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Objectives: This study aims to investigate the impact of hypertension, diabetes,
and high blood cholesterol on increased mortality from cardiovascular diseases such
as coronary heart disease, stroke, and pulmonary heart disease in a multi-
dimensional way.

Methods: The grey relational analysis methodology is adopted to assess the connection
between cardiac risk factors and related mortality. The Hurwicz and the Conservative (Min-
Max) criterion approach are also utilized to identify the prospective risk factor that
contributes the most to increased cardiac mortality.

Results: The findings reveal that hypertension has a more grounded relationship
with stroke and pulmonary heart disease mortality, whereas high blood cholesterol
appears to be the leading contributor to deaths from coronary heart disease.
The results based on the Hurwicz and the Min-Max criterion show a robust
connection between dyslipidemia, coronary heart disease, and cardiovascular
disease mortality.

Conclusion: Combating uncontrolled blood cholesterol and blood pressure levels would
necessitate a multi-pronged strategy at both the national and local levels. Besides, the
suggested methodologies provide a valuable tool and additional practical knowledge for
public health policymakers and decision-makers in drawing rational decisions to combat
China’s rising CVD burden.
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INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death around the world, representing over
40% of deaths in China [1]. China’s tremendous economic expansion over the last few decades
has brought riches and prosperity to many parts of the population. However, this progress has
been accompanied by a change in disease patterns from primarily infectious to
noncommunicable diseases (NCDs), with CVD being the primary cause of premature
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morbidity and mortality in the population of China. CVD
incidence has been steadily rising, and this upward trend is
expected to continue in the coming decade. The rising
prevalence of CVD in China has become a serious public
health concern [2, 3]. Since 2006, the prevalence of CVD in the
Chinese population has been gaining momentum. Out of the
290 million patients suffering from cardiac disorders, Stroke,
coronary heart disease (CHD), rheumatic heart disease (RHD),
heart failure (HF), congenital heart disease, pulmonary heart
disease, and hypertension (HTN) have affected 13 million, 11
million, 2.5 million, 4.5 million, 2 million, 5 million, and 245
million of individuals, respectively. In terms of mortality, CVD
is responsible for two out of every five deaths in China, which is
greater than the death rate from cancer or other illnesses [2, 4,
5]. Due to undertreatment and poorly managed metabolic risk
factors, NCD mortality is anticipated to grow in the next
decades. This may result from a worsening of metabolic risk
factors, particularly, HTN, diabetes mellitus, and high
cholesterol. The only approach to stop this trend is to target
these risk factors through public health initiatives [6, 7].
Understanding and appropriately quantifying the impact of
CVD’s key risk factors is critical for optimizing CVD prevention
measures. Based on detailed literature search, for the potential risk
factor analysis, we considered only HTN, diabetes mellitus, and
high blood cholesterol as the top three contributors to CVD
mortality in China [8-11]. Further, we included CHD, stroke,
and pulmonary heart disease as the leading contributors to CVD-
related mortality [10, 12-14]. The present study sought to quantify
the associations of HTN, diabetes mellitus, and high blood
cholesterol with mortality from stroke, CHD, and pulmonary

heart disease by using grey relational analysis (GRA) models.
Traditional statistical approaches, such as logistic regression, are
inefficient for depicting the relations between variables in the
biomedical domain, because of its dependency restrictions
[15-17]. The grey relational models may overcome this
shortcoming as they are devoid of assumptions. Importantly,
this study employed two decision making approaches under
uncertainty; 1) the Hurwicz (minimax) criteria, 2) the
Conservative (minimax) criteria to conduct a comparative
analysis of all three cardiac associated diseases (stroke, CHD,
pulmonary heart disease) to ascertain which cardiac disorder
and the risk factor is contributing more to mortality. The GRA
models are being utilized for the first time in the public health
domain. Hence, the current study represents first in terms of
quantifying the relationship between cardiac risk factors and
related mortality using grey relational techniques. Further, the
suggested model provides a valuable tool and additional practical
knowledge for policy and decision-makers in drawing rational
decisions to reduce China’s CVD mortality rate.

METHODS

Data Source

The data on the prevalence of HTN, diabetes mellitus, and high blood
cholesterol are abstracted from Global Burden of Disease (GBD) 2017
study for the period 2001-2017. The three leading contributors of
mortality from cardiac diseases in China which are stroke, CHD, and
pulmonary heart disease are investigated for the study by utilizing the
data from the above-mentioned website. The data are analyzed
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TABLE 1 | Grey relational evaluation for stroke mortality (own calculation using data from Global Burden of Disease Study, China, 2017).

Stroke Absolute Deng Rank SSGRG Rank r Rank
GRG GRG

HTN 0.8546 0.8345 1st 0.8446 1st 0.73 1st

Diabetes 0.7226 0.7006 3rd 0.7116 3rd 0.31 3rd

High blood 0.7849 0.7369 2nd 0.7609 2nd 0.36 2nd

cholesterol

Dependent variable: Stroke mortality, r: Pearson’s correlation coefficient.

TABLE 2 | Grey relational evaluation for coronary heart disease mortality (own calculation using data from Global Burden of disease Study, China, 2017).

CHD Absolute Deng Rank SSGRG Rank r Rank
GRG GRG

HTN 0.8271 0.7011 3rd 0.7641 2nd 0.41 2nd

Diabetes 0.6625 0.7431 2nd 0.7028 3rd 0.29 3rd

High blood 0.7116 0.8908 1st 0.8012 1st 0.63 1st

cholesterol

Dependent variable: CHD, mortality, r: Pearson’s correlation coefficient.

TABLE 3 | Grey relational evaluation for pulmonary heart disease mortality (own calculation using data from Global Burden of disease Study, China, 2017).

Pulmonary Absolute Deng Rank SSGRG Rank r Rank
Heart GRG GRG

Disease

HTN 0.7859 0.8443 1st 0.8151 1st 0.71 1st
Diabetes 0.7903 0.6533 2nd 0.7218 3rd 0.31 2nd
High blood 0.7853 0.6529 3rd 0.7241 2nd 0.25 3rd
cholesterol

Dependent variable: Pulmonary heart disease mortality, r: Pearson’s correlation coefficient.

