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SUMMARY:  28 
This methodology produces decision trees that target population groups more prone to suffering 29 
from mild cognitive impairment and are useful for cost-effective selective screening of the 30 
disease.  31 
 32 
ABSTRACT:  33 
Mild cognitive impairment (MCI) is the first sign of dementia among elderly populations and its 34 
early detection is crucial in our aging societies. Common MCI tests are time-consuming such that 35 
indiscriminate massive screening would not be cost-effective. Here, we describe a protocol that 36 
uses machine learning techniques to rapidly select candidates for further screening via a 37 
question-based MCI test. This minimizes the number of resources required for screening because 38 
only patients who are potentially MCI positive are tested further.  39 
 40 
This methodology was applied in an initial MCI research study that formed the starting point for 41 
the design of a selective screening decision tree. The initial study collected many demographic 42 
and lifestyle variables as well as details about patient medications. The Short Portable Mental 43 
Status Questionnaire (SPMSQ) and the Mini-Mental State Examination (MMSE) were used to 44 
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detect possible cases of MCI. Finally, we used this method to design an efficient process for 45 
classifying individuals at risk of MCI. This work also provides insights into lifestyle-related factors 46 
associated with MCI that could be leveraged in the prevention and early detection of MCI among 47 
elderly populations. 48 
 49 
INTRODUCTION:  50 
Population aging is increasing the prevalence of chronic and degenerative diseases, especially 51 
degenerative dementias, which are expected to affect more than 131 million people worldwide 52 
by 20501. Among all the degenerative dementias, Alzheimer’s disease (AD) is the most common 53 
with an overall prevalence in Europe of 6.88%2. Due to the ever-declining independence of AD 54 
patients, this group should start receiving support as soon as AD starts to manifest. Therefore, 55 
the early detection of prodromal signs of AD, such as mild cognitive impairment (MCI), is 56 
essential.  57 
 58 
MCI is defined as an intermediate cognitive decline stage corresponding to normal aging and 59 
severe deterioration due to dementia3. According to estimates by Petersen et al.4, the prevalence 60 
of MCI is 8.4% among people aged 65–69 years and reaches 25.2% for those aged over 80 years. 61 
MCI results in individuals experiencing more difficulties than expected in the execution of low-62 
level cognitive skills, especially those related to memory and language, but does not interfere 63 
with the activities of daily living.  64 
 65 
Screening is not synonymous with diagnosis; the diagnosis of MCI will always be a clinical task 66 
whereas screening methods can only inform us that a patient has a higher probability of suffering 67 
from this pathology and that there is a well-founded suspicion of MCI that should be confirmed 68 
clinically. Hence, primary healthcare workers (doctors, pharmacists, nurses, etc.) could benefit 69 
from the availability of simple screening methods (brief cognitive tests) that can be applied in 70 
minutes. Ideally, these would objectively identify patients with a high probability of suffering an 71 
MCI so that they can then be clinically tested by general or specialized physicians.  72 
 73 
Given that the early detection of MCI is becoming an essential task within the context of public 74 
health, this work aimed to identify which characteristics are useful in the targeted identification 75 
of MCI in screening tests of elderly populations. These groups would then be more thoroughly 76 
tested for MCI in tests administered by primary health care providers. This methodology provides 77 
a decision tree with the appropriate algorithms for identifying the population groups to target.  78 
 79 
Among these characteristics, age is one of the most consistent factors associated with the 80 
development of this pathology. Other relevant characteristics are related to demographics or 81 
lifestyle5. Among the latter, some studies have identified the duration of daytime or nighttime 82 
sleep as a risk factor that can lead to the diagnosis of MCI5–9. The prolonged consumption of 83 
medications such as benzodiazepines, consumed by an estimated 20%–25% of older adults10,11, 84 
can also influence sleep hours and the development of MCI12,13. Indeed, prolonged treatments 85 
for chronic diseases may be important features useful in the pre-selection of individuals with a 86 
high risk of suffering from MCI.  87 
 88 



   

 

Here, we developed data-based models that use automatic learning algorithms, a decision tree, 89 
and a predictive tool to increase the efficiency of the methodology for detecting MCI by 90 
discriminating which characteristics play an important role in the early detection of MCI. The 91 
resultant decision tree presented here was produced using a specific cohort of Spanish patients 92 
using community pharmacies. However, this method would also be useful among other 93 
populations with different characteristics.  94 
 95 
This work was completed in collaboration with primary healthcare and specialized medical 96 
doctors. Community pharmacies were ideal for testing this algorithm because they are close to 97 
patients, have long opening hours, and are frequently visited and consulted. Degenerative 98 
dementias are complex conditions which are not always well understood by primary health care 99 
providers14. Therefore, becoming involved in the process will raise awareness of people suffering 100 
from MCI and dementias.  101 
 102 
PROTOCOL:  103 
 104 
The methodology applied in this study has been previously published5 in work carried out at the 105 
University CEU Cardenal Herrera together with community pharmacies in the region of Valencia 106 
(Spain) associated with the Spanish Society of Family and Community Pharmacy (SEFAC). This 107 
current study was reviewed and approved by the Research Ethics Committee at the Universidad 108 
CEU Cardenal Herrera (approval no. CEI11/001) in March 2011. All individuals involved in the 109 
study gave their written informed consent to participation in accordance with the Declaration of 110 
Helsinki. 111 
 112 
1. Selection of factors associated with mild cognitive impairment  113 
 114 
1.1. Search for terms related to MCI for use in screening Cochrane Systematic Reviews (e.g., 115 
cognitive impairment, dementia, risk factors, etc.). 116 
 117 
1.2. Search for terms for which there is some evidence of a relationship with cognitive 118 
deterioration or dementia published in the PubMed database; these include demographic factors 119 
(sex, age, education level, and economic status), social factors (cognitive and social activities), 120 
chronic pathologies (cholesterol, depression, hypertension, diabetes, and obesity), and lifestyle 121 
behaviors (alcohol consumption, smoking habit, diet, physical activity, and sleep hours). 122 
 123 
1.3. Calculate the odds ratio for qualitative variables or Cohen’s d effect size for quantitative 124 
variables15. Select the variables with larger effect sizes for cognitive deterioration or dementia 125 
for use in elaborating a questionnaire.  126 
 127 
2. Design of the questionnaires 128 
 129 
2.1. Design a questionnaire to collect information about the selected variables, following the 130 
guidelines provided by Nardi16. For instance, the variables used in Climent et al.5 were 131 
demographic (age, weight, and height [measured with standardized procedures using calibrated 132 



   

