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Abstract: Objectives: This study aimed to investigate risk factors for major adverse cardiovascular and cerebro-
vascular events (MACCEs) in patients with uremia and hypertension during maintenance hemodialysis (MHD). 
Methods: Clinical data of patients with uremia and refractory hypertension admitted to Changzhou Fourth People’s 
Hospital (Changzhou Tumor Hospital) from February 2018 to February 2022 were retrospectively collected and ana-
lyzed. All patients were treated with MHD and categorized into an MACCE group and a non-MACCE group according 
to whether MACCEs occurred during the treatment cycle. Univariate analysis and multivariate logistic regression 
analysis were applied to identify the risk factors for MACCEs in the patients during the treatment period. Results: 
(1) A total of 156 patients were included in this study, among whom 75 patients were in the MACCE group and 81 
in the non-MACCE group, with an MACCE incidence of 48.08%. (2) Diabetes, body mass growth rate, triglyceride 
(TG), N-terminal pro-brain natriuretic peptide (NT-proBNP), as well as the standard deviation (SD) and coefficient of 
variability (CV) for both systolic (SBP) and diastolic blood pressure (DBP) showed significant differences between the 
two groups, with P<0.05. (3) Diabetes, body mass growth rate ≥5.54%, TG≥1.40 mmol/L, NT-proBNP≥5.82 ng/L, 
SBP-SD≥13.52, SBP-CV≥8.63, DBP-SD≥8.14, and DBP-CV≥8.82 were found to be risk factors for MACCEs in the 
patients. Conclusions: The incidence of MACCEs in patients with uremia and hypertension during MHD was associ-
ated with diabetes, body mass growth rate, TG, NT-proBNP, SBP-SD, SBP-CV, DBP-SD, and DBP-CV.Early screening 
for high-risk patients and positive intervention measures should be given to reduce the risk of MACCEs to enhance 
the safety of dialysis procedures.
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Introduction

Uremia, indicating the uremic stage of chronic 
kidney diseases (CKDs), is an advanced stage 
of chronic renal failure and other kidney diseas-
es [1]. Hemodialysis serves as a renal replace-
ment therapy that facilitates body metabolism 
by eliminating metabolic waste and maintain-
ing homeostasis of water, electrolytes, and 
acid-base balance, thereby stabilizing the inter-
nal environment and extending patient survival. 
Hemodialysis is currently a widely used and 
effective treatment method for uremia [2]. 
Ongoing advancements in blood purification 
technologies have significantly improved the 
survival rate of uremia patients [3], but in the 

maintenance hemodialysis (MHD), it is common 
for patients to experience hypertension, espe-
cially fluctuation in blood pressure, which 
increases the incidence and mortality of major 
adverse cardiovascular and cerebrovascular 
events (MACCEs) [4]. Relevant research find-
ings showed that cardiovascular and cerebro-
vascular events were major risk factors for 
death in patients undergoing MHD, with a mor-
tality of 36% and 11%, respectively [5]. In the 
treatment cycle of MHD, there are many factors 
causing MACCEs in uremia patients with hyper-
tension, but there is no unified understanding 
currently. How to reduce the occurrence of 
MACCEs during MHD is an urgent issue to be 
addressed. Analysis of risk factors for MACCEs 
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in uremia patients with hypertension is of great 
significance for guiding clinical preventive mea-
sures. At present, there are few reports focus-
ing on this population. Therefore, this study ret-
rospectively analyzed the occurrence and risk 
factors for MACCEs in uremia patients with 
refractory hypertension treated with MHD from 
February 2018 to February 2022 in our hospi-
tal. The aim was to offer a theoretical basis for 
the clinical treatment of uremia and guide clini-
cal intervention measures, so as to reduce the 
occurrence of MACCEs, improve the quality of 
life of patients, and reduce the fatality rate.

Materials and methods

Patients

The flow chart of this study is shown in Figure  
1. Clinical data and laboratory indicators of 
patients with uremia and refractory hyper- 

Fourth People’s Hospital (Changzhou Tumor 
Hospital).

