindex* or echolight*).tw.
49 or/394-48
50 (quantitative* or asynchronous or high-res* or highres or photon-count* or

photoncount* or pulse-echo* or pulseecho* or pulsecho®).tw.

51 49 and 50

52 38 or51

53 21 and 52

54 predict.ti.

55 (validat* or rule*).ti,ab.

56 (predict* and (outcome* or risk* or model*)).ti,ab.

57 ((history or variable* or criteria or scor* or characteristic* or finding* or factor*) and

(predict* or model* or decision* or identif* or prognos*)).ti,ab.

58 decision*.ti,ab. and Statistical model/
59 (decision* and (model* or clinical*)).ti,ab.
60 (prognostic and (history or variable* or criteria or scor* or characteristic* or finding* or

factor* or model*)).ti,ab.

61 (stratification or discrimination or discriminate or c statistic or "area under the curve" or
AUC or calibration or indices or algorithm or multivariable).ti,ab.

62 Receiver operating characteristic/

63 or/54-62

64 systematic review/

65 meta-analysis/

66 (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.

67 ((systematic* or evidence*) adj3 (review* or overview*)).ti,ab.

68 (reference list* or bibliograph* or hand search* or manual search* or relevant

journals).ab.
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69 (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

70 (search* adj4 literature).ab.

71 (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or
psycinfo or cinahl or science citation index or bids or cancerlit).ab.

72 cochrane.jw.

73 ((multiple treatment™ or indirect or mixed) adj2 comparison*).ti,ab.

74 or/64-73

75 63 or74

76 53 and 75

77 (conference abstract* or conference review or conference paper or conference
proceeding).db,pt,su.

78 76 not 77

79 nonhuman/ not human/

80 78 not 79

81 (letter or editorial).pt.

82 80 not 81

83 limit 82 to english language

Cochrane Library (Wiley) search terms

#1

MeSH descriptor: [Osteoporosis] explode all trees

#2

((osteopor* or osteo-por* or osteopeni* or osteo-peni* or osteopaeni* or osteo-
paeni*)):ti,ab,kw

#3

(((age-relat* or agerelat* or perimenopaus* or peri-menopaus* or postmenopaus* or
post-menopaus* or menopaus* or pathologic*) near/4 bone* near/4 (los* or mass or
architectur® or microarchitectur® or micro-architectur* or dens* or mineral* or content
or demineral* or strength* or quality or quantit*))):ti,ab,kw

#4

(((abnormal* or secondary or early or prematur*) near/4 bone* near/4 (los* or reduc*
or mass or architectur* or microarchitectur* or micro-architectur* or dens* or mineral*
or content or strength* or quality or quantit*))):ti,ab,kw

#5

(((low* or reduc* or decreas* or los*) near/4 bone* near/4 (mass or architectur* or
microarchitectur* or micro-architectur* or dens* or mineral* or content or strength* or
quality or quantit*))):ti,ab,kw

#6

(((age-relat* or agerelat* or perimenopaus®* or peri-menopaus* or postmenopaus* or
post-menopaus* or menopaus* or pathologic*) near/4 BMD)):ti,ab,kw

#7

(((low* or los* or reduc* or decreas* or abnormal* or secondary) near/4 BMD)):ti,ab,kw
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#8 ((bone* near/4 (deteriorat* or weak* or fragil* or decalc* or brittle* or
atroph*))):ti,ab,kw

#9 (((trabecula* or cancellous) near/4 (loss* or thin* or reduc* or decreas* or deteriorat*
or low* or abnormal*))):ti,ab,kw

#10 (((age-relat* or agerelat* or perimenopaus™® or peri-menopaus* or postmenopaus* or
post-menopaus* or menopaus* or pathologic*) near/4 skeletal near/4 (los* or mass or
architectur® or microarchitectur* or micro-architectur* or dens* or mineral* or content
or demineral* or strength* or quality or quantit* or decalc* or atroph*))):ti,ab,kw

#11 (((abnormal* or secondary or early or prematur*) near/4 skeletal* near/4 (los* or
reduc* or mass or architectur® or microarchitectur* or micro-architectur* or dens* or
mineral® or content or strength* or quality or quantit* or atroph*))):ti,ab,kw

#12 (((low* or reduc* or decreas* or los*) near/4 skeletal near/4 (mass or architectur* or
microarchitectur* or micro-architectur®* or dens* or mineral* or content or strength* or
quality or quantit*))):ti,ab,kw

#13 MeSH descriptor: [Bone Diseases, Metabolic] this term only

#14 MeSH descriptor: [Osteoporotic Fractures] this term only

#15 ((fragil* near/4 (fracture or fractures))):ti,ab,kw

#16 (((low-impact* or low-energy or low-trauma* or insufficien*) near/4 fracture*)):ti,ab,kw

#17 (((risk* or frequen*® or inciden™® or suscept* or suspect* or predict* or prevent* or
stop*) near/4 fracture*)):ti,ab,kw

#18 (((recurrent or recurring or repeat® or history or chronic or previous or prior or
habitual) near/4 fracture*)):ti,ab,kw

#19 (refracture®):ti,ab,kw

#20 {or #1-#19}

#21 MeSH descriptor: [Densitometry] explode all trees

#22 ((densitometr* or BMD-test* or densimetr*)):ti,ab,kw

#23 ((bone near/4 mineral near/4 dens* near/4 test*)):ti,ab,kw

#24 ((bone NEAR/4 mineral NEAR/4 dens* NEAR/4 tool*).tw.):ti,ab,kw

#25 ((absorptiometr* near/4 (dpx* or dual-energ* or dual-photon* or photon*))):ti,ab,kw

#26 MeSH descriptor: [X-Rays] this term only

#27 ((x-ray* or xray*)):ti,ab,kw

#28 (((grenz* or roentgen*) near/4 ray*)):ti,ab,kw

#29 ((x-radiation* or xradiation*)):ti,ab,kw

#30 ((DXA* or DEXA)):ti,ab,kw

#31 ((FRAX or FRAXTM or Qfracture* or Q-fracture* or Cfracture* or C-Fracture*)):ti,ab,kw
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#32 ((fracture* near/2 risk near/2 assess* near/2 tool*)):ti,ab,kw

#33 (QCT* or pQCT* or HR-pQCT* or HRPQCT* or PCD-CT* or PCDCT* or SR-MUCT* or
SRMUCT* or HRclinCT* HRclin-CT* or HR-clin-CT* or HR-clinCT*)

#34 (QUS or PEUS or P-EU or P-EUS or PEQUS)

#35 {or #21-#34}

#36 MeSH descriptor: [Tomography, X-Ray Computed] this term only

#37 ((cat scan* or ct scan* or cine ct or cine-ct or tomodensitomet*)):ti,ab,kw

#38 (((computed or computer assisted or computeriz* or computeris* or electron beam™* or

axial*) near/4 tomograph*)):ti,ab,kw

#39 MeSH descriptor: [Four-Dimensional Computed Tomography] this term only
#40 (("4d ct" or 4dct or "4 dimensional CT" or "four dimensional CT")):ti,ab,kw
#41 MeSH descriptor: [Tomography, Spiral Computed] explode all trees

#42 (((helical or spiral) near/4 ct*)):ti,ab,kw

#43 MeSH descriptor: [Ultrasonography] explode all trees

#44 ((ultrasound* or ultra-sound* or ultrason* or sonograph* or echograph* or

echotomograph*)):ti,ab,kw

#45 ((bindex* or echolight*)):ti,ab,kw
#46 {or #36-#45}
#H47 ((quantitative® or asynchronous or high-res* or highres or photon-count* or

photoncount* or pulse-echo* or pulseecho* or pulsecho*)):ti,ab,kw

#48 #46 and #47

#49 #35 or #48

#50 #20 and #49

#51 ((clinicaltrials or trialsearch* or trial-registry or trials-registry or clinicalstudies or

trialsregister™® or trialregister* or trial-number* or studyregister* or study-register* or
controlled-trials-com or current-controlled-trial or AMCTR or ANZCTR or ChiCTR* or
CRiS or CTIS or CTRI* or DRKS* or EU-CTR* or EUCTR* or EUDRACT* or ICTRP or IRCT*
or JAPIC* or IMCTR* or JRCT or ISRCTN* or LBCTR* or NTR* or ReBec* or REPEC* or
RPCEC* or SLCTR or TCTR* or UMIN*):so or (ctgov or ictrp)):an

#52 #50 not #51
#53 conference:pt
#54 #52 not #53

Epistemonikos search terms
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1 (advanced_title_en:((osteopor* OR osteo-por* OR osteopaeni* OR osteo-paeni* OR
osteopeni* OR osteo-peni*)) OR advanced_abstract_en:((osteopor* OR osteo-por* OR
osteopaeni* OR osteo-paeni* OR osteopeni* OR osteo-peni*))) OR
(advanced_title_en:((fragil®* AND (fracture OR fractures))) OR
advanced_abstract_en:((fragil* AND (fracture OR fractures)))) OR
(advanced_title_en:(((low-impact* OR low-energy OR low-trauma* OR insufficien*) AND
fracture*)) OR advanced_abstract_en:(((low-impact* OR low-energy OR low-trauma* OR
insufficien*) AND fracture*)

2 (advanced_title_en:((advanced_title_en:((densitometr* OR BMD-test* OR densimetr*)) OR
advanced_abstract_en:((densitometr* OR BMD-test* OR densimetr*))) OR
(advanced_title_en:((bone AND mineral AND dens* AND test*)) OR
advanced_abstract_en:((bone AND mineral AND dens* AND test*))) OR
(advanced_title_en:((QCT* OR pQCT* OR HR-pQCT* OR HRpQCT* OR PCD-CT* OR PCDCT*
OR SR-MUCT* OR SRMUCT* OR HRclinCT* HRclin-CT* OR HR-clin-CT* OR HR-clinCT*)) OR
advanced_abstract_en:((QCT* OR pQCT* OR HR-pQCT* OR HRpQCT* OR PCD-CT* OR
PCDCT* OR SR-MUCT* OR SRMUCT* OR HRclinCT* HRclin-CT* OR HR-clin-CT* OR HR-
clinCT*))

3 (advanced_title_en:((QUS OR PEUS OR P-EU OR P-EUS OR PEQUS)) OR
advanced_abstract_en:((QUS OR PEUS OR P-EU OR P-EUS OR PEQUS))) OR
(advanced_title_en:((asynchronous OR high-res* OR highres OR photon-count* OR
photoncount* OR pulse-echo* OR pulseecho* OR pulsecho*)) OR
advanced_abstract_en:((asynchronous OR high-res* OR highres OR photon-count* OR
photoncount™® OR pulse-echo* OR pulseecho* OR pulsecho* OR risk-prediction*))

4 20R3

5 1AND 4
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Appendix C Fragility fracture risk prediction tool

evidence study selection

Figure 1: Flow chart of clinical study selection for risk prediction tools for fragility

fracture review

Records identified through database
searching, n=15,997

\ 4

Full-text papers assessed for
eligibility, n=185

A 4

n=15,812

Records excluded in sift,

(

Excluded studies (n=175)

\ 4

Included in Evidence review D on the

accuracy of bone assessment methods

(n=23)

Studies included in review, n=10

See Appendix G for further details

J
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Appendix D Fragility fracture risk prediction tools and bone assessment methods evidence

D.1.1 Akyea, 2019

Bibliographic Akyea, Ralph Kwame; McKeever, Tricia M; Gibson, Jack; Scullion, Jane E; Bolton, Charlotte E; Predicting fracture risk in
Reference patients with chronic obstructive pulmonary disease: a UK-based population-based cohort study.; BMJ open; 2019; vol. 9
(no. 4); e024951

Study details

Secondary NA
publication of
another
included study-
see primary
study for details

Other publications NA
associated with

this study
included in
review
Study type External validation study
Study location UK
Study setting Primary care
Study dates 01/2004 to 12/2015
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Sources of funding Study funded by a COPD "Open Air" research grant from Pfizer. Two authors (CEB and TMM) supported by the NIHR

Study sample

Inclusion criteria

Exclusion criteria

Risk prediction
tool

Predictors

Nottingham BRC

External COPD validation cohort (M/F), N=80,874 (42,799/38,075); N=72,559 (40,674/31,885) after excluding patients with
READ code for osteoporosis and patients aged=90 years

Inclusion criteria for validation study

Patient registered on The Health Improvement Network (THIN) primary care database

Patient aged=40 years-old

- New READ-coded COPD diagnosis 01/01/2004 to 31/12/2015 with at least 1 year record prior to this

Exclusion criteria for validation study

- History of osteoporosis or osteoporosis treatment prior to index date as determined by READ codes for osteoporosis, hip
fracture, or any major osteoporotic (hip, proximal humerus, forearm, or clinically symptomatic vertebra/spine) fracture

- Aged >90 years

FRAX-UK
FRAX-UK without BMD, desktop version 3.12
QFracture

QFracture 2016, v.2017.0.0.0 (version 40)

QFracture-2016

Uses same predictors as QFracture-2012 (based on QResearch, version 29), see entry for Hippisley-Cox 2012. 2016
version remodelled to account for updates to the QResearch, version 40, database.

Note that the internal validation of QFracture 2016 has not been published in peer-reviewed publications but its' calibration
and discrimination compared to QFracture 2012 is available at https://gfracture.org/QFracture-2016-Update-
Information.pdf

FRAX-UK without BMD
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Risk prediction
model validation

Outcome

Duration of follow-
up

Risk Prediction Tools.

- Age

- Sex

- Weight

- Height

- Prior fragility fracture

- Parental history of hip fracture

- Current tobacco smoking

- Long-term use of oral glucocorticoids

- Rheumatoid arthritis

- Other causes of secondary osteoporosis
- Daily alcohol consumption of three or more units daily

External validation of FRAX-UK without BMD and QFracture 2016 using COPD patients aged 40-90 years-old, registered
on the THIN primary care database. To compared prevalence at index date and incidence, each COPD-patient matched
by age, sex, and GP to up to 4 patients without COPD history to generate matched cohort and assigned same index
data (N=308,999; N=264,544 after excluding patients with READ code for osteoporosis). Follow up from index date to
first record of either fracture/osteoporosis, date of patient transfer out of practice area, death, or end of THIN data
collection. Use of oral corticosteroids accounted for by dividing FU time into steroid-exposed (prescription date to first
gap>90 days) and not exposed (from 91st day onwards) periods. Exposure effect of steroid assumed to be constant over
time. Fracture outcome treated as binary variable (fracture, no fracture) and risk probabilities for FRAX and QFracture
categorised according to 220% for MOF and 23% thresholds. Kaplan-Meier analysis used.

- Overall discrimination assessed using AUC, with sensitivity, specificity, and positive and negative predictive values

reported for 220% and =23% thresholds.

Calibration plot reported but other calibration statistics not reported.

- 10-year risk of major osteoporotic fracture (hip, proximal humerus, forearm, or clinically symptomatic vertebra/spine)
- 10-year risk of hip fracture

Both outcomes confirmed with THIN database using standard READ code classification.

Median FU, COPD patients: 5.28 years (IQR 2.6-8.3); Non-COPD patients 5.24 (IQR 2.6-8.3)
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Study-level characteristics

Characteristic

% Female

Sample size

Mean age (SD)
Mean (SD)

BMI (kg/m?)

Sample size

BMI - Underweight (<18.5)

Sample size

BMI - Normal (18.5-24.9)

Sample size

BMI - Overweight (25-29.9)

Sample size

BMI - Obese (230)

Sample size

BMI - No BMI
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n=31885; % =43.9

66.1 (10.7)

n =NA; % = NA

n=2730; % = 3.8

n=21791; % =30

n =21504; % = 29.6

n=17627; % = 24.3

n=8907; % =12.3
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Characteristic
Sample size

Smoking status

Sample size

Smoking status - Never smoked

Sample size

Smoking status - Ex-smoker

Sample size

Smoking status - Current smoker

Sample size

Smoking status - Unknown

Sample size

Fall history
Prior to or at diagnosis. Data is for N=80,874.

