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Abstract

Background: Hearing loss (HL) is a significant public health concern globally and is estimated to affect over nine
million people in England. The aim of this research was to explore the regional patterns and trends of HL in a
representative longitudinal prospective cohort study of the English population aged 50 and over.

Methods: We used the full dataset (74,699 person-years) of self-reported hearing data from all eight Waves of the
English Longitudinal Study of Ageing (ELSA) (2002-2017). We examined the geographical identifiers of the participants
at the Government Office Region (GOR) level and the geographically based Index of Multiple Deprivation (IMD). The
primary outcome measure was self-reported HL; it consisted of a merged category of people who rated their hearing
as fair or poor on a five-point Likert scale (excellent, very good, good, fair or poor) or responded positively when asked
whether they find it difficult to follow a conversation if there is background noise (e.g. noise from a TV, a radio or
children playing).

Results: A marked elevation in HL prevalence (10.2%) independent of the age of the participants was observed in
England in 2002-2017. The mean HL prevalence increased from 38.50 (95%CI 37.37-39.14) in Wave 1 to 4866 (95%Cl
47.11-49.54) in Wave 8. We identified three critical patterns of findings concerning regional trends: the highest HL
prevalence among samples with equal means of age was observed in GORs with the highest prevalence of
participants in the most deprived (IMD) quintile, in routine or manual occupations and misusing alcohol. The adjusted
HL predictions at the means (APMs) showed marked regional variability and hearing health inequalities between
Northern and Southern England that were previously unknown.

Conclusions: A sociospatial approach is crucial for planning sustainable models of hearing care based on actual needs
and reducing hearing health inequalities. The Clinical Commissioning Groups (CCGs) currently responsible for the NHS
audiology services in England should not consider HL an inevitable accompaniment of older age; instead, they should
incorporate socio-economic factors and modifiable lifestyle behaviours for HL within their spatial patterning in England.
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Background

Hearing loss (HL) is a significant public health concern
that costs the UK economy £25 billion a year in prod-
uctivity and unemployment [1], an amount that equates
to one-fifth of the total annual health spending in Eng-
land in 2018/19 [2]. HL affects over nine million people
in England, and it is estimated that, by 2035, the number
of people with HL will rise to around 13 million. The
above estimates, along with the local hearing needs in
England, are calculated by population projections based
on the study of Davis [3], who collected and analysed
audiological data in the 1980s. This study remains the
primary source of local estimates of HL prevalence [4];
recently, these estimates have also been visualised in the
form of a hearing map, offering a rough guide to the
prevalence of HL among adults across the UK [5].

Despite its importance to the history of hearing care in
the UK, Davis’s study had some significant limitations.
First, the English samples were solely derived from the cit-
ies of Nottingham and Southampton, which are very un-
likely to be representative of the whole population of
England [3]. The role of place in health is well-established
[6, 7], and research has shown that it affects health out-
comes [6]. Second, scientific thinking in HL research was
formed in previous decades around the concepts of older
age and the male sex being the main leading causes of HL
in adults, with little or no consideration for modifiable risk
factors for hearing acuity. However, recent findings have
suggested that socio-economic factors and modifiable life-
style behaviours are associated with the likelihood of HL
as firmly as well-established demographic factors such as
age and sex [8]. Thus, the study of Davis did not consider
in its estimations the effects of place and socio-economic
factors such as high occupational noise exposure from
manual occupations [9] and differences in regions with
strong and weak manufacturing industries [10].

The Clinical Commissioning Groups (CCGs) are cur-
rently responsible for the NHS audiology services in
England, including the provision of hearing aids [11].
However, the lack of robust hearing data makes it diffi-
cult to plan efficient, effective and sustainable models of
hearing care based on patient needs [10]. Exploratory
spatial data analysis of hearing data from a representa-
tive population sample in England would reveal regional
patterns and trends of HL, shedding light on potential
socio-economic inequalities in hearing health. This up-
dated analysis of HL prevalence could inform the health
policy strategies of the NHS England and Department of
Health, particularly in respect of the new governmental
programme, ‘Action Plan on Hearing Loss’ [1].

