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Abstract

Background: Cognitive impairment becomes more common with ageing and may benefit from in-
tervention. In a Spanish speaking population, detection of cognitive impairment by a general prac-
titioner in Primary Care can be a problem, as many of the standard tests target English speaking
populations. The Memory Impairment Screen (MIS-A) is a validated test using English words to
detect Alzheimer’s Disease (AD) and other dementias. We have modified this test to suit a Spanish
speaking population and added a new component, delayed recall. We have called our new test the
Memory Impairment Screen with Delayed Recall (MIS-D). Objectives: 1) To test a Spanish version
of MIS-A and MIS-D. 2) To assess the discriminative validity of MIS-D as a screening tool for the
amnestic variant of Mild Cognitive Impairment (aMCI) in a group of Spanish speaking people aged
65 years old and over. Methods: A case-control study of a cohort of 739 native Spanish speaking
residents of Buenos Aires aged 65 years old and over, of whom 436 were healthy controls and 303
had a diagnosis of aMCI. Measurements: Sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NVP) were estimated for MIS-D and MIS-A. Results: Normative values
for MIS-A and MIS-D were obtained from the control population. Both age and education signifi-
cantly affected these values (p < 0.0001). Control participants showed significant differences for
both modalities, MIS-A and MIS-D. The cut-off for MIS-A should be 7.5 and for MIS-D, 5.5. Compari-
son between control population and aMCI population using ROC curve gave a result of 5.5 in MIS-D,
with 97% specificity and 76% sensitivity. Conclusion: MIS-D was positively predictive of aMClI,
with 97% specificity and 76% sensitivity in a sample of Spanish speaking patients aged 65 years
old and over in Buenos Aires.
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1. Introduction

Memory complaints make up an important presenting clinical entity in neuropsychology, especially in patients
in the very early stages of Alzheimer’s Disease. In 2.3% to 6.6% of older people with subjective memory com-
plaints there will be progression to MCI or dementia each year [1]. Cognitive impairment and dementia are in-
creasing globally. The probability of developing Alzheimer’s Disease (AD) rises exponentially with age, doubl-
ing every 5 years after the age of 65. Projections indicate that by 2050 the number of individuals older than 60
years old will be approximately 2 billion and will account for 22% of the world’s population [2]. According to
the World Health Organization [3], 7.7 million new cases of dementia are registered every year, with an impor-
tant contribution from Asia (46%). Even more striking, the World Alzheimer Report 2014-ADI [4] estimated
that 44 million people worldwide were living with dementia. What is more, the report of First WHO ministerial
Conference on Global Action against Dementia [5] states that dementia is one of the major causes of disability
and dependency among older people worldwide. Recent research [6] raises concern when it comes to identifying
early markers of AD disease, as early diagnosis could potentially improve response to treatment. While a late
diagnosis of AD is a problem for primary health care practitioners [7] [8] as most patients make frequent con-
sultations regarding their cognitive complaints and do not receive an accurate diagnosis, an early diagnosis
would be of great help in medical decision making concerning the patient’s overall health; in fact, it may avoid
the risk of exposure to unnecessary pharmacological treatments, exposure to anaesthesia and others [9] [10].
According to “Memory Matters”, a report released by the Alzheimer’s Foundation of America (AFA-2008),
there has been a growing interest in screenings for memory problems because most persons with dementia re-
main undiagnosed by their primary care providers, and families often fail to recognize the significance of early
cognitive symptoms. Alarmingly, only one in four patients with AD is diagnosed at an early stage [11]. In high-
income countries, only 20% - 50% of dementia cases are recognized and documented in primary care [12].

This finding shows the need to identify population at an early stage of the disease.

The International Working Group proposed three steps in the development of AD: 1) the asymptomatic, at-
risk, stage of AD (AD pathology evidenced by biomarkers and no symptoms); 2) prodromal AD deficit of epi-
sodic memory, the ability to learn and retain new information, together with impaired cued recall that can be
isolated or in association with other cognitive changes and biomarker evidence for AD; and, 3) AD dementia
(dementia and biomarker evidence for AD) [13] [14]. It was Bruno Dubois [15] who introduced the concept of
Prodromal AD, characterized by the presence of mesiotemporal (amnesia linked to the hippocampus and sur-
rounding parahippocampal and entorrhinal areas) plus one of the biomarkers. The mesiotemporal amnestic defi-
cit is characterized by a failure of verbal episodic memory (VEM), as patients find it hard to recover verbal in-
formation after a delay, which may signify abnormal semantic representations. In contrast, the main clinical ma-
nifestations of the Mild Cognitive Impairment (MCI) that may envolve into AD include gradually progressive
episodic memory impairment and objective evidence of a retrieval deficit that will not improve with verbal cue-
ing. This deficit may appear alone or in association with other cognitive changes [16].

Between 3% and 19% of adults over 65 years old suffer from MCI, and more than a half of them progress to
dementia within 5 years [17]. This is why aMCI represents a high risk factor for developing AD, and may in fact
represent a new indicator for Prodromal AD. According to Dubois [18], the amnestic syndrome of the hippo-
campal type defined by very poor free recall and a decreased total recall due to an insufficient effect of cueing
can identify prodromal AD in patients with MCI with a sensitivity of 79.7% and a specificity of 89.9%.

