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Supplementary Table 1 

Summary of responses to ELMEQ items used as indicators of experience playing a musical 

instrument  

ELMEQ item Overall (N=366) Missing 

How many musical instruments can/could you play comfortably?  6 

- 0 253 (70.3%)  

- 1 90 (25.0%)  

- 2 14 (3.9%)  

- 3 3 (0.8%)  

How many years of formal musical training?  6 

- No formal training 257 (71.4%)  

- 1 year or less 11 (3.1%)  

- 2-5 years 64 (17.8%)  

- 6-10 years 25 (6.9%)  

- 11-20 years 3 (0.8%)  

Years regularly played?  17 

- No regular practice 244 (69.9%)  

- 5 years or less 60 (17.2%)  

- 6-10 years 24 (6.9%)  

- 11-20 years 9 (2.6%)  

- 21-40 years 9 (2.6%)  

- 41+ years 3 (0.9%)  

Hours per week of practice?  16 

- No weekly practice 244 (69.7%)  

- 1 hour or less 37 (10.6%)  

- 2-3 hours 39 (11.1%)  

- 4-6 hours 26 (7.4%)  

- 7-13 hours 2 (0.6%)  

- 14+ hours 2 (0.6%)  

Highest performance level reached?  18 

- No level reached 244 (70.1%)  

- Beginner 53 (15.2%)  

- Intermediate 45 (12.9%)  

- Advanced 5 (1.4%)  

- Semi-professional 1 (0.3%)  
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Supplementary Table 2  

Correlation matrix of instrumental performance level, MHT scores at ages 11 and 70, and covariate variables 

Variable 1 2 3 4 5 6 7 8 9 10 11 

1. Performance level            

2. MHT score age 11  0.20**            

3. MHT score age 70  0.25**  0.61**          

4. Sex  0.11*     0.04     -0.02             

5. Childhood environment -0.25** -0.24** 0.23** -0.03            

6. Years of education  0.26**  0.39**  0.41** -0.10     -0.23**       

7. Occupational class -0.26** -0.33** -0.37** -0.08      0.29** -0.47**      

8. High blood pressure  0.02      0.01     -0.01      0.07      0.06      0.01     -0.01         

9. Diabetes -0.05     -0.08     -0.07      0.00     -0.03     -0.08      0.00      0.15**      

10. CVD  0.01     -0.10      0.00     -0.14**    0.10*     0.01     -0.04      0.17**    0.10*      

11. Stroke -0.02      0.00     -0.01      0.03      0.03      0.08     -0.02      0.13*     0.06      0.01      

12. Dementia -0.05     -0.10     -0.22** -0.08      0.05     -0.06      0.01      0.03      0.16**   -0.04     -0.01     

Note. Correlation coefficients are Person’s r for correlations between continuous variables, binary variables, and continuous and binary variables, and 

Spearman’s rho for correlations between ordinal variables (performance level and occupational class) and continuous or binary variables. MHT = Moray 

House Test No. 12. Lower scores on occupational class indicate a more professional occupation, Sex coded as 0 = male and 1 = female, disease history coded 

as 0 = no and 1 = yes. 
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Supplementary Table 3 

Estimates from Model 1 (minimally adjusted model) testing for an association between 

experience playing a musical instrument and lifetime change in MHT score 

Path β 95% CI p 

Factor loadings    

     Instrument → Performance level 0.980 0.966, 0.994 <0.001 

     Instrument → Number of instruments 0.908 0.876, 0.940 <0.001 

     Instrument → Hours of practice 0.946 0.926, 0.967 <0.001 

     Instrument → Years of regular practice 0.978 0.966, 0.990 <0.001 

     Instrument → Years of formal training 0.956 0.936, 0.975 <0.001 

Instrument and MHT scores    

     Instrument → Change MHT 0.200 0.111, 0.289 <0.001 

     MHT age 11 → Change MHT -0.781 -0.825, -0.737 <0.001 

     Instrument ↔ MHT age 11 0.207 0.115, 0.300 <0.001 

Covariates    

     Age in days Wave 1 → MHT age 70  -0.123 -0.245, 0.000 0.051 

     Age in days 1947 → MHT age 11 0.175 0.046, 0.305 0.008 

Note. Instrument = experience playing a musical instrument; MHT = Moray House Test No. 12. 

