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Background: Ultrasound cardiogram is commonly used in the diagnosis of cardiac hypertrophy from 
hypertension. This study aimed to investigate the correlation between the occurrence of cardiac hypertrophy 
from hypertension with the expression of autophagy-related protein 9A (ATG9a). 
Methods: In this study, 168 patients with hypertension in the Guizhou Medical University from February 
2020 to September 2021 were selected. The patients were divided into an experimental group (cardiac 
hypertrophy group) and a normal group according to the results of ultrasound cardiogram examination, 
and serum ATG9a levels in the two groups were detected. The association between ATG9a and cardiac 
hypertrophy from hypertension and the relationship between serum ATG9a and ultrasound cardiogram 
indicators were analyzed. And a receiver operating characteristic (ROC) curve was drawn to analyze the value 
of ATG9a in the diagnosis of cardiac hypertrophy from hypertension. 
Results: The results showed that there were no significant differences in age, diastolic blood pressure, 
hypertension course, body mass index (BMI), smoking history, and drinking history between the experimental 
and normal groups (P>0.05). Binary logistic regression analysis showed that compared with the normal 
control group, ATG9a increased significantly (P<0.05) and systolic blood pressure decreased significantly in 
the experimental group. The results showed that the area under the curve (AUC) of serum ATG9a was 0.736, 
the sensitivity was 76.54%, and the specificity was 78.42% in the diagnosis of cardiac hypertrophy from 
hypertension. Pearson correlation analysis showed that ATG9a was positively correlated with left ventricular 
posterior wall thickness (LVPWT) and interventricular septal thickness (IVST) in patients with cardiac 
hypertrophy from hypertension, and was negatively correlated with left ventricular ejection fraction (LVEF) 
(P<0.05). 
Conclusions: Serum ATG9a may be involved in the formation of cardiac hypertrophy in hypertensive 
patients. Our results, which showed that serum ATG9a level increased in cardiac hypertrophy patients, were 
consistent with the clinical ultrasonic cardiogram diagnosis result, and ATG9a is expected to be a marker for 
early ultrasonic cardiogram diagnosis.
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Introduction

At present, hypertension, as a chronic non-communicable 
disease, has attracted widespread attention and become a 
serious problem affecting global public health (1). With 
the improvement of people’s living standards and the 
aging of the population, the incidence of hypertension is 
increasing. In China, the annual growth of hypertension 
can reach up to 10 million people per year. Previous studies 
have estimated that there will be more than 1.5 billion 
people suffering from hypertension globally by 2025 (2-4).  
Hypertension is often accompanied by other serious 
cardiovascular diseases, including cerebral apoplexy, 
myocardial infarction, heart failure, and coronary heart 
disease (5,6). In recent years, younger patients have 
experienced a variety of cardiovascular and cerebrovascular 
diseases caused by hypertension, and the incidence has been 
increasing annually (7). Hypertension has become a risk 
factor for mortality, which has a serious impact on quality 
of life and also threatens the lives of patients, resulting in 
a considerable economic burden to both patients’ families 
and society (8,9). The treatment principles for patients with 
hypertension involve strict and effective control of patients’ 
blood pressure levels, while avoiding or slowing down the 
occurrence of hypertension-related complications, in order 
to ensure the quality of life of patients (10,11). Evidence-
based and effective management plays a positive role in 
controlling the blood pressure level of hypertensive patients 
as well as avoiding the occurrence and deterioration of 
complications (12).