The neuropsychological evaluation is crucial for establishing the nature of memory impairment at the pro-
dromal stage. Specific memory tests are useful for distinguishing an amnestic syndrome from the type of mem-
ory deficits that result from attentional and executive dysfunction. Many reports point out that memory tests that
control for encoding deficits and provide semantic cueing to facilitate retrieval can improve the accuracy of AD
diagnosis [19] [20]. Wagner et al. [21] confirmed the predictive value of cognitive scales, including cued recall
of verbal events, in a longitudinal study involving monitoring of MCI patients. The National Institute on Aging
and the Alzheimer’s Association have developed criteria for diagnosing the symptomatic pre-dementia phase of
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AD [10], which they call “Mild Cognitive Impairment due to AD”. They reported that impairment of episodic
memory is most commonly seen in MCI patients who subsequently progress to a diagnosis of AD. When it
comes to cognitive assessment, the authors suggest using episodic memory tests that assess both immediate and
delayed recall. Impairment after a delay in MCI patients increases the likelihood of progressing to AD dementia
within a few years.

Developing a neuropsychological test that can make a useful prediction as to whether cognitive impairment
will evolve into Alzheimer’s disease would be especially useful in clinical settings where access to expensive
imaging of amyloid in the brain and spinal fluid analysis for abetad2 and tau is limited. A second advantage
would be to use these tests in research settings, including clinical trials. Neuropsychological tests like Buschke’s
Free and Cued Selective Reminding Test (FTCSR) [22] showed high specificity for identifying Prodromal Alz-
heimer’s two years prior to the diagnosis of dementia by measuring Free Recall performance and total recall of
verbal stimuli. Dubois [23] considers the FCSRT to be the best predictor of AD, which provides specificities of
90%, and was more sensitive to incidence and prevalence of dementia than others measures. In sum, MCI
represents a useful clinical entity as once for of it, aMCI, may augur AD. An early diagnosis of aMCI could en-
courage patients to seek interventions that could delay or prevent progression to AD.

The frequent limitations to implementing biomarker testing for AD, because of the high cost of the testing and
often unavailable technology, also have to be considered when it comes to dealing with diagnostic criteria. A
brief test should fulfill the following needs: 1) to be fast and easy to administer; 2) to be accepted by profession-
als and patients; 3) to be easy to score; and, 4) to be independent from the test language, culture and educational
level. Furthermore, it should fulfill a series of methodological requirements such as: a) having good internal
consistency; b) having a high inter and intra evaluator reliability; ¢) having concurrent validity; d) having a good
predictive validity and criteria; and, e) having comparative norms [24]. Ideally, this brief test would be a
screening neuropsychological test that allows for identification of the individualat risk for aMCI in a primary
health care setting.

Memory evaluation is usually included as a sub-item in traditional screening tests like the Mini Mental Scale
[25]. Nevertheless, tests limited to three-word items in free recall, which are commonly used in clinical practice,
are of low specificity for early diagnosis [26] [27].

In 1999 Buschke [28] created the Memory Impairment Screening Test (MIS), which includes: a “four-item
delayed free and cued-recall memory impairment assessment that uses controlled learning and cued recall to op-
timize encoding specificity”. The test was designed to obtain greater sensitivity and to be more specific when it
came to detecting episodic memory disorders. According to the cognitive model, Buschke makes reference to
the benefits of using the same cues at acquisition and retrieval, in agreement with Tulving, who is quoted to say
that “specific encoding operations performed on what is perceived determine what is stored and what is stored
determines what retrieval cues are effective in providing access to what is stored” [29]. The quality of retrieval
relies on a good semantic codification of stimuli. In this way, potential attentional issues that could act as con-
founders in an immediate word-list retrieval test can be clearly identified.

The Memory Impairment Screening Test has a great potential for clinical utility considering that in 75% of
cases, Alzheimer’s Disease is not identified in primary care centers [30]. Buschke’s original report claims a sen-
sitivity of the test of 0.87%, with a specificity of 0.96 for a cut-point of 4, demonstrating its efficacy to detect
AD in early stages.

MIS has been validated in Spain in three separate centers specializing in cognitive disorders [31] [32], and
similar results were obtained in relation to the original version, with equal or superior validity to MMSE. Bhom
et al. [33] reported a sensitivity of 0.74 with a specificity of 0.96 for detecting AD, and a cut-off score less than
or equal to 4 points.

Galeno Rojas et al. [34] introduced a Spanish version of the MIS Test, with normative data applied to a sam-
ple of 183 participants (88 patients with dementia, 54 with AD and 41 controls). They observed that in dementia
as a whole, the most effective cut off point was <6 points, sensitivity of 82% and specificity of 90%, whereas in
AD a cut-off of <5 gave a sensitivity of 85% and specificity of 95%. We have used psycholinguistic criteria for
selecting the stimuli in present version of MIS. We took into account the freqcuency of use of Spanish words in
our population, relying on previous research [35] carried out by our team, where specificity values for 22 se-
mantic categories are represented in the sample. The stimuli employed in the test correspond to examples of me-
dium fregcuency of words use in argentinian population. We considered the length and syllabic complexity of
the stimuli to optimize the phonologic and syllabic variables of words. Then, keeping in mind the same criteria,
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we designed a second list of stimuli to be used as a retest.