Procedures of maintenance dialysis

(1) Timing: K/DOQI recommended that when 
patients with estimated glomerular filtration 
rate (eGFR) less than 15 (mL/min/1.73 m2) or 
weekly urea Kt/V less than 2.0 at stage 5 of 
CKDs, nephrologists could evaluate the bene-
fits and risks of initiating renal replacement 
therapy and begin preparation for dialysis. It  
is generally recommended that non-diabetic 
patients with eGFR less than 10 (mL/min/1.73 
m2) may start dialysis, while diabetic patients 
with eGFR less than 15 (mL/min/1.73 m2)  
may start dialysis, and some patients with  
renal failure and special comorbidities may 
need to start dialysis earlier. (2) Dialysis regi-
men: Hemodialysis was performed 3 times a 
week, 4 hours each time. Dialysis blood flow 

Figure 1. The flow chart of this study. MACCE: major adverse cardiovascular 
and cerebrovascular event.

tension admitted to Chang- 
zhou Fourth People’s Hospital 
(Changzhou Tumor Hospital) 
from February 2018 to Fe- 
bruary 2022 were collected 
and retrospectively analyzed. 
Inclusion criteria: (1) patients 
who met the diagnostic crite-
ria of stage 5 CKDs [6] and 
hypertension [7] established 
by the world health organiza-
tion [7]; (2) patients who had 
the indications for MHD and 
received MHD; (3) patients 
whose hemodialysis time was 
more than 12 months, and 
the hemodialysis was per-
formed 3 times a week, 4 
hours each time. Exclusion 
criteria: (1) patients with se- 
vere liver diseases or chronic 
infectious diseases; (2) pa- 
tients at risk of severe bleed-
ing; (3) patients with mental 
disorders; (4) patients with 
low treatment compliance; (5) 
patients with missing data  
in clinical information, blood  
biochemical indices, blood 
lipid indices, and blood pres-
sure readings. This study was 
approved by the medical eth-
ics committee of Changzhou 
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was 200 mL/min-250 mL/min, and dialysate 
flow was 500 mL/min. Vascular access was by 
autologous arteriovenous fistula or long-term 
jugular vein catheter (Tianjin Jingyi Micro Guide 
Technology Co., LTD.).

Data collection

Both clinical data and laboratory indicators of 
patients were collected. (1) General informa-
tion included gender, diabetes, hyperlipidemia, 
hyperphosphatemia, smoking history, drinking 
history, age, course of disease, body mass 
growth rate, and dialysis age. (2) Main indica-
tors: plasma-albumin, hemoglobin, blood calci-
um, serum inorganic phosphorus, serum sodi-
um, calcium-phosphorus product, triglyceride 
(TG), total cholesterol (TC), low-density lipopro-
tein cholesterol (LDL-C), high-density lipopro-
tein cholesterol (HDL-C), urea, serum creati-
nine, uric Acid, N-terminal pro-brain natriuretic 
peptide (NT-proBNP), systolic blood pressure 
(SBP), diastolic blood pressure (DBP), their 
standard deviations (SBP-SD, DBP-SD) and 
coefficient of variability (SBP-CV, DBP-CV), and 
adiponectin.

Diagnostic criteria and grouping

(1) The diagnostic criteria for hypertension fol-
low the 2010 Guidelines for the Diagnosis and 
Treatment of Hypertension in China [8]: Systolic 
blood pressure ≥140 mmHg (1 mmHg = 0.133 
kPa) or diastolic blood pressure ≥90 mmHg. (2) 
Diagnostic criteria for MACCEs [9] are accord-
ing to K/DOQI guidelines, including myocardial 
infarction, unstable angina pectoris, coronary 
artery bypass grafting, percutaneous coronary 
intervention, heart failure requiring hospitaliza-
tion, ischemic heart disease, myocardial infarc-
tion, and malignant arrhythmia. Cerebrovascular 
events included cerebral hemorrhagic and isch-
emic stroke, cerebral infarction, congestive 
heart failure, and transient cerebral ischemia. 
(3) Grouping: The incidence of MACCEs was 
counted. The patients with MACCEs were in- 
cluded in an MACCE group, and the ones with-
out MACCEs were in a non-MACCE group.

