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Abstract

Summary Using the UK Clinical Practice Research Datalink, our cohort study matched 237,297 individuals with hear-
ing loss (HL) to 829,431 without HL. The study found an 8-10% higher risk of major osteoporotic fracture in individuals
with HL compared to those without. Additionally, within the HL cohort, we identified risk factors for potential inclusion in
fracture risk models.

Purpose Assess association between hearing loss (HL) and major osteoporotic fracture (MOF; spine, wrist/forearm, shoulder/
proximal humerus, hip) in individuals aged > 60 years, and risk factors for MOF in individuals with HL.

Methods From the UK Clinical Practice Research Datalink, our cohort study matched individuals aged > 60 years diagnosed
with HL. (READ/ICD-10 codes; 01January2001-31December2021; index event), without secondary osteoporosis causes,
with up to five individuals without HL (birth, index year, sex, general practice). Incidence rates and Cox proportional hazard
ratios (HL vs. no HL; stratified by low/high fracture risk) were calculated for MOF and hip fracture; multivariate logistic
regression assessed risk factors for MOF and hip fracture (HL cohort).

Results A total of 237,297 individuals with HL. matched to 829,431 without HL, with a median age of 74 and 72 years,
respectively. Compared with those without HL, individuals with HL had greater frailty (severe electronic frailty index,
5.9% vs. 2.7%), higher incidence of prior falls (14.1% vs. 10.6%), longer mean follow-up with higher incidence of MOF
and hip fractures (5.1 vs. 4.4 years, 20.1 and 5.32 vs. 16.58 and 4.54 per 1000 person-years, respectively) and higher risk of
MOF and hip fracture (adjusted HR, 1.10 and 1.08, respectively). Significant risk factors for MOF and hip fracture included
age > 70 years, fracture history, falls, osteoporosis diagnosis, chronic obstructive pulmonary disorder and cardiovascular
disease (HL cohort).

Conclusion In individuals with HL, we observed an 8—10% higher risk of MOF and hip fracture versus individuals without
HL and identified risk factors for potential inclusion in fracture risk models.
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Introduction

The World Health Organization (WHO) defines hearing loss
(HL) as the inability to hear below 20 dB in one or both
ears [1]. Age is known to be one of the main causes of HL

P4 Adrian Salas
asalasO1 @amgen.com

I Oxford University, Oxford, UK
University of Nottingham, Nottingham, UK

3 Amgen Inc., Italia 415, 2Nd Floor - Vicente Lopez (1368),
Buenos Aires, Argentina

Published online: 28 January 2025

and its prevalence increases with age [2, 3]. HL affects 1.57
billion people worldwide, approximately 20% of the global
population, with most of them (62%) older than 50 years
[4]. In the UK, HL affects approximately 11 million people,
with 71% aged 60 or over [5, 6]. HL is a public health issue,
being the third most common global cause of years lived
with disability, and is associated with comorbidities includ-
ing arthritis and cardiovascular disease, increased disease
burden and poor health in individuals aged 65 and older [3,
4, 7]. Moreover, global prevalence of HL has increased by
approximately 80% in the last 30 years and is estimated to
increase by 56% by 2050 [4].
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Osteoporosis (OP) is a bone disorder characterised by low
bone mineral density and decreased bone strength, which
increases the risk of fragility fractures [8, 9]. Over 27.5 mil-
lion people in Europe [10] and almost 3.8 million in the
UK are estimated to have OP [11]. The incidence of OP is
higher in women than in men, especially after menopause
[12]. Moreover, the incidence of OP increases with age, with
OP being the leading cause of bone fracture in older peo-
ple [9] and being associated with increased risks of hip and
vertebral fractures, short-term mortality and high medical
costs [8, 9].

