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Abstract
Background Hypertension is a common chronic disease in the world, and it is also a common basic
disease of cardiovascular and brain complications. Overweight and obesity are the high risk factors of
hypertension. In this study, three statistical methods, classi�cation tree model, logistic regression model
and BP neural network, were used to screen the risk factors of hypertension in overweight and obese
population, and the interaction of risk factors was conducted Analysis, for the early detection of
hypertension, early diagnosis and treatment, reduce the risk of hypertension complications, have a certain
clinical signi�cance.

Methods The classi�cation tree model, logistic regression model and BP neural network model were used
to screen the risk factors of hypertension in overweight and obese people.The speci�city, sensitivity and
accuracy of the three models were evaluated by receiver operating characteristic curve (ROC). Finally, the
classi�cation tree CRT model was used to screen the related risk factors of overweight and obesity
hypertension, and the non conditional logistic regression multiplication model was used to quantitatively
analyze the interaction.

Results The Youden index of ROC curve of classi�cation tree model, logistic regression model and BP
neural network model were 39.20%,37.02% ,34.85%, the sensitivity was 61.63%, 76.59%, 82.85%, the
speci�city was 77.58%, 60.44%, 52.00%, and the area under curve (AUC) was 0.721, 0.734,0.733,
respectively. There was no signi�cant difference in AUC between the three models (P>0.05). Classi�cation
tree CRT model and logistic regression multiplication model suggested that the interaction between
NAFLD and FPG was closely related to the prevalence of overweight and obese hypertension.

Conclusion NAFLD,FPG,age,TG,UA, LDL-C were the risk factors of hypertension in overweight and obese
people. The interaction between NAFLD and FPG increased the risk of hypertension.

Background
Hypertension is a common chronic disease in the world, as well as a common basic disease of
cardiovascular and brain complications. According to China's hypertension prevention and control
guidelines[1], the newly diagnosed hypertension population in China shows an increasing trend. According
to the latest blue book survey, it is predicted that the prevalence rate of hypertension in China will reach
31.89% in 2019, and the number will reach 358 million. Overweight and obesity are high risk factors for
hypertension[2]. With the gradual increase of body mass index, the risk of hypertension in overweight and
obese people is 1.16–1.28 times higher than that of normal weight people[3]. The cross-sectional study of
240000 people in China [4] shows that the risk of hypertension among overweight people is 3–4 times
higher than that of normal weight people. More than 90% of obese people suffer from hypertension and
disorder of glucose and lipid metabolism, which eventually leads to adverse prognostic events such as
cardiovascular and cerebrovascular diseases.
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At present, in addition to the traditional data mining technology logistics regression model, neural
network[5] and classi�cation tree [6] have also been widely used in the medical �eld in recent years, and
have high predictive value. Previous studies only used one or two models for analysis, unable to carry out
comparative analysis between models. Therefore, this study uses classi�cation tree model, L Logistic
regression model and BP neural network are three statistical methods to screen the risk factors of
hypertension in overweight and obese population, and analyze the interaction of risk factors. It has
certain clinical signi�cance for taking measures to early detect and diagnose hypertension and reduce the
risk of hypertension complications.

Methods
research object

A cross-sectional study was conducted in the physical examination department of A�liated Hospital of
Guilin Medical College from August to November 2019. All the subjects were informed and agreed. The
study was approved by the ethics committee of Guilin Medical College. Among them, 3150 subjects with
complete data were included in the study, excluding those younger than 18 years old, pregnant women,
patients with major diseases such as malignant tumor and severe liver and kidney dysfunction. The age
range of the subjects ranged from 18 to 85 years old, with an average age of (46.33±11.7) years. There
were 2106 males (66.8%) and 1044 females (33.2%) with an average age of (48.18±11.23) years. There
were 1277 overweight and obese people with hypertension (case group), with an average age of
(50.55±11.19) years old. There were 909 males (71.1%) and 368 females (28.9%). There were 1873
overweight and obese people without hypertension (control group), with an average age of (43.46±11.15)
years old, 1197 men (63.9%) and 676 women (36.1%).