Detection methods of relevant indicators

To measure the blood biochemical indices and 
serum adiponectin, 6 mL fasting blood was 
extracted in the morning, and 0.3 mL 3.84% 
citrate was added to the blood samples and 
centrifuged at 3000 r/min for 10 min. Then, the 
plasma was separated and stored at -30°C for 

examination. Blood lipid indices (TG, TC, LDL-C, 
and HDL-C) were determined by enzyme colo-
rimetry (the kits were from Zhejiang Fukang 
Biotechnology Co., LTD.). Electrolytes (blood 
sodium, blood calcium, blood phosphorus), 
renal function indexes (urea, blood creatinine, 
uric acid), and serum NT-proBNP were mea-
sured by conventional methods. Adiponectin 
was determined by radioimmunoassay (The 
kits were from Qingdao Lubo Jianye Environ- 
mental Protection Technology Co., LTD.).

Blood pressure variability (BPV): Ambulatory 
blood pressure monitoring (ABPM) was per-
formed using an arterial blood pressure moni-
tor (IEM company, model: Mobil-O-graph). The 
blood pressure was measured every 30 min-
utes from 06:00 to 22:00 in the daytime and 
every 60 minutes from 22:00 to next 06:00. 
Referring to the research method of Rothwell et 
al. [10], the variability of SBP and DBP was 
determined by calculating the SD and CV. The 
SD of the mean blood pressure values was cal-
culated from 3 measures, CV = SD/mean blood 
pressure. According to the European hyper- 
tension guidelines, the ABPM hypertension cri-
teria are [11, 12]: 24 h mean blood pressure 
≥130/80 mmHg, daytime mean blood pressure 
≥135/85 mmHg, night mean blood pressure 
≥125/75 mmHg, or night mean systolic blood 
pressure ≥125 mmHg. Dipper-type blood pres-
sure was defined as nocturnal mean blood 
pressure that is at least 10% lower than the 
diurnal mean, while non-dipper-type blood 
pressure was defined to a reduction in noctur-
nal blood pressure as decreased blood pres-
sure <10%.

Statistical methods

SPSS 22.0 was used for data analysis. 
Qualitative data were expressed by [n (%)]. 
Quantitative data were expressed by (

_
x±s), and 

processed using t-test. Univariate analysis and 
multivariate logistic regression model were 
applied to investigate the related factors for 
MACCEs in patients with uremia and hyperten-
sion during MHD. P<0.05 was a statistically sig-
nificant difference.

Results

Univariate analysis of risk factors for MACCEs

Among the 156 patients included in this study, 
75 patients had MACCEs and 81 did not during 
the MHD, with an incidence of 48.08%.
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No significant differences were found in the 
comparisons of gender, hyperlipidemia, hyper-
phosphatemia, smoking history, drinking histo-
ry, age, course of the disease, body mass index 
(BMI), dialysis age, plasma albumin, hemoglo-
bin, blood calcium, blood phosphorus, blood 
sodium, calcium-phosphorus product, TC, LDL-
C, HDL-C, urea, serum creatinine, uric acid, 
SBP, DBP, or adiponectin between the MACCE 

group and the non-MACCE group, P>0.05. 
However, the two groups were significantly dif-
ferent in terms of diabetes, body mass growth 
rate, TG, NT-proBNP, SBP-SD, SBP-CV, DBP-SD, 
and DBP-CV, P<0.05. See Table 1. Distribution 
of diabetic cases, body weight growth rate, TG, 
NT-proBNP, SBP-SD, SBP-CV, DBP-SD, and 
DBP-CV in the two groups are shown in Figure 
2.

Table 1. Univariate analysis of risk factors for MACCEs in patients with uremia and hypertension

Influencing factor MACCE group  
(n = 75)

