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Objective: To determine the relationship between peripheral hearing loss in Baby Boomers 

(better-ear measure) and cognitive function, taking into account the impact of depression or 

cognitive reserve on this relationship, and exploring binaural hearing. 

Study Design: A prospective, epidemiology study. 

Methods: Data from 1969 participants aged 45-66 years were collected in the Busselton 

Healthy Ageing Study. Participants were assessed using pure-tone air-conduction thresholds 

at octave frequencies (250, 500, 1000, 2000, 4000 and 8000 Hz). Hearing loss (HL) was 

grouped using (i) pure-tone averages at 500-4000 Hz in the better-ear (BE4FA), or (ii) latent 

profile analysis (LPA) using all thresholds from both ears. Cognition was tested with the 

Cognitive Drug Research System, verbal-fluency, and National Adult Reading Test 

(premorbid-IQ). Regression was used to determine the impact of HL relative to no HL, on age 

and education-adjusted cognition, controlling for mood, sex, and premorbid-IQ. 

Results: According to (i) BE4FA, 4.7% had Mild (26-40dB), 0.8% Moderate (41-60dB) and 

0.3% Severe (61-80dB) HL. Based on (ii) the LPA, 20.5% had high-frequency HL, 7.8% 

mid-to-high frequency, and 1.9% significant HL across all frequencies. HL-Group was not a 

predictor of cognitive performance in any domain using BE4FA, and explained just 0.5% and 

0.4% of variance in continuity-of-attention and speed-of-memory-retrieval using LPA. 

Critically, those with the worst hearing did not differ cognitively from those with the best. 

Conclusions: Hearing loss is not an important determinant of contemporaneous attention, 

memory or executive function in middle-aged adults, once age, education, depression, 

cognitive reserve, and sex are controlled. 
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Introduction 

Hearing loss is a common disability, affecting over 360 million people globally 
1
. Its

prevalence and severity is higher amongst men and older adults 
2
. In addition to reductions in

quality of life 
3,4

 and mood 
5
, hearing loss has also been associated with loss of cognitive

function in adults over the age of 60. Studies reveal poorer cognition in those with poorer 

hearing, especially in memory and executive function 
6-8

, faster decline in cognition in adults

aged 55+ years 
9
, and increased risk of dementia 

10,11
.

Proposed mechanisms are 1) hearing loss and cognition may change due to shared 

pathology (e.g. ageing, dementia), or 2) attentional or short-term/working memory resources 

are required to  compensate for auditory processing deficits, leading to secondary, higher-

order cognitive problems 
12,13

. Alternatively, social isolation, due to impairment in hearing,

may be a risk for cognitive decline/dementia, perhaps through lack of mental stimulation 
14,15

.

However, three theoretical and methodological issues preclude the formation of a 

justifiable working hypothesis. First, hearing loss is associated with depression 
16

, and

depression is, in turn, a risk factor for poorer cognition 
17

. Yet, few studies consider the role

of depression in the relationship between hearing loss and cognition. Second, studies fail to 

control for the possibility that premorbid ability, or “cognitive reserve”, may ‘buffer’ the 

effect of neurocognitive trauma 
18

, and, thus, dilute the impact of hearing on cognitive

function. Third, typically, significant hearing loss is indicated by a speech-frequency pure 

tone average (PTA in dB) of air-conduction thresholds at 500 to 4000 Hz of over 25dB in the 

better ear 
2,11

. If one of the mechanisms by which cognition is impacted by hearing loss is via

increased auditory processing demands, an index of hearing loss that includes the poorer ear 

may be a better index when exploring the relationship with cognition, than PTA from the 

better ear: hearing is a binaural, not a monaural, process. 
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This paper reports data from the first 1969 participants assessed in the Busselton 

Healthy Ageing Study (BHAS).  It explores the relationship between hearing impairment and 

cognition using a better-ear, pure tone average (PTA) as well as hearing-impairment profiles 

based on both ears. Hearing loss prevalence increases markedly from age 50 years
2
, whereas

cognitive decline is evident as young as 45-49 (3.6% decline in reasoning over 10 years) 
19

.

Thus, a study of the relationship between hearing and cognition in middle-aged adults is of 

particular relevance. In the event that the two are causally related, it will be at around this age 

that interventions to improve cognition and stave off dementia may have their greatest impact 

20
. We hypothesised that greater hearing loss would be associated with poorer cognitive 

performance after controlling for cognitive reserve (premorbid-IQ), age, education, 

depression, and sex. 

