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Etstract

Mild cognitive impairment (MCl) is predicted to be acommon
cognitive impairment in primary health care. Early detection
and appropriate management of MCl can slow the rate of de-
terioration in cognitive deficits. The current methods for ear-
ly detection of MCl have not been satisfactory for some doc-
tors in primary health care. Therefore, an easy, fast, accurate
and reliable method for screening of MCI in primary health
care is needed. This study intends to develop a decision tree
clinical algorithm based on a combination of simple neuro-
logical physical examination and brief cognitive assessment
for distinguishing elderly with MCI from normal elderly in pri-

mary g_-alth care. This is a diagnostic study, comparative
analysis in elderly with normal cognition and those present-
ing with MCl. We enrolled 212 elderly people aged 60.04-
79.92 years old. Multivariate statistical analysis showed that
the existence of subjective memory complaints, history of
lack of physical exercise, abnormal verbal semantic fluency,
and poor one-leg balance were found to be predictors of MCI
diagnosis (p < 0.001; p=0.036; p < 0.001; p= 0.013). The deci-
sion trees clinical algorithm, which is a combination of these
variables, has a fairly good accuracy in distinguishing elderly
with Ml from normal elderly (accuracy = 89.62%; sensitivi-
ty = 71.05%; specificity = 100%; positive predictive value =
100%; negative predictive value = 86.08%; negative likeli-
hood ratio = 0.29; and time effectiveness ratio = 3.03). These
results suggest that the decision tree clinical algorithm can
be used for screening of MCl in the elderly in primary health

care. @ 2019 5. Karger AG, Basel
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gtroduction

The number of the elderly population continues to
grow a lot. The increase in the elderly population will
have an impact on changing patterns of disease in the
community. Mild cognitive imgpirment (MCI) and ma-
jorneurocognitive disorder are predicted to be a common
cognitive impairment in primary health care [1]. MCI is
a transient status between physiologic aging and demen-
tia. The prevalence of MCI in e elderly population aged
60 years and over is 21.3% [2]. Early detection and appro-
priate management of MCI can slow the rate of deteriora-
tion in cognitive deficits and impairment [3-5]. There-
fore, MCI screening in the elderly population in primary
health care is important.

The current MCI screening method has not been satis-
factory for some doctors in primary health care [6,7]. Brief
cognitive assessment instruments and simple neurological
physical examination do not have sufficient accuracy [8-
10]. In contrast, comprehensive neuropsychological bat-
teries are known to be accurate but cannot be applied due
to long examination time. Biomarker measures cannot be
applied in primargghealth care because it requires expen-
sive facilities [11]. An easy, fast, accurate and reliable meth-
od for screening of MCI in primary health care is needed.

This study intends to develop a decision tree clinical
algorithm, which is a combination of simple neurological
physical examination and brief cognitive assessment for
distinguishing elderly with MCI from normal elderly.
The clinical algorithm is expected to be the right screen-
ing method in primary health care.

Materials and Methods

Subjects and Recruitment

This research was conducted from February 2017 to August
2017. The subjects consisted of 212 elderly people who were mem-
bers of the elderly community in Pondok Kopi and Malaka Jaya,
East Jakarta, Indonesia. The sample size was calculated based on
a=0.05, deviation = 6.5%, specificity = 90%, and sensitivity = 95%
[12]. The inclusion criteria included: age 60 years or older, avail-
ability during the testing phases, being literate (reading and writ-
ing skills), and presence of a caregiver. The criteria of the elderly
in Indonesia based on the Ministry of Health of Indonesia are peo-
ple aged 60 years and over. Definition of caregiver is a family mem-
ber or paid helper who regularly looks after the elderly. Exclusion
criteria included: history of disturbing odors since childhood, past
consumption of drugs affectingbrain’s function and structure, his-
tory of cerebrovascular disease, history of brain tumors, history of
severe head injury, Parkinsonism, epilepsy, and presence of seri-
ous medical or psychiatric conditions that would prevent partici-
pation in the testing.
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gﬁis is a diagnostic study using a cross-sectional study design,

comparative analysis in elderly with normal cognition and those
presenting with MCI. Measurement of baseline characteristics of
the subjects, sim ple neurological physical examinations, brief cog-
nitive assessment, and diagnostic of MCI are carried out at rela-
tively the same time, by different examiners, blindly.