Non-MACCE group 
(n = 81) t/x2 P

Gender (Female/male) 28/47 29/52 0.039 0.843
Concomitant disease
    Diabetes 24 (32.00) 4 (4.94) 19.365 <0.001
    Hyperlipidemia 18 (24.00) 23 (28.40) 0.388 0.533
    Hyperphosphatemia 8 (10.67) 7 (8.64) 0.184 0.668
    Smoking history 25 (33.33) 29 (35.80) 0.105 0.746
    Drinking history 12 (16.00) 9 (11.11) 0.799 0.371
Age (year) 54.22±8.39 53.87±7.16 0.281 0.779
Course of disease (year) 2.58±0.57 2.61±0.42 0.376 0.707
BMI (kg/m2) 22.53±2.04 22.49±2.13 0.120 0.905
Growth rate of body mass (%) 7.02±1.33 4.86±1.25 10.430 <0.001
Dialysis age (month) 8.43±2.34 8.52±2.16 0.250 0.803
Blood biochemical indexes
    Plasma-albumin (g/L) 38.22±3.39 38.41±3.10 0.366 0.715
    Hemoglobin (g/L) 113.25±12.48 112.59±13.32 0.319 0.750
    Blood calcium (mmol/L) 2.28±0.22 2.31±0.17 0.957 0.340
    Serum inorganic phosphorus (mmol/L) 2.48±0.52 2.42±0.43 0.788 0.432
    Serum sodium (mmol/L) 137.28±4.19 136.85±4.25 0.636 0.526
    Calcium-phosphorus product (mmol2/L2) 5.48±0.62 5.39±0.47 1.026 0.306
    TG (mmol/L) 1.29±0.42 1.13±0.30 2.753 0.007
    TC (mmol/L) 4.42±0.58 4.38±0.29 0.551 0.583
    LDL-C (mmol/L) 2.74±0.92 2.66±1.03 0.510 0.611
    HDL-C (mmol/L) 1.01±0.11 0.99±0.08 1.306 0.194
    Urea (mmol/L) 34.25±6.38 33.74±7.41 0.459 0.647
    Serum creatinine (μmol/L) 915.26±25.18 917.02±20.27 0.483 0.630
    Uric Acid (μmol/L) 402.55±33.16 405.19±28.87 0.531 0.596
    NT-proBNP (ng/L) 6.28±0.47 5.88±0.62 4.514 <0.001
Blood-pressure parameter acquisition
    SBP 143.45±12.28 142.89±11.47 0.295 0.769
    DBP 96.21±8.84 95.52±9.13 0.479 0.633
    SBP-SD 19.33±4.26 9.25±3.02 17.150 <0.001
    SBP-CV 13.17±3.21 5.87±1.85 17.560 <0.001
    DBP-SD 10.82±3.29 5.44±1.62 13.100 <0.001
    DBP-CV 14.16±4.23 6.24±2.05 15.050 <0.001
    Adiponectin 5.37±1.64 5.42±1.38 0.2066 0.837
Note: SD: standard deviation; CV: coefficient of variation; BMI: body mass index; TG: triglyceride; TC: total cholesterol; LDL-C: 
low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol.
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Multivariate analysis of risk factors for 
MACCEs

The items with statistical significance in  
the univariate analysis (diabetes, body mass 
growth rate, TG, NT-proBNP, SBP-SD, SBP-CV, 
DBP-SD, and DBP-CV) were taken as indepen-
dent variables, and the ROC curve was used to 
find the optimal cut-off value of the continuous 
variables. The results of ROC curve analysis are 
shown in Table 2 and Figure 3. Independent 
variables, optimal cut-off values, and assign-
ment are shown in Table 3. Using multivariate 
logistic regression analysis, diabetes, body 
mass growth rate ≥5.54%, TG≥1.40 mmol/L, 
NT-proBNP≥5.82 ng/L, SBP-SD≥13.52, SBP-
CV≥8.63, DBP-SD≥8.14, and DBP-CV≥8.82 
were found to be significant risk factors for 

MACCEs in uremia patients with hypertension 
(P<0.05), as shown in Table 4.

Discussion

Hypertension in hemodialysis patients is asso-
ciated with renal failure due to primary hyper-
tension and renovascular hypertension from 
kidney diseases, along with hemodialysis-relat-
ed factors [13]. The relationship between blood 
pressure during dialysis and mortality risk is 
U-shaped, with both elevated and low post-dial-
ysis SBP levels being associated with a higher 
risk of cardiovascular death, and the mortality 
is significantly increased when the DBP is 
greater than 109 mmHg [14]. MACCEs are 
important causes of death in uremic patients 
during MHD [15].