data collection

During the physical examination, the subjects collected basic information, including age, nationality,
marital status; past history: nonalcoholic fatty liver disease (NAFLD), malignant tumor, severe liver and
kidney function damage, etc. Related medication history, personal history and family history.

physical measurement and measurement method

The height and weight of the subjects were measured with a calibrated height and weight meter
(Shenzhen, China). The subjects were removed their shoes and caps, their heels were close together, and
their back was close to the height and weight measuring rod. The height measurement accuracy was
0.1cm and the weight measurement accuracy was 0.1kg. Body mass index (BMI) was calculated. BMI =
weight (kg)/height (M2). The researchers should avoid drinking, smoking, tea and coffee, avoid strenuous
exercise, and take a quiet rest for 5-10 minutes. They should take a sitting position. The blood pressure of
the right upper arm in the sitting position should be measured with the accuracy of 1mmhg (1mmhg =
0.133 kPa).
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laboratory inspection and measurement methods

All the subjects were fasted for at least 10 hours. A light diet was taken the day before the examination.
Blood samples (5ml) from the elbow vein were collected on an empty stomach in the morning of the
examination day. Biochemical indexes: FPG,UA,TG,TC,LDL-c,HDL-c,Cr and BUN were detected by Cobas
C501 automatic biochemical analyzer of Roche company. All subjects were examined by �xed ultrasound
specialist.

diagnostic criteria

The diagnostic criteria of hypertension were de�ned according to the Chinese guidelines for prevention
and treatment of hypertension (2018 Revision)[1] as systolic blood pressure≥140mmHg and/or diastolic
blood pressure≥90mmHg, SBP≥140mmHg and DBP< 90mmHg. The diagnostic criteria of dyslipidemia
refer to the standard of Chinese adult dyslipidemia prevention and treatment guidelines revised in 2016
[7]: TC ≥ 6.2mmol/l; TG ≥ 2.3mmol/l; LDL-c ≥ 4.1mmol/l; HDL-c < 1.0mmol/l, and any of the above is
diagnosed as dyslipidemia. According to the Chinese guidelines for the prevention and treatment of type
2 diabetes mellitus (2017 edition)[8], the diagnostic criteria for abnormal blood glucose were de�ned as
FPG ≥ 6.1mmol/l. According to the "guidelines for diagnosis and treatment of nonalcoholic fatty liver
disease (updated in 2018)[9], NAFLD work de�nition is: Patients with color Doppler ultrasound and CT
imaging �ndings are similar to alcoholic liver disease, but have no history of excessive drinking and other
causes of alcoholic liver disease. According to the consensus of Chinese adult obesity prevention
experts[10], overweight and obese people are de�ned as BMI ≥ 24kg/m2. According to the consensus of
Chinese experts on hyperuricemia and gout treatment[11], hyperuricemia is de�ned as: uric acid
>420μmol/L (male), uric acid >360μmol/L (female). In this study, fasting blood bun ≥7.1mmol/l was
de�ned as hyperbunemia, and fasting blood CR level: male ≥106μmol/L, female ≥97μmol/L was de�ned
as hyperchromemia.

statistical treatment

All the data were analyzed by spss24.0 software and medcalc (version 19.1) software. The measurement
data in accordance with normal distribution were expressed as mean±standard deviation. The
signi�cance of difference between groups was compared by t-test, the count data was expressed by
percentage. The comparison of counting data between groups was performed by chi square test. At the
same time, the classi�cation tree model, logistic regression model and BP neural network model were
established to explore the risk factors and interaction of hypertension in overweight and obese people.
The difference was statistically signi�cant (P < 0.05). Receiver operating characteristic curve (ROC) was
used to evaluate the speci�city, sensitivity and accuracy of the three model. The related in�uencing
factors of overweight and obesity hypertension screened by classi�cation tree model CRT method were
used to verify the two most likely interaction factors in logistic regression multiplication model, and the
disease risk was expressed by (odds ratio, OR). If P < 0.05, there was multiplicative interaction between
them, otherwise, there was No.
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Results
Comparison of clinical and metabolic characteristics between case group and control group

Compared with the control group, the age, FPG,UA,TG, TC, LDL-c, BUN and Cr levels in the case group
were increased, while the HDL-c level was decreased (P < 0.001). NAFLD in the case group was 573
(44.9%) and that in the control group was 378 (20.2%). The difference was statistically signi�cant (χ2 = 
219.609, P < 0.001), as shown in Table 1.

