
https://doi.org/10.1177/1029864920918636

Musicae Scientiae
2022, Vol. 26(1) 71 –83
© The Author(s) 2020

Article reuse guidelines:  
sagepub.com/journals-permissions
DOI: 10.1177/1029864920918636

journals.sagepub.com/home/msx

Lifetime musical training and 
cognitive performance in a  
memory clinic population:  
A cross-sectional study

Daisy Fancourt
Department of Behavioural Science and Health, Institute of Epidemiology & Health Care, University College London, 
United Kingdom

Katharina Geschke
Andreas Fellgiebel
Alexandra Wuttke-Linnemann
Department of Psychiatry and Psychotherapy, University Medical Center Mainz, Germany; Center for Mental Health in 
Old Age, Landeskrankenhaus, Germany

Abstract
Background: Music training has been found to be beneficial for young and healthy participants but 
the associations between musical training and the cognitive functioning of elderly participants have 
not been reported consistently. We examined whether lifetime musical training is associated with 
neuropsychological performance in a memory clinic population of older patients.
Methods: A total of 478 patients (54.2% female, mean age 73.70 ± 6.22, mean Mini Mental State 
Examination score 25 ± 3) were included in the cross-sectional analyses. All patients were referred to 
the memory clinic due to cognitive impairments. During the course of diagnosis, all patients underwent 
neuropsychological tests using the CERAD neuropsychological assessment battery. Patients provided 
information on whether they ever learned to play an instrument for at least five years in their life.
Results: Neuropsychological test results differed based on musical training (p = .042). Overall, there were 
no differences in any domains of cognitive functioning, other than that patients with musical training 
performed worse on word list memory (p = .008). However, this relationship varied based on the extent 
of cognitive impairments. Patients who were cognitively unimpaired (Mini Mental State Examination 
score 27–30) and had musical training showed better word list learning, whereas patients with cognitive 
impairments (Mini Mental State Examination score < 27) and musical training performed worse in word 
list learning (p = .042) and word list recall (p = .045).
Discussion: Overall, there was little evidence of associations between specific neuropsychological test 
results and musical training. Only in cognitively unimpaired patients was there evidence that musical 
training had beneficial associations. In patients with cognitive impairment, there were suggestions 
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of negative associations with verbal memory. Future research should longitudinally investigate the 
beneficial effects of musical training in people with and without cognitive impairments.
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Introduction

There is a wide literature demonstrating the effects of  making and listening to music on practi-
cally every cognitive function (Zatorre, 2005). Specifically, musical training (repeated instruc-
tion in music) has been found to have benefits for cognition in diverse populations, including 
inducing functional and structural cognitive changes (Kraus & Chandrasekaran, 2010). 
Amongst children, cross-sectional and longitudinal studies have shown associations between 
music lessons and both improvements in auditory skill and in wider executive function and 
visual-spatial, verbal and mathematical performance (Degé et  al., 2011; Kraus & 
Chandrasekaran, 2010; Schlaug et al., 2005). Similarly, amongst adults, professional musi-
cians have been found to have enhanced cognitive function (including function specifically 
related to auditory perception and more general cognitive function; Aleman et al., 2000; Schön 
et al., 2004) and greater grey matter both in brain regions closely linked to skills learned from 
musical training and those outside these regions (including the primary sensorimotor cortex, 
adjacent superior premotor and anterior superior parietal cortex bilaterally, cerebellum and 
interior frontal gyrus; Gaser & Schlaug, 2003). Notably, it is not just long-term training that 
has been associated with cognition. Short (20-day) online music training programmes (focus-
ing on listening activities to improve basic musical skills) have been found to improve executive 
function in children (Moreno et  al., 2011). Programmes of  one year of  instrumental music 
training have been linked to increases in fine motor skill and auditory discrimination skills 
(Schlaug et al., 2005), and 15-month programmes of  instrumental music training have been 
correlated with structural brain changes along with improvements in musically relevant motor 
and auditory skills (Hyde et al., 2009).