The aim of this study was, therefore, to explore re-
gional patterns and trends of HL in a representative lon-
gitudinal prospective cohort study of the English
population aged 50 and over.
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Methods

Study population

The study utilised data from the English Longitudinal
Study of Ageing (ELSA). The ELSA is a longitudinal pro-
spective cohort study that collects multidisciplinary data
from a nationally representative sample of community-
dwelling middle-aged and older (aged 50 and above)
adults in England [12]. The study started in 2002 and is
collecting responses every 2 years on participants’ health,
social, wellbeing and economic circumstances. The
current sample contains data from eight Waves, covering
the period 2002-2017 [13]. As the ELSA follows a longi-
tudinal design, the sample is comprised of a sequence of
observations on the same individuals across Waves and
the refreshment samples (Cohorts 3, 4, 6 and 7) [13].
Proxy interviews were carried out in case an ELSA panel
member refused to further participate [14]. In our ana-
lyses, we used the full dataset (74,699 person-years) of
self-reported hearing data from all eight Waves of the
ELSA.

The ELSA follows the sampling strategy of the Health
Survey for England (HSE), which ensures that every ad-
dress on the small users’ Postcode Address File (PAF) in
England has an equal chance of inclusion. Field house-
hold contact rates of over 96% were achieved. The study
excluded cases not belonging to the target population
through ‘terminating events’, such as deaths, institutional
moves and moves out of England since taking part in
the HSE [15].

Outcomes

Hearing acuity

Self-rated hearing data was collected from participants
across all Waves. According to the study’s documenta-
tion, self-reported HL was defined as declarations of fair
or poor hearing on a five-point Likert scale (excellent, very
good, good, fair or poor) or ‘Yes’ responses to the question
concerning whether or not the participants find it difficult
to follow a conversation if there is background noise (e.g.
noise from a TV, a radio or children playing) [13, 16].

Geographical variables

The geographically related information of the ELSA
dataset was in the form of identifiers such as the Gov-
ernment Office Region (GOR) [17], and indices that are
used as measure of poverty of different geographical
areas, such as the Index of Multiple Deprivation (IMD).
The geographical variables were provided to the first au-
thor under a Special License and Secure Access agree-
ment (UK Data Service Project Number: 121175).

Each respondent’s geography is determined by their
residence postcode at the time of the survey interview
date. Different versions of the IMD were provided for
the eight Waves of the ELSA: IMD 2004 [18] for Waves
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1-3, IMD 2007 [19] for Wave 4, IMD 2010 [20] for
Waves 5—7 and IMD 2015 [21] for Wave 8. The IMD
was provided in quintiles (the first quintile being the
least deprived, the fifth being the most deprived).

The nine GORs represent the highest tier of sub-national
division in England (North East, North West, Yorkshire
and the Humber, East Midlands, West Midlands, East of
England, London, South East, South West).

Covariates

For covariates, we examined non-modifiable factors (age,
sex), partly modifiable indicators of socio-economic pos-
ition (SEP) (education, occupation, income, wealth) and
alcohol consumption as a fully modifiable lifestyle risk fac-
tor for HL. Age was assessed both as a discrete (as only
certain values could be taken) and categorical variable in
three groups (50-64, 65-74, 75-89). We used this cat-
egorisation to allow for a comparison with Benova et al.
[22], who examined the association of SEP with self-
reported hearing difficulties in Wave 2 of the ELSA.

We considered five categories regarding highest educa-
tional attainment: no qualifications, foreign or other, O
level Certificate of Secondary Education, A level (Level 3
Qualification of the National Qualifications Framework)
and a degree or higher education.

Tertiles of self-reported occupation were based on the
National Statistics Socio-economic Classification (NS-
SEC): routine and manual occupations; intermediate;
managerial and professional. The relative financial pos-
ition of the participants was captured by quintiles of net
household income (the first quintile being the lowest,
the fifth being the highest). Wealth was examined in
quintiles of the net total non-pension wealth reported at
the household unit level (the first quintile being the
highest, the fifth being the lowest).