Table 1
Comparison of clinical and metabolic characteristics between case group and control group(x̅±s,%)

variable Case group (1277
cases)

Control group (1277
cases)

t/χ2 value P value

Age (years) 50.55 ± 11.19 43.46 ± 11.16 17.479 0.000

UA (umol/L) 403.1 ± 95.50 364.92 ± 87.42 11.402 0.000

BUN(mmol/L) 4.72 ± 1.26 4.53 ± 1.19 4.398 0.000

Cr (umol/L) 82.42 ± 19.05 77.82 ± 16.50 7.019 0.000

TG (mmol/L) 2.16 ± 1.44 1.64 ± 1.13 10.840 0.000

TC (mmol/L) 4.96 ± 0.83 4.6 ± 0.80 10.427 0.000

LDL-c (mmol/L) 3.35 ± 0.80 3.1 ± 0.76 7.724 0.000

HDL-c (mmol/L) 1.17 ± 0.31 1.2 ± 0.29 -4.410 0.000

FPG (mmol/L) 5.82 ± 1.44 5.3 ± 0.93 10.646 0.000

NAFLD(cases)(% 573(44.9) 378(20.2) 219.609 0.000

Note: UA: uric acid; bun: urea nitrogen; Cr: creatinine; TG: triglyceride; TC: total cholesterol; LDL-C: low-
density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; FPG: fasting blood
glucose; NAFLD: nonalcoholic fatty liverdisease.

 

Building Classi�cation Tree Model

Using CRT classi�cation tree method to construct hypertension model of overweight and obese physical
examination population, the overweight and obese hypertension patients were assigned as 1, and the
overweight and obese people without hypertension were assigned as 0.Taking gender,age,UA,TC,TG,HDL-
c,LDL-c,BUN,Cr,FPG,NAFLD as independent variables, overweight and obesity hypertension as dependent
variables, a classi�cation tree model was established by CRT method to screen the risk factors. After
pruning the tree to avoid over �tting, the classi�cation tree model includes 5 layers, 17 nodes and 9 Final
nodes. Classi�cation tree model showed that NAFLD, FPG, age, TG, UA and LDL-c were risk factors for
overweight and obese hypertension, as shown in Fig. 1.
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Logistic Regression Model

Before the logistic regression analysis, in order to make the data closer to clinical application, we inquired
the critical value of the latest medical guidelines of each specialty in each in�uencing factor, and divided
them into two groups according to the critical value as the standard. The value above the critical value of
pathological signi�cance of continuous variables was assigned as 1, and the value below the critical
value was 0. The age cut-off value was 51.5 years old, greater than 51, 5-year-old was assigned as 1, less
than or equal to 51.5-year-old was assigned as 0, as shown in Table 2. Single factor Logistic regression
model was constructed by taking overweight and obesity hypertension as dependent variables and
in�uencing factors as independent variables.The results showed that NAFLD,FPG,age,TG,TC,LDL-c,UA,Cr
and gender (male) were risk factors for overweight and obese hypertension, and high HDL-c was for
overweight and obese hypertension The protective factor of pressure (P < 0.01). After controlling the
confounding factors, the results showed that NAFLD,FPG,age,TG,LDL-c,UA,Cr were the risk factors of
overweight and obese hypertension (P < 0.05 or P < 0.01), as shown in Table 3.