In light of  these links between musical training and cognition earlier in life, a key question is 
whether musical training can confer protective effects on cognition in later life, for older adults 
generally, as well as those with mild-moderate cognitive impairment or severe cognitive impair-
ment. A number of  specific intervention studies have found benefits of  short-term musical train-
ing in these older populations. For older adults without cognitive impairment, a small-scale study 
found that six months of  piano lessons improved executive function in those aged 60–85, with 
effects getting stronger over the ensuing 3-month follow-up period (Bugos et al., 2007). Similarly, 
a study of  six months of  music-based multitask training for adults over the age of  65 found 
improvements in the “sensitivity to interference” subtest of  the frontal assessment battery com-
pared to a non-intervention control group (Hars et al., 2014). This study also found preliminary 
data to suggest that music-based multitask training led to improvements in Mini Mental State 
Examination (MMSE) score and a reduction in the number of  participants who were categorised 
on this scale as having impaired cognitive performance. For older adults with mild-moderate cog-
nitive impairment, one study found that six weeks of  cognitive music training for older adults with 
mild-moderate cognitive impairment led to improvements in MMSE, verbal fluency and spatial 
perception (Biasutti & Mangiacotti, 2018). Specifically for people with severe cognitive impair-
ment, it has been shown that ten weeks of  singing training can enhance orientation, remote 
episodic memory, attention, executive function, short-term and working memory and general 
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cognition (Särkämö et  al., 2014). Notably, short-term and working memory were enhanced 
more by singing training than music listening, highlighting the importance of  the training 
component.

However, such studies are limited in sample size and follow-up. Furthermore, they focus on 
a broad definition of  music training (acquisition of  broad musical skills, instrumental lessons, 
singing) rather than specifically on musical training as defined by learning to play an instru-
ment across the lifespan. When considering results from longitudinal studies that take account 
of  this life-course involvement, results become more mixed. Some have found that learning to 
play an instrument is associated with a reduced risk of  developing cognitive impairment (Balbag 
et al., 2014; Verghese et al., 2003). But others have not found such associations (Hughes et al., 
2010).

Consequently, our understanding of  the effects of  lifetime musical training on cognition in 
older adults generally and its association with the transition from healthy cognition to the man-
ifestation of  cognitive impairments, specifically, remains limited. Nevertheless, there are a 
number of  reasons why we might hypothesise an association. The auditory perception of  music 
recruits not just neural circuits specific to the musical stimulus but also those that more widely 
underlie memory, attention, imagery and semantic and syntactic processing (such as bilateral 
temporal, frontal and parietal neural circuits; Janata et al., 2002). Music training involves the 
development of  rehearsal strategies (a component of  sustained attention), which lead to the 
maintenance of  memories (Franklin et al., 2008). Music is also stress reducing (Pelletier, 2004), 
which is significant as stress has been linked with faster cognitive decline, such as through 
weakened prefrontal networks, lower systolic blood pressure reactivity or increased cortisol lev-
els (Arnsten, 2015; Pulopulos et al., 2014; Yano et al., 2016). Music can heighten arousal, 
which has been shown to lead to improved cognitive performance (Thompson et al., 2001). 
Music can lead to increases in positive emotions (Juslin, 2013) that can increase brain dopa-
mine levels, which are associated with improved cognitive flexibility (Ashby et al., 1999; Blood 
& Zatorre, 2001; Salimpoor et  al., 2011). Music may also affect cognition through indirect 
means, such as enhancing social engagement (Tarr et al., 2014), which has been shown to 
have neuroprotective effects through supporting resilience (McFadden & Basting, 2010). 
Although all of  these mechanisms could also apply to broader musical engagement rather than 
musical training specifically, there are some aspects of  musical training that may relate to spe-
cific neurocognitive mechanisms. For example, musical training such as learning to play a 
musical instrument supports structural and functional neuroplastic changes (Schlaug, 2015; 
Wan & Schlaug, 2010). Even if  the musical training in learning to play an instrument is early 
in life, there is biological evidence of  long-term plasticity as a result of  this training (White- 
Schwoch et al., 2013). Further, this instrumental music training may support the transfer of  
learning from one neuro-cognitive domain to another, enabling specific musical training to 
have wider effects on cognition (White et al., 2013).