A long-term high blood pressure level will lead to 
ventricular remodeling, which is clinically manifested as 
ventricular wall hypertrophy, ventricular cavity enlargement, 
and changes in ventricular cavity geometry (13). The 
heart has various adaptive compensatory responses to 
the long-term presence of high blood pressure. Cardiac 
hypertrophy, as one of the compensatory responses, can 
reduce the tension of the ventricular wall. However, in 
the long term, cardiac hypertrophy will result in heart 
failure and lead to serious consequences (14-16). Studies 
have shown that among patients with hypertension, those 
with left ventricular hypertrophy account for about one-
third, and three-quarters heart failure cases are caused by 
hypertension (17-19). Patients with hypertension are likely 
to develop cardiac dysfunction, resulting in hypertensive 
myocardial damage, which is most commonly manifested 
as cardiac hypertrophy from hypertension (20,21). Cardiac 
hypertrophy from hypertension is the result of increasing 

left ventricular load caused by high blood pressure over a 
long period (22-24). Cardiac hypertrophy patients often 
have a series of pathological changes, which are mainly 
manifested as cardiomyocyte hypertrophy, interstitial 
fibrosis, and non-cardiac hyperplasia (25-27).

Ultrasound cardiogram is a diagnostic method for 
hypertensive cardiac hypertrophy, and is widely used in 
clinical practice. Its detection rate of hypertension cardiac 
hypertrophy is approximately 73.15% (28-30). Ultrasound 
cardiogram is a non-invasive detection technology that can 
examine the anatomical structure and functional status of the 
heart and its large blood vessels through the unique physical 
characteristics of ultrasonic short-waves (31). Since the 
application of ultrasound in the diagnosis of heart disease 
in 1954, researchers have extensively applied and improved 
ultrasound cardiogram. The clinical manifestations of 
ultrasound cardiogram are divided into three types, namely 
M-type ultrasound cardiogram, two-dimensional ultrasound 
cardiogram, and Doppler ultrasound cardiogram (32,33). 
Although ultrasound cardiogram can temporarily meet the 
diagnostic needs of patients with hypertrophy caused by 
hypertension, its accuracy and detection rate are limited. 
Hence, researchers are exploring more accurate diagnostic 
and treatment methods (34). The relationship between 
cardiac hypertrophy and autophagy has not been completely 
clarified. It has been reported that inhibition of autophagy 
counteracts cardiac hypertrophy, improves myocardial 
remodeling, increases patient survival, and ameliorates 
cardiac hypertrophy (35). More than 40 autophagy-
related genes (ATG) have been identified, and according 
to different functions, the autophagy-related protein ATG 
has been classified into 4 complexes: ATG1 protein kinase 
complex, ATG9 complex, phosphatidylinositol 3-kinase 
PI3K complex, and ATG5/12/16 complex (36). It has been 
reported that autophagy-related protein 9A (ATG9a), as 
an autophagy regulatory protein, plays an important role 
in regulating cardiac autophagy and inhibiting cardiac 
hypertrophy. It is abnormally expressed in patients with 
cardiac hypertrophy from hypertension (37). As a multi-
transmembrane protein, ATG9a plays a crucial role in 
the formation of autolysosomes; transport of ATG9a by 
endosomes is a key step of the formation of autolysosomes. 
Investigating the expression level of ATG9a in patients 
with cardiac hypertrophy from hypertension may provide 
evidence for the diagnosis of the disease. Pathological 
myocardial hypertrophy is due to impairment of some of 
the signaling pathways associated with hypertrophy, some 
of which are also involved in the regulation of cellular 
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autophagy. Calcium/calcium-regulated signaling pathway 
promotes the development of myocardial hypertrophy by 
activating gene transcription. The PI3K/AKT pathway acts 
on two downstream targets, glycogen synthase kinase-3 and 
mTOR, to regulate myocardial hypertrophy, both of which 
are major regulators of cardiomyocyte autophagy (38).  
Hypertrophy is also regulated through the mitogen-
activated protein kinases (MAPKs) signaling pathway, and 
MAPKs are also associated with cardiomyocyte autophagy 
and mitochondrial autophagy. Among the many growth 
factors that can induce cardiomyocyte hypertrophy, Ang II 
was confirmed to be the most important stimulator, and its 
receptor can regulate cardiomyocyte autophagic activity. It 
has been shown that interference with ATG9a expression 
attenuates Ang II-mediated increases in cardiomyocyte 
autophagic activity and hypertrophy (39).