Materials and Methods 

The BHAS is a longitudinal study of community-dwelling adults, born 1946 to 1964, 

randomly selected from the Busselton Shire, Western Australia, electoral roll. Participants 

completed questionnaires detailing demographics, medical history, physical symptoms and 

quality of life, including a measure of depression (PHQ-9) 
21

, and the question “Do you have

a hearing impairment?”.  Participants then attended the Busselton study centre for 4̴ hours to 

complete comprehensive physical and cognitive assessments. Clinically relevant results were 

provided to all participants. The University of Western Australia Human Research Ethics 

Committee approved the study (Number RA/4/1/2203) and all participants gave written, 

informed consent.  See James et al., 2013 for the full protocol 
22

.

Between May 2010 and June 2012, 2023 participants (66.3% of those approached) 

were recruited. Data from 27 were incomplete/had unreliable hearing tests 
23

, and 27 did not

complete cognitive testing, leaving 1969 (46.2% male) aged 45-66 years (M = 56.2, SD = 5.5 
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years) of whom 41 wore hearing aids (unilateral hearing aid n = 10; bilateral hearing aids n = 

31). 

Hearing thresholds 

After screening for contraindications to hearing assessment by otoscopy and tympanometry, 

pure tone air conduction thresholds at octave frequencies of 250, 500, 1000, 2000, 4000 and 

8000 Hz were obtained with an AMTAS automated audiometer (Audiometry Incorporated, 

USA) 
24

 in a sound treated booth. See 
22

 for details.

Hearing was classified using: (i) 4 frequency average across 500, 1000, 2000 and 4000 

Hz for each ear, as normal, mild, moderate, severe or profound based on the PTA of the better 

ear 
1
; (ii) empirically, via Latent Profile Analysis 

25
.

Cognition 

The Cognitive Drug Research (CDR) 
26

 computerised assessment System (Bracket Global,

UK) is sensitive to subtle cognitive changes, and has the largest normative database of its kind 

26
. The battery assesses: immediate and delayed word recall and recognition, simple and 

choice reaction time, digit vigilance, spatial and numeric working memory, and delayed 

picture recognition.  Participants also completed verbal fluency (letters C, F, L) as a measure 

of generative executive function 
27

. Pre-morbid-IQ was estimated from the National Adult

Reading Test (NART-2 
28

) and used as an index of cognitive reserve. This is an accepted

method of estimating premorbid IQ from current capacity, by testing reading of irregular 

nouns.
28

 The number of errors is used to estimate IQ, with fewer errors being associated with

higher premorbid IQ. Irregular word reading ability has been shown both to correlate highly 

with full scale IQ
28

 and to be resistant to decline due to ageing or dementia.
29

 Participants,

who attended with hearing aid(s), were instructed to wear them during testing. 
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Cognitive outcome measures: The various task measures from the CDR System were 

collapsed into cognitive scores derived by factor analysis
30

: Quality of Episodic Secondary

Memory, Quality of Working Memory, Speed of Memory, Continuity of Attention, and 

Power of Attention. 

Results 

As expected, older age and higher premorbid-IQ were associated with lower and 

higher scores, respectively, on all cognitive measures (Table 1). Depression scores (from the 

PHQ-9) and female sex were associated with poorer fluency and better continuity of attention, 

respectively, and female sex was associated with better quality of episodic memory (Table 1), 

confirming the need to control for age and education, premorbid-IQ and depression in all 

inferential analyses, since such covariates may mask effects of hearing loss on cognition. 

Thus, age, education, premorbid-IQ and depression were treated as covariates in all regression 

analyses. See Tables 2 and 3 for raw means±SD by hearing groups. 

To test the central hypothesis that cognitive performance is negatively associated with 

hearing loss, we undertook two sets of analyses: (i) a classification based on four frequency 

average in the better ear (BE4FA); (ii) Latent Profile Analysis 
25

 to classify individuals based

on their hearing thresholds across all six frequencies in both ears. Both methods are described 

below and are compared with self-reported hearing loss. We then investigated the 

relationships between hearing loss and performance on the cognitive assessments, controlling 

for confounds. 

Standard Hearing Loss Severity Classification (Standard HL Severity Groups) 

Participants were classified into 1 of 4 groups, based on four-frequency average: the mean 

hearing threshold (in dB) across 500Hz, 1000Hz, 2000Hz, and 4000Hz in the better ear 

(BE4FA). Participants were classified into four Standard HL Severity groups according to 
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Table 1.  