 

scales and stadiometers], sex, education level, and employment type), lifestyle (physical exercise, 133 
reading, time spent sleeping overnight and during the day, puzzles, games, TV consumption time, 134 
and tobacco and alcohol consumption), and chronic pathologies (hypertension, hyperlipidemia, 135 
and diabetes). In addition, record the presence or absence of depression, which is frequently 136 
associated with cognitive deterioration. 137 
 138 
2.2. Design a pharmacotherapy follow-up sheet to report all the drugs consumed by the 139 
participants at the time of the interview, as in Climent et al.5, which used Dader’s method17 to 140 
design this sheet. 141 
  142 
3. Selection of tests for MCI screening 143 
 144 
3.1. Determine all the tests used to screen for MCI that could be administered by primary 145 
healthcare workers (e.g., pharmacists). Reject any tests that must be administered by a specialist. 146 
Some of the tests that fulfill these conditions are the Short Portable Mental State Questionnaire 147 
(SPMSQ)18, Mini Mental State Examination (MMSE)19, Memory Impairment Screen (MIS)20, 148 
Picture Memory Impairment Screen (PMIS)21, Montreal Cognitive Assessment (MoCA)22, Saint 149 
Louis University Mental Status (SLUMS)23, and Quick Mild Cognitive Impairment (Qmci)24. An 150 
exhaustive review of each MCI test is available in Cullen et al.25. 151 
 152 
3.2. Search for a good estimation of the test sensitivities and specificities in the scientific 153 
literature. 154 
 155 
3.3. Estimate the time required to administer these tests to healthy individuals. 156 
 157 
3.4. Consider the basic patient characteristics required for completion of these tests. For 158 
example, a minimum education level may be necessary because many MCI tests are not suitable 159 
for illiterate participants. A set of MCI screening tests is usually applied to increase sensitivity; 160 
however, the minimum number of tests must be quickly administered by pharmacists if the final 161 
selective screening is intended for a large population. Climent et al.5 assessed MCI using the 162 
MMSE and SPMSQ tests, with the latter being suitable for the large number of individuals who 163 
lived through the Spanish civil war who are illiterate. 164 
 165 
3.4.1. Use a variant of the SPMSQ by Pfeiffer18 was validated in Spanish by Martínez de la 166 
Iglesia26. This test has a maximum score of 10 and the cut-off point for establishing cognitive 167 
impairment is 3 or more errors (4 or more for illiterate individuals). This test takes between 8 and 168 
10 minutes to complete. 169 
 170 
3.4.2. Use a NORMACODERM version of the MMSE validated for Spanish speakers by Blesa27 by 171 
adapting the original version by Folstein19. This screening test has a maximum score of 30 and is 172 
corrected according to the patients’ years of schooling and ages. Participants who score less than 173 
or equal to 24 are considered as MCI cases. The MMSE is a measure of general cognitive function 174 
and includes orientation to time and place, written and spoken language, attention span, 175 
calculation, and memory. It was administered to all the participants in this study because it is a 176 



   

 

very short test which takes only around 5 minutes to complete. 177 
 178 
4. Subject recruitment 179 
 180 
4.1. Find pharmacists willing to recruit non-institutionalized people to form the study 181 
population. The mentioned study by Climent et al5 included people aged 65 years or more who 182 
went regularly to the pharmacy and who agreed to participate in this study. Exclude patients with 183 
any difficulty in performing these evaluation tests (e.g., because of blindness, deafness, etc.) or 184 
who were already being treated for dementia. 185 
 186 
4.2. Provide the participating pharmacists with informed consent forms, which must be 187 
completed by every individual taking part in the study. This consent form specifies the title of the 188 
research, the objectives of the project, a comprehensible explanation of all the procedures that 189 
the participant would take part in, the absence of specific risks, the confidentiality of all the 190 
collected data, and the right to withdraw from the study for any reason at any time. 191 
 192 
4.3. Train the pharmacists to administer structured personal interviews to the participants, 193 
which should last approximately half an hour per person. Collect data for 1 year and send all the 194 
forms to the researchers responsible for data protection in the study. Subsequently follow-up 195 
with the patients for 3 months. 196 
 197 
4.4. Instruct the pharmacists how to identify a probable MCI case using MCI tests. Based on 198 
Climent et al.5 we used SPMSQ scores of 4 or more points (for illiterate participants) or 3 or more 199 
points for the other participants and scores of 24 points or less were used in the corrected MMSE 200 
test.  201 
 202 
4.5. Instruct pharmacists how to refer MCI cases to a medical specialist (a neurologist) for their 203 
clinical diagnosis—the last step in the flow chart used in this research study (Figure 1). 204 
 205 
[Place Figure 1 here] 206 
 207 
5. Pharmacist researcher training 208 
 209 
5.1. Contact specialists to organize sessions for training the participating pharmacists in basic 210 
knowledge related to cognitive impairment and in managing its screening tools, for instance, the 211 
SPMSQ and MMSE. 212 
 213 
5.2. Ensure that the participating pharmacists are aware of the procedures, data collection 214 
protocol, and all the possible issues related to data protection. Inform them that the project was 215 
approved by a Research Ethics Committee and of the importance of the consent form according 216 
to the Declaration of Helsinki. 217 
 218 
NOTE: To perform the study described by Climent et al5, workshops were held at the Official 219 
College of Pharmacists and the Cardenal-Herrera CEU University (UCH-CEU), and covered the 220 
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following: MCI and dementia; diagnostic approaches to MCI and management of the SPMQP and 221 
MMSE (taught by the Neurology Service at La Plana Hospital in Castellón); project presentation 222 
and explanation of the methodology by senior community pharmacist researchers; and health 223 
education and cognitive training by researchers from the Department of Pharmacy at the UCH-224 
CEU University. 225 
 226 
6. Study design  227 
 228 
6.1.  Calculate a sample size to assess the feasibility of the project. Because this was an 229 
observational study, a larger sample will produce more effective tools. There are two ways to 230 
determine sample size: one is based on the estimation of the prevalence and the other is more 231 
precise, taking into account effect sizes. 232 
 233 
6.1.1. Calculate an accurate estimation of the prevalence of the condition in the population  234 

𝑧(1−α/2)
2 𝑧0(1 − 𝑧0)

𝑧𝑧𝑧𝑧𝑧2
 235 

where α is the significance level, 𝑧0 is the initial estimation and 𝑧𝑧𝑧𝑧𝑧 is the maximum error 236 
expected with a 100(1 − α)% confidence. 237 
 238 
6.1.2. According to the effect sizes found in the literature for each factor, use tools like the pwr 239 
package in R to estimate how much power is required to detect differences15,28.  240 
 241 
NOTE: For instance, in our study5 we designed the first proposal with an error of 3% at 95% 242 
confidence and an initial estimation of the prevalence of MCI at 15% in the population aged 65 243 
years or older, resulting in an estimated required sample size of 541 individuals. 244 
 245 
7. Interdisciplinary communication network, pharmacists, primary healthcare physicians, 246 
and specialists  247 
 248 
7.1. Design letters to communicate information about the project to the healthcare centers 249 
involved.  250 
 251 
7.2. Explain to participating pharmacists how to inform their assigned physicians about the 252 
results of the screenings through a letter to the primary healthcare center. 253 
 254 
7.3. Send written communications to the medical coordinators of the healthcare centers 255 
related to the participating pharmacies and to the Neurology Services of the hospitals to which 256 
they are assigned.  257 
 258 
7.4. Contact participating neurologists to find out each patient’s definitive diagnosis obtained 259 
via specific tests undertaken by specialized healthcare providers. Before this, primary healthcare 260 
providers should carry out the following protocol, as summarized by the clinical guidelines (Figure 261 
2).  262 
 263 