Sample size

Fall history - Personal history

(N=80,874 population before excluded people with osteoporosis or over 90 years)

Fall history - Parental history of fall/osteoporosis
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n =NA; % = NA

n=7062; % = 9.7

n =33810; % = 46.6

n =29949; % =41.3

n=1738; % =24

n=NA; % = NA

n=38969; % =11.1

n=96;%=0.1
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Characteristic

(N=80,874 population before excluded people with osteoporosis or over 90 years)

Corticosteroid use
Data for N=80874.

Sample size

Corticosteroid use - Inhaled corticosteroid use

Sample size

Corticosteroid use - Oral corticosteroid use

Sample size

MRC Dyspnoea Scale (Lower scores are better)
1 year either side of diagnosis

Sample size

MRC Dyspnoea Scale - Score=1

Sample size

MRC Dyspnoea Scale - Score=2

Sample size

MRC Dyspnoea Scale - Score=3

Sample size
MRC Dyspnoea Scale - Score 4 & 5
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n =NA; % = NA

n=47574; % = 58.8

n=233618; % =41.6

n =NA; % = NA

n=9499; % =11.8

n = 19466; % = 24.1

n=10488; % =13

n=>5237; % =6.5
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Characteristic
Sample size

MRC Dyspnoea Scale - No record

Sample size

Charlson Comorbidity Index Score
Lower scores are better

Sample size

Charlson Comorbidity Index Score - Score=0

Sample size

Charlson Comorbidity Index Score - Score=1

Sample size

Charlson Comorbidity Index Score - Score=2

Sample size

Charlson Comorbidity Index Score - Score=3

Sample size

Charlson Comorbidity Index Score - Score24

Sample size

Risk Prediction Tools. Draft for consultation. January 2026

Page 79 of 206

Study (N = 72559)

n =36184; % = 44.7

n = NA; % = NA

n=0;%=0

n =38573; % = 53.2

n=11953; % = 16.5

n=11110; % = 15.3

n =10923; % = 15.1
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Outcomes

FRAX-UK outcomes

Outcome

AUC

Custom value
Sensitivity

20% fracture risk threshold for MOF; 3%
fracture risk threshold for HF

Custom value
Specificity

20% fracture risk threshold for MOF; 3%
fracture risk threshold for HF

Custom value

Positive predictive value
20% fracture risk threshold for MOF; 3%
fracture risk threshold for HF

Custom value

Negative predictive value
20% fracture risk threshold for MOF; 3%
fracture risk threshold for HF

Custom value

Sensitivity - Polarity - Higher values are better

Major osteoporotic fracture vs No major osteoporotic

fracture, N2 = 67954, N1 = 4605

0.714 (95%CI 0.706-0.722)

25.4% (95%ClI 22.7-28.1)

92.6% (95%Cl 91.0-94.2)

18.8% (95%Cl 16.4-21.1)

94.8% (95%CI 93.4-96.2)
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Hip fracture vs No hip fracture, N2
=71115, N1 = 1444

0.761 (95%CI 0.749-0.772)

78.1% (95%CI 75.6-80.7)

60.8% (95%Cl 57.8-63.8)

3.9% (95%Cl 2.7-5.1)

99.3% (95%Cl 98.8-99.8)
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Specificity - Polarity - Higher values are better

Positive predictive value - Polarity - Higher values are better
Negative predictive value - Polarity - Higher values are better
n1=fractured group, n2=non-fractured group

QFracture (2016 version) outcomes

Outcome Major osteoporotic fracture vs No major osteoporotic Hip fracture vs No hip fracture, N2
fracture, N2 = 67954, N1 = 4605 =71115, N1 = 1444
AUC 0.614 (95%CI 0.605-0.623) 0.761 (95%CI1 0.749-0.772)

Custom value

Sensitivity 25.2% (95%CI 22.5-27.9) 82.1% (95%CI 79.7-84.5)
20% fracture risk threshold for MOF; 3%
fracture risk threshold for HF

Custom value

Specificity 87.7% (95%CI 85.7-89.7) 55.2% (95%CI 52.1-58.3)
20% fracture risk threshold for MOF; 3%
fracture risk threshold for HF

Custom value

Positive predictive value 12.2% (95%CI 10.2-14.2) 3.6% (95%CI 2.5-4.8)
20% fracture risk threshold for MOF; 3%
fracture risk threshold for HF

Custom value
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Outcome Major osteoporotic fracture vs No major osteoporotic Hip fracture vs No hip fracture, N2
fracture, N2 = 67954, N1 = 4605 =71115, N1 = 1444
Negative predictive value 94.5% (95%CI 93.1-95.9) 99.3% (95%CI 98.8-99.8)

20% fracture risk threshold for MOF; 3%
fracture risk threshold for HF

Custom value

AUC - Polarity - Higher values are better

Sensitivity - Polarity - Higher values are better

Specificity - Polarity - Higher values are better

Positive predictive value - Polarity - Higher values are better
Negative predictive value - Polarity - Higher values are better
n1=fractured group, n2=non-fractured group

Critical appraisal —- PROBAST tool for risk prediction models

Overall Risk of bias  Risk of High
and Applicability bias (FRAX-UK/QFracture 2016: High RoB on participants (excludes people with history of osteoporosis or
osteoporosis treatment at index date), predictors (presence of various diseases/conditions likely to be
variable), outcomes (use of GP database to assess fracture occurrence), and analysis (Kaplan-Meier analysis
used, does not account of competing mortality risk; calibration plot/statistics not reported) domains)

Overall Risk of bias Directness Low
and Applicability
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Collins, 2011
Bibliographic Collins, Gary S; Mallett, Susan; Altman, Douglas G; Predicting risk of osteoporotic and hip fracture in the United Kingdom:
Reference prospective independent and external validation of QFractureScores.; BMJ (Clinical research ed.); 2011; vol. 342; d3651

Study details

Secondary NA
publication of
another
included study-
see primary
study for details

Other publications Original QFracture development and external development study
associated with

this study Hippisley-Cox, J., & Coupland, C. (2009). Predicting risk of osteoporotic fracture in men and women in England and Wales:
included in prospective derivation and validation of QFractureScores. Bmyj, 339.
review

Study type External validation study

Study location UK

Study setting Primary care

Study dates 06/1994 to 06/2008

Sources of funding No specific grant was received from any funding agency in public, commercial, and not-for-profit sectors

Study sample External validation cohort (M/F), N=2,244,636 (1,108,219/1,136,417) from 364 UK GPs

- Patient registered on THIN database (GPs using INPS Vision computer system [In Practice Systems, London]) with

Inclusion criteri . . A X
el M Gl i minimum 1-year complete data in their medical record
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Exclusion criteria

Population
subgroups

Risk prediction
tool

Predictors

Risk prediction
model validation

Outcome

Risk Prediction Tools.

- Aged between 30-85 years

No previously recorded hip, distal radius, or vertebral fracture
- Permanent UK resident

- No uninterrupted GP registration period

NA

- Men
- Women

QFracture

2009 version

QFracture 2009

See list of predictors for Hippisley-Cox 2009.

External validation study of QFracture, 2009 version, using patients of 364 UK GPs registered on THIN database. Observed
10-year fracture risk calculated for every patient in THIN cohort using Kaplan-Meier method. Missing data for smoking
status, number of cigarettes smoked, alcohol consumption, and BMI replaced using multiple imputation (Ml) using all
predictors and outcome variable (major osteoporotic fracture or hip fracture as appropriate). Multiple copies of data
created with missing values imputed with sensible values randomly selected from predicted distribution. Five imputed
datasets generated, and results combined using Rubin's rules to allow uncertainty of imputed values to be incorporated.
Kaplan-Meier analysis used.

- Calibration assessed by: observed/predicted 10-year fracture risk for each 10th (decile) of risk and for each 7-year age
band, calibration plot.

Overall fit assessed by: R?, Brier score.
Discrimination assessed by: AUC and D statistic.

- 10-year risk of (incident) major osteoporotic (hip, distal radius, or vertebral) fracture
- 10-year risk of (incident) hip fracture
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Both outcomes confirmed by THIN database codes.

Duration of follow- Median FU for major osteoporotic fracture=5.98 years (IQR 2.61-8.50)

u
p Median FU for hip fracture=6.03 years (2.62-8.50)

Study-level characteristics

Characteristic Study (N = 2244636)
% Female n=1136417; % = 50.6
Sample size

Arm-level characteristics

Characteristic Male (N = 1108219)
Mean age (SD) 47 (37 to 59)
Median (IQR)
BMI 26.63 (4.1)
BMI recorded for 25.6% of men and 82.4% of women
Mean (SD)
Alcohol intake n = NA; % = NA
Sample size
Alcohol intake - Not recorded n=672709; % =60.7
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Characteristic
Sample size

Alcohol intake - None

Sample size

Alcohol intake - <1 unit/day

Sample size

Alcohol intake - 1-2 units/day

Sample size

Alcohol intake - 3-6 units/day

Sample size

Alcohol intake - 7-9 units/day

Sample size

Alcohol intake - >9 units/day

Sample size

Smoking status

Sample size

Smoking status - Not recorded

Sample size

Risk Prediction Tools. Draft for consultation. January 2026

Male (N = 1108219)

n=132872; % =12

n=168374; % =15.2

n=72962; % = 6.6

n =48270; % =4.4

n=7986; % =0.7

n =5046; % = 0.5

n =NA; % = NA

n=119754; % =10.8
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Female (N = 1136417)

n=243624; % =21.4

n =288754; % = 25.4

n=71616; % =6.3

n=17911;% =1.6

n=1550; % = 0.1

n=1178; % = 0.1

n =NA; % = NA

n =69470; % = 6.1
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Characteristic

Smoking status - Non-smoker

Sample size

Smoking status - Former smoker

Sample size

Smoking status - Current light smoker
<10 cigarettes/day

Sample size

Smoking status - Current moderate smoker
10-19 cigarettes/day

Sample size

Smoking status - Current heavy smoker
220 cigarettes/day

Sample size

Fall history

Sample size

Cardiovascular disease

Sample size

Chronic liver disease

Risk Prediction Tools. Draft for consultation. January 2026

Male (N = 1108219)

n =401760; % = 36.3

n =158600; % = 14.3

n=68077; % =6.1

n=104844; % =9.5

n=117567; % = 10.6

n=14911; % =14

n =76585; % =6.9

n =2586; % = 0.2
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Female (N = 1136417)

n = 530062; % = 46.6

n=125816; % = 11.1

n=70741; % =6.2

n =109052; % = 9.6

n=77828; % =6.9

n=29106; % = 2.6

n =54520; % =4.8

n=1892; % =0.2
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Characteristic
Sample size

Endocrine disorders

Sample size

Gastrointestinal malabsorption |

Sample size

Rheumatoid arthritis or systemic lupus erythematosus
Rheumatoid arthritis only

Sample size

Type 2 diabetes

No of events

Antidepressant use
Current tricyclic antidepressant use

Sample size

Corticosteroid use
Current use

Sample size

Menopausal symptoms

Sample size

Risk Prediction Tools. Draft for consultation. January 2026

Male (N = 1108219)

n=2124; % =0.2

n=25047; % =0.5

n =5260; % = 0.5

n=35157; % =3.2

n =23048; % = 2.1

n = 23686; % = 2.1

n =NA; % = NA
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Female (N = 1136417)

n =9665; % =0.9

n=6388; % =0.6

n =12340; % = 1.1

n =28039; % = 2.5

n =59803; % = 5.3

n=36752; % =3.2

n =58507; % = 5.2
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Outcomes

QFracture (2009 version) outcomes in men

Outcome

R? (R-squared) (%)

Custom value

Brier score
Values range from 0 (perfect
accuracy) to 1 (inaccurate)

Custom value

AUC

Custom value

D-statistic

Custom value

Osteoporotic fracture in men vs No osteoporotic
fracture in men,N2 = 1102066, N1 = 6153

37.99 (95%CI 36.64-39.35)

0.010 (95%CI 0.008-0.012)

0.739 (95%Cl 0.733-0.745)

1.60 (95%Cl 1.56-1.65)

R? (R-squared) - Polarity - Higher values are better

Brier score - Polarity - Lower values are better

AUC - Polarity - Higher values are better

D-statistic - Polarity - Higher values are better

n1=fractured group, n2=non-fractured group

QFracture (2009 version) outcomes in women

Risk Prediction Tools. Draft for consultation. January 2026
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Hip fracture in men vs No hip fracture in
men, , N2 = 1105196, N1 = 3023

60.42 (95%CI 59.22-61.63)

0.005 (95%CI 0.003-0.007)

0.855 (95%CI 0.848-0.862)

2.53 (95%CI 2.46-2.59)
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Outcome

R? (R-squared) (%)

Custom value

Brier score
Values range from 0 (perfect
accuracy) to 1 (inaccurate)

Custom value

AUC

Custom value

D-statistic

Custom value

Osteoporotic fracture in women vs No osteoporotic
fracture in women, N2 = 1117362, N1 = 19055

49.24 (95%CI 48.64-49.85)

0.027 (95%CI 0.025-0.029)

0.816 (95%CI 0.813-0.819)

2.02 (95%Cl 1.99-2.04)

R? (R-squared) - Polarity - Higher values are better

Brier score - Polarity - Lower values are better

AUC - Polarity - Higher values are better

D-statistic - Polarity - Higher values are better

n1=fractured group, n2=non-fractured group

Critical appraisal - PROBAST tool for risk prediction models

Overall Risk of bias  Risk of
and Applicability bias

High

Hip fracture in women vs No hip fracture in
women, N2 = 1127252, N1 = 9165

62.82 (95%Cl 62.22-63.43)

0.013 (95%CI 0.012-0.015)

0.890 (95%CI 0.887-0.893)

2.66 (95%Cl 2.63-2.70)

(QFracture 2009: High RoB for participants (excludes people with history of fracture and those without
recorded Townsend score), predictors (diagnosis of disease/condition likely to have been variable across
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participants), outcome (use of GP records likely to underestimate fracture occurrence), and analysis
(Kaplan-Meier analysis used, does not account for competing mortality risk) domains)

Overall Risk of bias Directness Partially applicable (Includes participants not at suspected risk or not at risk of fragility fracture; includes
and Applicability women < 65 and men < 75 years)

D.1.3 Green, 2024
Bibliographic Green, Olivia; Raju, Suneil A; Shiha, Mohamed G; Nandi, Nicoletta; Bayley, Martin; McCloskey, Eugene; Sanders, David S;
Reference Clinical utility of the fracture risk assessment tool (FRAX) in biopsy-confirmed coeliac disease.; Scandinavian journal of
gastroenterology; 2024; vol. 59 (no. 9); 1049-1054

Study details

Secondary NA
publication of
another
included study-
see primary
study for details

Other publications NA
associated with

this study
included in
review
Study type External validation study
Retrospective cohort study
Study location Sheffield, UK
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Study setting
Study dates
Sources of funding
Study sample

Inclusion criteria

Population
subgroups

Risk prediction
tool

Predictors

Risk Prediction Tools.

