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ORIGINAL ARTICLE

Forty years on: a new national study of hearing in England and implications for
global hearing health policy

Dialechti Tsimpidaa , Maria Panagiotib and Evangelos Kontopantelisa

aInstitute for Health Policy and Organisation (IHPO), Faculty of Biology, Medicine and Health, The University of Manchester, Manchester, UK;
bNIHR Greater Manchester Patient Safety Translational Research Centre, Faculty of Biology, Medicine and Health, The University of Manchester,
Manchester, UK

ABSTRACT
Objective: We aimed to update the prevalence estimates of hearing loss in older adults in England using
a nationally representative sample of adults aged 50 years old and older.
Design: A comparative cross-sectional study design was implemented. Hearing loss was defined as
�35dB HL at 3.0 kHz, as measured via Hearcheck in the better-hearing ear.
Study sample: We compared the estimates based on the English census in 2015 to estimates from psy-
choacoustic hearing data available for 8,263 participants in the English Longitudinal Study of Ageing
(ELSA) Wave 7 (2014–2015).
Results: Marked regional variability in hearing loss prevalence was revealed among participants with simi-
lar age profiles. The regional differences in hearing outcomes reached up to 13.53% in those belonging
to the 71–80 years old group; the prevalence of hearing loss was 49.22% in the North East of England
(95%CI 48.0–50.4), versus 35.69% in the South East (95%CI 34.8–36.50).
Conclusion: A socio-spatial approach in planning sustainable models of hearing care based on the actual
populations’ needs and not on age demographics might offer a viable opportunity for healthier lives.
Regular assessment of the extent and causality of the population’s different audiological needs within the
country is strongly supported.
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Introduction

Hearing loss (HL) is a significant public health issue; it is esti-
mated that it currently affects over eight million older adults in
England and costs the English economy over £25 billion a year
in productivity and unemployment (Hill et al. 2015). To date,
estimates of hearing loss prevalence in England are calculated
based on 2,578 individuals with complete audiograms analysed
in the Hearing in Adults (hereafter HiA) study by Davis, which
summarises findings from the collection of audiological data in
the 1980s (Barnett et al. 2012). The prevalence (%) per age group
from that study’s samples is multiplied by the number of adults
of similar age groups given by the Office for National Statistics
population data. These are the only available estimates to the
Clinical Commissioning Groups (CCGs) in England to determine
the local health needs and the provision of hearing aids to the
eligible population and are used to update the NHS hearing loss
data tool (NHS England 2019).

Until recently, far too little attention had been paid to
whether the current focus on age profiles alone is suitable for
estimating the number of adults with hearing loss (Tsimpida
et al. 2020). The risks from the paucity of robust epidemiological
hearing data in England have been discussed in a previous study,

which reported that the increasing trend in hearing loss preva-
lence is not related to the ageing of the population, as tradition-
ally believed, but potentially to social and lifestyle changes
(Tsimpida et al. 2020). Furthermore, ineffective policies of
rationing NHS hearing aids may deter appropriate referrals to
secondary healthcare in regions where the free provision of hear-
ing aids is being ceased (Tsimpida et al. 2020), leading to pre-
ventable health-care-associated harm to NHS patients (Cooper
et al. 2018). Therefore, a socio-spatial approach is crucial for
planning hearing care models based on the actual population’s
needs and reducing hearing health inequalities (Tsimpida et al.
2019, 2020).

The measurement of hearing loss prevalence is an essential
prerequisite for understanding population health. The import-
ance of the HiA study by Davis for the history of hearing care in
the UK is widely recognised (Akeroyd et al. 2019). However,
although the accuracy of hearing loss estimates has not been vali-
dated in almost four decades, they currently determine the local
hearing health needs in England.

The aim of our study was, therefore, two-fold: (a) to explore
regional patterns of psychoacoustic hearing health data in a
nationally representative sample of older adults in England, and
(b) to examine the validity of the existing prevalence estimates of
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hearing loss in England, which were solely derived from the cit-
ies of Nottingham and Southampton in the 1980s (Barnett
et al. 2012).