TABLE 4 | Ranking order based on Grey relational analyses (own calculation using data from Global Burden of disease Study, China, 2017).

CVDs

Stroke

Grey Relational Models

Absolute GRG

Ranking Order

— Deng GRG

— SSGRG

CHD Absolute GRG
— Deng GRG

— SSGRG
Pulmonary heart disease Absolute GRG
- Deng GRG

— SSGRG

utilizing GRA methods using Grey (8.0) software. The present
analysis and modeling methods are employed for the first time in
the study to quantify the strength of association between cardiac risk
factors and mortality from stroke, CHD, and pulmonary heart disease
in a multi-dimensional way. The detailed description of the study
variables is presented in supplementary file “Supplementary File S1”.

Grey Relational Analysis Models
The GRA models, often defined as the models for grey relational
analysis (GRA), are considered an early aspect of the new Grey

HTN > High blood cholesterol > Diabetes
HTN > High blood cholesterol > Diabetes
HTN > High blood cholesterol > Diabetes
HTN > High blood cholesterol > Diabetes
High blood cholesterol > Diabetes > HTN
High blood cholesterol > HTN > Diabetes
Diabetes > HTN > High blood cholesterol
HTN > Diabetes > High blood cholesterol
HTN > high blood cholesterol > diabetes

systems theory (GST) [18]. in 1982, the concept of GST was founded
on remarkable work done by a Chinese scientist, named Professor
Julong Deng, and has been employed in different domains of learning
since that time for dealing with vulnerability problems caused by
insufficient information and mostly unclear processes. In early 1985,
Professor Deng added the notion of the grey relational grade (GRG)
to GRA’s model [18]. The applications of GRA models are discovered
to be better and effective than other statistical models of systems
analysis [19-21]. Grey relational’s core concept was to utilize an open
data structure to identify whether or not their interactions are close.
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The algorithm involve in the calculation of grey relational analysis is
presented in Supplementary File S1.

The fundamental concept of GRA is that the degree of
closeness (correlation) of the geometrical structure of the
data series indicates the structure variables may be used to
anticipate the closeness of a relationship between the system
variables. In the literature, this closeness is referred to as
proximity. Deng GRA, absolute GRA, and SS GRA are the
three components of the GRA model. In essence, the Deng
GRA model measures the influence of one variable indicated
by a data set exerts on the other, while the absolute GRA model
measures the association (integral proximity) between the two.
Furthermore, the second synthetic GRA model provides an
estimate of an overall measure of association between the
parameters under investigation. The detailed description of
GRA models can be read in Liu Sifeng [22].

Traditional statistical approaches, such as logistic regression,
are inefficient for depicting the relations between variables in the
biomedical domain, because of its dependency restrictions. The
grey relational models may overcome this shortcoming as they
are devoid of dependency (normality) assumption.

Grey system theory and its model’s main strength is their ability to
anticipate and make decisions with limited sample size, poor data,
and missing information. The GRA models attempt to comprehend
the uncertain relationships between the characteristics associated with
grey systems. Unlike traditional statistical techniques, grey system
theory considers all stochastic variables as a grey parameter changing
within a predefined locale and a certain time frame, and each
stochastic process as a grey process. Also, it provides a weighting
scheme and ranking criteria, which is quite useful when several
variables of equal worth are included in the analysis. This technique
can also be regarded as multicriteria decision analysis and it has been
applied in different domains of research so far [19, 23, 24].

Using Grey Software8.0, this study used grey relation
approaches to quantify the influence of HTN, diabetes, and
high blood cholesterol on CVD mortality in China from 2001
to 2017. Tables 2-4 demonstrate the outcomes of grey relational
models (Deng GRG, absolute GRG, and SSGRG) for HTN,
diabetes, high blood cholesterol, and CVD mortality in China.
The absolute GRG and SSGRG models have values ranging from
zero to one, whereas, Deng GRG has values ranging from 0.5 to 1.
It’s also considered highly associated if it’s near to 1 and weak if it
diverges from 1.

RESULTS

In the instance of stroke, the findings revealed that all risk factors
maintained their positions against all grey relational models
(Table 1). The risk factor HTN (absolute GRG:.8546, Deng GRG:
0.8345, SSGRG:8,446) ranked top whereas high blood cholesterol
ranked second (absolute GRG:7,849, Deng GRG:7369, SSGRG:
0.7609). And the degree of association for HIN was stronger than
high blood cholesterol. Considering the effect of diabetes on mortality
from stroke, the estimates against absolute GRG (0.7226: rank third),
Deng GRG (0.7006: rank third), and SSGRG (0.7116: rank third)
models are shown to have a weak association when compared with

Potential Cardiac Risk Factor

HTN and high blood cholesterol. However, as compared to high
blood cholesterol and diabetes, HTN showed a high influence on
increased mortality from stroke as it stood first in all grey models. The
strong connection of HTN with mortality indicated that it may be
considered as the highest predictive risk factor to predict mortality
from stroke in the Chinese population. Stroke is the most significant
cause of death and disability in China, with around 3 million new
cases diagnosed each year [10]. The strongest risk factors for overall
stroke prevalence in Chinese individuals were identified to be high
blood cholesterol and HIN [25, 26]. The three grey relational
findings of our study are found consistent with a range of other
stroke-related risk factors in China, as the burden of stroke was
increasing and primary and secondary prevention is likely to be core
health policy priorities in the immediate future [1, 2, 27].