Tertiary care (single-centre tertiary hospital)
2001 to 2015
Reports no funding received

External validation cohort (M/F), N=593 (187/406) adults with biopsy-proved coeliac disease

- Aged=18 years
- Biopsy-proven diagnosis of coeliac disease (Marsh=3a) between 2001 and 2015 at tertiary hospital in Sheffield, UK
- Had DXA scan within 1 year of diagnosis

Note: For patient with discordant histology in D1 and D2, overall grade defined as the most severe grade for individual.
Diagnosis date taken to be date of first endoscopy where positive biopsies obtained

NA

FRAX-UK

FRAX Desktop Multi-Patient Entry software with and without FN BMD, with National Osteoporosis Guidelines Group
(NOGG) guidelines thresholds

FRAX-UK

- Age

- Sex

- Weight

- Height

- Prior fragility fracture

- Parental history of hip fracture

- Current tobacco smoking

- Long-term use of oral glucocorticoids
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- Rheumatoid arthritis
- Other causes of secondary osteoporosis
- Daily alcohol consumption of three or more units daily

Risk prediction Patients identified from coeliac disease database and another database containing participants' DXA scan data. Femoral
model validation neck (FN) BMD obtained from DXA scanner and reported as T-score. Data also collected on serology at diagnosis; IgA-
tTG antibody levels measured; gluten exposure determined by review of clinical notes and assessment of each patient's
ongoing serology. All patients reviewed by dietician for minimum of 1-year post-diagnosis. Self-reported patient
questionnaire completed on attendance for DXA scan. FRAX-UK scores calculated using FRAX software with and
without FN BMD. Following National Osteoporosis Guidelines Group (NOGG) guidelines, patient categorized as 'high' or
'low' risk of major osteoporotic fracture (MOF) according to their FRAX score (with and without BMD) and FRAX-
threshold for their age (for example, the FRAX score for high risk of MOF for a 50 year-old is 7.3, whilst for a 70-year old
is 20.3). Patients aged <50 years were assigned same risk threshold as those aged 50, whilst patients >70 years were
assigned same risk threshold as those aged 70 years. Fracture outcomes identified via search of individual patient
records on virtual healthcare platform (including site, nature of fracture, date of fracture) and clinical review.

- Discrimination at NOGG thresholds assessed by sensitivity, specificity, and positive and negative predictive

values. Calibration statistics not reported.
Outcome - 10-year risk of major osteoporotic fracture

Outcome confirmed by patient records and clinical review.
Duration of follow- Median FU=10.5 years (IQR 9.0-13.4)
up

Characteristics

Study-level characteristics

Characteristic Study (N = 593)
% Female n = 406; % = 68.5
Sample size

Risk Prediction Tools. Draft for consultation. January 2026 Page 93 of 206



DRAFT FOR CONSULTATION
Osteoporosis: risk assessment

Characteristic

Mean age (SD) (years)
Median (IQR)

BMI (kg/m?)
Median (IQR)

Alcohol intake
>3 units/day

Sample size

Smoking status
Current smoker

Sample size

Previous fracture

Sample size

Parental history of osteoporosis
History of parental hip fracture

Sample size

Rheumatoid arthritis or systemic lupus erythematosus

Rheumatoid arthritis only

Sample size

Risk Prediction Tools. Draft for consultation. January 2026
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Study (N = 593)

45 (31.5 to 57.6)

24.5 (21.6 to 28.5)

n=42;% =71

n=102; % =17.2

n=50;% =8.4
n=22;%=3.7
n=14; % =2.4
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Characteristic

Corticosteroid use
Oral glucocorticoid only

Sample size

Vitamin D deficiency

Sample size

Calcium deficiency

Sample size

Marsh histological grade

Sample size

Marsh histological grade - 3a

Sample size

Marsh histological grade - 3b

Sample size

Marsh histological grade - 3¢

Sample size

Ongoing gluten exposure

Sample size

Risk Prediction Tools. Draft for consultation. January 2026
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Study (N = 593)

n=15 % =26

n=76;%=12.8

n==65; % =11

n=NA; % =NA

n=158; % = 26.6

n=186; % =31.4

n=249; % =42

n=109; % =18.4
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Outcomes

FRAX-UK outcomes

Outcome

Sensitivity
NOGG age-specific thresholds

Custom value

Sensitivity - FRAX without BMD

Custom value

Sensitivity - FRAX with BMD

Custom value

Specificity
NOGG age-specific thresholds

Custom value

Specificity - FRAX without BMD

Custom value

Specificity - FRAX with BMD

Custom value

Positive predictive value
NOGG age-specific thresholds

Custom value

Major osteoporotic fracture vs No major osteoporotic fracture, N2 = 538, N1 = 55

NA

22.0 % (95%Cl 12.0-35.0)

15% (95%CI 6.0-27.0)

NA

91.0% (95%CI 89.0-94.0)

92.0% (95%Cl 89.0-94.0)

NA
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Outcome

Positive predictive value - FRAX without BMD

Custom value

Positive predictive value - FRAX with BMD

Custom value

Negative predictive value
NOGG age-specific thresholds

Custom value

Negative predictive value - FRAX without BMD

Custom value

Negative predictive value - FRAX with BMD

Custom value

Sensitivity - Polarity - Higher values are better

Specificity - Polarity - Higher values are better

Major osteoporotic fracture vs No major osteoporotic fracture, N2 = 538, N1 = 55

16.3% (95%Cl 8.7-27.6)

11.4% (95%Cl 4.9-22.6)

NA

93.5% (95%Cl 91.1-95.3)

93.4% (95%Cl 91.0-95.2)

Positive predictive value - Polarity - Higher values are better

Negative predictive value - Polarity - Higher values are better

n1=fractured group, n2=non-fractured group. Discrimination outcomes are reported using the NOGG age-specific thresholds.

Critical appraisal - PROBAST tool for risk prediction models
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Overall Risk of bias Risk of High
and Applicability bias (FRAX-UK: High RoB for participant (excludes people at suspected risk of coeliac disease and therefore
fragility fracture), predictor (rheumatoid arthritis diagnosis likely to be variable) and analysis (<100
participants with fracture; no info on missing data strategy; calibration not reported).)

Overall Risk of bias Directness Low
and Applicability

D.1.4 Hippisley-Cox, 2009

Bibliographic Hippisley-Cox, Julia; Coupland, Carol; Predicting risk of osteoporotic fracture in men and women in England and Wales:
Reference prospective derivation and validation of QFracture Scores.; BMJ (Clinical research ed.); 2009; vol. 339; b4229

Study details

Secondary NA
publication of
another
included study-
see primary
study for details

Other publications NA
associated with
this study
included in
review

Study type Internal validation study
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QFracture, 2009 version

External validation study

FRAX-UK
Study location UK
Study setting Primary care
Study dates 01/1993 to 06/2008

Sources of funding Study funded by David Stables (Medical director of EMIS) as part of a larger study examining risks and benefits of HRT.

Study sample Derivation cohort (M/F), N=2,391,576 (1,187,354/1,204,222) from 357 GP practices; N=2,357,895 (1,174,232/1,183,663)
after excluding patients with previous fracture before start of study

Validation cohort (M/F), N=1,294,732 (640,943/653,789) from 178 GP practices; N=1,275,917 (633,764/642,153) after
excluding patients with previous fracture before start of study

- Patients registered on QResearch database, version 20 (574 registered GPs that use Egton Medical Information System
[EMIS] computer system)

- Registered GPs used EMIS system for at least 1 year
- Patients aged 30-85 at study entry date
- Patients registered with GP from 01/01/1993 to 30/06/2008

Inclusion criteria

- Patients with previous recorded hip, distal radius, or vertebral fracture

- Temporary residents

- Patients with interrupted periods of registration with GP

- Patients without valid Townsend deprivation score related to their postcode

- Men
- Women

Exclusion criteria

Population
subgroups
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Risk prediction
tool

Predictors

Risk Prediction Tools.

FRAX-UK
FRAX without BMD, hip fracture

QFracture

2009 version, major osteoporotic fracture, hip fracture

QFracture 2009

Men (Major osteoporotic fracture, hip fracture)

- Age

- BMI

- Smoking status

- Alcohol use

- Fall history

- Asthma

- Cardiovascular disease

- Liver disease

- Rheumatoid arthritis

- Type 2 diabetes

- Current corticosteroid use

- Tricyclic anti-depressants use

- Women (Major osteoporotic fracture)
- Smoking status

- Alcohol use

- Fall history

- Parental history of osteoporosis
- Menopausal symptoms

- Asthma

- Cardiovascular disease

Draft for consultation. January 2026
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- Chronic liver disease

- Gastrointestinal malabsorption

- Other endocrine disorders

- Rheumatoid arthritis

- Type 2 diabetes

- Current corticosteroid use

- Hormone replacement therapy use
- Tricyclic anti-depressants use

Women (Hip fracture)

- Age

- BMI

- Smoking status

- Alcohol use

- Fall history

- Parental history of osteoporosis
- Asthma

- Cardiovascular disease

- Chronic liver disease

- Gastrointestinal malabsorption
- Other endocrine disorders

- Rheumatoid arthritis

- Type 2 diabetes

- Current corticosteroid use

- Hormone replacement therapy use
- Tricyclic anti-depressants use

FRAX-UK - Hip fracture
- Age

- Sex

- Height
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Risk prediction
model validation

Outcome

Duration of follow-
up

Risk Prediction Tools.

- Weight

- Smoking status

- Alcohol use

- Fracture history

- Parental history of hip fracture
- Secondary osteoporosis

- Glucocorticoid treatment

- Rheumatoid arthritis

Internal validation of QFracture, 2009

Development (derivation) of QFracture conducted on two-thirds of registered GPs (357 practices) by random allocation
(simple random sampling utility, STATA) with remaining one-third (178 practices) comprising the validation dataset.
Missing values for alcohol use, smoking status, and BMI replaced using multiple imputation. Patients with no recorded
values for diagnosis, prescription, or family history were assumed not to be exposed.

- Calibration assessed by: Mean predicted v observed 10-year fracture risk compared by deciles using Kaplan-Meier

method

- Overall fit assessed by: R? statistic

Discrimination assessed by: AUC and D statistic

Comparison to FRAX-UK

External validation of FRAX-UK without BMD for hip fracture assessed using same performance measures as above, and
compared to QFracture, with cohort limited to people aged 40-85 years. Previous fractures counted as negative given
QFracture restricted to patients without previous fracture. Missing values for alcohol use, smoking status and BMI
treated in same way as above. Variables for each patient entered twice using automated software to test reproducibility
of FRAX-UK scores.

- 10-year risk of major osteoporotic fracture (Hip, vertebral, or distal radius)
- 10-year risk of hip fracture

Both outcomes confirmed by READ codes on QResearch primary care database.

Follow up for derivation cohort reported as 7,898,208 person years for women, and 8,049,306 person years for men. Follow
up not reported for validation cohort.
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Characteristics

Study-level characteristics

Characteristic

% Female

Sample size

Arm-level characteristics

Characteristic

Mean age (SD)
Median (IQR)

BMI (kg/m2)

Study (N = 1275917)

n =642153; % =50.3

Male (N = 633764)

46 (37 to 69)

26.41 (4.02)

BMI recorded in ~68% of male and 75% of female participants

Mean (SD)

Alcohol intake

Sample size

Alcohol intake - Recorded

Sample size

Alcohol intake - Non-drinker

Risk Prediction Tools. Draft for consultation. January 2026

n = NA; % = NA

n =391290; % = 61.74

n=74718; % =11.79
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Female (N = 642153)

49 (37 to 63)

25.82 (4.85)

n = NA; % = NA

n = 435452; % = 67.81

n = 148646; % = 23.15
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Characteristic
Sample size

Alcohol intake - <1 unit/day

Sample size

Alcohol intake - 1-2 units/day

Sample size

Alcohol intake - 3-6 units/day

Sample size

Alcohol intake - 7-9 units

Sample size

Alcohol intake - >9 units/day

Sample size

Smoking status

Sample size

Smoking status - Recorded

Sample size

Smoking status - Non-smoker

Sample size

Risk Prediction Tools. Draft for consultation. January 2026

Male (N = 633764)

n =120989; % = 19.09

n=130813; % = 20.64

n = 54239; % = 8.56

n =6005; % = 0.95

n =4567; % =0.72

n=NA; % =NA

n =502739; % = 79.33

n =250715; % = 39.56
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Female (N = 642153)

n =185570; % = 28.9

n =89435; % = 13.93

n=10610; % = 1.65

n=618; % =0.1

n=616; % = 0.1

n=NA; % =NA

n=547531; % = 85.26

n =340811; % = 53.07
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Characteristic

Smoking status - Ex-smoker

Sample size

Smoking status - Current light smoker

Sample size

Smoking status - Current moderate smoker

Sample size

Smoking status - Current heavy smoker

Sample size

Parental history of osteoporosis

Sample size

Fall history

Sample size

Cardiovascular disease

Sample size

Chronic liver disease

Sample size

Risk Prediction Tools. Draft for consultation. January 2026

Male (N = 633764)

n =95004; % = 14.99

n=38173; % =6.02

n=76908; % =12.14

n =41939; % = 6.62

n=128; % = 0.02

n =3036; % = 0.48

n =33542; % = 5.29

n =1205; % =0.19
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Female (N = 642153)

n=75629; % =11.78

n = 29288; % = 4.56

n=71638; % =11.16

n=30165; % =4.7

n=2180; % = 0.34

n=2180; % = 0.34

n =23375; % = 3.64

n=809; % =0.13
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Characteristic

Chronic obstructive airways disease or asthma
Asthma only

Sample size

Endocrine disorders

Sample size

Gastrointestinal malabsorption

Sample size

Rheumatoid arthritis or systemic lupus erythematosus
Rheumatoid arthritis only

Sample size

Type 2 diabetes

Sample size

Antidepressant use
Tricyclic antidepressant use

Sample size

Corticosteroid use
Current use

Sample size

Menopausal symptoms

Risk Prediction Tools. Draft for consultation. January 2026

Male (N = 633764)

n =29992; % = 4.57

n=1044; % =0.16

n = 2595; % = 0.41

n=2114; % =0.33

n=14257; % = 2.25

n=7354;%=1.16

n=5792; % = 0.91

n =NA; % = NA
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Female (N = 642153)

n = 35081; % = 5.46

n =5039; % =0.78

n = 3346; % = 0.52

n=>5013

n=11919; % = 1.86

n=23729; % = 3.7

n =10509; % = 1.64

n=11830; % = 1.84
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Characteristic Male (N = 633764) Female (N = 642153)

Sample size

Note that baseline characteristics are for validation cohort
Outcomes

FRAX-UK outcomes

Outcome Hip fracture in men vs No hip Hip fracture in women vs No hip
fracture in men, N2 = fracture in women, N2 =
632026, N1 = 1738 636729, N1 = 5424

R? (R-squared) (%) 54.07 (95%Cl 52.1-53.65) 54.83 (95%Cl 54.43-55.12)

Custom value

O:E Ratio 0.741 (95%CI 0.673-0.808) 0.868 (95%CI 0.815-0.921)
O:E ratio calculated using equation in Table 2, Debray 2018;

Custom value

AUC 0.817 (95%CI 0.807-0.827) 0.845 (95%CI 0.840-0.850)
95% CI calculated from reported total number of patients, number of
incident fractures, and number of patients not experiencing incident
fractures using equations in Table 2, Debray 2018.