   

 

[Place Figure 2 here] 264 
 265 
8. Statistical analysis and preprocessing 266 
 267 
NOTE: Before applying machine-learning techniques a preparatory step is required to transform 268 
the original data into a new data set according to the final study objective and the procedures to 269 
be applied. For this transformation, several things should be considered, including the 270 
characteristics of the algorithms. This is because some of them are sensitive to a lack of variability 271 
or sharing of information across columns, although the algorithms used to generate decision 272 
trees are particularly robust against these problems. This initial phase aims to categorize 273 
qualitative variables and gather values with enough cases for each variable. For efficient 274 
screening it is important to choose variables whose acquisition is proven to be easy and accurate. 275 
Participants are selected by a short interview in which the algorithms used were constrained to 276 
a white-box model, making it easy to check the criteria used to decide if the individual should 277 
take the test. We suggest using the rpart29 package in R software for these algorithms, and 278 
implementing recursive partitioning.  279 
 280 
8.1. Collect all the forms from the participating pharmacies and convert them into a table in 281 
which every column is a variable and every participating individual is a row.  282 
 283 
8.2. Assign an identification number to each participant. Save the identification number and 284 
contact information in a different document so that it is not used by the machine-learning 285 
algorithm.  286 
 287 
8.3. Generate variables to classify whether each drug the patient takes corresponds to second 288 
or third ATC30 (Anatomical Therapeutic Chemical) level codes, according to the active principal 289 
ingredients on the pharmacotherapy follow-up sheet.  290 
 291 
8.4. Perform an initial descriptive analysis.  292 
 293 
8.4.1. For every ordinal variable, choose an adequate contrast for the variable. For categorical 294 
variables, select the value considered as the baseline.  295 
 296 
8.4.2. For categorical variables, calculate a univariate logistic regression with a response 297 
variable for screening for MCI. Analyze the outcome of the regression with a contingency table, 298 
the p-value, sample odds ratio, and the 95% confidence interval of the odds ratio.  299 
 300 
8.4.3. For quantitative variables, calculate the mean, standard deviation, coefficient of logistic 301 
regression, and the 95% confidence interval of their coefficients.  302 
 303 
8.5. Reject variables with missing (unavailable) values, considering these variables difficult to 304 
accurately collect.  305 
 306 
8.6. Select only variables for which there is at least one statistically significant category 307 



   

 

(α < 0.01) according to the logistic regression analysis. The outcome of this step produces a 308 
reduced data set compared to the initial one. 309 
 310 
9. Algorithms to create a decision tree  311 
 312 
NOTE: Machine-learning algorithms must be properly parameterized to predict which individuals 313 
are likely to have a positive MCI test result. One of the main problems while screening for a 314 
condition is that the original data is expected to be imbalanced (i.e., few positive cases compared 315 
to the negative ones). To get models with balanced data we used a technique called down-316 
sampling, or random sampling, to equalize the frequency with that of the lowest frequency 317 
class31. Efficient screening also requires reducing the number of false negatives as much as 318 
possible (i.e., increasing the sensitivity of the selection of participants suffering from MCI). One 319 
of the techniques used to achieve a greater sensitivity is the introduction of penalties in the 320 
calculation of Gini’s impurity index (i.e., the index used by the algorithm to select the best split 321 
for the decision tree)32.  322 
 323 
9.1. Generate a training and test data set with 80% and 20% of the whole data set, respectively 324 
using the createDataPartition function in the caret library33. 325 
 326 
9.2. Apply the algorithms used to generate decision trees to the training data set. Use the train 327 
again function in the caret library33. The following steps are different parameters of the function; 328 
for instance, the tree used in this paper was generated with rpart29 (method=”rpart”), but other 329 
algorithms are available.  330 
 331 
9.2.1. Select the ‘down sampling’ sampling method and introduce the sampling = “down” 332 
parameter into the caret. 333 
 334 
9.2.2. Set the prior probabilities for both classes.  335 
 336 
9.2.3. Provide a loss matrix with the Gini’s impurity index penalties applied in order to focus on 337 
the increasing sensitivity.  338 
 339 
9.2.4. For every parameter in the algorithm, choose an appropriate grid of values.  340 
 341 
9.2.5. Use a cross-validation estimation of the receiver operating curve (ROC) values to select 342 
the best models within the parameter grid.  343 
 344 
9.3. Calculate a confusion matrix and the area under the ROC curve (AUC) for the test set 345 
prediction to assess the true performance of the model.  346 
 347 
REPRESENTATIVE RESULTS:  348 
The participating pharmacies gathered data from 728 users and collected demographic variables 349 
in addition to the drugs prescribed to the participants. A univariate logistic regression was 350 
performed for all the variables34; the error bar graphs shown in Figure 3 and Figure 4 are 351 



   

 

