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Purpose: This study assessed the influences of different lifestyle on mild cognitive impairment (MCI) progression and established 
a decision tree prediction model to analyse their predictive significance on MCI progression incidence.
Patients and Methods: From October 2015 to February 2020,330 patients with MCI were recruited, and demographic and lifestyle 
information collected. They were followed up for 19.04 ± 10.227 months. Cognitive function was assessed using the Mini-Mental 
State Examination Scale every 6 months, and they were divided into MCI stable group and MCI progression group.
Results: The Kaplan Meier survival analysis showed an overall cohort survival rate of 33.2%; the annual conversion rate of MCI 
progression was 20%. Physical exercise, social engagement, high-fat diet, age, napping, and tea drinking were decision tree prediction 
model nodes. Hobbies were the most important factor for predicting MCI progression. The MCI progression probability rates were: 
with hobbies 26.829% (44 cases), without hobbies 57.831% (96 cases); for those withot hobbies, with physical exercise 43.077% (28 
cases) without physical exercise 72.340% (68 cases); for those without hobbies with physical exercise and social engagement 20.000% 
(4 cases), without social engagement 53.333% (24 cases); for those without hobbies, physical exercises and social engagement and 
with nap habits 48.485% (16 cases), without nap habits 66.667% (8 cases). The decision tree prediction model AUC for predicting the 
MCI progression receiver operating characteristic curve was 0.737 (95% confidence interval: 0.685–0.785) (75.71% sensitivity, 
71.75% specificity, P < 0.001.
Conclusion: Hobbies, physical exercise, social engagement, napping, and drinking tea can help prevent MCI progression, while 
a high-fat diet may exacerbate MCI progression. In this study the rule with the lowest MCI progress probability for those who had 
hobbies, high-fat diet, and social engagement. And the decision tree model had good prediction efficiency.
Keywords: lifestyle, mild cognitive impairment progression, survival analysis, decision tree prediction model

Introduction
Along with the aging of the population, the prevalence of Alzheimer’s disease has also increased significantly. At present, 
there are 50 million patients with dementia in the world, which is expected to triple to more than 152 million by 2050. 
Dementia will be the biggest global health and social care challenge of the 21st century.1 At present, the efficacy of medication 
for cognitive dysfunction is not clear,2 That is the reason the World Health Organization suggested in 2019 the key to reducing 
dementia prevalence is early identification and prevention.3 Mild cognitive impairment (MCI) is an unstable state between 
normal cognitive function and dementia,4 such as somebody have a memory impairment beyond that expected for age and 
education yet are not demented. According to research, one in five patients with MCI over 65 will eventually develop 
dementia.1 Fortunately, there are interventions available for MCI that may restore cognitive impairment and prevent or delay 
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the progression of cognitive dysfunction to dementia.5 Therefore, research of MCI related influencing factors is of great 
significance for the clinical control of cognitive dysfunction.

MCI is influenced by many factors, among them is lifestyle, which can be changed and clearly recognized.6 

Numerous studies have shown that lifestyle factors such as eating habits, physical exercise, social engagement, hobbies, 
smoking, alcohol consumption, and others can have good or bad effects on cognitive function.7–11 In a previous study of 
625 older people, the results concluded social engagement, high-fat diet, hobbies, living style, tea drinking and smoking 
were closely related to MCI occurrence, and social engagement was the most important predictor of MCI.9 MCI 
progression to dementia is an insidious and relatively slow process, moreover, the stage between MCI and dementia 
has been poorly studied. In this study, we wanted to explore how lifestyle influence on patients who had already been 
diagnosed with MCI. Therefore, patients with MCI based on original lifestyle were followed up in this study. Then, our 
team established a decision tree prediction model to analyse the influencing factors of MCI progression, and hope to 
provide some optional beneficial lifestyle for delaying or avoiding MCI progression to dementia.

The decision tree method is a machine learning method, which includes C5.0, CART, CHAID, ID3, SLIQ and other 
algorithms. The C5.0 algorithm adopted in this study was for discovering the best classification indexes of the data 
samples by using information gain, and these classification indexes became each node of the decision tree, and finally 
formed a tree structure diagram.12–14 It not only screened out the influencing factors for the disease, it reflected the 
interaction between the factors,15–17 and could be used to predict probability of disease occurrence.18,19

Patients and Methods
Research Patients
Participants: In our earlier cohort of studies on cognitive function,9 those who met the inclusion and exclusion criteria in 
the geriatrics department and physical examination center from October 2015 to February 2020 were included, which 
according to the MCI diagnostic criteria,20 (cognitive problems, at least one cognitive impairment, independence of daily 
function, and absence of dementia), were 330 patients with MCI. All participants and their family members participated 
in this study voluntarily, and informed consent was obtained.