Table 2
main variables and assignment of in�uencing factors of overweight

and obesity hypertension
variable assignment

overweight and obesity hypertension No = 0,Yes = 1

Age (years) ≤ 51.5 = 0, 51.5 = 1

Gender Male = 0,Female = 1

NAFLD No = 0,Yes = 1

UA(µmol/L) Female: <360 = 0;≥360 = 1

  Male: <420 = 0;≥420 = 1

FPG(mmol /L) <6.1 = 0;≥6.1 = 2

TG( mmol /L) <2.26 = 0;≥2.26 = 1

TC(mmol/L) <6.22 = 0;≥6.22 = 1

LDL-c (mmol/L) <4.14 = 0;≥4.14 = 1

HDL-c (mmol/L) <1.04 = 0;≥1.04 = 1

High BUN(mmol/L) <7.1 = 0;≥7.1 = 1

High Cr(µmol/L) Female: <97 = 0;≥97 = 1

  Male: <106 = 0;≥106 = 1
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Table 3

The results of univariate and multivariate logistic regression analysis on the in�uencing factors of
overweight and obesity hypertension and the results of logistic regression multiplication analysis of

interactive in�uencing factors

    Single factor analysis P value Multivariate analysis P value

OR value(95%CI)   OR value(95%CI)  

Female -

+

1   1  

1.395(1.196–1.626) 0.000 1.120(0.939–1.336) 0.208

TG -

+

1

2.140(1.816–2.523)

0.000 1

1.376(1.125–1.684)

0.002

TC -

+

1

2.023(1.447–2.827)

0.000 1

1.212(0.791–1.858)

0.378

LDL-c -

+

1

1.831(1.468–2.284)

0.000 1

1.414(1.066–1.876)

0.016

HDL-c -

+

1

0.718(0.616–0.836)

0.000 1

1.025(0.850–1.235)

0.798

UA -

+

1

1.999(1.725–2.317)

0.000 1

1.540(1.305–1.817)

0.000

Cr -

+

1

2.512(1.807–3.492)

0.000 1

1.725(1.203–2.275)

0.003

BUN -

+

1

1.455(0.975–2.172)

1.455 1

0.925(0.588–1.455)

0.735

Age (years) ≤ 51.5

> 51.5

1   1  

2.968(2.553–3.451) 0.000 2.575(2.190–3.029) 0.000

NAFLD -

+

1

3.219(2.749–3.769)

0.000 1

2.489(2.095–2.958)

0.000

FPG -

+

1

3.162(2.562–3.902)

0.000 1

2.103(1.679–2.635)

0.000

Note: UA: uric acid; bun: urea nitrogen; Cr: creatinine; TG: triglyceride; TC: total cholesterol; LDL-C: low-
density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; FPG: fasting blood
glucose; NAFLD: nonalcoholic fatty liverdisease.
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    Single factor analysis P value Multivariate analysis P value

OR value(95%CI)   OR value(95%CI)  

NAFLD FPG        

- - 1.000 0.000 1.000 0.000

+ - 3.219(2.749–3.769) 0.000 2.489(2.095–2.958) 0.000

- + 3.162(2.562–3.902) 0.000 2.103(1.679–2.635) 0.000

+ + 4.452(3.330–5.950) 0.000 3.023(2.225–4.106) 0.000

Note: UA: uric acid; bun: urea nitrogen; Cr: creatinine; TG: triglyceride; TC: total cholesterol; LDL-C: low-
density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; FPG: fasting blood
glucose; NAFLD: nonalcoholic fatty liverdisease.

 
 

Bp Neural Network Model

BP neural network was used to construct the hypertension model of overweight and obesity population.
11 research variables were assigned and included into the neural network model to form the input neuron.
Whether or not suffering from overweight and obesity hypertension was taken as the output neuron to
construct the standardized BP model. Its structure is: input layer (22 neurons), 1 hidden layer (7 neurons),
and output layer (2 neurons). The importance of each dependent variable to the model was normalized
as shown in Fig. 2, NAFLD > FPG > age > CR > TG > UA > BUN > LDL-c > gender > TC > HDL-c, as shown in
Fig. 2.

