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Abstract

Summary People with intellectual disability (ID) have a relatively high incidence of fractures, so current risk prediction
models are not appropriate. A new prediction model for people with ID showed good calibration and discrimination in
external validation. This is the first such prediction model developed for people with ID.

Purpose Compared with the general population, people with intellectual disabilities (ID) have higher incidences of major
osteoporotic fracture (MOF) and hip fracture (HF), and they develop osteoporosis at a younger age. The rate of HF in those
aged 50 years and over is two times higher than that in women without ID and four times higher than that in men without ID.
It is essential to identify people with ID who are at risk of such fractures so that a targeted fracture prevention strategy can
be designed. However, current fracture prediction models are derived from the general population and may underestimate
risk in the ID population.

Methods Prediction models (IDFracture) for the 10-year risk of HF and MOF were developed and validated in populations
of people with ID aged 30-79 years. Models were developed in the CPRD GOLD database and temporally validated in the
Aurum database. The predictors included those in current fracture prediction models and ID-specific predictors such as Down
syndrome. All the predictors were included in the Cox regression models. Bootstrapping was used to adjust for overfitting.
Results The development cohort included 38,665 people with IDs, 1045 with MOFs and 360 with HFs within 10 years. The
external validation cohort included 76,385 people, 2420 MOFs and 1001 HFs. Discrimination, as judged by the C statistic,
was good: MOF 0.775 and HF 0.839. The calibration was also good but tended to overpredict at the highest predicted risks.
Conclusion IDFracture has potential as a screening tool in clinical practice to identify people with ID who are at increased
risk of MOF and HF.
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Major epidemiological studies have shown that people with
intellectual disabilities (ID) have a higher incidence of frac-
ture than their counterparts in the general population [1-4].
In the most recent and comprehensive of these studies, the
difference was particularly evident for major osteoporo-
tic fractures (MOFs), especially for hip fracture (HF) [3].
Among those aged 50 years and over, women with ID had
a 2-3 times higher rate and men had a 3-8 times higher rate
of HF than women and men without ID. Moreover, people
with ID start to develop osteoporotic fractures at a younger
age than people in the general population. These findings
clearly highlight the need for fracture prevention strategies
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in individuals with ID. However, for any such strategies to be
effective, it is necessary to identify those at increased risk.
In the general population, the fracture prediction models
FRAX and QFracture are widely used to identify individu-
als at increased risk of MOF and HF [5, 6]. Neither of these
models includes a diagnosis of ID as a predictor, and given
the differences in fracture incidence, the available fracture
prediction models may not provide accurate estimates in
individuals with ID. Individuals with ID have accompany-
ing clinical characteristics, e.g., syndromal disorders associ-
ated with medical complications, which are different from
or more frequent than those in the rest of the population.
These individuals may have additional predictors of fracture,
which could be incorporated into a fracture prediction model
developed for this population.

Purpose

In this paper, we describe the derivation and external valida-
tion of two prediction models (IDFracture) to estimate the
10-year risk of MOF and HF in individuals with ID.

Methods

The prediction models were derived and internally validated
in a cohort study using data extracted from the Clinical
Practice Research Datalink (CPRD) GOLD database along
with linked Hospital Episode Statistics (HES) inpatient data
(NHS digital) for England. CPRD GOLD is a database of
anonymised primary care records derived from practices in
the UK that use the Vision software system [7]. External
validation was performed using a cohort extracted from the
CPRD Aurum database along with linked HES data. The
Aurum database became available after the project started
and contains anonymised records from practices that use the
EMIS software system [8].

The code lists that we used for this study are published
on our GitHub site (https://github.com/ndpchs-cprd/18-
186-Gold-IDFracture; https://github.com/ndpchs-cprd/21-
000433-Aurum-IDFracture). The reporting of this study
followed the Transparent Reporting of a prediction model
for Individual Prognosis Or Diagnosis (TRIPOD + Al) state-
ment [9]. Data management and analyses were performed
in Stata 16 [10].