We suggest that the present version is optimized for South-American Spanish. We have maintained in our de-
sign the same semantic and linguistic stimulus categories as those in the original version. In previous work [36]
180 healthy participants over the age of 50 were studied, according to the pre-established inclusion criteria: 186
patients with cognitive impairment (of which 77 with MCI, 76 with AD and 33 with major depression) were
evaluated neurologically and neuropsychologically. The MIS test was administrated as a single-blind test to a
population of patients with MCI or AD. Keeping in mind the prevalence of AD, a control cohort of participants
aged 65 years and over was selected, matched with the patients for age and level of education. The results ob-
tained were corroborated with other studies with a cut-off <4 that evinced a high sensitivity (92.3%) and a speci-
ficity greater than 70% for detecting dementia. A positive correlation with ADAS Cognitive Memory Scale was
obtained. The final results in the control population were 7.49 + 0.84, with no significant differences between
the two versions. Our findings placed the higher sensitivity in a cut-off of 6, in contrast to other studies that lo-
cated it at a lower cut-off.

The clinical implications of these results are that participants that obtain a lower score can be considered to be
at risk for developing dementia of the Alzheimer type. The present version is currently being validated in other
Latin American countries in order to see whether our present results can be generalized. To optimize the sensi-
tivity and specificity of the test for the purpose of detecting patients with MCI, we added a delayed recall regis-
ter (DR) of verbal stimuli. Patients are asked to remember, after a 30-minute delay, the four-item free and cued
list. We call this version the MIS-D, while reserving the name MIS-A for the original version without the de-
layed recall component. The DR addresses a phase of memory processing, it is included on a standard neurop-
sychological evaluation, and serves as a predictor of AD in patients with MCI [37]-[39]. Our modification opti-
mizes the evaluation of verbal episodic memory, which allows for the early identification of persons with aMCI
and who is also at risk for AD. In fact, the screening of at-risk populations for aMCI should be considered an
important contribution for the early treatment and prevention of cognitive decline. The objectives of this work
were 1) to introduce a version of MIS-A and MIS-D in the Spanish language and in native Spanish speaking
residents of Buenos Aires, and 2) to determinate sensitivity and specificity values for MIS-D in patients with
aMCI (ROC curve). We are aware that screening does not provide a sure diagnosis, but it may guide there ferral
of patients for further evaluation aiming at confirming or discarding a diagnosis of aMCI.

2. Methods

We studied a population of 739, of which 436 were healthy controls (Group A) and 303 had aMCI (Group B).
All participants gave informed consent to participate.

For the Group A the following criteria of inclusion and exclusion were established. The participants were at
least 60 years old and were able to read and write, and they should also demonstrate cognitive integrity. They
were also required to score = 24 on the Mini Mental State Exam (MMSE: Folstein et al, 1975), with no signifi-
cant impairment on activities of daily living (ADL) or on instrumental activities of daily living (IADL).

All potential participants having neurological, psychiatric, psychological and/or sensory disorders (without
compensation) that could alter their cognitive performance were excluded. The control participants who were
recruited came from surgical and medical units of the Italian Hospital of Buenos Aires, from administrative of-
fices of the school of Medicine (University of Buenos Aires), from referrals by general practitioners, and also
patients who had consulted a physician for memory complaints but whose cognitive evaluation did not show
significant deficits.

The MCI group was patients from the Geriatric Unit for the Elderly at the Italian Hospital of Buenos Aires
staffed by geriatricians.

All patients were tested with the standard Cognitive Evaluation (see below). Procedures were approved by the
local institutional review board.

All the participants were recruited between January 2008 and March 2011.

2.1. Assessments

The cognitive evaluation at the Italian Hospital’s Functional Study Unit for the Elderly include: the Anamnesis,
Clinical Dementia Rating, the Blessed Dementia Scale, the Functional assessment stages for AD , the ADL, the
IADL, Hamilton Depression Rating Scale, the Rosen modified Hachinsky Score, the Trail Making Test and the
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ADAS Cog. with Delayed Recall [40]. Versions of the MIS Test (A and D) are usually given in our Cognitive
Evaluation.

The MIS test (A and D), together with a neuropsychological screening battery including the MMSE, the
ADAS Cog., and the Verbal Fluency test, were administrated to both samples. In order to diagnose MCI, the
Petersen criteria [41] were used: 1) memory complaints, preferably corroborated by an informant other than the
patient; 2) impaired memory function for age and educational level on formal testing; 3) preserved general cog-
nitive functions; 4) intact activities of daily living; and 5) no evidence of dementia.

