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Abstract

Background and Aims: Previous research has shown that socioeconomic factors,
such as income and education, are associated with blood donation behavior. This
study aims to investigate the factors that influence blood donation behavior using a
large database of blood donation records and to provide further empirical evidence
and insights into the factors that influence blood donation behavior and to identify
potential strategies to increase blood donation rates in China.

Methods: This study employed correlation analysis and regression analysis to
investigate the impact of socioeconomic factors on blood donation rates in 36 major
cities in China. The study also used the K-Means clustering algorithm to identify the
socioeconomic factors that influence blood donation behavior at the per capita level.
Additionally, the study conducted correlation analysis between the donor's age
groups and the socioeconomic factors. The indices of economy and education were
determined by correlation analysis.

Results: At the city level, overall economic output and university student populations
were positively correlated with total blood donation times. However, at the per
capita level, this linear relationship disappeared. By applying the K-Means clustering
algorithm, the cities were divided into subgroups where the linear relationship
reemerged. The study also found that the number of college students had a linear
relationship with blood donors between the ages of 18-34.

Conclusion: City characteristics and demographics significantly impact blood
donation rates in different ways. A universal policy may have limited effect given
the heterogeneity across cities. Tailored interventions targeting specific city clusters
and education levels are needed to promote blood donation behavior, especially
among youth and students. Investment in education and targeted education on
blood donation appear particularly impactful. A combined approach integrating

social and economic policies will likely be most effective.
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1 | INTRODUCTION

Blood transfusion services are a vital component of healthcare
systems worldwide. However, ensuring a sustainable supply of blood
and blood products remains a challenge for many countries. This is
particularly true in China, where demand for blood exceeds supply.
To address this issue, it is important to understand the factors that
are associated with blood donation. In this context, this study aims to
investigate the factors that influence blood donation behavior among
the Chinese population.

Previous research has shown that blood donation behavior is
associated with various factors, including socioeconomic status and
education.21? Specifically, individuals with higher levels of education
and income tend to have a higher likelihood of donating blood.
However, despite the importance of blood donation, many regions
still struggle with low donation rates, which can lead to blood
shortages and risks for patients in need. Therefore, identifying
effective strategies to increase blood donation rates is crucial for
ensuring an adequate supply of blood and blood products.*3-*°

Previous research has shown that blood donation behavior is
associated with socioeconomic factors such as income and education.
These findings were mainly based on surveys and questionnaires.81°
In contrast, the current study aims to investigate the same
relationship using correlation and regression analysis based on a
large database of blood donation records. By doing so, we aim to
provide further empirical evidence and insights into the factors that
influence blood donation behavior and to identify potential strategies
to increase blood donation rates.

To investigate the relationship between blood donation and
socioeconomic data, we obtained our data from two sources: the
National Bureau of Statistics and a blood donation database supplied
by the Institute of Blood Transfusion.

2 | MATERIALS AND METHODS

2.1 | Materials: Data source

Voluntary, nonremunerated blood donation has been utilized in China
for over two decades.™® In China, whole blood is collected by blood
centers. The country has 452 blood centers, including 32 provincial,
321 regional, and 99 county-level blood centers.’” In addition,
Chinese donation databases have kept detailed and interlinked data
on donors, donations, blood components and transfusions since
2012. In this study, we choose the data from 2012 to 2018.

This study selects 36 major cities in China as research objects,
including directly controlled cities, provincial capital cities and
planned units. These cities not only have large populations and
influence, but are also key and frontline cities for China's economic

and social development, and can more comprehensively reflect the
development of cities in China. As the data in Hainan province is not
separated by city, the whole of Hainan is regarded as a single city (the
area of Hainan is less than that of the city of Chongging).

To analyze the possible relationships between economic devel-
opment, education progress and blood donation behavior in the 36
major cities, we obtained annual statistical data and blood donation
data from 2012 to 2018 of these 36 cities. Statistical data includes
GDP, tertiary industry output value from 2012 to 2018 of these 36
cities to reflect economic development and enrollment numbers of
college students from 2012 to 2018 to reflect educational progress in
these 36 cities. These data come from the Annual Statistical Review
released by the National Bureau of Statistics, aiming to build the

authority and persuasiveness of the analytical framework.

