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A B S T R A C T   

Background: Prevention of hearing loss via addressing potentially modifiable risk factors may offer means of 
reducing the global burden of hearing loss. Prior studies reported associations between individual markers of 
inflammation and risk of hearing impairment. Allostatic load is an index of cumulative physiological stressors, 
including inflammation, to multiple biological systems. Our aims were to investigate associations between 
allostatic load and both audiometric and self-reported hearing impairment and examine whether associations are 
stronger over time due to prolonged high allostatic load. 
Methods: Data were taken from the English Longitudinal Study of Ageing (ELSA), a nationally representative 
study of people aged 50+ living in England over 3 time points between 2008 and 2014. Allostatic load score was 
comprised of thirteen different measures available at baseline and 4 years post-baseline (high-density lipopro-
tein/total cholesterol, triglyceride, fibrinogen, haemoglobin A1c, C-reactive protein, insulin-like growth factor 1 
(IGF-1), systolic and diastolic blood pressure, mean arterial pressure, resting pulse rate, peak expiratory flow, 
BMI and waist circumference), measured using clinical cut-off points for normal biomarker parameters. Hearing 
acuity was measured with a simple handheld tone-producing device at follow-up 7 years post-baseline, while 
self-reported hearing impairment was measured at time point. 
Results: We included samples of 4373 and 4430 for the cross-sectional and longitudinal analysis, respectively. In 
the cross-sectional model high allostatic load was associated both self-reported (OR = 1.08, 95% CI 1.0,1.1; p <
0.01) and objective hearing loss (OR = 1.10, 95% CI 1.1,1.2; p < 0.001) adjusting for age and sex. Cross-sectional 
associations between allostatic load and hearing were not significant after further adjustment for covariates 
(qualification, physical activity and smoking). 
In longitudinal modelling, high allostatic load was associated with both audiometric (Z score OR = 1.11, 95% CI 
1.1,1.2; p < 0.001) and self-reported hearing impairment (OR = 1.08, 95% CI 1.0,1.1; p < 0.001) adjusting for 
age and sex. Allostatic load was no longer associated with self-reported hearing loss but the association with 
audiometric hearing impairment (OR = 1.08, 95% CI 1.03,1.13; p < 0.001) remained following additional 
adjustment for baseline self-reported hearing, education, physical activity, and smoking. 
Conclusions: Prolonged high allostatic load was associated with risk of hearing impairment. Reducing allostatic 
load via healthy lifestyle changes including non-smoking, healthy diet and exercise may offer an opportunity to 
reduce the risk of hearing impairment in later life.   
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1. Introduction 

Around 1 in five UK adults has a hearing impairment (RNID, 2021). 
Hearing impairment is the 4th leading cause of years lived with 
disability globally (Murray et al., 2020). It is associated with a range of 
detrimental health outcomes including disability (Chen et al., 2015), 
depression (Cosh et al., 2019), dementia risk (Livingston et al., 2020) 
and lower quality of life (Dalton et al., 2003), while also placing burdens 
on economic and healthcare systems through costly management and 
unemployment (Huddle et al., 2017). As age-related hearing impairment 
is incurable, preventing or delaying hearing impairment by manage-
ment of modifiable risk factors is an important means of reducing its 
impact. 

Allostatic load is a cumulative measure of the physiological stressors 
to the body throughout the life course, reflected by damage to multiple 
biological systems over time (McEwen, 1998; Seeman et al., 2001, 
2010). An advantage using allostatic load in predicting health outcomes, 
as opposed to the use of single biomarkers, is that it captures the effects 
of stressors on several biological systems simultaneously (Gallo et al., 
2014; Juster et al., 2010). Additionally, the effects of individual bio-
markers are susceptible to socio-demographic biases, such as gender and 
race, and using a composite measure of a number of biomarkers is a 
potentially more reliable means of modelling effects on health outcomes 
(Gupta et al., 2019). Allostatic load is linked to socioeconomic position 
(Gruenewald et al., 2012; Szanton et al., 2005), suggesting that allostatic 
load is a useful means of identifying health risks as well as the mecha-
nisms of ageing across the life course. Allostatic load predicts various 
health outcomes, including physical function, frailty, self-reported 
health, mental well-being, dementia and mortality (McEwen and Ras-
gon, 2018; Read and Grundy, 2014). 

