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Abstract

The purpose of this study was to provide observational indicators for clinically predicting cardiovascular
events in patients with diabetic nephropathy (DN) undergoing peritoneal dialysis by determining the effects
of nuclear enriched abundant transcript 1 (NEAT1) levels on the cardiovascular events and prognosis in DN
patients receiving continuous ambulatory peritoneal dialysis (CAPD). A retrospective analysis was conduc-
ted on the data of 80 DN patients undergoing CAPD. Patients were assigned to NEAT1 high expression
group and NEAT1 low expression group. NEAT1 had a substantially increased expression in the serum of
DN patients, and it could serve as a potential biomarker for predicting the development of DN. Patients with
highly expressed NEAT1 had an higher level of high-sensitivity C-reactive protein (hs-CRP), larger cardiac
structural parameters left ventricular end-diastolic diameter (LVED), left ventricular end-systolic diameter
(LVESD), interventricular septal diameter (IVSD) and left ventricular posterior wall diameter (LVPWD), but
a notably lower cardiac function evaluation indicator left ventricular ejection fraction (LVEF) than those with
lowly expressed NEAT1. The coefficient () of correlation between NEAT1 and hs-CRP level was 0.3585
(P=0.0011). The incidence rates of acute myocardial infarction, congestive heart failure and angina in NEAT1
high expression group were higher than those in NEAT1 low expression group. Patients with NEAT1 high
expression exhibited a higher mortality rate than NEAT1 low expression group. With the increase in NEAT1
levels, the level of hs-CRP rose in DN patients undergoing CAPD. A higher expression level of NEAT1 indi-
cates poorer cardiac function, higher incidence rates of cardiovascular adverse events and a poorer prognosis
in diabetics undergoing CAPD.
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1. Introduction
Diabetic nephropathy (DN), a leading microvascular

extraordinarily important in treating patients with uremia.
Many studies in China and beyond have demonstrated that

complication of diabetes mellitus (DM), affects nearly 10-
30% of diabetics [1]. It also has become a primary cause
of end-stage renal disease (ESRD) in most countries [2].
Atherosclerosis (AS) is a main macrovascular complica-
tion of DM, and it causes cardiovascular events, there-
by resulting in the death of 70% of type 2 DM (T2DM)
patients [3]. According to a study, DN patients exhibit a
higher incidence rate of AS than those with other renal
diseases, since DN is an independent risk factor of AS [4].
Unfortunately, most patients have not been diagnosed until
the aggravation of symptoms or occurrence of cardiovas-
cular events, as the onset of AS is insidious in DN patients
and there is a lack of sensitive detection methods clini-
cally. Therefore, it is important to find such markers that
can effectively evaluate the progression of AS and predict
future cardiovascular events for early diagnosis, timely
treatment, prognosis improvement and increase in survi-
val rate.

Continuous ambulatory peritoneal dialysis (CAPD) is

CAPD can efficaciously control the symptoms of uremia,
relieve anemia and control blood pressure [5]. Currently,
it is the most commonly used peritoneal dialysis method
worldwide, during which glucose-containing dialysate is
taken as the peritoneal dialysis solution, so ESRD patients
undergoing CAPD experience more obvious glucose me-
tabolism disorder [6]. Glucose metabolism disorder is not
only a factor for the onset and aggravation of cardiovascu-
lar diseases but also the leading cause of death in end-stage
DN patients [7, 8]. Hence, it can be held that diabetics with
ESRD undergoing CAPD are at an extremely high risk of
cardiovascular diseases.

Nuclear enriched abundant transcript 1 (NEAT1) is a
long non-coding RNA (IncRNA) with a length of about
3.2 kb, and its gene is located on human chromosome
11q13.1 [9]. A study found that NEAT1 regulates cellu-
lar immune responses and gene expression by "recruiting"
nuclear proteins and RNAs [10]. It can also play a role in
the occurrence and progression of many tumors through
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affecting numerous signaling pathways [11, 12]. Another
research suggested that NEAT1 plays a pivotal role in DN-
induced fibrosis [13]. However, there have not yet been
studies on the effects of NEAT! levels on end-stage DN
patients receiving CAPD currently. The present study, the-
refore, explored the effects of NEAT levels on the cardiac
function and incidence rate of cardiovascular events in
end-stage DN patients undergoing CAPD, so as to provide
observational indicators for clinical control of disease in
such patients.