Previous studies have reported OP to be a risk factor for
HL, which might play a role in age-related HL [13-16].
Alterations of bone mass, density and cushioning of the mid-
dle ear’s mechanics observed in osteopenic and osteoporotic
patients may lead to conductive HL. Reduction of bone min-
eral density might cause changes in the transmission char-
acteristics of the bone, altering the functioning of the mid-
dle ear [17, 18]. Moreover, osteoporotic bone metabolism
alters the calcium ionic endolymphatic flow of the cochlea,
which may disturb the mechanoelectrical transduction of the
cochlea [19]. HL has been also associated with a statisti-
cally significant increase in the risk of falls in older adults
[3, 20, 21]. In turn, falls increase the risk of fracture [22],
which can have a significant impact on a patient’s quality
of life [23]. Established tools to predict the risk of major
osteoporotic fracture (MOF; clinical spine, wrist/forearm,
shoulder/proximal humerus, hip), such as FRAX [24] and
QFracture™ [25], were developed for the general and osteo-
porotic population and are widely used in clinical practice.
However, these tools need to be improved to include novel
risk factors to be applied in special population [26, 27].

Our study assessed (1) the association between HL and
risk of MOF in individuals aged > 60 years and (2) potential
risk factors associated with 1- and 10-year risk of MOF and
hip fractures in patients with HL, and combined key predic-
tors of fracture risk to derive major osteoporotic prediction
tools in the HL population.

Methods

The study methods are summarised below; further details
are provided in the Supplementary material.

Study design

This matched cohort study used secondary health data from
the UK Clinical Practice Research Datalink (CPRD-GOLD)
[28], which is linked to Hospital Episode Statistics (HES)
[29], Admitted Patient Care (APC), indices of multiple dep-
rivation (IMD) [30] and Office for National Statistics [10,
31]. CPRD GOLD is a database of anonymised medical
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records from general practitioners (GPs) in the UK, linked
to HES, and provides data for over nine million patients
from > 900 practices, which is representative of the UK
general population. The IMD database provides data on the
relative deprivation of small areas of the UK [30].

Access to CPRD data was subject to a protocol approval
by the UK Independent Scientific Advisory Committee, a
non-statutory expert advisory body established by the Sec-
retary of State for Health to provide scientific advice on
research requests to access data provided by CPRD. All data
used in the CPRD were taken from anonymised electronic
health records; no patients were identifiable. Patients had
already consented for their data collected in CPRD to be
used for analysis purposes; therefore, informed consent was
not necessary for the current study.

Study population

Our HL cohort included individuals aged > 60 years with
a diagnosis of HL between January 1, 2001 and December
31, 2021 (index event; identified using READ and ICD-10
diagnosis codes [Supplementary Table S1]) or the latest date
of CPRD data availability (Fig. 1) and registered in CPRD
for at least one year before their index date. In order to focus
on the association between hearing loss and fracture risk,
patients with history of vestibular dysfunction, osteomala-
cia and/or other secondary osteoporotic causes (endocrine
disorders, Cushing syndrome, hyperparathyroidism, type 1
diabetes mellitus, chronic active hepatitis, pancreatic insuffi-
ciency, ankylosing spondylitis, multiple sclerosis, osteogen-
esis imperfecta or aromatase inhibitors use) were excluded.

For the non-HL cohort, each individual in the HL cohort
was matched with up to five individuals with no diagnosis
of HL, by year of birth, sex, general practice and index date
(date of the first diagnosis/record of HL for their matched
HL case). Individuals with less than 1 year of data before
entering the non-HL cohort were excluded. Comparability
after matching was assessed by checking the standardized
mean difference of matched variables.

Individuals in both cohorts were followed from their
index date until (1) MOF (clinical spine, wrist/forearm,
shoulder/proximal humerus, hip; identified using READ and
ICD-10 diagnosis codes [Appendix 1]); or (2) censoring at
the earliest of death, migration/transfer out, practice last col-
lection date, end of study period (based on data availability
at extraction date) or end of follow-up period (1 or 10 years
after index date).

