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Objective: To explore the effects of different lifestyle choices on mild cognitive impairment
(MCI) and to establish a decision tree model to analyse their predictive significance on the
incidence of MCI.

Methods: Study participants were recruited from geriatric and physical examination centres
from October 2015 to October 2019: 330 MCI patients and 295 normal cognitive (NC)
patients. Cognitive function was evaluated by the Mini-Mental State Examination Scale
(MMSE) and Clinical Dementia Scale (CDR), while the Barthel Index (BI) was used to
evaluate life ability. Statistical analysis included the y* test, logistic regression, and decision
tree. The ROC curve was drawn to evaluate the predictive ability of the decision tree model.
Results: Logistic regression analysis showed that low education, living alone, smoking, and
a high-fat diet were risk factors for MCI, while young age, tea drinking, afternoon naps,
social engagement, and hobbies were protective factors for MCI. Social engagement, a high-
fat diet, hobbies, living condition, tea drinking, and smoking entered all nodes of the decision
tree model, with social engagement as the root node variable. The importance of predictive
variables in the decision tree model showed social engagement, a high-fat diet, tea drinking,
hobbies, living condition, and smoking as 33.57%, 27.74%, 22.14%, 11.94%, 4.61%, and
0%, respectively. The area under the ROC curve predicted by the decision tree model was
0.827 (95% CI: 0.795~0.856).

Conclusion: The decision tree model has good predictive ability. MCI was closely related to
lifestyle; social engagement was the most important factor in predicting the occurrence of
MCI.

Keywords: lifestyle, behaviours habit, mild cognitive impairment, influencing factors,
decision tree model

Introduction
Mild cognitive impairment (MCI) is a common age-related cognitive disorder that
is a transitional stage between normal aging and dementia.' According to Petersen’s
survey in 2018,% the prevalence rate of MCI in people aged 60 to 64 years in the
United States was 6.7%. For those over 80 years, the prevalence rate of MCI
reached 25.2%, and the cumulative incidence of dementia in those with MCI
older than 65 years after a follow-up for two years was 14.9%. Therefore, MCI is
considered to be the precursory stage of dementia; early identification of and
intervention with the factors affecting the occurrence and development of MCI
may play an important role in its prevention.>*

A decision tree is a simple and powerful machine learning model that utilises
any information obtained to find the best classification index of data samples. These
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classification indexes are the nodes of the decision tree,
which then grow to form the tree structure.” At present, the
decision tree model has been successfully applied to
research on public health and health behaviour.® Not only
can it determine the influencing factors of a disease and
reflect the interaction among them,””® but it can also be
used to predict the disease.”'? Therefore, a variety of
factors affecting MCI can be comprehensively analysed.
Previous studies have found that lifestyle (such as drinking
habits, smoking, and exercise), age, and educational attain-
ment are related to the occurrence of MCL.'*"'> However,
there are relatively few studies on the interaction of dif-
ferent influencing factors on MCI. Therefore, this study
aimed, through the decision tree method, to produce
a model that predicts the interactions of the influencing
factors and MCI in order to intervene with or delay its
occurrence and development.

Methods
Research Object

The inclusion criteria of the MCI group were as follows:
age >60 years old and meets the core clinical criteria of
MCI (i.e. cognitive problems, at least one cognitive
impairment, independence of daily function, and absence
of dementia).'® The inclusion criteria of the normal cog-
nitive (NC) group were as follows: age >60 years old, no
symptoms or signs of cognitive decline or impairment
were found during physical examination, and the two
evaluation tools for cognitive function were normal. The
exclusion criteria included presence of other important
than MCI
Parkinson’s disease, epilepsy, and cerebral infarction);'’

neurological diseases other (such as
presence of clinically advanced or unstable diseases
(such as advanced tumours and severe infections);
a history of schizophrenia, mania, or depression;'® and
the inability to cooperate with the completion of the ques-
tionnaire. From October 2015 to October 2019, 625 cases
in geriatric and physical examination centres met the
above criteria and were collected: 330 cases in the MCI
group and 295 cases in the NC group. All patients were
informed of the purpose of this study and provided con-
sent. For patients with obvious cognitive impairment, we
have obtained the consent of their families. The informed
verbal consent process was approved by the Medical
Ethics Committee of the Affiliated Hospital of Qingdao
University (QYFYWZLL25697) and complied with the

Declaration of Helsinki.