convenient graphical representations of the confidence interval of the odds ratio (for qualitative 352 
variables) and the confidence interval of the coefficient of the logistic regression (for quantitative 353 
variables). Variables with p-values exceeding 0.01 (sex, age, education level, reading habit, time 354 
spent sleeping, depression, and memory complaints) were selected and used to generate a 355 
white-box model based on a decision tree. This decision tree was generated using a training data 356 
set comprising 583 individuals as an input and was validated with a test set of a cohort of 145 357 
participants.  358 
 359 
After using the caret33 library in R, the resultant tree assigned a probability of suffering MCI to 360 
each individual depending on their final node in the tree (depicted in Figure 5) as well as their 361 
answers to a few questions. To evaluate the forecasting capability of these probabilities, a ROC 362 
analysis of the test set was performed (Figure 6); its AUC was 0.763 and its 95% confidence 363 
interval was (0.6624, 0.8632). In addition to the probabilities, the tree shown in Figure 5 also 364 
used very simple questions about how long the person sleeps and how often they read, to 365 
recommend (with a sensitivity of 0.76 and specificity of 0.70) whether patients should take the 366 
MCI tests. 367 
 368 
Using this decision tree and short interview to select users at risk of MCI we were able to 369 
significantly reduce the number of patients requiring MCI tests (administration is quite time-370 
consuming). This reduction can be estimated by using data in the test set and interpreting the 371 
confusion matrix of the observed and predicted classes shown in Table 1. In this work, 55 out of 372 
145 participants in the test set were identified by the decision tree for further MCI testing, 373 
(representing a reduction of 62% of users taking the tests) while also selecting most of the 374 
individuals (19 out of 25) who were positive for MCI.  375 
 376 
FIGURE AND TABLE LEGENDS:  377 
Figure 1. Flowchart of the research study and the proposed selective screening. The left side 378 
represents the initial study whose data were analyzed with machine-learning techniques to 379 
propose the selective screening for early detection of MCI shown in the right panel. This figure 380 
was modified from Climent34. 381 
 382 
Figure 2. Protocol for primary healthcare action. An example of primary healthcare actions that 383 
should be considered for early MCI detection before the patient is referred for a medical diagnosis 384 
by specialists. 385 
 386 
Figure 3. Example of the variables selected during preprocessing. A 99% confidence interval of 387 
the odds ratio was calculated and is represented as an error bar. The base value for the logistic 388 
regression is indicated below the name of the variable at the top of every panel. For every value 389 
of the variable, an error bar represents the confidence interval of the odds ratio of taking that 390 
value versus taking the base value. Because the variables used to generate the tree were selected, 391 
the confidence intervals do not include the value 0 for some values as these showed significant 392 
differences. The scale of the vertical axis is logarithmic to help in comparisons across groups.  393 
 394 
Figure 4. Example of non-selected variables during preprocessing. A 99% Confidence Interval of 395 



   

 

the odds ratio was calculated and is represented with an error bar. The base value for the logistic 396 
regression is indicated below the name of the variable at the top of every panel. For every value 397 
of the variable, an error bar represents the confidence interval of the odds ratio of taking that 398 
value versus taking the base value. In contrast with the previous figure, all the confidence 399 
intervals of the selected variables include the value 0, since no significant differences were found 400 
to be included to generate the tree. The scale of the vertical axis is logarithmic to help comparison 401 
across groups. 402 
 403 
Figure 5. Proposed partition tree for selection of pharmacy users. The following tree shows the 404 
selection algorithm for MCI tests for individuals aged over 65 years. The text at the top of the box 405 
corresponds to the recommendation of taking the MCI screening tests, the two numbers below 406 
are the estimated probability of a negative or positive MCI testing outcome, respectively. The 407 
value at the bottom of the box is the percentage of individuals with these characteristics in the 408 
training set. The warmer the color of the box, the more likely the MCI tests was positive. The top 409 
node corresponds to the question about whether the participant has a memory complaint. If the 410 
individual does not have a memory complaint, the tree leads to the left branch and the ensuing 411 
questions ask about the individual’s sex; patients with a memory complaint are asked about the 412 
amount of time they sleep per day. This figure was modified from Climent34. 413 
 414 
Figure 6. Receiver operating curves for the partition tree and sensitivity and specificity of the 415 
final decision in the test set. The graph represents the ROC curve of the probabilities assigned by 416 
the partition tree algorithm in the test set. The red surface corresponds to the AUC and the blue 417 
point on the curve shows the sensitivity and specificity of the final recommendation made by the 418 
tree.  419 
 420 
Table 1. Confusion matrix. Confusion matrix of the predicted and observed values in the test set 421 
which were used to validate the proposed model. 422 
 423 
DISCUSSION:  424 
After searching for terms associated with MCI in Cochrane studies in the PubMed database, a 425 
specific questionnaire was created for this study that used the most evident variables with a 426 
proven association with MCI. Demographic, lifestyle, and social factors, as well as the patient’s 427 
pharmacotherapy and some relevant pathologies were also recorded. Additionally, the SPMSQ 428 
and MMSE MCI tests were also selected. Importantly, the SPMSQ was not affected by 429 
participants’ level of schooling. Pharmacists were trained to administer this study and 430 
communication with primary and specialized care was assured via letters informing them of this 431 
work. Only specialized healthcare providers could definitively make a diagnosis if MCI was 432 
suspected as a result of these tests.  433 
 434 
In conclusion, in this study we screened for MCI among a population with a low prevalence of the 435 
condition (17%). We designed a set of selection criteria for use with machine-learning techniques, 436 
which increased the percentage of MCI positives up to more than 30% among the selected users. 437 
Consequently, these tools help increase the screening efficiency and substantially reduce the cost 438 
of mass screening among the population group selected by the decision tree.  439 



   

 

 440 
A limitation of this method is that the decision tree may become invalid in this specific cohort as 441 
the population changes and thus, will likely require periodic updates. For instance, many 442 
individuals in this population were illiterate, but the number of illiterate individuals aged over 65 443 
years will decrease in the future. These demographic changes will affect the variables related to 444 
reading and will require future recalibration of the decision tree.  445 
 446 
Remarkably, this data-driven model provided information about the most important variables 447 
(from among hundreds) in the construction of a concise yet informative and efficient model. 448 
Constructing a decision tree provides insight into the best variables to focus on and is both a cost-449 
effective way to help select people for whom further MCI testing is recommended and furthers 450 
our knowledge of these populations in this context. 451 
 452 
To increase the future percentage detection rate of MCI, we will require new cost-effective 453 
techniques that can assure increased effectiveness. This protocol is time-consuming and is 454 
difficult for pharmacists to integrate into their daily work. Thus, other tests such as the MoCA22 455 
or SLUMS23 (both with adequate sensitivity and specificity) could be considered for fast the 456 
detection of MCI in the future.  457 
 458 
A systematic evaluation of the trade-off between specificity and test duration should improve 459 
the effectiveness of the set of MCI tests used for screening. Moreover, relevant quantitative 460 
variables included in the study should have a wide range so that an efficient cut-off can be 461 
selected for them; a narrow range would exclude a large portion of the population from early 462 
detection. For instance, the age variable (which is always considered an important criteria in MCI 463 
diagnoses) was not considered relevant in this decision tree because the recruitment criteria (age 464 
over 65 years) was too conservative; inclusion of younger individuals in a future study would 465 
allow the optimal age for starting MCI screening to be calculated. 466 
 467 
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Article and Video License Agreements from each such 
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discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
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JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
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any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
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Dear Dr. Nguyen, 

We are pleased to submit a new version of our video and our manuscript. We appreciate all the 

editorial comments to improve our work. The answer to every comment is in red.   We have also 

attached with this letter the track changes in the manuscript.  

Editorial comments: 

1. Please employ professional copy-editing as the language is not publication grade. I have gone 

through the manuscript a bit but there are still sections that are unclear. 

We have hired a professional to review the language and we are expecting that now all the ideas in 

our manuscript are clear enough. We think that some initially obscure expressions are now more 

clearly explain. It has been thoroughly revised and many sentences changed, but the content  is not 

changed                             

2. Figure 3/4: Where are the base values indicated in the Figure? 

 We have written a more appropriate legend of Figure 3 and 4 to explain that is the odds ratio of 

every value versus the base value.             