Materials and methods

Study population

We utilised data from the English Longitudinal Study of Ageing
(ELSA). The ELSA is a large, population-based, prospective
cohort study that collects data from a nationally representative
sample of people aged 50 and over who live in private house-
holds (Steptoe et al. 2013; Zaninotto and Steptoe 2019). The
study is funded by a consortium of UK government
Departments (Department for Health and Social Care;
Department for Transport; Department for Work and Pensions),
coordinated by the National Institute for Health Research
(NIHR), and the United States National Institute on Ageing.

The study is at the leading edge in both survey methodology
and content, as it uses the sampling frame of the Health Survey
for England (HSE). The sampling strategy in ELSA ensures that
a fixed number of addresses are systematically selected from each
postcode in England, and each household on the small users’
Postcode Address File (PAF) has an equal chance of inclusion.
Thus, that specific sampling method secures the best coverage, as
a tiny percentage of private households (less than 1% of all
households in England) does not have a chance of inclusion in
the study. Furthermore, additional calibration weighting is being
applied to adjust the initial household non-response weight,
ensuring that the final sample represents the population of inter-
est, defined as ‘adults of 50 years and over in England, living in
private households’ (Taylor et al. 2007).

The study started in 2002 and has an ongoing 2-year follow-
up longitudinal design and currently contains nine waves of data
collection. The data collection in Wave 7 (between June 2014
and May 2015) included a series of innovative measures. Among
them was a new psychoacoustic hearing acuity test that involved
a handheld screening device (HearcheckTM). A total of 8,529 par-
ticipants aged 50–89 years old, who did not have an ear infection
or a cochlear implant, gave consent to have their hearing acuity
psychoacoustically measured. Research nurses visited the homes
of the participants to take the measurements according to the
protocol. The final analytical sample in our study comprised
8,263 participants due to missing data regarding the region of
residence of 266 participants (missingness 0.03).

Outcomes

Psychoacoustically measured hearing acuity
The ELSA contains measures for both self-reported and psycho-
acoustically measured hearing acuity (Zaninotto and Steptoe
2019). In our study, we utilised the measures obtained from the
HearCheckTM Screener, which is a psychoacoustic hearing assess-
ment tool and tests for the audibility of pure tone beeps
(Siemens Audiologische Technik GmbH 2007). The ELSA
belongs in a family of Global Ageing Surveys modelled according
to the Health and Retirement Study (HRS) and are publicly
available in the ‘Gateway to Global Ageing’ (https://g2aging.org/)
to allow cross-national comparisons. The HearcheckTM Screener
was first used in the HRS in 2016, where hearing was also psy-
choacoustically tested using both the HearcheckTM Screener and
the self-reported questions. Following the same study protocol,

the ELSA (Wave 7) utilised the HearcheckTM device for the psy-
choacoustic measurement of hearing acuity (Davis et al. 2007).

The device automatically generates a series of six sounds,
which have decreasing intensity: the functional test sequence
begins with a fixed series of three mid-frequency sounds at
1.0 kHz (55 dB HL, 34 dB HL, and 20 dB HL), and afterwards,
another three pure high-frequency sounds at 3.0 kHz (75 dB HL,
55 dB HL, and 35 dB HL) are generated. Hearing loss is detected
according to the number of tones that the respondent cannot
hear for each sequence per ear. Prerequisites were for the device
to make proper contact with the tested ear; hearing aid(s),
glasses, earrings, and hair bands to be removed; and the room to
be quiet. Participants indicated when they heard each sound by
raising their finger.

Hearing loss was defined as hearing sounds greater than
35 dB HL at 3.0 kHz in the better hearing ear (tones heard or
not at 75 dB HL and 55 dB HL, but not heard at 35 dB HL). This
level of high-frequency hearing loss was the target value of a
Health Technology Assessment report into screening for hearing
loss in older adults and was considered the level at which inter-
vention with hearing aids is definitely beneficial (Davis et al.
2007). This definition has been previously used in the literature
for those assessed by the same device to indicate ‘moderate hear-
ing loss and worse’ (Scholes et al. 2018; Tsimpida et al. 2020).
Instead, the ‘normal hearing’ category was defined as having
heard all three tones of the hearing screening test at 3.0 kHz.

The accuracy of the HearCheckTM in detecting hearing loss
has been assessed in previous studies: in cases of moderate or
worse hearing loss, the device fulfils all the criteria of high sensi-
tivity, high specificity, and high positive predictive values to be
considered an accurate screening tool for hearing loss, without
the need for soundproof audiometry booths (Fellizar-Lopez
et al. 2011).