Alcohol consumption was selected as the only lifestyle
factor that was consistently recorded in all Waves. We
constructed a continuous variable to represent the sum
of units of alcohol that each participant consumed dur-
ing the last 7 days. This variable was dichotomised into
those that consumed more than 14 units of alcohol in
the last 7 days and those that did not, using the Chief
Medical Officer’s Drinking Guidelines [23].

Data analysis

Categorical variables are presented as absolute (n) and
relative (%) frequencies, while continuous variables are
presented through their mean and standard deviation.
We used the full dataset from the eight Waves (74,699
person-years) to strengthen the argument that there is a
correlation between spatial variables and HL over time.
A small number of cases (one in Wave 0 and eight in
Wave 2) in the geographical identifiers had missing
values because the address was located within Wales
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(which uses its own deprivation index). Due to the low
proportion of missingness in the variables, records with
missing data were excluded from analyses (3.2% of all re-
cords in listwise deletion). We used Bartlett’s test for
homogeneity of variances to test that age variances were
equal for all samples. Following this, we applied one-way
analysis of variance (ANOVA) to compare the means of
age among GOR samples in all Waves. We also com-
puted adjusted predictions at the means (APMs) and the
marginal effects at the means (MEMs) [24] for the HL
prevalence in each Wave of the ELSA, with age, sex,
education, occupation, income, wealth, IMD and alcohol
consumption as the factor variables.

We used local spatial analysis statistical tools for ana-
lysing spatial distributions, patterns, processes and rela-
tionships in the geographical data. We used the Spatial
Join tool to aggregate the number of cases of self-
reported HL to total responses of hearing acuity in each
polygon (GOR) in order to visualise the prevalence rates
of HL per GOR. We used the Natural Breaks (Jenks)
classification to optimise the arrangement of the sets of
HL values into ‘natural’ classes, a method also known as
the goodness of variance fit (GVF). Furthermore, we
used the Hot Spot Analysis (Getis-Ord Gi*) as a map-
ping cluster tool to identify the locations of statistically
significant Hot Spots and Cold Spots. The Getis-Ord Gi*
is an inferential statistic for the conceptualisation of
spatial relationships, used when one is looking for unex-
pected spatial spikes of high values. In essence, this tool
works by looking at each feature within the context of
neighbouring features and assessing whether high or low
values cluster spatially. Due to the small scale of the ana-
lysis, we chose this local spatial statistic tool so that the
value of each feature could be included in its own ana-
lysis, along with the neighbouring features.

The Getis-Ord local statistic is given as:

Wi = XD Wi

Tt~ (pm) |

n-1

G =

L

Here, «x; is the attribute value for feature j, w; ; is the
spatial weight between feature i and j, # is equal to the
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The G statistic is a z-score, so no further calculations
are required.

The spatial relationship was defined according to the
‘Contiguity Edges Corners’, a method that was selected
in order to allow all neighbouring polygon features that
share a boundary or node to influence the target polygon
feature’s computations. Confidence levels of 90, 95 and
99% were considered in the calculations of Getis-Ord
Gi* Data were analysed using Stata version 14 [25] and
ESRI ArcGIS Desktop 10.7.1 [26].

Results

The results of one-way ANOVA indicated that the null
hypothesis was not rejected in Waves 2, 6, 7 and 8 (as
p >0.05), which means that there is sufficient evidence
to conclude that the means of age among GORs’ sam-
ples were equal [27]. In addition, the means of age
across Waves were significantly equal for all samples
(p =0.996). Using Bartlett’s test, we found that the vari-
ances of the means of age among GORs were equal in
Waves 3, 5, 6, 7 and 8 and across all Waves. A table pre-
senting the one-way ANOVA test results — including
sums of squares, mean squares, degrees of freedom and
the F-values and p-values of means of age across the
nine GORs in eight Waves of the ELSA - is provided in
Additional File 1.