The study aimed to investigate the application value of 
ultrasound cardiogram in the clinical diagnosis of cardiac 
hypertrophy from hypertension and the correlation 
between its occurrence and the expression of ATG9a. 
One hundred and sixty-eight hypertension patients from 
Guizhou Medical University were selected and divided into 
an experimental group (cardiac hypertrophy group) and 
a normal group according to the results of the ultrasound 
cardiogram examination. The serum ATG9a levels of 
patients in the two groups were detected. In this study, 
we innovatively linked serum ATG9a with hypertensive 
cardiac hypertrophy and analyzed the relationship between 
ATG9a and hypertension-induced cardiac hypertrophy by 
using a binary logistic stepwise regression method. Pearson 
correlation analysis was used to analyze the relationship 
between serum ATG9a and echocardiographic indices, 
and receiver operating characteristic (ROC) curves were 
plotted. We intended to analyze the diagnostic value of 
ATG9a for cardiac hypertrophy due to hypertension. We 
intended to analyze the diagnostic value of ATG9a for 
cardiac hypertrophy from hypertension. We present the 
following article in accordance with the STARD reporting 
checklist (available at https://apm.amegroups.com/article/
view/10.21037/apm-21-3936/rc).

Methods

Research subjects

In this study, 168 patients with hypertension in the Guizhou 
Medical University from February 2020 to September 2021 
were selected and divided into an experimental group (cardiac 

hypertrophy group) and a normal group according to the 
results of ultrasound cardiogram examination. All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised 
in 2013). This study was approved by the Research Ethics 
Committee of Guizhou Medical University (No. 2021-247), 
and the patients or their families were informed of this study 
and signed the informed consent.

Inclusion criteria: (I) patients diagnosed with hypertension 
according to the diagnostic criteria of the Hypertension 
Prevention and Treatment Guidelines of China; (II) those 
diagnosed with cardiac hypertrophy but with normal 
myocardium according to the diagnostic criteria of Doppler 
ultrasound; (III) those not suffering from other serious organ 
or genetic diseases; (IV) patients without contraindications 
for examinations; and (V) patients who had signed the 
informed consent forms.

Exclusion criteria: (I) patients with a history of liver 
and kidney dysfunction; (II) those with allergies to the 
experiment; (III) pregnant or breastfeeding patients; (IV) 
patients with secondary hypertension; (V) patients who were 
taking antihypertensive drugs; (VI) patients with autoimmune 
diseases; (VII) patients with serious diseases such as malignant 
tumors; (VIII) patients with congenital heart disease, heart 
failure, or other heart disease that may affect the results of 
this study; and (IX) patients with mental disorders.

Ultrasonic imaging examination

Ultrasonography was simultaneously performed in the 
168 included patients. The examination instrument was 
the Philips Clear Vue350 Doppler ultrasound diagnostic 
instrument (Netherlands) with probe frequency of 3.5 MHz.  
During the examination, the patients were placed in a 
lateral or supine position to obtain the scanning images and 
determine the related indicators of cardiac hypertrophy: left 
ventricular ejection fraction (LVEF), interventricular septal 
thickness (IVST), left ventricular posterior wall thickness 
(LVPWT), left ventricular end-systolic dimension (LVESD), 
and left ventricular end-diastolic dimension (LVEDD). 
In addition, Left Ventricular Mass Index (LVMI) was 
calculated according to Eq. [1] as follows, where the body 
surface area is represented by S.

LVMLVM
S

= 	 [1]

Left Ventricular Mass (LVM) was calculated according to 

https://apm.amegroups.com/article/view/10.21037/apm-21-3936/rc
https://apm.amegroups.com/article/view/10.21037/apm-21-3936/rc
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Eq. [2].