3. The explanations of the figures in the figure legends needs revision to be more clear. 

 In addition to Figure 3 and 4, we have modified all the legends with a more explanatory text. In our 

opinion, these new legends describe better the graphs than the previous ones.           

4. Figure 5 seems off. Is the tree flipped? The line for Yes for "Without Memory Complaint" leads to 

the No box. This goes for every decision in the tree. This is used in the video as well. 

 The “No” in the box corresponds to a non-final recommendation of taking or not taking MCI test. 

We have realized that these “partial” recommendations are not properly explained in the video and 

we have decided to remove them from video and manuscript, leaving only the final 

recommendation for the final nodes.  

5. Please change the numbers of the protocol sections in the video: 2.2 Design of the questionnaires 

in the video should be 2. Design of the questionnaires. Please do not number the major sections of 

the manuscript in the video (Introduction, protocol, Representative Results). Please use the 

numbering from the written manuscript as I have changed it to fit our publication standard. 

The sections in the video have been modified according to the new titles of the sections in the 

document attached with your e-mail.  

Please submit a revised high-resolution video here: 

https://www.dropbox.com/request/d9KDHGwq4lVvveEFItbL?oref=e 

The video has been already uploaded.  

Sincerely,  

Javier Muñoz PhD  
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ABSTRACT:  38 

Mild cognitive impairment (MCI) is a first sign of dementia among elderly populations and so its 39 
early detection is crucial in our aging societies. Common MCI tests are time-consuming meaning 40 
that indiscriminate massive screening would not be cost-effective. Here we describe a protocol 41 
which uses machine learning techniques to rapidly select candidates for further screening via a 42 
question-based MCI test. This minimizes the number of resources required for screening 43 
because only patients who are potentially MCI positive are tested further.  44 

This methodology was applied in an initial MCI research study which formed the starting point 45 
for the design of a selective screening decision tree. The initial study collected many 46 
demographic and lifestyle variables as well as details about patient medications. The Short 47 
Portable Mental Status Questionnaire (SPMSQ) and the Mini-Mental State Examination (MMSE) 48 
were used to detect possible cases of MCI. Finally, we used this method to design an efficient 49 
process for classifying individuals at risk of MCI. This work also provides insights into lifestyle-50 
related factors associated with MCI which could be leveraged in the prevention and early 51 
detection of MCI among elderly populations. 52 

INTRODUCTION:  53 

Population aging is increasing the prevalence of chronic and degenerative diseases, especially 54 
degenerative dementias, which are expected to affect more than 131 million people worldwide 55 
by 20501. Among all the degenerative dementias, Alzheimer’s disease (AD) is the most common 56 
with an overall prevalence in Europe of 6.88%2. Due to the ever declining independence of AD 57 
patients, this group should start receiving support as soon as AD starts to manifest. Therefore, 58 
the early detection of prodromal signs of AD, such as mild cognitive impairment (MCI), is 59 
essential.  60 

MCI is defined as an intermediate cognitive decline stage corresponding to normal aging and 61 
severe deterioration due to dementia3. According to estimates by Petersen et al.4, the 62 
prevalence of MCI is 8.4% among people aged 65–69 years and reaches 25.2% for those aged 63 
over 80 years. MCI results in individuals experiencing more difficulties than expected in the 64 
execution of low-level cognitive skills, especially those related to memory and language, but 65 
does not interfere with the activities of daily living.  66 

Screening is not synonymous with diagnosis; the diagnosis of MCI will always be a clinical task 67 
whereas screening methods can only inform us that a patient has a higher probability of 68 
suffering from this pathology and that there is a well-founded suspicion of MCI that should be 69 
confirmed clinically. Hence, primary healthcare workers (doctors, pharmacists, nurses, etc.) 70 
could benefit from the availability of simple screening methods (brief cognitive tests) that can 71 
be applied in minutes. Ideally, these would objectively identify patients with a high probability 72 
of suffering a MCI so that they can then be clinically tested by general or specialized physicians.  73 

Given that the early detection of MCI is becoming an essential task within the context of public 74 
health, this work aimed to identify which characteristics are useful in the targeted identification 75 
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of MCI in screening tests of elderly populations. These groups would then be more thoroughly 258 
tested for MCI in tests administered by primary health care providers. This methodology 259 
provides a decision tree with the appropriate algorithms for identifying the population groups 260 
to target.  261 

Among these characteristics, age is one of the most consistent factors associated with the 262 
development of this pathology. Other relevant characteristics are related to demographics or 263 
lifestyle5. Among the latter, some studies have identified the duration of daytime or nighttime 264 
sleep as a risk factor that can lead to the diagnosis of MCI5–9. The prolonged consumption of 265 
medications such as benzodiazepines, consumed by an estimated 20%–25% of older adults12,13, 266 
can also influence sleep hours and the development of MCI10,11. Indeed, prolonged treatments 267 
for chronic diseases may be important features useful in the pre-selection of individuals with a 268 
high risk of suffering from MCI.  269 

Here we developed data-based models which use automatic learning algorithms, a decision 270 
tree, and a predictive tool to increase the efficiency of the methodology for detecting MCI by 271 
discriminating which characteristics play an important role in the early detection of MCI. The 272 
resultant decision tree presented here was produced using a specific cohort of Spanish patients 273 
using community pharmacies. However, this method would also be useful among other 274 
populations with different characteristics.  275 

This work was completed in collaboration with primary healthcare and specialized medical 276 
doctors. Community pharmacies were ideal for testing this algorithm because they are close to 277 
patients, have long opening hours, and are frequently visited and consulted. Degenerative 278 
dementias are complex conditions which are not always well understood by primary health care 279 
providers14. Therefore, becoming involved in the process will raise awareness of people 280 
suffering from MCI and dementias.  281 

PROTOCOL:  282 

The methodology applied in this study has been previously published5 in work carried out at the 283 
University CEU Cardenal Herrera together with community pharmacies in the region of Valencia 284 
(Spain) associated with the Spanish Society of Family and Community Pharmacy (SEFAC). This 285 
current study was reviewed and approved by the Research Ethics Committee at the Universidad 286 
CEU Cardenal Herrera (approval no. CEI11/001) in March 2011. All individuals involved in the 287 
study gave their written informed consent to participation in accordance with the Declaration 288 
of Helsinki. 289 

1. Selection of factors associated with mild cognitive impairment  290 

2.1. Search for terms related to MCI for use in screening Cochrane Systematic Reviews, e.g., 291 
cognitive impairment, dementia, risk factors, etc. 292 

