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Study Background



Cognitive Screening Tests

Mini Mental State Examination (MMSE) Montreal Cognitive Assessment (MoCA)

(Nasreddine et al., 2005)
(Folstein et al., 1975)



Cognitive Screening Tests

MMSE MoCA

Administered verbally

Relies on hearing ability



Literature Review

Review:
Individuals with hearing impairment were 

associated with lower cognitive scores for 

MoCA and MMSE 
(Dupuis et al., 2015; Jorgensen et al., 2016)

Study on local elderly population:
MoCA and MMSE performance in a group 

of healthy elderly population with hearing 

impairment. 
(Lim & Loo, 2018).





Significant improvement in MMSE 

scores after 3 months of 

hearing aids usage 

(Acar et al., 2011)

Experienced hearing aid users had 

better MoCA performance 

compared to non-hearing aid users 

(Castiglione et al., 2016) 

No significant change in MoCA 

performance with and without 

hearing augmentation 

(Saunders et al., 2018) 

Singapore ?

Hearing aid users performed

better on the MMSE, despite 

having poorer hearing.

(Qian et al., 2016)



Clinical Significance

1. Multilingual society

• Local versions of MMSE and MoCA (English, Mandarin and Malay)

2. Hearing screening and intervention not mandatory before cognitive 

screening test. 



Undetected hearing Loss

Cognitive Screening

Unnecessary referrals

False positive

Clinical Significance
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Better representation of 
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False positive
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The effect of hearing aids usage 

on cognitive screening performance (MMSE and MoCA) 

in elderly with hearing impairment.

Does hearing aids usage better represent 
the performance of healthy hearing-impaired elderly 

during cognitive screening tests. 

Study Aim



Hypothesis

There is a significant improvement in MMSE and MoCA 

cognitive screening test scores of elderly with hearing impairment 

after hearing aid usage 

compared to before hearing aid usage. 



Methodology



2 weeks to 

1 month

1 – 3 

months

Study Design and Procedure

Location: National University Hospital Singapore

Single-subject study (Each participant acts as his or her own control)

Baseline Visit 1
Hearing Aid Evaluation

Pre-HA usage

Interview

Medical history and 

demographics

Cognitive screening tests

Baseline Visit 2
Hearing Aid Fitting

Pre-HA usage

Cognitive screening

Post-Intervention
1st Hearing Aid Follow Up

Post-HA usage

Cognitive screening

Two Baseline visits.

(To account for any procedural effect and act as control)



• Local versions of MMSE and MoCA cognitive screening test 

(English and Mandarin)

• Scoring ranges from 0 (Worst performance) → 30 (Best Performance)

• Normal limits cut off value. 

‒ MMSE > 25*

‒ MoCA > 22*
*Department of Psychological Medicine, of National University Hospital

*(Lim & Loo, 2018).

Test Materials



• ≥60 years old 

• Moderate to severe sensorineural hearing loss

• Have not used hearing aids within the past 5 years and keen to purchase

• No diagnosis of cognitive impairment or dementia

• Can follow verbal instructions.

• Patient who speaks and legible in English or Mandarin.

Exclusion Criteria

• Unilateral hearing loss

Inclusion Criteria



Baseline Visit 1

Pre-HA usage

Interview

Medical history and 

demographics

Cognitive screening

Baseline Visit 2

Pre-HA usage

Cognitive screening

Post-Intervention

Post-HA usage

Cognitive screening

2 weeks to 

1 month
1 – 3 

months

Sample Size

15 participants 10 participants 5 participants
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Results and Discussion

1. Changes in Overall Cognitive Scores

2. Registration and Recall Performance
• Hearing sensitive component



Baseline 1

Pre-HA usage

Cognitive screening

Baseline 2

Pre-HA usage

Cognitive screening

Post-Intervention
Post-HA usage

Cognitive screening
2 weeks to 

1 month 1 – 3 months

Analysis: Baseline Cognitive Scores



Cognitive Screening 

Tests

Score (n = 5) p (n = 5)

Baseline 1 Baseline 2 Baseline 1/ Baseline 2

MMSE

Mean 24.6 23.6 0.345

Median 24.0 24.0

SD 2.8 3.1

MoCA

Mean 20.4 21.2 0.713

Median 19.0 21.0

SD 2.0 3.4

Summary of MMSE and MoCA tests scores at Baseline (n = 5)

Non-parametric test was conducted to compare both baseline scores 

(Wilcoxon Sign Rank Test – jamovi 1.6.16). 

Both baseline scores were not 

significantly different. 

Analysis: Baseline Cognitive Scores

Scores obtained from both baseline 

were averaged before comparing to 

post-intervention scores 

p value ≤ 0.05 indicates significance



Baseline 1

Pre-HA usage

Cognitive screening

Baseline 2

Pre-HA usage

Cognitive screening

Post-Intervention
Post-HA usage

Cognitive screening
2 weeks to 

1 month 1 – 3 months

Analysis: Post Intervention Cognitive Scores

Averaged



Analysis: Post Intervention Cognitive Scores

Cognitive Screening Tests
Score (n = 5) p (n = 5)

Baseline average Post Intervention Baseline Average/ Post Intervention

MMSE

Mean 24.1 25.8 0.269

Median 23.0 27.0

SD 2.8 3.0

MoCA

Mean 20.8 24.6 0.058

Median 21.5 24.0

SD 2.4 2.1

Summary of MMSE and MoCA tests scores at Baseline and at post HA usage.

• Non- parametric test was conducted to compare both averaged baseline and post intervention scores 

(Wilcoxon Sign Rank Test -jamovi 1.6.16). 