In Table 2, against all three grey models, it is now obvious that
high blood cholesterol appeared with the highest association and
diabetes with the weakest correlation with CHD mortality. The
estimation results demonstrated that the high blood cholesterol
risk factor ranked top and is found to be closely related to
mortality evaluated by Deng (0.8908: ranked first) and SSGRG
(0.8012: ranked first) relational models. The estimated association
is found to be high which suggests that high blood cholesterol risk
factor has a considerable impact on CHD-related deaths in China.
On the other hand, HTN (absolute GRG:0.8271; ranked first,
Deng GRG:0.7011; ranked third, SSGRG:0.7641; second) and
diabetes (absolute GRG:0.6625; ranked third, Deng GRG:
0.7431; ranked second, SSGRG:0.7028; third) shuffled their
position under all three grey relational models. In comparison
to HTN and diabetes, the calculated results suggest that high
blood cholesterol is an independent predictive risk factor for an
increased prevalence of CHD mortality in China followed by
HTN and diabetes. These findings are in contrast with some
previous epidemiological studies in which HTN is identified as a
significant CHD risk factor [10, 28, 29]. High blood cholesterol is
a significant modifiable risk factor for CVD in China. However,
the rate of treatment, control, and awareness has been estimated
to be significantly below the desirable levels [30]. According to
review research, if the prevalence of cardiac related risk factors
continues to grow and timely attention is not made to preventive
and management methods for these risk factors, CHD would
soon become China’s leading cause of mortality [10].

Pulmonary heart disease has become the third greatest cause
of mortality and disability in the Chinese population at the turn of
the century [2]. Approximately 5 million of the 290 million
people with CVD had pulmonary heart disease [31]. The
estimated outcomes for pulmonary heart disease under the
three Grey relational models are shown in Table 3. HTN
(Deng GRG:0.8443, SSGRG:0.8151) was shown to be highly
associated with mortality from pulmonary heart disease
against absolute and Deng GRG models and ranked top as
compared to diabetes and high blood cholesterol. These
findings suggest that HTN has a considerable influence on the
prevalence of pulmonary heart disease. Furthermore, diabetes
(absolute GRG: 0.7903, Deng GRG:0.6533, SSGRG:0.7218) and
high blood cholesterol (absolute:0.7853, Deng GRG:0.6529,
SSGRG:0.7241) appeared with less influence on mortality from
pulmonary heart disease under all three grey relational models.
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TABLE 5 | The criteria action matrix (own calculation using data from Global
Burden of disease Study, China, 2017).

SSGRG degrees N4 N> N3

Ay 0.8446 0.7116 0.7609
Ao 0.7641 0.7028 0.8012
Az 0.8151 0.7218 0.7241

HTN was shown to be a considerable predictive risk factor for
increased mortality from pulmonary heart disease in the Chinese
population. The prevalence of HTN is very high and increasing in
China while the control rate is lower than the required level.
These findings are aligned with several epidemiological kinds of
research in China, which found that HTN is responsible for
around 40% of CVD-related events [1, 5, 32].

Based on GRA outcomes, it can be seen clearly that HTN is
more predictive in stroke and pulmonary heart disease-related
deaths whereas high blood cholesterol is significantly high in
CHD-related mortality in the Chinese population. Table 4
addresses the ranking order of risk factors (hypertension,
diabetes, and high blood cholesterol) and CVDs (stroke, CHD,
and pulmonary heart disease) that contribute significantly to
mortality in the Chinese population using grey relational relation
models. To simplify it, each grey model’s ranking order has been
established against the three most prevalent CVDs with the
relevant variable that has been shown. Overall, the results
revealed that HTN and high blood cholesterol are the highest
predictors of death from CVDs, followed by diabetes, according
to the grey analysis.

We also evaluated Pearson’s correlation coefficient to compare
our findings to those of the SSGRA model. As can be seen, the
sequences obtained through two different approaches are very
similar. The key point of differentiation, however, was their
relative strengths. Although the scales of GRA models and
Pearson’s correlational coefficient are not similar, their
interpretations may be compared since both scales can enable
the decision-maker to determine if the relationship is poor,
strong, or extremely strong.

A decision analysis was used to quantify the difference
between CVD mortality and the three CVD events. For this,
first of all, a decision-making strategy must be constructed before
it can be used. Here, m = 3, n = 3, and output = v (A, C,,), withk =
1,2,3 and p = 1, 2, 3 respectively. Let Aj, A,, and A; denote CV
mortality associated with stroke, CHD, and pulmonary heart
disease. While N, represents HIN, N, represents diabetes, and
N; denotes high blood cholesterol. Following that, the two
decision-making methodologies were used, as indicated below.

The Hurwicz (Min-Max) Criteria

The Hurwicz (Min-Max) criterion is sometimes termed as the
criterion for realism. This approach is applied to make judgments
(decisions) in the presence of uncertainty. It tends to be utilized in
decision-making when we are confronted with several decision
choices and an unpredictable natural environment. This method
utilized the steps illustrated in [33]. For the present study, we

Potential Cardiac Risk Factor

need to minimize CVD-related mortality, the decision would be
defined as:

min Ak{(xmaxNPv(Ak,Np) +(1-a) minNPv(Ak,Np)}

The parameter o is known as an index of optimism, and its value
varies between zero and one. Here we take a as 0.8. For a
minimization approach, we get the results as follows:

Al: (0.8 x 0.8446) + (0.2 x 0.7116) = 0.8180
A2: (0.8 x 0.8012) + (0.2 x 0.7028) = 0.7816
A3: (0.8 x 0.8151) + (0.2 x 0.7218) = 0.7965

The results indicated that CVD mortality is more likely to be
affected by CHD (0.7816) in the Chinese population as compared
to stroke and pulmonary heart disease. Overall, the estimated
outcomes of both decision-making methodologies revealed that a
high incidence of CHD is closely linked to an increase in overall
CVD mortality. Therefore, renewed efforts for addressing the
prevention, detection, treatment, and management of CHD in
Chinese people are required.