Means and Standard Deviations of, and Intercorrelations among, Study Variables 

Variable Mean SD 1 2 3 4 5 6 7 8 9 

1. Phonemic Verbal Fluency (words) 30.86 7.20 

2. Continuity of Attention (max. 100) 90.78 3.89 .11 

3. Speed of Attention (ms) 1238.46 136.65 -.27 .01 

4. Quality of Episodic Memory (max. 400) 190.27 43.26 .29 .15 -.21 

5. Quality of Working Memory (max. 200) 188.10 15.34 .15 .19 -.08 .16 

6. Speed of Memory Retrieval (ms) 4240.12 862.72 -.29 -.11 .43 -.34 -.16 

7. Sex .18 .06 -.03 .23 .03 -.04 

8. Age 56.25 5.53 -.21 -.15 .20 -.21 -.09 .21 -.04 

9. NART-IQ (premorbid-IQ) 95.37 10.32 -.44 -.19 .17 -.22 -.17 .20 -.13 0 

10. PHQ9 Total Score (max. 27) 2.74 3.71 .05 -.09 0 -.03 -.03 .01 .09 -.05 0 

Note. Bivariate n ranges from 1937 to 1969; Sex is 0 = male 1 = female; For all |r| ≥ .05, p < 0.05.  For all |r| ≥ .06, p < 0.01. 

50
51
52
53
54
55
56
57
58
59
60

9



Table 2.  

Normed Means and Standard Deviations on all Cognitive Performance Variables from each of the Standard HL Severity Groups (BE4FA) 

Hearing Loss Severity Group 

Phonemic Verbal 

Fluency  

(words) 

Continuityof 

Attention  

(max. 95) 

Power of 

Attention  

(ms) 

Quality of 

Episodic Memory 

(max. 400) 

Quality of 

Working Memory 

(max. 2.0) 

Speed of Memory 

Retrieval  

(ms) 

Normal Hearing  

(n = 1838-1857) 
30.98 (7.17) 90.84 (3.88) 1237.37 (136.54) 184.35 (46.40) 1.88 (0.15) 4229.24 (842.43) 

Mild Hearing Loss 

(n = 91-92) 
28.81 (7.59) 90.08 (3.99) 1250.53 (138.89) 172.26 (48.73) 1.87 (0.15) 4341.61 (1109.51) 

Moderate Hearing Loss 

(n = 15) 

29.53 (8.08) 89.07 (3.71) 1270.20 (132.72) 173.57 (40.83) 1.90 (0.09) 4590.19 (873.76) 

Severe Hearing Loss 

(n = 4-5) 
29.33 (4.79) 89.40 (4.62) 1323.24 (139.36) 161.00 (35.05) 1.88 (0.10) 5413.77 (1924.62) 

Total 30.86 (7.20) 90.78 (3.89) 1238.46 (136.65) 183.65 (46.51) 1.88 (0.15) 4240.12 (862.72) 

F (3, 1952 - 1963) 2.861 2.315 1.19 2.60 .16 4.40 

p .036 .074 .312 .051 0.926 0.004 

η�
� .004 .004 .002 .004 0 .007 

Note. Denominator degrees of freedom vary due to missing data on some cognitive measures. Higher scores on all measures indicate better (more 

accurate or faster) performance; η�
�  effect sizes, small = 0.01; medium = 0.06; large = 0.14 

50

50
51
52
53
54
55
56
57
58
59
60
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Table 3.  

Means and Standard Deviations on all Cognitive Performance Variables from the Latent Profiles 

Phonemic Verbal 

Fluency 

(words) 

Continuity of 

Attention 

(max. 95) 

Power of Attention 

(ms) 

Quality of Episodic 

Memory (max. 400) 

Quality of Working 

Memory (max. 2.0) 

Speed of Memory 

Retrieval  

(ms) 

Profiles 1 & 2  (n=1375) 31.50 (7.21) 91.17 (3.41) 1232.11 (131.03) 188.02 (46.17) 1.89 (0.15) 4204.14 (851.08) 

Profile 3 (n = 403) 29.61 (6.81) 89.99 (4.90) 1249.51 (147.57) 174.22 (45.10) 1.87 (0.16) 4235.82 (742.27) 

Profile 4 (n = 153) 28.87 (7.57) 89.79 (4.26) 1262.49 (148.10) 169.98 (46.61) 1.86 (0.16) 4568.11 (1110.24) 

Profile 5 (n = 38) 29.03 (6.04) 89.26 (4.09) 1253.72 (153.00) 178.96 (48.94) 1.89 (0.10) 4255.06 (1049.68) 