Inclusion criteria: (1) Patients aged ≥ 60 years with a definite diagnosis of MCI (The elderly age in developing 
countries is 60 years or older and ≥ 65 years in developed countries); and (2) ability to complete all the questionnaire data 
and agree to participate in the follow-up.

Exclusion criteria: (1) Any important neurological diseases other than MCI (such as Parkinson’s disease, epilepsy, 
craniocerebral trauma);21 (2) diagnosis of dementia by the Clinical Dementia Rating scale;22 (3) clinically advanced 
illnesses (such as advanced tumours, severe infections) or unstable diseases such as schizophrenia, mania or severe 
depression history.23

Criteria for MCI progression:24 (1) MCI had been diagnosed in advance; (2) patients or insiders stated their cognitive 
function had decreased significantly; (3) Mini-Mental State Examination (MMSE) score decreased by more than 2 points 
compared with the initial diagnosis; (4) factors such as new-onset craniocerebral mass, and acute cerebral infarction that 
cause cognitive function progression were excluded.

Quality control: The investigators of this study were geriatric doctors and neurologists. Before starting the survey, they 
received standardized training, and had to be familiar with the selection criteria table of the survey quantity questions. After the 
questionnaires were completed, data were entered by two investigators, checked, and numbered for archiving.

Research Methods
Follow-up methods: Demographic information, lifestyle, behavioural habits of participants who met the inclusion and 
exclusion criteria were collected, and the study variables were assigned (Table 1). The cognitive function of the patients 
was followed up once every 6 months in the outpatient department, and they were divided into MCI stable group and 
MCI progression group according to the MCI progression criteria. The follow-up time was February 2020. During this 
period, we only observed the study and did not conduct lifestyle interventions.
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Statistical methods: MedCalc15.2.2 was used for statistical analyses. Normal distribution measurement data were expressed 
as (x ± s), categorical variables were expressed as percentages. A Kaplan-Meier survival analysis was used for the univariate 
survival analysis, and survival curves were drawn. IBM SPSS Modeler 18.0 (IBM Corp., Armonk, NY, USA) was used to 
establish the decision tree prediction model. The receiver operating characteristic (ROC) curve was drawn to evaluate the 
predictive ability of decision tree prediction model. All results were considered statistically significant with P < 0.05.

Results
General Information of Patients with MCI
There were 164 men and 166 women in the MCI group. According to age, 79 patients were 60–64 years old, 83 were 65–69 
years old, 76 were 70–74 years old, 60 were 75–79 years old, and 32 were ≥80 years old. The average age was 70.280 ± 6. 
958 years (Table 2).

Table 1 Variable Assignment Table of Influencing Factors of MCI Progression

Research Variables Assignment Situation

Cognitive state MCI progression =1, MCI stable =2
Gender Male=1, female=2

Age group (years) 60–64=1, 65–69=2,70–74=3,75–79=4, ≥80=5

Educational level Illiteracy =1, primary school =2, middle school 
=3, high school =4, university =5

Living condition Live alone =1, live with family =2

Drinking Yes = 1, no = 2
Smoking Yes = 1, no = 2

Drink tea Yes = 1, no = 2
Napping Yes = 1, no = 2

Physical exercise Yes = 1, no = 2

Social engagement Yes = 1, no = 2
Hobbies Yes = 1, no = 2

High-fat diet Yes = 1, no = 2

Table 2 Analysis of the Influencing Factors of Lifestyle on the Progress of MCI

Research 
Variables

Category MCI 
Stable

MCI 
Progression

Total MCI 
Progression 
Constituent 
Ratio (%)

X2 P

Gender Male 98 66 164 39 1.681 0.195

Female 92 74 166 45

Age group (years) 60–64 50 29 79 37 2.330 0.675
65–69 42 41 83 49

70–74 45 31 76 41

75–79 37 23 60 38
≥80 17 15 32 47

Educational level Illiteracy 29 14 43 33 3.692 0.449

Primary school 92 71 163 44
Middle school 40 30 70 43

High school 27 22 49 45

University 3 2 5 40
Living condition Live alone 31 37 68 54 1.958 0.162

Live with family 159 103 262 39

(Continued)
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Follow Up results of Patients with MCI
The mean follow-up time of participants was 19.040 ± 10.227 months. A total of 330 patients with MCI were followed 
up. The follow-up observations revealed that 140 patients with MCI progressed and 177 with MCI were stable Thirteen 
participants were lost to follow-up, of which 6 died of other diseases, 1 with craniocerebral trauma stopped follow-up, 
and 6 withdrew due to other reasons. The lost follow-up rate was 3.9%.

