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Abstract. With changes in lifestyle, the incidence of chronic non-communicable 

diseases (such as cardiovascular and cerebrovascular diseases, diabetes, malig-

nant tumors, and chronic obstructive pulmonary disease) continues to rise, exert-

ing tremendous pressure on the social healthcare system. This study aims to an-

alyze the dietary habits and their rationality of the population, explore the rela-

tionship between living habits and demographic characteristics, and study the as-

sociation between chronic diseases and various lifestyle factors to formulate tar-

geted health promotion strategies, effectively reduce the incidence of chronic dis-

eases, and improve the overall health level of the population. 

Keywords: data preprocessing, dimensionality reduction, quality check, princi-

pal component analysis, correlation analysis 

1 Intrudction 

Chronic non-communicable diseases (such as cardiovascular and cerebrovascular dis-

eases, diabetes mellitus, malignant tumors and chronic obstructive pulmonary disease) 

have become an important issue affecting the health of our population[1]. As lifestyles 

change, the incidence of chronic diseases continues to rise, putting enormous pressure 

on the social healthcare system. Studies have shown that the health status of the popu-

lation is closely related to a number of factors, including age, dietary habits, physical  
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activity and occupation[2].. Therefore, how to promote health through rational diet, mod-
erate exercise and healthy lifestyle has become a topic of general concern to the whole 
society. To this end, we need to analyze in depth the dietary habits of the population 
and their rationality, explore the relationship between living habits and demographic 
characteristics, and study the association between chronic diseases and various lifestyle 
factors in order to formulate targeted health promotion strategies, so as to effectively 
reduce the incidence of chronic diseases and improve the overall health of the popula-
tion[3].. 

2 Problem Analysis 

2.1 Questionnaire Validity and Reliability Tests 

Reliability test is a test of the reliability of the questionnaire, which refers to the degree 
of consistency of the results obtained by using the same method to measure the same 
object, i.e., the degree of response to the actual situation. It mainly shows the con-
sistency, consistency, reproducibility and stability of the results. In this paper, the reli-
ability coefficient method was used to test the reliability of the 
questionnaire. 
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Where N is the number of questionnaire questions,  is the in vivo variance of the 
first question, is the total score variance, and r is the sum of the correlation coeffi-
cients between the questions[4].. First we need to perform KMO test and Bartlett's spher-
ical test on the questionnaire to determine the covariance or correlation between the 
questions. 
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Where  denotes simple correlation coefficient and denotes par-
tial correlation coefficient. 

ijr kij ,,3,2,1. α

Table 1. table of coefficients αronbach C

coefficient αronbach C Standardized  αronbach C coefficient 
0.769 0.792 

With the results in Table 1 we can see that the coefficient is 0.729. 
Usually, if the  coefficient is above 0.9, the reliability of the test or scale 
is very good, between 0.8 and 0.9 indicates good reliability, between 0.7 and 0.8 indi-
cates acceptable reliability, between 0.6 and 0.7 indicates fair reliability, between 0.5 
and 0.6 indicates less than optimal reliability, and if it is below 0.5, the questionnaire 
has to be considered for restructuring[5] .Therefore, through Table 2 we can see that the 
reliability of our questionnaire is acceptable. 
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2.2 Indicator Downscaling 

In order to analyze the correlation of lifestyle and dietary habits with factors such as 
age, gender, marital status, literacy, and occupation, we need to downscale the indica-
tors to reduce redundancy. Four key indicators were selected: the number of cigarettes 
smoked per week and the number of days of passive smoking to represent smoking; the 
amount of alcohol consumed per week to indicate alcohol consumption; and the aver-
age time spent exercising per day to reflect physical activity. These indicators effec-
tively replace the original multiple indicators, thus simplifying the analysis[6].. 

In terms of dietary habits, for the huge data of 109 indicators, we performed a di-
mensionality reduction process and streamlined it to 39 items. We focused on indicators 
with overlap, such as dining locations[7].. The analysis led to the selection of six indica-
tors to characterize meal locations, covering interrelated factors such as the number of 
days without breakfast and breakfast at home. This dimensionality reduction treatment 
not only improves the efficiency of data analysis, but also ensures the representative-
ness of the indicators and provides a clearer basis for subsequent research. With these 
simplified indicators, we are able to explore more effectively the relationship between 
lifestyle habits and demographic characteristics and their impact on chronic diseases[8].. 