Statistical Analysis

All subjects underwent a simple neurological examination, as-
sessment of overall cognitive status, and identified their medical
history, functional status, psychosocial aspects, and lifestyle char-
acteristics.

Data were expressed as percentage. Statistical comparisons
were performed using chi square test or Fisher’s exact test to com-
pare the demographic and clinical factors between elderly with
MCI and normal elderly. Any significant variables (p < 0.25) were
then entered into a multivariate logistic pression.

Multivariate statistical analysis using logistic regression model
was performed to obtain an estimate of the
tion between study variables and outcome.
<0.05 was considered as statistically significant.

Variables that are proven to be potential as a diagnostic predic-

of MCI are used to develop a decision tree clinical algorithm

or distinguishing elderly with MCI from normal elderly.

ependent associa-
two-tailed p value

gem’sitm tree analyses for disease modeling

Classifier modeling. The Iterative Dichotomiser 3 decision tree
classifier software was used. The software RapidMiner Studio ver-
sion 8.1 copyright (c) 2001-2018 GmbH trial edition was used in
this type of decision tree modeling. The placement of each predic-
tor variable in the decision tree clinical algorithm is based on the
information gain of each predictor variable [13].

To analyze the validity of the decision tree clinical algorithm, test
of accuracy including sensitivity, specificity, likelihood ratio, and
predictive value were done. To analyze the applicability of the deci-
sion tree clinical algorithm, a time-effectiveness analysis was done.

Instruments

Assessment of MCI

Diagnosis of MCI was based according to “The core clinical
criteria for MCI” from “The National Institute on Aging and Al-
zheimer's Workgroup Association” [14]. The criteria include an
absence of dementia, concern regarding a change in cognition, im-
pairment in one or more cognitive domains on the objective cog-
nitive task, and preserved baseline activities of daily living (ADL)
or only minimal impairment in complex instrumental functions.

Cognitive assessments were done using CERAD (Consortium
to Establish a Registry for Alzheimer’s Disease) Neuropsychologi-
cal Battery [15]. The ADL of Katz and Instrumental ADL of Law-
ton and Brody were used to assess participants’ functional status.

Simple Neurological Examination

All subjects underwent simple neurological examination in-
cluding primitive reflexes, one-leg balance (OLB), and self-report-
ed olfactory functioning.

The technique’s evaluation of primitive reflexes (palmomental,
snout, suck, glabellar, grasp, babinsky) was based on those used by
Damasceno et al. [16].

Pa.rtnaants’ status of OLB was measured using the OLB test of
Rolland etal. [17] The test was performed by asking the participant
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to stand unassisted on oneleg aslong as possible (eyes open, using
whichever leg was spontaneously chosen by the participant.). The
“OLB” test was reported as abnormal when the participant was un-
able to stand on one leg for 5 s or more. The test was performed
twice, and the best result was used for the analyses.

Self-reported olfactory function was assessed using the method
used by Lehrner etal. [18]. Subjects were asked whether in the year
there had been a disruption to distinguish the smell of eucalyptus,
coffee, tobacco, pandanus leaves, or camphor.

Brief Cognitive Assessment

Brief cognitive assessment including clock drawing test, verbal
semantic fluency test (VFT), mental alternation test, alphabetical
“WAHYU?” test, and subjective ory complaints (SMC).

Clock drawing test. Subjects were instructed to draw a large
circle, add the numbers on a clock face, and set the hand at 11:
10. The items assessed are: (1) whether the 12 numbers are drawn
and placed correctly, (2) whether the minute hand is drawn lon-
ger than the hour hand, and (3) whether the short needle is right
at number 11. The results of the examination are categorized as
abnormal if 2 of the 3 items of assessment are incorrf2l [19].