Study populations
The derivation cohort was a subset of the cohort used for a
study of fracture incidence in individuals with ID in CPRD

GOLD [3]. The records of all individuals with a code indi-
cating an ID who were registered at practices in England
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during the study period (1/1/1998 to 31/12/2017) and linked
to the HES Admitted Patient Care database were extracted.
The data for each included individual also had to be “accept-
able”, meaning that the patient was permanently registered
and that data on key variables had passed basic quality
checks. We used the code list of the Quality and Outcomes
Framework Learning Disability Register as defined in their
business rules. We included diagnostic and service user
codes [3]. General learning difficulty codes were excluded
if accompanied by one or more codes for specific learning
difficulties (e.g. dyslexia). We also excluded codes for ID if
they were observed during pregnancy (i.e. may have resulted
from genetic screening of a foetus), and we excluded codes
for some sex-linked syndromes in females. For each patient,
the index date was defined as the latest date of 1/1/1998,
contributing 365 days of “up to standard” (UTS) data in their
current practice and reaching the age of 30 years. The UTS
date is the date at which the practice is considered to have
continuous high-quality data suitable for use in research, on
the basis of an algorithm that looks at gaps in the data and
practices death recording. Individuals older than 79 years of
age at index were excluded because of the small number of
individuals in this age group.

The cohort for external validation consisted of people
with ID in the Aurum database. To evaluate the performance
of the prediction models during a more recent study period,
records of individuals with codes indicating ID, “accept-
able” data available in CPRD Aurum between 1/1/2008 and
31/10/2020, and linked to HES inpatient data were extracted.
Aurum does not contain an “up to standard” date, so the
index date was the latest of 1/1/2008, contributing 365 days
of data in their current practice and reaching the age of
30 years. Practices that had previously contributed to the
GOLD database were excluded from the validation cohort.
We used the same definition of ID as for the GOLD cohort
except that we omitted service user codes from the Aurum
population. We did this because the number of people with
only these codes was much greater than in the GOLD deri-
vation cohort.

Outcomes

In both the derivation cohort and the external validation
cohort, the follow-up period was a maximum of 10 years
from the index date or until the earliest of the outcome date,
the study end date, the date of leaving the current practice
due to death or other reasons, and the last date of download
of data from their practice. The outcomes to be predicted
were either any MOF or a HF within 10 years of the index
date. MOFs and HFs were identified from primary care and
from linked HES data [3]. Owing to the difficulty in deter-
mining the mechanism of fracture from patients’ clinical
records, the MOF was defined by the anatomical sites that
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are generally affected. Consistent with current definitions
and previous studies, MOF sites include the hip, wrist, ver-
tebra and shoulder and unspecified sites [11]. The outcome
date was the date of the first code for HF or MOF after the
index date.

Predictors

The variables included in the models were predictors
included in QFracture or FRAX and other potential predic-
tors of fracture in individuals with ID. The latter group of
predictors was chosen on the basis of the literature, our own
clinical experience, an association with low bone mineral
density, and or the high prevalence in the ID population
combined with its potentially relevant clinical significance.
Predictor variables were extracted from records prior to the
index date. The exception was the previous fracture, where
linked HES data were also used. To prevent double-count-
ing of fractures as both predictors and outcomes, fractures
occurring within 6 months after the index date were not
counted as outcomes if another fracture at the same site was
recorded within the previous 6 months and prior to the index
date.

We included all variables from the general population
fracture prediction models except for family history of osteo-
porosis or hip fracture and personal history of living in a
nursing or care home. These variables were dropped because
information on family history would have been missing for a
large proportion of patients and because the living arrange-
ments for individuals with ID differ from those without ID
and relate more to social than to health factors. We did not
distinguish between type 1 diabetes and type 2 diabetes, as
the coding is not always clear. As our study population was
much smaller than that of the QFracture study, we combined
the levels of some categorical variables, e.g., smoking was
included as a binary variable (current smoker or nonsmoker)
[6].