At the same time, we imported the data into SPSS for correlation tests. Here, we 
introduced the PERSON correlation correlation coefficient for determining the rela-
tionship between the indicators[9].. 

Sample covariance: 

  𝐶𝐶𝐶𝐶𝐶𝐶(𝑥𝑥,𝑦𝑦) =
∑ (𝑋𝑋𝑖𝑖−𝑋𝑋)𝑛𝑛
𝑖𝑖=1 (𝑌𝑌𝑖𝑖−𝑌𝑌)
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 (3) 

Sample standard deviation: 
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Sample Pearson correlation coefficient: 

 𝑟𝑟𝑥𝑥𝑥𝑥 = 𝐶𝐶𝐶𝐶𝐶𝐶(𝑋𝑋,𝑌𝑌)
𝑆𝑆𝑋𝑋𝑆𝑆𝑌𝑌

 (5) 

Using the correlation coefficients to first study the habits of life in relation to age, 
gender, marital status, education, occupation and other factors Smoking is very clearly 
related to the sex of the person and is not very much linked to other indicators. For 
physical activity there was a strong correlation with year of birth and level of education. 

For eating habits, SPSS was used to calculate the effect with age, gender, and liter-
acy, and it was concluded that eating place is closely related to the year of birth, i.e., 
the age of the person; there is also a more pronounced relationship with marital status. 
The literacy correlation is not as pronounced as for several other indicators. 
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2.3 The Degree of Correlation Between Common Chronic Diseases and Each 
Indicator 

In studying the relationship between chronic diseases and factors such as smoking, al-
cohol consumption, dietary habits, lifestyle, nature of work and exercise, multiple linear 
regression models need to be constructed to obtain exact functional expressions. Since 
dietary habits involve 29 initially downscaled indicators, a linear regression may not be 
appropriate, so data downscaling techniques were introduced. First, the correlation of 
these secondary indicators was assessed by KMO test and Bartlett's spherical test to 
select the appropriate downscaling method. Component analysis is commonly used for 
dimensionality reduction as it is effective in extracting metrics with strong correlations. 
However, if the test results were unsatisfactory, the t-SNE method was used to 
downscale the multidimensional nonlinear indicator to a two-dimensional series to en-
sure the validity of data processing. KMO test and Bartlett's spherical test help to de-
termine the covariance or correlation between the indicators, so as to optimize the sub-
sequent analysis process and enhance the accuracy and reliability of the model[10].. 
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Where, denotes simple correlation coefficient and denotes par-
tial correlation coefficient. The results of the numerical processing, imported into SPSS 
for multidimensional indicator KMO test and Bartlett's spherical test were obtained as 
shown below. 

ijr kij ,,3,2,1. α

Table 2. Results of KMO test and Bartlett's test of sphericity 

Indicator name Dietary situation 

KMO value 0.839 
Bartlett approximate chi-square (math.) 57700.152 
Sphericity test df 741 
 P 0.000** 
Note: ***, **, * represent 1%, 5%, and 10% significance levels, respectively. 

Therefore, for the results of this test, we used principal component analysis to 
downscale the indicators for the level of dietary status. 

Standardized processing: The units of the collected indicators are different, for ex-
ample, the unit of weight data is kilogram, but the unit of rice intake is two, which is a 
different unit; there is a big difference in the magnitude of the values between the col-
lected data. Therefore, in order to eliminate the differences in scale and magnitude be-
tween indicators, the data collected need to be standardized. 

Numerical values collected for each indicator  were standardized and transformed 

into standardized indicators . 
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where denotes the first indicator and the first sample for which data were collected. 
is the mean and standard deviation of the first indicator. 

Correlation coefficient matrix: Calculate the correlation coefficient between the col-

lected indicators and construct a correlation coefficient matrix . Convenient 
for subsequent calculations. 
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Where n is the total number of samples for which data were collected and is the 
correlation coefficient between the first i indicator and the first j indicator. 

ijr

Calculate the eigenvalue eigenvectors: Using the relational data matrix  
derived in the second step, calculate the eigenvalues of the matrix

 m is the total number of indicators related to meteorological 
conditions collected as well as the corresponding eigenvectors, from which the eigen-
vectors form a new indicator. 