The Conservative (Min-Max) Criteria
Method

This criterion was implemented in accordance with instructions
used in Prasad et. al. [34]. Since CVD mortality is to be
minimized, a min-max criterion is adopted as shown below:

0.8446
min Ak{max Akv(Ak, NP)} =min A4 0.8012
0.8151

=0.8012

The findings of the SSGRG degrees-based matrix are shown in
Table 5. It illustrates the SSGRG decision matrix to identify the
potential risk factor of disease mortality using Conservative (Min-
Max) criterion approach. The outcome (0.8012) of the
conservative (Min-Max) criterion provides a distinct
perspective. Surprisingly, a robust link has been observed
between high blood cholesterol risk factors and CHD patient
mortality in the Chinese population. The increasing prevalence of
CHD appeared to have a significant impact on high blood
cholesterol when compared with the other two cardiac
disorders. High blood cholesterol levels appear to be an
aggravating risk factor that may contribute significantly to the
increased mortality of CHD patients. This finding backs up a
recent review study published in 2018, which found that CHD
surpassed stroke as the main cause of deaths in 2013 in six
Chinese provinces, which accounts for almost 78% of the entire
population [35]. In 1990, CHD was the seventh biggest cause of
early mortality, but by 2010 it had risen to second place [36]. It is
expected that in the coming decades CHD is anticipated to
become the top cause of mortality in China.

CHD incidence and death rates in the Chinese population
were extremely low in the 1980s and early 1990s. A study
population conducted in China had the lowest CHD
prevalence and fatality rates in the MONICA research, which
contained 27 nations and 38 different populations between 1984
and 1993 [37]. The rise in the prevalence of CHD in China
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initiated in the early 1980s and has accelerated in the following
20 years [10]. Some epidemiological research conducted in China
corroborates our findings. Between 2002 and 2012, the prevalence
of elevated cholesterol levels increased from 18.6% to 40.40%
[16]. According to a national study published in 2018, 8.1% of
Chinese individuals have abnormal blood cholesterol levels.
According to a Chinese Atherosclerotic Cardiovascular disease
(ASCVD) risk management framework, 1.8% of adults have a
very high risk of CVD, and about 9.4% have a high risk of CVD.
As a result, an estimate of 11.1% of the population may require
cholesterol-lowering therapy to lessen their CVD risk. According
to this comprehensive nationwide study, the rate of therapy with
cholesterol-lowering medicines is only about 5.5% among the
high-risk group and almost 15% among the very high-risk
group [38].

DISCUSSION

In China, the exponential growth in cardiac mortality has sparked
widespread alarm among health experts and policymakers. The
role of affluence in mortality is widely studied to prevent
mortality from CV disorders. This research moves a step
ahead in determining the strength of association between
HTN, diabetes, high blood cholesterol, and mortality caused
by CVDs such as stroke, CHD, and pulmonary heart disease
from 2001 to 2017 in China. We used three Grey relational
models (Deng GRG, absolute GRG, and SSGRG models) in the
present study, which might be a potential replacement for
traditional data analysis methods. The estimated outputs
revealed that the Grey relational model approach was
appropriate and well-implemented.

The findings reveal that HTN has a more grounded
relationship with mortality from stroke and pulmonary heart
disease, whereas high blood cholesterol appears to be the leading
contributor to deaths from CHD. Besides HTN and high blood
cholesterol, diabetes appeared with the least influence on
mortality from CVD in our study. Furthermore, to check the
robustness of the results a decision-analysis approach with two
different methodologies was employed using the SSGRG model
outcomes, which demonstrated a robust connection between
dyslipidemia, CHD, and CVD mortality. CVD mortality is
shown to be considerably impacted by CHD, with
dyslipidemia contributing as the most intensified risk factor
for CHD-related death in the Chinese population.

Despite many positive changes in people’s lifestyle, the
prevalence and the incidence of HTN elevated blood
cholesterol, and diabetes, as major CV risk factors, have
steadily increased in China due to population growth, aging,
unfavorable lifestyles, and ambiguous etiology of these risk
factors. Patients with these illnesses require medical attention,
yet they are frequently misdiagnosed, neglected, or unmanaged.
China is further along in the epidemiological shift, but due to
undertreatment and inadequate management, the actual
population levels for high blood cholesterol and HTN are
much worse, but not much different for diabetes. Given the
stronger association between high blood cholesterol and CV-
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associated diseases [5], our findings show that high blood
cholesterol maybe account for the high prevalence of CHD in
China and that it is also an important cardiac risk factor in
parallel with HTN. Various studies consistently show a high
incidence of elevated cholesterol levels in China, while the
statistics vary depending on research design, demographic, and
observational periods [5, 38, 39]. In China, dyslipidemia is less
frequent, although it is inadequately managed. The undiagnosed
and untreated dyslipidemia presents a great potential for China as
the major risk factor of CHD and stroke is preventable. The levels
of blood glucose (diabetes mellitus) and blood cholesterol in the
Chinese population are comparable to, or somewhat better than,
those in developed economies. One explanation is that, like HTN,
high blood cholesterol is less frequent, but poorly managed in
China [40]. As blood cholesterol levels in the Chinese population
rise, encouraging the use of effective cholesterol-lowering
treatments and leading a healthy lifestyle is crucial in
preventing this risk factor from contributing to future
increases in incidence and death from CVDs in China.
Antihypertensive and cholesterol-lowering treatments have
been shown to successfully reduce the incidence of CVD in
several studies. One simulation research looked at the
potential benefit of blood pressure and cholesterol
management treatments in Chinese people. According to the
findings, if China could successfully treat HTN, 29 million
strokes, 19 million AMIs, and 9 million CVD-related deaths
might be averted by the year 2030. These statistics correspond to
approximately 25% of projected AMIs, strokes, and CVD deaths
overall [41]. Expanded treatment along with improved control of
CV risk factors have helped many developed economies reduce
their CVD burden. In China and the United States (US),
researchers compared the treatment, awareness, prevalence,
and management of significant CVD risk factors. The Chinese
population has a lower prevalence of HTN and blood cholesterol
levels than the US population, but significantly poorer rates of
knowledge, treatment, and management of these major risk
factors. CVD mortality is expected to surge in the next
decades due to the deteriorating of metabolic risk factors. The
best strategy to minimize the rising burden of CVD mortality is to
address these risk factors through public health programs.
Improvements in healthcare quality are frequently correlated
with a country’s economic prosperity. The availability of
improved diagnostic or therapeutic technologies, as well as
ease of access to medicines, is critical to patients’ care,
particularly in the field of heart disease. The developed
economies have been fortunate in minimizing the burden of
CV risk factors by incorporating HTN and elevated cholesterol
levels screening and management into regular primary healthcare
practice, as well as offering inexpensive and effective drugs [42].
Considering China’s health infrastructure, notably in primary
care, the country has the potential to replicate the success
witnessed in Western countries. Since China’s 2009 health
reform, free screening and regular care of HTN have been
available [43, 44]. As part of extending and strengthening
primary care, initiatives are required to ramp up screening
and the use of antihypertensive and cholesterol-lowering
drugs. Furthermore, health care providers and primary care
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physicians require further training on modifiable risk factors
protocol, diagnosis, and treatment. Physician education
programs that include a feedback mechanism can help to
minimize clinical lethargy, promote guideline adherence, and
improve cardiac risk factors diagnosis and treatment [45, 46]. In
the last decade, increased health insurance, a national critical
medication system, and other measures have been developed to
reduce financial obstacles to health care and access to inexpensive
pharmaceuticals [47]. Disparities in socioeconomic level and
education in China’s developed economies may play a role in
CV risk factors’ measurement differences [27, 48]. As a result,
developing a general public education campaign in China may
also assist to increase elevated cholesterol understanding and
treatment. According to studies, boosting awareness and
treatment through education is likely required, but not
sufficient, for China to attain better control [28, 49]. To
combat uncontrolled cholesterol levels and HTN in China, a
major structural transition is required. The problems might be
due to a lack of screening and education, which would be
reinforced by procedures and rules that assure sufficient
treatment and access to inexpensive drugs.