Several conditions implicated with high allostatic load have associ-
ations with hearing impairment, including diabetes (Samocha-Bonet 
et al., 2021), obesity (Croll et al., 2019), sub-clinical atherosclerosis 
(Fischer et al., 2015) and vascular degeneration (Lowthian et al., 2016) 
as have behaviours including poor diet (Dawes et al., 2020) and smoking 
(Dawes et al., 2014). However, little work has been carried out into the 
association between inflammatory biomarkers and hearing impairment, 
and none (to our knowledge) on the association with allostatic load. A 
small number of studies have found associations between individual 
inflammation factors and risk of incident audiometric hearing impair-
ment, including lower levels of insulin-like growth factor I (Lassale et al., 
2017), high C-reactive protein (Nash et al., 2014) and higher white 
blood cell count (Lassale et al., 2020). Studies have also reported asso-
ciations between higher white blood cell count and prevalent audio-
metric hearing impairment (Verschuur et al., 2012, 2014). One study 
showed allostatic load was associated with a range of disabilities but was 
not associated with self-reported hearing impairment, although the 
work was cross-sectional and sample size was small (Hollar, 2013). 
Longitudinal studies suggest that high levels of inflammation bio-
markers sustained over several years have a stronger association with 
hearing impairment than high levels of inflammation biomarkers at a 
single time point (Lassale et al., 2020; Nash et al., 2014). Nash et al. 
(2014) reported that serum levels of C-reactive protein, interleukin-6 or 
tumor necrosis factor-α from a single time point were not associated 
with incident audiometric hearing impairment. But among people 
younger than 60 years, those with consistently high levels of C-reactive 
protein over 10 years were twice as likely to develop hearing loss than 
those with low levels of C-reactive protein. It has been postulated that 
analyses of health outcomes in relation to allostatic load should be 
longitudinal due to allostatic load being a measure of sustained stress on 
biological systems (Gallo et al., 2014). This study will test i) associations 
between allostatic load and both audiometric and self-reported hearing 
impairment and ii) whether associations are stronger over time due to 
increased duration of higher allostatic load. 

2. Methods 

Data were taken from the English Longitudinal Study of Ageing 
(ELSA), a nationally representative study of people aged 50 and over 
living in England (Zaninotto et al., 2019). Data were collected in bian-
nual assessment waves commencing in 2002. Biomarker data were 
included in every even numbered wave. This study used biomarker data 
from waves 4 and 6 (2008 and 2012), omitting data from wave 2 due to a 
smaller number of measures available and higher sample attrition over 
time. Audiometric hearing assessment was included at wave 7 (2014), 
the only wave at which it was measured. For the longitudinal analysis, 
the sample included 4430 core members with biomarker data and no 
missing covariate data at wave 4 and who had completed the hearing 
test at wave 7. The cross-sectional analysis consisted of 4373 with 
biomarker and full covariate data at wave 6, again who had also 
completed the hearing test at wave 7. 

2.1. Hearing acuity 

At wave 7, respondents underwent an audiometric hearing test using 
a Siemens HearCheck device (Parving et al., 2008). Respondents did not 
do the hearing test if they used cochlear implants, had an ear infection or 
were unable to participate for other reasons. If respondents wore a 
hearing aid, it was removed for the test. During the test, participants 
were asked how many of the three tones they heard for each frequency 
(1000 Hz and 3000 Hz) in each ear. A binary variable was constructed 
from the results, with respondents classed as not having a hearing 
impairment if they heard two or more low-pitched sounds (1000Hz) and 
at least one high-pitched sound (3000Hz) in the better hearing ear, 
corresponding to audiometric hearing thresholds greater than 35 dB HL 
at 1000 Hz and 3000 Hz. The Siemens HearCheck test has good sensi-
tivity (78%–92%) and acceptable to good specificity (62%–95%) in 
comparison with full pure tone audiometry (Reyes-quintos et al., 2011). 
At each wave of ELSA, respondents were asked to self-report their 
hearing, using a hearing aid if they usually wore one, within categories 
of ‘excellent’, ‘very good’, ‘good’, ‘fair’ or ‘poor’. Respondents were 
defined as having a self-reported hearing impairment if they selected 
‘fair’ or ‘poor’. Self-reported hearing is a measure of self-perceived 
hearing disability, rather than a measure of impairment. However, 
self-reported hearing strongly correlates with audiometric hearing 
impairment, and self-reported hearing is commonly used to index 
hearing impairment in population studies. The Australian Blue Moun-
tains hearing study estimated sensitivity, specificity, positive predictive 
value and negative predictive value rates of 78%, 67%, 61% and 82% of 
self-report hearing measures against audiometrically identified hearing 
impairment (Sindhusake et al., 2001). The American Epidemiology of 
Hearing loss study (Nondahl et al., 1998) reported similar rates (71%, 
71%, 68% and 74%). 