Study outcomes
Study outcomes were MOF and hip fracture during follow-

up, risk factors included in the QFracture™ [25] prediction
tool (https://qfracture.org/); other risk factors described in
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Follow-up period

January 1, 2001

Hearing loss cohort

1 year before
index date

Start of
follow-up

No hearing loss cohort

1 year before
index date

Start of
follow-up

Fig.1 Study design schema

the literature (socio-economic status, occupation, family his-
tory and previous meningitis).

The following variables were summarised at index date:
demographics (i.e. age, sex), lifestyle (i.e. smoking status,
alcohol consumption, body-mass index), OP fracture risk
(i.e. previous osteoporotic or non-osteoporotic fracture, OP
diagnosis, use of bisphosphonates and other OP medications,
family history of OP, history of falls, difficulty walking),
comorbidities and individual medications received in the
year prior to index date (Supplemental Material).

Statistical analysis

For each cohort (HL, non-HL), baseline variables were
described using summary statistics, and MOF incidence
rates (IR) during follow-up calculated overall and by frac-
ture type. The relative risk of MOF in the HL versus non-HL
cohort was assessed using Cox proportional hazards ratios
(HR) and 95% confidence intervals (CI), adjusted for base-
line characteristics (sociodemographic, lifestyle, medical
history, and medication use).

Within the HL cohort, potential risk factors for MOF
were assessed using multivariable logistic regression; spe-
cifically, adjusted odds ratios (OR). Lasso regression was
used to select predictors for the multivariable model and
a prediction algorithm (logistic regression) trained on dif-
ferent imputation sets. Model discrimination was evaluated
using area under the curve (AUC). Calibration was assessed

Index date

A

First hearing loss
diagnosis/record

Index date

A

Matched individuals (year of birth,
sex, general practice, and index date)

December 31, 2021
(or the latest date of data availability)

1 year/ 10 years

End of
follow-up

1 year/ 10 years

End of
follow-up

using predicted/observed plots stratified by risk deciles, age
(5-year), and sex. Survival analysis was used to predict the
10-year risk of MOF based on the initial set of predictor
variables. Concordance index and Brier score were used to
evaluate model performance. Concordance index measures
the proportion of pairs of individuals where the model cor-
rectly predicts the order of survival times [32], while Brier
score measures the overall accuracy of the model's predicted
survival probabilities [33].

An analysis of the absolute and relative risk (HL vs. no
HL) of overall MOF and of each major fracture subtypes,
clustered by age, sex and general practice and stratified by
high risk of fracture (prior history of fractures, OP diagnosis
and/or anti-OP treatment) was conducted. Key risk factors
were those considered statistically significant.

Missing data were handled using multiple imputation
(n=10) and combined using Rubin’s rules [34].

The statistical analysis was performed using the STAT
17 and R programming language. All p values <0.05 were
considered statistically significant.

Results
Patient baseline characteristics

Overall, 237,297 individuals with HL were matched to
829,431 individuals without HL. Baseline and OP-related
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characteristics are summarised in Table 1 (and Supplemen-
tary Table S2). Mean age and the distribution of men and
women were similar across individuals with and without
HL (74.1 vs. 72.5 years, and 52%/48% vs. 53%/47%, respec-
tively; Table 1). Compared to individuals without HL, those
with HL were frailer (Electronic Frailty index of mild to

Table 1 Baseline and OP-related characteristics of individuals with

and without HL.

HL
N=237,297

No HL
N=829, 431

Baseline characteristics

Sex, n (%)

Women 113,166 (47.7) 386,161 (46.6)
Men 124,131 (52.3) 443,270 (53.4)
Age (years)

Mean (SD) 74.1 (8.7) 72.5(8.3)
Median (Q1-Q3) 74 (67-81) 72 (66-79)
60-69 years, n (%) 82,104 (34.6) 347,551 (41.9)
70-79 years, n (%) 87,706 (37.0) 298,340 (36.0)
80-89 years, n (%) 57,544 (24.2) 161,897 (19.5)
>90 years, n (%) 9943 (4.2) 21,643 (2.6)
Electronic frailty index, n (%)