2. Materials and methods
2.1. Research subjects

The data of 80 DN patients undergoing CAPD in Hu-
bei NO.3 People’s Hospital of Jianghan University were
retrospectively analyzed. All enrollees were administered
PD-4 peritoneal dialysate (2,000 mL x4) daily using a
double-chamber double-bag CAPD system (Deerfield, IL,
USA).

Inclusion criteria: (1) 18-80-year-old patients clinical-
ly diagnosed with T2DM, (2) those in whom the disease
progressed into ESRD and who had indications of renal
replacement therapy, started undergoing peritoneal dialy-
sis in our hospital and were able to visit the Department of
Nephrology of our hospital for re-diagnosis regularly, (3)
DN patients with a more than 3-year history of CAPD (the
shortest duration was 3 months, and the longest duration
was 60 months, and (4) patients who received insulin the-
rapy and were further diagnosed in the hospital for adjus-
ting hypoglycemic and dialytic regimens every 3 months.

Exclusion criteria: (1) patients with a history of mali-
gnant tumors, severe infection, malnutrition, cachexia, se-
vere cerebrovascular sequelae or other diseases evidently
affecting the quality of life, (2) those who received renal
transplantation, had trauma or undergo major surgery, (3)
those who had a history of mental disorder, could not coo-
perate or refused to participate, or (4) those with end-stage
renal failure caused by DM rather than DN.

Follow-up endpoints included various complication-
induced death, renal transplantation and loss to follow-up
(no follow-up was completed in the center for more than
6 months), conversion to hemodialysis and ending of re-
search.

2.2. Collection of information on enrollees

The basic information of enrollees, including age, sex,
and duration of DM were collected, and whether patients
experienced new malignant tumors or not were identi-
fied. The patients with new malignant tumors needed to
be excluded. The data collection needed to be terminated
when patients had acute severe infections, acute peritoni-
tis, acute myocardial infarction, and acute cerebrovascular
disease, and the relevant data were re-collected after the
patients experienced stable diseases for at least 3 months.

2.3. Detection of patients' cardiac function indicators
using M-mode ultrasonic instrument

All the patients enrolled received cardiac examinations
using an M-mode ultrasonic instrument. The subjects were
placed in the left side-lying position and rested for several
minutes. Upon acquiring a parasternal long axis section of
left ventricle, the following cardiac structural parameters
were measured by a professional staff member using the
M-mode ultrasonic instrument and the M-mode two-di-

mensional color Doppler flow imaging technique strictly
according to the American Society of Echocardiogra-
phy's Guidelines: left ventricular end-diastolic diameter
(LVED), left ventricular end-systolic diameter (LVESD),
interventricular septal diameter (IVSD), left ventricular
posterior wall diameter (LVPWD) and left ventricular
ejection fraction (LVEF). Each parameter was obtained in
the same cardiac cycle, and the results for 3 cardiac cycles
were averaged. The parameters of the ultrasonic instru-
ment were the same for the measurement of every subject.
All the measurements were completed by senior sono-
graphers. The color Doppler echocardiography indicators
were collected once per year and then averaged.

2.4. Collection and pre-treatment of samples

A total of 4 mL of fasting venous blood was collected
from all patients in the morning, placed in a sterile he-
parin-anticoagulated tube and divided into two portions.
Then one portion was transferred to a 5 mL EP tube and
centrifuged at 2,500 g/min for 12 min. Subsequently, the
plasma was harvested, aliquoted and reserved in a refrige-
rator at -80°C.

2.5. Determination of IncRNA NEAT1 expression level
in the plasma using quantitative reverse transcription-
polymerase chain reaction (QRT-PCR)

Total RNAs were first isolated from PBMCs using
TRIzol reagent. After determining the purity and concen-
tration, RNAs with an equal mass were reversely trans-
cribed into complementary deoxyribonucleic acids (cD-
NAs). The cDNAs were then amplified through qPCR
with the SsoFast EvaGreen Supermix PCR kit (Bio-Rad)
on the Applied Biosystems ABI7500 PCR system. The
relative expression levels of IncRNAs and messenger
RNAs (mRNAs) were normalized to glyceraldehyde-
3-phosphate dehydrogenase and calculated by the 244
method. The following primer sequences were used: Ln-
cRNA NEATI F: 5'-TGGCTAGCTCAGGGCTTCAG-3',
R: 5-TCTCCTTGCCAAGCTTCCTTC-3', GAPDH F:
5-TGAACGGGAAGCTCACTGG-3', R: 5-TCCAC-
CACCCTGTTGCTGTA-3".