( )3 30.8 1.04 0.6LVM LVEDD IVST LVPWT LVEDD = × × + + − +  	 [2]

The body surface area S was calculated according to Eq. [3].

0.0061 0.0128 0.1529S H BMI= × + × − 	 [3]

where H is the height of the patient, BMI is the body mass 
index, and the weight is represented by W. The BMI was 
calculated according to Eq. [4].

2H
WBMI = 	 [4]

Acquisition of basic data

The height and weight of the patients were measured, and 
the patients’ basic information, such as age, hypertension 
course, and smoking history, was collected. Meanwhile, 
blood pressure was measured as below. Patients were 
forbidden to drink coffee or tea before the examination. 
During meditation (for about 5 min), the patient’s upper 
arm was kept at the same level as the heart. A desktop 
mercury sphygmomanometer was then used to determine 
the blood pressure after calibration. This step was 
performed twice with an interval of 2 min. The diastolic 
and systolic blood pressure were recorded and then 
averaged.

Detection of serum ATG9a

Fasting venous blood was collected from the normal 
and experimental groups, and serum was obtained after 
centrifugation. The content of ATG9a in serum was 
detected according to enzyme linked immunosorbent assay 
(ELISA). After centrifugation, 100 μL of serum was added 
into the detection plate well, and the standard substance and 
blank control group were set at the same time. The sample 
well was washed three times, and added with 50 μL substrate 
A and B successively, followed by incubation at room 
temperature for approximately 15 min. Finally, 50 μL of stop 
solution was added to stop the reaction. The reaction plate 
was placed into a microplate reader (BioTek Instruments, 
USA, CYT3M) for determination, and relevant data were 
recorded to draw a standard curve. The serum ATG9a level 
was calculated according to the values obtained and the 
standard curve.

Evaluation criteria

In this study, three common indicators were selected to 
evaluate the efficacy of cardiac hypertrophy diagnosis 
from hypertension by ultrasound cardiogram in terms of 
accuracy, specificity, and sensitivity, as calculated using Eqs. 
[5], [6], and [7], respectively.

A BAccuracy
A C B D

+
=

+ + + 	[5]

Specifity= B
C B+

	[6]

Sensitivity= A
D A+

	 [7]

where, A is true positive, indicating that the diagnosis 
result and the actual result are both true; B is true negative, 
which means that the diagnostic and actual results are both 
negative; C is false positive, meaning that the diagnostic 
result is positive, but the actual result is negative; D is false 
negative, which means the actual result is positive and the 
diagnostic result is negative.

An ROC curve was used to represent the diagnostic 
efficiency of ATG9a, and the area under the ROC curve 
(AUC) was determined according to the ROC, and 
comparative analysis was conducted.

Statistical analysis

SPSS software (IBM Corporation, USA) was used for 
statistical analysis. Normally-distributed data were 
expressed as mean ± standard deviation (mean ± SD). The 
t-test was used to represent measurement data, the Chi-
square (χ2) test was used to represent count data, and P<0.05 
indicated a statistical difference. The influencing factors of 
cardiac hypertrophy in hypertensive patients were analyzed 
by binary logistic regression, P<0.05 indicated that the 
difference was statistically significant. Pearson correlation 
analysis was used to analyze the relationship between serum 
ATG9a and cardiac hypertrophy-related indicators.

Results

Ultrasound imaging results of patients with cardiac 
hypertrophy from hypertension 

Patients with cardiac hypertrophy from hypertension were 
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examined by ultrasound imaging. Figure 1 (Figure 1A as the 
control group) shows the ultrasound images of some of the 
patients. It was noted that many patients showed changes 
in the left ventricle, including narrowing of left ventricular 
cavity, thickening of left ventricular septum, thickening 
of left ventricular posterior wall, and symmetry of left 
ventricular hypertrophy.