VFT. The test is performed by asking the subject to name as
many items as he can recall in each of 4 successive categories or
sets (colors, animals, fruits, towns). One point is awarded for each
correct item offered, with a maximum of 10 in each set and a max-
imum total score of 40. A total score of under 20 is abnormal [20].

Mental alternation test. Subjects are asked to mention alternat-
ing between numbers and letters in the following way: “1-A, 2-B,
3-C, and so on” within 30 s. Assessment is calculated from how
many numbers, and letters are correct. The examination results are
categorized as abnormal if the subject can only mention <15 cor-
rect combinations of numbers and letters [21].

Alphabetical “WAHYU” test. The subject is asked to list the let-
ters of the word “WAHYU,” namely, letters “W,” “A,” “H,” “Y,”
and “U,” sorted forward, and then backward. The results of the
examination are categorized as abnormal if the subject cannot cor-
rectly sequence the letters forward and backward [22].

SMC. The questions are given to the subject: “Are you having
a problem with your memory (e.g., repeats the same questions,
stories, or statements, over and over)?” The results of the examina-
tion are categorized as abnormal if the answer is “Yes.”

Results

The subjects consisted onZ elderly people aged 60.04-
79.92 years old. Most of the subjects were women (71.7%).
MCIwas found in 76 subjects (35.8%), consisting of 62 sub-
jects with multiple-domain amnestic MCI and 14 subjects
with multiple-domain non-amnestic MCL Baseline char-
actgpistics and clinical status are shown in Tables 1 and 2.

tﬂlulti\i'alriate statistical analysis (Table 3) showed
that the existence of SMC (p < 0.001; OR 11.647 [95%
CI 2.943-46.095]), history of lack of physical exercise
(PE) (p = 0.036; OR 3.640 [95% CI 1.089-12.166]), ab-
normal VFT (p < 0.001; OR 85.523 [95% CI 16.206—

Clinical Algorithm for Screening of MCI
in the Elderly in Primary Health Care

Table 1. Baseline characteristics of the normal elderly and the el-
derly with MCI

Variables MCI (-), MCI (+), pvalue
1 (%) n (%)
Gender
Men 36 (60) 24 (40) 0.428
Women 100 (65.79) 52(34.21)
Age, years
60-65 80(64.52) 44(3548) 0.895
>65 56 (63.64) 32(36.36)
Education, years
=12 76 (70.37) 32(29.63) 0.054
<12 60 (57.69) 44 (42.31)
Body mass index
Normal (<25 kg/m?) 86(64.18) 48(35.82) 0.991
Overweight (225 kg/m?) 50 (64.10) 28 (35.90)
Hypertension
No 74(69.81) 32(30.19) 0.086
Yes 62 (58.49) 44(41.51)
Diabetes mellitus
No 108 (65.06) 58(34.94) 0.600
Yes 28(60.87) 18(39.13)
Smoking
No 130(63.73)  74(3627) 0.714**
Yes 6(75) 2(25)
Physical exercise
Routine 112 (83.58) 22(16.42) <0.001
Not routine 24 (30.77) 54(69.23)
11

** Fisher's exact test.
Bold p value indicates statistical significance.
MCI, mild cognitive impairment.

451.317]), and poor OLB (p = 0.013; OR 5.222 [95% CI
1.408-19.375]) were found to be predictors of MCI di-
agnosis. These predictor variables are then combined to
make the decision tree clinical algorithm for distin-
guishing elderly with MCI frggg normal elderly.

The resulting decision tree 1s shown in Figure 1. The
first splitting parameter is VFT (normal or abnormal),
followed by the history of routine PE (positive or nega-
tive), existence of SMC (positive or negative), and status
of OLB (normal or abnormal). The predicted diagnosis of
MClI is shown in pggbability value.