55rR ×= ）（ ij
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Selection of principal components: Calculate the contribution rate and cumulative 
contribution rate according to the eigenvalues obtained in the third step, select the prin-
cipal components, and discard the principal components with lower contribution rates. 
Select the former p most important eigenvectors as the base vectors of the new coordi-
nate system to form the new principal components. Where the contribution rate, cumu-
lative contribution rate is calculated as: 

𝐠𝐠𝑖𝑖 =
𝛌𝛌𝑖𝑖

∑ 𝛌𝛌𝑘𝑘𝑚𝑚
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where is the contribution of the first j principal component and is the cumula-
tive contribution. 

jg jl

Calculation of the composite score: each sample of the original data set of meteoro-
logical conditions will be collected and projected onto the new coordinate system, and 

the contribution as a principal component will be taken as a weight to be calculated, 
so as to obtain the principal component score of the sample. The formula for the prin-
cipal component score is shown below: 

jg

𝑍𝑍 = ∑ 𝑔𝑔𝑖𝑖𝑃𝑃
𝑖𝑖=1 𝑦𝑦𝑖𝑖 (11) 

The selection of principal components through the gravel plot and the contribution 
rate, it is concluded that the selection of the first 11 principal components for dimen-
sionality reduction can get a better degree of explanation of the original variables. 
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Therefore, the first 11 principal components are selected for the subsequent dimension-
ality reduction process. In order to visualize the dimensionality reduction process, the 
factor loadings are plotted here, and the spatial distribution of the principal components 
is presented in the form of quadrant plots by dimensionality reduction of multiple fac-
tors into two or three principal components. 

2.4 Establishment and Solution of Multiple Linear Regression Models 

For the analysis of common chronic diseases (e.g., hypertension, diabetes, etc.) selected 
hypertension, diabetes, respectively, only one indicator to indicate the relevant chronic 
disease, such as y1 for hypertension and y2 for diabetes. Multiple linear regression 
equations of y1 with factors (x1,x2,x3,x4,x5,x6) such as smoking, alcohol consump-
tion, dietary habits, lifestyle, nature of work, and exercise were established.Y2 is the 
same. Here we take hypertension as an example, for the indicators related to hyperten-
sion, which are too redundant, and choose to deal with downscaling. KMO and Bart-
lett's tests were performed and the results are shown below. 

The results were found to be better and could be directly dimensionalized using prin-
cipal component analysis. Therefore, the hypertension dataset was downscaled to one 
piece of data. In order to explain the process of implementing principal components, a 
gravel plot for principal component selection and a matrix heat map for describing the 
relationship between principal components and the original variables are plotted here 
using SPSSPRO. 

The fragmentation plot with the eigenvalues of the hypertension indicator in Table 
1 shows that for the downscaling of the hypertension indicator two principal compo-
nents can be chosen to achieve 74% of the explained variance. Therefore, there is a 
better interpretation of the results, and in order to more adequately explain the meaning 
of its newly generated principal components, the molecular heat matrix was plot-
ted.Eventually, a column of indicators used to express the data related to hypertension 
was obtained, and a multivariate linear regression model was built with this indicator 
as y. By double analyzing the results of our image and Person test during data pro-
cessing, we can see the relationship between these variables. Therefore, we develop a 
multiple linear regression model as follows 