Custom value

D-statistic 2.22 (95%Cl 2.14-2.3) 2.26 (95%Cl 2.21-2.3)

Custom value

R? (R-squared) - Polarity - Higher values are better
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AUC - Polarity - Higher values are better
D-statistic - Polarity - Higher values are better
n1=fractured group, n2=non-fractured group

QFracture (2009 version) outcomes in men

Outcome Major osteoporotic fracture in men vs No major

osteoporotic fracture in men, N2 = 629245, N1 = 4519

R? (R-squared) (%) 30.02 (95%Cl 22.21-37.84)

Custom value

O:E Ratio 0.984 (95%Cl 0.953-1.014)
O:E ratio calculated using
equations in Table 2, Debray 2018

Custom value

O:E Ratio - People aged 40-85 years empty data

Custom value

AUC 0.688 (95%CI 0.684-0.692)

Custom value
D-statistic 1.34 (95%CI 1.09-1.59)
Custom value

R? (R-squared) - Polarity - Higher values are better

AUC - Polarity - Higher values are better
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Hip fracture in men vs No hip fracture
in men N2 = 632026, N1 = 1738

63.19 (95%CI 60.81-65.57)

0.879 (95%CI 0.767-0.992)

0.906 (95%CI 0.817-0.994)

0.856 (95%CI 0.851-0.860)

2.68 (95%CI 2.55-2.82)
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D-statistic - Polarity - Higher values are better

QFracture (2009 version) outcomes in women

Outcome

R? (R-squared) (%)

Custom value

O:E Ratio
O:E ratio calculated using
equations in Table 2, Debray
2018

Custom value

O:E Ratio - People aged 40-85
years

Custom value

AUC

Custom value

D-statistic

Custom value

Major osteoporotic fracture in women vs No major
osteoporotic fracture in women, N2 = 628201, N1 =
13952

44.87 (95%Cl 43.07-46.67)

0.999 (95%CI 0.975-1.023)

NR

0.788 (95%CI 0.786-0.790)

1.85 (95%Cl 1.78-1.91)

R? (R-squared) - Polarity - Higher values are better

AUC - Polarity - Higher values are better

D-statistic - Polarity - Higher values are better
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Hip fracture in women vs No hip fracture
in women, N2 = 636729, N1 = 5424

63.94 (95%Cl 62.12-65.76)

0.968 (95%CI 0.852-1.084)

0.982 (95%CI 0.900-1.065)

0.890 (95%CI 0.889-0.892)

2.73 (95%Cl 2.62-2.83)
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n1=fractured group, n2=non-fractured group

Critical appraisal —- PROBAST tool for risk prediction models

Overall Risk of bias  Risk of High
and Applicability bias (FRAX-UK/QFracture 2009: High risk of bias for participants (excludes previous fracture), predictors
(diagnosis of disease/condition likely to have been variable across participants), outcome (use of GP
records for fracture occurrence; excludes proximal humerus fractures), and analysis (Kaplan-Meier
analysis used, does not account for competing risks) domains.)

Overall Risk of bias Directness Partially applicable (includes participants not at suspected risk or not at risk of fragility fracture; women < 65
and Applicability and men < 75 years)

Hippisley-Cox, 2012

Bibliographic Hippisley-Cox, Julia; Coupland, Carol; Derivation and validation of updated QFracture algorithm to predict risk of osteoporotic
Reference fracture in primary care in the United Kingdom: prospective open cohort study.; BMJ (Clinical research ed.); 2012; vol. 344;
e3427

Study details

Secondary NA
publication of
another
included study-
see primary
study for details

Other publications NA

associated with
this study
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incl_uded in
review
Study type Internal validation study
Internal validation of QFracture-2012
External validation study
External validation of QFracture 2009
Study location UK
Study setting Primary care
Study dates 01/1993 to 10/2011

Sources of funding No external source of funding

Study sample Internal validation cohort (M/F), N=1,583,373 (778,810/804,563) from 207 UK GPs

- Patients registered on QResearch database, version 32 (627 registered GPs that use Egton Medical Information System
[EMIS] computer system)

Registered GPs used EMIS system for at least 1 year

Patients aged 30-100 at study entry date

- Patients registered with GP from 01/01/1993 to 01/10/2011

Patients with previous recorded fracture were eligible for inclusion in derivation and validation dataset

Inclusion criteria

. - Men
Population W
subgroups - vvomen
Risk prediction QFracture
tool - External validation of 2009 version

- Internal validation of 2012 version
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Predictors

Risk Prediction Tools.

QFracture 2012

Men and Women (Major osteoporotic fracture, Hip fracture)
- Age

- BMI

- Ethnic origin

- Smoking status

- Alcohol use

- Fall history

- Parental history of osteoporosis (not significant predictor for women's hip fracture risk)
- Fracture history

- Any cancer

- Cardiovascular disease

- Chronic liver disease

- Chronic renal disease

- Chronic obstructive airways disease or asthma

- Dementia

- Endocrine disorders

- Epilepsy diagnosis or treatment

- Gastrointestinal malabsorption (not significant predictor for men and women's hip fracture)
- Parkinson's disease

- Rheumatoid arthritis or systemic lupus erythematosus

- Type 1 diabetes

- Type 2 diabetes

- Anti-depressants use

- Current corticosteroid use

- Hormone replacement therapy use

- Care home residency (not significant predictor for women)
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Risk prediction QFracture, 2012 version
model validation L . . . .

Development (derivation) of QFracture conducted on two-thirds of registered GPs by random allocation (simple random
sampling utility, STATA) with remaining one-third of GPs comprising the validation dataset. Final development models fit
using Rubin's rules to allow uncertainty due to missing data to be incorporated. Regression coefficients (log of hazard
ratios) from final models used as weights and combined with baseline survivor functions for (major osteoporotic, hip)
fracture to derive 10-year fracture risk equation. Missing values for alcohol use, smoking status, and BMI replaced using

multiple imputation. No sample size calculation conducted because all available data from QResearch database was
used.

- Calibration assessed by: Mean predicted v observed 10-year fracture risk using Kaplan-Meier method by every tenth
[decile] of risk). Kaplan-Meier analysis used.

- Overall fit assessed by: R? statistic
- Discrimination assessed by: AUC, D statistic

- Reclassification assessed by: Net reclassification of cases by QFracture 2012 version compared to QFracture 2009
version.

- 10-year risk of major osteoporotic (hip, vertebral, proximal humerus, distal radius) fracture

Out
utcome - 10-year risk of hip fracture

Both outcomes confirmed by GP computer record or linked death record.

Duration of follow- Reports follow up of 11,732,106 person years (N=1,583,373), FU=7.41 years
up

Characteristics

Study-level characteristics
Characteristic Study (N = 1583373)

% Female n = 804863; % = 50.8
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Characteristic
Sample size

Mean age (SD)
Mean (SD)

Ethnicity

Sample size

Ethnicity - Ethnic origin recorded

Sample size

Ethnicity - White or not recorded

Sample size

Ethnicity - Bangladeshi

Sample size

Ethnicity - Indian

Sample size

Ethnicity - Pakistani

Sample size

Ethnicity - Other Asian

Sample size
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Study (N = 1583373)

50 (16)

n = NA; % = NA

n=727888; % = 46

n = 1493455; % = 94.3

n=4191; % =0.3

n=17670; % =1.1

n =6489; % = 0.4

n=10779; % =0.7
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Characteristic

Ethnicity - Black African

Sample size

Ethnicity - Caribbean

Sample size

Ethnicity - Chinese

Sample size

Ethnicity - Other

Sample size

BMI (kg/m?)
BMI recorded for 76.6% of adults

Mean (SD)

Alcohol intake

Sample size

Alcohol intake - Not reported

Sample size

Alcohol intake - None

Sample size

Risk Prediction Tools. Draft for consultation. January 2026

Page 115 of 206

Study (N = 1583373)

n=17367; % =11

n=10144; % = 0.6

n =5206; % = 0.3

n=18072; % =1.1

26.1 (4.6)

n =NA; % =NA

n =461740; % = 29.2

n = 330695; % = 20.9
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Characteristic

Alcohol intake - <1 unit/day

Sample size

Alcohol intake - 1-2 units/day

Sample size

Alcohol intake - 3-6 units/day

Sample size

Alcohol intake - 7-9 units/day

Sample size

Smoking status

Sample size

Smoking status - Not recorded

Sample size

Smoking status - Non-smoker

Sample size

Smoking status - Past smoker

Sample size

Smoking status - Current light smoker
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Study (N = 1583373)

n =402847; % =25.4

n=287441; % =18.2

n=284478; % =5.3

n=7429; % =0.5

n =NA; % = NA

n =193038; % =12.2

n=773198; % = 48.8

n =257087; % = 16.2

n =94400; % =6
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Characteristic
Sample size

Smoking status - Current moderate smoker

Sample size

Smoking status - Current heavy smoker

Sample size

Previous fracture

Sample size

Parental history of osteoporosis

Sample size

Fall history

Sample size

Cardiovascular disease

Sample size

Cancer

Sample size

Chronic liver disease

Sample size
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Study (N = 1583373)

n=113757, % =7.2

n=286787; % =5.5

n=27907; % =1.8

n=4227;% =0.3

n=17382; % =1.1

n=77824; % =4.9

n=28203; % =1.8

n=3216; % =0.2
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Characteristic

Chronic renal disease

Sample size

Chronic obstructive airways disease or asthma

Sample size

Dementia

Sample size

Endocrine disorders

Sample size

Epilepsy
Diagnosis or treatment

Sample size

Gastrointestinal malabsorption

Sample size

Parkinson's disease

Sample size

Rheumatoid arthritis or systemic lupus erythematosus

Sample size
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Study (N = 1583373)

n=23413; % =0.2

n=113175; % =7.1

n=7791; % =0.5

n=7882;%=0.5

n=26271; % =1.7

n =8026; % = 0.5

n =3650; % =0.2

n=10091; % =0.6
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Characteristic

Type 1 diabetes

Sample size

Type 2 diabetes

Sample size

Antidepressant use

Sample size

Antidepressant use - SSRIs

Sample size

Antidepressant use - TCAs

Sample size

Antidepressant use - Other

Sample size

Corticosteroid use

Sample size

Hormone replacement therapy

Unopposed

Sample size
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Study (N = 1583373)

n=4322; % =0.3

n=43437; % = 2.7

n=111229; % =7

n = 55080; % = 3.5

n=>56779; % = 3.6

n =9976; % = 0.6

n =30998; % =2

n=14988; % =0.9
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Characteristic Study (N = 1583373)
Care or nursing home resident n=1535; % =0.1
Sample size

Outcomes

QFracture (2012 version) outcomes in men

Outcome Major osteoporotic fracture in men vs No major Hip fracture in men vs No hip
osteoporotic fracture in men, N2 = 771802, N1 = fracture in men, N2 = 776289, N1
7008 = 2521

R? (R-squared) (%) 38.20 (95%CI 36.89-39.57) 70.37 (95%Cl 69.25-71.49)

Custom value

O:E Ratio 0.866 (95%CI 0.841-0.891) 0.785 (95%CI 0.732-0.839)

Custom value

AUC 0.711 (95%CI 0.703-0.719) 0.875 (95%CI 0.868-0.883)

Custom value

D-statistic 1.61 (95%CI 1.56-1.66) 3.15 (95%Cl 3.06-3.24)

Custom value

Sensitivity (%) 37.0 (95%CI 36.0-38.0) 64.0 (95%Cl 62.0-67.0)
90% fracture risk threshold. Specificity was
not reported nor estimable from reported
data.
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Outcome Major osteoporotic fracture in men vs No major Hip fracture in men vs No hip
osteoporotic fracture in men, N2 = 771802, N1 = fracture in men, N2 = 776289, N1
7008 = 2521

Custom value

R? (R-squared) - Polarity - Higher values are better
AUC - Polarity - Higher values are better
D-statistic - Polarity - Higher values are better
Sensitivity - Polarity - Higher values are better
n1=fractured group, n2=non-fractured group.

QFracture (2012 version) outcomes in women

Outcome Major osteoporotic fracture in women vs No major Hip fracture in women vs No hip
osteoporotic fracture in women, N2 = 771802, N1 = fracture in women, N2 = 797474,
21677 N1 =7089

R? (R-squared) (%) 51.9 (95%CI 51.2-52.6) 71.73 (95%Cl1 71.0-72.30)

Custom value

O:E Ratio 0.897 (95%CI 0.876-0.917) 0.799 (95%CI 0.749-0.850)

Custom value

AUC 0.790 (95%CI 0.787-0.793) 0.893 (95%CI 0.890-0.896)

Custom value

D-statistic 2.13 (95%Cl 2.10-2.15) 3.26 (95%Cl 3.21-3.31)
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Outcome Major osteoporotic fracture in women vs No major Hip fracture in women vs No hip
osteoporotic fracture in women, N2 = 771802, N1 = fracture in women, N2 = 797474,
21677 N1 =7089

Custom value

Sensitivity (%) 35.0 (95%Cl 34.0-36.0) 60.0 (95%CI 58.0-61.0)
90% fracture risk threshold. Specificity was
not reported nor estimable from reported
data.

Custom value

R? (R-squared) - Polarity - Higher values are better
AUC - Polarity - Higher values are better
D-statistic - Polarity - Higher values are better
Sensitivity - Polarity - Higher values are better
n1=fractured group, n2=non-fractured group.

Critical appraisal —- PROBAST tool for risk prediction models

Overall Risk of bias  Risk of High
and Applicability bias (QFracture 2012: High RoB for predictors (diagnosis of disease/condition likely to have been variable

across participants), outcome (composite fracture outcome using GP records or linked cause of death
data) and analysis (Kaplan-Meier analysis used, does not account for competing risks) domains.)

Overall Risk of bias  Directness Partially applicable (includes participants not at suspected risk or not at risk of fragility fracture; women < 65
and Applicability and men < 75 years)

Risk Prediction Tools. Draft for consultation. January 2026 Page 122 of 206



DRAFT FOR CONSULTATION
Osteoporosis: risk assessment

D.1.6 Hippisley-Cox, 2014

Bibliographic Hippisley-Cox, Julia; Coupland, Carol; Brindle, Peter; The performance of seven QPrediction risk scores in an independent
Reference external sample of patients from general practice: a validation study.; BMJ open; 2014; vol. 4 (no. 8); e005809

Study details

Secondary NA
publication of
another
included study-
see primary
study for details

Other publications Original development and internal validation study of QFracture 2012:
associated with

this study Hippisley-Cox, J., & Coupland, C. (2012). Derivation and validation of updated QFracture algorithm to predict risk of
included in osteoporotic fracture in primary care in the United Kingdom: prospective open cohort study. Bmj, 344.
review

Study type External validation study

Study location UK

Study setting Primary care

Study dates 01/01/1998 to 31/07/2012

Sources of funding National Institute for Health Research School for Primary Care Research (Project reference number 094)

Study sample External validation cohort from CPRD database, N=2,852,381, from 357 GP practices in England with linked ONS mortality
and HES data
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Inclusion criteria

Exclusion criteria

Risk prediction
tool

Predictors

Risk prediction
model validation

Outcome

Risk Prediction Tools.

Patient is registered at GP practice on the Clinical Research Data Link Database (CPRD)
Patient aged between 30-99 years-old
- GP practice has linked ONS mortality and hospital admissions data

- Patient does not have Townsend score
- Patient is temporary resident of GP practice on CPRD database

QFracture

2012 version

QFracture 2012

See list of predictors for Hippisley-Cox 2012.

External validation of 7 QResearch-based prediction models using patients registered on CPRD with data extracted for all
predictor variables using same definitions as used in original QFracture 2012 study. Open cohort of patients aged 25-99
years-old at entry to cohort and followed up until 31/07/2015. CPRD cohort restricted to 357 GPs, in England, which had
linked ONS mortality and hospital admissions data. For each patient, it was determined when they entered cohort (latest
of: 25th birthday, GP registration date plus 1 year, date when GP computer system was installed plus 1 year, beginning
of study period 01/01/1998). Patients censored at earliest data of relevant outcome, deregistration with GP practice, last
upload of computerised data or study end date (31/12/2015). Eligibility of patients for QFracture-2012 validation then
determined. Missing values for BMI, systolic blood pressure, smoking status, alcohol use, and total and HDL cholesterol
replaced using multiple imputation by chained equations (5 imputed datasets combined using Rubin's rules to combined
effect estimates and standard errors).