Comparison Of Screening Effects Of Three Models

According to the predictive variables obtained from the three models as test variables, the ROC curve was
drawn with overweight and obesity hypertension as state variables. The Youden index, sensitivity,
speci�city and area under curve (AUC) were 39.20%,61.63%,77.58% and 0.721, respectively. The Youden
index, sensitivity, speci�city and AUC of logistic regression model were 37.02%,76.59%,60.44% and 0.734,
respectively. The Youden index of ROC curve of BP neural network model was 34.85%, sensitivity was
82.85%, speci�city was 52.00%, AUC value was 0.733. There was no signi�cant difference in pairwise
comparison between the three models (P > 0.05), indicating that there was no signi�cant difference
between the three models, see Fig. 3, Table 4,Table 5.
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Table 4
Comparison of screening parameters of logistic regression model, classi�cation tree model and BP neural

network model
parameter Logistic regression model Classi�cation tree model BP Neural network model

Susceptibility % 76.59 61.63 82.85

Speci�city % 60.44 77.58 52.00

AUC % 0.734 0.721 0.733

Youden index % 37.02 39.20 34.85

 
Table 5

pairwise comparison of logistic regression model, classi�cation tree model and BP neural network model
parameter Logistic regression model

and classi�cation tree
model

Classi�cation tree model
and BP neural network
model

BP neural network model
and logistic regression
model

Differences
between
areas

0.0131 0.0117 0.00140

95%
con�dence
interval

-0.0112-0.0375 -0.0126-0.0360 -0.00333-0.00612

Z statistics 1.056 0.944 0.580

P 0.2911 0.3451 0.5616

 

Logistic Regression Multiplication Model

Classi�cation tree model CRT showed that the interaction between NAFLD and FPG and age was closely
related to overweight and obese hypertension. Through the veri�cation in logistic regression, (odds ratio,
OR)was used to represent the disease risk, P < 0.05, indicating that there was a multiplicative interaction
between NAFLD and FPG, as shown in Table 3.

Discussion
Logistic regression model[12] is a multivariable analysis method of probabilistic nonlinear regression,
which is suitable for binary data. In this study, single factor analysis was conducted �rst, and then the
confounding factors were controlled. After controlling the confounding factors, NAFLD, FPG, age, TG,
LDL-c, UA and Cr were the risk factors of hypertension in overweight and obese physical examination
population, which was similar to the previous related studies[13]. The results of logistic regression model
directly showed the risk ratio of single risk factors. The highest risk ratio of overweight and obese people
aged 51.5 years old with hypertension was 2.575 times higher than that of overweight and obese people
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under 51.5 years old, and the risk of FPG ≥ 6.1 mmol/l was 2.103 times of that of FPG < 6.1 mmol/l.
However, logistic regression model could not screen the two risk factors closely related to the disease,
and could not show the interaction of risk factors on the disease.

Decision tree is a tree decision graph with additional probability results. It is an intuitive graph method
using statistical probability analysis. When decision tree is used for classi�cation, it is called
classi�cation tree. The results of the classi�cation tree model are shown in the form of tree graph, which
is more easy to understand. For example, the classi�cation tree model in this study showed six risk
factors of overweight and obesity hypertension, namely NAFLD, age, FPG, TG, UA,LDL-c.Even though
overweight and obese, the physical examination population is rarely willing to carry out regular
examination, so the classi�cation tree results indicate the high risk factors of disease by age
segmentation, which can be used as a reference for purposeful monitoring of such people. The
classi�cation tree model showed that the prevalence of hypertension in overweight and obese people
aged 51.5 years was 52%, which was higher than that in the age ≤ 51.5 years (22.4%), which means that
more than half of the overweight and obese people could eventually develop hypertension. Therefore, it is
suggested that the regular monitoring of blood pressure in overweight and obese people with age > 
51.5 years old is very important and can develop early Now hypertension and treatment. However, the
classi�cation tree model can not show the individual effect of each risk factor on the disease, nor can it
quantify the multiple relationship between more than two risk factors and the disease, and can not obtain
the effective ratio.