MIS-A and MIS-D Tests (See Appendix 1): Procedures

The participant must read aloud four items from different categories (game, crockery, message and job). Then,
he has to identify the categorical cue of the stimuli introduced (these are learnt when shown on a card at the
moment of introduction of its categorical cue). Memory is evaluated in free recall after an interval of 2 or 3 mi-
nutes when a distractive non-semantic task is applied, for example, counting from 1 to 20 and repeating the se-
quence as time goes by. If one of the items is not assimilated as free recall, the categorical cue correspondent to
that item is introduced again so as to stimulate his memory through cued recall. 30 minutes after Free recall
takes place, delayed recall of items is performed (free and cued).

The words and cues used in MIS-A and MIS-D are the same ones.

Punctuation: In the first place, words must be added to each column: cued and free recall. Then, the number
of words listed in the Free recall column must be multiplied by 2 and finally, this result must be added to the
number of words listed in the Cued recall column (2 x Free recall + Cued recall) in order to obtain the MIS
score. We can estimate any operation using the same scoring for MIS delayed recall (Appendix 1).

2.2. Statistical Analysis

An ANOVA was carried out together with the Student’s t-test for the means for age groups, education and
gender both for control group and for MCI group. Then, the values of sensitivity and specificity were verified
through ROC curve, as well as positive predictive values (PPV) and negative predictive values (NPV) for the
original MIS (MIS-A) and MIS-D.

Tukey’s Honestly Significant Difference (HSD) Analysis was designed in order to identify significant differ-
ences between groups for age and education items.

Statistic software R. was used for ANOVA analysis and the Student’s t-Test for ROC curve analysis. The
specific package “pROC” [42] was used for ROC curve, which was developed in the Swiss Institute of Bioin-
formatics, and the package “Psych” [43] for other analysis.

3. Results

The sample was divided into three age bands: (60 - 69, 70 - 79, and 80 - 90 years old). The educational level was
divided into three categories: Elementary (up to 7 years education), Medium (from 8 to 12 years) and High
(>13).

Group A (Table 1 and Table 3) consisted of healthy Spanish speaking residents of Buenos Aires older than
60 who fulfilled the pre-established inclusion criteria. The value of MMSE for the healthy participants was
28.61 (SD +2.43).

Group B (Table 2 and Table 3) consisted of participants diagnosed with aMCI. We confirm a non- significant
difference in means related to age and education. Study of “covariate balance” was carried so as to know if both
population were properly balance. We used “Matching” package [44] observed in the “R” distribution. The re-
sults showed a non-significant difference for age (Estimate = —0.32412, p-value = 0.311) educational level (Es-
timate = —015413, p-value = 0.81929) and gender (Estimate = —0.019829, p-value = 0.08594).

3.1. Analysis of Control Group

Results from Analysis of Variance (ANOVA) for MIS-A and MIS-D were analyzed within the control group (A)
according to variables such as age, education (Table 4) and gender. Age and education proved to be significant
variables both for MIS-A and MIS-D. The gender variable showed no relevance within the groups.

The results obtained from Tukey’s Honestly Significant Difference (HSD) analysis for both varieties, MIS-A



L. Edith et al.

Table 1. Descriptive data of control group (A).

N

Mean

SD

Median

Trimmed Mad Min Max Range Skew Kurtosis
AGE 436 72.99 6.72 73 73.03 8.90 61 91 30 -0.05 -0.85
EDUC. 436 13.23 7.20 125 13.43 9.64 1 24 23 0.07 -1.44
MMSE 436 28.61 243 29 28.78 1.48 1 60 59 1.37 99.39
MIS_A 436 7.72 0.52 8 7.82 0.00 6 8 2 -1.71 2.02
MIS_D 436 7.16 0.82 7 7.23 1.48 5 8 3 —0.63 —0.38
Table 2. Descriptive data of MCI group (B).
N Mean SD Median Trimmed Mad Min Max Range Skew Kurtosis
AGE 303 79.43 5.69 80.00 79.69 5.19 63.00 96.00 33.00 —-0.38 0.11
EDUC. 303 15.58 7.06 21.00 16.00 1.48 3.00 24.00 21.00 -0.31 -1.74
MMSE 303 2545 371 26.00 25.98 2.97 2.00 30.00 28.00 -2.30 9.35
MIS_A 303 5.35 2.16 6.00 5.60 1.48 0.00 8.00 8.00 -0.85 -0.04
MIS_D 303 3.84 2.06 4.00 3.88 1.48 0.00 8.00 8.00 -0.17 -0.71
Table 3. Distribution of participants according to age and education.
Elementary Medium High Elementary Medim High
GA G.B GA G.B GA G.B
60-70 57 11 42 6 60 9
70-80 78 74 51 46 95 18
80-90 15 79 18 32 20 27
Table 4. ANOVA: MIS-A and MIS-D for control group.
MIS-A MIS-D
Anova
DF 2 2
Sum Sq 5.81 24.76
Mean SQ 291 12.3
F Value 11.03 20.21
AGE Pr (>F) <0.0001 <0.0001
Means
60 - 70 (N = 159) 7.86 7.45
70-80 (N = 224) 7.67 7.04
80-90 (N =53) 7.53 6.77
Grand Mean (N = 436) 7.72 7.15
Anova
DF 2 2
Sum Sq 5.31 6.17
Mean SQ 2.65 3.08
F Value 10.04 4.7
EDUCATION Pr (>F) <0.0001 <0.0001
Means
Elementary (N = 161) 7.6 7.02
Medium (N = 142) 7.71 7.16
High (N = 133) 7.81 732

and MIS-D, show that significant differences occur among groups of age 70 - 80 and 80 - 90 in relation to the 60 -
70 group, but not between the former ones (Table 5). This evinces an abrupt fall as years go by, being the high-
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est fall close to the seventies. Figure 1 shows different values of means of MIS-A and MIS-D for age variable.