2.2. Search for terms for which there is some evidence of a relationship with cognitive 293 
deterioration or dementia published in the PubMed database; these include demographic 294 
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factors (sex, age, education level, and economic status), social factors (cognitive and social 444 
activities), chronic pathologies (cholesterol, depression, hypertension, diabetes, and obesity), 445 
and lifestyle behaviors (alcohol consumption, smoking habit, diet, physical activity, and sleep 446 
hours). 447 

2.3. Calculate the odds ratio for qualitative variables or Cohen’s d effect size for quantitative 448 
variables15. Select the variables with larger effect sizes for cognitive deterioration or dementia 449 
for use in elaborating a questionnaire.  450 

 451 

 452 

2. Design of the questionnaires 453 
 454 

1. 2.1.  Design a questionnaire to collect information about the selected variables, following 455 
the guidelines provided by Nardi16. For instance, the variables used in Climent et al.5  were 456 
demographic (age, weight, and height [measured with standardized procedures using 457 
calibrated scales and stadiometers], sex, education level, and employment type), lifestyle 458 
(physical exercise, reading, time spent sleeping overnight and during the day, puzzles, games, 459 
TV consumption time, and tobacco and alcohol consumption), and chronic pathologies 460 
(hypertension, hyperlipidemia, and diabetes). In addition, the presence or absence of 461 
depression, which is frequently associated with cognitive deterioration, was also recorded. 462 
2.2  Design a pharmacotherapy follow-up sheet to report all the drugs consumed by the 463 
participants at the time of the interview, as in Climent et al.5 which used Dader’s method17 to 464 
design this sheet. 465 

  466 

 467 

3. Selection of tests for MCI screening 468 

3.1. Determine all the tests used to screen for MCI that could be administered by primary 469 
healthcare workers (e.g., pharmacists). Reject any tests which must be administered by a 470 
specialist. Some of the tests that fulfill these conditions are the Short Portable Mental State 471 
Questionnaire (SPMSQ)18, Mini Mental State Examination (MMSE)19, Memory Impairment 472 
Screen (MIS)20, Picture Memory Impairment Screen (PMIS)21, Montreal Cognitive Assessment 473 
(MoCA)22, Saint Louis University Mental Status (SLUMS)23, and Quick Mild Cognitive Impairment 474 
(Qmci)24. An exhaustive review of each MCI test is available in Cullen et al.25. 475 

3.2. Search for a good estimation of the test sensitivities and specificities in the scientific 476 
literature. 477 

3.3. Estimate the time required to administer these tests to healthy individuals. 478 
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3.4. Consider the basic patient characteristics required for completion of these tests. For 570 
example, a minimum education level may be necessary because many MCI tests are not 571 
suitable for illiterate participants. A set of MCI screening tests is usually applied to increase 572 
sensitivity, however, the minimum number of tests must be quickly administered by 573 
pharmacists if the final selective screening is intended for a large population. Climent et al.5 574 
assessed MCI using the MMSE and SPMSQ tests, with the latter being suitable for the large 575 
number of individuals who lived through the Spanish civil war who are illiterate. 576 

3.4.1. A variant of the SPMSQ by Pfeiffer18 was validated in Spanish by Martínez de la Iglesia26. 577 
This test has a maximum score of 10 and the cut-off point for establishing cognitive impairment 578 
is 3 or more errors (4 or more for illiterate individuals). This test takes between 8 and 10 579 
minutes to complete. 580 

3.4.2. The NORMACODERM version of the MMSE was validated for Spanish speakers by 581 
Blesa27 by adapting the original version by Folstein19. This screening test has a maximum score 582 
of 30 and is corrected according to the patients’ years of schooling and ages. Participants who 583 
score less than or equal to 24 are considered as MCI cases. The MMSE is a measure of general 584 
cognitive function and includes orientation to time and place, written and spoken language, 585 
attention span, calculation, and memory. It was administered to all the participants in this study 586 
because it is a very short test which takes only around 5 minutes to complete. 587 

 588 

4. Subject recruitment 589 

4.1  Find pharmacists willing to recruit non-institutionalized people to form the study 590 
population. The mentioned study by Climent et al5  included people aged 65 years or more who 591 
went regularly to the pharmacy and who agreed to participate in this study. We excluded 592 
patients with any difficulty in performing these evaluation tests (e.g., because of blindness, 593 
deafness, etc.) or who were already being treated for dementia. 594 

4.2 Provide the participating pharmacists with informed consent forms which must be 595 
completed by every individual taking part in the study. This consent form specifies the title of 596 
the research, the objectives of the project, a comprehensible explanation of all the procedures 597 
that the participant would take part in, the absence of specific risks, the confidentiality of all 598 
the collected data, and the right to withdraw from the study for any reason at any time. 599 

4.3 Train the pharmacists to administer structured personal interviews to the participants, 600 
which should last approximately half an hour per person. Collect data for 1 year and send all 601 
the forms to the researchers responsible for data protection in the study. Subsequently follow-602 
up the patients for 3 months. 603 

4.4 Instruct the pharmacists how to identify a probable MCI case using MCI tests. Based on 604 
Climent et al.5 we used SPMSQ scores of 4 or more points (for illiterate participants) or 3 or 605 
more points for the other participants and scores of 24 points or less were used in the 606 
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corrected MMSE test.  790 

4.5 Instruct  pharmacists how to refer MCI cases to a medical specialist (a neurologist) for 791 
their clinical diagnosis—the last step in the flow chart used in this research study (Figure 1). 792 

[Place Figure 1 here] 793 

5. Pharmacist researcher training 794 

5.1. Contact specialists to organize sessions for training the participating pharmacists in basic 795 
knowledge related to cognitive impairment and in managing its screening tools, for instance,  796 
the SPMSQ and MMSE. 797 

5.2. Ensure that the participating pharmacists are aware of the procedures, data collection 798 
protocol, and all the possible issues related to data protection. Inform them that the project 799 
was approved by a Research Ethics Committee and of the importance of the consent form 800 
according to the Declaration of Helsinki. 801 

NOTE: To perform the study described by Climent et al5, workshops were held at the Official 802 
College of Pharmacists and the Cardenal-Herrera CEU University (UCH-CEU), and covered the 803 
following: MCI and dementia; diagnostic approaches to MCI and management of the SPMQP 804 
and MMSE (taught by the Neurology Service at La Plana Hospital in Castellón); project 805 
presentation and explanation of the methodology by senior community pharmacist 806 
researchers; and health education and cognitive training by researchers from the Department 807 
of Pharmacy at the UCH-CEU University. 808 

6. Study design  809 

6.1 Calculate a sample size to assess the feasibility of the project. Because this was an 810 
observational study, a larger sample will produce more effective tools. There are two ways to 811 
estimate this: one is more simple and the other is more precise. 812 