In this regard, Gooding et al. (2014) discuss the proposition that musical training could be 
one way of  increasing cognitive reserve (the resilience of  the brain against cognitive decline) and 
thus propose that it has the ability to postpone the onset of  symptoms of  age-related cognitive 
decline. Most interestingly, cognitive functions related to music making seem to appear particu-
larly robust against loss in patients with dementia (Baird & Samson, 2009). Whereas typically 
cognitive domains such as memory, attention and executive function are impaired in these 
patients, Baird and Samson (2009) found implicit music memory (e.g., knowing how to play an 
instrument) to remain intact. Given the shared neural circuits between musical processing and 
other cognitive and emotional circuits in the brain as described above, it might be plausible to 
assume that apart from postponing cognitive decline in healthy older adults, there might be 
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beneficial effects of  musical training—specifically of  instrumental music training—for people 
with cognitive impairments that transfer to these other domains as well. Therefore, it might be 
hypothesised that musical training has particular protective effects in patients with cognitive 
impairments. In other words, if  we consider the extreme case of  someone who has no cognitive 
impairment, this person might perform well in neuropsychological tests and the incremental 
benefit of  playing an instrument might be smaller. However, someone who has cognitive impair-
ment might benefit more from musical training due to its assumed shielding effect.

Therefore, this study set out to explore whether specific neuropsychological profiles in older 
adults differ based on musical training—defined as having learnt to play an instrument—and 
how these associations vary by the extent of  cognitive impairment. Specifically, we hypothe-
sised that (a) neuropsychological profiles would differ based on musical training, with stronger 
cognitive scores for those with five or more years of  lifetime training; and (b) the association 
between musical training and neuropsychological test profiles would vary depending on the 
extent of  cognitive impairment, with evidence of  a greater protective effect of  musical training 
on cognition amongst those with greater levels of  cognitive impairment.

Material and methods

Sample characteristics

Anonymous routine data from the outpatient memory clinic of  the University Medical Center 
Mainz, Department of  Psychiatry and Psychotherapy, were analysed. Between July 2013 and 
December 2017, a total of  621 patients underwent comprehensive neuropsychological testing 
by means of  the CERAD Neuropsychological Assessment Battery. Criteria for eligibility in our 
analyses were: complete results in CERAD subtests (n=91 patients provided incomplete test 
results, of  whom n=62 completed less than 50% of  tests so were excluded) and ⩾ 60 years of  
age (n=52 < 60), resulting in a total sample of  478 patients (54.2% female) with a mean age 
of  73.70 ± 6.22 (range 60 to 90) (Table 1).

The mean Mini Mental State Examination (MMSE) score was 25 ± 3 (range 12–30) with 
37.4% of  patients scoring between 27 and 30 (no cognitive impairment), 56.5% of  patients 
scoring between 20 and 26 (mild cognitive impairment), 6.1% of  patients scoring between 10 
and 19 (moderate impairment) and no patient scoring in the range of  severe impairment (MMSE 
score < 10) according to the guidelines of  the German Association for Psychiatry, Psychotherapy 
and Psychosomatics (DGPPN). The study received ethical approval from the state medical asso-
ciation in Rhineland Palatine (Landesärztekammer Rheinland-Pfalz). 

Material and procedure

All patients completed the German version of  the CERAD Neuropsychological Assessment 
Battery (Chandler et al., 2005). This test battery comprises five subtests: semantic verbal flu-
ency (animals), Boston Naming Test (15 items), MMSE, 10-word list task (learning, recall and 
recognition), visuo-constructional praxis (drawing, recall) as well as two additional tests: Trail 
Making Test Parts A and B (TMT A and TMT B) and phonematic verbal fluency (initial letter S).