Both MoCA and MMSE scores at post-HA usage did not show significant difference.

Limitation: Small sample size

* p value ≤0.05 indicates significance
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Analysis: Post Intervention Cognitive Scores

Cognitive Screening Tests
Score (n = 5) p (n = 5)

Baseline average Post Intervention Baseline Average/ Post Intervention

MMSE

Mean 24.1 25.8 0.269

Median 23.0 27.0

SD 2.8 3.0

MoCA

Mean 20.8 24.6 0.058

Median 21.5 24.0

SD 2.4 2.1

Summary of MMSE and MoCA tests scores at Baseline and at post HA usage.

1. Scores for MoCA managed to show a tendency towards significance (p = 0.058).

2. Through observing median scores for both test

• A positive change observed from both tests at baseline and after HA usage.

• MMSE (> 25): Increased from 23.0 → 27.0

• MoCA (> 22) : Increased 21.5 → 24.0

>25

>22

* p value ≤0.05 indicates significance
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• MoCA were known to be more affected by hearing ability

• Obvious improvement in performance can be observed through MoCA after hearing aid usage.

• Poorer MoCA performance at baseline may have been compensated with the use of hearing aids.

For every 10dB HL of 

hearing impairment, 

(Lim and Loo, 2018)

decrease in 

MoCA scores 

(3.5%)

decrease in 

MMSE scores 

(2.8% )

>
Steeper than

Discussion

Improvements in 

MoCA performance

>
More evident

Improvements in 

MMSE performance

Effect of hearing impairment on

(Dupuis et al., 2015). 
MoCA

>
Greater than

MMSE



Results and Discussion

1. Changes in Cognitive Scores

2. Registration and Recall
• Hearing sensitive component



MoCA

MMSE

1. Word Registration/ Memory

Required to hear and repeat the words 

presented correctly.

MMSE – 5 trials

MoCA – 2 trials 

2.Word Recall (MMSE)/ 

Delayed Recall (MoCA)

Required to remember and recall the 

correct words. 
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• Poorest registration performance before hearing aids 
usage - “KEY”and “锁匙/suo’shi”

Common Error – Substitution

MMSE (Baseline)
Registration and Recall 
Performance 

Language Test Word Word substitution error

English KEY TEA

Mandarin 锁匙/suo'shi’ (Key) 果实/guǒ shí (Fruits) 
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• Poorest registration performance before hearing aids 
usage - “KEY”and “锁匙/suo’shi”

• Even with five trials of repetition in Registration section, 

word error were still evident, and was found to surface at 

the recall section

MMSE (Baseline)
Registration and Recall 
Performance 

Common Error – Substitution

Language Test Word Word substitution error

English KEY TEA

Mandarin 锁匙/suo'shi’ (Key) 果实/guǒ shí (Fruits) 



MMSE (Post-Intervention)
Registration and Recall 
Performance 

5

2 2

4

1

3

5

3

5

2 2

2

21 1 1 2 2

0

1

2

3

4

5

Lemon/

柠檬

Key/

锁匙

Balloon/

气球

Lemon/

柠檬

Key/

锁匙

Balloon/

气球

Lemon/

柠檬

Key/

锁匙

Balloon/

气球

Visit 1 (Pre-HA) Visit 2 (Pre-HA) Visit 3 (Post-HA)

N
u

m
b

e
r 

o
f 

P
a

rt
ic

ip
a

n
ts

Test Words

Correct Error No words registered

MMSE Word Registration Performance Pre- and Post-HA Usage 

(n = 5)

5

3

4 4

2

5 5 5

4

2 1 1 3 1

0

1

2

3

4

5

Lemon/

柠檬

Key/

锁匙

Balloon/

气球

Lemon/

柠檬

Key/

锁匙

Balloon/

气球

Lemon/

柠檬

Key/

锁匙

Balloon/

气球

Visit 1 (Pre HA) Visit 2 (Pre-HA) Visit 3 (Post-HA)

N
u

m
b

e
r 

o
f 

P
a

rt
ic

ip
a

n
ts

Test Words

MMSE Word Recall Perfomance Pre and Post-HA Usage

(n = 5)

Correct Error No words recalled

1. Error in Registration persist.
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1. Error in Registration persist.

2. Cascading effect in Word Registration and Recall at baseline 

diminished. 

• All participants registered correctly within 5 trials

• All managed to recall the correct word. 

3. Almost all participants managed to recall all words correctly
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• “Red” or “红色/hóng sè” 

• Poorest registration performance at baseline 

• Recall component

MoCA (Baseline)
Registration and Delayed Recall 
Performance 
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Test Words

MoCA Word Registration Second Attempt Performance 

Pre- and Post-HA Usage (n = 5)

Correct Incorrect No words registered

(a)

1. “Red” or “红色/hóng sè” at Registration and Recall sections 

improved. 

2. Overall, improvement were visually observed where there were 

More correct word registration and recall

3. Performance for “Rose or 菊花/jú huā (Chrysanthemum)”

were not as expected. 

→ Related factors beyond participants hearing ability. 

MoCA (Post-Intervention)
Registration and Delayed Recall 
Performance 



Conclusion



1. Upward trend in cognitive screening scores observed. 

• Insights on the positive effect of hearing aids usage on cognitive screening performance. 

• Importance of hearing screening and intervention prior to cognitive screening test

2. Current study could not confidently indicate significant improvement in 

cognitive screening performance after hearing aid usage

3. Future Research Recommendation

• Larger sample size

• Longer hearing aids usage period

• Correlation between degree of hearing impairment to changes in scores after hearing aid 

usage. 

Conclusion
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