Figure 2. Distribution of diabetic cases and body weight growth rate, TG, NT-proBNP, SBP-SD, SBP-CV, DBP-SD, and 
DBP-CV in the two groups. A. Diabetes; B. Growth rate of body mass; C. TG; D. NT-proBNP; E. SBP-SD; F. SBP-CV; G. 
DBP-SD; H. DBP-CV. MACCE: major adverse cardiovascular and cerebrovascular event; TG: triglyceride; NT-proBNP: 
N-terminal pro-brain natriuretic peptide; SBP-SD: systolic blood pressure-standard deviation; SBP-CV: systolic blood 
pressure-coefficient of variability; DBP-SD: diastolic blood pressure-standard deviation; DBP-CV: diastolic blood 
pressure-coefficient of variability.
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In this study, patients with uremia and re- 
fractory hypertension were included and  
the incidence of MACCEs was found to be 
48.08%, similar to the results of previous stud-
ies [16]. It was identified that diabetes, body 
mass growth rate ≥5.54%, TG≥1.40 mmol/L, 
NT-proBNP≥5.82 ng/L, SBP-SD≥13.52, SBP-
CV≥8.63, DBP-SD≥8.14, and DBP-CV≥8.82 
were risk factors for MACCEs in these patients. 
Patients with diabetes were more prone to 

MACCEs was significantly increased when the 
body mass growth rate exceeded 5.54%. Lipid 
and complex carbohydrate accumulation, hem-
orrhage, thrombosis, fibrous hyperplasia, and 
calcareous deposition are the basis of athero-
sclerosis [22]. TG is an important part of lipid 
substances, and an increase in TG leads to 
augmented lipid accumulation, promoting the 
onset and progression of atherosclerosis. This 
condition is characterized by the thickening 

Table 2. Results of ROC curve analysis

Independent variable Area under the curve Standard error P
95% CI

Floor limit Upper limit
Diabetes 0.635 0.045 0.004 0.547 0.723
Growth rate of body mass 0.889 0.028 <0.001 0.835 0.944
TG 0.635 0.046 0.004 0.545 0.724
NT-proBNP 0.694 0.042 <0.001 0.612 0.777
SBP-SD 0.974 0.011 <0.001 0.954 0.995
SBP-CV 0.980 0.008 <0.001 0.964 0.997
DBP-SD 0.928 0.022 <0.001 0.886 0.971
DBP-CV 0.956 0.016 <0.001 0.924 0.987
Note: TG: triglyceride; NT-proBNP: N-terminal pro-brain natriuretic peptide; SBP-SD: systolic blood pressure-standard deviation; 
SBP-CV: systolic blood pressure-coefficient of variability; DBP-SD: diastolic blood pressure-standard deviation; DBP-CV: diastolic 
blood pressure-coefficient of variability.

Figure 3. ROC curve. TG: triglyceride; NT-proBNP: N-terminal pro-brain na-
triuretic peptide; SBP-SD: systolic blood pressure-standard deviation; SBP-
CV: systolic blood pressure-coefficient of variability; DBP-SD: diastolic blood 
pressure-standard deviation; DBP-CV: diastolic blood pressure-coefficient of 
variability.

MACCEs [17]. Hypertension 
can significantly increase the 
risk of cerebral hemorrhage, 
and diabetes is also a risk fac-
tor for vascular diseases [18, 
19]. The concurrent presence 
of hypertension and diabetes 
can greatly increase the risk 
of MACCEs in uremic patients. 
Furthermore, hypertension is 
related to BMI and cardiovas-
cular and cerebrovascular dis-
eases [20, 21]. Hypertension 
contributes to increased body 
mass in patients, which in 
turn raises the incidence of 
MACCEs. This higher BMI is 
associated with a greater in- 
cidence of hypertension, hy- 
perlipidemia, arteriosclerosis, 
and diabetes, thus causing 
the development of MACCEs. 
Consequently, weight gain is 
implicated in heightened risk 
of MACCE.

The results of this study 
showed that the risk of 
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and hardening of arterial walls, loss of elastici-
ty, and the formation or rupture of intimal 
plaque, resulting in stenosis or occlusion of the 
lumen. Such changes impair arterial blood sup-
ply function, precipitating cardiovascular com-
plications and elevating the risk of MACCEs. 
NT-proBNP is a serum marker mainly synthe-
sized by cardiomyocytes. Excessive ventricular 
wall tension stimulates cardiomyocytes [23] 
and release of NT-proBNP, a myocardial marker 
that reflects cardiac compensatory function. 
Elevated levels of NT-proBNP in patients sug-
gests reduced cardiac compensation, thereby 
increasing the likelihood of cardiovascular 
issues.