Musical training was noted using a self-report measure of  whether participants had less 
than five years of  musical training versus more than five years of  training. Of  the study sample, 
21.1% (n =101) reported having played an instrument for at least five years in their lifetime. In 
this study, learning to play an instrument was considered musical training whereas singing 
was not.
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Given research suggesting that those who persevere with music training are typically from 
higher-income, more stable families, have had more education and can have personality traits 
associated with higher persistence and intelligence (Costa-Giomi, 2012), we included indica-
tors of  premorbid intelligence quotient as covariates. Premorbid intelligence was estimated 
using the formula proposed by Jahn et al. (2013), based on age, sex, birth order (first born/only 
child: yes/no) graduation, school grades (grade point average, grade point average in maths), 
highest job position, private internet use (yes/no), newspaper reading (tabloids vs regional 
press vs national press), book reading (no books vs popular fiction vs nonfiction/textbook vs 
lyric poetry/essays/classics/scientific reading), current place of  residence (< 20,000 inhabit-
ants vs > 20,000 inhabitants) and musical training (never or less than five years of  musical 
training vs more than five years of  musical training). The sum score provided by this estimate 
can be used to predict scores for the German version of  the Wechsler Adult Intelligence Scale 
(Tewes, 1994) with highest confidence for estimating the premorbid verbal IQ and the premor-
bid full scale IQ (Jahn et al., 2013). When controlling for indicators of  premorbid intelligence in 
our statistical models, we excluded musical training from this list, so we could include it in our 
statistical models in its own right.

Additionally, given research showing associations between music and depression (Maratos 
et  al., 2008) and further research showing associations between depression and cognition 
(Wang & Blazer, 2015), we included depressive symptoms as a further covariate. These were 
assessed by means of  the Geriatric Depression Scale (GDS-30) distinguishing no depression 
(sum score 0–9), from mild depression (sum score 10–19) and severe depression (sum score 
20–30). The mean GDS-30 sum score in this sample was 8.24 ± 5.85 (range: 0 to 29).

Table 1. Sociodemographic and clinical characteristics of study sample.

Mean ± SD %

Sociodemographic variables
Sex (female) 54.18
Age (in years) 73.70 ± 6.22  
Education (in years) 12.33 ± 2.99  
Premorbid intelligence quotient 96.94 ± 11.16  
Musical training for at least five years 21.13
Neuropsychological test results (z-scores according to CERAD norm controlling for age, sex and years of 
education)
Semantic word fluency −1.17 ± 1.10  
Boston Naming Test −0.71 ± 1.45  
Mini Mental State Examination (MMSE) −2.32 ± 1.68  
Word list learning total −1.64 ± 1.47  
Word list recall −1.74 ± 1.34  
Word list recognition −1.25 ± 1.58  
Visuo-constructional drawing −0.83 ± 1.35  
Visuo-constructional drawing recall −1.91 ± 1.29  
Phonematic word fluency −0.56 ± 1.10  
Depressive symptoms (as measured by GDS-30)
No depressive symptoms 67.36
Mild depressive symptoms 26.78
Severe depressive symptoms 5.86

SD: standard deviation; GDS-30: Geriatric Depression Scale.
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Statistical analyses

Data were analysed in a combination of  SPSS and R using a multivariate analysis of  covari-
ance. First an unadjusted model using z-scores as dependent variables was performed (Model 
1). In subsequent models we controlled for age, sex and years of  education (Model 2), indicators 
of  premorbid intelligence (Model 3) and self-reported depressive symptoms (Model 4) as co-
variates. Post hoc analyses were performed to further interpret data.

The raw scores from all neuropsychological test results were transformed into z-scores 
according to the CERAD norm, which controls for age, sex and years of  education. We looked at 
the moderating role of  cognitive impairment by adding MMSE bands as a predictor within the 
model using the interaction term MMSE bands*musical training. In a first step, we used the 
categorisation of  MMSE sum scores as recommended by the guidelines of  the DGPPN. As 56.5% 
of  patients had an MMSE score between 20–26 (mild cognitive impairment), we re-ran this 
model using the MMSE categories as recommended by Folstein et al. (1975) as sensitivity anal-
yses. This classification distinguishes no cognitive impairment (27–30) (37.4%), slight impair-
ment (23–26) (42.9%), moderate impairment (18–22) (17.4%) and severe impairment (<18) 
(2.3%) and thus leads to a more fine-grained distribution of  patients scoring mild-moderate 
cognitive impairments. To further test the robustness of  our moderation results, we performed 
sensitivity analyses that included MMSE score as continuous rather than categorical variable.