Survival Analysis of Patients with MCI
A Kaplan-Meier survival analysis was used. Survival status was whether MCI progresses or not, and follow-up time was 
survival time. The median survival time of progression in 330 patients with MCI was 26 ± 2.5 months, of which the 
shortest was 4 months; the overall survival rate was 33.2%; because only two cases were followed up for 52 months, and 
the adjusted annual conversion rate of MCI progression was 20% (Figure 1). The Log rank test was selected for the 

Table 2 (Continued). 

Research 
Variables

Category MCI 
Stable

MCI 
Progression

Total MCI 
Progression 
Constituent 
Ratio (%)

X2 P

Drinking Yes 57 40 97 41 0.042 0.838

No 134 99 233 42
Smoking Yes 69 49 118 42 0.643 0.423

No 122 90 212 42

Drink tea Yes 83 34 117 29 2.44 0.118
No 107 106 213 50

Napping Yes 125 69 194 36 6.409 0.011

No 65 71 136 52
Physical exercise Yes 119 51 170 30 13.876 <0.001

No 72 88 160 50

Social engagement Yes 50 24 74 32 13.677 <0.001
No 139 117 256 46

Hobbies Yes 120 44 164 27 10.757 0.001

No 70 96 166 58
High-fat diet Yes 118 118 236 50 0.044 0.835

No 71 23 94 24

Figure 1 This curve represents a gradual decrease in the probability of cognitive stability over time in MCI patients. By the end of follow-up, the probability of stable MCI was 33. 2%.
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univariate analysis, and when compared with the stable survival curve, MCI progression was statistically significant in 
terms of nap habits, physical exercise, social engagement, and hobbies (P < 0.05) (Table 2).

Decision Tree Prediction Model for Lifestyle Influence on MCI Progression
Taking the MCI progression as the target variable, 12 predictors including demographic and lifestyle factors were included to 
establish a decision tree prediction model. Using 10 cross-validation methods, the average accuracy of the decision tree 
prediction model was 65.7%, and the standard error 2.8%. Hobbies, physical exercise, social engagement, high-fat diet, age, 
napping, and drinking tea entered each node of the decision tree prediction model, and hobbies were the root node variables. The 
probability of MCI progression with hobbies was 26.829% (44 cases), which was lower than 57.831% (96 cases) without 
hobbies. On the right side of the decision tree prediction model, among participants without hobbies, the probability of MCI 
progression of those with physical exercise was 43.077% (28 cases), lower than without physical exercise, 72.340% (68 cases). 
Among the participants with no hobbies or physical exercise, the probability of MCI progression of those with social engagement 
was 20.000% (4 cases), which was lower than that of those without social engagement (53.333%, 24 cases). Among the 
participants with no hobbies, physical exercise, but no social engagement, the probability of MCI progress of those with nap habit 
was 48.485% (16 cases), lower than 66.667% (8 cases) for those without a nap habit. Among the participants with no hobbies, 
physical exercise, social engagement, and nap habit, the probability of MCI progression of those aged 65 years and below was 
20.000% (2 cases), lower than 60.870% (14 cases) for those older than 65 years. The resulting interpretation rules of the decision 
tree prediction model on the other side are the same as before (Figure 2). In addition, we easily analysed among lifestyle factors 
the rule with the lowest MCI progress probability was 12.000% for those who had hobbies, high-fat diet, and social engagement, 
and 75% for those who did not have hobbies and did not exercise.

Importance of Factors Influencing MCI Progression in Decision Tree Prediction Model
In the decision tree prediction model, the importance of each node predictor variable to the construction of the model was 
different. The importance of hobbies as the root node variable was 34.63%; the importance of physical exercise, social 
engagement, high-fat diet, age, napping, and tea drinking in the leaf nodes were 32.16%, 12.87%, 6.98%, 6.18%, 4.44%, 
and 2.73%, respectively (Figure 3).

ROC Curve of Decision Tree Prediction Model Predicting MCI Progress
The AUC of the decision tree prediction model for predicting MCI progression was 0.737 (95% confidence interval [CI]: 
0.685–0.785), 75.71% sensitivity, and 71.75% specificity, P < 0.001 (Figure 4).

Discussion
In this study, the incidence of cognitive deterioration in MCI patients was found through follow-up observation, and the 
decision tree prediction model was used to predict the influence of lifestyle on the progression of MCI.

During the follow-up of patients with MCI, we found that the survival probability of cognitive stability decreased 
with time, with an overall survival probability of 33.2% and an annual conversion rate of 20%. The disease process of 
dementia is continuous and hidden, and there are few studies on the progress of MCI. Feng et al followed up patients 
with MCI for an average of 1.7 years, and found that the annual conversion rate for MCI progression was 11.8%.24 At 
present, it is generally accepted that the annual conversion rate from MCI to Alzheimer’s disease [AD] is between 10% 
and 15%.25 It is reasonable that the annual conversion rate for MCI progression is higher than that for MCI to AD.