Total 30.86 (7.20) 90.78 (3.89) 1238.46 (136.65) 183.65 (46.51) 1.88 (0.15) 4240.12 (862.72) 

F (3, 1953-1963) 1.58 15.71 3.62 14.30 1.58 8.31 

p .193 <.001 .013 <.001 .193 <.001 

��
� .002 .023 .006 .022 .002 .013 

Note. Denominator degrees of freedom vary slightly due to missing data on some cognitive measures. Higher scores on all measures indicate better 

(greater accuracy or faster) performance; ��
� effect sizes, small = 0.01; medium = 0.06; large = 0.14 

50

50
51
52
53
54
55
56
57
58
59
60
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World Health Organisation Guiedelines
1
: (1) Normal – BE4FA at 25dB or less (n = 1857), (2)

Mild – BE4FA between 26 and 40dB (n = 92), (3) Moderate – BE4FA between 41 and 60dB 

(n = 15), (4) Severe – BE4FA between 61 and 80dB (n = 5). No participants had Profound HL 

– BE4FA of 81dB or over.

Next, two-step hierarchical regression analyses of the normed cognitive scores were 

undertaken. Covariates were entered in Step 1: Sex, NART-predicted IQ, Education (dummy 

coded), and PHQ-9 Total Scores. Dummy-coded Standard HL Severity Group variables were 

entered in Step 2. The parameters estimated represent the impact of being in 1 of the 3 non-

Normal HL groups (Mild/Moderate/Severe), relative to the Normal Hearing group, after 

accounting for covariates (Table 4). 

None of the cognitive variables was significantly predicted by HL Severity Group 

membership, after controlling for covariates. The failure to find an effect of HL may relate to 

the groups being too ‘blunt’ to act as powerful predictors, the measurement of HL using 

better-ear only, or the relatively small sizes of the Severe and Moderate HL Groups.  Thus, 

Latent Profile Analysis was used to assign participants into hearing loss groups. 

Latent Profile Analyses 

Latent Profile Analysis (LPA) identifies latent (i.e. unobserved) groups (profiles) of people on 

the basis of scores on a set of indicator (i.e. observed) variables 
25

. Profiles are determined

that account for the variance shared amongst the indicator variables. Unlike cluster analysis, 

cases are probabilistically assigned to profiles.  The first step in LPA is to determine the 

optimal number of profiles 
31

. In deciding on the number of Profiles, we considered: (1)

statistical fit, (2) pragmatic inspection of the nature of the ProfilesMuthén and Muthén 
32

, and

(3) inspection of the number in each Profile. 
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Table 4. 

Regression of Raw Cognitive Performance Variables on Covariates and Standard HL Severity Groups (BE4FA) 

Dependent Variable: Fluency (words) 

Continuity of Attention 

(max. 95) 

Power of 

Attention (ms) 

Quality of Episodic 

Memory (max. 400) 

Quality of 

Working Memory (max. 

2.0) 

Speed of Memory 

Retrieval (ms) 

Intercept 97.68 103.66 737.20 356.41 227.2 812.50 

Covariates: 

Sex (0 = Male, 1 = Female) 2.70** (1.81, 3.58) 0.26 (-0.07, 0.59) 2.44 (-9.46, 14.34) 18.56** (14.63, 22.50) 0.17 (-1.20, 1.53) -10.16 (-85.07, 64.75) 

Age -0.26** (-0.34, -0.18) -0.11** (-0.14, -0.08) 5.22** (4.14, 6.29) -1.70** (-2.05, -1.35) -0.25** (-0.37, -0.13) 32.35** (25.60, 39.10) 

Educ. = Primary School
a

2.72 (-0.72, 6.16) -0.72 (-2.00, 0.56) -29.16 (-75.30, 16.97) -3.82 (-19.05, 11.42) 0.29 (-5.00, 5.58) 29.79 (-260.45, 320.02) 

Educ. = High School
a

0.51 (-0.66, 1.67) -0.32 (-0.75, 0.12) -10.68 (-26.33, 4.97) -0.77 (-5.94, 4.41) -0.09 (-1.88, 1.71) 79.54 (-19.00, 178.09) 

Educ. = Technical College
a

0.16 (-1.12, 1.44) -0.29 (-0.76, 0.19) -6.91 (-24.09, 10.27) -0.02 (-5.70, 5.66) 0.27 (-1.70, 2.24) 44.74 (-63.42, 152.90) 