As 9.0% of  patients were not able to complete TMT A and 39.3% of  patients were not able to 
complete TMT B in time, TMT A, TMT B and its ratio TMT A/TMT B were excluded from all 
analyses. Univariate statistics show that in the subsample who completed the TMT, there were 
no differences in performance based on musical training (all p ⩾ .295).

Results

Hypothesis 1: Neuropsychological profiles differ based on musical training

As hypothesised, in Model 1 (unadjusted model) and 2 (controlling for age, sex and years of  
education), neuropsychological profiles differed based on musical training (Model 1: F[8, 469] 
= 2.541, p = .010, η² = .042; Model 2: F[8,466] = 2.025, p = .042, η² = .034; Figure 1).

However, the direction of  association was contrary to our hypothesis. Post hoc univariate 
statistics clarified that performance in word list recall was better for patients without musi-
cal training (Model 1: F[1,476] = 5.034, p = .025, η² = .010); Model 2: F[1,473] = 7.004, 
p = .008, η² = .015). When additionally controlling for premorbid intelligence (Model 3), 
multivariate tests showed no difference in neuropsychological test profiles based on musical 
training (F[8, 457] = 1.838, p = .068). However, univariate statistics showed that the sig-
nificant effect noted in Models 1 and 2 was maintained (F[1, 464] = 6.723, p =.010, η² = 
.014). When additionally controlling for depressive symptoms (Model 4), multivariate tests 
showed no difference in neuropsychological profiles based on musical training (F[8, 456] = 
1.691, p = .098), whereas again univariate tests showed that the advantage in word list 
recall for patients without musical training was maintained (F[1, 463] = 6.012, p = .015, 
η² = .013).

Full results for Models 1 to 4 can be found in Supplemental Material (Appendix A).
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Hypothesis 2: the associations between musical training and neuropsychological test profiles vary 
depending on the extent of  cognitive impairment with evidence of  a greater protective effect of  musi-
cal training on cognition amongst those with greater levels of  cognitive impairment.

In all multivariate models, the interaction term MMSE bands*musical training was not significant 
(all p ⩾ .417). However, in univariate tests using the unadjusted model (Model 1), the interaction 
term considering word list learning total was significant (F[2,472] = 3.105, p = .046, η² = 
.013). This was maintained in Model 2 (controlling for age, sex and years of  education), where 
post hoc univariate tests showed there was a significant interaction effect of  MMSE bands*musical 
training for word list learning total (F[2, 469] = 3.204, p = .042, η² =.013) and word list recall 
(F[2,469] = 3.115, p = .045, η² = .013), but it was attenuated in Models 3 and 4.

When using the categorical classification of  MMSE as recommended by Folstein (1975), which 
leads to a more fine-grained distribution of  patients scoring mild-moderate cognitive impairments 
for multivariate analyses, the interaction term MMSE bands*musical training was not significant 
for any of  the models (p ⩾ .498). However, post hoc univariate statistics confirmed the significant 
interaction concerning word list learning total across all models (Model 1: F[3,470] = 2.701, p = 
.045, η² = .017), Model 2: F[3,467] = 2.745, p = .043, η² = .017, Model 3: F[4,458] = 3.886, p 
= .055, η² =.016, Model 4: F[3,457] = 2.692, p = .046, η² = .017), whereas the interaction with 
word list recall did not remain significant in any model (p ⩾ .084).