2.2 | Data processing

The blood donation data were collected from various monitoring
stations in each city. To obtain the annual data for each city, the data
from all stations within that region were aggregated. In cases where
the data for a particular year were missing for the resident
population, the value for the previous year's resident population or
the registered population for that year was used as a substitute.

2.3 | Method

2.3.1 | Selection of relevant variables for modeling
As the statistical yearbook only provides GDP and the output values
of primary, secondary, and tertiary industries for these cities,
although GDP is commonly used to measure the total economic
activity of a region or country, the output value of the tertiary
industry also reflects the level of local economic prosperity. To
determine the variables that are more suitable for reflecting the
correlation between the economy and blood donation, we used
correlation analysis methods. Similarly, as the statistical yearbook
only provides the number of college students, we used the number of
college students as the local education indicator. Since the number of
blood donations can be further divided into total blood donations,
individual blood donations, and group blood donations, we calculated
the correlation coefficients between economic and education
indicators and each of these indicators to determine the most
appropriate measure of blood donation behavior.

We used the Spearman correlation coefficient in the non-
parametric statistical methods of the scipy library's stats package,
rather than the common Pearson correlation coefficient.82° The

Spearman correlation coefficient is suitable for data that does not
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follow a normal distribution and can be used to measure the
monotonic relationship between two variables, making it more
suitable for handling nonlinear data.?! By using the Spearman
correlation coefficient and p value, we evaluated the strength of
the correlation between each economic and education indicator and
the different measures of blood donation. This analysis helped us
determine which economic indicator is best suited for examining the
relationship between the economy and blood donation and which
measure of blood donation behavior is most appropriate for our
study. The variables to be determined include the economy (such as
GDP or tertiary industry indicators) and blood donation behavior
(such as total blood donation times or other blood donation
indicators), which will be screened through correlation coefficients.
As economists have stated, changes to economic structure result in
long-term employment shifts.?>2% This implies that if a particular
area's tertiary industry output values are high, then it is relatively well
developed. We can determine the correlation coefficients for the
number of the blood donations and tertiary industry output values, as
well as the coefficients for the number of blood donations and GDP.
If these two correlation coefficients are similar, we will analyze the
regression model to determine which one is more suitable to be the

economic index.?4"%7

2.3.2 | Model development and evaluation

We will evaluate the relationship between the economy, education,
and blood donation behavior through correlation analysis and select
the most relevant indicators to establish a linear model to describe
this relationship.

However, the linear relationship between these aggregate indicators
does not necessarily indicate a linear relationship between per capita
indicators, so we need to observe whether there is a linear relationship
between per capita economy, education, and blood donation rates. If a
linear relationship exists, we will establish a new linear model to better
evaluate this relationship. Specifically, we will use data on per capita
economy and education levels and blood donation rates per 1000
population to establish linear regression models in different regions and
evaluate the significance of the models.

If there is no linear relationship, we will calculate the ratio of per
capita economy (or per capita education) to blood donation rates per
1000 population as a classification indicator and use clustering
methods to group regions, and then establish linear models for each
group separately.?®2? We will then use the parameters of these
models to evaluate the blood donation behavior in each region and
compare the differences between different regions. This way, we can
have a more comprehensive understanding of the relationship
between per capita economy, education, and blood donation rates
and develop public health policies and blood donation promotion
plans that are more suitable for different regions.

In summary, we will use correlation analysis, linear regression models,
and clustering methods to evaluate the relationship between the

economy, education, and blood donation behavior, better understand

Open Access

the relationship between these variables, and provide scientific evidence

for public health policies and blood donation promotion plans.

2.3.3 | Analysis of the relationship between age and
blood donation behavior

In addition to the main analysis, a simple analysis was conducted on
the correlation between the age of blood donors and the number of
blood donations, as well as the proportion of the number of blood
donations in different age groups to the total number of blood
donations. Although this analysis is not the main focus of our study, it
provides additional insights into the blood donation behavior of
different age groups and complements the overall analysis. By
examining the relationship between age and blood donation
behavior, we can better understand the factors that influence blood
donation and develop targeted strategies to encourage blood

donation among different age groups.

2.3.4 | Short summary
Statistical analyses are performed using Python 3.8. All tests are two-
tailed with a significance level of 0.05.

Spearman's rank correlation analysis was conducted to assess the
relationships between variables. The null hypothesis is that there is
no significant correlation. Correlation coefficients are calculated
using the scipy.stats library.