{
𝐲𝐲fingh blood pressure = 𝛂𝛂0 + 𝛂𝛂1𝐱𝐱𝐶𝐶𝑖𝑖𝐶𝐶𝑎𝑎𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 + 𝛂𝛂2𝐱𝐱𝑃𝑃𝑎𝑎𝑥𝑥𝑠𝑠𝑖𝑖𝐶𝐶𝐶𝐶 + 𝛂𝛂3𝐱𝐱𝐷𝐷𝑟𝑟𝑖𝑖𝑛𝑛𝐷𝐷𝑖𝑖𝑛𝑛𝐶𝐶 + 𝛂𝛂4𝐱𝐱𝐸𝐸𝑥𝑥𝐶𝐶𝑟𝑟𝑖𝑖𝑠𝑠𝐶𝐶 + 𝛂𝛂5𝐱𝐱𝐶𝐶𝑎𝑎𝐶𝐶𝐶𝐶𝑟𝑟𝑖𝑖𝑛𝑛𝐶𝐶
𝛃𝛃𝐷𝐷𝑟𝑟𝑎𝑎𝐷𝐷𝐶𝐶𝑟𝑟𝐶𝐶𝑠𝑠 = 𝛃𝛃0 + 𝛃𝛃1𝐱𝐱𝑇𝑇𝑟𝑟𝐶𝐶𝑎𝑎𝐶𝐶 + 𝛃𝛃2𝐱𝐱𝐻𝐻𝐶𝐶𝐻𝐻𝐻𝐻 + 𝛃𝛃3𝐱𝐱𝐶𝐶𝐶𝐶𝑛𝑛𝑠𝑠tan𝐶𝐶 + 𝛃𝛃4𝐱𝐱𝐸𝐸𝑥𝑥𝐶𝐶𝑟𝑟𝑖𝑖𝑠𝑠𝐶𝐶 + 𝛃𝛃5𝐱𝐱𝐶𝐶𝑎𝑎𝐶𝐶𝐶𝐶𝑟𝑟𝑖𝑖𝑛𝑛𝐶𝐶

𝛏𝛏 ∼ 𝐍𝐍(𝟎𝟎,𝛔𝛔2)
 (12) 

Where, obeys a normal distribution and,  is the coefficient of 
the respective variable. The significance P-value is 0.000***, which presents signifi-
cance at the level and rejects the original hypothesis that the regression coefficient is 0. 
Therefore, the model basically meets the requirements. For the covariate covariance 
performance, VIF is all less than 10, so the model has no multicollinearity problem and 
the model is well constructed. The same process can be done for diabetes, and the re-
sults are shown directly here. The significance P-value is 0.000***, which presents 
significance at the level and rejects the original hypothesis that the regression coeffi-

ξ 421 βββ ，，， 
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cient is 0. Therefore, the model basically meets the requirements. For the covariate co-
variance performance, VIF is all less than 10, so the model has no multicollinearity 
problem and the model is well constructed. 

3 Conclusion 

The comprehensive evaluation model demonstrates several advantages in terms of data 
analysis and processing, indicator evaluation system, comprehensive evaluation 
method and clarity of conclusions. First, the model ensures the accuracy and credibility 
of the data through comprehensive data analysis, including anomalous data exclusion, 
numerical processing and validity confidence test. Second, the model constructs a sci-
entific and comprehensive indicator evaluation system and analyzes the correlation be-
tween primary and secondary indicators. In addition, various methods such as KMO 
test, Bartlett's sphericity test, principal component analysis and t-SNE were applied and 
combined with the TOPSIS method for comprehensive evaluation so as to provide ob-
jective evaluation results. However, there are some drawbacks to the model, mainly 
including assumption dependency, data limitations and subjectivity issues. The relia-
bility of the model depends on the reasonableness of the assumptions, and the repre-
sentativeness of the data and the selection of evaluation indicators may be influenced 
by the subjective judgment of the researcher. In addition, the models are based on data 
from specific times, places or populations, and the generalizability of their conclusions 
needs to be further verified. To increase the potential for generalization, the model can 
be extended not only to other domains such as workplace learning and social media, 
but also to different types of data analysis such as observational and experimental data. 
The methods and techniques in the model can be applied to the study of a wider range 
of issues, while the indicator evaluation system and the comprehensive evaluation 
method can be adapted to specific needs. The rollout needs to focus on the adaptability 
of the model to ensure adequate validation in the new environment to improve its ac-
curacy and reliability. In conclusion, the model's potential for application in multiple 
dimensions and room for improvement make it of strong generalization value.The com-
parison results of this model with the general model are shown in Table 3. 

Table 3. Model comparison 

performance index  Comprehensive evaluation model  

Data analysis and pro-

cessing 

Including exception data exclusion, numerical processing, 

and validity confidence testing 
May not include all of these steps 

Index evaluation system 
Build a scientific and comprehensive index evaluation sys-

tem 
May not be comprehensive or scientific 

Comprehensive evaluation 

method 

Combining KMO test, Bartlett spherical test, principal com-

ponent analysis and t-SNE method 

Single or less common assessment meth-

ods may be used 

Conclusion Definition The conclusion is clear and easy to understand The conclusions may not be clear enough 
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