We included additional variables that might be predic-
tors of fracture in the ID population on the basis of clinician
experience and a literature review. These included height
(cm), impaired mobility (yes/no), hearing impairment (yes/
no), self-injurious behaviour (yes/no), visual impairment
(yes/no), a prescription for sedatives or hypnotics (yes/no),
a prescription for proton pump inhibitors (yes/no), a pre-
scription for antipsychotics (yes/no), a prescription for risp-
eridone and/or hyperprolactinaemia (yes/no), the type of ID,
the severity of ID, and hypogonadism (yes/no). The type of
ID was coded as Down syndrome, other specified genetic or
congenital syndromes, or other/unknown. The severity of ID
was coded as mild if there was a code specifying this; oth-
erwise, it was classified as not mild. Hypogonadism (which
also includes long-term progesterone treatment in women)
was included because of its profound effect on bone and its

association with ID as a potential comorbid condition and
as an iatrogenic complication [12—15]. Vitamin D deficiency
could not be included as a potential predictor because of
poor and inconsistent recording of vitamin D levels in the
database [16, 17].

Missing data

Individuals with missing smoking data were assumed to be
nonsmokers; those with missing alcohol data were assumed
not to be moderate/heavy drinkers; and those with missing
ethnicity data were coded as white. Missing values of body
mass index (BMI) and height were imputed with multiple
imputation by chained equations, predictive mean matching
was used, and all variables to be included in the planned
analyses (including the outcome) were included. Thirty
imputed datasets were obtained for each outcome. The same
sets of imputations were used for all analyses in each cohort.

Model derivation

The models were developed and internally validated in the
cohort extracted from the GOLD database. We calculated
descriptive statistics for baseline characteristics. We also
plotted Kaplan—Meier curves for hip or osteoporotic frac-
tures. We used Cox proportional hazard models to estimate
hazard ratios (HRs). The proportional hazard assumption
was checked graphically. The crude HR and HR adjusted
for sex and age (as a continuous covariate) were calculated
for HF or MOF.

There were no or very few HF outcomes in the presence
of some binary predictors (e.g. alcohol consumption, mal-
absorption). These predictors were excluded from the HF
models but included in the MOF models. Liver disease and
chronic kidney disease were also combined into a single
variable (liver or kidney disease) in the HF model. The mul-
tivariable models included all remaining predictors. Frac-
tional polynomials were used to explore any nonlinearity
for the three continuous variables (age, BMI, and height)
via the Stata mfpmi module [18]. Untransformed age, BMI
and height were selected for both the HF and MOF models.
Interaction terms for age and sex were included in the final
prediction models. Adjusted HRs were then calculated in
models containing all the predictors and interaction terms.
The predicted risk for each individual was then calculated
from the log hazard ratios and the 10-year baseline survival
estimate from the multivariable model [19].

Internal validation
Calibration plots were plotted via pmcalplot after combining

predicted risks over imputations [20]. We also assessed the
apparent model performance with Harrell’s C and Royston
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and Sauerbrei’s R2D and D statistics [21, 22]. Harrell’s C
is the probability that within a randomly selected pair of
patients, a patient with a shorter survival time has a higher
predicted risk. The D statistic is an estimate of the log HR of
the outcome comparing two equal-sized prognostic groups.
R?, is a transformation of the D statistic that can be inter-
preted as the proportion of variation in the outcome that
is explained by the model. The performance statistics were
calculated separately for each imputed dataset and then com-
bined via Rubin’s rules.

We used bootstrapping to correct the validation statis-
tics for optimism as a result of overfitting. One thousand
bootstrap samples were taken from the imputed data. The
model including all covariates was fitted in each bootstrap
sample, replicating the model-building strategy in the devel-
opment cohort [19]. Approximate confidence intervals were
estimated by shifting the location of the 2-5th and 97-5th
percentiles of the distribution of validation statistics on the
bootstrap samples [23]. For each outcome, a uniform shrink-
age coefficient for the calibration slope was estimated via the
same bootstrapping method used for the calibration slope.
The shrinkage coefficient was applied to the linear predic-
tor, and the 10-year baseline survival was re-estimated to
produce the final prediction models.

External validation

We calculated descriptive statistics and univariate, age-
and sex-adjusted HRs for the Aurum validation cohort as
described above. The 10-year predicted risk of fracture was
estimated by applying the final prediction models to this
cohort. Calibration plots and validation statistics were then
estimated for the entire cohort. Approximate confidence
intervals were estimated from the distribution of these sta-
tistics in 600 bootstrapped samples. Further calibration plots
and validation statistics were calculated on subgroups of age,
sex, the Index of Multiple Deprivation (IMD), and the index
year.