Linear regression analyses are performed using the statsmodel-
s.api library to determine the effects of predictors on the outcome
variable. The null hypothesis is that there is no linear relationship
between predictors and the outcome. t-Tests are used to evaluate
the significance of individual regression coefficients. A coefficient is
considered statistically significant if the absolute value of t is larger
than 2 and p is less than 0.05.

The explanatory power of the regression models was assessed
using R square and F tests. For R square, the null hypothesis was that
the model explains none of the variance. R square represents the
proportion of variance explained, with higher values indicating better
model fit. For the F test, the null hypothesis is that the model explains
no more variance than the intercept-only model. An F test with p less
than 0.05 indicates a significant model.

The intercept indicates the predicted value of the outcome when all
predictors are 0. Though often nonsignificant, the intercept provides a

reference point for interpreting the effects of other predictors.

3 | RESULTS AND ANALYSIS

We will calculate the correlation coefficients between economic and
educational indicators from 2012 to 2018 and the number of blood
donations following the method proposed in the second section. And
we will analyze the regression models in the following subsections.
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3.1 | Comparison of different blood donation
metrics and their relationship with economic and
educational indicators

To analyze blood donation patterns in urban areas, we first identified
which economic and blood donation variables to use. Since blood
into total individual

donations can be categorized donations,

donations, and group donations, we had to consider different

variables. We then calculated the correlation coefficients between
economic and education indicators for each of these categories to
determine the most appropriate measure of blood donation behavior.
The correlation coefficients are shown in Tables 1-3.

The scatter plots of GDP, tertiary industry output values, and
number of college students versus total donation times are presented
in Figure 1 in the left column, corresponding to the variables’
in Table 1.

respective correlation coefficients To facilitate

TABLE 1 Spearman's correlation coefficients between total donation times and the corresponding variables (2012-2018).
Spearman's correlation coefficients between total donation times and the corresponding variables
Tertiary industry Number of
Year GDP p value output values p value college students p value
2012 0.73 4.36E-07 0.7 2.35E-06 0.79 1.01E-08
2013 0.77 3.36E-08 0.76 9.44E-08 0.72 7.86E-07
2014 0.81 2.56E-09 0.77 2.92E-08 0.81 2.36E-09
2015 0.8 5.5E-09 0.78 1.99E-08 0.81 3.08E-09
2016 0.82 8.96E-10 0.83 4.73E-10 0.8 3.70E-09
2017 0.83 5.96E-10 0.85 8.82E-11 0.82 7.83E-10
2018 0.81 2.00E-09 0.82 6.84E-10 0.84 1.76E-10
TABLE 2 Spearman's correlation coefficients between individual donation times and corresponding variables (2012-2018).
Spearman's correlation coefficients between individual donation times and the corresponding variables
Tertiary industry Number of
Year GDP p value output values p value college students p value
2012 0.72 8.62E-07 0.7 2.30E-06 0.72 8.85E-07
2013 0.75 1.23E-07 0.73 5.16E-07 0.61 8.09E-05
2014 0.77 4.32E-08 0.74 3.15E-07 0.74 2.22E-07
2015 0.77 4.55E-08 0.76 7.08E-08 0.75 1.09E-07
2016 0.72 6.16E-07 0.74 2.53E-07 0.75 1.55E-07
2017 0.74 1.89E-07 0.78 2.50E-08 0.76 6.32E-08
2018 0.72 6.60E-07 0.75 1.23E-07 0.73 3.74E-07
TABLE 3 Spearman's correlation coefficients between group donation times and the corresponding variables (2012-2018).
Spearman's correlation coefficients between group donation times and the corresponding variables
Tertiary industry Number of
Year GDP p value output values p value college students p value
2012 0.46 0.0044 0.43 0.0083 0.46 0.0048
2013 0.45 0.0063 0.46 0.0046 0.51 0.0014
2014 0.51 0.0016 0.51 0.0017 0.44 0.0077
2015 0.59 0.00015 0.57 0.00029 0.47 0.0035
2016 0.69 2.67E-06 0.68 5.32E-06 0.55 4.90E-04
2017 0.6 0.00012 0.58 0.00019 0.58 0.00021
2018 0.6 0.00012 0.58 0.00019 0.58 0.0002
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Scatter plot of total donation times and GDP each year
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Scatter plot of total donation times and GDP (average of 7 years)
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FIGURE 1 Scatter plot of GDP, tertiary industry output value and number of college students versus total donation times.

interpretation, the scatter plots in the right column display the
average values of these variables over a 7-year period.