The results of this study showed that SBP-SD, 
SBP-CV, DBP-SD, and DBP-CV were risk factors 
for MACCEs in patients with uremia and hyper-
tension during MHD, which are consistent with 
relevant research results [24]. BPV is a clinical 
indicator reflecting the fluctuation degree of 
blood pressure over a certain period [25]. 

Clinical blood pressure SD and CV are common-
ly used to reflect the level of BPV, which is an 
important risk factor for target organ damage 
in patients with hypertension. SBP-SD and 
DBP-SD are the main indexes reflecting BPV. 
Recent studies have found that BPV is positive-
ly correlated with the occurrence of MACCEs 
[26]. In addition, the instability of SBP-SD and 
DBP-SD increased the risk of cardiovascular 
adverse events [27]. The peripheral blood 
inflammatory response caused by blood pres-
sure variability and its effect on cardiovascular 
cell proliferation and apoptosis are the main 
mechanisms of left ventricular hypertrophy in 
hypertensive patients. Increased BPV in hyper-
tensive patients can lead to stress response of 
the body, which stimulates the self-defense 
system, promotes the expression of inflamma-
tory factors in cardiomyocytes, activates the 
chronic inflammatory response in the cardiac 
microenvironment, and further aggravates  
the inflammatory response. Inflammation can 
accelerate the process of coronary atheroscle-

Table 3. Risk factors and evaluation of MACCEs in patients with uremia and hypertension
Factor Code Assignment
Diabetes X1 0 = Have, 1 = Not have
Growth rate of body mass X2 0 = <5.54%, 1 = ≥5.54%
TG X3 0 = <1.40 mmol/L, 1 = ≥1.40 mmol/L
NT-proBNP X4 0 = <5.82 ng/L, 1 = ≥5.82 ng/L
SBP-SD X5 0 = <13.52, 1 = ≥13.52
SBP-CV X6 0 = <8.63, 1 = ≥8.63
DBP-SD X7 0 = <8.14, 1 = ≥8.14
DBP-CV X8 0 = <8.82, 1 = ≥8.82
Note: TG: triglyceride; NT-proBNP: N-terminal pro-brain natriuretic peptide; SBP-SD: systolic blood pressure-standard deviation; 
SBP-CV: systolic blood pressure-coefficient of variability; DBP-SD: diastolic blood pressure-standard deviation; DBP-CV: diastolic 
blood pressure-coefficient of variability.

Table 4. Results of multivariate logistic regression analysis
Independent variable β Wald χ2 P OR (95% CI)
Diabetes 3.074 12.458 <0.001 21.633 (3.924-119.263)
Growth rate of body mass 3.202 21.268 <0.001 24.578 (6.303-95.835)
TG 2.188 7.428 0.006 8.917 (1.849-43.007)
NT-proBNP 2.512 13.148 <0.001 12.329 (3.171-47.926)
SBP-SD 2.357 13.149 <0.001 10.560 (2.954-37.756)
SBP-CV 2.431 12.233 <0.001 11.370 (2.912-44.397)
DBP-SD 2.299 11.138 0.001 9.967 (2.583-38.460)
DBP-CV 2.062 10.202 0.001 7.860 (2.218-27.852)
Note: TG: triglyceride; NT-proBNP: N-terminal pro-brain natriuretic peptide; SBP-SD: systolic blood pressure-standard deviation; 
SBP-CV: systolic blood pressure-coefficient of variability; DBP-SD: diastolic blood pressure-standard deviation; DBP-CV: diastolic 
blood pressure-coefficient of variability.



Risk factors for MACCEs during hemodialysis

1235	 Am J Transl Res 2024;16(4):1228-1236

rosis and cardiac remodeling, which eventually 
leads to left ventricular hypertrophy. In addi-
tion, BPV can also induce abnormal prolifera-
tion, apoptosis, hypertrophy, and proliferation 
of cardiomyocytes by regulating the renin-
angiotensin system and inducing left ventricu-
lar hypertrophy [28, 29].