Double headed arrows represent correlations and single headed arrows represent regression effects or 

factor loadings. 
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Supplementary Table 4 

Estimates from Model 2 (additionally controlling for childhood and adulthood covariates) 

testing for an association between experience playing a musical instrument and lifetime 

change in MHT score 

Path β 95% CI p 

Instrument and MHT scores    

     Instrument → change MHT 0.139 0.062, 0.215 <0.001 

     MHT age 11 → change MHT -0.718 -0.765, -0.671 <0.001 

     Instrument ↔ MHT age 11 -0.006 -0.089, 0.076 0.881 

Covariates    

     Sex → change MHT -0.092 -0.177, -0.006 0.035 

     Years of education → change MHT 0.217 0.117, 0.317 <0.001 

     Managerial-technical → change MHT -0.035 -0.168, 0.098 0.604 

     Skilled non-manual → change MHT -0.045 -0.185, 0.096 0.533 

     Skilled manual→ change MHT -0.114 -0.225, -0.004 0.042 

     Partly skilled /unskilled→ change MHT -0.171 -0.233, -0.108 <0.001 

     Childhood environment → instrument -0.235 -0.376, -0.093 0.001 

     Sex → instrument 0.092 -0.044, 0.228 0.183 

     Years of education → instrument 0.196 0.057, 0.335 0.006 

     Managerial-technical → instrument -0.097 -0.244, 0.050 0.197 

     Skilled non-manual → instrument -0.117 -0.274, 0.040 0.145 

     Skilled manual→ instrument -0.260 -0.439, -0.082 0.004 

     Partly skilled /unskilled → instrument -0.079 -0.228, 0.070 0.298 

     Age in days Wave 1 → MHT age 70  -0.059 -0.166, 0.048 0.282 

     Age in days 1947 → MHT age 11 0.135 0.001, 0.270 0.049 

     Childhood environment → MHT age 11 -0.173 -0.264, -0.081 <0.001 

     Sex → MHT age 11 0.074 -0.053, 0.202 0.254 

Note. Instrument = experience playing a musical instrument; MHT = Moray House Test No. 12. 

Double headed arrows represent correlations and single headed arrows represent regression effects. 

The reference category for occupational class is professional, sex coded as 0 = male and 1 = female. 
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Supplementary Table 5 

Estimates from Model 3 (additionally controlling for disease history and possible dementia) 

testing for an association between experience playing a musical instrument and lifetime 

change in MHT score 

Path β 95% CI p 

Instrument and MHT scores    

     Instrument → change MHT 0.129 0.049, 0.208 0.002 

     MHT age 11 → change MHT -0.729 -0.774, -0.683 <0.001 

     Instrument ↔ MHT age 11 -0.006 -0.096, 0.085 0.904 

Covariates    

     Years of education → change MHT 0.218 0.115, 0.321 <0.001 

     Managerial-technical → change MHT -0.042 -0.176, 0.093 0.543 

     Skilled non-manual → change MHT -0.051 -0.191, 0.088 0.471 

     Skilled manual→ change MHT -0.127 -0.239, -0.015 0.026 

     Partly skilled/unskilled → change MHT -0.123 -0.192, -0.054 <0.001 

     Sex → change MHT -0.085 -0.174, 0.005 0.063 

     High blood pressure → change MHT -0.002 -0.082, 0.078 0.960 

     History of Diabetes → change MHT -0.029 -0.081, 0.022 0.267 

     History of CVD → change MHT 0.003 -0.081, 0.087 0.940 

     History of stroke →change MHT -0.024 -0.087, 0.038 0.443 

     Childhood environment → instrument -0.246 -0.394, -0.099 0.001 

     Sex → instrument 0.106 -0.037, 0.249 0.147 

     Years of education → instrument 0.194 0.051, 0.337 0.008 

     Managerial-technical → instrument -0.095 -0.243, 0.053 0.210 

     Skilled non-manual → instrument -0.118 -0.280, 0.043 0.151 

     Skilled manual→ instrument -0.249 -0.448, -0.051 0.014 

     Partly skilled/unskilled → instrument -0.061 -0.205, 0.082 0.403 

     Age in days Wave 1 → MHT age 70  -0.060 -0.174, 0.054 0.304 

     Age in days 1947 → MHT age 11 0.142 0.006, 0.278 0.041 

     Childhood environment → MHT age 11 -0.162 -0.257, -0.068 0.001 

     Sex → MHT age 11 0.049 -0.084, 0.181 0.470 
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Note. Instrument = experience playing a musical instrument; MHT = Moray House Test No. 12. 

Double headed arrows represent correlations and single headed arrows represent regression effects. 