The obvious lack of knowledge, treatment, and control of
HTN, diabetes, and high blood cholesterol in the Chinese
population has deep and complicated causes. The accessibility
and price of pharmaceuticals at various hospitals or clinics,
patient adherence to treatment, and the quality of care
provided by medical practitioners may all play a role in these
issues. The accessibility to drugs is of vital importance. In a survey
conducted in China, researchers looked at the availability, pricing,
and prescriptions of antihypertensive drugs. Only 34% of these
primary-care sites had all four forms of antihypertensive
medication accessible, although 92% of the sites had at least
one form of antihypertensive drug based on recommended
guidelines. The western part of China has the least availability
of drugs in village clinics and primary-care settings [49]. More
research is needed to identify the key driving causes for poorer
awareness, control, and treatment rates of HTN, diabetes, and
increased blood cholesterol levels, taking into account a variety of
elements such as patients, health providers, and health-related
regulations. Optimizing the odds of effective therapy is crucial,
but so is encouraging China’s populace to adopt healthy lives on a
national level.

Although various lifestyle indicators have changed in a
positive direction, there are still significant gaps between
guideline-recommended targets and existing levels of those
indicators. A vital national strategy for the prevention of CVD
and other chronic disorders should be to assist in the creation
and promotion of healthy lifestyles among the Chinese
population. Elevated cholesterol levels affect a large number
of people who are unidentified, untreated, or uncontrolled.
Substantial studies are needed to determine the primary
variables that contribute to the lower rates of knowledge,
provided treatment, and management of this risk factor.
Identifying these highlights and their ramifications will aid
in a better comprehension of China’s CVD challenges and the
development of effective remedies.

Potential Cardiac Risk Factor

Besides, the SSGRA model was found to be a suitable and
effective model for grey relational evaluation of CVD mortality
and associated risk factors under investigation, and it might
be a better alternative to traditional data analysis methods as
it is based on the GST. Also, it does not necessarily require a
larger sample size to make evaluations, forecasts, or decisions;
it may also function effectively with small sample size [50, 51].
Though the sample size is such an important concern in
healthcare and most studies employ big samples, the
technique adopted in this article might help future
healthcare researchers make decisions based on limited or
incomplete samples. The suggested model is applicable not
only in the healthcare system but also in other domains where
GST is applicable.

The path ahead to diminish the CVD burden in China is wide
and meandering, yet failure is not a possibility. Talking
metaphorically, a sword of Damocles looms over the Chinese
people, for years to come. CVD prevention and the
implementation of effective strategies to attain the goal of
reducing modifiable risk factors will necessitate a concerted
effort from all levels of Chinese society, including government
officials, academic leaders, community health professionals,
families, as well as, patients. With these efforts, we anticipate a
future where the CVD epidemic is tamed.

Limitations

The information from GBD, anyway comprehensive and
effectively open to practically all nations of the world, depends
on routinely accessible information from those nations and
regions. Variation in the robustness of data selection and
processing, as well as the credibility of the cause of death, may
arise. Another drawback of the investigation is the consideration
of only three cardiac risk factors which has kept our analysis
traditionalist. Further studies can be made by extending the
variables (risk factors) for more deep information. In addition,
if the variables (risk factors) are extended, subsequent research
may be conducted using more grey relational methodologies to
do comparison analysis.

AUTHOR CONTRIBUTIONS

SR, ER, and AM are responsible for conceptualizing the
research theme, data collection, and analysis, interpretation
of the results, and drafted earlier versions of the manuscript. Z]
is in charge of project administration and supervision of the
overall manuscript. The authors read and approved the final
version.

FUNDING

This work is supported by the Union Program of Science and
Health of Hunan Province, China (2019JJ80011). The funder had
no role in study design, data collection, and analysis, decision to
publish, or preparation of the manuscript.

Int J Public Health | Owned by SSPH+ | Published by Frontiers

April 2022 | Volume 67 | Article 1604599



Rehman et al.

CONFLICT OF INTEREST

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Liu S, Li Y, Zeng X, Wang H, Yin P, Wang L, et al. Burden of Cardiovascular

Diseases in China, 1990-2016. JAMA Cardiol (2019) 4(4):342-52. d0i:10.1001/
jamacardio.2019.0295

. Ma LY, Chen WW, Gao RL, Liu LS, Zhu ML, Wang Y], et al. China

Cardiovascular Diseases Report 2018: an Updated Summary. | Geriatr
Cardiol (2020) 17(1):1-8. doi:10.11909/j.issn.1671-5411.2020.01.001

. Wei-Wei CHEN, Run-Lin GAO, Li-Sheng LIU, Man-Lu ZHU, Wen WANG,

Yong-Jun WANG. China Cardiovascular Diseases Report 2015: a Summary.
J Geriatr Cardiol JGC (2017) 14(1):1.