Table 1 shows the participants’ non-modifiable demo-
graphic factors and HL prevalence in England in eight
Waves of the ELSA. We observed considerable variation
in the prevalence rate of HL among GORs (normalised
per GOR population), which reached 12.3%. In Wave 5,
the prevalence of HL was 39.55 in the South East
(95%CI 37.12-42.04) versus 51.85 in the North East
(95%CI 47.66—56.02).

Table 2 shows participants’ socio-economic and life-
style factors and HL prevalence in England in eight
Waves of the ELSA. In Waves 2-8, the highest preva-
lence of HL was reported in the GORs that had the
highest prevalence of participants belonging to the most
deprived quintiles (fifth) according to the IMD. Com-
pared to other GORs, the North East had the highest HL
prevalence consistently in all Waves, along with the
highest percentage of participants in the most deprived
IMD quintile. The rates reached the highest in Wave 7
(2015-2017), with 50.12% of the participants self-
reporting HL (95%CI 45.26—54.98) and 39.12% for those
residing in an area in the most deprived IMD quintile
(95%CI 36.62—41.67).

Moreover, the highest prevalence of HL was reported
in the GORs with the highest prevalence of participants
belonging in the group of routine or manual occupa-
tions. In Waves 1-5, participants from the North East
had both the highest rates of routine or manual
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occupations and the highest prevalence rates of HL
among all GORs.

Finally, we observed an increasing trend over time in
total alcohol misuse (alcohol consumption above the
low-risk level guidelines) in all Waves; the prevalence of
alcohol misuse increased in 2002-2017, going from an
average of 10.17% in Wave 1 to 33.98% in Wave 8. The
South West had one of the highest prevalence rates of
alcohol misuse, in parallel with one of the highest preva-
lence rates of self-reported HL. It is worth mentioning
that their sample was of a higher SEP in all Waves (with
respect to education, occupation, income, wealth and
IMD).

Figure 1 illustrates the prevalence of HL in each GOR
across the eight Waves of the ELSA. There was an in-
creasing trend over time in the HL prevalence for all five
classes. In samples of significantly equal means of age
between GORs, the mean HL prevalence increased from
38.50 (95%CI 37.37-39.14) in Wave 1 to 48.66 (95%CI
47.11-49.54) in Wave 8.

Figure 2 depicts the Hot Spot and Cold Spot analyses
in England, based on the Getis-Ord Gi* statistic; the ana-
lyses identified statistically significant spatial clusters of
high values (Hot Spots) and low values (Cold Spots) in
all Waves of the ELSA. We observed some statistically
significant spatial clusters of HL prevalence covering
specific GORs in England as all Hot and Cold Spots
were found in the northern and southern parts of Eng-
land, respectively. In essence, we observed spatial clus-
tering of high (Hot) or low (Cold) values that were more
pronounced than one would expect in a random distri-
bution of these same values. In Waves 1-6, the z-score
value in the North East GOR was positive, which means
that the spatial distribution of high values in this part of
England was more spatially clustered than would be ex-
pected if the underlying spatial processes were truly ran-
dom. On the other hand, during the same period the z-
score value in the South East GOR was negative, which
means that the spatial distribution of low values in the
dataset was more spatially clustered than would be ex-
pected if the underlying spatial processes were truly
random.

Figure 3. shows the predicted probabilities of HL preva-
lence in each region and Wave of the ELSA, holding all
other variables in the model at their means. The results
tell us that if we had two otherwise-average individuals in
each Wave, the probability of them having HL would vary
significantly among regions. For example, in Wave 1, one’s
probability of having HL in Yorkshire and the Humber
would be 10.2% higher than it would be for an otherwise-
comparable participant in London (Yorkshire and the
Humber APM =.437, London APM =.335, MEM =
437-.335=.102) (please also see Additional File 1). The
predicted probability of having HL demonstrated an
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Special Licence Data: UK Data Service Project Number 121175
Projection system: British National Grid
Classification Method: Natural Breaks (Jenks)

Digital vector boundaries for Regions in England, as at December 2019 (Source: Office for National Statistics)
Geographical data from the English Longitudinal Study of Ageing (ELSA): Waves 1-8, 2002-2017

Fig. 1 Map of England by Government Office Regions, showing prevalence rates of self-reported hearing loss in eight Waves of the English
Longitudinal Study of Ageing (ELSA). This work by Dialechti Tsimpida is licensed under a Creative Commons Attribution 4.0 International License.