Introduction of Evaluation Scale
Mini-Mental State Examination (MMSE)

The MMSE scale consists of 30 questions relating to
orientation, memory, attention, reading construction, and
comprehension with a total possible score of 30 points.
According to the level of education, the criteria for judging
cognitive impairment are as follows: illiteracy group <19
points, primary school group <22 points, and junior high
school and above group <26 points. MMSE is one of the
methods to judge whether the cognitive function is normal
or not and can not replace the clinical diagnosis. In addi-
tion, it contributes to the earle detecion of dementia
patients and reduces missed diagnosis.'’

Clinical Dementia Rating Scale (CDR)

CDR scores were obtained by questioning patients and
people with close relationships with them (such as family
members and caregivers) and assessing each of the six
cognitive categories (memory, orientation, judgment and
problem solving, community affairs, family and hobbies,
and personal care). The scoring standard was five points,
no dementia = 0, suspected dementia = 0.5, mild dementia
= 1, moderate dementia = 2, and severe dementia = 3. In
this study, this scale was used to distinguish mild cognitive
impairment from dementia.

Ability of Daily Living Assessment

In this study, the widely used Barthel Index (BI) scale
was adopted to evaluate the activities of daily living
(ADL), which mainly include eating, bathing, grooming,
dressing, controlling defecation, controlling urination,
going to the toilet, bed and chair transfer, walking on
the ground for 45 minutes, and walking up and down-
stairs, with a total possible score of 100 points. The
higher the score, the better the independence. Based on
the total possible score, ADL was divided into the fol-
lowing ranges: 100 points for normal activities of daily
living, 60 points for good and basic self-care, 59-40
points for moderate dysfunction and need of help,
39-20 points for severe dysfunction and life dependence,
and below 20 points for complete disability and complete
life dependence.”’ This study followed the diagnostic
criteria of MCI, with BI index >60 points, indicating
independence of daily life.

Research methods
The researchers used standardised language and unified
scale score standards to obtain medical history and
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Table 1 MCI Studies Variable Assignment

Research Assignment Situation

Variables

MCI=I, NC=2
Male=1, female=2
60-64=1, 65-69=2,70-74=3,75-79=4, 280=5

llliteracy =1, primary school =2, middle school

Cognitive state
Gender

Age group (years)
Educational level
=3, high school =4, university =5

Occupation Mental labour =1, physical labour =2
Living condition Live alone =1, live with family =2
Drinking Yes = I, no=2

Smoking Yes = 1,no =2

Drink tea Yes = 1,no =2

Sleep time (hours) | <7=1,7-9=2,>9=3

Nap Yes = 1,no =2

Physical exercise Yes =1,n0o =2

Social engagement | Yes = |, no =2

Hobbies Yes = 1,no =2

High-fat diet Yes =1,n0o =2

perform a physical examination, using MMSE, CDR, and
ADL evaluation and collecting demographic, lifestyle and
behaviour habits, and other data. The data were then
double-checked to ensure accuracy and assign values to
the research variables (Table 1).

Statistical Analysis

The data were analysed using IBM SPSS 25.0 software. y*
test was used for single-factor analysis, binary logistic
regression analysis was used to analyse the influencing
factors, and P < 0.05 was considered statistically signifi-
cant. The decision tree model was established by using
IBM SPSS Modeler 14.1 software decision tree C5.0 algo-
rithm; MedCalc 15.2.2 software was used to draw the
ROC curve.