NART-IQ -0.50** (-0.54, -0.46) -0.07** (-0.08, -0.05) 2.24** (1.66, 2.81) -0.89** (-1.08, -0.70) -0.26** (-0.32, -0.19) 16.18** (12.56, 19.79) 

PHQ 9 Total Score 0.10 (-0.02, 0.22) -0.10** (-0.14, -0.06) 0.28 (-1.30, 1.87) -0.69* (-1.21, -0.16) -0.14 (-0.32, 0.04) 5.54 (-4.45, 15.52) 

HL Severity Group: 

Mild Hearing Loss
b

-1.83 (-3.92, 0.26) -0.24 (-1.01, 0.54) -7.45 (-35.46, 20.56) -0.01 (-0.20, 0.17) 0.32 (-2.89, 3.54) -31.40 (-207.59, 144.79) 

50
51
52
53
54
55
56
57
58
59
60
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Moderate Hearing Loss
b

2.77 (-2.40, 7.93) -0.79 (-2.71, 1.13) -2.28 (-71.60, 67.03) 0.04 (-0.42, 0.50) 4.28 (-3.67, 12.23) 171.72 (-264.33, 607.78) 

Severe Hearing Loss
b

-3.81 (-12.42, 4.81) -0.79 (-3.99, 2.41) 47.61 (-67.97, 163.18) -0.33 (-1.10, 0.44) 2.20 (-11.05, 15.46) 951.31* (224.28, 

1678.33) 

Overall R
2

.258 .073 .074 .133 .040 .087 

F-test (10, 1933-1940) 67.08** 15.15** 15.40** 29.66** 8.00** 18.43** 

∆R
2
 (with Diagnostic

Categories added) 

.002 .001 .001 <.001 .001 .003 

∆R
2 
F-test (3, 1933-1940) 1.62 0.40 0.31 0.18 0.36 2.44 

Note. *p < 0.05, **p < 0.01. 
a
 Reference category is Highest Education = University Degree. Educ. = Highest Education; 

b
Normal Hearing is the

reference HL Severity Group.  HL = Hearing Loss. Denominator degrees of freedom vary due to missing data on some cognitive measures. Higher 

scores on all measures indicate better (more accurate or faster) performance. Unless otherwise stated, figures in cells are unstandardised regression 

coefficients, and figures in parentheses are the bounds of the 95% confidence intervals. 

50
51
52
53
54
55
56
57
58
59
60
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Table 5. 

Fit Indices for 1 Latent Profile to 6 Latent Profile Models 

Number of 

Profiles AIC 

BIC (sample 

size adjusted) 

∆BIC 

(relative to 

K-1 Profiles) 

LMRLRT 

(p-value) 

BLRT 

(p-value) 

1 192745.3 192782.5 -- -- -- 

2 186446.0 186504.9 -3156.7 0.006 <0.001 

3 183926.1 184006.7 -2498.1 0.711 <0.001 

4 182337.6 182439.9 -1566.8 0.234 <0.001 

5 180988.6 181112.6 -1327.3 0.107 <0.001 

6 180377.7 180523.5 -589.1 0.462 <0.001 

Note.  AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion; lower AIC and BIC indices indicate better fit; ∆BIC = change in 

BIC as number of profiles increases; LMRLRT = Lo-Mendell-Rubin Likelihood Ratio Test – a smaller p value suggests that the model with k profiles 

is a better fit to k-1 profiles; BLRT = Bootstrap Likelihood Ratio Test – a significant p value indicates that the model with k-1 profiles is a better fit to 

k profiles. 

50
51
52
53
54
55
56
57
58
59
60
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The indicators were all hearing thresholds in both ears. Since ears are ‘nested’ within 

an individual, a two-level LPA was undertaken in MPlus 7.2, selecting 500 from a set of 

10000 random starting values 
33

.  Table 5 gives fit statistics (AIC and BIC) of models with 1

through 6 profiles, and statistical tests of the comparison of a model with K and K-1 profiles 

(the p-values for the Lo-Mendall-Rubin Likelihood Ratio test [LMRLRT], and the 

Bootstrapped Likelihood Ratio Test [BLRT])
31

. As can be seen, the fit statistics do not clearly

indicate the optimal number of profiles. A decline in the magnitude of the reduction of the 

BIC as the number of profiles increases is observed, but the LMRLRT and BLRT return 

contrary advice: the former suggests a two profile solution is preferable, whereas the BLRT 

suggests as many as seven profiles may be needed. 