Comparison of the basic data of patients

There were no significant differences in age, diastolic blood 
pressure, hypertension course, BMI, smoking history, and 
alcohol consumption history between the experimental 
and control groups (P>0.05). Systolic blood pressure in the 
experimental group was significantly lower than that in the 

normal group (P<0.05), as shown in Figure 2.

Ultrasonic diagnosis-related indicators and ATG9a test 
results

Doppler ultrasound was performed to measure the 
ultrasonic diagnosis-related indexes of the normal and 
experimental groups, and the expression level of ATG9a in 
serum was determined by ELISA. The results showed that, 
compared with the normal group, the level of ATG9a in 
the serum of the experimental group increased significantly 
(P<0.05). Additionally, the cardiac hypertrophy-related 
indexes of LVPWT, IVST, and LVMI also increased 
significantly, but LVEF significantly decreased (P<0.05). 
Meanwhile, there were no notable difference in the other 

Figure 1 Ultrasound images of cardiac hypertrophy from hypertension (A-L). *, ∞, and & represented the position of the ventricular 
septum, anterior mitral valve, and inferior wall of the patient during the long axis section of the left ventricle measured by echocardiography, 
respectively. The areas with blue and yellow arrows all point to the patient’s ventricular hypertrophy area.
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cardiac hypertrophy-related indicators (P>0.05). The 
specific results are shown in Figures 3,4.

Diagnostic results of serum ATG9a for cardiac hypertrophy 
from hypertension

Using the results of ultrasound cardiogram as a reference, 
the accuracy, specificity, and sensitivity of ATG9a in the 
diagnosis of cardiac hypertrophy from hypertension were 

78.1%, 78.42%, and 76.54%, respectively, as shown in 
Figure 5.

ROC curves were drawn according to the specificity 
and sensitivity of ATG9a as a marker for diagnosis, and the 
results are shown in Figure 6 below.

The AUC of ATG9a for the diagnosis of the cardiac 
hypertrophy from hypertension was 0.736.

Correlation analysis results of serum ATG9a and cardiac 
hypertrophy indicators

The results of Pearson correlation analysis showed that the 
level of ATG9a in cardiac hypertrophy from hypertension 
was correlated with IVST, LVPWT, and LVEF (P<0.05), 
and that the other cardiac hypertrophy-related indicators 
were not correlated (P>0.05), as shown in Figure 7.

In addition, the level of ATG9a in the serum of cardiac 
hypertrophy from hypertension patients was positively 
correlated with IVST and LVPWT, and negatively 
correlated with LVEF, as shown in Figure 8.

Discussion

At present, chronic diseases have become important factors 
affecting the health and quality of life of patients, resulting 
in a considerable economic burden to the patients’ families 
and society, as well as the public health and medical services 
system. Common chronic diseases include hypertension, 
coronary heart disease, and diabetes (40). Among these, the 
incidence of hypertension is the highest, and the heart has 
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produced various adaptive compensatory responses to the 
long-term existence of high blood pressure. As an organ 
that promotes blood flow, the heart plays an important 
role in maintaining people’s normal activities (41). With 
the improvement of living standards, the incidence of 
cardiovascular diseases is also increasing every year. In 
China, about 3 million people die of heart diseases every 
year, accounting for about 40% of the total causes of death. 
This has prompted discussion regarding early diagnosis and 
treatment among researchers (42). Among patients suffering 
from hypertension, about one-third of them also have left 
ventricular hypertrophy. Patients with hypertension are most 
likely to have cardiac dysfunction, resulting in hypertensive 
myocardial damage, most often manifested as hypertensive 
myocardial hypertrophy, which is one of the most common 
complications of hypertension, and most of them clinically 
manifest as left heart hypertrophy, the pathogenesis of 
which is still unclear. One study concluded that left heart 
hypertrophy is not only an independent risk factor for 
the development of hypertension, but also becomes an 
important risk factor for cardiovascular disease (43). It is 
held that ATG9a, as a multi-transmembrane protein, plays 
an important role in the formation of autolysosomes, and is 
abnormally expressed in patients with cardiac hypertrophy 
from hypertension. This may be because that it can inhibit 
cardiac hypertrophy. Hence, exploring its expression level 
in patients with cardiac hypertrophy from hypertension can 
provide a basis for the diagnosis of these patients.
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Ultrasound cardiogram is commonly used for the 
diagnosis of cardiac hypertrophy from hypertension. This 
study aimed to investigate the correlation between the 
occurrence of cardiac hypertrophy from hypertension 
with the expression of ATG9a. In this study, 168 patients 
with hypertension were selected and divided into an 
experimental group (cardiac hypertrophy group) and 
a normal group according to the results of ultrasound 
cardiogram examination. The serum ATG9a levels 
of patients in the two groups were detected. The 
association between ATG9a and cardiac hypertrophy from 
hypertension was analyzed by binary logistic stepwise 
regression. Pearson correlation analysis was used to analyze 
the relationship between serum ATG9a and ultrasound 
cardiogram indicators, and ROC curves were drawn to 
analyze the value of ATG9a in the diagnosis of cardiac 
hypertrophy from hypertension. 