Tukey’s analysis (HSD) of MIS-A and MIS-D variables shows a significant difference between Elementary
and High education levels for both MIS-A and MIS-D (Table 6).

As regards MIS-A there is a difference between Elementary and High levels and between Medium and High
ones, while for MIS-D the significant difference occurs between High and Elementary levels.

Finally, an analysis of ANOVA with Type IlI error was performed in order to observe the interaction between
variables Age and Education in relation to Target categories in MIS-A and MIS-D (Table 7).

For MIS-A and MIS-D we verify that variables Age and Education are significant, but not the interaction be-
tween them (Figure 2).

The analysis of normative data (Table 8) shows that the means decline according to age and education for
both MIS-A and MIS-D, being more abrupt for MIS-D. This is a reasonable finding because episodic verbal
memory declines with age and its delayed phase demands a significant effort to the system in elder Participants.

Table 5. Tukey’s Honestly Significant Difference (HSD) analysis for variables MIS-A and MIS-D according to age.

AGE MIS-A MIS-D
DIFF Lower Upper P Value DIFF Lower  Upper P Value
70-8060-70  -0.196 -0.322 —0.071 0.00073™ -0413  -0.603 -0.222  <0.0001"
80-9060-70 -0.333 0525 —0.142 0.00014™ -0.679  —0971 -0.387  <0.0001"
80-9070-80 -0.137 -0.321  0.047 0.1893901 -0.266  —0.548 0.015  0.0673965
Means Sd Min Max Letter Means Sd Min Max Letter
60 - 70 7.86 0.40 6 8 A 7.45 0.71 5 8 A
70 - 80 7.67 0.57 6 8 B 7.04 0.85 5 8 B
80 - 90 753 0.58 6 8 B 6.77 0.49 5 8 B

Table 6. Tukey’s Honestly Significant Difference (HSD) Analysis for variables MIS-A and MIS-D according to Education.

(@)
EDUCATION MIS-A
DIFF Lower Upper P Value
Medium-Elementary 0.11 —-0.03 0.25 0.16
High-Elementary 0.27 0.13 0.41 0.01™
High-Medium 0.16 0.01 0.31 0.03
Means Sd Min Max Letter
Elementary (N = 161) 7.60 0.62 6 8 B
Medium (N = 142) 7.71 0.50 6 8 B
High (N = 133) 7.87 0.38 6 8 A
(b)
EDUCATION MIS-D
DIFF Lower Upper P Value
Medium-Elementary 0.14 —-0.08 0.36 0.31
High-Elementary 0.29 0.07 0.51 0.01"
High-Medium 0.15 —0.08 0.38 0.26
Means Sd Min Max Letter
Medium (N = 161) 7.02 0.87 5 8 B
Medium (N = 142) 7.16 0.81 5 8 AB
High (N = 133) 7.31 0.73 5 8 A
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Table 7. Anova type Il error between age and education for MIS-A and MIS-D.

Sum Sq Df F Pr (>F)

(Intercept) 17423.4 1 68832.64 <0.0001

MIS-A Age 438 2 9.56 <0.0001
Education 37 2 7.25 0.0007996
Age: Education 13 4 1.26 0.2847387

(Intercept) 1 24643.56 <0.0001

MIS-D Age 23 2 19.12 <0.0001

Education 5.2 2 4.36 0.01336

Age: Education 4 4 1.68 0.1538

Table 8. Normative values for MIS-A and MIS-D compared by age and education.