However, this is a single-center retrospective 
study with a limited number of included cases, 
which may lead to bias in the results. Therefore, 
the findings need to be confirmed by multi-cen-
ter studies with larger number of patients.

The incidence of MACCEs in patients with ure-
mia and hypertension during MHD is related  
to diabetes, body mass growth rate, TG, 
NT-proBNP, SBP-SD, SBP-CV, DBP-SD, and 
DBP-CV. Early screening of high-risk patients 
and positive intervention measures should be 
given to reduce the risk of MACCEs and 
enhance the safety of dialysis procedures.

Disclosure of conflict of interest

None.

Address correspondence to: Xing Zhang, Depart- 
ment of Nephrology, Changzhou Fourth People’s 
Hospital (Changzhou Tumor Hospital), No. 68, 
Honghe Road, Xinbei District, Changzhou 213001, 
Jiangsu, China. Tel: +86-0519-69807726; E-mail: 
zhangxing20211022@163.com

References

[1]	 Betjes MG. Uremia-associated ageing of the 
thymus and adaptive immune responses. 
Toxins (Basel) 2020; 12: 224.

[2]	 Tang X, Wang J, Li H, Wang X, Feng X, Zhang A, 
Chen R, Wei K and Cong Y. Hemoperfusion 
combined with hemodialysis filtration can ef-
fectively improve uremia complicated with 
bone and mineral disorders. Panminerva Med 
2021; 63: 394-395.

[3]	 Lin A, Zhang F and Zhang H. The relationship 
between sleep quality and hemodialysis and 
nursing intervention in uremia patients based 
on intelligent data. Biomed Res Int 2022; 
2022: 3211144. 

[4]	 Kim HW, Jhee JH, Joo YS, Yang KH, Jung JJ, 
Shin JH, Han SH, Yoo TH, Kang SW and Park JT. 
Clinical significance of hemodialysis quality of 
care indicators in very elderly patients with 
end stage kidney disease. J Nephrol 2022; 35: 
2351-2361.

[5]	 Cerqueira A, Quelhas-Santos J, Sampaio S, 
Ferreira I, Relvas M, Marques N, Dias CC and 
Pestana M. Endothelial dysfunction is associ-
ated with cerebrovascular events in pre-dialy-
sis CKD patients: a prospective study. Life 
(Basel) 2021; 11: 128.

[6]	 Girndt M. Diagnosis and treatment of chronic 
kidney disease. Internist (Berl) 2017; 58: 243-
256.

[7]	 Baena Díez JM, Carrera Morodo M, Corral Roca 
M, Calatayud Subías E, Flores Jiménez I and de 
la Arada Acebes AM. Impact of the new criteria 
of the ACC/AHA on the diagnostic prevalence 
of hypertension. Med Clin (Barc) 2020; 154: 
254-256.

[8]	 Wermelt JA and Schunkert H. Management of 
arterial hypertension. Herz 2017; 42: 515-
526.

[9]	 Dannenberg L, Afzal S, Czychy N, M’Pembele 
R, Zako S, Helten C, Mourikis P, Zikeli D, 
Ahlbrecht S, Trojovsky K, Benkhoff M, Barcik 
M, Wolff G, Zeus T, Kelm M and Polzin A. Risk 
prediction of bleeding and MACCE by PRECISE-
DAPT score post-PCI. Int J Cardiol Heart Vasc 
2021; 33: 100750.

[10]	 Rothwell PM, Howard SC, Dolan E, O’Brien E, 
Dobson JE, Dahlöf B, Sever PS and Poulter NR. 
Prognostic significance of visit-to-visit variabili-
ty, maximum systolic blood pressure, and epi-
sodic hypertension. Lancet 2010; 375: 895-
905.

[11]	 Vaucher J, Marques-Vidal P, Waeber G and 
Vollenweider P. Population impact of the 2017 
ACC/AHA guidelines compared with the 2013 
ESH/ESC guidelines for hypertension manage-
ment. Eur J Prev Cardiol 2018; 25: 1111-1113.

[12]	 Catar R, Moll G, Kamhieh-Milz J, Luecht C, 
Chen L, Zhao H, Ernst L, Willy K, Girndt M, 
Fiedler R, Witowski J, Morawietz H, Ringdén O, 
Dragun D, Eckardt KU, Schindler R and Zickler 
D. Expanded hemodialysis therapy amelio-
rates uremia-induced systemic microinflam-
mation and endothelial dysfunction by modu-
lating VEGF, TNF-α and AP-1 signaling. Front 
Immunol 2021; 12: 774052.