The Concept of Decision Tree Clinical Algorithm for
Screening of MCI is shown in Figure 2. First, VFT is car-
ried out. If the resultis abnormal, history of PE is checked.
If the history of routine PE is lacking, then the elderly is
suspected to be MCI. If the history of routine PE is suf-
ficient, existence of SMC is checked. If there are existenc-
es of SMC, then the elderly is suspected tobe MCI. If there
are no SMC, the elderly may not be MCI.

Neuroepide miology 3
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Table 2. Clinical status of the normal elderly and the elderly with MCI

Variables MCI (=), n (%) MCI (+), n (%) p value

Snout reflex
Negative 136 (65.38) 72 (34.62) 0.016%*
Positive 0(0) 4 (100)

Palmomental reflex
Negative 136 (66.02) 70 (33.98) 0.002**
Positive 00 & (100)

Glabellar reflex
Negative 95 (72.73) 36 (27.27) 0.001
Positive 10 (50) 40 (50)

Grasp reflex
Negative 134 (65.69) 70 (34.31) 0.026%*
Positive 2(25) 6 (75)

Babinski reflex
Negative 136 (65.38) 72 (34.62) 0.016%*
Positive 00 4 (100)

One-leg balance
Normal 122 (59.32) 54 (30.68) 0.001
Abnormal 14 (38.89) 22 (61.11)

Self-reported olfactory function
Normal 136 (64.45) 75 (35.55) 0.358%*
Abnormal 0 () 1(100)

Clock drawing test
Normal 112 (67.47) 54 (32.53) 0.056
Abnormal 24 (51.17) 22 (47.82)

Verbal semantic fluency test
Normal 132 (84.62) 24 (15.38) =0.001
Abnormal 4(7.14) 52 (92.86)

Mental alternation test
Normal 4 (78.05) 18 (21.95) 0.001
Abnormal 72 (55.38) 58 (44.62)

Alphabetical “WAHYU” test
Normal 126 (65.62) 66 (34.38) 0.166
Abnormal 10 (50) 10 (500

Subjective memory complaints
Normal 111 (79.86) 28 (20.14) =0.001
Abnormal 25 (34.25) 48 (65.75)

** Fisher's exact test.
Bold p values indicate statistical significance.

MCI, mild cognitive impairment.

In the elderly with normal VFT, status of OLB, existence
of SMC, and historyof PE are checked. If there are existenc-
es of SMC, and poor OLB, and historyoflack of PE, thenthe
elderly is suspected to be MCI. If one of the examinations
shows normal result, the elderly may not jpg MCL

The decision trees clinical algorithm has a fairly good
accuracy in distinguishing elderly with MCI from nor-
mal elderly. The decision trees clinical algorithm of MCI
has an accuracy of 89.62% (95% CI 84.71-93.38%), sen-
sitivity = 71.05% (95% CI 59.51-80.89%), specificity =
100% (95% CI 97.32-100%), positive predictive value =

4 Neuroepidemiology
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100%, negative predictive value = 86.08% (95% CI 81.30-
89.79%), and likelihood ratio (-) = 0.29 (95% CI 0.20-
0.41). The value of the time effectiveness ratio = 3.03.

Discussion/Conclusion

This study was conducted at Pondok Kopi and Malaka
Jaya, East Jakarta, Indonesia. The subgggts were healthy
elderly population over 60 years old. The prevalence of
MCI in this study was 35.8%. The prevalence is higher

Pandhita S. et al.




Table 3. Multivariate logistic regression analysis

Dependent variables p value OR 95% CI
lower upper

Snout reflex 0.999 0.000 0.000

Palmomental reflex 0.999 0.000 0.000

Glabellar reflex 0.707 1.229 0.419 3.605
Grasp reflex 0.791 0.403 0.000 331.909
Babinski reflex 0.999 0.000 0.000

One-leg balance 0.013 5.222 1.408 19.375
Clock drawing test 0.755 1.254 0.303 5.195
Verbal semantic fluency test <0.001 85.523 16.206 451.317
Mental alternation test 0.533 0.632 0.149 2.674
Alphabetical “WAHYU” test 0518 1.911 0.269 13.580
Subjective memory complaints <0.001 11.647 2943 46.095
Physical exercise 0.036 3.640 1.089 12.166
Education 0319 0.555 0.174 1.766
Hipertension 0.991 1.006 0.345 2,933