2.2. Allostatic load 

Allostatic load score was comprised of thirteen different measures 
available in both waves 4 and 6 of ELSA (high-density lipoprotein/total 
cholesterol, triglyceride, fibrinogen, haemoglobin A1c, C-reactive pro-
tein, insulin-like growth factor 1 (IGF-1), systolic and diastolic blood 
pressure, mean arterial pressure, resting pulse rate, peak expiratory 
flow, BMI and waist circumference), reflecting five biological systems 
(cardiovascular, metabolic, body fat, inflammation and respiratory). 
This measure is line with other studies of allostatic load using obser-
vational studies (Read and Grundy, 2014; Tampubolon and Maharani, 
2018). Details of how all biomarker variables were measured and 
collected are described elsewhere (NatCen Social Research, 2018). 

Considering previously inconsistent findings relating to individual 
biomarkers and hearing, we tested robustness of results by calculating 
four versions of the allostatic load score previously reported in research 
literature. Firstly, we used clinical cut-off points for each biomarker and 

K. Matthews et al.                                                                                                                                                                                                                              



Brain, Behavior, & Immunity - Health 25 (2022) 100496

3

assigned a binary response where 1 identified a value out of normal 
range (Sibille et al., 2017): (HDL <1.03 mmol/L (Expert Panel on 
Detection Evaluation and Treatment of High Blood Cholesterol in 
Adults, 2001); triglyceride >1.7 mmol/L (National Institute for Health 
and Clinical Excellence, 2011); fibrinogen >4.0gL (Koenig, 2003); 
Hb1AC >6.5% (Nathan et al., 2008); CRP >3.0 mg/l (Pearson et al., 
2003); IGF-1 <5 and >26 nmol/L for men, <4 and >23 nmol/L for 
women (Mayo Clinic, 2014); systolic blood pressure >140mmHg, dia-
stolic blood pressure >90 mmHg, mean arterial pressure <70 mmHg or 
>110 mmHg (James et al., 2014); resting pulse <60 beats per minute or 
>100 beats per minute (James et al., 2014); peak expiratory flow <5 L 
(Barreiro and Perillo, 2004); BMI >30 kg/m2, waist circumference 
>102 cm for men, >88 cm for women (National Institute for Health and 
Clinical Excellence, 2011). Potential scores ranged from 0 (no bio-
markers outside of normal range) to 13 (all biomarkers outside normal 
range). Secondly, we created Z scores by standardising each individual 
biomarker variable to have a mean of zero and standard deviation of 
one, subsequently taking the average of the standardised scores and 
creating a summary score with a range of − 1.28 (lower allostatic load) 
to 1.78 (higher allostatic load) (Tampubolon and Maharani, 2018). 
Thirdly, we calculated a score based on individuals belonging to the 
highest quartile biomarker level indicating risk to health using sample 
distributions for men and women. The proportion of biomarkers falling 
within the top quartile for each individual was calculated for each of the 
five biological systems to weight the score, with a final range of 0–514. 
Fourthly, we included the top quartile biomarker scores as an un-
weighted continuous summed score, with a range of 0–13. Main results 
are presented using the clinical cut-off variable, with results using the 
other three measures in the Appendix 1. 