Data analysis

The hearing loss population estimates were calculated using data
from a) the HiA and b) the ELSA. First, we used prevalence data
of the 1,538 subjects aged 50 years old and above with complete
audiograms analysed in the HiA study. The digital reprint of the
HiA study is provided as Supplemental material in the article of
Akeroyd et al. (2019). Next, we multiplied the given estimates of
hearing loss (%) of �35 dB HL with each one of the CCGs’ pop-
ulations estimates, mid-2015, as provided by the Office for
National Statistics population data for England for the age
groups a) 51–50, b) 61–70, c) 71–80, and d) >80 years old.
Next, the prevalence of hearing loss �35 dB HL observed in
8,263 participants in ELSA Wave 7 (collected in 2014–15) was
calculated for the same age groups to generate comparable data.

We utilised the geographical information systems (GIS)
approach in public health (Wang 2020) to estimate the accuracy
of the existing hearing loss data and compare it with the ELSA
dataset. Spatial statistics is a distinct area of research; it focuses
on examining the distributions, attributes, and relationships of
features in spatial data to help gain a better understanding of the
data (Scott and Janikas 2010). Spatial statistics differentiate from
the traditional statistical theory by rejecting the idea of assumed
independence of observations. Instead, consider that space and
location influence the observations, assuming that nearby units
are somehow associated (Getis 1999; Fotheringham and
Rogerson 2013; Griffith 2020). The above can be summarised in
Tobler’s first law of geography, which argues that “Everything is
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related to everything else, but near things are more related than
distant things” (Tobler 1970).

The georeferenced dataset in ELSA had the form of identi-
fiers, such as the Government Office Region (GOR) (Getis and
Ord 1996), which represent the highest tier of sub-national div-
ision in England (North East, North West, Yorkshire and the
Humber, East Midlands, West Midlands, East of England,
London, South East, South West). We used the spatial join tool
to aggregate the number of psychoacoustically measured hearing
loss cases to the total responses in each GOR to visualise the
normalised prevalence rates of hearing loss per GOR.

Next, we executed the hot spot analysis tool applied the hot
spot analysis (Getis-Ord Gi�), This tool works by looking at each
feature within the context of neighbouring features and returns
z-scores and p-values that indicate where features with high or
low values cluster spatially (Tsimpida et al. 2020). To be a statis-
tically significant hot spot, a feature will have a high value and
be surrounded by other features with high values. Accordingly, a
cold spot will be statistically significant where there is a feature
with low value, surrounded by other features with low values.

The calculation of Getis-Ord Gi� considered confidence levels
of 90%, 95%, and 99%. For statistically significant positive z-
scores, the larger the z-score is, the more intense the clustering
of high values (hot spot). For statistically significant negative z-
scores, the smaller the z-score is, the more intense the clustering
of low values (cold spot) (Getis and Ord 1996). The definition of
the spatial relationship in the tool was the ‘Contiguity Edges
Corners’. This selection aimed to allow all neighbouring polygon
features that share a boundary or node to influence the target
polygon feature’s computations. Stata Software release 16.0

#2019 (StataCorp LLC, College Station, TX, USA) was used for
data analyses and ESRI ArcGIS Desktop 10.7.1 for spatial
analyses.

Results

Table 1 shows estimates of hearing loss prevalence in CCGs in
England based on data of 2,578 individuals with audiograms in
HiA, as shown in Davis (Barnett et al., 2012) and Akeroyd et al.
(2019). Of them, 1,538 were 50 years old and above.

Table 2 shows participants’ psychoacoustically measured hear-
ing acuity % (n¼ 8,263) in the better-hearing ear in the English
Longitudinal Study of Ageing (ELSA), Wave 7.

More detailed findings regarding the prevalence estimates of
hearing acuity in CCGs and regions of England are provided in
the Additional File (Supplementary Tables 1 & 2, and
Supplementary Figure 1), which is provided as an online supple-
ment. The hearing loss estimates are currently vastly underesti-
mated in most regions of England, particularly for the age
groups 51–60, 61–70, and 71–80. For example, the ELSA data
revealed that the total hearing loss prevalence in England for age
group 61–70 was 152,730 more cases than is currently estimated.
The 44,017 of these reside in North West, and 38,136 in
Yorkshire and The Humber.