2.6. Statistical methods

SPSS20.0 software was employed to detect whether
measurement data were normally distributed. Measure-
ment data were displayed as mean + standard deviation
and compared between groups using #-test. Enumeration
data were analyzed using chi-square test. Spearman cor-
relation analysis was performed, and univariate survival
analysis was conducted by the Kaplan-Meier method. p-
value was examined using the log-rank test, and P<0.05
was considered to be statistically significant ("P<0.05).

3. Results
3.1. Correlations of NEAT1 with relevant clinical indi-
cators

Among 80 patients eligible for enrollment, 26 were
male, 54 were female and their age was 23-80 years
old, with a mean of (58.6648.33) years old. The level of
NEAT1 in the serum of all the subjects was determined
using qRT-PCR. All the subjects were assigned into two
groups: NEAT1 high expression group (n=33) and NEAT1
low expression group (n=47). The statistical analysis re-
sults showed that the differences in the duration of dia-
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Fig. 1. Correlation between NEAT1 and hs-CRP. As presented in
Spearman correlation analysis, the coefficient (r) of the correlation
between NEAT1 and hs-CRP was 0.3585 (P=0.0011).

betes, age, sex, smoking, drinking, BMI, TC, TG, HDL-C,
LDL-C, FPG, PTH and Cr were not statistically significant
between the two groups of patients (P>0.05). NEAT1 high
expression group had a dramatically higher level of high
sensitivity C-reactive protein (hs-CRP) than NEAT1 low
expression group, with a statistically significant difference
(P<0.05) (Table 1). Spearman correlation analysis was
performed to further delve into the correlation between

NEAT1 and hs-CRP, and it was found that the correla-
tion coefficient () was 0.3585 (P=0.0011) (Figure 1). The
above results imply that NEAT1 is positively correlated
with hs-CRP.

3.2. Effects of NEAT1 levels on cardiac function in DN
patients undergoing CAPD

In order to further verify whether NEAT1 affects the
cardiac function of patients, cardiac ultrasonography was
conducted. According to the results, NEAT1 high expres-
sion group had larger LVED, LVESD, IVSD and LVPWD
and lower LVEF than NEAT1 low expression group
(P<0.05) (Table 2), indicating that NEAT1 impairs the
cardiac function of patients.

3.3. Influences of NEAT1 levels on the incidence rate
of cardiovascular events in DN patients undergoing
CAPD

The prognosis of patients was followed up to further
elucidate the effects of NEAT1 expression levels on the in-
cidence rate of cardiovascular events in patients. It was dis-
covered that highly expressed NEAT 1 raised the incidence
rates of acute myocardial infarction, congestive heart fai-
lure and angina in patients, and the difference between the
two groups was statistically significant (P<0.05) (Table
3). This finding implies that high expression of NEAT1
can promote the occurrence of cardiovascular events in
patients.

Table 1. Comparisons of general data between the two groups of patients.

Variable Low level (n=47) High level (n=33) vy’ P

sex (male/female) 16/31 10/23 0.124 0.811
age (years old) 59.3+8.4 58.2+8.1 0.585 0.560
course of disease (years) 5.9+£2.2 5.6£2.0 0.623 0.535
Smoking (No/Yes) 10/37 5/28 0.477 0.570
Drinking 8/39 4/29 0.365 0.725
BMI (Kg/m?) 25.33+4.12 24.443.01 1.105 0.272
TC (mmol/L) 4.37+1.33 4.15+1.27 0.742 0.460
TG (mmol/L) 2.2340.71 2.36+0.94 -0.705 0.483
HDL-C (mmol/L) 1.244+0.34 1.31+0.46 -0.783 0.436
LDL-C (mmol/L) 2.13£1.12 2.02+0.99 0.453 0.652
FPG (mmol/L) 9.66+2.81 9.38+2.37 0.467 0.642
PTH (pmol/ml) 33.93£11.17 35.64+12.04 -0.653 0.516
hs-CRP (mg/L) 3.76+0.82 6.82+2.42 -8.053 <0.001
Cr (umol/L) 763+53.87 783+£63.22 -1.521 0.132