Bold values indicate statistical significance.

compared to a study by Xu et al. [2] stated that the preva-

ce of MCI was 21.3% among the urban population
aged 60 years or older. The low educational background
of the majority in our study popul@fn can explain this
difference. Xu et al. [2] stated that the higher prevalence
of MCI was associated with very old age, male gender, low
education level, and poor economic status.

Previous studies have reported that hypertension,
diabetes mellitus, PE, and level of education were re-
lated to cognitive performance in older adults. How-
ever, this study showed that only a history of lack of PE
and levels of education were statistically significantly
associated with MCI in bivariate statistical analysis.
While, hypertension and diabetes mellitus tend to be
associated with MCI, but were not statistically signifi-
cant. This is likely because most participants have long
had well-controlled blood pressure and blood sugar
with regular therapy.

This study showed that the existence of SMC was sta-
tistically significantly associated with MCI. This result
is consistent witlpprevious studies. Previous studies
have proven that absence of SMC may be a reasonable
method of excluding MCI and could be incorporated
into short screening programs for MCI. However, it will
be more accurate when combined with other examina-
tions [23-25]. SMC are associated with a disruption in
the formation of new long-term memory in MCI [4, 23].

This study showed that history of lack of PE was statis-
tically significantly associated with MCI. Previous studies

1
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have reported that BBis related to cognitive performance
in older adults. PE improves cerebral circulation by in-
creasing the blood flow and oxygen supply to the brain.
Regular exercise lowers the blood pressure and lipids, pre-
vents the metabolic syndrome, has a positive effect on in-
flammat@3ay markers, and improves endothelial function
[26]. PE increases the size of the anterior hippocampus,
leading to improvements in sntial memory. In addition,
the increased hippocampus volume is associated with
greater serum levels of BDNF, a mediator of neurogenesis
in the dentate gyrus [27]. Elderly that lack PE will increase
the risk of MCI. Conversely, the elderly that routinely do
PE will be at lower risk of MCI [11, 28, 29]. This statement
is in accordance with the results of our study. Our study
reveals that history of lack of PE was associated with MCI.

Abnormal VFT result was statistically significantly as-
socpd with MCI. This result is similar to previous stud-
ies. Previous studies have proven that there are significant
differences in the results of verbal fluency test, especially
semantic fluency, between normal elderly and elderly
with MCI. Elderly with MCI showed lower verbal fluency
test results [30-32]. Verbal fluency is a cognitive function
that allows retrieval of information from memory stored
in the brain by involving executive functions and lan-
guage skills. Executive function involves the frontal lobe
and prefrontal cortex (especially in the left dorsolateral
cortex), while language skills involve the left temporal
lobe [33, 34]. Therefore, verbal fluency test can be used to
assess executive function and language skills.

Neuroepide miology
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Mormal VET I Abnormal
= 156 subj. I—I = 56 subj.
v A 4
= SMC (+) (+) PE =)
116 subj. = = 40 subj, 6 subj. = = 50 subj.
A
OLB OLB SMC MCl
(+)
MNormal | Abnormal MNormal | Abnormal ) (+) MCI {+) = 50
MCI (=) = 0
102 subj. = = 14subj. 32 subj = = B subj. 4subj. = = 2 subj.
MCI MCI
PE PE PE PE o (+)
MCI(+) =0 MCI(+) = 2
Bl B11E] 1) (+) o] MCIH =4 MO (=0
83subj = | =19 subj 13subj.= |=1subj  26subj = |=6subj.  [=Gsubj |=2subj
r A J h 4
MCI MCI Mcl MCI MCl
=) (= = = (+)
MCI (+) =6 MCI (+) = 3 MCI (+) = 10 MCI (+) =3 MCI (+) = 2
MCI (-} = 96 MCI (=) = 11 MCI (=) =22 MCI(-) =3 MCI(-=0

Fig. 1. Decision tree. VFT, verbal semantic fluency test; SMC, subjective memory complaints; OLB, one-leg balance; MCI, mild cogni-

tive impairment; PE, physical exercise; subj., subject.