6.1.1. Calculate an accurate estimation of the prevalence of the condition in the population  813 

𝑧("#$/&)
& 𝑝()1 − 𝑝(,

𝑒𝑟𝑟𝑜𝑟&  814 

where α is the significance level, 𝑝( is the initial estimation and 𝑒𝑟𝑟𝑜𝑟 is the maximum error 815 
expected with a 100(1 − α)% confidence. 816 

6.1.2. According to the effect sizes found in the literature for each factor, use tools like the 817 
pwr package in R to estimate how much power is required to detect differences15,28.  818 

NOTE: For instance, in our study5 we designed the first proposal with an error of 3% at 95% 819 
confidence and an initial estimation of the prevalence of MCI at 15% in the population aged 65 820 
years or older, resulting in an estimated required sample size of 541 individuals. 821 
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7. Interdisciplinary communication network, pharmacists, primary healthcare physicians, 963 
and specialists  964 

7.1. Design letters to communicate information about the project to the healthcare centers 965 
involved.  966 

7.2. Explain to participating pharmacists how to inform their assigned physicians about the 967 
results of the screenings through a letter to the primary healthcare center. 968 

7.3. Send written communications to the medical coordinators of the healthcare centers 969 
related to the participating pharmacies and to the Neurology Services of the hospitals to which 970 
they are assigned.  971 

7.4. Contact participating neurologists to find out each patient’s definitive diagnosis 972 
obtained via specific tests undertaken by specialized healthcare providers. Before this, primary 973 
healthcare providers should carry out the following protocol, as summarized by the clinical 974 
guidelines (Figure 2).  975 

[Place Figure 2 here] 976 

8. Statistical analysis and preprocessing 977 

NOTE: Before applying machine-learning techniques a preparatory step is required to transform 978 
the original data into a new data set according to the final study objective and the procedures 979 
to be applied. For this transformation, several things should be considered, including the 980 
characteristics of the algorithms. This is because some of them are sensitive to a lack of 981 
variability or sharing of information across columns, although the algorithms used to generate 982 
decision trees are particularly robust against these problems. This initial phase aims to 983 
categorize qualitative variables and gather values with enough cases for each variable. For 984 
efficient screening it is important to choose variables whose acquisition is proven to be easy 985 
and accurate. Participants are selected by a short interview in which the algorithms used were 986 
constrained to a white-box model, making it easy to check the criteria used to decide if the 987 
individual should take the test. We suggest using the rpart29 package in R software for these 988 
algorithms, and implementing recursive partitioning.  989 

8.1. Collect all the forms from the participating pharmacies and convert them into a table in 990 
which every column is a variable and every participating individual is a row.  991 

8.2. Assign an identification number to each participant. Save the identification number and 992 
contact information in a different document so that it is not used by the machine-learning 993 
algorithm.  994 

8.3. Generate variables to classify whether each drug the patient takes corresponds to 995 
second or third ATC30 (Anatomical Therapeutic Chemical) level codes, according to the active 996 
principal ingredients on the pharmacotherapy follow-up sheet.  997 
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8.4. Perform an initial descriptive analysis.  1164 

8.4.1. For every ordinal variable, choose an adequate contrast for the variable. For categorical 1165 
variables, select the value considered as the baseline.  1166 

8.4.2. For categorical variables, calculate a univariate logistic regression with a response 1167 
variable for screening for MCI. Analyze the outcome of the regression with a contingency table, 1168 
the p-value, sample odds ratio, and the 95% confidence interval of the odds ratio.  1169 

8.4.3. For quantitative variables, calculate the mean, standard deviation, coefficient of logistic 1170 
regression, and the 95% confidence interval of their coefficients.  1171 

8.5. Reject variables with missing (unavailable) values, considering these variables difficult to 1172 
accurately collect.  1173 

8.6. Select only variables for which there is at least one statistically significant category 1174 
(α < 0.01) according to the logistic regression analysis. The outcome of this step produces a 1175 
reduced data set compared to the initial one. 1176 

 1177 

9. Algorithms to create a decision tree  1178 

NOTE: Machine-learning algorithms must be properly parameterized to predict which 1179 
individuals are likely to have a positive MCI test result. One of the main problems while 1180 
screening for a condition is that the original data is expected to be imbalanced (i.e., few positive 1181 
cases compared to the negative ones). To get models with balanced data we used a technique 1182 
called down-sampling, or random sampling, to equalize the frequency with that of the lowest 1183 
frequency class31. Efficient screening also requires reducing the number of false negatives as 1184 
much as possible (i.e., increasing the sensitivity of the selection of participants suffering from 1185 
MCI). One of the techniques used to achieve a greater sensitivity is the introduction of penalties 1186 
in the calculation of Gini’s impurity index (i.e., the index used by the algorithm to select the 1187 
best split for the decision tree)32.  1188 

9.1. Generate a training and test data set with 80% and 20% of the whole data set, 1189 
respectively using the createDataPartition function in the caret library33. 1190 

9.2. Apply the algorithms used to generate decision trees to the training data set. Use the 1191 
train again function in the caret library33. The following steps are different parameters of the 1192 
function; for instance, the tree used in this paper was generated with rpart29 (method=”rpart”), 1193 
but other algorithms are available.  1194 

9.2.1. Select the ‘down sampling’ sampling method and introduce the sampling = “down” 1195 
parameter into the caret. 1196 

9.2.2. Set the prior probabilities for both classes.  1197 
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9.2.3. Provide a loss matrix with the Gini’s impurity index penalties applied in order to focus 1346 
on the increasing sensitivity.  1347 

9.2.4. For every parameter in the algorithm, choose an appropriate grid of values.  1348 

9.2.5. Use a cross-validation estimation of the receiver operating curve (ROC) values to select 1349 
the best models within the parameter grid.  1350 

9.3. Calculate a confusion matrix and the area under the ROC curve (AUC) for the test set 1351 
prediction to assess the true performance of the model.  1352 

REPRESENTATIVE RESULTS:  1353 

The participating pharmacies gathered data from 728 users and collected demographic 1354 
variables in addition to the drugs prescribed to the participants. A univariate logistic regression 1355 
was performed for all the variables34; the error bar graphs shown in Figure 3 and Figure 4 are 1356 
convenient graphical representations of the confidence interval of the odds ratio (for 1357 
qualitative variables) and the confidence interval of the coefficient of the logistic regression (for 1358 
quantitative variables). Variables with p-values exceeding 0.01 (sex, age, education level, 1359 
reading habit, time spent sleeping, depression, and memory complaints) were selected and 1360 
used to generate a white-box model based on a decision tree. This decision tree was generated 1361 
using a training data set comprising 583 individuals as an input and was validated with a test set 1362 
of a cohort of 145 participants.  1363 