Common to all of the models was a distinct (and usually the largest) profile of 

individuals with good hearing across all frequencies, and a relatively small profile comprising 

individuals with significant hearing impairment.  Further, in all models, there were no marked 

differences in thresholds between the left and right ears.  After consideration, we retained the 

5-profile model (for brevity, we reproduce only the 5 profile solution here, but Figures for 3, 

4, and 6 profile solutions are available on request): Profile 1 (n = 1117) “Excellent hearing” – 

sensitive to sounds lower than the 20 dB ‘normal’ hearing criterion; Profile 2 (n = 258) 

“Normal hearing” – sensitive to sounds approximately at 20 dB ‘normal’ hearing criterion; 

Profile 3 (n = 403) “High frequency impaired” – excellent to normal hearing up to 2000Hz, 

but a sharp decline at higher frequencies; Profile 4 (n = 153) “Mid-to-high frequency 

impaired” – normal hearing up to 1000Hz, but a significant decline at higher frequencies; and 

Profile 5 (n = 38) “Significant impairment” – decreased sensitivity to all frequencies. The 

entropy statistic (range 0-1), indicates confidence in the classifications of participants into 

their respective profiles. For the five profile model, entropy was 0.917, and thus for analyses 

that followed, we classified participants into their most likely profile. 
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Table 6. 

Comparison of the Latent Profiles against a) the question “Do you have a hearing impairment?” and b) Standard HL Severity Groups 

Do you have a hearing 

impairment? Standard HL Severity Groups 

Profile Number No Yes 

Normal 

Hearing 

Mild Hearing 

Loss 

Moderate 

Hearing Loss 

Severe 

Hearing Loss 

1 & 2 combined – “Normal hearing” 92.0% 8.0% 99.5% 0.5% 0 0 

3 – “High frequency impaired” 70.4% 29.6% 100.0% 0 0 0 

4 – “Mid-to-high frequency impaired” 38.3% 61.7% 50.0% 46.1% 3.9% 0 

5 – “Significant impairment” 21.1% 78.9% 26.3% 36.8% 23.7% 13.2% 

Total 82.0% 18.0% 94.3% 4.7% 0.8% 0.3% 

Note. Percentages are within-Profile for the whole sample 

50
51
52
53
54
55
56
57
58
59
60
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The approach to deriving profiles of hearing loss via clustering methods is relatively 

novel. Only one other study has used statistical methods (k-means cluster analysis) to 

categorise participants based on bilateral air-conduction audiograms in 20-69 year olds (see
34

)

but it did not explore the relationship to other variables.  Thus, to ensure that the profiles 

represented differential levels of hearing impairment, we compared profile members on self-

reported hearing-loss and against BE4FA classifications (Table 6). There was a clear 

association between self-reported hearing impairment and profile membership, χ
2
(3, N =

1966) = 421.6, p < .001. There were inconsistencies, however, between the profiles and 

BE4FA categorisation, χ
2
 (3, N = 1969) = 1330.3, p < .001. Nearly all members of Profiles 1

to 3 were defined as having normal hearing based on BE4FA, despite Profile 3 demonstrating 

hearing dysfunction at higher frequencies (Figure 1).  Profile 4 tended to be diagnosed as 

suffering some form of hearing loss, with <50% having Normal Hearing on BE4FA. 

Members of Profile 5 were most likely to have been diagnosed as having hearing loss, and 

were the only participants with Severe HL. 

Although the five profile model was preferred, we combined members of Profiles 1 

and 2 (those with Excellent or Normal hearing; Figure 1) into a single ‘Normal Hearing’ 

Profile, with n = 1375, since no distinction is made clinically between them: both have normal 

hearing. This approach to combining conceptually similar but statistically distinct latent 

profiles is accepted practice, and did not appreciably affect the results of later analyses. 

Predicting Cognitive Performance with the Latent Profiles 

Two-step regression analyses were undertaken as above (Table 7). Only Continuity of 

Attention and Speed of Memory Retrieval were significantly related to Profile membership 

after controlling for covariates. However, the variance explained was negligible (0.5% and 

0.4%, respectively). For Continuity of Attention, members of the combined Profiles 1 & 2 
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Table 7. 