Lower Upper
95% 95%
CL for  CL for
Mean Mean

7.69 7.97 113.92 <0.0001
7.23 7.68 67.05 <0.0001

7.71 7.94 138.11 <0.0001
7.30 7.65 85.82 <0.0001

7.85 8 220.33 <0.0001
7.23 7.62 76.17 <0.0001

7.41 7.68 110.77 <0.0001
6.73 7.09 75.98 <0.0001

751 7.76 120.30 <0.0001
6.79 721 66.88 <0.0001

7.79 7.98 163.96 <0.0001
7.09 7.47 76.39 <0.0001

7.07 7.60 58.21 <0.0001
6.25 6.80 49.70 <0.0001

7.31 7.92 54.22 <0.0001
6.40 6.98 50.23 <0.0001

7.40 7.96 57.51 <0.0001
6.75 7.46 42.00 <0.0001

Age Education N Variable  Mean SD  Min Max Median t Value Pr> |t

MIS-A 7.83 0.48
MIS-D 7.46 0.77

MIS-A 7.82 0.43
MIS-D 7.47 0.66

MIS-A 7.92 0.26
MIS-D 7.42 0.72

MIS-A 7.54 0.65
MIS-D 6.91 0.87

MIS-A 7.64 0.54
MIS-D 7.00 0.88

MIS-A 7.88 0.37
MIS-D 7.28 0.74

MIS-A 7.33 0.58
MIS-D 6.52 0.60

MIS-A 7.61 0.50
MIS-D 6.69 0.48

MIS-A 7.68 0.58
MIS-D 7.10 0.74

Elementary 48

60 - 70 Medium 57

High 54

Elementary 92

70-80 Medium 72

High 60

Elementary 21

80-90 Medium 13

OO ON U1 U1 U0 U1 ON OO0 U o
WO N0 N0 000 00 000 000 000 0 oo
N0 N0 NN N0 N0 N 0000 0o oo

High 19

Normative values should rank between 6 and 8 for MIS-A and between 5 and 8 for MIS-D, depending on age
and education. (For example, in ranks 70 - 80 years and 80 - 90 years with elementary education, values of 5 in
MIS-D are acceptable.)

3.2. ROC Analysis of MIS-D for Population with MCI

Sensitivity and Specificity parameters were determined for different cut points considering MCI population
versus control population (Table 9 and Table 10).

The comparison between control population and population with MCI using the ROC curve gave a result of
5.5 in MIS in delayed time, 97% of specificity and 76% of sensitivity.

The software used to obtain the ROC curve uses decimal numbers for the cut offs. This means that a cut off of
5.5 suggests that whoever obtains 6 is over 5.5, and likewise, who ever obtains 5 is below 5.5.

The choice of the cut-off point depends either on clinical objectives or on research ones.

The choice of a cut-off point with high specificity is more suitable to be used in studies aiming to identify-
potential cases of the disease in a given population. On the contrary, the choice low specificity cut-off point
aims to include the largest quantity of the diseased individuals below the cut-off point.

Since this study attempts, on the one hand, to account for the normative values in the population context and
on the other, for its clinical application, the choice of a 5.5 value is the best cut-off point which maximises both
specificity and sensibility.

®



L. Edith et al.

mean of MIS_A

Figure 1. Age groups for MIS-A (on the left) and Age Groups for MIS-D (on the right).
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Figure 2. Interaction between means of age and education for MIS-A and MIS-D.

Marginal means

7.85

7.60 7.65 7.70
L

7.55

60-70

70-80

80-90 ——

AGE
Factors

Cell means

79
I

78

7.7

76

75

74
I

50-60 60-70

70-80
AGE

80-90

Education

High
Medio
Elementary

mean of MIS_D

74

mean of MIS_D
70
|

6.8

6.6

74

72

7.0

6.9
I

6.8

Marginal means

60-70 ——

70-80

80-90
AGE
Factors

Cell means

Education

High
Medio
Elementary

50-60

60-70

70-80
AGE

Table 9. MIS-D: values of sensitivity, specificity, PPV, and NPV for different cut-off points.

80-90

Threshold 7.5 6.5 515 4.5 3.5 2.5
Sensitivity 0.97 0.91 0.76 0.61 0.41 0.25
Specificity 0.39 0.79 0.97 1.00 1.00 1.00

1-ppv 0.47 0.25 0.05 0.00 0.00 0.00

1-npv 0.04 0.07 0.15 0.21 0.29 0.34

Table 10. MIS-D: Different cut-off points with confidence intervals and means.
Sp. low Sp. median Sp. high Se. low Se. median Se. high

7.5 0.35 0.39 0.44 0.95 0.97 0.99
6.5 0.75 0.79 0.83 0.88 0.91 0.94
55 0.95 0.97 0.98 0.72 0.76 0.80
4.5 1.00 1.00 1.00 0.56 0.61 0.66

In order to inter pretate the results in clinical terms, three variables must be considered: age, education and the
probability of occurrence of the disease within the population. In our case, the probability of occurrence reflects
the features of the population who attend hospital outpatient consultations, and in this case it would not be ex-
pected to find too many differences between the sample hereby obtained and the probability of occurrence in the

O,
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clinical context.

Therefore we observe that the 5.5 cut-off point for the MIS-D is the most suitable one in statistical terms and
accounts for the validity of the proof. The 5.5 cut-off point has a specificity of 97%, which guarantees a minimal
fraction of the population below this value not carrying the disease. In this case the 1-PPV value is 0.05, indi-
cating only the 5% of the normal population being below the 5.5 of the cut-off value.

The sensitivity value is 76% for the 5.5 cut-off point, with a 1-NPV of 0.15, which indicates that the 15% of
the patients who carry the disease and who are above this value are not properly detected as aMCI. A higher cut-
off point, such as 6.5, has a 1-NPV of 0.07, which indicates that the non-detected aMCI population is halved,
that is, only a 7%. However, the amount of individuals without the pathology who are considered positive, in-
creases by 25%.

A higher cut-off would lose specificity and would improve in sensitivity, even though we consider it better to
attract a major quantity of subjects with aMCI (Figure 3).