Results
Characteristics of General Demographic

Data

This study enrolled 625 elderly people classified either in
the MCI group (330 cases) or the NC group (295 cases).
There were 301 males and 324 females. The constituent
ratio of those in MCI group relative to their counterparts
in the NC group was as follows: according to sex, 55%
male and 51% female; according to age, 41% 60-64
years old, 52% 65-69 years, 57% 70-74 years, 68%
75-79 years, and 62% over 80 years; according to educa-
tional attainment, 61% illiterate, 59% primary school,

50% junior high school, 51% senior high school, and
12% above college; according to occupation, 51% mental
work and 54% manual work; and according to living
situation, 84% living alone and 48% living with family
(Table 2).

Single Factor Analysis on the Influence of
Lifestyle on MCI

There were significant differences (P<0.005) between the
MCI and NC groups in all of the following aspects: age
(P<0.0001), educational attainment (P<0.0001), living
condition (P<0.0001), smoking habits (P=0.016), tea drin-
kers (P<0.0001), afternoon naps (P<0.0001), physical
exercise (P<0.0001), social engagement (P<0.0001), hob-
bies (P<0.0001), and a high-fat diet (P<0.0001). Among
them, the proportion of participants with MCI was lower
with regard to young age, tea drinking, afternoon naps,
physical exercise, social engagement, and hobbies. The
elderly with a low level of education, who lived alone,
who smoked, or who had a high-fat diet had a higher
proportion of MCI (Table 2).

Binary Logistic Regression Analysis on the

Influence of Lifestyle on MCI

Taking MCI as the dependent variable and the statistically
significant factors in the single factor analysis as indepen-
dent variables, binary logistic regression analysis showed
that age, education, living condition, smoking habits, tea
drinking, afternoon naps, social engagement, hobbies, and
a high-fat diet were the influencing factors of MCI.
Among them, illiteracy (OR=12.248, 95% CI: 3.088-
48.571), an educational attainment of primary school
(OR=8.975, 95% CI: 2.482-32.452), junior high school
(OR=6.445, 95% CI: 1.749-23.743), or senior high school
(OR=6.386, 95% CI: 1.640mi 24.873), living alone
(OR=5.026, 95% CI: 2.204-11.463), smoking
(OR=2.702, 95% CI: 1.674-4.362), and a high-fat diet
(OR=2.955, 95% CI: 1.892—4.615) were risk factors for
the occurrence of MCI. However, being in the age range of
60-64 years (OR=0.23, 95% CI: 0.096-0.572) or 65-69
years (OR=0.309, 95% CI: 0.127-0.754), drinking tea
(OR=0.285, 95% CI: 0.182-0.447), taking afternoon naps
(OR=0.566, 95% CI: 0.350-0.916), taking part in social
engagement (OR=0.145, 95% CI: 0.091-0.233), and hav-
ing hobbies (OR=0.421, 95% CI: 0.264-0.671) were the
protective factors for the occurrence of MCI (Table 3).

Clinical Interventions in Aging 2020:15

submit your manuscript

2011

Dove


http://www.dovepress.com
http://www.dovepress.com

Wang et al

Dove

Table 2 Single Factor Analysis of the Influence of Lifestyle on MCI

Research Variables Category NC MCI Total MCI Constituent Ratio (%) Ve P

Gender Male 137 164 301 55 0.662 0416
Female 158 166 324 51

Age group (years) 60-64 112 79 191 41 21.083 <0.001
65-69 78 83 161 52
70-74 57 76 133 57
75-79 28 60 88 68
280 20 32 52 62

Educational level llliteracy 27 43 70 6l 33.547 <0.001
Primary school 115 163 278 59
Middle school 69 70 139 50
High school 48 49 97 51
University 36 5 41 12

Occupation Mental labour 121 127 248 51 0417 0518
Physical labour 174 203 377 54

Living condition Live alone 13 68 8l 84 36.235 <0.001
Live with family 282 262 544 48

Drinking Yes 94 97 191 51 0.443 0.508
No 201 233 434 54

Smoking Yes 79 118 197 60 5816 0.016
No 216 212 428 50

Drink tea Yes 213 117 330 35 84.405 <0.001
No 82 213 295 72

Sleep time (hours) <7h 154 175 329 53 0.272 0.873
7-9h 123 138 261 53
>%h 18 17 35 49