To measure long-term exposure to allostatic load following previous 
research on biomarker exposure and hearing (Lassale et al., 2020), we 
calculated mean scores for each of the four allostatic load variables from 
waves 4 and 6. Taking the average of each biomarker measurement also 
limits potential bias due to biological variability and natural fluctuations 
in biomarker levels (Clarke et al., 1999). Where individuals had only 
biomarker information at one wave, this score was included. A sensi-
tivity analysis was run (Appendix 2), whereby only individuals with 
biomarker data at both waves 4 and 6 were included in models. 

2.3. Covariates 

Fully adjusted models controlled for a variety of covariates measured 
at baseline. Education was included as a three-category variable with 
response options ‘less than O-level (GCSE)’, ‘O-level or equivalent’ and 
‘higher than O-level’. O-levels are the end of secondary-level education 
in the United Kingdom, taken at age 16. Reported physical activity level, 
with categories of ‘vigorous’, ‘moderate’, ‘mild’ and ‘sedentary’ was 
dichotomised to compare those with sedentary lifestyles to any form of 
physical activity. Finally, smoking status was categorised and included 
as ‘never’, ‘former’ or ‘current’. In each model, baseline self-reported 
hearing was controlled for, as was respondent age and sex. 

2.4. Statistical analysis 

The association between hearing impairment and allostatic load was 
investigated by means of logistic regression models. Models for objec-
tively measured and self-reported hearing impairment were run sepa-
rately. Two sets of models were run: the first controlled only for baseline 
self-reported hearing, age and sex, and the second further controlled for 
educational attainment, physical activity and smoker status. Firstly, 
cross-sectional models were run using only allostatic load scores and 
covariates from wave 6, in relation to both objectively measured and 
self-reported hearing impairment at wave 7. Secondly, to establish 
whether long-term exposure to higher allostatic load influences hearing, 
longitudinal models regressed the four mean allostatic load scores from 
waves 4 and 6 on audiometric hearing and self-reported hearing 

impairments at wave 7. The sensitivity analysis was run for all longi-
tudinal models. Analyses were performed using Stata 14. 

3. Results 

Table 1 shows descriptive statistics of the sample. Of all respondents, 
37.8% had an audiometric hearing impairment, while 21.3% had a self- 
reported hearing impairment at wave 7. Individuals with audiometric 
hearing impairment were more likely to be older, male, have lower 
educational attainment and to have a sedentary lifestyle. For all mea-
sures of allostatic load, those with an audiometric hearing impairment 
had higher scores than those with no impairment. Less than a third of 
people with an audiometric hearing impairment at wave 7 self-reported 
hearing impairment in the same wave. 

3.1. Cross-sectional analysis 

Table 2 shows the results of the cross-sectional models of allostatic 
load and hearing impairment. Model 1, controlling for just age and sex, 
produced significant estimates for the effect of allostatic load, measured 
by means of clinical cut-off points, on audiometric hearing impairment 
(OR = 1.10, 95% CI 1.1,1.2; p < 0.001). Appendix 1 shows similar re-
sults using the three alternative measures of allostatic load (z scores, 
weighted top quartiles and continuous top quartiles). Allostatic load was 

Table 1 
Sample characteristics at baseline (wave 4) by hearing impairment at follow-up 
(wave 7) and objective hearing impairment by self-reported hearing impairment 
at wave 7.   

Overall No hearing 
impairment 

Hearing 
impairment 

p-value 

N (%) 4430 2757 (62.23%) 1673 (37.77%)  
Age 64.1 

(7.99) 
61.6 (SD 6.63) 68.2 (SD 8.34) p <

0.001 
Female 54.75% 57.78% 49.80% p <

0.001 
Education    p <

0.001 
Less than o-level or 

equivalent 
35.20% 29.75% 44.08%  

O-level or 
equivalent 

28.99% 30.59% 26.39%  

Higher than o-level 35.81% 39.66% 29.54%  
Physical activity    p <

0.001 
Sedentary 5.9% 3.48% 9.85%  
Smoker status    p =

0.126 
Never smoked 41.92% 43.06% 40.07%  
Former smoker 46.82% 45.77% 48.54%  
Current smoker 11.25% 11.17% 11.39%  
Self-reported 

hearing    
p <
0.001 

Excellent 20.27% 26.38% 10.30%  
Very good 29.04% 33.75% 21.35%  
Good 33.70% 31.65% 37.03%  
Fair 14.11% 7.55% 24.79%  
Poor 2.90% 0.67% 6.53%  
Allostatic load scores 
Z-score − 0.12 