Fit 168,061 (70.8) 685,962 (82.7)
Mild 55,142 (23.2) 120,504 (14.5)
Moderate 12,134 (5.1) 20,311 (2.4)
Severe 1960 (0.8) 2654 (0.3)
Charlson comorbidity score, n (%)

None 89,676 (37.8) 363,950 (43.9)
Mild 92,334 (38.9) 301,590 (36.4)
Moderate 39,588 (16.7) 118,661 (14.3)
Severe 15,699 (6.6) 45,230 (5.5)

OP-related characteristics
High risk of fracture, n (%)

53,805 (22.7)

165,987 (20.0)

severe, 29.2% vs. 17.3%), had a higher comorbidity burden
(Charlson comorbidity score of moderate or severe, 23.3%
vs. 19.8%) and were more likely to be prescribed systemic
steroids (43% vs. 32%) and proton-pump inhibitors (31%
vs. 24%) in the year prior to index event (Table 1 and Sup-
plementary Table S2).

Regarding the OP-related characteristics, a similar per-
centage of individuals with and without HL. were classi-
fied as being at high risk of osteoporotic fracture (22.7%
and 20.0%, respectively) and had experienced at least one
osteoporotic fracture (17.3% and 15.7%), most commonly
wrist fractures (4.5% and 5.0%). Similar percentages were
also observed between the two groups for non-OP fractures
(8.5% vs. 7.7%), family history of OP (0.5% vs. 0.4%) and
difficulty walking (2.2% vs. 1.4%). However, individuals
with HL. were more likely to have a history of falls (14.1%
vs. 10.6%) (Table 1).

HL and MOF

MOF during follow-up are summarised in Table 2. Individu-
als with HL had longer mean follow-up (5.1 vs. 4.4 years)
and were more likely to experience MOF (incidence, 10.2%
vs. 7.3%) than individuals without HL (data for MOF are
summarised in Supplementary Table S3).

The incidence rate (95% CI) of MOF was 20.1 (19.86,
20.36) per 1000 person-years in the HL cohort vs. 16.6
(16.44, 16.72) in the non-HL cohort; hip fracture, 5.32 (5.19,
5.45) per 1000 person-years in the HL cohort vs. 4.54 (4.47,
4.61) in the non-HL cohort.

Cox proportional hazards ratios, clustered by matched set
(containing data for age, sex and general practice) and strati-
fied by high fracture risk (yes/no) estimated an 18% increased
risk of MOF in the HL cohort vs. non HL cohort (HR [95%
CI] 1.18 [1.16, 1.20]), falling to 10% when further adjusted
by lifestyle, morbidities and medications (1.10 [1.08, 1.12]).
This increased risk was observed across all fracture types (all
p values <0.001), with the greatest increase observed for spine

Table 2 Incidence rate of MOF during follow-up in individuals with
and without HL

HL No HL
N=237,297 N=829, 431

Incidence rate (95% CI)
per 1000 person-years

20.11 (19.86,20.36) 16.58 (16.44, 16.72)

Diagnosis of osteoporosis 15,357 (6.5) 42,033 (5.1)
Use of bisphosphonates 15,896 (6.7) 42,952 (5.2)
Previous osteoporotic fracture 40,972 (17.3) 130,332 (15.7)
Femur 767 (0.3) 2704 (0.3)
Hip 3972 (1.7) 13,985 (1.7)
Pelvic 773 (0.3) 2237 (0.3)
Shoulder 914 (0.4) 3040 (0.4)
Spine 1861 (0.8) 5244 (0.6)
Tibia 1919 (0.8) 6629 (0.8)
Wrist 10,691 (4.5) 33,399 (4.0)
Other 20,075 (8.5) 63,094 (7.6)
Previous non-osteoporotic fractures, 20,113 (8.5) 64,038 (7.7)
n (%)
Family history of osteoporosis, n 1184 (0.5) 3345 (0.4)
(%)
History of falls, n (%) 33,443 (14.1) 88,296 (10.6)
Difficulty walking, n (%) 5155 (2.2) 11,908 (1.4)