Figure 1. Mean z-scores for neuropsychological test results based on musical training.
Z-scores are standardised using normative data controlling for age, sex and years of education, error bars represent the 
standard error of the mean. Using multivariate tests, only the performance in word list recall differed based on musical 
training (p = .008).
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Illustration of  these interactions using the original DGPPN MMSE bands show that amongst 
participants with no cognitive impairment there was no difference in word list recall based on 
musical training (Figure 2[a]), although there was a beneficial association between musical 
training and word list learning total (Figure 2[b]). For patients with cognitive impairments, 
musical training was associated with poorer performance on word list learning. When using 
the MMSE bands as proposed by Folstein (1975), this pattern was confirmed such that patients 
with no cognitive impairments performed better when having musical training, whereas those 
patients with musical training and mild to moderate cognitive impairments performed worse.

Sensitivity analyses using MMSE score as a continuous instead of  categorical score showed 
the interaction MMSE*musical training was not significant in any model (p ⩾ .639).

However, univariate statistics confirmed a significant interaction for word list recall in model 
1 (p = .047). The results concerning these sensitivity analyses can be found in the supplemen-
tal material (Appendix B).

Discussion

This study explored associations between lifetime musical training – defined as having learnt to 
play an instrument for five years or more – and neuropsychological profiles in adults aged 60 
and above. We hypothesised that (a) neuropsychological profiles would differ based on musical 
training, with stronger cognitive scores for those with five or more years of  lifetime training; 
and (b) the association between musical training and neuropsychological test profiles would 
vary depending on the extent of  cognitive impairment with evidence of  a greater protective 
effect of  musical training on cognition amongst those with greater levels of  cognitive impair-
ment. For Hypothesis 1, we found no associations between musical training and neuropsycho-
logical responses, with the exception that participants without musical training performed 
better on word list recall. Further, our results contradicted Hypothesis 2, showing a protective 

Figure 2. Illustration of significant interactions Mini Mental State Examination (MMSE)*musical training 
for neuropsychological test results on word list recall (a) and word list learning total (b). No cognitive 
impairment: MMSE score (categorised according to the bands proposed by DGPPN) 27–30; mild moderate 
impairment: MMSE score 20–26, moderate cognitive impairment: MMSE score: 10–19, no patients with 
severe cognitive impairment (MMSE score < 10); error bars represent the standard error of the mean.
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association only for individuals with no cognitive impairment, but a detrimental association for 
individuals with cognitive impairment.

Our main finding was that there was little evidence of  an association between musical train-
ing and cognition amongst our population of  memory clinic patients. This null finding goes 
against some previous positive studies but is echoed by previous research (Hughes et al., 2010). 
The only finding we did have was that there were mild associations between musical training 
and performance in word list memory. When considering the extent of  cognitive impairment, 
we found that musical training was associated with better word list learning in healthy partici-
pants. But in patients with mild to moderate dementia, musical training was associated with 
poorer word list learning. Interestingly, most of  these results persisted even when controlling 
for powerful predictors such as years of  education and other aspects of  premorbid intelligence, 
suggesting that musical training forms an incremental source of  variance in cognitive func-
tioning in old age. This pattern of  results found in our analyses contradicts our hypothesis of  
the buffering effects of  musical training on cognition at first sight; however, these findings 
might be reconciled. Using a resilience framework, our findings might suggest that buffering 
effects of  musical training on cognition are found in healthy participants only. Given the theo-
ries of  disuse syndrome and cognitive reserve in ageing (Hultsch et al., 1999; Stern, 2012), our 
findings may be interpreted in a sense that musical training across the lifetime provides cogni-
tive stimulation and increases cognitive reserve and thus postpones cognitive ageing. However, 
our study only found positive associations between musical training and word list learning in 
cognitively unimpaired patients. When the critical threshold distinguishing healthy individuals 
from individuals with cognitive impairment was overstepped, the beneficial effect of  musical 
training was reversed with negative associations between musical training and specific cogni-
tive domains. As we only have cross-sectional data, we can only speculate on longitudinal asso-
ciations, but it is possible that musically trained individuals might be able to compensate for 
cognitive decline for a longer period of  time. However, when they can no longer compensate for 
the decline, disease progression is faster. This is a pattern of  results that was also described by 
Wilson et al. (2002), who found that cognitive activity slowed cognitive decline before the onset 
of  dementia but at the same time it was associated with faster decline after the onset of  demen-
tia. Thus, our results do not necessarily point to the negative effects of  musical training on 
cognition in patients with cognitive impairment, but suggest the potential importance of  a 
more nuanced interpretation of  research on music and cognitive impairment.