Results

The GOLD derivation cohort included 38,665 people, 43.1%
of whom were female (Table 1). The median age at the index
date was 38.9 years. The percentage of patients with Down
syndrome was 10.1%, and an additional 5.1% had another
specified type of ID. Only 3.3% had a record specifically
stating mild ID. The prevalence of MOF prior to the index
was 6.2%, but the prevalence of fracture at other sites was
15.5%. The prevalence of epilepsy (diagnosis or prescription
of anticonvulsants) was 20.6%. There were 360 HF and 1045
MOF fractures in this population over a median of 6.3 years
of follow-up. The 10-year cumulative incidences of HF and
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MOF were 1.6% and 4.6%, respectively (Figure S1 and S2).
The Aurum validation population included 76,385 people
with IDs, 40.9% of whom were female. The median age
was 41.5 years (Table 1). There were slightly fewer people
with previous MOF fractures (5.5%), but the proportions
diagnosed with comorbidities or prescribed medications
were generally higher than in the GOLD cohort. The per-
centage of patients with Down syndrome was 7.9%, and an
additional 6.3% had another specified type of ID. A total of
11.2% had a record specifically stating mild ID. There were
1001 HF and 2420 MOF fractures with a median follow-up
of 4.8 years. The 10-year cumulative incidences of HF and
MOF were higher than those in the derivation cohort (2.5%
and 6.1%, respectively).

The univariate and age- and sex-adjusted HRs for each of
the predictors were generally similar for the derivation and
validation cohorts, although confidence intervals for HRs
from the derivation cohort were wide in places (Tables S1
and S2). The HRs for the derivation cohort, for the multi-
variate model containing all of the predictors, are given in
Table 2. The risk of MOF was greater in women than in
men at age 40, and the risk also increased more rapidly with
age in women than in men. The risk of HF was similar in
women and men at age 40, but again, it increased more with
age in women. However, it more than doubled per 10 years
of age in both sexes. Other statistically significant predictors
for MOF were moderate/heavy alcohol consumption, previ-
ous MOF, previous other fractures, history of falls, cancer,
epilepsy, diabetes, treatment with antidepressants and hypo-
gonadism, which were all associated with increased risk. A
higher BMI predicted a lower risk of developing a MOF.
Heart disease and poor mobility/Parkinson’s disease also
appeared to be associated with a lower risk. Other predic-
tors associated with a higher risk of HF were previous MOF,
previous other fractures, history of falls, cancer, epilepsy,
diabetes and Down syndrome. A higher BMI predicted a
lower risk of HF.

Table 3 contains statistics from the internal validation. A
comparison between apparent and optimism-corrected sta-
tistics indicated a small degree of optimism in both models.
The optimism-corrected calibration slope was 0.966 (95%
CI 0.913-1.026) for the MOF model and 0.954 (95% CI
0.888-1.027) for the HF model. These values were applied
as uniform shrinkage coefficients to obtain the final predic-
tion models (Table S3). Table S4 shows risk scores calcu-
lated with IDFracture and with Qfracture for some example
scenarios. The IDFracture scores were higher than those
calculated using Qfracture for all scenarios.

Statistics for the external validation (Table 3) and cali-
bration plots (Figs. 1 and 2) show that generally, both the
HF and MOF models performed as well on the external
validation data as on the derivation data. Calibration was
good for both models, although there was a tendency for the
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Table 1 Descriptive statistics
for the derivation and validation
cohorts of people with
intellectual disability

Derivation cohort

Validation cohort

N

Index year (median, 10-90 percentiles)

Age at index (years) (median, 10-90 percentiles)
Female

Ethnicity

Non-white

White

Missing

Body mass index (kg/mz) (median, 10-90 percentiles)
Missing body mass index

Height (cm) (median, 10-90 percentiles)
Missing height

Current smoker

Non smoker/ex smoker

Missing smoking status

Current moderate/heavy drinker®

Non drinker/light/drinker/ex drinker

Missing alcohol status

Previous major osteoporotic fracture (MOF)
Previous fracture at non-MOF site

Dementia

History of falls

Malabsorption

Endocrine problems

Asthma or chronic obstructive pulmonary disease
Cancer

Heart disease

Epilepsy or taking anticonvulsants
Rheumatoid arthritis or systemic lupus erythematosus
Liver disease