. Fuchs FD, Whelton PK. High Blood Pressure and Cardiovascular Disease.

Hypertension (2020) 75(2):285-92. doi:10.1161/hypertensionaha.119.
14240

. Pan L, Yang Z, Wu Y, Yin R-X, Liao Y, Wang J, et al. The Prevalence,

Awareness, Treatment and Control of Dyslipidemia Among Adults in China.
Atherosclerosis (2016) 248:2-9. doi:10.1016/j.atherosclerosis.2016.02.006

. Caldarone E, Severi P, Lombardi M, D’Emidio S, Mazza A, Bendini MG,

et al. Hypertensive Response to Exercise and Exercise Training in Hypertension:
0Odd Couple No More. Clin Hypertens (2017) 23(1):11-2. doi:10.1186/s40885-017-
0067-z

. Angell SY, De Cock KM, Frieden TR. A Public Health Approach to Global

Management of Hypertension. The Lancet (2015) 385(9970):825-7. doi:10.
1016/s0140-6736(14)62256-x

. Wang Z, Zhang L, Chen Z, Wang X, Shao L, Guo M, et al. Survey on Prevalence

of Hypertension in China: Background, Aim, Method and Design. Int ] Cardiol
(2014) 174(3):721-3. doi:10.1016/j.ijcard.2014.03.117

. Lewington S, Lacey B, Clarke R, Guo Y, Kong XL, Yang L, et al. The burden of

Hypertension and Associated Risk for Cardiovascular Mortality in China.
JAMA Intern Med (2016) 176(4):524-32. doi:10.1001/jamainternmed.2016.
0190

Zhao D, Liu J, Wang M, Zhang X, Zhou M. Epidemiology of Cardiovascular
Disease in China: Current Features and Implications. Nat Rev Cardiol (2019)
16(4):203-12. doi:10.1038/s41569-018-0119-4

Tan SC, Li L, Yu W, Chen C, Shi R. Review of Cardiovascular Disease
Prevention and Control Programs: International Experience and Challenges
in China. Int Cardiovasc Forum ] (2016) 6. doi:10.17987/icfj.v6i0.247

Chen WW, Gao RL, Liu LS, Zhu ML, Wang W, Wang Y], et al. China
Cardiovascular Diseases Report 2015: a Summary. ] Geriatr Cardiol (2017)
14(1):1-10. doi:10.11909/j.issn.1671-5411.2017.01.012

Xia WAN, Yang GH. Is the Mortality Trend of Ischemic Heart Disease by
the GBD2013 Study in China Real? Biomed Environ Sci (2017) 30(3):
204-9.

Wu S, Wu B, Liu M, Chen Z, Wang W, Anderson CS, et al. Stroke in China:
Advances and Challenges in Epidemiology, Prevention, and Management.
Lancet Neurol (2019) 18(4):394-405. doi:10.1016/S1474-4422(18)30500-3
Zhang Z, Zhang J, Wei Z, Ren H, Song W, Pan J, et al. Application of Tabu
Search-Based Bayesian Networks in Exploring Related Factors of Liver
Cirrhosis Complicated with Hepatic Encephalopathy and Disease
Identification. Sci Rep (2019) 9(1):6251-8. doi:10.1038/s41598-019-42791-w
Pan J, Ren Z, Li W, Wei Z, Rao H, Ren H, et al. Prevalence of
Hyperlipidemia in Shanxi Province, China and Application of Bayesian
Networks to Analyse its Related Factors. Sci Rep (2018) 8(1):3750-9.
doi:10.1038/541598-018-22167-2

Mumtaz A, Rehman N, Haider A, Rehman S. Long-term Air Pollution
Exposure and Ischemic Heart Disease Mortality Among Elderly in Highly
Aged Asian Economies. Front Public Heal 9:81912 (2022).

Ng DKW. Grey System and Grey Relational Model. SIGICE Bull (1994) 20(2):
2-9. doi:10.1145/190690.190691

Potential Cardiac Risk Factor

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.ssph-journal.org/articles/10.3389/ijph.2022.1604599/
full#supplementary-material

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Rehman S, Rehman E, Hussain I, Jianglin Z. Socioeconomic Influence on
Cardiac Mortality in the South Asian Region: New Perspectives from Grey
Modeling and G-TOPSIS. ] Healthc Eng 2021:6866246 (2021).

Ke G Lightgbm: A Highly Efficient Gradient Boosting Decision Tree. Adv
Neural Inf Process Syst (2017) 30:3146-54.

Rehman S, Rehman E, Mumtaz A, Jianglin Z. A Multicriteria Decision-Making
Approach in Exploring the Nexus between Wind and Solar Energy Generation,
Economic Development, Fossil Fuel Consumption, and CO2 Emissions. Front
Environ Sci (2022) 659. doi:10.3389/fenvs.2021.819384

Liu S, Zhang H, Yang Y. Explanation of Terms of Grey Incidence Analysis
Models. Grey Syst Theor Appl. (2017) 7(1):136-42.

Mumtaz A, Rehman E, Rehman S, Hussain I. Impact of Environmental
Degradation on Human Health: An Assessment Using Multicriteria
Decision Making. Front Public Heal (2021) 9.