The scatter plots of GDP, tertiary industry output values, and
number of college students versus individual donation times
are presented in Figure 2 in the left column, corresponding to the
variables' respective correlation coefficients in Table 2. To facilitate
interpretation, the scatter plots in the right column display
the average values of these variables over a 7-year period.

The scatter plots of GDP, tertiary industry output values, and

number of college students versus group donation times are

presented in Figure 3 in the left column, corresponding to the
variables’ respective correlation coefficients in Table 3. To facilitate
interpretation, the scatter plots in the right column display the
average values of these variables over a 7-year period.

In Tables 1-3, we observe that the Spearman's correlation
coefficients between total donation times and other variables,
such as GDP, output values of tertiary industries, and number of
college students, are larger than those for individual donation
times and group donation times. These findings are further
supported by the data presented in Figure 4 Scatter plot of GDP,
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Scatter plot of individual donation times and GDP each year
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FIGURE 2 Scatter plot of GDP, tertiary industry output value and number of college students versus individual donation times.

tertiary industry output value and number of college students vs
group donation times. Consequently, we have chosen to concen-
trate our analysis on how these variables specifically impact total
donation times.

Before proceeding, we determine which variable influences
blood donation times by conducting regression analysis. We choose
either GDP and number of college students or output values of
tertiary industries and number of college students as variables to
explain how they influence total donation times. Table 4 shows that
the model explains over 79% of the variance in Total Donation times.

The effects of GDP and Number of College Students on Total
Donation times are statistically significant at p < 0.05. Table 5 shows
that there is no multicollinearity between GDP and number of college
students. The t and p values indicate that the effects of the predictor
variables on the outcome are extremely statistically significant.
Table 6 shows that the model explains over 80% of the variance
in Total Donation times. The effects of GDP and number of college
students on total donation times are statistically significant at
p <0.05. Table 7 shows that there is no multicollinearity between
output value of tertiary industries and number of college students.
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Scatter plot of group donation times and GDP each year
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Scatter plot of group donation times and GDP (average of 7 years)
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FIGURE 3 Scatter plot of GDP, tertiary industry output value and number of college students versus group donation times.

The t and p values indicate that the effects of the predictor variables
on the outcome are extremely statistically significant.

By comparing the R squared and t values of regression models
using GDP and tertiary industry output as variables, we observed that
the R squared and t values for tertiary industry output were both
higher. This can be directly seen in Figures 5 and 6.

According to the regression results, we can conclude that
economy and the education are the factors that will influence the
total donation times, and output value of tertiary industries is a better
indicator which reveals the relation of economy and blood donation
times.

3.2 | Correlation and regression analysis of per
capita economy and education with blood donation
per thousand population

Although the economy, specifically the output values of tertiary
industries and the number of college students in a city, can affect the
overall number of donations made, it's important to note that
resident populations vary from city to city. Therefore, it's crucial to
assess whether the output values of tertiary industries and the
number of college students per capita still impact the donation rate

per capita.
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To investigate this, we conducted a correlation analysis and
found that there is no linear relationship between the per
thousand population blood donation rate and the average GDP,

average Tertiary Industry Output Value, and percentage of

Box and Violin Plot of Correlation Coefficients 2012-2018
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FIGURE 4 Correlation of blood donations, economic indices and
education factors: A comparison among total, individual and group levels.

university students. Table 8 displays the corresponding correla-
tion coefficients.

It is noteworthy that the distribution of average tertiary industry
output values and percentage of university students across various
cities may not align with the distribution of donation times. To better
understand the correlation between these factors, it is important to
sort the data into subsets.

To identify areas with a linear relationship between the factors,
the data was no longer clustered on a yearly basis. This is because
clustering the data from different years can result in certain biases
between the clustering results. Instead, a clustering analysis was
conducted on the arithmetic mean of the data over a 7-year period.
The clustering standards were based on two ratios: the ratio of per
capita tertiary industry output values to per thousand population
blood donation (standard 1), and the ratio of average university
student population to per thousand population blood donation
(standard 2). Therefore, two clustering results were obtained based
on these two standards.