Figure 1 depicts maps with the prevalence of psychoacousti-
cally identified hearing loss in ELSA Wave 7 compared to the
current estimates. Although the samples in ELSA had signifi-
cantly equal means of age among regions (Tsimpida et al. 2020),
we observed considerable variation in the prevalence rate of psy-
choacoustically measured hearing loss among different regions of
England (normalised per GOR population). The Somers’ D cor-
relation coefficient (Newson 2008) between hearing loss and age
in the ELSA dataset was 0.45 (95% CI 0.42–0.47), showing a
weak correlation between hearing loss and increase of age (Pett
2015). However, the difference in prevalence among regions
reached 13.53% in those belonging in the age group 71–80 years
old, where the prevalence was 49.22% in the North East (95%CI
48.0–50.4) versus 35.69% in the South East (95%CI 34.8–36.50).

Table 3 shows the regional differences (%) among the psycho-
acoustically measured hearing loss prevalence �35 dB HL in
the English Longitudinal Study of Ageing (ELSA) Wave 7
(n¼ 8,263), and the current estimates in the NHS hearing loss
data tool, based on Davis’s Hearing in Adults study (n¼ 1,538).
The participants residing in the northern part of the country had

Table 1. Estimates of hearing loss prevalence �35 dB HL in England based on
data from 2,578 individuals with complete audiograms in Hearing in Adults
studya.

Age
Prevalence of hearing loss (%)
of �35 dBHL in the better ear Total cases Table Ref

18–30 0.4 401 B5124-4 p.46
31–40 1.4 331 B5124-5 p.46
41–50 4.0 450 B5124-6 p.46
51–60 7.8 682 B5124-7 p.46
61–70 16.2 527 B5124-8 p.47
71–80 40.0 272 B5124-9 p.47
>80 80.9 57 Table 8.1 p.822
aThe National Study of Hearing did not formally consider the over-80 population
but estimates by Davis for the 57 subjects who were þ80 relied heavily on a
previous survey (Akeroyd et al. 2019).

Table 2. Participants’ psychoacoustically measured hearing acuity % (n¼ 8,263) in the better-hearing ear in English Longitudinal Study of Ageing (ELSA), Wave 7.

GORa

Age Age Age Age

Total51–60 61–70 71–80 80þ
�35 dB HL

at 3.0 kHz
Normal hearing �35 dB HL

at 3.0 kHz
Normal

hearing
�35 dB HL

at 3.0 kHz
Normal

hearing
�35 dB HL

at 3.0 kHz
Normal

hearing
�35 dB HL

at 3.0 kHz
Normal

hearing
North East 9 (5.73) 148 (94.27) 45 (24.59) 138 (75.41) 63 (49.22) 65 (50.78) 29 (64.44) 16 (35.56) 146 (28.46) 367 (71.54)
North West 28 (10.45) 240 (89.55) 82 (21.75) 295 (78.25) 104 (43.15) 137 (56.85) 52 (71.23) 21 (28.77) 266 (27.74) 693 (72.26)
Yorkshire and

The Humber
22 (9.78) 203 (90.22) 74 (22.63) 253 (77.37) 103 (45.98) 121 (54.02) 50 (67.57) 24 (32.43) 249 (29.29) 601 (70.71)

East Midlands 19 (8.88) 195 (91.12) 76 (20.82) 289 (79.18) 76 (37.25) 128 (62.75) 64 (71.91) 25 (28.09) 235 (26.95) 637 (73.05)
West Midlands 24 (8.48) 259 (91.52) 68 (21.12) 254 (78.88) 88 (38.77) 139 (61.23) 56 (65.12) 30 (34.88) 236 (25.71) 682 (74.29)
East of England 17 (6.44) 247 (93.56) 57 (13.80) 356 (86.20) 110 (37.67) 182 (62.33) 57 (70.37) 24 (29.63) 241 (22.95) 809 (77.05)
London 21 (10.14) 186 (89.86) 49 (17.95) 224 (82.05) 64 (37.43) 107 (62.57) 45 (71.43) 18 (28.57) 179 (25.07) 535 (74.93)
South East 23 (6.69) 321 (93.31) 78 (14.58) 457 (85.42) 131 (35.69) 236 (64.31) 78 (64.46) 43 (35.54) 310 (22.68) 1,057 (77.32)
South West 14 (6.25) 210 (93.75) 69 (17.78) 319 (82.22) 118 (43.07) 156 (56.93) 74 (75.51) 24 (24.49) 275 (27.95) 709 (72.05)
Total 178 (8.13) 2,012 (91.87) 604 (18.85) 2,600 (81.15) 861 (40.33) 1,274 (59.67) 509 (69.35) 225 (30.65) 2,152 (26.04) 6,111 (73.96
SDb 1.84 3.66 4.64 3.90 2.37