Rehman E, Tkram M, Feng MT, Rehman S. Sectoral-based CO2 Emissions of
Pakistan: a Novel Grey Relation Analysis (GRA) Approach. Environ Sci Pollut
Res (2020). 27(23):29118-29.d0i:10.1007/s11356-020-09237-7

Yi X, Luo H, Zhou J, Yu M, Chen X, Tan L, et al. Prevalence of Stroke and
Stroke Related Risk Factors: a Population Based Cross Sectional Survey in
Southwestern China. BMC Neurol (2020) 20(1):5-10. doi:10.1186/s12883-019-
1592-z

Rehman S, Rehman N, Naz M, Mumtaz A, Jianglin Z. Application of Grey-
Based SWARA and COPRAS Techniques in Disease Mortality Risk
Assessment. J Healthc Eng (2021) 2021(1):1-9. doi:10.1155/2021/7302157
Mohamed SF, Mutua MK, Wamai R, Wekesah F, Haregu T, Juma P, et al.
Prevalence, Awareness, Treatment and Control of Hypertension and Their
Determinants: Results from a National Survey in Kenya. BMC Public Health
(2018) 18(3):1219-0. doi:10.1186/s12889-018-6052-y

LuJ,LuY, Wang X, Li X, Linderman GC, Wu C, et al. Prevalence, Awareness,
Treatment, and Control of Hypertension in China: Data from 1-7 Million
Adults in a Population-Based Screening Study (China PEACE Million Persons
Project). The Lancet (2017) 390(10112):2549-58. do0i:10.1016/s0140-6736(17)
32478-9

Wu Z, Yao C, Zhao D, Wu G, Wang W, Liu J, et al. Sino-MONICA Project.
Circulation (2001) 103(3):462-8. doi:10.1161/01.cir.103.3.462

Qi L, Ding X, Tang W, Li Q, Mao D, Wang Y. Prevalence and Risk Factors
Associated with Dyslipidemia in Chongqing, China. Ijerph (2015) 12(10):
13455-65. doi:10.3390/ijerph121013455

Chen J, Zeng J, Shi C, Liu R, Lu R, Mao §, et al. Associations between Short-
Term Exposure to Gaseous Pollutants and Pulmonary Heart Disease-Related
Mortality Among Elderly People in Chengdu, China. Environ Health (2019)
18(1):64-10. doi:10.1186/s12940-019-0500-8

Shen C, Ge J. Epidemic of Cardiovascular Disease in China. Circulation (2018)
138(4):342-4. doi:10.1161/circulationaha.118.033484

Hurwicz L, Weinberger HF. A Necessary Condition for Decentralization and
an Application to Intertemporal Allocation. ] Econ Theor (1990) 51(2):313-45.
doi:10.1016/0022-0531(90)90021-b

Prasad D. Operation Research. Alpha Science International Limited (2015).
p. 532.

Zhou M, Wang H, Zhu J, Chen W, Wang L, Liu S, et al. Cause-specific
Mortality for 240 Causes in China during 1990-2013: a Systematic Subnational
Analysis for the Global Burden of Disease Study 2013. The Lancet (2016)
387(10015):251-72. doi:10.1016/s0140-6736(15)00551-6

Yang G, Wang Y, Zeng Y, Gao GF, Liang X, Zhou M, et al. Rapid Health
Transition in China, 1990-2010: Findings from the Global Burden of Disease
Study 2010. Lancet (2015) 381(9882):1987-2015. doi:10.1016/S0140-6736(13)
61097-1

Tunstall-Pedoe H, Kuulasmaa K, Amouyel P, Arveiler D, Rajakangas AM,
Pajak A. Myocardial Infarction and Coronary Deaths in the World Health
Organization MONICA Project. Registration Procedures, Event Rates, and

Int J Public Health | Owned by SSPH+ | Published by Frontiers

April 2022 | Volume 67 | Article 1604599


https://www.ssph-journal.org/articles/10.3389/ijph.2022.1604599/full#supplementary-material
https://www.ssph-journal.org/articles/10.3389/ijph.2022.1604599/full#supplementary-material
https://doi.org/10.1001/jamacardio.2019.0295
https://doi.org/10.1001/jamacardio.2019.0295
https://doi.org/10.11909/j.issn.1671-5411.2020.01.001
https://doi.org/10.1161/hypertensionaha.119.14240
https://doi.org/10.1161/hypertensionaha.119.14240
https://doi.org/10.1016/j.atherosclerosis.2016.02.006
https://doi.org/10.1186/s40885-017-0067-z
https://doi.org/10.1186/s40885-017-0067-z
https://doi.org/10.1016/s0140-6736(14)62256-x
https://doi.org/10.1016/s0140-6736(14)62256-x
https://doi.org/10.1016/j.ijcard.2014.03.117
https://doi.org/10.1001/jamainternmed.2016.0190
https://doi.org/10.1001/jamainternmed.2016.0190
https://doi.org/10.1038/s41569-018-0119-4
https://doi.org/10.17987/icfj.v6i0.247
https://doi.org/10.11909/j.issn.1671-5411.2017.01.012
https://doi.org/10.1016/S1474-4422(18)30500-3
https://doi.org/10.1038/s41598-019-42791-w
https://doi.org/10.1038/s41598-018-22167-2
https://doi.org/10.1145/190690.190691
https://doi.org/10.3389/fenvs.2021.819384
https://doi.org/10.1007/s11356-020-09237-7
https://doi.org/10.1186/s12883-019-1592-z
https://doi.org/10.1186/s12883-019-1592-z
https://doi.org/10.1155/2021/7302157
https://doi.org/10.1186/s12889-018-6052-y
https://doi.org/10.1016/s0140-6736(17)32478-9
https://doi.org/10.1016/s0140-6736(17)32478-9
https://doi.org/10.1161/01.cir.103.3.462
https://doi.org/10.3390/ijerph121013455
https://doi.org/10.1186/s12940-019-0500-8
https://doi.org/10.1161/circulationaha.118.033484
https://doi.org/10.1016/0022-0531(90)90021-b
https://doi.org/10.1016/s0140-6736(15)00551-6
https://doi.org/10.1016/S0140-6736(13)61097-1
https://doi.org/10.1016/S0140-6736(13)61097-1

Rehman et al.

38.

39.

40.

41.

42.

43.

44,

45.

