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Introduction: Cognitive impairment is almost universal among the older population, and the rate of cognitive decline increases with age1. Older adults with cognitive impairment do not function autonomously within society, have a reduced quality of life, and are at greater risk for developing dementia. Therefore, predicting cognitive decline may enable better clinical planning in older populations, leading to delay or prevention of future decline. 

Mild Cognitive Impairment (MCI) is the transitional stage between healthy aging and dementia. Montreal Cognitive Assessment2 (MoCA) is a commonly-used test for detecting MCI and early dementia, with high sensitivity and specificity. Here, we evaluated the extent to which clinical assessments predict cognitive function (i.e., total MoCA scores) one year later.

Methods: Forty-eight female adults (aged 65-75 years old) participated in this longitudinal study to assess whether clinical measures could predict total MoCA scores one year later and whether exercise training could predict cognitive function. Thirty-nine measures were recorded at baseline (i.e. prior to exercise) including: 1) age, 2) 23 cognitive measures including a baseline measure of MoCA, 3) 8 mobility measures, 4) 3 personal-behavioral measures, and 5) 4 structural MRI measures. Participants were then randomly assigned to one of the two exercise groups and completed the training for a year: 1) 34 participants performed resistance training at least once per week and 2) 14 participants performed balance and tone training twice per week. MoCA scores were measured following training. A categorical indicator of exercise intervention was also included as a predictor of MoCA scores following exercise training.

Forty separate linear regressions were performed for each of the measures and the exercise intervention to determine whether any single predictor could estimate MoCA scores after one year. The coefficient of determination (R2) was recorded for each test. Then, we used L1 regularized regression with cross-validation (48 K-folds) and 100 tuning parameters to identify the specific combination of assessments to estimate MoCA scores after one year using mean squared error (MSE) minimization. Finally, Student’s t-test evaluated whether the R2 of the regularized regression model was significantly higher than the R2 of the linear regression tests of single predictors. All statistical tests were performed in the MATLAB computing environment (Natick, MA).

Results: Each individual predictor could only explain a small amount of variance in MoCA scores after 1 year [R2 = 7 ± 7% (mean ± standard deviation), R2max = 26%]. Therefore, we used L1 regularized regression with cross-validation to determine the specific combination of predictors to estimate MoCA scores after one year. We found that 20 predictors including mobility measures, cognitive measures, exercise group, and personal-behavioral measures minimized the mean squared error of future MoCA scores. Our regularized regression model produced an R2 of 74%, which was statistically larger than the R2 values from the 40 separate linear regression tests (p < 0.001).

Discussion: Our results suggest that a specific combination of clinical measures can estimate MoCA scores after one year better than any single predictor can estimate MoCA. Thus, MoCA scores alone are insufficient to predict future cognitive ability and additional measures including mobility, cognitive, and personal-behavioral function should be combined to estimate future cognitive function in aging individuals. Our previous study found that participants who completed balance and toning training did not improve cognitive function; however, participants who completed resistance training significantly improved cognitive function3. Consistent with those findings, we show that exercise group is a significant predictor of future MoCA scores when combined with other clinical measures in regularized regression.
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[image: ]Figure 1: Separate linear regressions of (a) the clinical assessment that yields maximum R2 [digit backward span] and (b) MoCA score at baseline to estimate MoCA score after 1 year of training.a
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Figure 2: (a) Mean squared error (MSE) vs. tuning parameters (lambda) values for L1 regularized regression with cross-validation (red dots). Green dashed line: minimum MSE; Blue dashed line: minimum MSE + 1 standard error to minimize number of parameters in the model; Vertical lines: ± 1 standard error. (b) Real vs. estimated (using L1 regression ) MoCA scores. 
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