400 Miles

increasing trend over time in all regions. The maximum
increase of predicted HL probability among older adults
of significantly equal age in the 15-year period was in the
South West, which had a 45% increase (Wave 1:37.3
[34.4-40.2], Wave 8: 54.1 [48.9-59.2]).

Discussion

Summary of main findings

In this study, we examined the regional patterns and
trends of HL prevalence in England in the ELSA over
15 years (2002-2017). We found that among samples
with equal means of age, there was a 15-year increasing
trend in HL prevalence in all five classes. The mean HL
prevalence increased from 38.50 (95%CI 37.37-39.14) in
Wave 1 to 48.66 (95%CI 47.11-49.54) in Wave 8. We
identified three critical patterns of findings concerning
regional trends: the highest HL prevalence among sam-
ples with equal means of age was observed in GORs with
the highest prevalence of participants (a) in the most

deprived (IMD) quintile (fifth), (b) in routine or manual
occupations and (c) that misused alcohol, irrespective of
SEP. The APMs for HL showed marked regional vari-
ability and evidence of a North—South divide.

Comparison with previous literature

Previous research has utilised geographical indices repre-
senting social and material disadvantages for identifying
health inequalities [7]. Our study provided evidence for
the existence of sociospatial inequalities in HL, adding
to our previous work that challenged the existing con-
ceptualisation of HL as an inevitable accompaniment of
growing old [8]. Globally, there is a dramatic increase in
HL cases, going from 42 million people in 1985 to about
360 million in 2011 and over 466 million in 2019 [28].
Our study presented a similar increase pattern but also
showed that the increase in HL prevalence is not related
to the ageing of the population, as widely believed [29,
30], but could potentially be due to social and lifestyle
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Digital vector boundaries for Regions in England, as at December 2019 (Source: Office for National Statistics)
Geographical data from the English Longitudinal Study of Ageing (ELSA): Waves 1-8, 2002-2017
Special Licence Data: UK Data Service Project Number 121175

Projection system: British National Grid

Spatial Relationships of features: Contiguity edges corners

Fig. 2 Map of England by Government Office Regions showing the spatial clusters of hearing loss prevalence according to Hot Spot and Cold
Spot analyses ° using the Getis-Ord Gi* statistic in eight Waves of the English Longitudinal Study of Ageing (ELSA). ¢ The Hot Spots and Cold
Spots indicate unexpected spatial spikes of high or low values, respectively, showing that the distribution of these values in the dataset is more
spatially clustered than would be expected if underlying spatial processes were truly random. This work by Dialechti Tsimpida is licensed under a
Creative Commons Attribution 4.0 International License.

changes in the population [31]. Supporting our assump-
tion, a previous study found a decline in HL prevalence
among US adults aged 20-69 from the 2011-2012 cycle
of the US National Health and Nutrition Examination
Survey when compared to participants from the previous
decade [32]. The explanation given by the authors for
the declining prevalence was a reduction in exposure to
occupational noise and the beneficial lifestyle changes of
the participants, though that population study is not
comparable to the ELSA cohort.