Regression of Raw Cognitive Performance Variables on Controls and Profile Membership 

Dependent Variable: Fluency (words) 

Continuity of 

Attention 

(max. 95) 

Speed of 

Attention (ms) 

Quality of Episodic 

Memory (max. 400) 

Quality of 

Working Memory 

(max. 2.0) 

Speed of Memory 

Retrieval (ms) 

Intercept 97.89 102.93 730.37 357.10 227.13 786.10 

Control Variables: 

Sex (0 = Male, 1 = Female) 2.80** (1.86, 3.73) 0.13 (-0.22, 0.47) 1.38 (-11.12, 13.88) 18.65 (14.51, 22.78) 0.17 (-1.26, 1.60) -26.68 (-105.27, 51.91) 

Age -0.27** (-0.35, -0.18) -0.10** (-0.13, -0.06) 5.33** (4.21, 6.46) -1.71** (-2.09, -1.34) -0.25** (-0.38, -0.12) 32.78** (25.71, 39.85) 

Educ. = Primary School
a

2.73 (-0.72, 6.17) -0.73 (-2.01, 0.54) -29.50 (-75.65, 16.66) -3.79** (-19.03, 11.46) 0.34 (-4.95, 5.64) 14.60 (-275.48, 304.68) 

Educ. = High School
a

0.53 (-0.64, 1.70) -0.32 (-0.75, 0.12) -10.72 (-26.37, 4.94) -0.74 (-5.92, 4.44) -0.06 (-1.85, 1.74) 77.49 (-20.98, 175.95) 

Educ. = Technical College
a

0.16 (-1.13, 1.44) -0.29 (-0.77, 0.18) -6.87 (-24.05, 10.31) -0.03 (-5.71, 5.65) 0.29 (-1.68, 2.26) 47.68 (-60.38, 155.74) 

NART-IQ -0.50** (-0.54, -0.46) -0.06** (-0.08, -0.05) 2.26** (1.69, 2.84) -0.89** (-1.08, -0.70) -0.26* (-0.33, -0.19) 16.49** (12.87, 20.11) 

PHQ 9 Total Score 0.10 (-0.02, 0.22) -0.10** (-0.14, -0.06) 0.27 (-1.32, 1.85) -0.68* (-1.21, -0.16) -0.14 (-0.32, 0.04) 5.57 (-4.39, 15.53) 

Profile Membership: 

Profile 3
b

0.46 (-0.73, 1.64) -0.57* (-1.01, -0.13) -5.28 (-21.19, 10.63) 0.44 (-4.83, 5.71) 0.27 (-1.55, 2.10) -117.33* (-217.47, -17.18) 

50
51
52
53
54
55
56
57
58
59
60
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Profile 4
b

-0.62 (-2.36, 1.12) -0.64 (-1.29, 0.00) -5.36 (-28.67, 17.94) -0.08 (-7.78, 7.62) -0.16 (-2.83, 2.51) 120.49 (-26.00, 266.97) 

Profile 5
b

-0.48 (-3.70, 2.75) -1.22* (-2.41, -0.03) -9.44 (-52.60, 33.73) 0.27 (-13.99, 14.53) 2.51 (-2.44, 7.46) -120.73 (-392.00, 150.54) 

Overall R
2

.256 .077 .074 .133 .040 .089 

F-test (10, 1933-1940) 66.63** 16.24** 15.37** 29.60** 8.00** 18.83** 

∆R
2
 (with Profiles added) .001 .005 <.001 <.001 .001 .004 

∆R
2 
F-test (3, 1933-1940) 0.49 3.76* 0.21 0.011 0.36 3.64* 

Note. *p < 0.05, **p < 0.01. 
a
 Reference category is Highest Education = University Degree. Educ. = Highest Education; b Profiles 1 & 2 (i.e. Normal

Hearing) is the reference category.  HL = Hearing Loss.  Denominator degrees of freedom vary due to missing data on some cognitive measures. 

Higher scores on all measures indicate better (more accurate or faster) performance. Unless otherwise stated, figures in cells are unstandardized 

regression coefficients, and figures in parentheses are the bounds of the 95% confidence intervals. 

50
51
52
53
54
55
56
57
58
59
60
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Figure 1.
Hearing thresholds of the left and right ears using a 5-Latent Profile model.    

P = Latent Profile; P1 n = 1117; P2 n = 258, P3 n = 403, P4 n = 153, P5 n = 38. 

127x76mm (300 x 300 DPI) 
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(Normal Hearing) performed significantly better than members of Profiles 3 and 5, whereas 

these latter two Profiles could not be separated. For Speed of Memory Retrieval, members of 

Profile 3 performed less well than members of Profiles 1& 2, and Profile 4. 

Discussion 

This study investigated the relationship between hearing impairment and cognitive 

performance in an epidemiological sample of middle-aged adults, controlling for cognitive 

reserve, education, age, depression and sex. Contrary to predictions, analysis using a pure 

tone average measure for the better ear revealed that hearing loss was not a significant 

predictor of cognitive performance in any domain. With the large sample size, the failure to 

find a relationship could not be due to insufficient power. 