To better represent the economy of each city, the ratios of
average GDP and per thousand population blood donation were
dropped. Using the K-Means algorithm, the cities were sorted into
several categories based on either standard 1 or standard 2. The
major cities were divided into 6 categories, which are outlined in
Table 9 (for standard 1) and Table 11 (for standard 2). Each group

TABLE 4 Regression analysis of total donation times between GDP and number of college students for the model.

Regression coefficients

Evaluation of the model

Number of college

Year Constant (C) GDP (G) students (N) R square F value
2012 90 11 0.013 0.79 4.70E-12
2013 710 11 0.009 0.8 2.00E-12
2014 -490 9.8 0.012 0.86 4.60E-15
2015 -580 9.6 0.011 0.86 7.10E-15
2016 -265 8.7 0.012 0.87 1.40E-15
2017 -210 7.6 0.014 0.88 5.00E-16
2018 99 6.9 0.014 0.87 1.60E-15
TABLE 5 Regression analysis of total donation times between GDP and number of college students for each of the regression variables.
Variance inflation factor t values p values
Year (of G N C G N (of G N
2012 4.4 1.3 1.3 0.072 7.20 4.40 9.40E-02 0.027 9.00E-03
2013 4.1 1.2 1.2 0.6 8.30 3.70 5.50E-01 0.012 9.00E-03
2014 4.5 1.2 1.2 -0.46 9.70 5.40 6.50E-01 3.60E-02 5.90E-06
2015 4.5 1.2 1.2 -0.52 9.90 5.10 6.00E-01 2.00E-02 1.20E-02
2016 4.5 1.2 1.2 -0.25 10.40 5.70 8.10E-01 5.40E-02 2.30E-02
2017 4.5 1.2 1.2 -0.2 10.10 6.40 8.40E-01 1.30E-02 3.10E-02
2018 4.4 1.2 1.2 0.092 9.40 6.40 9.30E-01 7.00E-02 2.80E-02
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TABLE 6 Regression analysis of total donation times between output value of tertiary industries and number of college students for the model.

Regression coefficients Evaluation of the model
Output value of Number of college

Year Constant (C) tertiary industries (T) students (N) R square F value

2012 9.00E+01 11 0.013 0.82 8.00E-13
2013 2.00E+04 16 0.01 0.83 2.10E-13
2014 3.40E+03 15 0.013 0.9 4.20E-17
2015 2.20E+03 14 0.012 0.9 6.50E-17
2016 5.30E+03 12 0.013 0.89 2.50E-16
2017 5.50E+03 11 0.015 0.89 2.20E-16
2018 7.90E+03 9.5 0.015 0.88 6.50E-16

TABLE 7 Regression analysis of total donation times between output value of tertiary industries and number of college students for each of
the regression variables.

Variance inflation factor t values p values
Year C T N (o} T N C T N
2012 44 1.30 1.30 0.072 7.20 4.40 9.40E-02 0.027 9.00E-03
2013 4.1 1.20 1.20 1.5 9.20 4.40 1.40E-02 0.012 1.10E-02
2014 4.5 1.20 1.20 0.38 12.00 7.00 7.10E-01 3.10E-13 9.00E-08
2015 4.5 1.20 1.20 0.24 12.00 6.60 8.20E-01 1.70E-13 1.90E-07
2016 4.5 1.20 1.20 0.53 11.00 6.70 6.00E-01 9.10E-13 1.40E-07
2017 4.5 1.20 1.20 0.55 10.00 7.20 5.90E-01 5.70E-12 3.30E-08
2018 4.4 1.20 1.20 0.77 9.80 7.10 4.50E-01 2.80E-11 3.90E-08
Box and Violin Plot of R square 2012-2018 Box and Violin Plot of T value 2012-2018
0.90 1 — 12 P—
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R Square of GDP R Square of Tertiary Industry T value of GDP T value of Tertiary Industry
FIGURE 5 R square: GDP versus tertiary industry output value. FIGURE 6 T value: GDP versus tertiary industry output value.

displayed distinct correlation characteristics, which are further  absolute correlation coefficient larger than 0.7, were used to generate
detailed in Table 10 (for standard 1) and Table 12 (for standard 2). regression models.

Not all categories could be used to generate regression models. Only To provide a comprehensive overview of the distribution of cities
the groups of cities that passed the correlation analysis, with an by groups in China, Figure 7 shows the geographic distribution of the
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TABLE 8 Spearman's correlation coefficients between the per thousand population blood donation and the economy indices or the
education.