The reference category for occupational class is professional, sex coded as 0 = male and 1 = female, 

disease history coded as 0 = no and 1 = yes.  
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Supplementary Table 6 

Standardized total and total indirect effects of the covariates from Model 3 

Effects β S.E p  

From childhood environment to change in MHT    

     Total  0.087 0.040 0.029 

     Total indirect   0.087 0.040 0.029 

From years of education to change in MHT    

     Total 0.243 0.051 <0.001 

     Total indirect 0.025 0.012 0.042 

From managerial-technical to change in MHT    

     Total -0.054 0.069 0.435 

     Total indirect -0.012 0.011 0.246 

From skilled non-manual to change in MHT    

     Total -0.067 0.071 0.349 

     Total indirect -0.015 0.012 0.194 

From skilled manual to change in MHT    

     Total -0.159 0.054 0.003 

     Total indirect -0.032 0.017 0.064 

From partly skilled/unskilled to change in MHT    

     Total  -0.131 0.037  <0.001 

     Total indirect -0.008 0.010  0.425 

From sex to change in MHT    

     Total  -0.107 0.067 0.112 

     Total indirect -0.022 0.050 0.662 

Note. Estimates in bold are significant at p<0.05. MHT = Moray House Test No. 12. The reference 

category for occupational class is professional, sex coded as 0 = male and 1 = female.
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Subsidiary analysis 

We carried out non-preregistered subsidiary analysis to further examine the 

association between experience playing a musical instrument and lifetime change in MHT 

score. Fit indices for the subsidiary models are shown in Supplementary Table 7. 

Firstly, we tested whether the same positive association, between experience playing 

a musical instrument and lifetime change in MHT score, would be found if participants with 

experience of playing a musical instrument in mid or later adulthood were removed from the 

analytical sample. For this analysis, we removed participants who reported experience of 

playing a musical instrument after the age of 30 (excluded N = 27, sample N = 339). This 

cut-off was chosen to coincide with the onset of cognitive decline, which is typically seen, in 

certain cognitive abilities, between ages 20 and 30 (Salthouse, 2009). In this analysis, 

experience playing a musical instrument remained positively associated with lifetime change 

in MHT score in Model 1 (β = 0.208; CI = 0.099, 0.317;  p <0.001); Model 2 (β = 0.189; 95% 

CI = 0.054, 0.324;  p = 0.006);  and Model 3 (β = 0.185; 95% CI = 0.051, 0.319;  p = 0.007).  

Secondly, it is possible that the positive association between experience playing a 

musical instrument and lifetime change in MHT score, observed in this study, reflected 

differences between participants with and without any experience of playing a musical 

instrument (rather than differences between participants with varying levels of instrumental 

experience). To test for this effect, we re-ran the analysis excluding participants who reported 

no experience of playing a musical instrument (excluded N = 249, sample N = 117). In this 

subsidiary analysis, experience playing a musical instrument was not significantly associated 

with lifetime change in MHT score in Model 1 (β = 0.041; 95% CI = -0.062, 0.144;  p = 

0.439), suggesting that the main results were at least partly driven by group differences 

between participants with and without any experience of playing a musical instrument. 

Thirdly, to test this hypothesis further, we re-ran the main analysis with the complete sample 
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(N=366) replacing the experience playing a musical instrument latent variable with an 

observed binary variable indicating whether participants had ever played a musical 

instrument (yes or no). Reporting any experience of playing a musical instrument at all, 

compared with no experience was significantly positively associated with lifetime change in 

MHT score in Model 1 (β = 0.104; 95% CI = 0.034, 0.174;  p = 0.004); Model 2 (β = 0.135; 

95% CI = 0.043, 0.228;  p = 0.004); and Model 3 (β = 0.132; 95% CI = 0.043, 0.221; p = 

0.004). Note that Model 1 was run with maximum likelihood rather than WLSMV estimation 

as it did not include any endogenous categorical variables. This may account for the slightly 

lower β-value in that model. Models 2 and 3 had poor fit to the data (see Supplementary 

Table 7 and the note below it). 

Fourthly, in the original Models 2-3 reported in the mains analysis, we specified 

pathways from the covariates to experience playing a musical instrument and the MHT 

variables to reflect expected relationships between these variables, based on their 

chronological order. Exposures or experiences occurring after age 11 (years of education, 

adult occupational class and disease history) were expected to predict downstream cognitive 

outcomes, namely lifetime change in MHT score, but not age 11 MHT score whereas 

childhood environment was expected to influence age 11 MHT score. This approach was 

based on models previously applied to the LBC1936 dataset. See for instance (Altschul & 

Deary, 2020). An alternative approach to controlling for covariate variables (which is 

analogous to traditional regression analysis) is to regress the outcome variable on all 

covariates directly. We carried out this analysis (regressing lifetime change in MHT score on 

experience playing a musical instrument and all of the covariate variables simultaneously) to 

more fully test whether the association between experience playing a musical instrument and 

lifetime change in MHT score was partly independent of the covariate variables in the model. 

In this fully-adjusted model, the association between experience playing a musical instrument 
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and lifetime change in MHT score was slightly reduced compared to the original estimate 

from Model 3 but remained statistically significant (β = 0.110; 95% CI = 0.040, 0.180; p = 

0.002).  