Hip 5.32(5.19, 5.45) 4.54 (4.47,4.61)
Pelvic 0.78 (0.73, 0.83) 0.60 (0.58, 0.63)
Shoulder 0.81 (0.76, 0.86) 0.68 (0.66, 0.71)
Spine 1.92 (1.84, 2.00) 1.40 (1.37, 1.44)
Wrist 3.58 (3.47, 3.68) 2.97 (2,91, 3.03)
Other 7.71(7.55,7.87) 6.38 (6.29, 6.46)

HL hearing loss, OP osteoporosis, Q quartile, SD standard deviation
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fractures (1.17 [1.11, 1.23]), followed by pelvic (1.11 [1.03,
1.20]), wrist (1.11 [1.07, 1.15]) and shoulder (1.09 [1.01,
1.17]), and the smallest increase observed for hip fracture
(1.08 [1.05, 1.11]).

Risk factors associated with 1- and 10-year fracture
risk (HL cohort)

The multivariate regression analysis of the HL cohort is sum-
marised in Fig. 2 (1-year risk). Significant 1-year risk factors
for both hip and MOF were age > 70 years (vs. age < 70), with
the largest increase in risk observed in individuals > 89 years
(OR [95% CI]: hip, 13.28 [9.81, 17.09]; MOF, 2.85 [2.51,
3.25]), with history of fractures and falls (OR: hip, 1.51-6.68;
MOF, 1.31-3.42), and dementia (OR [95% CI]: hip, 1.75
[1.40, 2.18]; MOF, 1.21 [1.04, 1.41]). Additional 1-year risk
factors for hip fracture included cardiovascular disease (1.22
[1.06, 1.40], chronic pulmonary obstructive disease (1.26
[1.02, 1.56]) and rheumatoid arthritis (1.70 [1.27, 2.26])
(Fig. 2a). Additional 1-year risk factors for MOF included
Parkinson’s disease (1.58 [1.24, 2.01]), epilepsy (1.42 [1.17,
1.74]), severe frailty (1.27 [1.02, 2.57]) and Charlson comor-
bidity score (1.16 [1.04, 1.29]) (Fig. 2b) (Supplementary
Tables S4 and S5).

In general, 10-year risk factors for fractures were similar to
1-year risk factors, with the addition of blind loop syndrome:
OR [95% CI], 4.05 [0.52, 31.62] and 3.42 [1.07, 10.98] for
hip fracture and MOF, respectively, although the former was
not statistically significant (Supplementary Tables S4 and S5).

Fracture risk factors (HL cohort)

Lasso regression models identified age, previous fractures, and
OP as significant predictors of both hip- and MOF at 1-year.
Overall, individuals aged > 70 years showed a higher risk for
hip fractures in the logistic regression model compared with
those aged 60—69 years (Table 3 and Supplementary Table S6).

Good model discrimination and calibration was achieved:
area under the curve (AUC), 0.811 (95% CI: 0.772, 0.850)
and 0.733 (95% CI: 0.710, 0.755) (Supplementary Fig. S1)
and calibration slope of 0.98 and 1.02 for the 1-year hip-
and MOF models, respectively. AUC was reduced for the
10-year models.

For 10-year risk prediction, model performance of the
time-to-event models was evaluated using concordance and
brier score, with values of 0.736 and 0.133, respectively.

Discussion

HL is a global health issue, especially among older indi-
viduals, and has been associated with an increased risk of
falls and poor health in this population [4, 7, 21]. Our UK