Nap Yes 215 194 409 47 13.680 <0.001
No 80 136 216 63

Physical exercise Yes 213 170 383 44 28.096 <0.001
No 82 160 242 66

Social engagement Yes 178 74 252 29 93.051 <0.001
No 17 256 373 69

Hobbies Yes 240 164 404 41 68.302 <0.001
No 55 166 221 75

High-fat diet Yes 101 236 337 70 87.116 <0.001
No 194 94 288 33

Decision Tree Model of the Influence of Lifestyle on
MCI

The statistically significant factors in the univariate ana-
selected for the
Selecting social engagement, a high-fat diet, hobbies,

lysis were decision tree analysis.

living condition, tea drinking, and smoking habits as

each node of the decision tree model and social

engagement as the root node variable, the results showed
that the probability of MCI in people who had social
engagement was 29.365% (74 cases), lower than those
without social engagement (68.633%; 256 cases). Among
the participants who had social engagement, the probabil-
ity of MCI among people with a high-fat diet was
53.782% (64 cases), higher than that of those with a non-
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Table 3 Binary Logistic Regression Analysis of the Influence of Lifestyle on MCI

Research Variables B Walds P OR (95% CI)
60-64 years —1.450 10.184 0.001 0.235 (0.096-0.572)
65-69 years —1.174 6.653 0.010 0.309 (0.127-0.754)
70-74 years —0.751 2.647 0.104 0.472 (0.191-1.166)
75-79 years —0.092 0.034 0.854 0.912 (0.343-2.428)
llliteracy 2.505 12.704 0.000 12.248 (3.088-48.571)
Primary school 2.194 11.199 0.001 8.975 (2.482-32.452)
Middle school 1.863 7.843 0.005 6.445 (1.749-23.743)
High school 1.854 7.144 0.008 6.386 (1.640-24.873)
Live alone 1.615 14.732 0.000 5.026 (2.204-11.463)
Smoking 0.994 16.544 0.000 2.702 (1.674-4.362)
Drink tea —1.254 29.943 0.000 0.285 (0.182-0.447)
Nap —0.569 5.379 0.020 0.566 (0.350-0.916)
Physical exercise —0.091 0.155 0.694 0.913 (0.581-1.435)
Social engagement —-1.928 64.496 0.000 0.145 (0.091-0.233)
Hobbies —0.865 13.227 0.000 0.421 (0.264-0.671)
High-fat diet 1.084 22.694 0.000 2.955 (1.8924.615)

high-fat diet (7.519%; 10 cases). Among the participants
who had social engagement and a high-fat diet, the prob-
ability of MCI of those with hobbies was 35.211% (25
lower than that of those without hobbies
(81.250%; 39 cases). Among participants who had social

cases),

engagement, a high-fat diet, and hobbies, the probability
of MCI among people living alone was 77.778% (7
cases), higher than those living with their families
(29.032%; 18 cases). In addition, among the people
who did not have social engagement, the probability of
MCI among tea drinkers was 49.153% (87 cases), lower
than that of those who did not drink tea (86.224%; 169
cases). Among those who had no social engagement and
drank tea, the probability of MCI among those living
with their families was 45.679% (74 cases), lower than
that of participants living alone (86.667%; 13 cases).
Among the people who had no social engagement,
drank tea, and lived with their families, the probability
of MCI among smokers was 60% (36 cases), lower than
that of non-smokers (37.225%; 38 cases) (Figure 1).

The Importance of Prediction Variables in the
Decision Tree Model

The importance of each node prediction variable to the
construction of the model was different in the decision tree
model, while the importance of social engagement as the
root node variable was 33.57%. In the leaf nodes, the
importance of a high-fat diet, tea drinking, hobbies, living
conditions, and smoking were 27.74%, 22.14%, 11.94%,
4.61%, and 0%, respectively (Figure 2).