In addition, the BP neural network model is also an analysis method with high prediction value. The BP
neural network model[14] does not have high requirements for the types of independent variables.
Through the establishment of an arti�cial intelligence system of learning, memory and association
patterns, it has a good recognition ability for the complex nonlinear relationship between variables, and
has good stability, which can be used for logistic regression model and score Class tree models are
compared with each other to get more accurate analysis results. This study shows that the sensitivity of
BP neural network model is 82.85%, which shows that the prediction value of hypertension is high.
Through normalizing the initial data, the convergence of the model is improved, and the results of the
model are more in line with the clinical research NAFLD, FPG and age are still the top three of
normalization importance, followed by Cr, TG, UA,BUN, LDL-c. Compared with logistic regression model
and classi�cation tree model, the types and importance of risk factors were not signi�cantly
different.However, BP model and neural network can not explain the reasoning process of some neural
models, such as BP neural network.

The process of overweight and obese people suffering from hypertension is the result of the interaction
of various risk factors. It is necessary to explore the in�uence of the interaction of various risk factors on
the disease, but logistic regression can not screen and analyze the interaction of risk factors. It is
necessary to introduce the classi�cation tree model to screen out the possible risk factors with the
greatest interaction, and then use the logistic regression multiplication model Two factors which are most
likely to interact are introduced to verify and obtain the multiple coe�cient. The results of classi�cation
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tree model showed that NAFLD and FPG had positive interaction. The prevalence of hypertension with
NAFLD and FPG > 5.525 mmol/L was 69.7%. The logistic regression model showed that the patients with
NAFLD and FPG ≥ 6.1 mmol/L were 4.452 times higher than those without NAFLD and FPG 6.1 mmol/L,
suggesting that overweight and obese people with NAFLD and abnormal blood glucose have a high risk
of hypertension, and blood pressure monitoring should be strengthened.

Among the three models, the speci�city of the classi�cation tree model was 77.58%, and the sensitivity of
BP neural network model was 82.85%. There was no signi�cant difference in the area under the ROC
curve of the three models, indicating that there was no signi�cant difference among the three models in
this study. Therefore, we can take the advantages of each other to support each other and make the
results more reliable.

In this study, the prevalence of hypertension in overweight and obese people over 51.5 years old was
signi�cantly higher than that in people under 51.5 years old, which became a risk factor for overweight
and obese hypertension. It may be due to the gradual decrease of vascular endothelial elastic
substances, the decrease of arterial compliance and the decrease of blood pressure regulation ability.The
abnormal lipid metabolism such as NAFLD, high TG and high LDL-c is due to white blood Color adipose
tissue produces a variety of cytokines, such as resistin, TFN-α, and so on, through the in�uence of a series
of metabolic pathways, thus leading to the activation of the sympathetic nervous system, resulting in
increased blood pressure[15]. For the high FPG population, it may be related to insulin resistance and
hyperinsulinemia. Relevant studies have shown that insulin may lead to the increase of norepinephrine
level and induce sympathetic nerve excitation, thus raising hypertension[16–17].High UA and high Cr can
cause renal hypertension. According to research, the related mechanism may be related to promoting the
contraction of vascular smooth cells, in�ammatory reaction, oxidative stress, etc. [18, 19]

Limitations
However, there are also some defects in this study, such as the diet and exercise of the physical
examination population were not consulted, and were not included in this study. The dietary pattern and
dietary structure are obviously important for the occurrence of overweight and obesity hypertension. In
addition, the physical examination group should be concentrated in Guilin, so there are some limitations
for the application of this model.

Conclusion
To sum up, NAFLD,FPG,age,TG,UA,LDL-c were risk factors for hypertension in overweight and obese
people. There was no difference in screening performance of the three models. The interaction between
NAFLD and FPG increased the risk of hypertension in overweight and obese people. It is necessary to
strengthen the monitoring of NAFLD patients, especially those with NAFLD and hyperglycemia, so as to
take measures to detect and diagnose hypertension earlyand reduce the risk of hypertension
complications.
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Figure 1

classi�cation tree model of overweight and obesity hypertension
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Figure 2

importance of risk factors in BP neural network model
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Figure 3

ROC curve comparison of logistic regression model, classi�cation tree model and BP network model