The area under the ROC curve covered a 93.3%, with a confidence interval of 91.4%, 95.2%, as shown in
Figure 4.

The softened ROC curve was also estimated, and 94% was obtained under the area of the curve. Sensitivity
values were of 83%, specificity of 92%, with a PPV of 89% and a negative predictive value of 90% (Figure 4).

3.3. Curve ROC Analysis of MIS-A for aMCI

A ROC curve analysis was carried out for MIS-A test on the same population. Data reveals that the test does not
detect MCI patients in a reliable way with MIS-A. The area under the curve is of 87.9%, which constitutes a
method enabled to capture a proper percentage of population (Figure 5).

Nevertheless, when it comes to analyzing the cut-off, we observed that the cut-off for MIS-A is 7.5, with a
sensitivity of 87.08% and a specificity of 75.68%, a PPV of 0.71 and a NPV of 0.89 (Table 11).

The software used to obtain the ROC curve uses decimal numbers for the cut offs. This means that a cut off of
7.5 suggests that whoever obtains 8 is over 7.5, and likewise, whoever obtains 7 is below 7.5.

Values showed that the cut-off was too high, because a 7.5 value out of a maximum of 8 would mean that on-
ly subjects obtaining a value of 8 could have been considered normal. The truth is that a score of 7 was accepta-
ble for that population, especially for older age groups. On the other hand, by selecting this score, many patients
with MCI would not have been registered by the test.

MIS D: Cut-off and Confidence interval

100
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80
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Specificity (%)

Figure 3. Cut-off point with selected specificity and sensitivity values.
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MIS D: AUC and Confidence Interval
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Figure 4. ROC curve.
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Figure 5. Area under the ROC curve, cut off point and confidence intervals for MIS-A.
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Table 11. MIS-A: Values of sensitivity, specificity, PPV, and NPV for different cut-off points.

Cut-off Cut-off Cut-off Cut-off
Threshold - 7.5 6.5 55
Sensitivity 1.00000 0.8708609 0.6026490 0.4503311
Specificity 0.00000 0.7568807 0.9633028 1.000000
PPV 0.4092141 0.7127371 0.9191919 1.000000
NVP 0.8943089 0.7777778 0.7242525

At this point we noticed a low specificity (75%) with which nearly a 72% of patients with aMCI was detected,
while the remaining 28% wasn’t, according to a PPV value of 0.71 (Table 11). As for NPV, we noticed that al-
most 11% of normal patients could be diagnosed with aMCI. The choice of a cut-off in 6.5 would show a higher

specificity (96%) but an acceptable sensitivity (60%).

4. Conclusions and Discussion

The MIS-A proved to be able to detect population with AD, but did not achieve proper specificity to detect pa-

tients with mild impairment in episodic recall, as discussed in point 3 above.

Verbal episodic impairment is a cognitive marker of great value in MCI diagnosis and is found specifically in

the clinical sub-group of an MCI.

As Herman Buschke showed, [28] the MIS uses category cues controlled learning and cued recall to optimize

encoding specificity to ensure attention, induce semantic processing, and optimize encoding specificity.

With the addition of delayed recall, the MIS-D becomes a useful screening tool for the detection of episodic

memory impairment in non demented population.

The MIS-D provides supporting evidence to identify aMCI subjects by testing memory recall in delayed time

under controlled learning conditions.

In our study, discriminative validity of the MIS-D for aMCI was assessed in a large sample of individuals

with and without an MCI diagnostic.

The specificity of MIS for detecting an MCI is 0.97 when sensitivity is set to 0.76 (see Table 9). These data
suggest that the MIS-D is a valid clinical instrument for the detection of episodic memory impairments in par-

ticipants who consult for mnesic failures in primary health care centers.

In Herman Buschke’s original study [28], the demographic variables such as age, education, and gender as
well as their interactions terms was significant at the 0.05 level. However, in our sample and in agreement with
other studies [16], age and education were the most significant variables in the MIS-A and the MIS-D scores.

According to Bhom et al., and due to the significant influence of age and education on the total MIS results in
cohort participants, it became necessary to correct the MIS variable by adding 1 point per number of years to

any 76 years old participant or older.

In our study there was no need to adjust the scores to counter balance that effect because the study population

introduced differences in means of less than 1 point.

A major amount of years of education is related to a greater cognitive reserve, a new concept to have in mind
when it comes to evaluate the impact of these variables in the scores of cognitive scales. Certainly, a major cog-
nitive reserve will help the subject to handle better compensating strategies when confronted with a deficit, and
that is why these populations are expected to achieve better scores in simple and brief tests like MIS, than in
older participants with lower educacional level. This cognitive behavior could mask an incipient impairment of
episodic recall, so that the administration of tools of higher complexity like the FCSRT [45] [46] is recom-

mended.

On the other hand, it is known that memory is a system that declines with age, and it is precisely the episodic
memory sub-system the one that declines earlier. As well, it is also the last one to be attained throughout the on-
togenetic process. That is to say, the impact of both education and age variables is expected when specific tests
are administrated as our results prove. They verify significant differences for both modalities, MIS-A and

MIS-D, among age groups of 70 - 80 and of 80 - 90 years old.