In the main and subsidiary analysis described above, covariate variables were treated 

as exogenous variables; that is, they were not predicted by any of the other variables in the 

model (although, exogenous variables were allowed to correlate with each other). An 

alternative approach is to apply a life-course model that specifies a cascade effect from earlier 

life experiences and characteristics (childhood environment and cognitive ability) to those 

occurring at later life stages (years of education and occupational class). This model is 

illustrated in Supplementary Figure 1. Experience playing a musical instrument and lifetime 

change in MHT score were predicted (directly and indirectly) by covariate variables at each 

stage of this process. As in the main analysis, MHT scores were corrected for age in days at 

time of testing. Each association shown in Supplementary Figure 1 was corrected for sex. In 

this model, experience playing a musical instrument was positively associated with lifetime 

change in MHT score (β = 0.170; 95% CI = 0.054, 0.530; p < 0.001). See Supplementary 

Figure 1 for the other path estimates.  
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Note. Model 1 controlled for age at time of cognitive testing. Model 2 additionally controlled for sex, 

childhood environment, years of education, and adult occupational class. Model 3 additionally 

controlled for age-related diseases known to impact cognitive decline (history of high blood pressure, 

stroke, diabetes, and CVD). aThese Models fit poorly; modification indices suggested an additional 

path between education and age 11 MHT score. This modification improved model fit but made little 

difference to the association between ever playing a musical instrument and lifetime change in MHT 

score (associations remained significant in each model). 

Supplementary Table 7 

Fit indices of models run in subsidiary analyses 

Subsidiary Analyses Model CFI  TLI RMSEA 

1. Excluding participants with mid/later life experience of 

playing a musical instrument 

1 1.000 1.000 0.000 

 2 0.988 0.983 0.082 

 3 0.995 0.994 0.043 

2. Excluding participants with no experience of playing a 

musical instrument 

1 0.932 0.905 0.094 

3. Ever played a musical instrument yes or no.  1 0.986 0.976 0.043 

 2a 0.821 0.462 0.105 

 3a 0.805 0.544 0.073 

4. Regressing change in MHT score on all covariates 3 0.993 0.992 0.049 

5. Life course model 2 0.997 0.996 0.057  

6. Including 45 participants who had experience after age 70 1 0.999 0.999 0.042 

 2 0.993 0.990 0.066 

 3 0.998 0.997 0.033 
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Supplementary Figure 1 

Life course diagram of associations among the covariate variables, experience playing a musical instrument and lifetime change in MHT score 

  

 

 Note. Estimates are standardised, those in bold are significant at p < .05. Higher score on childhood environment = greater deprivation; higher score on 

occupational class = a more manual occupation. Occupational class was treated as an ordinal categorical variable; all other variables treated as 

continuous. Although not shown in the diagram, MHT scores were corrected for age at time of testing and all associations were corrected for sex.  

MHT = Moray House Test No. 12. 
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The latent variable experience playing a musical instrument had a skewed distribution 

(as 67% of participants reported no experience of playing); the WLSMV estimator is 

designed specifically for analysis with ordinal data and does not apply distributional 

assumptions to observed data; however, it is assumed the latent variable underlying these 

observations is normally distributed. A simulation study found that WLSMV can 

overestimate correlations between latent variables when this assumption is violated and that 

analysis with the Robust Maximum Likelihood (MLR) estimator can yield less biased 

estimates of correlations between latent variables (Li, 2016). To further test the robustness of 

our results, we re-ran the main analysis replacing the WLSMV with the MLR estimator. For 

this analysis we treated the indicators of experience playing a musical instrument as if they 

were approximately continuous (this approach is considered acceptable when there are five or 

more response categories, as was the case here (Raykov, 2012)). Estimates from this analysis 

were slightly reduced but remained statistically significant in each model. Experience playing 

a musical instrument was positively associated with lifetime change in MHT score in Model 1 

(β = 0.102; 95% CI = 0.043, 0.161; p = 0.001); Model 2 (β = 0.066; 95% CI = 0.010, 0.123; p 

= 0.021) and Model 3 (β = 0.062; 95% CI = 0.007, 0.118; p = 0.027). 

Finally, we repeated the main analysis including the 45 participants who had 

continued playing a musical instrument between the ages of 70 and 82 and were excluded 

from the analytical sample. Results from this analysis were similar to those reported in the 

main text. Experience playing a musical instrument was positively associated with lifetime 

change in MHT score in Model 1 (β = 0.165; 95% CI = 0.092, 0.239; p < 0.001); Model 2 (β 

= 0.107; 95% CI = 0.038, 0.177; p = 0.003) and Model 3 (β = 0.101; 95% CI = 0.032, 0.171; 

p = 0.004). 
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