- Calibration assessed by: calibration plots, mean predicted and observed 10-year risk using Kaplan-Meier estimate
compared by deciles of risk; observed risk in top decile of predicted risk

Overall fit assessed by: R?
Discrimination assessed by: AUC, and D statistic; sensitivity and specificity in top decile of predicted risk

- 10-year risk of osteoporotic fracture
- 10-year risk of hip fracture
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Hip fracture identified by presence of READ code on GP record or ICD-10 codes recorded on linked mortality record;
osteoporotic fracture identified by READ code on GP record.

Duration of follow- Study cohort began 01/01/1998 and was followed up until 31/07/2012
up

Characteristics

Study-level characteristics

Characteristic Study (N = 3271512)

% Female n =1682709; % =51.4
Data is for total eligible participants in CPRD cohort.

Sample size

Previous fracture n=70017; % =2.1

Sample size

Fall history n=90783; % =2.8

Sample size

Cardiovascular disease n =184597; % = 5.6

Sample size

Cancer n=70774; % =2.2

Sample size
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Characteristic

Chronic liver disease
Includes pancreatitis

Sample size

Chronic renal disease

Sample size

Chronic obstructive airways disease or asthma

Sample size

Dementia

Sample size

Endocrine disorders

Sample size

Gastrointestinal malabsorption

Sample size

Parkinson's disease

Sample size

Type 1 diabetes

Sample size
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Study (N = 3271512)

n=9572;%=0.3

n =8050; % = 0.2

n=312477; % =9.6

n =23320; % =0.7

n=177179; % = 0.5

n=16718; % =0.5

n=9222; % =0.3

n=11162; % =0.3
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Characteristic Study (N = 3271512)
Type 2 diabetes n =94905; % = 2.9
Sample size

Antidepressant use n = 337350; % =10.3
Sample size

Corticosteroid use n=116949; % = 3.6
Sample size

Hormone replacement therapy n=119413; % = 3.7

Oestrogen-only HRT

Sample size

Arm-level characteristics

Characteristic Men (N = 1588803) Women (N =
1682709)

Mean age (SD) n = NA; % = NA n=NA; % = NA

Sample size

Mean age (SD) - 25-34 n =427975; % = n=467192; % = 27.8

Sample size 26.9

Mean age (SD) - 35-44 n =396680; % =25 n=364150; % =21.6
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Characteristic

Sample size

Mean age (SD) - 45-54

Sample size

Mean age (SD) - 55-64
Sample size

Mean age (SD) - 65-74
Sample size

Mean age (SD) - 75+
Sample size

Ethnicity

Sample size

Ethnicity - White or not recorded

Sample size

Ethnicity - Indian

Sample size

Ethnicity - Pakistani
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Men (N = 1588803)

n =294274; % =
18.5

n=212817; % =

13.4

n=148180; % =9.3

n=108877; % =6.9

n =587879; % = 37

n=1515113; % =

95.4

n=16442; % =1

n = 6606; % = 0.4

Women (N =
1682709)

n=277663; % = 16.5

n=211636; % = 12.6

n=164172; % =9.8

n =197896; % = 11.8

n = 658835; % = 39.2

n =1602212; % =

95.2

n=16025; % =1

n=6146; % = 0.4
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Characteristic

Sample size

Ethnicity - Bangladeshi

Sample size

Ethnicity - Other Asian

Sample size

Ethnicity - Caribbean

Sample size

Ethnicity - Black African

Sample size

Ethnicity - Chinese

Sample size

Ethnicity - Another ethnic group

Sample size

BMI (kg/m?)

Data for men is for N=1,268,235 (79.8% of eligible cohort); for women, N=1,481,918 (88.1% of

eligible cohort).
Mean (SD)
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Men (N = 1588803)

n=2419; % =0.2

n=10795; % =0.7

n=4989; % =0.3

n=12883; % =0.8

n=2914; % =0.2

n=16642; % = 1

29.6 (6.8)

Women (N =
1682709)

n=1688; % = 0.1

n=11873; % =0.7

n=6425; % =0.4

n=14771; % =0.9

n=4176; % =0.2

n=19393; % =1.2

28.2 (7)
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Characteristic Men (N =1588803) Women (N =
1682709)
Alcohol intake n=1238110; % = n =1379002; % = 82
. 77.9

Sample size

Alcohol intake - Non-drinker n=163633; % = n =318880; % = 19
10.3

Sample size

Alcohol intake - <1 unit/day n=460091; % =29 n=726851; % =43.2

Sample size

Alcohol intake - 1-2 units/day n=411261; % = n=290547; % =17.3
25.9

Sample size

Alcohol intake - 3-6 units/day n=166328; % = n=36763; % =2.2
10.5

Sample size

Alcohol intake - 7-9 units/day n=19612; % =12 n=2842;% =0.2

Sample size

Alcohol intake - >9 units/day n=17185;% =11 n=3108; % =0.2

Sample size

Smoking status n = 1442088; % = n = 1595538; % =

. 90.5 94.8
Sample size
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Characteristic

Smoking status - Non-smoker

Sample size

Smoking status - Ex-smoker

Sample size

Smoking status - Light smoker
1-9 cigarettes/day

Sample size

Smoking status - Moderate smoker
10-19 cigarettes/day

Sample size

Smoking status - Heavy smoker
20+ cigarettes/day

Sample size

Parental history of osteoporosis
Family history

Sample size

Family history of - coronary heart disease

Sample size
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Men (N = 1588803)

n=613833; % =
38.6

n =252873; % =
15.9

n = 104466; % = 6.6

n =183000; % =

11.5

n = 142438; % = 9

n=3880; % = 0.1

n =68805; % =4.3

Women (N =
1682709)

n =834721; % = 49.6

n =222615; % =13.2

n =109864; % = 6.5

n=179391; % =10.7

n=_87474; % =5.2

n=10062; % = 0.6

n =80985; % = 4.8
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Characteristic

Family history of - Diabetes

Sample size
Family history of - kidney disease
Sample size

Outcomes

QFracture (2012 version) outcomes in adults

Men (N =1588803) Women (N =
1682709)

n=96810; % =6.1 n=132390; %=7.9

n=1253; % = 0.1 n=1586; % = 0.1

Outcome Major osteoporotic fracture vs No major osteoporotic fracture, N2 Hip fracture vs No hip fracture, N2 =

= 2806684, N1 = 45697

Sensitivity (%) 50.0 (95%CI 49.0-50.0)
90% fracture risk
threshold

Custom value

Specificity (%) 90.0 (95%CI 90.0-91.0)
90% fracture risk
threshold

Custom value

Sensitivity - Polarity - Higher values are better
Specificity - Polarity - Higher values are better

n1=fractured group, n2=non-fractured group
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2829141, N1 = 23240

67.0 (95%CI 66.0-67.0)

90.0 (95%Cl 90.0-91.0)
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QFracture (2012 version) outcomes in men

Outcome Major osteoporotic fracture in men vs No major
osteoporotic fracture in men, N2 = 1577634, N1 =
11169

R? (R-squared) (%) 49.8 (95%CI 48.9-50.7)

Custom value

O:E Ratio 0.744 (95%CI1 0.722-0.766)
O:E ratio and 95% Cls calculated using
equations in Table 2, Debray 2018

Custom value

AUC 0.768 (95%CI 0.763-0.773)

Custom value

D-statistic 2.038 (95%ClI 2.002-2.075)

Custom value

R? (R-squared) - Polarity - Higher values are better
AUC - Polarity - Higher values are better
D-statistic - Polarity - Higher values are better
n1=fractured group, n2=non-fractured group

QFracture (2012 version) outcomes in women
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Hip fracture in men vs No hip fracture
in men, N2 = 1583096, N1 = 5707

69.0 (95%CI 68.5-70.0)

0.765 (95%CI 0.712-0.817)

0.872 (95%CI 0.867-0.877)

2.046 (95%Cl 1.977-2.116)
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Outcome Major osteoporotic fracture in women vs No major Hip fracture in women vs No hip
osteoporotic fracture in women, N2 = 1648181, N1 = fracture in women, N2 = 1665176, N1
34528 =17533

R? (R-squared) (%) 56.3 (95%CI 55.8-56.7) 70.6 (95%Cl 70.2-71.0)

Custom value

O:E Ratio 0.823 (95%CI 0.807-0.839) 0.859 (95%CI 0.805-0.912)
O:E ratio and 95% Cls calculated
using equations in Table 2, Debray
2018

Custom value

AUC 0.817 (95%CI 0.814-0.819) 0.890 (95%CI 0.888-0.892)

Custom value

D-statistic 2.322 (95%ClI 2.301-2.343) 3.171 (95%CI 3.139-3.203)

Custom value

R? (R-squared) - Polarity - Higher values are better
AUC - Polarity - Higher values are better
D-statistic - Polarity - Higher values are better
n1=fractured group, n2=non-fractured group

Critical appraisal - PROBAST tool for risk prediction models
Overall Risk of bias  Risk of High

and Applicability bias (QFracture 2012: Unclear ROB for participant (excludes people with missing Townsend score) domain;
high ROB for predictors (disease status confirmation likely to be variable across participants) and outcome
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(composite fracture outcome) and analysis (Kaplan-Meier analysis used, does not account for competing
risks) domains.)

Overall Risk of bias Directness Partially applicable (includes participants not at suspected risk or not at risk of fragility fracture; women < 65
and Applicability and men < 75 years)

D.1.7 lhama, 2021

Bibliographic Ihama, F; Pandyan, A; Roffe, C; Assessment of fracture risk tools in care home residents: a multi-centre observational pilot
Reference study.; European geriatric medicine; 2021; vol. 12 (no. 1); 79-89

Study details

Secondary NA
publication of
another
included study-
see primary
study for details

Study type External validation study

Prospective cohort study

Study location Boston, Lincolnshire, UK
Study setting Care homes (13 residential care homes, 4 nursing homes, 1 home for adults with disability)
Study dates Not reported, ethical approval obtained 01/2015.

Sources of funding None. Study was for main author's Doctor of Medicine Thesis, Keele University, UK.
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Study sample External validation cohort, N=217, from 18 UK care homes

- Resident of one of the 18 care homes (residential homes [social and personal care], nursing homes [social, personal, and
24-hour nursing care], and adult disability homes [residential homes for adults with learning disabilities]) in Boston,
Lincolnshire, UK

- Informed written consent obtained from either resident if mentally competent or consultee (person who is empowered with
Lasting Power of Attorney) if applicable

Inclusion criteria

- Resident on end-of-life care pathway

Exclusion criteria , . , .
- Informed written consent not obtainable from either resident or consultee

Population NA
subgroups

Risk prediction FRAX-UK
FRAX-UK without BMD
QFracture

2016 version

Predictors FRAX without BMD
- Age
- Sex
- Weight
- Height
- Prior fragility fracture
- Parental history of hip fracture
- Current tobacco smoking
- Long-term use of oral glucocorticoids
- Rheumatoid arthritis
- Other causes of secondary osteoporosis
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- Daily alcohol consumption of three or more units daily

QFracture 2016

See list of predictors for Hippisley-Cox 2012

External validation of FRAX-UK without BMD and QFracture 2016 in care home residents. Follow up of 12 months chosen
due to high mortality rate of care home residents. Baseline assessment of fracture risk conducted using structured
composite questionnaire that captured all covariates in pdf versions of FRAX-UK without BMD, QFracture-2016, Garvan
nomogram, BMI, the Timed Up & Go Test (TUGT) falls risk assessment tool, and the Charlson Comorbidity Index (CClI).
Fracture confirmed by X-ray and reported as such by radiologist; fragility fracture defined as one sustained after low
trauma, quantified by WHO as forces equivalent to fall from standing height or less; skull fractures, facial fractures, and
fractures result of road traffic accident and pathological fractures excluded.

- Calibration and overall fit statistics not reported.

- Discrimination assessed by: AUC

Note: Data extracted only for FRAX-UK without BMD and QFracture 2016.

Risk prediction
model validation

- 10-year risk of osteoporotic fracture
Outcome
Osteoporotic fractures identified by radiographs evaluated by radiologist.

Duration of follow- FU=12 months
up

Characteristics

Study-level characteristics

Characteristic Study (N =217)

% Female n=134; % =61.8

Sample size
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Characteristic
Mean age (SD)

Mean (SD)

Ethnicity

Sample size

Ethnicity - Caucasian

Sample size

Ethnicity - Other

Sample size

BMI (kg/m?)
Mean (SD)

Alcohol intake

Sample size

Alcohol intake - 23 units/day

Sample size

Alcohol intake - 23 units/day

Sample size

Smoking status

Risk Prediction Tools. Draft for consultation. January 2026
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Study (N = 217)

81.21 (12.51)

n = NA; % = NA

n=217; % =100

n=0;%=0

24.26 (7.21)

n =NA; % = NA

n=5 %=23

n=212; % =97.7

n =NA; % = NA
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Characteristic Study (N = 217)
Sample size

Smoking status - smoker N=9;%=4.2

Sample size

Smoking status - Non-smoker n=208; % =958

Sample size

Nursing or care home resident n=217; % =100

Sample size

Nursing or care home resident - Residential n=177; % = 81.6

Sample size

Nursing or care home resident - Nursing home n=40; % =18.4

Sample size

Charlson comorbidity index 30.65 (20.75)
for 1 year

Mean (SD)

Outcomes
FRAX without BMD outcomes
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Outcome

c-statistic
95% CI calculated from reported total number of patients, number of incident fractures, and
number of patients not experiencing incident fractures using equations in Table 2, Debray
2018

Custom value

c-statistic - Polarity - Higher values are better
n1=fractured group, n2=non-fractured group

QFracture (2016 version) outcomes

Outcome

c-statistic
95% CI calculated from reported total number of patients, number of incident fractures, and
number of patients not experiencing incident fractures using equations in Table 2, Debray
2018Custom value

c-statistic - Polarity - Higher values are better

n1=fractured group, n2=non-fractured group

Critical appraisal —- PROBAST tool for risk prediction models

Overall Risk of bias Risk of High

Major osteoporotic fracture vs No major
osteoporotic fracture, N2 = 207, N1 =10

0.655 (95%CI 0.469-0.803)

Major osteoporotic fracture vs No major
osteoporotic fracture, N2 = 207, N1 =10

0.736 (95%CI 0.553-0.862)

and Applicability bias (FRAX-UK/QFracture 2016: Unclear RoB for participant (excludes people where consent could not be
obtained) domain. High RoB for outcome (Radiologist verified fractures by x-ray, highly subjective) and
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analysis (no information about missing data strateqy; inappropriate calibration statistics; does not account
for censoring/competing risks) domains.)

Overall Risk of bias Directness Low
and Applicability

D.1.8 Kilop, 2016

Bibliographic Klop, Corinne; de Vries, Frank; Bijlsma, Johannes W J; Leufkens, Hubert G M; Welsing, Paco M J; Predicting the 10-year risk
Reference of hip and major osteoporotic fracture in rheumatoid arthritis and in the general population: an independent validation and
update of UK FRAX without bone mineral density.; Annals of the rheumatic diseases; 2016; vol. 75 (no. 12); 2095-2100

Study details

Secondary NA
publication of
another
included study-
see primary
study for details

Other publications NA
associated with

this study

included in

review
Study type External validation study
Study location UK
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Study setting
Study dates
Sources of funding

Study sample

Inclusion criteria

Exclusion criteria

Risk prediction
tool

Predictors

Primary care
01/01/1987 to 31/12/2013
Supported by Netherlands Organization for Health Research and Development (ZonMw, grant #113101007)

External validation CPRD cohort (M/F) used for recalibration of FRAX-UK, N=11,582 (3729/7853) people with rheumatoid
arthritis (RA)

External validation CPRD-HES cohort used for extension of FRAX-UK, N=7,221 (2263/4958) people with RA

External validation CPRD matched cohort from general population, N=38,755 (N=24,227 with HES linkage) people from
general population

- Patient registered at primary care practices included in Clinical Practice Research Datalink (CPRD)

- Patient has diagnosis of rheumatoid arthritis at 01/01/2004 (index date), defined as 1 or more disease-modifying
antirheumatic drug prescription after first RA diagnosis code

- Patient had data collected for at least 1-year before index date
- Aged 40-90 years at index date

- Previous exposure to any anti-osteoporosis drug before index date

FRAX-UK
FRAX-UK without BMD

FRAX-UK without BMD
- Age

- Sex

- Weight

- Height

Risk Prediction Tools. Draft for consultation. January 2026 Page 142 of 206



DRAFT FOR CONSULTATION
Osteoporosis: risk assessment

Risk prediction
model validation

Risk Prediction Tools.