(0.42) 
− 0.03 (0.424) 0.02 (0.41) p <

0.001 
Clinical cut-off 3.39 

(1.79) 
3.30 (1.78) 3.53 (1.80) p <

0.001 
Weighted top 

quartile 
1.24 
(0.94) 

1.15 (0.93) 1.38 (0.96) p <
0.001 

Continuous top 
quartile 

3.39 
(2.56) 

3.21 (2.56) 3.68 (2.53) p <
0.001 

Wave 7 only 
Has hearing impairment defined by self-reported variable  

21.33% 30.69% 69.31% p <
0.001 

Notes: Reported are mean (SD) or percentage. 
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also a significant predictor self-reported hearing impairment (OR =
1.08, 95% CI 1.0,1.1; p < 0.01). The alternative allostatic load measures 
produced similar associations with self-reported hearing impairment 
(Appendix 1). 

All cross-sectional results become non-significant when controlling 
for confounding factors. Age was consistently associated with poorer 
hearing when measured both audiometrically and via self-report and 
being female with better hearing for both measures. Sedentary lifestyle 
and poorer educational attainment were associated with audiometric 
hearing impairment, but not self-reported hearing impairment. 

3.2. Longitudinal analysis 

Table 3 shows the results of the longitudinal models of allostatic load 
with audiometric and self-reported hearing impairment. Using the 
measure based on clinical cut-off points, allostatic load had a positive 
association with audiometric hearing impairment (Z score OR = 1.11, 
95% CI 1.1,1.2; p < 0.001) and self-reported hearing impairment (OR =
1.08, 95% CI 1.0,1.1; p < 0.001) in Model 1. 

In Model 2, with additional adjustment for baseline self-reported 
hearing, education, physical activity and smoker status, allostatic load 
retained its association with audiometric hearing impairment (clinical 
cut-off score OR = 1.08, 95% CI 1.03,1.13; p < 0.001) but not for self- 
reported hearing impairment. Appendix 2 shows models with alterna-
tive measures of allostatic load produced the same significant positive 
coefficients, after controlling for all other variables. 

4. Discussion 

Among adults aged 50 and over living in England, long-term expo-
sure to higher allostatic load was associated with increased likelihood of 
audiometric hearing impairment, but not with self-reported hearing 
impairment. This finding remained significant after controlling for 
socio-demographic factors including age, sex, education and physical 
activity. There was no cross-sectional association between allostatic load 
and either audiometric or self-report measures of hearing impairment, 
suggesting short-term exposure to high allostatic load is not a significant 
risk factor for hearing impairment. That consistently high allostatic load 
should increase risk of hearing impairment is consistent with the con-
ceptualisation of the adverse health impacts of allostatis due to chronic 
stress to biological systems. Associations between higher allostatic load 
and poorer audiometric hearing outcomes were robust to four alterna-
tive allostatic load indices. 

The observation that allostatic load is related to hearing impairment 
correlates with previous work on various markers of general health and 
hearing. These include higher BMI (Croll et al., 2019), diabetes 
(Samocha-Bonet et al., 2021) and atherosclerosis (Fischer et al., 2015). 
As many of the biomarkers included in the allostatic load score share 
links with single biomarkers of general health, the similarity in associ-
ation with hearing impairment is not surprising. But there are benefits to 
using a composite health index such as allostatic load rather than single 
biomarkers in relation to understanding the impact of systemic health on 
hearing. Firstly, while individual biomarkers might demonstrate the 
effect of the health of one biological system on hearing, the effects of 
stress on health over time affect various biological systems 

Table 2 
Cross-sectional association between allostatic load (measured using clinical cut- 
off points for normal biomarker parameters) and hearing impairment. Results of 
logistic regression models (odds ratios and confidence intervals).   