Case-Fatality Rates in 38 Populations from 21 Countries in Four Continents.
Circulation (1994) 90(1):583-612. doi:10.1161/01.¢ir.90.1.583

Zhang M, Deng Q, Wang L, Huang Z, Zhou M, Li Y, et al. Prevalence of
Dyslipidemia and Achievement of Low-Density Lipoprotein Cholesterol
Targets in Chinese Adults: a Nationally Representative Survey of
163,641 Adults. Int ] Cardiol (2018) 260:196-203. doi:10.1016/j.ijcard.
2017.12.069

Zhang FL, Xing YQ, Wu YH, Liu HY, Luo Y, Sun MS, et al. The Prevalence,
Awareness, Treatment, and Control of Dyslipidemia in Northeast China: a
Population-Based Cross-Sectional Survey. Lipids Health Dis (2017) 16(1):
61-13. doi:10.1186/s12944-017-0453-2

LuY, Wang P, Zhou T, Lu ], Spatz ES, Nasir K, et al. Comparison of Prevalence,
Awareness, Treatment, and Control of Cardiovascular Risk Factors in China
and the United States. ] Am Heart Assoc (2018) 7(3):e007462. doi:10.1161/
JAHA.117.007462

Stevens W, Peneva D, Li JZ, Liu LZ, Liu G, Gao R, et al. Estimating the Future
burden of Cardiovascular Disease and the Value of Lipid and Blood Pressure
Control Therapies in China. BMC Health Serv Res (2016) 16(1):175-10. doi:10.
1186/s12913-016-1420-8

Jaffe MG, Lee GA, Young JD, Sidney S, Go AS. Improved Blood Pressure
Control Associated with a Large-Scale Hypertension Program. Jama (2013)
310(7):699-705. doi:10.1001/jama.2013.108769

Feng Y], Wang HC, Li YC, Zhao WH. Hypertension Screening and Follow-Up
Management by Primary Health Care System Among Chinese Population
Aged 35 Years and above. Biomed Environ Sci (2015) 28(5):330-40. doi:10.
3967/bes2015.047

Lu Z, Cao S, Chai Y, Liang Y, Bachmann M, Suhrcke M, et al. Effectiveness of
Interventions for Hypertension Care in the Community-Aa Meta-Analysis of
Controlled Studies in China. BMC Health Serv Res (2012) 12(1):216-2. doi:10.
1186/1472-6963-12-216

Ambaw AD, Alemie GA, W/Yohannes SM, Mengesha ZB. Adherence to
Antihypertensive Treatment and Associated Factors Among Patients on

46.

47.

48.

49.

50.

51.

Potential Cardiac Risk Factor

Follow up at University of Gondar Hospital, Northwest Ethiopia. BMC
Public Health (2012) 12(1):282-6. doi:10.1186/1471-2458-12-282

Gyamfi ], Plange-Rhule J, Iwelunmor J, Lee D, Blackstone SR, Mitchell A, et al.
Erratum to: Training Nurses in Task-Shifting Strategies for the Management
and Control of Hypertension in Ghana: a Mixed-Methods Study. BMC Health
Serv Res (2017) 17(1):216-9. do0i:10.1186/s12913-017-2161-z

Meng Q, Fang H, Liu X, Yuan B, Xu J. Consolidating the Social Health Insurance
Schemes in China: towards an Equitable and Efficient Health System. The Lancet
(2015) 386(10002):1484-92. doi:10.1016/s0140-6736(15)00342-6

Li G, Wang H, Wang K, Wang W, Dong F, Qian Y, et al. Prevalence,
Awareness, Treatment, Control and Risk Factors Related to Hypertension
Among Urban Adults in Inner Mongolia 2014: Differences between
Mongolian and Han Populations. BMC Public Health (2016) 16(1):294-10.
doi:10.1186/512889-016-2965-5

Su M, Zhang Q, Bai X, Wu C, Li Y, Mossialos E, et al. Availability, Cost, and
Prescription Patterns of Antihypertensive Medications in Primary Health Care
in China: a Nationwide Cross-Sectional Survey. The Lancet (2017) 390(10112):
2559-68. d0i:10.1016/s0140-6736(17)32476-5

Rehman S, Rehman N, Naz M, Mumtaz A, Jianglin Z. Application of Grey-
Based SWARA and COPRAS Techniques in Disease Mortality Risk
Assessment. | Healthc Eng (2021) 2021:1-9.

Rehman E, Ikram M, Rehman S, Feng MT. Growing green? Sectoral-Based
Prediction of GHG Emission in Pakistan: a Novel NDGM and Doubling Time
Model Approach. Environ Dev Sustain (2021) 23:12169-91.

Copyright © 2022 Rehman, Rehman, Mumtaz and Jianglin. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Int J Public Health | Owned by SSPH+ | Published by Frontiers

April 2022 | Volume 67 | Article 1604599


https://doi.org/10.1161/01.cir.90.1.583
https://doi.org/10.1016/j.ijcard.2017.12.069
https://doi.org/10.1016/j.ijcard.2017.12.069
https://doi.org/10.1186/s12944-017-0453-2
https://doi.org/10.1161/JAHA.117.007462
https://doi.org/10.1161/JAHA.117.007462
https://doi.org/10.1186/s12913-016-1420-8
https://doi.org/10.1186/s12913-016-1420-8
https://doi.org/10.1001/jama.2013.108769
https://doi.org/10.3967/bes2015.047
https://doi.org/10.3967/bes2015.047
https://doi.org/10.1186/1472-6963-12-216
https://doi.org/10.1186/1472-6963-12-216
https://doi.org/10.1186/1471-2458-12-282
https://doi.org/10.1186/s12913-017-2161-z
https://doi.org/10.1016/s0140-6736(15)00342-6
https://doi.org/10.1186/s12889-016-2965-5
https://doi.org/10.1016/s0140-6736(17)32476-5
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Cardiovascular Disease Mortality and Potential Risk Factor in China: A Multi-Dimensional Assessment by a Grey Relational Ap ...
	Introduction
	Methods
	Data Source
	Grey Relational Analysis Models

	Results
	The Hurwicz (Min-Max) Criteria
	The Conservative (Min-Max) Criteria Method

	Discussion
	Limitations

	Author Contributions
	Funding
	Conflict of Interest
	Supplementary Material
	References