Prior fragility fracture

Parental history of hip fracture

Current tobacco smoking

- Long-term use of oral glucocorticoids

- Rheumatoid arthritis

- Other causes of secondary osteoporosis

Daily alcohol consumption of three or more units daily

Identified people with RA were matched with up to 4 controls from general population by age, sex, and practice. Missing
values for BMI, smoking status and alcohol use replaced using multiple imputation using all predictors and outcome
variable, resulting in 5 imputed datasets. Predicted 10-year risks of major osteoporotic fracture (MOF) and hip fracture
(HF) calculated without BMD for every participant, repeated for each imputed dataset to provide mean predicted risks.
Observed 10-year risk of MOF and HF estimated by cumulative incidence function (accounts for competing risks).
Fractures assessed between index date and first occurrence of: death, end of study period (truncated at 10 years from
index date: 31/12/2013), or moving out of CPRD.

- Calibration assessed by: calibration plot, beta-coefficient
- Discrimination assessed by: c-statistics.
- Reclassification assessed by: net reclassification improvement (NRI), recalibrated FRAX compared to extended-FRAX

Sensitivity analysis assessing influence of anti-osteoporosis drug (AOD) use after index date on average observed risk
conducted by increasing observed risk inversely proportional to estimated AODs effect on HF. Two additional analyses
conducted:

Recalibration (update) of FRAX-UK without BMD for hip fracture in CPRD-HES RA cohort conducted by fitting log-odds
transformed FRAX probabilities (i.e. the linear predictor) as single continuous covariate in logistic regression model with
outcome of hospitalization for HF within 10 years.

Extension of FRAX-UK without BMD for hip fracture using CPRD-HES RA cohort conducted by adding individual FRAX
predictors, corticosteroid dose, and duration of RA to linear predictor to determine any additional predictive effect.
Interactions between linear predictor and FRAX predictors, glucocorticoid dose and RA disease duration also tested.
Derivation of updated FRAX model included all variables and interactions significantly related to HF risk in multivariable
model and proceeded by backward elimination. Sensitivity analysis conducted including antiosteoporosis drug treatment
after index data and its interaction terms in model.
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Comparison of recalibrated and extended FRAX models compared with c-statistic and Net Reclassification Improvement
(NRI). NRI incorporates National Osteoporosis Guideline Group (NOGG) age-specific intervention thresholds which are
linked to FRAX output in UK. Bootstrapping of 500 repetitions performed to correct c-statistic for optimism. Shrinkage
factor applied to beta-coefficients of final model.

Outcome People with rheumatoid arthritis
- 10-year risk of major osteoporotic fracture
- 10-year risk of hip fracture

General population
- 10-year risk of major osteoporotic fracture
- 10-year risk of hip fracture

Both types of fracture identified by READ codes in CPRD/CPRD-HES databases.

Duration of follow- CPRD RA cohort
u
i Median FU=9.0 years (IQR 4.7-10.0)
CPRD-HES RA cohort

Median FU=9.0 years (IQR 5.3-10.0)

Characteristics

Study-level characteristics

Characteristic Study (N =
11582)
% Female n=7853; %=
: 67.8
Sample size
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Characteristic

Mean age (SD)
Mean (SD)

Alcohol intake

Sample size

Alcohol intake - 23 units/day

Sample size

Alcohol intake - Not recorded

Sample size

Smoking status

Sample size

Smoking status - Current smoker

Sample size

Smoking status - Not recorded

Sample size

Previous fracture

Sample size
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Study (N =
11582)

62.9 (11.4)

n =NA; % = NA

n=580; % =5

n=1759; % =

15.2

n =NA; % = NA

n=4147; % =

35.8

n=890;%=7.7

n=1908; % =
16.5
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Characteristic Study (N =
11582)
Corticosteroid use n=1806; % =

Prescription within 90 days before or >2 prescriptions with mean daily dose of prednisolone or equivalents of 25 mg in year 15.6
before.

Sample size

Rheumatoid arthritis disease duration - <2 years since diagnosis n=1336; % =
11.5

Sample size

Rheumatoid arthritis disease duration - 2-10 years since diagnosis n =5900; % =
50.9

Sample size

Rheumatoid arthritis disease duration - >10 years since diagnosis n =4346; % =
37.5

Sample size

Secondary osteoporosis n=2580; % =5

Sample size

Outcomes

FRAX-UK without BMD outcomes in adults aged 40-90 from primary care population
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Outcome Major osteoporotic fracture in adults vs  Hip fracture in adults vs No
No major osteoporotic fracture in hip fracture in adults, N2
adults, N2 = 36830, N1 = 1925 = 38219, N1 = 536
O:E Ratio NR 0.884 (95%CI 0.773-0.995)
O:E ratio and 95% Cls calculated using equations in Table 2,
Debray 2018

Custom value

c-statistic 0.69 (95%Cl 0.671-0.708) 0.83 (95%Cl 0.812-0.847)
95% CI calculated from reported total number of patients,
number of incident fractures, and number of patients not
experiencing incident fractures using equations in Table 2,
Debray 2018

Custom value

c-statistic - Polarity - Higher values are better

FRAX-UK without BMD outcomes in adults with rheumatoid arthritis aged 40-90 from primary care population

Outcome Major osteoporotic fracture in adults with  Hip fracture in adults with RA
RA vs No major osteoporotic fracture in vs No hip fracture in adults
adults with RA, N2 = 10774, N1 = 808 with RA, N2 = 11285, N1 =

297

O:E Ratio 0.632 (95%CI 0.558-0.706) NR

O:E ratio calculated using equations, Table 2, Debray 2018

Custom value

O:E Ratio - Calibration of model to RA population NR 0.748 (95%CI 0.561-0.935)

Custom value
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Outcome Major osteoporotic fracture in adults with  Hip fracture in adults with RA
RA vs No major osteoporotic fracture in vs No hip fracture in adults
adults with RA, N2 = 10774, N1 = 808 with RA, N2 = 11285, N1 =

297
O:E Ratio - Recalibration of model to RA population NR 0.748 (95%Cl1 0.511-0.985)

Custom value

O:E Ratio - Extension of model to RA population NR

Custom value

c-statistic 0.69 (95%Cl 0.671-0.708)
95% CI calculated from reported total number of patients,
number of incident fractures, and number of patients not
experiencing incident fractures using equations in Table 2,
Debray 2018

Custom value
Reclassification

Outcome

Net reclassification index
Extended FRAX-UK (includes additional predictors: duration of RA, use of high-dose glucocorticoid,
and secondary osteoporosis) compared to recalibrated FRAX-UK using NOGG age-specific
thresholds

Custom value

Critical appraisal - PROBAST tool for risk prediction models
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0.943 (95%CI 0.649-1.238)

0.78 (95%Cl 0.752-0.805)

Extended FRAX-UK vs Recalibrated
FRAX-UK, N2 = NA, N1 = NA

0.01 (95% CI -0.04-0.05)
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Overall Risk of bias  Risk of High
and Applicability bias (FRAX-UK: High RoB for outcome (Composite outcome using primary care and HES database) domain.
Outcome for recalibrated model in RA population changed to hospitalisation for hip fracture within 10
years) and analysis (Calibration plots reported but no other calibration measures) domains)

Overall Risk of bias  Directness Directly applicable (RA population)

and Applicabilit
S Y Partially applicable (matched cohort) (includes participants not at suspected risk or not at risk of fragility

fracture; women < 65 and men < 75 years)

D.1.9 Livingstone, Guthrie et al, 2023
Bibliographic Livingstone, Shona J; Guthrie, Bruce; McMinn, Megan; Eke, Chima; Donnan, Peter T; Morales, Daniel R; Derivation and
Reference validation of the CFracture competing risk fracture prediction tool compared with QFracture in older people and people with
comorbidity: a population cohort study.; The lancet. Healthy longevity; 2023; vol. 4 (no. 1); e43-e53

Study details

Secondary NA
publication of
another
included study-
see primary
study for details

Other publications Livingstone 2022
associated with
this study
included in
review

Risk Prediction Tools. Draft for consultation. January 2026 Page 149 of 206



DRAFT FOR CONSULTATION
Osteoporosis: risk assessment

Study type

Study location
Study setting
Study dates
Sources of funding

Study sample

Inclusion criteria

Exclusion criteria

Population
subgroups

Risk prediction
tool

Predictors

Internal validation study

UK

Primary care

01/012004 to 31/03/2016

Study funded by NIHR Health and Social Care Delivery Research Programme (ref: 15/12/22)

Derivation (development) cohort, N=3,621,526 (1,789,920/1,831,606) (2/3 of Livingstone 2022 cohort)
Internal validation cohort for CFracture, N=1,810,713 (894,910/915,803) (1/3 of Livingstone 2022 cohort)

Note: This study uses the same population cohort as Livingstone 2022 to develop and internally validate CFracture. Results for
QFracture 2012 reported in this article were not extracted because they are for a subset of the Livingstone 2022 external validation
cohort, which is already included in this review.

- Patient permanently registered with GP practice contributing up-to-standard data for at least 1 year
Linkage to Hospital Episodes Statistics and ONS mortality data

- Aged 30-99 years

- Observable records on or after 01/01/2004

NR

- Men
- Women

CFracture

CFracture
- Age
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- Sex

- Ethnicity

- Smoking status

- Alcohol status

- Type 1 and type 2 diabetes

- BMI

- Parental history of osteoporosis/hip fracture

- Resident in a nursing or care home

- Previous fragility fracture

- History of falls

- Asthma

- Cancer

- Cardiovascular disease

- Chronic kidney disease

- Chronic liver disease

- Chronic obstructive pulmonary disease

- Dementia

- Epilepsy

- Gastrointestinal malabsorption (e.g. Crohn’s disease, ulcerative colitis, celiac disease, steatorrhoea, blind loop syndrome)
- Parkinson’s disease

- Rheumatoid arthritis

- Systemic lupus erythematosus

- Other endocrine conditions (thyrotoxicosis, primary or secondary hyperparathyroidism, Cushing’s syndrome)
- 22 prescriptions for systemic corticosteroids in the six months prior to cohort entry

- 22 prescriptions for antidepressants six months prior to cohort entry

- 22 prescriptions for oestrogen only hormone replacement therapy (in women) six months prior to cohort entry

Risk prediction CFracture
model validation
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Outcome

Duration of follow-
up

Characteristics

Patients randomly allocated 2:1 ratio to derivation (development) and internal validation dataset using same population
cohort used to externally validate QFracture 2012 in Livingstone 2022, with split balanced in terms of age and outcome
status. Derivation dataset used to derive CFracture, a Fine-Grey model to predict 10-year MOF or HF accounting for
competing risk of non-fracture death with separate models for men and women.

Unlike QFracture 2012, data on BMI, alcohol use and smoking status restricted to values recorded before cohort entry.
Charlson Comorbidity Index (CCI) additionally calculated on basis of READ codes with CCI category (0, 1, 2, or =23)
included in competing risk model as predictor of competing mortality risk. Observed risk estimated using Aalen-Johansen
estimator, which accounts for competing mortality risk.

Individuals with missing data for ethnicity presumed to be white. Missing BMI, smoking status, and alcohol status were
imputed using multiple imputation with chained equations to generate 5 imputed datasets combined using Rubin's rules.
Missing data for morbidities and prescription medicine assumed to be absent if not recorded.

- Calibration assessed by calibration plots; O:E ratio
- Discrimination assessed by: c-statistic

Note: Results for QFracture 2012 reported in this article were not extracted because they are for a subset of the Livingstone 2022
external validation cohort, which is already included in this review.

- 10-year risk of major osteoporotic (hip, vertebral, wrist, proximal humerus) fracture
- 10-year risk of hip fracture

Both outcomes identified using READ codes from CPRD GOLD database, HES discharge diagnoses, or ONS death
registration (ICD-10) codes.

Reported as 10,419,774 person-years of follow up for major osteoporotic fracture and 11,446,139 person-years of follow up
for hip fracture in derivation cohort. Follow up not reported for validation cohort.

Study-level characteristics
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Characteristic

% Female

Sample size

Arm-level characteristics

Characteristic

Mean age (SD)
Median (IQR)

Ethnicity

Sample size

Ethnicity - White or not recorded

Sample size

Ethnicity - Indian

Sample size

Ethnicity - Pakistani

Sample size

Ethnicity - Bangladeshi

Risk Prediction Tools. Draft for consultation. January 2026

Study (N = 1810713)

n =915803; % = 50.6
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Men (N = 894910) Women (N =
915803)

45 (35 to 59) 47 (35 to 63)

N=NA; % =NA n=NA %=NA

n=3852170; %= n=871830; % =

95.2 95.2

n=9062;% =1 n=8355 %=0.9

n=4072; % =05 n=3719;% =04

n=1663; % =0.2 n=1087; % =0.1
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Characteristic

Sample size

Ethnicity - Black African

Sample size

Ethnicity - Black Caribbean

Sample size

Ethnicity - Chinese

Sample size

Ethnicity - Another Asian ethnic group

Sample size

Ethnicity - Another ethnic group

Sample size

BMI (kg/m?)
Median (IQR)

Alcohol intake
Percentages are for patients who reported alcohol use (denominator does not include patients who did
not report alcohol use)

Sample size
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Men (N = 894910) Women (N =
915803)

n=7007;%=0.8 n=7595; % =0.8

n=1332; % =0.1 n=1633; % =0.2

n=1824;%=0.2 n=2398; % =0.3

n=5846; % =0.7 n=6302; % =0.7

n=11934; % = n=12884; % =1.4

1.3

26.5 (23.9t0 29.5) 25.4 (22.4 to 29.6)

n=NA; % =NA n=NA; %=NA
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Characteristic

Alcohol intake - None

Sample size

Alcohol intake - <1 unit/day

Sample size

Alcohol intake - 1-2 units/day

Sample size

Alcohol intake - 3-6 units/day

Sample size

Alcohol intake - 7-9 units/day

Sample size

Alcohol intake - >9 units/day

Sample size

Alcohol intake - Not recorded

Sample size

Smoking status
Percentages are for patients who reported smoking status (denominator does not include patients who
did not report smoking status)
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Men (N = 894910) Women (N =

n =106229; % =
17.5

n=182618; % =
30.2

n=222747; % =
36.8

n=74712; % =
12.3

n=12716; % =
2.1

n =6629; % = 1.1

n = 289259; % =
32.3

n =NA; % = NA

915803)

n =190034; % =
27.8

n =284482; % =
41.7

n=187779; % =
27.5

n=17548; % = 2.6

n=1973; % =0.3

n=947; % =0.1

n =233041; % =

254

n =NA; % = NA
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Characteristic