Chronic kidney disease

Diabetes

Steroid tablets

Oestrogen only hormone replacement therapy
Antidepressants

Antipsychotics

Poor mobility/Parkinsons

Hearing impairment

Self-injurious behaviour

Visual impairment

Hypogonadism (including taking progesterone)
Sedatives and hypnotics

Proton pump inhibitors

Risperidone and/or hyperprolactinaemia
Specified type of intellectual disability®

Down syndrome

Other specified intellectual disability

Mild severity of intellectual disability®
Follow-up (years) (median, 10-90 percentiles)

38,665
2004
38.9
16,663

1,061
21,415
16,189
2607
13,501
165
14,019
7,430
23,061
8,174
4,511
21,962
12,192
2,404
5,982
326
2,073
336
326
4,692
432
832
7,982
154
332
314
1,988
276
129
5,640
5,387
3,875
4,036
1,069
1,881
1,791
2,989
2,737
1,786

3,907
1,977
1,286
63

(100%)
(1998-2014)
(30.0-61.0)
(43.1%)

@.7%)
(55.4%)
(41.9%)
(20.1-36.3)
(34.9%)
(152-181)
(36.3%)
(19.2%)
(59.6%)
(21.1%)
(11.7%)
(56.8%)
(31.5%)
(6.2%)
(15.5%)
(0.8%)
(5.4%)
(0.9%)
(0.8%)
(12.1%)
(1.1%)
(2.2%)
(20.6%)
(0.4%)
(0.9%)
(0.8%)
(5.1%)
0.7%)
0.3%)
(14.6%)
(13.9%)
(10.0%)
(10.4%)
(2.8%)
4.9%)
(4.6%)
(7.7%)
(7.1%)
(4.6%)

(10.1%)
(5.1%)
(3.3%)
(0.8-10.0)

76,385
2011
415
31,206

7,772
63,103
5,510
2747
21,597
167
18,992
16,164
57,565
2,656
2,807
24,852
48,726
4,229
17,162
1,384
6,148
1,386
874
12,217
1,696
2,540
20,940
361
178
1,971
5,982
623
205
15,021
13,234
10,440
10,858
1,926
7,134
4,080
6,078
9,403
4,948

6,069
4,796
8,578
4e8

(100%)
(2008-2019)
(30.0-63.5)
(40.9%)

(10.2%)
(82.6%)
(7.2%)
(20.4-38.5)
(28.3%)
(151-182)
(24.9%)
(21.2%)
(75.4%)
(3.5%)
(3.7%)
(32.5%)
(63.8%)
(5.5%)
(22.5%)
(1.8%)
(8.0%)
(1.8%)
(1.1%)
(16.0%)
(2.2%)
(3.3%)
(27.4%)
(0.5%)
0.2%)
(2.6%)
(7.8%)
(0.8%)
0.3%)
(19.7%)
(17.3%)
(13.7%)
(14.2%)
2.5%)
9.3%)
(5.3%)
(8.0%)
(12.3%)
(6.5%)

(7.9%)
(6.3%)
(11.2%)
(0.6-10.0)

Statistics are n (%) unless otherwise stated

“Moderate/heavy drinking is defined as 3 +alcohol units daily

°The remainder of the cohort had an unspecified intellectual disability

“The remainder of the cohort had non-mild or unspecified severity of intellectual disability
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Table 2 Hazard ratios (HR)
(95% confidence intervals

(CD)) for predictors of major HR
osteoporotic fracture (MOF)

Predictor MOF (n=1045) HF (n=360)