To explore this finding further, future research needs to assess the associations between cog-
nitive functioning and musical training longitudinally to understand whether different mecha-
nisms and temporal dynamics underlie ageing depending on musical training. It will also be 
important to identify which factors predict the course of  cognitive decline in musically trained 
individuals in comparison to individuals without musical training. In particular, shedding light 
on the temporal dynamics of  cognitive ageing depending on musical training is necessary to 
understand why individuals with musical training performed worse when they had cognitive 
impairments in comparison to individuals without musical training.

As stated above, the associations between musical training and cognition were mild overall, 
with associations with specific domains of  cognitive functioning. There were some associations 
between musical training and verbal memory but there were no differences in other aspects of  
cognitive functioning. However, this might be due to the nature of  the CERAD test battery, 
which does not extensively assess executive functioning and attention in addition to memory 
functioning. Previous studies have suggested that executive function mediates the relationship 
between musical training and intelligence (Degé et al., 2011), with musical training specifically 
shown to enhance executive function in older adults (Bugos et al., 2007). Similarly, musical 
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training has been shown to enhance aspects of  attention including selective auditory attention 
(Strait et al., 2015), again with this shown to be enhanced in older adults with musical training 
(White-Schwoch et  al., 2013). Therefore, although this study found only weak associations 
between musical training and one specific aspect cognition as captured by CERAD, which is 
largely focused on memory, whether musical training is positively associated with other aspects 
of  cognition in older age remains to be explored further.

This study has a number of  strengths including its large sample size and use of  in-depth 
neuropsychological testing. However, it also has several limitations. The design was cross-sec-
tional in nature and relied on participant self-report of  musical training. It is possible that par-
ticipants may have misremembered their past musical experiences, or (especially in participants 
with higher levels of  cognitive impairment) forgotten previous training. The assessment of  
musical training was also just a binary variable. As such, it remains unknown whether more 
years of  musical training and/or more regular and daily time spent performing confer greater 
protective effects on cognition. It also remains unknown at what point in their lifetime partici-
pants had musical training and therefore whether more recent musical training confers more 
benefits than musical training in childhood. In future studies a more thorough investigation of  
the exact nature of  musical training with regard to quality and quantity is necessary. 
Furthermore, in future studies, the extent of  broader musical activities in general (e.g., listen-
ing to music or participation in community choirs) should be taken into consideration as well, 
especially given that research has shown that these activities are associated with various 
aspects of  health independent of  musical training (Fancourt et  al., 2014; Finn & Fancourt, 
2018; Thoma et al., 2011). Further, as our analyses are based on observational rather than 
experimental data, we cannot assume causality. In our analyses, we used a measure of  previous 
lifetime musical training that had clear temporal precedence and we controlled for the most 
salient confounding factors. However, it is also possible that people with musical training also 
had a life history of  engagement with other cognitively beneficial activities (such as reading the 
newspaper or engaging in more social activities; Scarmeas et al., 2001). Finally, this sample 
drawn from a memory clinic population was already selective in that it treated patients experi-
encing signs of  cognitive impairment. To shed light on differential effects of  musical training 
based on cognitive impairment, future studies should examine patients with cognitive impair-
ment in comparison to healthy control groups. As only the minority of  patients reported musi-
cal training in this particular sample, future studies should investigate samples from the general 
population. So, based on the promising results presented here, further (experimental) studies 
are required to confirm our hypotheses.

In conclusion, cross-sectionally, musical training appears to have some protective associations 
with verbal memory in cognitively unimpaired patients. However, this study found no evidence of  
any beneficial associations between musical training and other domains of  cognition or amongst 
individuals with cognitive impairment. Future studies are needed to understand whether other 
aspects of  musical engagement may have more protective associations with cognition.
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