Sample size

Smoking status - Non-smoker

Sample size

Smoking status - Ex-smoker

Sample size

Smoking status - Light smoker
<10 cigarettes/day

Sample size

Smoking status - Moderate smoker
10-19 cigarettes/day

Sample size

Smoking status - Heavy smoker
220 cigarettes/day

Sample size

Smoking status - Not recorded

Sample size

Previous fracture

Previous major osteoporotic fracture
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Men (N = 894910) Women (N =

n =355153; % =
53.8

n =146333; % =
22.2

n=41684; % =
6.3

n=63797; % =
2L

n =52860; % =8

n = 235083; % =

26.3

n=37801; % =
4.2

915803)

n = 494879; % =
64.4

n=130128; % =
16.9

n=45377; % =5.9

n=62705; % =8.2

n =35629; % = 4.6

n=147085; % =
16.1

n =50095; % = 5.5
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Characteristic

Sample size

Parental history of osteoporosis
Parental history of osteoporosis or hip fracture

Sample size

Fall history

Sample size

Cardiovascular disease

Sample size

Cancer

Sample size

Chronic liver disease

Sample size

Chronic renal disease

Sample size

Chronic obstructive airways disease or asthma

Sample size
Dementia
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Men (N = 894910) Women (N =

n=347; % =0.1

n = 24996; % =
2.8

n =64947; % =
7.3

n =22276; % =
2.5

n=2292; % =0.3

n =8206; % =0.9

n=101270; % =

11.3

n=4987; % =0.6

915803)

n=3621;%=0.4

n=51214; % = 5.6

n = 52466; % = 5.7

n =31486; % = 3.4

n=2021;%=0.2

n=11179; % =1.2

n=118469; % =

12.9

n=11635; % =1.3
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Characteristic

Sample size

Endocrine disorders

Sample size

Epilepsy
Epilepsy or prescribed anticonvulsants

Sample size

Gastrointestinal malabsorption

Sample size

Parkinson's disease

Sample size

Rheumatoid arthritis or systemic lupus erythematosus

Sample size

Type 1 diabetes

Sample size

Type 2 diabetes

Sample size
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Men (N = 894910) Women (N =
915803)

n=1937;%=0.2 n=8297;%=0.9

n =19660; % = n=22216; % = 2.4
2.2

n=38981; % =1 n=11687; % =1.3

n=2699; % =03 n=2524;%=0.3

n=23986; % =04 n=10913; % =1.2

n=23891;,% =04 n=2938; % =0.3

n=33424; % = n=27202; % =3
3.7
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Characteristic Men (N = 894910) Women (N =
915803)
Antidepressant use n=47328; % = n =99744; % =
_ 5.3 10.9
Sample size

Corticosteroid use n=7604; % =08 n=12378;% =14

Sample size

Nursing or care home resident n=2461;%=0.3 n=5654; % =0.6
Sample size
Outcomes

CFracture outcomes in men

Outcome Major osteoporotic fracture in men vs No major osteoporotic fracture in Hip fracture in men vs No hip fracture in men,

men, N2 = NR, N1 =NR N2 = NR, N1 =NR
O:E Ratio 1.06 (95%CI 0.98-1.15) 1.18 (95%CI 1.05-1.32)
Custom
value
c-statistic  0.738 (95%Cl 0.732-0.743) 0.886 (95%CI 0.877-0.895)
Custom
value

c-statistic - Polarity - Higher values are better

CFracture outcomes in women
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Outcome Major osteoporotic fracture in women vs No major osteoporotic fracture Hip fracture in women vs No hip fracture in

in women, N2 = NR, N1 =NR women, N2 = NR, N1 = NR
O:E Ratio  1.16 (95%CI 1.11-1.21) 1.07 (95%CI 0.98-1.15)
Custom
value
c-statistic 0.813 (95%CI 0.810-0.816) 0.914 (95%Cl 0.908-0.919)
Custom
value

c-statistic - Polarity - Higher values are better

Critical appraisal —- PROBAST tool for risk prediction models

Overall Risk of bias and Risk of High
Applicability bias (CFracture: High RoB on predictor (disease status diagnosis likely to be variable) and outcome
(composite fracture outcome) domain)
Overall Risk of bias and Directness Partially applicable (includes participants not at suspected risk or not at risk of fragility fracture;
Applicability women < 65 and men < 75 years)

D.1.10 Livingstone, Morales et al, 2022
Bibliographic Livingstone, Shona J; Morales, Daniel R; McMinn, Megan; Eke, Chima; Donnan, Peter; Guthrie, Bruce; Effect of competing
Reference mortality risks on predictive performance of the QFracture risk prediction tool for major osteoporotic fracture and hip fracture:
external validation cohort study in a UK primary care population.; BMJ medicine; 2022; vol. 1 (no. 1); e000316

Study details

Secondary NA
publication of
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another
included study-
see primary
study for details

Other publications
associated with
this study
included in
review

Study type
Study location
Study setting
Study dates

Sources of funding

Study sample

Inclusion criteria

Population
subgroups

Original development and internal validation study for QFracture-2012:

Hippisley-Cox, J., & Coupland, C. (2012). Derivation and validation of updated QFracture algorithm to predict risk of
osteoporotic fracture in primary care in the United Kingdom: prospective open cohort study. Bmyj, 344

External validation study
UK

Primary care

01/01/2004 to 31/03/2016

Funded by National Institute for Health Research (NIHR) Health Services and Delivery Research Programme (ref:
15/12/22).

External validation cohort (M/F), N=5,432,139 (2,684,730/2,747,409) from Clinical Practice Research Datalink (CPRD)-Gold
database

- Patient permanently registered with GP practice included in CPRD GOLD primary care database and that contributed at
least 1 year up-to-standard data (i.e. GPs pass CPRD-Gold quality checks)

- Patient data linked to Hospital Episodes Statistics discharge data and ONS mortality data
- Aged 30 to <100 years-old

- Men
- Women
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Risk prediction QFracture

tool .
2012 version

Note: original version of article states that this is validation of 2016 version, but this has subsequently been corrected (see
https://bmjmedicine.bmj.com/content/2/1/e000316corr1)

Predictors For list of QFracture 2012 predictors, see entry for Hippisley-Cox 2012. Derived model used in this study, unlike QFracture-
2012, only allowed predictor values recorded before study entry in risk prediction.

Risk prediction Outcomes identified using GP health record READ codes, HES discharge diagnoses (ICD-10 codes as reason for hospital
model validation admission), and ONS death registration (ICD-10) codes. Codes used by QFracture not published so authors derived

their own for this study. 10-year predicted risk of major osteoporotic fracture and hip fracture calculated using published
QFracture-2012 model for all patients in cohort. Charlson Comorbidity Index calculated for each patient at baseline,
which was used to classify discrimination and calibration analysis by comorbidity level (it was not used in fracture
prediction). Missing data on BMI, smoking status and alcohol use replaced using multiple (multivariate) imputation by
chained equations. This generated 5 imputed datasets that were combined using Rubin's rules; ethnicity assumed to be
white if missing; morbidities and prescribing use were assumed to be absent if no relevant data recorded.

Calibration of QFracture 2012 (without competing mortality risks) assessed by: plotting observed proportions of fractures
and predicted probabilities of fracture by deciles of risk. Observed risk for censored data estimated using standard
Kaplan-Meier estimator (does not account for competing risks)

Calibration of QFracture 2012 extended model (with competing mortality risks) assessed by: plotting observed proportions
of fractures and predicted probabilities of fracture by deciles of risk using Aalen Johansen estimator (accounts for
competing events, in this case death from causes other than fractures)

Overall fit assessed by: R?

Discrimination assessed by: Harrell's c-statistic (shortened to include only pairs where earliest survival time is no later than
10 years after entry), Royston & Sauerbrei's D statistic.

- 10-year risk of major osteoporotic (hip, vertebral, wrist, or proximal humeral fracture) fracture

Out
uicome - 10-year risk of hip fracture

Both outcomes identified using GP health record READ codes, HES discharge diagnoses, and ONS death registration.
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Duration of follow- For MOF in men, median FU=5.6 years (IQR 2.2 to 10.4)

up

For MOF in women, median FU=5.7 years (IQR 2.2 to 10.5)

For HF in men, median FU=5.7 years (IQR 2.2 to 10.4)

For HF in women, median FU=5.9 years (IQR 2.2 to 10.6)

Characteristics

Study-level characteristics

Characteristic

% Female

Sample size

Arm-level characteristics

Characteristic

Mean age (SD) (years)
Mean (SD)

Ethnicity

Sample size

Ethnicity - White or not recorded

Risk Prediction Tools. Draft for consultation. January 2026

Study (N = 5432139)

n = 2747409; % = 50.6

Men (N = 2684730)

48.5 (15.6)

n =NA; % = NA

n = 2556923; % = 95.2

Page 163 of 206

Women (N = 2747409)

50.7 (17.4)

n =NA; % = NA

n =2614423; % = 95.2
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Characteristic
Sample size

Ethnicity - Indian

Sample size

Ethnicity - Pakistani

Sample size

Ethnicity - Bangladeshi

Sample size

Ethnicity - Other Asian

Sample size

Ethnicity - Black Caribbean

Sample size

Ethnicity - Black African

Sample size

Ethnicity - Chinese

Sample size

Ethnicity - Another ethnic group

Sample size

Risk Prediction Tools. Draft for consultation. January 2026

Men (N = 2684730)

n=27087; % =1

n=12316; % =0.5

n=4972; % =0.2

n=17758; % = 0.7

n =4030; % =0.2

n =20776; % =0.8

n=5517;%=0.2

n=35351; % =1.3
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Women (N = 2747409)

n =25420; % =0.9

n=11121; % =04

n=3473; % =0.1

n =18896; % = 0.7

n=4780; % =0.2

n=22736; % =0.8

n=7358; % =0.3

n=392021; % =1.4
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Characteristic

BMI (kg/m?)

Sample size

Alcohol intake

Sample size

Alcohol intake - None

Sample size

Alcohol intake - <1 unit/day

Sample size

Alcohol intake - 1-2 units/day

Sample size

Alcohol intake - 3-6 units/day

Sample size

Alcohol intake - 7-9 units/day

Sample size

Alcohol intake - >9 units/day

Sample size

Alcohol intake - Not recorded
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Men (N = 2684730)

n=271,%=4.8

n = NA; % = NA

n=317208; % =11.8

n =548761; % = 20.4

n =669776; % =24.9

n =224507; % = 8.4

n=238273; % =14

n=9583; % = 0.7

n = 866622; % = 32.3
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Women (N = 2747409)

n=26.6;%=6

n=NA; % =NA

n =570900; % = 20.8

n = 854476; % = 31.1

n =561603; % = 20.4

n=>52785; % =1.9

n=5750; % =0.2

n=2993; % = 0.1

n =698902; % = 25.4
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Characteristic
Sample size

Smoking status

Sample size

Smoking status - Non-smoker

Sample size

Smoking status - Ex-smoker

Sample size

Smoking status - Light smoker
<10 cigarettes/day

Sample size

Smoking status - Moderate smoker
10-19 cigarettes/day

Sample size

Smoking status - Heavy smoker
>20 cigarettes/day

Sample size

Smoking status - Current smoking amount not recorded

Sample size
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Men (N = 2684730)

n =NA; % = NA

n =807294; % = 30.1

n =439503; % = 16.4

n =125229; % =4.7

n =190990; % = 7.1

n=158134; % =5.9

n=178372; % =2.9
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Women (N = 2747409)

n=NA; % = NA

n = 1146025; % = 41.7

n =390520; % = 14.2

n=135272; % =4.9

n =188078; % = 6.8

n=107288; % =3.9

n=43957; % =1.6
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Characteristic

Smoking status - Not recorded

Sample size

Previous fracture
Previous major osteoporotic fracture

Sample size

Parental history of osteoporosis
Parental history of osteoporosis or hip fracture

Sample size

Fall history

Sample size

Cardiovascular disease

Sample size

Cancer

Sample size

Chronic liver disease

Sample size

Chronic renal disease

Sample size
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Men (N = 2684730)

n =963580; % = 33

n=113520; % =4.2

n =1007; % = 0.0004

n=74368; % =2.8

n=195378; % =7.3

n=67380; % =2.5

n=6753; % =0.3

n=24395; % =0.9
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Women (N = 2747409)

n =780226; % = 26.8

n=152417; % = 5.5

n=10561; % =0.4

n=153841; % = 5.6

n=156577; % = 5.7

n =94090; % = 3.4

n =6093; % =0.2

n=233274; % =1.2
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Characteristic

Chronic obstructive airways disease or asthma

Sample size

Dementia

Sample size

Endocrine disorders

Sample size

Epilepsy
Epilepsy or prescribed anticonvulsants

Sample size

Gastrointestinal malabsorption

Sample size

Parkinson's disease

Sample size

Rheumatoid arthritis or systemic lupus erythematosus

Sample size

Type 1 diabetes

Sample size
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Men (N = 2684730)

n =303541; % =113

n = 15036; % = 0.6

n =5866; % = 0.2

n=59214; % = 2.2

n=27122; % =1

n=8348; % =0.3

n =32950; % =1.2

n=12008; % =0.4
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Women (N = 2747409)

n =355014; % =12.9

n=34892; % =1.3

n =25089; % =0.9

n=66145; % = 2.4

n=34884; % =1.3

n=7585; % =0.3

n=11970; % =0.4

n=38747;%=0.3
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Characteristic Men (N = 2684730) Women (N = 2747409)

Type 2 diabetes n =100009; % = 3.7 n=81715;% =3

Sample size

Antidepressant use n=59214; % =2.2 n=66145; % =24

Sample size

Corticosteroid use n=22632; % =0.8 n=37169; % =14

Sample size

Hormone replacement therapy n=127;%=0 n =33679; % =1.2
Oestrogen only HRT

Sample size

Nursing or care home resident n=7455; % =0.3 n=16819; % =0.6

Sample size

Outcomes

QFracture (2012 version) outcomes for men

Outcome Major osteoporotic fracture in men vs No major Hip fracture in men vs No hip
osteoporotic fracture in men, N2 = 2650409, N1 fracture in men, N2 =2671351,
= 34321 N1 =13379

R? (R-squared) (%) 42.4 (95%Cl 41.9-43.0) 70.9 (95%Cl 70.4-71.3)

Custom value
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Outcome Major osteoporotic fracture in men vs No major Hip fracture in men vs No hip
osteoporotic fracture in men, N2 = 2650409, N1 fracture in men, N2 = 2671351,
= 34321 N1 =13379

O:E Ratio NA NA

Custom value

O:E Ratio - Kaplan-Meier estimator 1.817 (95%CI 1.806-1.827) 1.757 (95%CI 1.720-1.793)
Original QFracture 2012 model, does not
account for competing risks

Custom value

O:E Ratio - Aalen Johansen estimator 1.483 (95%CI 1.473-1.494) 1.319 (95%CI 1.288-1.349)
Alternative QFracture 2012 model, accounts
for competing risks (deaths from non-fracture
causes)

Custom value

c-statistic 0.738 (95%CI 0.735-0.741) 0.888 (95%CI 0.882-0.893)

Custom value
D-statistic 1.76 (95%Cl 1.74-1.78) 3.19 (95%CI 3.16-3.23)
Custom value

R? (R-squared) - Polarity - Higher values are better
c-statistic - Polarity - Higher values are better
D-statistic - Polarity - Higher values are better

QFracture (2012 version) outcomes for women
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Outcome

R? (R-squared) (%)

Custom value

O:E Ratio

Custom value

O:E Ratio - Kaplan-Meier estimator
Original QFracture 2012 model, does not account for
competing risks. Insufficient data reported to calculate
95%Cls for hip fracture

Custom value

O:E Ratio - Aalen Johansen estimator
Alternative QFracture 2012 model, accounts for
competing risks (deaths from non-fracture causes).
Insufficient data reported to calculate 95%Cls for hip
fracture

Custom value

c-statistic

Custom value

D-statistic

Custom value

Risk Prediction Tools. Draft for consultation. January 2026

Major osteoporotic fracture in women vs No
major osteoporotic fracture in women, N2
= 2651811, N1 = 95598

54.8 (95%Cl 54.5-55.1)

NA

1.508 (95%CI 1.481-1.536)

1.212 (95%Cl 1.185-1.239)

0.813 (95%CI 0.811-0.815)

2.25 (95%ClI 2.24-2.27)
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Hip fracture in women vs No hip
fracture in women, N2 =
2711009, N1 = 36400

71.7 (95%CI1 71.4-71.9)

NA

1.306

0.930

0.918 (95%CI 0.915-0.921)

3.26 (95%CI 3.24-3.28)
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R? (R-squared) - Polarity - Higher values are better
c-statistic - Polarity - Higher values are better
D-statistic - Polarity - Higher values are better

Critical appraisal —- PROBAST tool for risk prediction models
Overall Risk of bias and Risk of High

Applicability bias (QFracture 2012: High RoB for predictors (diagnosis of disease status likely to vary across
participants) and outcome (composite fracture outcome) domains.)