Spearman's correlation coefficients between per thousand population blood donation and the corresponding variables

Average Average tertiary Percentage of
Year GDP p value industry output value p value college students p value
2012 -0.08 0.631 -0.08 0.631 0.53 0.0008
2013 -0.04 0.798 -0.04 0.798 0.58 0.0002
2014 0.02 0.899 0.02 0.899 0.61 8.20E-05
2015 0.03 0.874 0.03 0.874 0.62 6.50E-05
2016 0.04 0.799 0.04 0.799 0.6 0.00011
2017 0.07 0.678 0.07 0.678 0.66 1.10E-05
2018 -0.01 0.939 -0.01 0.939 0.66 1.40E-05

TABLE 9 Cities clustered by K-Means algorithm based on per capita tertiary industry output-to-blood donation ratio.

Groups Corresponding cities Counts
Group 1 Shijiazhuang, Taiyuan, Nanchang, Zhengzhou, Nanning, Hainan, Chengdu, 10
Kunming, Xining, Yinchuan
Group 2 Beijing, Tianjin, Hohhot, Lhasa 4
Group 3 Shenyang, Nanjing, Hangzhou, Fuzhou, Wuhan, Guangzhou, Guiyang, Urumqi 8
Group 4 Changchun, Harbin, Hefei, Jinan, Changsha, Chongging, Xi'an, Lanzhou 8
Group 5 Shenzhen 1
Group 6 Dalian, Shanghai, Ningbo, Xiamen, Qingdao 5

TABLE 10 The correlation and regression analysis of per capita tertiary industry output value and per thousand population blood donation.

Cities Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Correlation
Coefficient 0.75 1.00 1.00 0.86 N 0.7
p value 0.013 0.0 0.0 0.0065 N 0.19
Regression
Constant 6.53 -0.206 1.84 4.66 N N
Per capita tertiary industry 3.26E-04 1.70E-04 2.35E-04 2.53E-04 N N
output value
t value
Constant 2.53 -0.165 1.57 2.06 N N
Per capita tertiary industry 3.91 8.66 11.71 4.3 N N

output value

p value
Constant 0.04 0.88 1.67E-01 0.085 N N
Average tertiary industry 0.0045 0.013 2.34E-05 0.0051 N N

output value
Evaluation of the model
R square 0.66 0.97 0.96 0.76 N N
F value 0.0045 0.013 2.34E-05 0.0051 N N
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FIGURE 7 Cities clustered by K-Means algorithm based on per capita tertiary industry output-to-blood donation ratio.

Box and Violin Plot of Clusters for economy
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FIGURE 8 The distribution of per capita tertiary sector output
values varies across city groups.

cities and Figure 8 shows the average tertiary industry output value
of each group of cities.

Group 1 cities have the lowest per capita output values, indicating
their relatively weak economic strength and underdeveloped economic
levels. Geographically, Group 1 cities are separated into northern and
southern parts, demonstrating little connection with their locations but
potentially with historical reasons or other social factors. According to
Figure 5, these cities belong to economically underdeveloped regions.

TABLE 11 Cities clustered by K-Means algorithm based on
average college student population-to-blood donation ratio.
Groups Corresponding cities Counts
Group 1  Taiyuan, Shenyang, Changchun, Harbin, Nanjing, 13
Hefei, Fuzhou, Zhengzhou, Changsha,
Chengdu, Guiyang, Kunming, Xi'an
Group 2  Beijing, Shijiazhuang, Shanghai, Ningbo, Hainan, 8
Chongging, Xining, Yinchuan
Group 3  Nanchang, Jinan, Wuhan, Lhasa 4
Group 4  Hohhot, Lanzhou 2
Group 5  Tianjin, Dalian, Hangzhou, Xiamen, Qingdao, 8
Guangzhou, Nanning, Urumgi
Group 6  Shenzhen 1

Group 2 cities are mainly concentrated in a particular area except Lhasa.
However, their per capita output values vary greatly due to huge gaps in
economic development between Lhasa, Hohhot, Beijing and Tianjin.
Groups 3 and 4 would connect geographically by excluding a few less
developed cities. Group 3 has a wide range of per capita output values
resulting from substantial differences in economy between cities. Group 4
sees a concentrated distribution of per capita output values. Group 5
contains only one city named Shenzhen. Unlike other city groups, it
shows little or even no linear relationship with per capita blood donation
frequency. As the first and most economically dynamic special economic
zone in China, Shenzhen's unique status leads to its special socioeconomic
characteristics different from other inland cities. Group 6 cities in China's



12 0f 16 WI LEy_HeaIth Science Reports LIN &7 AL

Open Access.