The score interpretation of the MIS-D proof in the clinical context must take into account the normative re-
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sults as shown in Table 8. It must be taken into account that the choice of a higher cut-off point raises the sensi-
tivity level, that is to say, the chances of including the largest amount of individuals who carry the disease to the
detriment of raising the number of those who are not carriers.

A score of 5.5 would be acceptable for 80 - 90 years old. In this case, the means for age are 6.52 for elemen-
tary level of education, 6.69 for intermediate level and 7.10 for advanced level. Due to the fact that the elemen-
tary, intermediate and advanced educational levels have confidence limits of 6.25, 6.40 and 6.75 respectively, it
is convenient to use a 6.5 cut-off point for the whole age range.

The 6.5 cut-off point is acceptable for participants of an age range of 60 - 70 years old, in which the mean of
the different levels of education is: 7.46 for elementary level, 7.47 for intermediate level and 7.42 for advanced
level. Likewise, it must be considered that the confidence limits for the means are above 7.2 in all cases. It
should as well be mentioned that the choice of this cut-off point raises the chances that these individuals (who
represent the 25% of the total population) will not account for the pathology, as they show a 1-NPV of 0.25.

As we can see, the cut-off for MIS-A is very high (7.5), that is, close to the normal population’s score. This is
why the MIS-A is not intended to discriminate aMCI participants versus normal population. On the other hand,
the 7.5 score is an average of the whole population. We need to consider the fact that while age progresses and
education level decreases, the differences with the normal population become narrower (see Table 8).

Instead, the MIS-D score (5.5), is more conclusive when it comes to make a difference between MIS-A popu-
lation and population with no cognitive impairment (see Table 8).

As it has already been mentioned, this current Spanish version has the advantage of having a careful selection
of verbal stimuli that respect the categories of the original version and, at the same time, of word frequency for
our population. The words are of mid range frequency, a fact that ensures that stimuli will not be too easy or too
difficult at the codifying moment.

The short time required to administrate this test and the results obtained render it a proper tool to be used in
primary health care centers whose practitioners aim to detect risk participants who might have aMCI .

The time for administration of the test ranges from 3 to 5 minutes in its initial stage, and from 3 to 5 minutes
in order to evaluate the recovery of verbal stimuli in delayed time.

The results obtained in the current study show that the Spanish Speakers version of MIS-D is a valid screen-
ing tool for identifying the population with episodic memory impairment, which is an early symptom of MCI
due to AD. A low score may indicate a deficit in the long-term memory system (episodic sub-system), but clini-
cal diagnosis will require further tests as well as neurological and neuropsychological extended studies.

5. Limitations and Future Perspectives

Even if the sample is appropriate (303 registered cases with an MCI), the amount of participants classified ac-
cording to age range and educational level is quite small so it is not always possible to have a real dimension of
the influence that these variables exert on the scores and the cut-off points that provide the data obtained in this
study.

The significant percentage of the participants who constituted the sample’s control group derived from all
those individuals who attended the hospital to consult for cognitive complaint and did not evince objective dis-
orders. This feature partly reflects the conditions of the clinical context in which the screening test will be car-
ried out in order to identify those patients with an MCI risk. In this sense, the percentage of patients with aMCI
in the frame of primary health care attention is much higher than that of a random sample.

However, an evolutionary follow-up of the progression of the disorder as well as the detection of the patients
who develop AD would ameliorate the quality and the relevance of the data obtained from the present study.
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Appendix 1-Test MIS-A and MIS-D
MIS-Protocol A

MIS-PROTOCOL A

Mark Reading, Identification, Free (Free R.) or Facilitated Recall (Fac. R).
To register the order of appearance of Free Recall, list with 1, 2, 3 or 4

Key Word Reading Identification Free. R Fac.R. D. Free. R. D. Fac. R
1 Game Domino
2 Crockery an
3 Message Letter
4 Job Mason
Free Recall

2 x Free Recall
SCORE MIS = (2 x Free. R.) + Fac. R=
SCORE MIS-D = (2 x D. Free. R.) + D. Fac. R.=

Free. R = Free Recall-Fac. R. = Facilitated Recall = D. Free R. = Delayed Free Recall-D. Fac. R. = Delayed Facilitated Recall.

MIS-Protocol B

MIS-PROTOCOL B

Mark Reading, Identification, Free or Facilitated Recall.
To register the order of appearance of Free Recall, list with 1, 2, 3 or 4

Key Word Reading Identification Free. R Fac.R. D.Free.R. D.Fac.R.
1 Building Freeway
2 Item for personal use Talc
3 School subject Chemistry
4 Non governmental Firefighters

organization

Free Recall
2 x Free Recall
SCORE MIS = (2 x Free. R.) + R. Fac=
SCORE MIS-D = (2 x D. Free. R.) + D. Fac. R.=

Free. R = Free Recall-Fac. R. = Facilitated Recall = D. Free R. = Delayed Free Recall-D. Fac. R. = Delayed Facilitated Recall.
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