Note: BMI: Body mass index; TC: Total Cholesterol; TG: Triglycerides; HDL-C: High-Density Lipoprotein Cholesterol; LDL-C: Low-
Density Lipoprotein Cholesterol; FPG: Fasting blood glucose; PTH: Parathyroid hormone; hs-CRP: Hypersensitive c-reactive protein;

Cr: Creatinine.

Table 2. Comparisons of two groups of ultrasonic test values.

Variable Low level (n=47) High level (n=33) vy’ P

LVED(mm) 48.43+4.32 52.88+4.71 -4.370 <0.001
LVESD(mm) 30.24+2.93 32.73+£3.01 -3.700 <0.001
IVSD(mm) 10.73£1.65 12.76+2.36 -4.632 <0.001
LVPWD(mm) 10.33+£1.22 11.86+1.47 -5.072 <0.001
LVEF(%) 55.97+5.37 46.92+7.24 6.421 <0.001

Note: LVED: Left ventricular end-diastolic diameter; LVESD: Left ventricular end-systolic diameter; [VSD: Interventricular septum
thickness; LVPWD: Left ventricular posterior wall thickness at the end of diastole; LVEF: Left Ventricular Ejection Fraction.
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Table 3. Correlation between NEAT1 expression and the incidence of cardiovascular events.

Variable n Low level (n=47) High level (n=33) 72 P
Acute myocardial infarction
Yes 10 2 8
7.081 0.013

No 70 45 25
Congestive heart failure
Y 7 1 6

. 6258  0.018
No 74 46 27
Angina attack
Y 9 2 7

° 5.583  0.029
No 71 45 26

3.4. Effects of NEAT]1 levels on the survival prognosis
of DN patients undergoing CAPD in the presence of
cardiovascular events

After 5 years of follow-up, the correlation between
NEAT1 levels and the survival rate of DN patients un-
dergoing CAPD who experienced cardiovascular events
(sudden cardiac death, malignant arrhythmia, death after
myocardial infarction and death after heart failure) was
analyzed. The results manifested that the level of NEAT1
after peritoneal dialysis was correlated with the survival of
DN patients undergoing CAPD, with a statistically signi-
ficant difference (P<0.05). The higher the level of NEAT1
was, the worse the survival prognosis of patients with car-
diovascular events would be [hazard ratio (HR) =7.995,
P=0.0047] (Figure 2), suggesting that highly expressed
NEAT1 worsens the prognosis of patients suffering from
cardiovascular events.

4. Discussion

As the incidence rate of DM is rising rapidly world-
wide and the survival time of DM patients is prolonged,
there is a growing proportion of DN cases in ESRD pa-
tients each year. According to the related epidemiological
statistical research, the number of DM patients will exceed
366 million and that of DN patients will reach 100 million
by 2030 [19]. DN remains one of the common chronic mi-
crovascular complications of DM. Renal involvement will
occur in 15-20% of patients with TIDM and 30-40% of
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Fig. 2. Effects of NEAT1 levels on the survival prognosis of DN
patients undergoing CAPD in the presence of cardiovascular events.
After peritoneal dialysis, the survival prognosis of DN patients ex-
periencing cardiovascular events in NEAT1 high-expression group
was worse than that in NEAT1 low-expression group (HR =7.995,
P=0.0047).

patients with T2DM. DN is the leading cause of ESRD and
renal replacement therapy in Western countries. With the
rapid increase in the global incidence rate of DM, the pro-
portion of DN cases in ESRD patients is also increasing
year by year, but the options of dialysis modalities for such
patients are still greatly controversial. Weinhandl ez a/ [20]
held that peritoneal dialysis is better on the whole, while
Chang et al [21] argued that hemodialysis is more suitable.
This study mainly examined the effects of NEATI levels
in patients with end-stage DN undergoing CAPD on their
cardiac function, incidence of cardiovascular events and
prognosis.