95% CI) HR (95% CI)

and hip fracture (HF) in the Ten years older age in females 1.75 (1.64-1.87) 2.30 (2.05-2.58)
derivation cohort. Hazard Ten years older age in males 1.56 (1.45-1.67) 2.08 (1.86-2.33)
ratios were estimated via Female at age 40 years 125  (1.01-1.54) 095  (0.64-1.39)
multivariate Cox regression . L . 2
models containing all predictor Five units higher body mass index (kg/m~) 0.86 (0.81-0.92) 0.71 (0.62-0.80)
variables for MOF or HF 10 cm taller 0.97 (0.87-1.09) 0.96 (0.81-1.14)
Current smoker 0.92 (0.77-1.10) 0.84 (0.61-1.15)
Current moderate/heavy drinker® 1.28 (1.05-1.56) 1.09 (0.75-1.60)
Non-white ethnicity 0.65 (0.36-1.19) - -
Previous major osteoporotic fracture (MOF) 2.70 (2.26-3.23) 1.89 (1.37-2.61)
Previous fracture at non-MOF site 1.60 (1.36-1.89) 1.45 (1.09-1.93)
Dementia 1.31 (0.83-2.07) 1.30 (0.69-2.45)
History of falls 1.65 (1.35-2.01) 1.74 (1.25-2.41)
Malabsorption 1.40 (0.77-2.54) - -
Endocrine problems 1.41 (0.87-2.29) - -
Asthma or chronic obstructive pulmonary disease 1.17 (0.96-1.43) 1.06 (0.73-1.54)
Cancer 1.49 (1.00-2.21) 1.77 (0.99-3.18)
Heart disease 0.69 (0.48-0.99) 0.66 (0.37-1.16)
Epilepsy or taking anticonvulsants 1.73 (1.51-1.99) 1.89 (1.49-2.40)
Rheumatoid arthritis or systemic lupus erythematosus 1.51 (0.63-2.09) -- -
Liver disease 1.15 (0.80-2.84) - -
Chronic kidney disease 1.23 (0.69-2.20) - -
Liver or kidney disease - - 1.02 (0.48-2.18)
Diabetes 1.27 (1.00-1.61) 1.61 (1.12-2.31)
Steroid tablets 0.84 0.41-1.71) - -
Oestrogen only hormone replacement therapy 1.28 (0.61-2.70) -- --
Antidepressants 1.26 (1.06-1.51) 1.30 (0.96-1.76)
Antipsychotics 1.11 (0.91-1.34) 1.27 (0.93-1.75)
Poor mobility/Parkinsons 0.76 (0.61-0.94) 0.83 (0.58-1.18)
Hearing impairment 0.92 (0.74-1.14) 0.97 (0.68-1.37)
Self-injurious behaviour 0.64 (0.36-1.15) - -
Visual impairment 1.19 (0.91-1.56) 0.89 (0.54-1.49)
Hypogonadism (including taking progesterone) 1.42 (1.03-1.95) -- --
Sedatives and hypnotics 0.86 (0.68-1.08) 1.03 (0.71-1.48)
Proton pump inhibitors 1.24 (0.99-1.56) 1.13 (0.77-1.67)
Risperidone and/or hyperprolactinaemia 1.06 (0.76-1.47) 1.01 (0.58-1.76)
Type of intellectual disability® -- -- -- --
Down syndrome 1.03 (0.79-1.35) 1.93 (1.28-2.91)
Other specified intellectual disability 0.77 (0.56-1.07) 0.68 (0.36-1.29)
Mild severity of intellectual disability® 1.01 (0.73-1.39) 1.28 (0.76-2.16)

“Moderate/heavy drinking is defined as 3 + alcohol units daily
The remainder of the cohort had an unspecified intellectual disability

“The remainder of the cohort had non-mild or unspecified severity of intellectual disability

predicted risk to be lower than the observed risk in some
groups, representing the highest values of the predicted
risk (Figs. 1 and 2), and for the risk to be underestimated at
intermediate values of the predicted risk. Harrell’s C and D
statistics were 0.839 (95% CI 0.825-0.850) and 2.225 (95%
CI 2.125-2.329) for the HF model. Statistics for the MOF
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model indicated that discrimination was not quite so good:
Harrell’s C was 0.775 (95% CI 0.764-0.787) and the D sta-
tistic was 1.771 (95% CI 1.697—-1.848). Calibration plots
and Harrell’s C did not suggest any large degree of het-
erogeneity in IDFracture performance between subgroups
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Table 3 Validation statistics (95% confidence intervals) for the prediction models