Prediction of ROC Curve of MCI

Occurrence by Decision Tree Model
Taking the prediction of the decision tree model as the test
variable and the real MCI data as the state variable to draw
the ROC curve, it was concluded that the AUC of the
decision tree model for predicting the occurrence of MCI
was 0.827 (95% CI: 0.795~0.856), P <0.001. This shows
that the prediction effect of the decision tree model was
good (Figure 3).

Discussion

In this study, logistic regression analysis showed that low
education, living alone, smoking, and a high-fat diet were
risk factors for MCI, while a young age, tea drinking,
afternoon naps, social engagement, and hobbies were
protective factors for MCI. These results were basically
consistent with previous studies.”?>* With social engage-
ment, a high-fat diet, hobbies, living conditions, tea
drinking, and smoking entering each node of the decision
tree model, social engagement was the root node variable
and the most important predictor of MCI. The probability
of MCI in the elderly with social engagement was sig-
nificantly lower than that in those without social engage-
ment. The results of a large cross-border study involving
19,832 people over a period of six years showed that
social engagement plays an important role in cognitive
function and successful aging, but the relationship
between social engagement and cognitive function is
25 that

not yet clear.”> The possible mechanism is
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Mode 0
Category % n
MCI 52.800 330

BN 47.200 285

Total 100.000 625

[ [

Social engagement

YITS N|0
Mode 1 Mode 8
Category % n Category % n
MCI 29.365 74 MC1 68.633 256
B NG 70.635 178 B NC 31.367 117
Total 40.320 252 Total 59.680 373

High-fat diet Tea drinking
YES NO YES NO
Mode 2 Mode 7 Mode 9 Mode 14
Category % n Category % n Category % n Category % n
MCI 53.782 B4 MCI 7519 10 MCI 49153 87 MCI 86.224 169
B NC 46.218 55| |MNC 92,481 123| |MNC 50.847 80( |MNC 13776 27
Total 19.040 1189 Total 21.280 133 Total 28320177 Total 31.360 196

Hobhies Living condition
YTS NIO Live witJh family Live alone
Mode 3 Mode & : Mode 10 Mode 13
Category % n Category % n|{ 4 _ Category % np: Categary . % n
MCI 35211 25 MCI 81.250 39 MCI 45678 T4 MC1 86.667 13
B NG 64789 46| |MMNC 18750 9 B NG 54.321 88 B NG 13333 2
Total 11.360 71 Total 7.HS0 48] | Total 25.920 162 Total 2.400 15
| — | ;
Living condition Smoking
Live with family Live alone YE|S NIO
Mode 4 Maode & Mode 11 Mode 12
Category % n Category % n Category % n Category % n
MCI 29.032 18 MCI TTITE 7 MCI B0.000 36 MCI 37.255 38
B NG 70.968 44| |MNC 22222 2| |MNC 40,000 24| |MNC 62745 B4
Tatal 58920 B2 Tatal 1.440 9 Total 9600 &0 Tatal 16.320 102
I ]- I:I— l  — |:|-

Figure | Decision tree model of the influence of lifestyles on MCI. This tree is generated by the software through 10 cross-validations. Each box is numbered sequentially.
The blue icon represents MCI, and the red icon represents NC. Each box has its own percentage and specific number of examples. Below each box is the influence factor of
the next classification; at the top of each box is the corresponding category of influence factor.

Notes: MCl is mild cognitive impairment, NC is normal cognitive function.

2014  submityour manuscript Clinical Interventions in Aging 2020:15

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Wang et al

40%
35%

30%

25% -
20% -
15% -
10% -
5% -

high-fat diet teadrinking

souepodw)

social
engagement

hobbies living
condition

smoking

Figure 2 Importance of predictive variables in decision tree model. This figure
shows the importance of each influence factor to the result prediction in the
decision tree model. As a root node variable, social engagement is the most
important predictive variable.
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Figure 3 ROC curve of MCl occurrence predicted by decision tree model. The
broken line in the figure represents the ability of the decision tree model to predict
the occurrence of MCl. The AUC was 0.827, P < 0.001.