Values are expressed as column N (%) unless otherwise is indicated.
aGOR: Government Office Regions.
bStandard deviation.
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worse hearing outcomes at an earlier age, and the prevalence in
those regions is currently underestimated. The North-South div-
ide was distinct in age groups 61–70 and 71–80. However, we
found that the NHS hearing loss tool’s current data overestimates
the prevalence in those over 80 years old.

The spatial clusters of hearing loss prevalence according to the
hot spot and cold spot analyses using the Getis-Ord Gi� spatial stat-
istic are illustrated in Figure 2. The analyses revealed statistically sig-
nificant high values (hot spots) and low values (cold spots) of
hearing loss prevalence in age groups 61–70 and 71–80. The spatial

Figure 1. Map of England by Government Office Regions, showing prevalence rates of psychoacoustically identified hearing loss �35 dB HL in the seventh Wave of
the English Longitudinal Study of Ageing (ELSA). This work by Dialechti Tsimpida is licenced under a Creative Commons Attribution 4.0 International Licence.

Table 3. Regional differences (%) among the psychoacoustically measured prevalence of hearing loss �35 dBHL in the English Longitudinal Study of Ageing (ELSA)
Wave 7 (n¼ 8,263), and the current estimates in NHS Hearing Loss Data Tool based on Davis’s Hearing in Adults study (n¼ 1,538).

GORa

Age Age Age Age

51–60 61–70 71–80 80þ
%

underestimationb
%

overestimation
%

understimation
%

overestimation
%

understimation
%

overestimation
%

underestimation
%

overestimation

North East – 2.07 8.39 – 9.22 – – 16.46
North West 2.65 – 5.55 – 3.15 – – 9.67
Yorkshire and

The Humber
1.98 – 6.43 – 5.98 – – 13.33

East Midlands 1.08 – 4.62 – – 2.75 – 8.99
West Midlands 0.68 – 4.92 – – 1.23 – 15.78
East of England – 1.36 – 2.4 – 2.33 – 10.53
London 2.34 – 1.75 – – 2.57 – 9.47
South East – 1.11 – 1.62 – 4.31 – 16.44
South West – 1.55 1.58 – 3.07 – – 5.39
aGOR: Government Office Regions.
bThe calculation is based on the percentages per age group that currently inform the NHS Hearing Loss Data Tool (51–60: 7.8%, 61–70: 16.2% 71–80: 40%,
80þ: 80.9%).
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distribution of high and low values in the dataset was more clus-
tered in the northern and southern parts of the country than would
be expected if the underlying spatial processes were truly random.

Predicted probabilities and 95% confidence intervals of hearing
loss prevalence at regions of England in Wave 7 of the English
Longitudinal Study of Ageing (ELSA) are shown in Supplementary
Table 3 and Supplementary Figure 2. In the analyses, the factor var-
iables (age, gender, education, occupation, income, wealth, and
alcohol consumption) were held at their means for each age group,
respectively. The results tell us that if we had two otherwise-average
individuals in Wave 7, the probability of them having hearing loss
�35dB HL at 3.0 kHz would vary significantly among regions. For
example, one’s probability of having hearing loss in the North East
would be 11% higher than for an otherwise-comparable participant
in South East (North East APM ¼ 0.308, South East APM ¼
0.198, MEM ¼ 0.308–0.198¼ 0.11).

Discussion

Summary of main findings

This study provides an update on the prevalence estimates of
hearing loss in older adults in England after nearly four decades.

The study is the first to investigate on the basis of geographical
patterns of psychoacoustically identified hearing loss in a nation-
ally representative sample of 8,263 older adults in England derived
from ELSA Wave 7, and not only on age demographics, thus pro-
viding the best available audiological data in England today.