Apparent® Optimism External®
corrected”

Major osteoporotic fracture model

Calibration slope 1.000 -- 0.966 (0.913-1.026) 0.982 (0.947-1.020)
Harrell's C 0.750 (0.736-0.769) 0.742 (0.729-0.761) 0.775 (0.764-0.787)
Royston and Sauerbrei’s R%, 0.388 (0.362-0.431) 0.368 (0.343-0.411) 0.428 (0.407-0.449)
D discrimination 1.628 (1.543-1.780) 1.560 (1.475-1.712) 1.771 (1.697-1.848)
Hip fracture model

Calibration slope 1.000 - 0.954 (0.888-1.027) 0.968 (0.928-1.012)
Harrell's C 0.831 (0.813-0.856) 0.822 (0.803-0.847) 0.839 (0.825-0.850)
Royston and Sauerbrei’s R% 0.542 (0.513-0.593) 0.518 (0.488-0.569) 0.542 (0.519-0.564)
D discrimination 2.228 (2.100-2.472) 2.117 (1.988-2.360) 2.225 (2.125-2.329)

# Apparent validation statistics show the performance of the model on the data from which it was derived

® Aparent validation statistics were corrected for overfitting by subtracting an estimate of optimism. Optimism is the difference in performance
on a bootstrap sample compared with the original sample for a model derived on the bootstrapped sample. The average optimism was calculated

over 1000 bootstrap samples

“External validation describes the performance of the final model on the Aurum cohort
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Fig. 1 Calibration plot and distribution of 10-year predicted risks for
major osteoporotic fracture (a) in the derivation cohort and (b) in the
validation cohort. The observed 10-year risks are plotted against the
predicted risks for each group of predicted risk (circles) and 95% con-
fidence intervals (vertical lines). Ten groups were defined with cut-off
points at predicted risks of 0.02, 0.06, 0.10, 0.14, 0.18, 0.22, 0.26,

(Figures S3-S10), although there were very few fractures in
the youngest age group (aged 30-39 years) examined.

0.30, and 0.34. The blue solid line and shaded area are the smoothed
calibration curve and confidence interval, respectively. The dotted
line indicates the equality of the observed and predicted risks. The
spikes indicate the density of individuals who did (1) or did not (0)
experience the outcome

Discussion
We developed new prediction models (IDFracture) to pre-

dict the risk of MOF or HF in people with ID. To our
knowledge, this is the first study to attempt to develop

@ Springer
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Fig.2 Calibration plot and
distribution of 10-year predicted
risks for hip fracture (a) in the
derivation cohort and (b) in the
validation cohort. The observed

10-year risks are plotted against 1.0
the predicted risks for each
group of predicted risk (circles) 0.8

and 95% confidence intervals
(vertical lines). Ten groups were
defined with cut-off points at
predicted risks of 0.02, 0.04,
0.06, 0.08, 0.10, 0.12, 0.14,
0.16, and 0.18. The blue solid
line and shaded area are the
smoothed calibration curve and
confidence interval, respec-
tively. The dotted line indicates
the equality of the observed
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a fracture prediction model specifically for people with
ID. We externally validated IDFracture via a more recent
cohort derived from a different primary care database. All
the models performed well in terms of both calibration
and discrimination. The performance was also good in the
sex, index year and IMD subgroups. It was less effective
in some age groups.

The magnitudes of many of the HRs for predictors in our
multivariate model were comparable to those found in the
QFracture model [6]. Where different, they were accom-
panied by fairly wide confidence intervals. As with the
QFracture model, epilepsy is a strong predictor of HFs or
MOFs. However, we found that more than 20% of the ID
population had a diagnosis of epilepsy or were on anticon-
vulsants, whereas epilepsy is a relatively uncommon con-
dition in the general population. Epilepsy in people with
ID is often treatment-resistant and is often associated with
physical disabilities [24, 25]. We modelled the sex-specific
relationships of age and fracture specifically for the ID popu-
lation, as these associations are likely to differ from those
in the general population. Among the additional predictors
that we included, having Down syndrome, which occurred
in 10.1% of the derivation cohort and 7.9% of the valida-
tion cohort, was a strong predictor of future HF, although
it did not appear to be a strong predictor of MOF. People
with Down syndrome have been repeatedly shown to have
low bone mineral density, including in comparison with
other people with ID, as well as deficits in bone formation
[12, 26-28]. Down syndrome may also be associated with