LncRNAs are non-coding RNAs with more than 200
nucleotides [14]. They play a vital role in genetic regu-
lation and can modulate all aspects of cellular homeos-
tasis [15]. Besides, mounting IncRNAs can take part in
the pathogenesis of DN. For example, IncRNA CYP4B1-
PS1-001 is able to regulate the proliferation and fibro-
sis in the progression of DN, whereas IncRNA ENS-
MUST00000147869 can save glomerular mesangial cells
from DN-induced proliferation and fibrosis [16, 17].
Moreover, IncRNA NR 033515 is capable of promoting
proliferation, fibrogenesis and epithelial-mesenchymal
transition by sponging miR-743b-5p in DN [18]. LncRNA
NEATI, an important regulator of speckle formation, is
associated with several physiological and pathophysio-
logical processes in cardiovascular and cerebrovascu-
lar diseases [19-21]. According to a study [22], IncRNA
NEAT]1 is a crucial regulatory factor of phenotypes of vas-
cular smooth muscle cells, and it is implicated in epider-
mal growth and development. Additionally, a clinical trial
suggested that [23] IncRNA NEAT1 is raised in patients
with acute ischemic stroke compared with that in healthy
controls, and it is well predictive of heightened disease risk
in the case of a larger AUC. Similar to the above results,
the findings of the present study showed that patients with
highly expressed NEAT1 had increased cardiac indicators
LVED, LVESD, IVSD and LVPWD, but decreased LVEF.
Moreover, the incidence rates of acute myocardial infarc-
tion, congestive heart failure and angina in NEAT1 high
expression group were higher than those in NEAT1 low
expression group, and the higher the level of NEAT1 was,
the worse the survival prognosis of patients suffering from
cardiovascular events would be. These results imply that
NEAT1 weakens cardiac function, promotes the occur-
rence of cardiovascular events in end-stage DN patients
with undergoing peritoneal dialysis and harms the progno-
sis of patients.

As a typical inflammatory factor, CRP is acute-phase

181



Role of NEAT1 in cardiovascular events

Cell. Mol. Biol. 2024, 70(4): 178-183

protein and has a notably elevated expression level when
tissue trauma and acute inflammation occur in organisms,
so it serves as a sensitive marker for clinical detection and
corroboration of inflammatory responses [24]. Hs-CRP,
a trace CRP in the body, can be clinically detected using
sensitive testing techniques, and it is more accurate and
sensitive in the clinical detection of a low level of rela-
ted chronic inflammatory responses [25]. Relevant studies
have demonstrated that hs-CRP plays an important role in
the development and progression of DM, and the increase
in its expression level is closely associated with the occur-
rence of macrovascular and microvascular complications
in DM patients. Hence, hs-CRP can act as a pivotal indi-
cator for clinically judging DN [26, 27]. A related study
revealed that hs-CRP can be modulated by IncRNAs to
take part in the occurrence and development of diseases
[28]. In this study, it was found through Spearman corre-
lation analysis that NEAT1 was positively correlated with
hs-CRP, suggesting that NEAT1 can positively modulate
hs-CRP to affect the cardiac function, incidence rate of
cardiovascular events and prognosis in end-stage DN pa-
tients undergoing CAPD.

In conclusion, the present study preliminarily analyzed
and explored the effects of NEAT1 on the biochemical
indicators, cardiac indicators, incidence rate of cardio-
vascular events and survival outcomes in end-stage DN
patients undergoing CAPD. The results of this study lay a
foundation for the later study of DN patients undergoing
CAPD and the further research into the mechanism of cor-
relation between NEAT1 and the occurrence and progno-
sis of cardiovascular adverse events in these patients, so
as to provide better clinical treatment options and obser-
vational indicators for clinically predicting the incidence
of cardiovascular events in end-stage DN patients under-
going CAPD.

5. Conclusion

With the rise in NEAT1 levels, hs-CRP is also raised
in DN patients undergoing CAPD. Besides, patients with
higher NEAT1 levels exhibit worse cardiac function and
higher incidence rates of cardiovascular adverse events, as
well as worse survival prognosis in the presence of cardio-
vascular events.
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