In the decision tree prediction model, hobbies, physical exercise, social engagement, high-fat diet, age, napping, tea 
drinking entered each node of the decision tree prediction model. Hobbies were the root node variable and the most 
important predictive variable (the importance was 47.48%). Patients with MCI with hobbies had significantly lower 
cognitive function progression than those without hobbies. Studies have shown that hobbies (such as reading, music, 
playing chess) can delay the onset of dementia and the progression of cognitive impairment by making relevant neural 
networks more efficient or plastic.26 This study results are supported by a 4-year cohort study showing that hobbies 
improved cognitive function in patients with MCI (OR 1.09, 95% CI 1.03–1.16).10 The probability of MCI progression 
in patients with MCI who persisted in physical exercise was significantly lower than that for those without physical 
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Figure 2 In the decision tree prediction model, the blue bars represented MCI progression and the red bars represented MCI stable. Hobbies, physical exercise, social 
engagement, high-fat diet, age, napping, and drinking tea entered each node of the decision tree prediction model.
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exercise. At present, a large number of studies have proven the protective effect of physical exercise on cognitive 
function.27–29 A recent basic study suggests that physical exercise may increase the content of myelin in white matter 
of the whole brain, which is one of the reasons for its improvement in cognitive function.30 Research suggest that 
social engagement can better compensate for brain changes (aging, cognitive decline, AD) by activating and 
strengthening neurobiological pathways to Increase cognitive reserve.31 In this study, patients with MCI with frequent 
social engagement had a lower probability of cognitive decline than those without social engagement, which was 
consistent with previous studies.32,33 The probability of MCI progression in patients with MCI with a high-fat diet was 
significantly higher than that in patients with a non-high-fat diet, which may be due to cholesterol increasing oxidative 
stress in the body and increasing the concentration of amyloid protein in the hippocampus, thus aggravating cognitive 
impairment.34 Tea polyphenols in tea have the effect of anti-oxidative stress to reduce the damage of nerve cells, thus it 

Figure 3 This figure represented the importance of different lifestyle influenced on MCI progression in the decision tree prediction model. As a root node variable, hobbies 
were the most important predictive variable.

Figure 4 The broken line in the figure represented the ability of the decision tree prediction model to predict the occurrence of MCI progression. The AUC was 0.737, P < 0.001.
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has a protective effect on cognitive function.35 The relationship between napping and cognitive function is not 
completely clear. Currently, the mainstream view is that there is a biphasic relationship between nap time and cognitive 
function, that is, moderate nap time can delay the decline of cognitive function, while prolonging nap time may 
aggravate cognitive impairment.36–39 In this study, participants with nap habits were less likely to develop MCI than 
those without nap habits, therefore it is very important to further clarify the times for naps. It can be seen that, 
Hobbies, physical exercise, social engagement, napping, tea drinking were beneficial in delaying MCI progression; 
However, high-fat diet was detrimental.

The importance of lifestyle in relation to MCI progression in the decision tree prediction model was different. 
Hobbies were the root node variable with the highest importance value, followed by physical exercise, social engage-
ment, high-fat diet, age, napping, and tea drinking. However, previous research of this research group showed that in the 
lifestyle decision tree prediction model on MCI occurrence, social engagement was the root node variable with the 
highest importance value, followed by high-fat diet, tea drinking, hobbies, living style, smoking.9 Therefore, we can 
make the most appropriate clinical intervention strategy according to the importance of different influencing factors and 
the changes of the importance for influencing factors in different stages of cognitive function. In addition, we can also 
observe that the decision tree prediction model can directly and vividly show researchers the rules of minimum 
probability and maximum probability for MCI progression. In this study the rule with the lowest MCI progress 
probability was 12.000% for those who had hobbies, high-fat diet, and social engagement, Therefore, the decision tree 
prediction model has more advantages than COX regression in these aspects. The AUC of ROC evaluated by this 
decision tree prediction model was 0.733 (95% CI 0.681–0.780), which fully shows the advantage and feasibility of 
decision tree prediction model in a medical statistical analysis.

Although this study conducted a relatively comprehensive investigation on the influencing factors of lifestyle on the 
progression of MCI, there are several limitations. For example, lifestyle content can be further refined, such as the time, 
intensity, and type of physical exercise, type of drinking, amount of alcohol consumed, and specific nap times, which can make 
the research results more instructive. MCI is an unstable state between a normal cognitive state and dementia, which can not 
only develop into dementia, but also reverse to normal cognitive function. A meta-analysis of 25 studies has shown that the 
overall reversal rate of MCI is approximately 24%.40 Therefore, it is necessary to further improve the research regarding MCI 
reversal to normal cognitive function in the future.
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