We identified vast regional differences in comparison to the
current prevalence estimates in all age groups that we examined.
We identified marked regional variability and evidence of a dis-
tinct North–South divide in hearing loss prevalence among age
groups with similar age profiles. In a previous study, we demon-
strated that the variances of the means of age were equal in
Waves 7, both between groups and within groups (Tsimpida
et al. 2020). Thus, we were able to perform robust calculations
comparing the hearing loss prevalence of the participants in
ELSA to the percentages per age group that currently inform the
NHS Hearing Loss Data Tool (51–60: 7.8%, 61–70: 16.2% 71–80:
40%, 80þ: 80.9%). The regional differences in the estimates of
hearing loss in the ELSA dataset reached up to 13.53% in those
belonging to the age group 71–80 years old. Surprisingly, there
was a weak correlation between hearing loss and the increase of
age, revealing that the accumulation of risk factors other than
age per se (Tsimpida et al. 2021) might be responsible for the
increase in hearing loss prevalence in the successive age groups.

Figure 2. Map of England by Government Office Regions showing the spatial clusters of hearing loss prevalence according to Hot Spot and Cold Spot analyses a

using the Getis-Ord Gi� statistic in the seventh Wave of the English Longitudinal Study of Ageing (ELSA). aThe 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.
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Comparison with previous literature

To date, hearing loss prevalence estimates have been based on
age characteristics alone, using data collected in the 1980s
(Barnett et al. 2012). The HiA study did not identify differences
across different residence places (Akeroyd et al. 2019). However,
it must be noted that the HiA study did not analyse a nationally
representative sample of participants. Our findings show that the
overall sample frame design in HiA used individuals from
Cardiff, Glasgow, Nottingham, and Southampton, and considered
that sample “as representative as possible of the adult population
living at private addresses in Great Britain” (Barnett et al. 2012)
is epidemiologically inaccurate.

Our study adds to a recently emerging and novel body of
work, which approaches hearing health inequalities through spa-
tial lens (Tsimpida et al. 2020). A previous work by Ellis and Fry
(Ellis and Fry 2010) revealed a north-south divide in various
aspects of health outcomes, also using GORs as markers of area.
Our study provides, for the first time, evidence of contextual
effects in hearing health inequalities identified in a nationally
representative sample of older adults using psychoacoustic audio-
metric data. Previous analyses that used self-reported hearing
data (Tsimpida et al. 2020) did not allow comparisons between
the estimates from the HiA study with reliable, psychoacoustic
audiometric measures from a nationally representative cohort
study of older adults. This study, therefore, provides robust evi-
dence, revealing for the first time that the estimates that cur-
rently inform the NHS hearing loss data tool (Scholes et al.
2018) are not appropriate for planning services on local authority
and CCGs levels in England.

We also found that the worst hearing health occurred in areas
with other economic and social disadvantages—the left-behind
places. In ages 61–70 and 71–80, the current NHS data tool
underestimates hearing health outcomes in some regions.
However, these age groups reflect the population having a signifi-
cantly increased incidence of multiple diseases that usually co-
occur with or due to hearing loss (Barnett et al. 2012; McKee et al.
2018). Hence, the burden of comorbidity is more prominent in
these regions. Hearing loss may also add another layer of difficulty
in managing multiple comorbid chronic health conditions due to
the increasing barriers in communication with health professio-
nals and access to health services (Tsimpida et al. 2019, 2021).

Also, the findings showed that people might have worse hear-
ing outcomes in some regions in England at an earlier age. It is
possible that the North–South divide that was revealed in ages
61–70 and 71–80 years old might exist at an earlier age as well,
though it probably remained hidden due to the small ELSA sam-
ple in the group 51–60 years old. The fact that the regional dif-
ferences become smooth in the age group >80 could be
explained due to premature morbidity and mortality in the
northern part of the country, attributable to socioeconomic
inequality (Lewer et al. 2020; Marmot 2020). That phenomenon
may explain why there was a decrease in the hearing loss
regional heterogeneity as the population grows older (Figure 1);
the differences in the acceleration of the ageing process among
people living in the northern and the southern part of the coun-
try may be reflected in the mortality rate differences between
these regions. Many of those with hearing loss might experience
premature mortality and, therefore, not reach the age of þ80
(Lewer et al. 2020). Further studies are urgently needed to verify
the extent and the causality of the different audiological needs of
the population across the country.