Hearing loss Self-reported hearing loss 

Model 1 Model2 Model 1 Model 2 

Allostatic load 1.10*** 
(1.1,1.2) 

1.06 
(0.99,1.13) 

1.08** 
(1.0,1.1) 

1.08 
(0.9,1.2) 

Baseline self-reported hearing (ref. excellent) 
Very good  1.56** 

(1.1,2.1)   
Good  3.11*** 

(2.3,4.2)   
Fair  7.92*** 

(5.5,11.5)   
Poor  39.33*** 

(15.9,97.9)   
Female 0.64*** 

(0.6,0.8) 
0.91 (0.7,1.1) 0.47*** 

(0.4,0.6) 
0.68** 
(0.5,0.9) 

Age 1.11*** 
(1.1,1.1) 

1.11*** 
(1.1,1.1) 

1.04*** 
(1.0,1.1) 

1.02** 
(1.0,1.0) 

Qualifications (ref. Higher than O-level) 
Less than O-level  1.58*** 

(1.2,2.0)  
1.02 
(0.8,1.4) 

O-level or 
equivalent  

1.18 (0.9,1.5)  0.88 
(0.7,1.2)      

Sedentary lifestyle  2.25** 
(1.3,4.7)  

1.49 
(0.7,3.4) 

Smoker status (ref. 
Never smoked)  

0.95 (0.8,1.2)  0.89 
(0.7,1.2) 

Former  1.09 (0.8,1.6)  0.99 
(0.6,1.6) 

Current     

***p < 0.001; **p < 0.01; *p < 0.05. 
Models 1 control for age and sex. Models 2 control for age, sex, qualification, 
physical activity and smoker status. 

Table 3 
Longitudinal association between allostatic load (measured using clinical cut-off points for normal biomarker parameters) and hearing impairment. Results of logistic 
regression models (odds ratios and confidence intervals).   

Hearing loss Self-reported hearing loss 

Model 1 Model2 Model 1 Model 2 

Allostatic load 1.113*** (1.15,1.26) 1.08*** (1.04,1.13) 1.08** (1.05,1.12) 1.05 (1.05,1.11) 
Baseline self-reported hearing (ref. excellent) 
Very good  1.54*** (1.23,1.93)  2.44*** (1.61,3.70) 
Good  2.66*** (2.15,3.29)  8.33*** (5.67,12.25) 
Fair  7.17*** (5.54,9.28)  30.43*** (20.39,45.41) 
Poor  19.72*** (11.43,34.05)  62.61*** (36.35,107.84) 
Female 0.63*** (0.63,0.75) 0.73*** (0.63,0.85) 0.47*** (1.05,1.10) 0.59*** (0.50,0.70) 
Age 1.12*** (1.11,1.13) 1.12*** (1.11,1.13) 1.05*** (1.01,1.03) 1.03*** (1.02,1.04) 
Qualifications (ref. Higher than O-level) 
Less than O-level  1.40*** (1.17,1.66)  1.21 (0.99,1.48) 
O-level or equivalent  1.18 (0.98,1.41)  1.03 (0.83,1.27) 
Sedentary lifestyle  2.11** (1.38,3.22)  1.55 (0.99,2.42) 
Smoker status (ref. Never smoked) 
Former  0.88 (0.76,1.02)  0.89 (0.74,1.06) 
Current  1.29* (1.02,1.64)  1.18 (0.89,1.56) 

***p < 0.001; **p < 0.01; *p < 0.05. 
Models 1 control for age and sex. Models 2 control for age, sex, qualification, physical activity and smoker status. 