TABLE 12 The correlation and regression analysis of average Average number of college students and per thousand population blood
donation.

Cities Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Correlation
Coefficient 0.98 0.79 1.0 N 0.95 N
p value 1.61E-09 0.02 0.0 N 2.60E-03 N
Regression
Constant 3.73 4.09 6.05E-02 N -2.42 N
Average number of 165.90 329.22 1.65E+02 N 350.04 N
university students
t value
Constant 4.20 1.84 0.036 N -1.96 N
Average number of 13.27 4.24 8.50 N 13.91 N
university students
p value
Constant 1.48E-03 0.115 0.97 N 9.83E-02 N
Average number of 4.10E-08 0.0054 0.01 N 8.59E-06 N

university students
Evaluation of the model
R square 0.94 0.75 0.97 N 0.97 N
F value 4.10E-08 0.0054 0.014 N 8.59E-06 N

Group 6
Group 5
Group 4
Group 3

Group 2

Group 1

FIGURE 9 Cities clustered by K-Means algorithm based on average college student population-to-blood donation ratio.
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coastal region have developed market economies and strong foreign
trade, but their per capita blood donation levels are weak. There appears
to be a weak linear relationship between the per capita output value of
the tertiary industry and the number of blood donations per thousand
people in Group 6 cities.

The city clusters identified by K-Means clustering based on the ratio
of average university student population to blood donation frequency per
capita differs from those identified based on the ratio of per capita
tertiary industry output value to blood donation frequency per capita. The
results in Tables 9 and 11 are not the same. However, the correlation
coefficients between average university student population and blood
donation frequency per thousand population are greater than the
correlation coefficients between per capita tertiary industry output value
and blood donation frequency per thousand population. Readers can

compare Table 10 with Table 12. This means that the per capita tertiary

Box and Violin Plot of Clusters for education
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FIGURE 10 Average number of college students Distribution in
each groups.

TABLE 13 Proportion of the donors in age groups.
Year 18-24 25-34 Proportion of 18-34
2012 0.416 0.328 0.744
2013 0.409 0.329 0.738
2014 0.409 0.327 0.736
2015 0.408 0.327 0.735
2016 0.414 0.316 0.730
2017 0.420 0.302 0.722
2018 0.433 0.288 0.721

Open Access

TABLE 14 Spearman's correlation coefficients between the
number of college students and the number of donors in each of the
age groups.

Donors's age Spearman's correlation

Year groups coefficients p values
2012 18-24 0.88 1.49E-12
25-34 0.7 2.50E-06
35-44 0.68 5.42E-06
45-54 0.64 2.91E-05
55-60 0.21 0.22
2013 18-24 0.84 2.20E-10
25-34 0.61 7.54E-05
35-44 0.6 9.99E-05
45-54 0.54 6.07E-04
55-60 0.31 0.06
2014 18-24 0.9 1.55E-13
25-34 0.68 5.24E-06
35-44 0.68 5.48E-06
45-54 0.62 5.10E-05
55-60 0.53 1.01E-03
2015 18-24 0.9 7.72E-14
25-34 0.68 4.56E-06
35-44 0.68 5.48E-06
45-54 0.67 6.56E-06
55-60 0.5 1.79E-03
2016 18-24 0.91 1.99E-14
25-34 0.69 3.14E-06
35-44 0.67 7.17E-06
45-54 0.67 9.22E-06
55-60 0.38 2.14E-02
2017 18-24 0.93 3.91E-16
25-34 0.71 1.50E-06
35-44 0.68 5.48E-06
45-54 0.67 6.86E-06
55-60 0.36 3.19E-02
2018 18-24 0.93 3.69E-16
25-34 0.69 3.25E-06
35-44 0.66 1.04E-05
45-54 0.69 3.93E-06
55-60 0.36 3.22E-02
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FIGURE 11 Scatter plot of number of college students and number of blood donations by age group (18-24 and 25-34).

industry output value and average college students population reflects 2
different factors that influence the blood donation. The variable of
“average number of number students” has a more significant and
important impact on the outcome variable of “per thousand population
blood donation.” This suggests that education level may be a key factor in
determining blood donation rates among urban residents. Increasing
public education can more directly and effectively improve their
awareness and willingness to donate blood.