population-based study assessed the association between HL
and MOF in individuals aged > 60 years, and found individu-
als with HL to be at increased risk of hip-fracture and MOF
compared with individuals without HL (i.e. normal hearing).
In addition, we identified risk factors for 1- and 10-year hip-
and MOF in this population, with age being a key risk factor.
Over a median follow-up of 4.2 and 3.2 years in individuals
with versus without HL, incidence rates of hip and MOF
were 5.32 vs. 4.45 and 20.11 vs. 16.58 per 1000 person-
years, respectively. Moreover, when adjusted for lifestyle,
comorbidities and medications, individuals with HL had
a statistically significant 10% increase in the risk of MOF
compared with individuals without HL. Spine fractures were
associated with the highest increase in risk (17%) and hip
fractures associated with the lowest increase in risk (8%).
Previous studies have also reported an association between
HL and increased fracture risk. For example, compared with
controls, Kim et al. reported higher risk of spine- (HR: 1.32)
and hip (HR: 1.70) fractures in individuals aged > 60 years.
While this increase in risk is larger than observed in the
current study, only patients with severe or profound hearing
impairment were included in the study by Kim et al. [35].

We also assessed risk factors for 1- and 10-years hip frac-
ture and MOF among individuals with HL, identifying frac-
tures 6—12 months prior to HL diagnosis, history of OP and
age > 70 years old to be key risk factors. Our data align with
prior studies reporting incidence of hip and other fracture
types, including spine, wrist and distal femur, increases with
age [36]. Thus, clinicians should be aware of these associa-
tions, encourage patients to check their hearing status and, if
necessary, refer patients to other specialties for appropriate
care. These results also suggest that interventions aimed at
reducing the prevalence of aforementioned risk factors may
help mitigate the risk of hip- and MOF.

The risk factors identified in our study were combined
into prediction models for hip- and MOF showing that
age, previous history of fractures, and OP were significant
predictors. Furthermore, survival analysis indicated these
models had comparable performance to existing tools, such
as QFracture™ (AUC of 0.811 and 0.733 for the 1-year
hip- and MOF models, respectively), while utilizing fewer
variables and routinely available measurements. While we
identified frailty and Charlson comorbidity score as risk fac-
tors for MOF, these variables are not currently included in
tools such as QFracture™. Hence, our findings suggest that
the identified factors and presented prediction models should
be included in fracture risk assessment tools.

Our study has some limitations. Risk factors and out-
comes of interest could have been misclassified in patient
records, causing information bias. In addition, the data
source used for the study is highly representative of the
wider UK population. Therefore, the study population
may be similar to the target HL population, limiting the
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representativity from the entire population to this subpopu-  [21], hearing aids may modulate the risk of falls in patients
lation. We cannot rule out the possibility that the increased with HL; therefore, as our dataset did not include informa-
risk observed between HL and fracture risk might be dueto  tion on hearing aid use, the effect of HL on fracture risk
individual’s age or frailty. Moreover, as suggested previously =~ may be underestimated in our HL cohort. Despite these
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Table 3 Logistic regression model estimates for 1-year hip and MOF
risk in patients with HL

Hip fracture MOF

OR pvalue OR pvalue
Age> 89 years 2.63 <0.0001 1.06 <0.0001
Age 80-89 years 2.08 <0.00010.75 <0.0001
Age 70-79 years 1.09 <0.0001 0.25 <0.0001
Femur fracture in prior 12 months 0.77 0.03 0.29 0.2
Hip fracture in prior 12 months 0.44 0.003 0.52 <0.0001
Osteoporosis 0.29 0.0009 041 <0.0001

MOF major osteoporotic fracture, OR odds ratio

limitations, our HL and non-HL cohorts exceeded the
minimum recommended sample size of patients per group
indicating our study is robust and representative of the UK
population with HL. Furthermore, when assessing the asso-
ciation of HL and fractures risk, confounding was addressed
by matching each individual in the HL cohort with up to
five individuals without HL. by year of birth, sex, General
Practice, and index date, and adjusting the association with
other risk factors.

Conclusion

Our population-based matched cohort study found indi-
viduals with HL to be at increased risk of hip- and MOF
compared with individuals without HL. Among individuals
with HL, prior fracture and OP, older age (>70 years), and
medical conditions including Parkinson’s disease, dementia
and cardiovascular disease were identified as risk factors
for fractures. In addition, we developed a model to predict
fracture risk in this population.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11657-024-01484-2.
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