After using the caret33 library in R, the resultant tree assigned a probability of suffering MCI to 1364 
each individual depending on their final node in the tree (depicted in Figure 5) as well as their 1365 
answers to a few questions. To evaluate the forecasting capability of these probabilities, a ROC 1366 
analysis of the test set was performed (Figure 6); its AUC was 0.763 and its 95% confidence 1367 
interval was (0.6624, 0.8632). In addition to the probabilities, the tree shown in Figure 5 also 1368 
used very simple questions about how long the person sleeps and how often they read, to 1369 
recommend (with a sensitivity of 0.76 and specificity of 0.70) whether patients should take the 1370 
MCI tests. 1371 

Using this decision tree and short interview to select users at risk of MCI we were able to 1372 
significantly reduce the number of patients requiring MCI tests (administration is quite time-1373 
consuming). This reduction can be estimated by using data in the test set and interpreting the 1374 
confusion matrix of the observed and predicted classes shown in Table 1. In this work, 55 out of 1375 
145 participants in the test set were identified by the decision tree for further MCI testing, 1376 
(representing a reduction of 62% of users taking the tests) while also selecting most of the 1377 
individuals (19 out of 25) who were positive for MCI.  1378 

FIGURE AND TABLE LEGENDS:  1379 

Figure 1. Flowchart of the research study and the proposed selective screening. The left side 1380 
represents the initial study whose data were analyzed with machine-learning techniques to 1381 
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propose the selective screening for early detection of MCI shown in the right panel. This figure 1528 
was modified from Climent34. 1529 

Figure 2. Protocol for primary healthcare action. An example of primary healthcare actions that 1530 
should be considered for early MCI detection before the patient is referred for a medical 1531 
diagnosis by specialists. 1532 

Figure 3. Example of the variables selected during preprocessing. A 99% confidence interval of 1533 
the odds ratio was calculated and is represented as an error bar. The base value for the logistic 1534 
regression is indicated below the name of the variable at the top of every panel. For every value 1535 
of the variable, an error bar represents the confidence interval of the odds ratio of taking that 1536 
value versus taking the base value. Because the variables used to generate the tree were 1537 
selected, the confidence intervals do not include the value 0 for some values as these showed 1538 
significant differences. The scale of the vertical axis is logarithmic to help in comparisons across 1539 
groups.  1540 

Figure 4. Example of non-selected variables during preprocessing. A 99% Confidence Interval 1541 
of the odds ratio was calculated and is represented with an error bar. The base value for the 1542 
logistic regression is indicated below the name of the variable at the top of every panel. For 1543 
every value of the variable, an error bar represents the confidence interval of the odds ratio of 1544 
taking that value versus taking the base value. In contrast with the previous figure, all the 1545 
confidence intervals of the selected variables include the value 0, since no significant 1546 
differences were found to be included to generate the tree. The scale of the vertical axis is 1547 
logarithmic to help comparison across groups. 1548 

Figure 5. Proposed partition tree for selection of pharmacy users. The following tree shows the 1549 
selection algorithm for MCI tests for individuals aged over 65 years. The text at the top of the 1550 
box corresponds to the recommendation of taking the MCI screening tests, the two numbers 1551 
below are the estimated probability of a negative or positive MCI testing outcome, respectively. 1552 
The value at the bottom of the box is the percentage of individuals with these characteristics in 1553 
the training set. The warmer the color of the box, the more likely the MCI tests was positive. 1554 
The top node corresponds to the question about whether the participant has a memory 1555 
complaint. If the individual does not have a memory complaint, the tree leads to the left branch 1556 
and the ensuing questions ask about the individual’s sex; patients with a memory complaint are 1557 
asked about the amount of time they sleep per day. This figure was modified from Climent34. 1558 

Figure 6. Receiver operating curves for the partition tree and sensitivity and specificity of the 1559 
final decision in the test set. The graph represents the ROC curve of the probabilities assigned 1560 
by the partition tree algorithm in the test set. The red surface corresponds to the AUC and the 1561 
blue point on the curve shows the sensitivity and specificity of the final recommendation made 1562 
by the tree.  1563 

Table 1. Confusion matrix. Confusion matrix of the predicted and observed values in the test set 1564 
which were used to validate the proposed model. 1565 
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DISCUSSION:  1717 

After searching for terms associated with MCI in Cochrane studies in the PubMed database, a 1718 
specific questionnaire was created for this study which used the most evident variables with a 1719 
proven association with MCI. Demographic, lifestyle, and social factors, as well as the patient’s 1720 
pharmacotherapy and some relevant pathologies were also recorded. Additionally, the SPMSQ 1721 
and MMSE MCI tests were also selected. Importantly, the SPMSQ was not affected by 1722 
participants’ level of schooling. Pharmacists were trained to administer this study and 1723 
communication with primary and specialized care was assured via letters informing them of this 1724 
work. Only specialized healthcare providers could definitively make a diagnosis if MCI was 1725 
suspected as a result of these tests.  1726 

In conclusion, in this study we screened for MCI among a population with a low prevalence of 1727 
the condition (17%). We designed of a set of selection criteria for use with machine-learning 1728 
techniques which increased the percentage of MCI positives up to more than 30% among the 1729 
selected users. Consequently, these tools help increase the screening efficiency and 1730 
substantially reduce the cost of mass screening among the population group selected by the 1731 
decision tree.  1732 

A limitation of this method is that the decision tree may become invalid in this specific cohort 1733 
as the population changes and thus, will likely require periodic updates. For instance, many 1734 
individuals in this population were illiterate, but the number of illiterate individuals aged over  1735 
65 years will decrease in the future. These demographic changes will affect the variables 1736 
related to reading and will require future recalibration of the decision tree.  1737 

Remarkably, this data-driven model provided information about the most important variables 1738 
(from among hundreds) in the construction of a concise yet informative and efficient model. 1739 
Constructing a decision tree provides insight into the best variables to focus on and is both a 1740 
cost-effective way to help select people for whom further MCI testing is recommended and 1741 
furthers our knowledge of these populations in this context. 1742 

To increase the future percentage detection rate of MCI, we will require new cost-effective 1743 
techniques that can assure increased effectiveness. This protocol is time-consuming and is 1744 
difficult for pharmacists to integrate into their daily work. Thus, other tests such as the MoCA22 1745 
or SLUMS23 (both with adequate sensitivity and specificity) could be considered for fast the 1746 
detection of MCI in the future.  1747 

A systematic evaluation of the trade-off between specificity and test duration should improve 1748 
the effectiveness of the set of MCI tests used for screening. Moreover, relevant quantitative 1749 
variables included in the study should have a wide range so that an efficient cut-off can be 1750 
selected for them; a narrow range would exclude a large portion of the population from early 1751 
detection. For instance, the age variable (which is always considered an important criteria in 1752 
MCI diagnoses) was not considered relevant in this decision tree because the recruitment 1753 
criteria (age over 65 years) was too conservative; inclusion of younger individuals in a future 1754 
study would allow the optimal age for starting MCI screening to be calculated. 1755 
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