Strengths and limitations

The main strength of our study is that it provided a significant
opportunity to update the population estimates of the number of
older adults in England with hearing loss after nearly four deca-
des. The profound multidisciplinary professional and experimen-
tal care in the National Study of Hearing is broadly recognised;
however, our study showed that this data does not remain accur-
ate and generalisable.

Not only is the sample in our study (8,263) over five times
larger than the sample of individuals with complete audiograms
aged 50 years old and above analysed in the HiA study (1,538)
(Barnett et al. 2012). Moreover, the current hearing loss data in
England are based on estimates solely derived from two cities in
England: Nottingham and Southampton (Davis 1989; Barnett
et al. 2012), while the sample in our study was derived from a
nationally representative cohort of older adults.

In contrast to methodological limitations in the HiA study, an
important strength of the ELSA study is that any issues concern-
ing differences in response rates and possible bias due to possible
differences in selection and response trends at different locations
have been overcome through the additional calibration weight-
ing. Thus, the methodology that was applied in ELSA to adjust
the initial household non-response weight ensures that the study
sample in ELSA is representative of the equivalent English popu-
lation, not only in socioeconomic terms but also in relation to
place (Zaninotto and Steptoe 2019).

However, there are significant limitations. First, the high level
of our analyses (regions) had a low geographic resolution, which
did not allow advanced statistical modelling to distinguish
between the variation in hearing health outcomes due to charac-
teristics of individuals and contextual effects (Kawachi et al.
2002). The available geographical data in ELSA were georefer-
enced only at the regional level, which did not allow us to esti-
mate proportions at the CCG level and compare them with the
estimates from the HiA study. Though, even if data existed, such
an estimation would contradict our central argument, which sug-
gests that we should not apply the same prevalence estimates to
different CCGs; the heterogeneity of hearing outcomes of the
population according to the place they live was evident even at
the regional level. These findings instead highlight the need for
future research that should build on this analysis using routinely
collected health data in England, allowing the application of
multilevel analytical approaches to model heterogeneity at several
levels, from the individuals’ lifestyle choices to neighbourhoods
and the regions’ socioeconomic characteristics (Lloyd 2016;
Marmot 2020).

Another limitation is that in our study, the level of hearing loss
�35 dB HL was calculated through a three-tone, two-level screen-
ing test (Scholes et al. 2018). Even though this method is consid-
ered more efficient than audiograms (Akeroyd et al. 2019), it does
not provide the precision that can be acquired using specialist
equipment and booths and cannot give information about the
type of hearing loss (Probst 2004). In addition, no information is
provided in ELSA documentation regarding the calibration of the
equipment. Also, the HearCheckTM Screener did not provide
comparable frequencies to the HiA data other than the �35 dB
HL at 3 kHz. Future work should consider undertaking spatial
analyses in more frequencies, such as 25, 45, 65, and 95 dB.

Furthermore, even though the ELSA is considered a nationally
representative cohort of older adults in England, it concentrates
on community-dwelling adults. Individuals living in institutions
(e.g. residential and nursing homes) have been excluded from
data collection (Steptoe et al. 2013).
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Research and policy implications

Hearing loss is a significant health topic on the world health
agenda, appearing in the top ten leading causes of disability for
adults aged 50 years old and above (Vos et al. 2020). In England
alone, hearing loss is the third leading cause of years lived with
disability (Vos et al. 2017). However, hearing loss remains largely
unrecognised and untreated in England (Benova et al. 2015;
Tsimpida et al. 2020). People often cannot recognise that their
hearing has been affected, and many hearing loss cases may
remain undiagnosed (Tsimpida et al. 2020) and untreated, par-
ticularly those belonging to high-risk groups (Tsimpida et al.
2019). Therefore, advancing our knowledge of the current hear-
ing data’s appropriateness for planning sustainable hearing care
models through this study was highly important. This updated
analysis of hearing loss prevalence could inform the NHS
England and Department of Health’s health policy strategies,
particularly regarding the new governmental programme, ‘Action
Plan on Hearing Loss’ (Hill et al. 2015).