In our study, a North-South divide was revealed in
hearing health inequalities that was previously unknown.
The North-South gap is not surprising, as there is a sig-
nificant history of socio-economic and health disparities
between Northern and Southern England [33, 34]. The
higher rates of unemployment and no qualifications in
the North than in the South are in line with previous

research in England [35]. We also found that alcohol
misuse was high in areas with a high prevalence of HL,
such as the South West, which over time developed one
of the highest prevalence rates of alcohol misuse despite
its higher socio-economic status compared to other
GORs. This finding supports a previous study on the
ELSA that found that alcohol intake above the low-risk-
level guidelines [23] was significantly associated with HL
among older adults in England, along with socio-
economic factors [8]. However, the findings from this
study indicate that the relationship between SEP and
drinking habits is rather complicated; the last statistical
release on adult drinking habits in Great Britain showed
that those in managerial and professional occupations
drink alcohol in higher proportions compared to those
in routine and manual occupations. In addition, similarly
to our study, it was found that the South East GOR,


http://creativecommons.org/licenses/by/4.0/

Tsimpida et al. BMC Geriatrics (2020) 20:536

Page 11 of 14

53.0

== North East

52.0

B 510
g 50.0

=
§ 49.0

—#—North West

3
& 48.0

== Yorkshire and The Humber

T 470
2

S 46.0
a

== East Midlands

@ 45.0

S 410
S 44,

x 430
O 420
8 410 |
oy

== West Midlands

=@-East of England

Z 400
o
$ 390

¢ 38.0

London

-]
£ 37.0

8
£ 360

South East

2
4 35.0

3
£ 340

South West

33.0

32.0 T T T T
Wave 1 Wave 2 Wave 3 Wave 4 Wave 5
ELSA Wave (2-year period)

each ELSA Wave.

Fig. 3 Predicted probabilities and 95% Confidence Intervals of hearing loss (HL) prevalence at Regions of England in eight Waves of the English
Longitudinal Study of Ageing (ELSA) * b 2 The x-axis refers to ELSA Wave (Wave 1: 2002-3, Wave 2: 2004-5, Wave 3: 2006-7, Wave 4: 2008-9,
Wave 5:2010-11, Wave 6: 2012-13, Wave 7: 2014-15, Wave 8: 2016-17), and the y-axis refers to prevalence rates of HL per GOR in the specified
2-year period. “The factor variables (age, sex, education, occupation, income, wealth, IMD and alcohol consumption) were hold at their means for

Wave 6 Wave 7 Wave 8

when compared to other GORs in England, had a higher
proportion of adults drinking alcohol the week before
the interview [36].

Strengths and limitations

This is the first study to investigate the geographical pat-
terns and trends of HL in a representative cohort of
older adults and among adults in general. The findings
provide evidence that HL has increased over time, but
the increasing trend in HL prevalence is not age-related,
as widely believed. We found wide variation in HL
prevalence in representative samples from different re-
gions in England that had similar age profiles, and the
increase rate of HL ranged from 3.2 to 45%. Thus, the
strengths of this study are that HL is highlighted as an
increasingly important public health problem in England
and a spatial dimension is added to the evidence for the
association of socio-economic and lifestyle determinants
of HL among samples of older adults.

However, there are also important limitations. First,
the unit of our analyses (in GORs) had a low geographic
resolution, which introduces uncertainty in the observed
relations and may fail to reveal geographic details that
we could notice with smaller geographic units. More-
over, it was not possible to perform geographically
weighted regression analyses; a minimum of 30 input
features is required (instead of nine GORs) to explore
the relationships between the areas’ socio-economic
characteristics and HL prevalence. Furthermore, the
ELSA’s size is regarded as too small to conduct

geographic analysis on a larger scale, as numerous par-
ticipants would be required in each unit.

Future research should build on this analysis using
small area statistics (such as Lower Layer Super Output
Areas) and investigate more localised patterns and deter-
minants of place-to-place HL differences in England
[35]. Such research would help to quantify potential
‘area effects’ on hearing health outcomes, allowing for
generalisable results of spatial associations with HL
rates. Moreover, the research could help to separate the
role of proxies of areas (such as area deprivation) to
individual-level determinants of HL (such as lifestyle be-
havioural choices), as individual choices are rooted in
the broader social and economic structural contexts
[31].