Morrmal VET Abnormal
MCI{+] = 4 MOl {+) = 52
MCIE) = 118 M- =4
A
PE(-)
—»
SMGI(£) sMC e MCl (4] = 30 Eﬂ)cblagi"li]ty— 100%
and MCIE) =0
OLB MCl (4] = 2
(abnarmal) oLs PE (+) juq :—|I=a
and L
PE() PE SMC %’ MOl (+)
{+] =2 —
Fig. 2. The concept of decision tree clinical I MCIE) =0 Probability = 100%
algorithm for screening of MCI. PE, physi- MCI (-] =0 el 9= 2 | Others SMC () Melt =0
cal exercise; VFT, verbal semantic fluency ) Rl 4
test; SMC, subjective memory complaints; MCI (+) MCl () MCl ()
OLB, one-leg balance; MCI, mild cognitive Probability = 100%  Probability = 85.71% Probability = 100%
impairment.

Poor OLB was significantly associated with MCI. This
result is consistent with several previous studies [17, 35].
Previous study reveals that the presence of parietal lobe
dysfunction and hippocampus dysfunction not only can
lead to decreased memory function but also result in a
deficit of visuospatial orientation. This visuospatial defi-
citggill result in impaired balance function.

arly detection and appropriate management of MCI
can slow cognitive impairment to worse. Some previous
studies have shown that the level of progression of MCI
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to dementia is around 10-12% per year, while the pro-
gression of the incidence of dementia in the normal pop-
ulation is only around 1-2% per year [36, 37]. However,
if MCI can be detected early and get adequate therapy, it
can return to have normal aging cognitive function. Some
studies reveal that the percentage of MCI conversion to
norggl aging cognitive function is around 25-40% [38,
39]. Therefore, an easy, fast, accurate and reliable method
for MCI screening is very important so that adequate
therapy can be carried out immediately. The decision

Pandhita S. et al.




trees clinical algorithm is expected to be the right method
for MCI screening in primary health care. This screening
method is the initial method before further examination
in a refggral hospital to establish a diagnosis of MCL

Thegi-nical algorithm is a text format that is specially
suited for representing a sequence of clinical decisions
and fggpguiding patient care [40]. This algorithm recur-
sively selects the best attribute as the current node using
top down induction. Then the child nodes are generated
for the selected attribute. It uses an information gain as
an entropy-based measure to select the best splitting at-
tribute, and the attribute with the highest information
gain is selected as bestgplitting attribute. The decision
trees clinical algorithm has been found useful in classifi-
cation and prediction modeling due to the fact that it has
the capability to accurately discover hidden relationships
between variables, it is capable of removing insignificant
attributes within a data set, and also presents knowledge
in a hierarchical structure which makes it to be knowl-
edge to be understandable.

The decision trees clirggal algorithm is in principle
simple to understand and also easy to interpret, use, and
validate using common statistical techniques. The deci-
sion trees clinical algorithm for screening of the MCI
made use of a combination of VFT, history of routine PE,
existence of SMC, and status of OLB, in a sequential or-
der.

The accuracy of the decision tree clinical algorithm for
distinguishing elderly with MCI from normal elderly was
fairly good with sensitivity = 71.05% and specificity =
100%. The decision trees clinical algorithm also has a fair-
ly balanced ratio between the length of time examination
angyhe level of accuracy (time effectiveness ratio = 3.03).

ur study represents the first to demonstrate that the
decision tree algorithms for the screening of the MCI can
be developed for clinical use. If the results of screening
indicate the presence of MCI, the subjects can be referred
to the hospital for a complete examination aestablish a
diagnosis of MCI. While a large multicenter study will be
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