Figure 9 indicates that most of the selected cities are categorized
into Group 1. Groups 1 and 3 have similar regression constants but
different intercepts, together accounting for almost half of the
selected cities. Similar to Figure 7, most of the cities in Group 5 are
located in coastal areas. According to Figure 10, Groups 2 and 5 have
similar distribution of average number of college students. These two
groups of cities are distributed along the coastal regions (Group 5)
and the boundary of the central plains (Group 2), forming a circular
shape when combined. Group 6 only consists of Shenzhen, which
shares a unique status similar to per capita tertiary industry output
values and has distinct socioeconomic characteristics compared to
other inland cities. Shenzhen is also unique in terms of the average
number of college students.

Table 11 suggests that improving education can have a greater
impact on blood donation. Among all education levels, college
students contribute the most to blood donation. Therefore, it
would be worth examining the age distribution of blood donors
and its relation to the number of college students. In the next
subsection, we will analyze the correlation between the age of
blood donors and the number of blood donations, as well as the
proportion of blood donations in different age groups to the total
number of blood donations. Although this analysis is not the
primary focus of our study, it provides additional insights into the
blood donation behavior of different age groups and complements

our overall analysis.

3.3 | Age distribution of blood donors and
correlation analysis with education indicators

In China, donors are required to be 18-60 years old. According to
Chinese donation databases, the greatest donors are between the
ages of 18 and 34. Indeed, Table 13 shows that 70% of China's
donors are between the age of 18 and 34. This cohort represents
the majority of donors. Most of the college students are between
the age of 18-24, and most of the postgraduate are between the
age of 22-35. The two age groups contributes to the most of the
donors.

The correlation coefficients for the numbers of college students
and the numbers of donors in each of the age groups are given in
Table 14. Table 14 shows that the correlation coefficients for the
donors in each age group with the number of college students
demonstrate a linear relationship.

Consulting Tables 13 and 14, our findings suggest that the age
group of 18-34 is the most active group of blood donors in China.
This group overlaps significantly with the age range of college
students and postgraduates, who are also found to be the primary
donors. This highlights the importance of targeting educational
institutions for blood donation campaigns and promoting blood
donation among students. To emphasize the key points, we present a
scatter plot showing the number of blood donations by age group
(18-24 and 25-34) against the number of college students which are
shown in Figure 11.

Furthermore, our analysis shows that there is a strong linear
relationship between the number of college students and blood
donation (Table 1). This implies that increasing the number of college
students in a region could lead to an increase in the number of blood
donors. Therefore, investing in education and expanding access to
higher education could be an effective way to increase the blood
donation rate in China.
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4 | CONCLUSION

Through conducting a multiregression analysis of 36 cities, our study
have investigated the impact of socioeconomic factors on blood
donation rate from the perspectives of city level, per capita level and
population structure.

At the city level, overall economic output and university student
populations were positively correlated with total blood donor figures,
indicating a positive relationship between education, economy and
blood donation rate. However, at the per capita level, this linear
relationship disappeared, suggesting that a city's blood donation
times, tertiary industry output and student population were closely
related to its demographic structure.

When we applied the K-Means clustering algorithm, cities could
be divided into subgroups where the linear relationship reemerged.
This indicates that cities differ in characteristics, and a one-size-fits-
all policy may have limited effect. Tailored policy interventions are
needed to suit different city types.

The results show that while development in economy and
education was associated with higher blood donation rate at the city
level, the impact of these factors on per capita participation varied in
different city clusters. Factors influencing blood donation are
complex, depending on a city's demographic composition and
characteristics.

Anyway, the impact of economic factors is less significant
compared with education factors. This indicates that education level,
especially university education, has a more substantial effect on
blood donation behavior, particularly among the youth. Policy makers
should consider increasing investment in education and conducting
targeted education on blood donation knowledge and social
responsibility. Policy measures should focus on increasing education
investment and conducting targeted education. Economic means
should be combined with other social policies as its effect may be

limited if adopted alone.
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