We were aware that the self-reported measures of HL
in the ELSA might underestimate the real HL outcomes;
for this reason, we conducted additional work to exam-
ine the validity of self-reported data through compari-
sons with the findings of objective HL measures
available only in Wave 7 of the ELSA. We found that
the self-reported measures correctly classified seven in
every ten people with objectively assessed HL [16]. How-
ever, for the scope of our analyses, we assumed the avail-
able hearing measure as a suitable indicator of HL.

Another limitation is that the ELSA concentrates on
individuals living in private households, so individuals
living in institutions (e.g. residential and nursing homes)
are not included in the samples [15]. Furthermore, ELSA
does not capture the type of HL; future analyses examin-
ing types of HL would add important value.
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Finally, the domains of IMD are not provided with the
ELSA geography file, thereby not allowing further ex-
ploration. There was a small number of respondents
moving to a different area between Waves, which re-
sulted in an associated change in the IMD quintile [14].
However, a similar number of respondents experienced
an increase or a decline in their IMD quintile, and the
total numbers of movers did not exceed 1% for any
Wave [14]; thus, we concluded that this would be un-
likely to affect the validity of our findings.

Research and policy implications

According to the Global Burden of Disease Study, HL is
the third leading cause of years lived with disability in
England [37], and accurate prevalence estimates are
needed to inform the strategic planning of hearing
health policy and health services. To date, the prevalence
of HL estimates in the UK is still based on the Medical
Research Council National Hearing Study [3]. In
addition, the NHS England has recently published the
NHS Hearing Loss data tool [38], which provides esti-
mates of the number of people with HL between 2015
and 2035 in order to help organisations plan services on
local authority (LA) and CCG levels. However, according
to our study, the above tool is inappropriate for estimat-
ing the number of people with HL; this study showed
that in a representative cohort, there were important dif-
ferences across different regions in England, which con-
tradicts the Hearing in Adults study that did not find
differences across the only four British cities that it was
based on (Cardiff, Glasgow, Nottingham and Southamp-
ton) [3].

HL has affected a markedly larger proportion of the
UK population in 2002-2017. The high levels of spatial
clustering for hearing-related outcomes have significant
implications for the planning of health services, includ-
ing the availability of access to hearing aids. The high-
risk regions in England must be expansively recognised
based on their spatiotemporal HL profiles [39]. This
kind of spatial evidence could provide commissioners
with robust data based on actual needs, rather than in-
accurate estimates of HL prevalence. Such prior know-
ledge could potentially have altered the North
Staffordshire CCG’s decision in 2015 to end the routine
free provision of hearing aids for people with mild or
moderate HL in their area of duty [40], where according
to our analyses, the burden of HL is greatest. This study
revealed, therefore, the potential risks from the paucity
of robust epidemiological hearing data, which are needed
now as much as ever to increase understanding of the
impact of social, financial and personal health advan-
tages on HL across the life course [1].

The findings from the time-series analyses in this
manuscript might encourage HL preventive strategies,
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including interventions to promote ‘healthier lifestyles’
and targeted interventions in areas where there are high
levels of deprivation clustering. Future research should
also explore spatiotemporal diffusion patterns in the
ELSA’s international sister studies to acquire a global
perspective of socio-spatial inequalities in hearing
health.

Conclusions

We have identified elevated social and geographical pat-
terning of trends in HL; different levels of exposure to
socio-economic and lifestyle factors lead to geographical
hearing health variation among English populations of
significantly equal age. The socio-economic, lifestyle and
regional patterns and trends in HL support the argu-
ment that the increase of HL is not ‘age-related’, as
widely believed, and HL, therefore, might be a highly
preventable lifestyle-related condition.

These findings also point to the need for a stronger
health policy response. According to the inextricable link
of health and geography, the regional variation in hearing
health outcomes should be examined for health policy de-
cisions according to spatial needs. The audiological ser-
vices may need to be redesigned to take socio-economic
and lifestyle risk factors for HL into account in order to
prevent the further exacerbation of inequalities in regions
with spatial hearing health inequality.
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