Overall Risk of bias and Directness Partially applicable (includes participants not at suspected risk or not at risk of fragility fracture;
Applicability women < 65 and men < 75 years)
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Appendix E Forest plots

E.1 Accuracy of risk assessment tools for predicting the risk of fragility fractures

Summary of sensitivity and specificity data
Figure 2: Predictive accuracy of FRAX-UK for 10-year risk of major osteoporotic fracture in high-fracture risk populations

FRAX-UK without BMD for major osteoporotic fracture at = 20% fracture risk threshold

Study TP FP FN TH Population Sex Sensitivity (95% CI) Specificity (95% Cl)  Sensitivity (95% Cl) Specificity (95% Cl)
Akyea 2019 1170 5051 3435 62803 COPD Al 025 [0.24,0.27] 0.83[0.92, 0483 : =l : : : D —t '=
0020406081 0020406081

FRAX-UK without BMD for major osteoporotic fracture at NOGG age-specific thresholds

Study TP FP FN TN Population Sex Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% Cl)
Green 2024 12 47 43 491 Coeliac disease  All 0.22[012,0.358] 0.81 [0.89, 0.94] | _.F_: : : D — l=
0020406081 0020406081

FRAX-UK with BMD for major osteoporotic fracture at NOGG age-specific thresholds

Study TP FP FN TN Population Sex Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% Cl)
Green 2024 8 43 47 495 Coeliac disease  All 0145 [0.06,0.27] 0.82 [0.89, 0.94] =—'=— : : : D —t '=
0020406081 0020406081

Note: Raw data calculated using the RevMan calculator and the reported sensitivity or specificity, number of people experiencing fractures and number of people above stated
threshold.
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Figure 3: Predictive accuracy of QFracture for 10-year risk of major osteoporotic fracture in general or high-fracture risk populations
QFracture 2012 for major osteoporotic fracture in top decile of cohort
Study TP FP FN TN Population Sex Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% CI) Specificity (95% CI)

Hippisley-Cox 2014 18534 23548 18832 224324 General population Al 0.50[0.45, 0.50] 0.90(0.90,0.91] | I.I o — I.I
0020406081 0020406081

QFracture 2012 for major osteoporotic fracture in top decile of women in cohort

Study TP FP FN TN Population Sex  Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% Cl) Specificity (95% CI)
Hippisley-Cox 2012 8316 0 9953 0 General population Female 0.35 [0.34, 0.36] Mot estimahble — .I I I | — I I : |
0D o20406081 0020406081

QFracture 2012 for major osteoporotic fracture in top decile of men in cohort

Study TP FP FN TN Population Sex Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% Cl) Specificity (95% CI)
Hippisley-Cox 2012 1791 0 3036 0 General population Male 0.37 [0.36, 0.38] Mot estimahble — HI I I | — I I : |
0D o20406081 0020406081

QFracture 2016 for major osteoporotic fracture at = 20% fracture risk threshold

Study TP FP FN TH Population Sex Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% Cl) Specificity (95% CI)
Alyea 2019 1160 B386 3445 59563 COPD Al 0.25[0.24, 0.26] 0.88 [0.87, 0.88] | I. e —— I. |
0D o20406081 0020406081

Note: Raw data for all studies calculated using the RevMan calculator and the reported sensitivity or specificity, number of people experiencing fractures and number of people
above stated threshold. For Hippisley-Cox 2012, specificity was not reported so zeros were entered into the false positive (FP) and true negative (TN) columns.
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Figure 4: Predictive accuracy of QFracture for 10-year risk of hip fracture in general or high-fracture risk populations

QFracture 2012 for hip fracture in top decile of cohort

Study TP FP FN TH Population
Hippisley-Cox 2014 17330 24809 8932 233617 General population

QFracture 2012 for hip fracture in top decile of women in cohort

Sex  Sensitivity (95% Cl) Specificity (95% Cl1)
All 0.67 [0.66, 0.67] 0.90[0.90, 0.91]

Study TP FP FN TN Population Sex  Sensitivity (95% Cl) Specificity (95% CI)
Hippigley-Cox 2012 3294 0 2215 0 General population Fermale 0.60[0.58, 0.61] Mot estimable
QFracture 2012 for hip fracture in top decile of men in cohort

Study TP FP FN TN Population Sex Sensitivity (95% Cl) Specificity (95% CI)
Hippisley-Cox 2012 1118 0 621 0 General population kale 064 [0.62, 0.67] Mot estimahle
QFracture 2016 for hip fracture = 3% fracture risk threshold

Study TP FP FN TH Population Sex Sensitivity (95% Cl) Specificity (95% CI)

Akyea 2019 1186 31879 258 39236 COrD Al 0.82[0.80, 0.84] 0.5%5 [0.55, 0.56]

Sensitivity (95% CI)

Specificity (95% CI)
u

0020406081

Sensitivity (95% CI)

I ] F

0020406081

Specificity (95% CI)

00204060

a1

Sensitivity (95% CI)

0020406081

Specificity (95% CI)

0020406081 0020406081

Sensitivity (95% CI)

m_

Specificity (95% CI)
[

007204060

1

0020406081

Note: Raw data for all studies calculated using the RevMan calculator and the reported sensitivity or specificity, number of people experiencing fractures and number of people
above stated threshold. For Hippisley-Cox 2012, specificity was not reported so zeros were entered into the false positive (FP) and true negative (TN) columns.
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Appendix F  Risk of bias of fragility fracture risk prediction tools (PROBAST)

Table 19: Risk of bias for prediction of 10-year risk of major osteoporotic fracture

Study

Risk of bias

Directness

Participa
nts

Predictor
S

Outcome

Analysis

Participant
S

Predictors Outcome

Overallrisk of bias

Overall directness

Akyea 2019
FRAX-UK
QFracture 2016

High

High

High

High

Low

Low Low

High

Directly applicable

Collins 2011
QFracture 2009

High

High

High

High

High

Low Low

High

Partially applicable

Green 2024
FRAX-UK

High

High

Low

High

Low

Low Low

High

Directly applicable

Hippisley-Cox
2009

FRAX-UK
QFracture 2009

High

High

High

High

High

Low Low

High

Partially applicable

Hippisley-Cox
2012
QFracture 2012

Low

High

High

Low

High

Low Low

High

Partially applicable

Hippisley-Cox
2014
QFracture 2012

Unclear

High

High

Low

High

Low Low

High

Partially applicable

lhama 2021
FRAX-UK
QFracture 2016

Unclear

Low

High

High

Low

Low Low

High

Directly applicable

Klop 2016
FRAX-UK

Low

Low

High

High

Low

Low Low

High

Directly applicable

Livingstone
2022
QFracture 2012

Low

High

High

Low

High

Low Low

High

Partially applicable
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Livingstone Low High High Low High Low Low High Partially applicable
2023
CFracture
Table 20: Risk of bias for prediction of 10-year risk of hip fracture
Study Risk of bias Directness Overallrisk of bias Overall directness
Participa | Predicto | Outcom | Analysis | Participant | Predictors Outcome
nts rs e s

Akyea 2019 High High High High Low Low Low High Directly applicable
FRAX-UK
QFracture 2016
Collins 2011 High High High High High Low Low High Partially applicable
QFracture 2009
Green 2024 High High Low High Low Low Low High Directly applicable
FRAX-UK
Hippisley-Cox High High High High High Low Low High Partially applicable
2009
FRAX-UK
QFracture 2009
Hippisley-Cox Low High High Low High Low Low High Partially applicable
2012
QFracture 2012
Hippisley-Cox Unclear High High Low High Low Low High Partially applicable
2014
QFracture 2012
Ihama 2021 Unclear Low High High Low Low Low High Directly applicable
FRAX-UK
QFracture 2016
Klop 2016 Low Low High High Low Low Low High Directly applicable
FRAX-UK
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Livingstone 2022 Low High High Low High Low Low High Partially applicable
QFracture 2012

Livingstone 2023 Low High High Low High Low Low High Partially applicable
CFracture
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Appendix G Excluded studies

G.1 Accuracy of risk assessment tools for predicting the

risk of fragility fractures

Clinical studies

Table 21: Studies excluded from the clinical review

Study

Adami, Giovanni, Arioli, Giovanni, Bianchi,
Gerolamo et al. (2020) Radiofrequency
echographic multi spectrometry for the
prediction of incident fraqility fractures: A 5-year
follow-up study. Bone 134: 115297

Adami, G, Biffi, A, Porcu, G et al. (2023) A
systematic review on the performance of
fracture risk assessment tools: FRAX, DeFRA,
FRA-HS. Journal of endocrinological
investigation

Agarwal, Arnav and Leslie, William D (2022)
Fracture prediction tools in diabetes. Current
opinion in endocrinology, diabetes, and obesity
29(4): 326-332

Allon, Raviv, Levy, Yahav, Lavi, Idit et al. (2018)
How to Best Predict Fragility Fractures: An
Update and Systematic Review. The Israel
Medical Association journal : IMAJ 20(12): 773-
779

Anonymous (2023) Correction: Effect of
competing mortality risks on predictive
performance of the QFracture risk prediction tool

for major osteoporotic fracture and hip fracture:
external validation cohort study in a UK primary
care population. BMJ medicine 2(1):
€000316¢corr1

Ayres, Lachlan Richard Owen, Clarke, Shane,
Digby-Bell, Jonathan et al. (2012) Fraqility
fracture risk in cirrhosis: a comparison of the
fracture risk assessment tool, British Society of
Gastroenterology and National Institute for
Health and Clinical Excellence guidelines.
Frontline gastroenterology 3(4): 220-227
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Code [Reason]

- Included in Evidence review D

- Systematic review used as source of primary
studies

No additional studies identified

- Review article but not a systematic review

- Systematic review used as source of primary
studies

No relevant articles

- Study design not relevant to this review
protocol

Published correction of Livingstone 2022

- Study does not contain an intervention relevant
to this review protocol

Study compares numbers of patients
recommended for treatment according to NICE,
FRAX-NOGG and BSG guidelines, rather than
accuracy of risk prediction tools to predict
fracture
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Azagra, Rafael, Roca, Genis, Encabo, Gloria et
al. (2012) FRAX R tool, the WHO algorithm to
predict osteoporotic fractures: the first analysis
of its discriminative and predictive ability in the
Spanish FRIDEX cohort. BMC musculoskeletal
disorders 13: 204

Azagra, Rafael, Zwart, Marta, Encabo, Gloria et
al. (2016) Rationale of the Spanish FRAX model
in decision-making for predicting osteoporotic
fractures: an update of FRIDEX cohort of
Spanish women. BMC musculoskeletal
disorders 17: 262

Bach-Mortensen, P, Hyldstrup, L, Appleyard, M
et al. (2006) Digital x-ray radiogrammetry
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results from a prospective study. Calcified tissue
international 79(1): 1-6

Barda, Noam, Yona, Gal, Rothblum, Guy N et
al. (2021) Addressing bias in prediction models
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of the American Medical Informatics Association
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Barr, R J, Adebajo, A, Fraser, W D et al. (2005)
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journal established as result of cooperation
between the European Foundation for
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Foundation of the USA 16(10): 1177-83
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Beaudoin, C, Moore, L, Gagne, M et al. (2019)
Performance of predictive tools to identify
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Code [Reason]
- Study does not contain an intervention relevant
to this review protocol

Non-UK FRAX study

- Included in evidence review D

- Data not reported in an extractable format or a
format that can be analysed

No relevant outcomes reported

- Study does not contain an intervention relevant
to this review protocol

- Study does not contain an intervention relevant
to this review protocol

Peripheral DXA of the heel

- Conference abstract

- Population not relevant to this review protocol

Mean age of men<75 years

- Systematic review used as source of primary
studies
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No relevant articles

- Study design not relevant to this review
protocol

Case control study

- Systematic review used as source of primary
studies

No additional studies identified

- Data not reported in an extractable format or a
format that can be analysed

aBMD + age reported only
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Mean age of men<75 years

- Study design not relevant to this review
protocol

Retrospective study
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Appendix H Research Recommendation

H.1 What is the validity of CFracture risk prediction tool
for predicting the risk of fragility fractures in adults,
including those who have had a previous fragility fracture?

Why this is important

Risk prediction tools play an important role in identify which people are at risk of fragility
fractures and should have imaging. The performance of the recommended UK-validated
tools in terms of both calibration and discrimination was acceptable for the estimation of an
individual’s 10-year risk of major osteoporotic fractures. However, more accurate prediction
of fragility fracture in adults at risk or suspected risk of fracture could improve identification of
people who might benefit from early intervention and reduce fracture incidence.

Importance to ‘patients’ More accurate tools for prediction of fragility fracture in adults could

or the population improve the identification of people at risk of fractures. Subsequent
treatment where appropriate would reduce fractures and associated
morbidity.

Relevance to NICE High. The research is essential to inform future updates as more robust

guidance and accurate tools should in principle be used for risk prediction.

Studies comparing accuracy and calibration of new tool to those currently
in use in same population at risk or suspected risk of fragility fracture
needed to directly compare performance of tools.

Relevance to the NHS  The NHS and commissioners of services would need to consider how to
encourage uptake and use of new risk prediction tool.

National priorities Not a national priority.
High relevance to the NICE guideline for Osteoporosis.

Current evidence base  Although the current evidence is limited to one study, calculator for
CFracture is not currently available to public. The data and model is
available.

Equality considerations None.

H.1.2 Modified PICOTS table

Population Adults at suspected risk of fragility fractures (people with or at risk of
primary or secondary osteoporosis or have had a previous fragility
fracture)

Intervention - CFracture

Comparator - QFracture and/or FRAX-UK with or without BMD.

Reference standard ideally radiologically confirmed fracture.
Target condition - 10-year risk of major osteoporotic fracture (hip, clinical spine, shoulder,
and forearm/wrist)
- 10-year risk of hip fracture
Statistical outcomes - QOverall fit (Cox-Snell R?, Brier score)

- Calibration (plots including smoothed flexible calibration curve with Cls
to allow future development studies; calibration sloped, calibration-in-
the-large, O:E ratio, calibration index)

- Discrimination (AUC/c-statistic, sensitivity, specificity, predictive values)
- Reclassification
- Clinical utility (net benefit, associated decision curve)
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Study design Prospective or retrospective external validation cohort study preferably
comparing all 3 risk prediction tools. Large study required although can be
retrospective

Timeframe Completed prior to future updates of the osteoporosis guideline to inform

future recommendations.
Abbreviations: AUC, area under the receiver operating curve; BMD, bone mineral density; O:E,
observed:expected.
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