K. Matthews et al.                                                                                                                                                                                                                              



Brain, Behavior, & Immunity - Health 25 (2022) 100496

5

simultaneously, and allostatic load is a useful means of capturing this. 
Secondly, individual biomarkers are subject to bias from factors 
including gender, and using a composite biomarker measure is a means 
of reducing such bias (Seeman et al., 1997). The finding that relation-
ships between allostatic load and hearing impairment were only present 
in longitudinal analyses is in line with research suggesting longer-term 
exposure to allostatic load is a greater risk factor to hearing than short 
term exposure (Nash et al., 2014). Fig. 1 shows potential health conse-
quences of long-term exposure to excess allostatic load, including 
hearing loss. Hearing loss is a major source of burden in terms of years 
lived with disability (Murray et al., 2020), so understanding causal 
pathways to inform interventions to reduce risk of hearing loss is 
worthwhile in itself. A recent review additionally identified hearing loss 
as a potentially modifiable risk for dementia (Livingston et al., 2020), 
stimulating interest in whether hearing loss interventions may reduce 
dementia risk. But based as it is on observational data, the studies 
linking hearing loss to risk of dementia summarised in Livingston et al.’s 
review do not elucidate whether hearing loss is causally linked to de-
mentia risk or not. A possible explanation for the association is that 
hearing loss is a marker of dementia risk due to shared causes that 
impact both hearing and cognitive health (Wayne and Johnsrude, 
2015). We are currently modelling allostatic load as a ‘common cause’ 
versus other hypotheses for relationships between hearing loss and de-
mentia risk. 

The finding that allostatic load is a predictor of audiometric but not 
self-reported hearing impairments corroborates with evidence suggest-
ing that self-reported hearing loss strongly correlates with, but under- 
estimates audiometric hearing impairment (Nondahl et al., 1998; 
Sindhusake et al., 2001). This under-estimation is due to self-reported 
hearing indexing the perceived psychosocial impacts of hearing diffi-
culties, and may be biased by denial and/or individual circumstances 
affecting a person’s own view of their hearing ability (Choi et al., 2016; 
Keidser et al., 2015; Pronk et al., 2018). In other words, self-reported 
hearing is a measure of self-perceived disability - which is affected by 
psychosocial context - while audiometric measures index hearing 
impairment – which is not. It follows that audiometric measures are 
more closely associated with pathology causing hearing impairment 
than measures of hearing disability. This study is the first that we know 
of to compare the effect of allostatic load on both an objective and 
subjective health outcome. 

This study expands on previous work examining associations be-
tween biomarkers and hearing impairment in several ways. First, it is the 
only study to examine the effect of allostatic load on hearing, rather than 
that of individual biomarkers. Second, we used a large, nationally 
representative dataset where previous work has often been based on 
small sample sizes. Third, we have been able to include a longitudinal 
element with good follow-up, where much previous work has been 
cross-sectional in nature (Hollar, 2013; Hollar Jr and Lewis, 2015; 
Verschuur et al., 2012, 2014). Fourth, the study used four measures of 
allostatic load to ensure robustness of results. 

There are some limitations to the current study. Results may be 
biased by attrition, with individuals dropping out between study waves 

more likely to be those with greater risk factors for both outcome and 
exposure, such as those who are older, less educated and more likely to 
engage in unhealthy lifestyle behaviours (Banks et al., 2011). However, 
as individuals with greater risk of dropout are often those with poorer 
health in the first instance (Matthews et al., 2004; Mein et al., 2012), any 
bias would lead towards a null hypothesis rather than an exaggeration of 
true effects. A second limitation is that there may be residual or un-
controlled confounds that impact associations between allostatic load 
and hearing (for example, if those with high allostatic load also have 
higher levels of damaging noise exposure). A second limitation is the 
HearCheck assessment, which tests hearing at only two frequencies (1 
kHz and 3 kHz), compared to pure tone audiometry, the gold standard 
measure of hearing impairment which typically includes frequencies 
from 0.250 kHz to 8 kHz. The differences between HearCheck and pure 
tone audiometry may limit comparability with other studies that used 
pure tone audiometry. However, HearCheck does reliably identify 
hearing impairment (Parving et al., 2008; Reyes-quintos et al., 2011), 
and HearCheck data have been used to estimate prevalence of hearing 
impairment in the Health Survey for England (Scholes et al., 2018). 

Hearing impairment is associated with prolonged high allostatic 
load. The individual components of allostatic load can be modified by 
healthy lifestyle changes including non-smoking, healthy diet and ex-
ercise. Monitoring biomarkers in older age and maintaining a healthy 
lifestyle may therefore lead to a reduced risk of hearing impairment in 
later-life. 
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