The risk from the paucity of recent prevalence data in plan-
ning efficient, effective, and sustainable models of hearing care
based on actual needs could be understood in the following
example: in the CCG North Staffordshire, the estimated number
of adults aged 61–70 years old in 2015 was 28,292. According to
the HiA study’s estimates, 4,583 of them (16.2%) may have hear-
ing loss �35 dB HL. However, our study showed that this per-
centage is underestimated by 23%; in ELSA, 21.1% of those aged
61–70 in that Region (West Midlands) are estimated to have
hearing loss, which equals 5,975 people. That points to an esti-
mation of additional 1,392 people with ‘moderate or worse hear-
ing loss’. Prior knowledge of these socio-spatial inequalities in
hearing health could have potentially led to different decision-
making processes in the North Staffordshire CCG’s, who decided
in 2015 to end the routine free provision of hearing aids for peo-
ple with mild or moderate HL in their area of duty. Fortunately,
the North Staffordshire CCG approved a recommendation in
2021 to remove any restrictions for patients with moderate hear-
ing loss.

Our study also has significant implications in current practice:
the hearing loss cases are currently represented by a static num-
ber that is dragged on the population’s age demographics at a
specific point of time (e.g. year). Having a percentage for all
regions means that the northern part of the country may be left
behind in terms of its needs. Therefore, applying a single hearing
loss percentage equally to different regions in the northern and
southern parts of England that have a history of socioeconomic
and health disparities (Doran et al. 2004; Buchan et al. 2017)
may exacerbate existing hearing health inequalities in the country
(Lorenc et al. 2013; Tsimpida et al. 2020), or even generate men-
tal health inequalities (Tsimpida et al. 2021).

Our study also has important implications for global hearing
health policy and practice. The population’s age demographics
are used in all countries to inform hearing loss prevalence esti-
mates and inform each country’s hearing health policy. The glo-
bal estimates of hearing loss prevalence are currently calculated
from a compilation of fifty-three epidemiological studies from 31
countries—only three analysed audiological data from nationally
representative samples (Pascolini and Smith 2009). The findings
from our study have the realistic potential to encourage many
researchers internationally to investigate whether there are
regional differences in the hearing loss prevalence among adults
with similar age profiles in other countries. The hearing meas-
ures in the English Longitudinal Study of Ageing (ELSA) are
comparable to many other global ageing surveys with

harmonised physical and anthropometric measurements (Eunjee
Kwon 2018), which are publicly available in the ‘Gateway to
Global Ageing’ (https://g2aging.org/). Thus, our study offers a
unique opportunity for cross-national comparisons of the
regional patterns and trends of hearing loss prevalence through
the harmonised national surveys.

Area effects are particularly important to consider as, even
when they are small in magnitude, they affect a large number of
people living within them. Future research that will generate epi-
demiological hearing data using nationally representative larger
datasets is crucially needed to better understand the impact of
socioeconomic inequalities and personal characteristics on hear-
ing loss outcomes during the life-course and investigate more
localised patterns and determinants of place-to-place hearing loss
differences in England (Hill et al. 2015; Tsimpida et al. 2021).
Robust hearing data are also crucial for accurate cost analyses;
the figures are currently based on a prevalence-based costing
model that may underestimate the actual global economic cost
or the cost-effectiveness of intervention to prevent and tackle
hearing loss (McDaid et al. 2021).

Therefore, our findings might have important implications for
informing global strategies to minimise socioeconomic risks for
hearing loss and improve access to hearing health services and
hearing aids. However, whether the differences in socioeconomic
inequality among countries affect the prevalence of hearing loss
linearly or whether other factors, such as differences in health
care systems, drive potential differences among countries remains
to be examined.

Conclusions

This study revealed a significant north-south divide on poor
hearing health and premature morbidity. Population samples
with similar age profiles had significant variation in their psycho-
acoustically identified hearing loss outcomes, depending on the
place they live. This novel finding supports a new conceptualisa-
tion of hearing loss, which argues that the different rate of
decline in hearing ability occurs due to the accumulation (or
not) of layers of contextual and individual risk factors when peo-
ple grow old, not necessarily because they grow old. Therefore,
the study revealed that the current estimates based on the popu-
lation’s age per se and not on their actual needs might exacer-
bate existing hearing health inequalities in England’s northern
and southern parts. These findings point to the need for a robust
health policy response, including universal hearing screening and
the redesign of audiological services, considering socioeconomic
and lifestyle risk factors for hearing loss. Tackling hearing health
inequalities is necessary to unleash the potential of the whole
country.
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