The results showed that there were no significant 
differences in age, diastolic blood pressure, hypertension 
course, BMI, smoking history, and drinking history between 
the experimental and normal groups (P>0.05). Binary 
logistic regression analysis showed that compared with 
the normal control group, ATG9a increased significantly 
(P<0.05), and systolic blood pressure decreased markedly 
in the experimental group. Also, the cardiac hypertrophy-
related indicators of LVPWT, IVST, and LVMI significantly 
increased, while LVEF significantly decreased (P<0.05), and 
other cardiac hypertrophy-related indicators exhibited no 
significant differences (P>0.05). These findings indicated 
that the expression level of ATG9a in the experimental 
group was increased, and the expression level of ATG9a in 
the serum may be related to the cardiac hypertrophy. The 
ROC curve analysis showed that the AUC of serum ATG9a 
was 0.736, the sensitivity was 76.54%, and the specificity 
was 78.42% in the diagnosis of cardiac hypertrophy from 
hypertension. The results of Pearson correlation analysis 
showed that ATG9a level of the cardiac hypertrophy 
from hypertension patients was positively correlated with 
LVPWT and IVST (P<0.05), and negatively correlated with 
LVEF (P<0.05). 

It has been reported that ATG9a expression is increased 
in cardiac hypertrophy patients, which can inhibit cardiac 
hypertrophy by regulating cardiac autophagy. In addition, 
ATG9a and melatonin are positively correlated with the 
cardiac hypertrophy-related indicators, IVSD and LVPWD, 
which is consistent with the results of the present study (44). 
Therefore, serum ATG9a may be involved in the formation 

of cardiac hypertrophy in hypertensive patients, and 
patients with cardiac hypertrophy from hypertension had 
increased serum ATG9a levels. This is consistent with the 
clinical ultrasonic cardiogram diagnostic result, and ATG9a 
is expected to be a marker for early ultrasonic cardiogram 
diagnosis.

Conclusions

It was found that the expression level of ATG9a in the 
serum of the experimental group increased. In addition, 
ATG9a content was positively correlated with LVPWT 
and IVST, and negatively correlated with the LVEF of 
cardiac hypertrophy patients. The result that the serum 
ATG9a level increased in cardiac hypertrophy patients was 
consistent with the clinical ultrasonic cardiogram diagnosis 
result. However, some limitations in this study should 
be noted. The sample size is small, which will reduce the 
power of the study. In future research, an expanded sample 
size is necessary to strengthen the findings of the study. 
In conclusion, this study provides a basis for the diagnosis 
of cardiac hypertrophy from hypertension, and ATG9a 
is expected to be used as a marker in early cardiogram 
diagnosis.
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