@ Springer

T T

T T T T T
08 1.0 00 02 04 06 08 1.0
Expected Probability

Reference
o Groups
95% Cls

Smoother

clinical characteristics such as hypogonadism, premature
menopause, and coeliac disease, which are also risk factors
for osteoporosis [13, 29, 30].

The Aurum database was released after we developed the
prediction model using the relatively small GOLD database.
We deliberately chose a more recent time period for external
validation to test the model in a population most similar to
that in which the prediction model would be used. There
were some notable differences between the derivation and
validation populations. First, the proportion of the popula-
tion with Down syndrome was lower than that in the deriva-
tion population even after people who had only service user
codes were excluded. Second, the prevalences of comorbidi-
ties and incidences of outcomes were greater. The median
age of the validation cohort was slightly higher, consistent
with increasing life expectancy. The introduction of the
learning disability register in 2006 may have also changed
the case mix and improved the diagnosis and treatment of
this population [31]. The completeness of recording in clini-
cal databases may also have improved overall over time.

The strengths of our study are the use of a large cohort
with IDs, and validation in a different database and a dif-
ferent time period. We included fractures recorded in HES
inpatient data as well as in primary care data, reducing the
risk of underestimating fracture incidence. We included
additional risk factors that are relevant to the ID popula-
tion. Risk factors were extracted from routinely collected
primary care data, as IDFracture is designed for use in this
setting, where it could potentially be integrated into existing
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computer systems. The limitations are that despite this being
one of the largest database studies of people with ID, it was
small compared with database studies performed in the
general population, and many of our HRs had very wide
confidence intervals. Other risk factors, such as smoking or
ethnicity, could not be considered at the same level of detail
as in models performed on the general population. As with
other studies using electronic health record databases there
were missing data for some predictor variables that had to
be imputed. We also found that only a small percentage of
the cohort had a cause of ID or severity of ID recorded in
their primary care records. The ID population itself is very
heterogeneous, and a one-size-fits-all approach for predict-
ing fracture risk may not be appropriate. Certain syndromes
such as Rett, Prader—Willi, and Williams syndromes, as well
as inborn errors of amino acid metabolism associated with
aminoaciduria, are characterised by markedly increased
rates of low bone mineral density or skeletal abnormalities
[32-35]. In such individuals, the use of generic fracture risk
assessment tools (e.g. IDFracture) are particularly inappro-
priate, as these models do not account for syndrome-spe-
cific skeletal pathology or altered bone turnover. We found
additional fracture risk associated with Down syndrome,
but these other syndromes are much rarer [3], and so the
additional fracture risk associated with them could not be
estimated in the same way. Finally, we did not consider the
competing risk of death. Models that do not take this into
account can overestimate the risk of the event of interest
[36]. This is likely to be a particularly important considera-
tion in the elderly population and may be more important in
this ID population given the shorter life expectancy.

Conclusion

Current guidelines for assessing the risk of fragility fracture
do not specifically consider people with ID [37]. In gen-
eral, people with ID have poorer bone health than the gen-
eral population, and risk assessment tools designed for the
general population are likely to underestimate risk. People
with ID may also have difficulty accessing health services
because of other comorbidities or behavioural or communi-
cation difficulties, so osteoporosis may remain undiagnosed
until there is a fracture. We constructed and validated risk
prediction models for HFs and MOFs in people with ID that
are suitable for use in primary care. IDFracture could be
used as a tool to identify people most likely to benefit from
bone health assessment. It could be used during an annual
health check, for example, the one that is offered in the UK
to everyone on the learning disabilities register. We have
recently completed a cost-effectiveness study of risk assess-
ment strategies for MOFs and HFs that use IDFracture [38].

Further research related to the high risk of HF in people with
Down syndrome should also be conducted.
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