Further, Latent Profile Analysis, which produced four discernible hearing groups, 

revealed an effect of hearing impairment on continuity of attention, which was generally 

lower in those with poorer hearing relative to those with normal hearing, and in speed of 

retrieval of episodic (or long-term) memory (in those with high tone hearing loss only). 

Nonetheless, the amount of variance in performance explained by hearing profile membership 

was very small (≤ 0.5%), and unlikely to be of clinical significance. The observed results are 

not consistent with the idea that cognitive performance is meaningfully associated with the 

extent of hearing impairment. 

These findings stand in marked contrast to studies that report hearing impairment is 

associated with poorer cognition 
6 

or is risk factor for cognitive decline 
9
 and dementia 

10,11
.

One possibility is that this study successfully controlled for important covariates not 

previously considered, or not considered together. In particular, no previous studies controlled 

for depression or cognitive reserve: critical components of any evaluation of the impact of 

hearing on cognition. Alternatively, this sample, being middle-aged, may not have progressed 
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to levels of hearing impairment sufficient to interfere with cognition. This argument would be 

supported by the fact that none experienced profound hearing impairment (>81dB PTA better 

ear). However, the prevalence of profound hearing impairment is generally low at 0.7% 
35

 and

studies with older participants (e.g.
6
 mean 71years) have reported similarly low rates of

severe or profound HL, yet found a relationship with cognition. If the cognitive burden of 

hearing impairment is yet to develop in this cohort, then longitudinal follow-up of this well-

characterised group, assessing both their hearing impairment, hearing rehabilitation and 

cognitive performance will be important. The BHAS is longitudinal, making such analyses 

possible in the future. 

This study asked individuals to wear their prescribed hearing aid(s) for cognitive 

testing. However, not all hearing-impaired people have assistive devices or use them 

optimally. A study that tests individuals before and after hearing intervention, and which 

controls for depression, premorbid-IQ, age, education and sex, would help to unpack this 

issue. Preferably, such a study would also test non-intervention controls to assess the impact 

of cognitive practice effects. 

The method used for analysing hearing level has implications for the hearing loss 

field. Latent Profile Analysis suggested four discernible groups, with the largest having 

normal hearing, then high frequency, mid-to-high frequency, and significant hearing 

impairment. Ciletti and Flamme 
34

 found similar profiles in 20 to 69 year olds, using k-means

cluster analysis, but also noted marked sex differences, which we did not observe. 

Comparison of latent profile analysis with the better-ear PTA classification used by others 

(e.g.
6
) revealed considerable inconsistency. Participants with high-frequency hearing loss

were categorised by the better-ear method as having normal hearing, even when their hearing 

loss extended down to 2000Hz. Further, 1 in 4 of those in the severely impaired profile were 

classified as normal on the better-ear measure. This inconsistency challenges definitions of 
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significant hearing loss: 403 participants were identified with a significant, high-frequency 

hearing loss in this study (average hearing loss ≥40 dB at 4 and 8 kHz in the better ear), but 

all would have been classed as normal according to traditional definitions. These participants 

could be expected to experience a range of hearing-related social impacts but, as they are 

classified as normal under the standard system, would have limited access to hearing 

interventions. This study supports the view that such standard classifications should be used 

with caution 
36

, as they do not capture the impairments associated with high-frequency

hearing losses and higher-order auditory processing skills. 

Conclusion 

In a large, randomly sampled, representative group of middle-aged adults, hearing loss 

is not an important predictor of attention, memory or executive function once education, 

depression, cognitive reserve, and sex have been considered. One possibility is that hearing 

impairment is just one type of morbidity that, combined with others, builds a risk-profile that 

would predict cognitive decline in normal ageing. Other important determinants of cognitive 

performance include chronic health conditions such as smoking 
37

, pain 
38

, diabetes 
39

, or

hypertension 
37,40

, of which smoking
41

 and diabetes 
42

 are also associated with hearing loss.

Most studies, this one included, have considered a single morbidity and its impact on 

cognition. However, as many as 3 in 10 adults aged 45-64 years have 5 or more long-term co-

morbidities, of which hearing impairment may be just one 
43

. If the risk of cognitive decline

arises additively then we should stop trying to isolate any single cause. The BHAS, with its 

longitudinal follow-up, is ideally placed to inform this important debate. 
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