environmental complexity is an important factor in cog-
nitive reserve; social engagement enables MCI patients to
better compensate for brain changes, such as aging, cog-
nitive impairment, and AD by activating and strengthen-
ing neurobiological pathways.?®

In people who have social engagement, those who eat
a high-fat diet have a high probability of developing MCI;
this may be due to a high-fat diet leading to hypercholes-
terolemia, increased oxidative stress, and an increased
concentration of the amyloid protein in the hippocampus,

resulting in a decline in cognitive function.”” For example,

a 30-year retrospective cohort study showed that middle-
aged hypercholesterolemia increases the risk of dementia
in the elderly by 27%.%® In people with social engagement
and a high-fat diet, those with hobbies have a low prob-
ability of developing MCI, and studies have shown that
hobbies (such as reading, music, and chess) can make
related neural networks more effective or more malleable,
thus delaying the onset of dementia and cognitive
deterioration.”” A study of 6586 subjects followed up
with over five years found that the risk of MCI in the
elderly who read regularly decreased by 41%, and the
protective effect on the cognitive function of the well-
educated elderly was more obvious.>* Among the partici-
pants with social engagement, a high-fat diet, and hobbies,
those living alone had a high probability of MCI. Chinese
scholars have shown that the low psychological elasticity
of people living alone is an important factor leading to the
occurrence and development of MCL>!

In the subjects without social engagement, tea drinkers
have a low probability of developing MCI. Studies have
shown that tea polyphenols can resist oxidative stress and
protect nerve cells.>?> Among participants who had no
social engagement, drank tea, and lived with their families,
smokers had a higher probability of developing MCI.
A study in Rotterdam showed that smoking increased the
risk of cognitive decline (OR=1.47, 95% CI: 1.18-1.86)
after an average of 7.1 years of follow-up in elderly
smokers.>® A large number of toxic substances in cigar-
ettes (such as carbon monoxide and nitrosamines) accu-
mulate free radicals and damage nerve cells, resulting in
cognitive decline.**

In the results of the decision tree model of this study,
we also found that people with hobbies and non-high-fat
diets have the lowest probability of MCI (7.519%), while
those who have no hobbies, drink tea, and live alone have
the highest probability of MCI (86.667%), which is similar
to the probability of those with MCI who do not have
hobbies and do not drink tea. It can be seen that the
interaction of protective factors can minimise the inci-
dence of MCI, while the interaction of risk factors can
increase the probability of MCI.

Therefore, the decision tree model can intuitively and
clearly show the influence and probability of each factor
entering the model on MCI and can be read down along
each main line, with a high degree of readability. The
AUC of the ROC curve of MCI predicted by the decision
tree model is 0.827 (95% CI: 0.795~0.856). It is a good
method to analyse the influencing factors of clinical
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disease and predict the probability of disease occurrence.
The limitation of this study is that the lifestyle should be
further refined, such as the time, intensity and type of
physical exercise, the type of tea being consumed, and
the frequency of alcohol consumption. In addition, more
samples should be included to increase the reliability of
the model.

Conclusion

This study shows that MCI is closely related to a variety of
lifestyles, among which social communication is the most
important factor to predict the occurrence of MCI. Other
influencing factors such as high-fat diet, tea drinking,
hobbies, and living condition also have a certain impact
on the occurrence of MCI. The decision tree model
method has a good ability to predict MCI, and the inter-
action between factors can have a further impact on the
occurrence of MCI. Therefore, individual lifestyle inter-
vention can be carried out for the elderly in order to reduce
the incidence of MCI.

Highlights

We found that low education, living alone, smoking, and
high-fat diet were risk factors for MCI, while low age, tea
drinking, afternoon naps, social engagement, and hobbies
were protective factors for MCI.

The decision tree model has good predictive ability,
with social engagement as the most important factor in
predicting the occurrence of MCI. Other factors such as
a high-fat diet, tea drinking, hobbies, and living condition
can also predict the occurrence of MCI.

The combination of medical research and data mining
technology provides new ideas for future research.
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