[13]	 Almuhana AH, Alkhwaiter LI, Alghamdi A, 
Alsaleem A, Almehrij A, Abdalla M and Al 
Sayyari AA. Association between hypertension 
and Atrial Fibrillation in patients on hemodialy-
sis. Saudi J Kidney Dis Transpl 2023; 34: 313-
322. 

[14]	 Peters SA, Bots ML, Canaud B, Davenport A, 
Grooteman MP, Kircelli F, Locatelli F, Maduell F, 
Morena M, Nubé MJ, Ok E, Torres F, Woodward 
M and Blankestijn PJ; HDF Pooling Project 
Investigators. Haemodiafiltration and mortality 
in end-stage kidney disease patients: a pooled 
individual participant data analysis from four 

mailto:zhangxing20211022@163.com


Risk factors for MACCEs during hemodialysis

1236	 Am J Transl Res 2024;16(4):1228-1236

randomized controlled trials. Nephrol Dial 
Transplant 2016; 31: 978-84.

[15]	 Triebswetter S, Gutjahr-Lengsfeld LJ, Schmidt 
KR, Drechsler C, Wanner C and Krane V. Long-
term survivor characteristics in hemodialysis 
patients with type 2 diabetes. Am J Nephrol 
2018; 47: 30-39.

[16]	 Matsumoto Y, Mori Y, Kageyama S, Arihara K, 
Sugiyama T, Ohmura H, Yakushigawa T, Sugi-
yama H, Shimada Y, Nojima Y and Shio N.  
Spironolactone reduces cardiovascular and 
cerebrovascular morbidity and mortality in he-
modialysis patients. J Am Coll Cardiol 2014; 
63: 528-36.

[17]	 Ueki K, Sasako T, Okazaki Y, Kato M, Okahata 
S, Katsuyama H, Haraguchi M, Morita A, 
Ohashi K, Hara K, Morise A, Izumi K, Ishizuka 
N, Ohashi Y, Noda M and Kadowaki T; J-DOIT3 
Study Group. Effect of an intensified multifac-
torial intervention on cardiovascular outcomes 
and mortality in type 2 diabetes (J-DOIT3): an 
open-label, randomised controlled trial. Lancet 
Diabetes Endocrinol 2017; 5: 951-964.

[18]	 Naseri P, Amiri P, Zareie Shab-Khaneh A and 
Azizi F. Predictive value of women’s weight tra-
jectories in determining familial cardiovascular 
disorders: a family-based longitudinal study. 
Sci Rep 2021; 11: 17317.

[19]	 Nanayakkara N, Curtis AJ, Heritier S, Gadowski 
AM, Pavkov ME, Kenealy T, Owens DR, Thomas 
RL, Song S, Wong J, Chan JC, Luk AO, Penno G, 
Ji L, Mohan V, Amutha A, Romero-Aroca P, 
Gasevic D, Magliano DJ, Teede HJ, Chalmers J 
and Zoungas S. Impact of age at type 2 diabe-
tes mellitus diagnosis on mortality and vascu-
lar complications: systematic review and meta-
analyses. Diabetologia 2021; 64: 275-287.

[20]	 Qiao W, Zhang X, Kan B, Vuong AM, Xue S, 
Zhang Y, Li B, Zhao Q, Guo D, Shen X and Yang 
S. Hypertension, BMI, and cardiovascular and 
cerebrovascular diseases. Open Med (Wars) 
2021; 16: 149-155.

[21]	 Oxlund CS, Pareek M, Rasmussen BSB, Vadu-
ganathan M, Biering-Sørensen T, Byrne C, Al-
marzooq Z, Olsen MH and Bhatt DL. Body 
mass index, intensive blood pressure manage-
ment, and cardiovascular events in the SPRINT 
trial. Am J Med 2019; 132: 840-846.

[22]	 Duran EK, Aday AW, Cook NR, Buring JE, Ridker 
PM and Pradhan AD. Triglyceride-rich lipopro-
tein cholesterol, small dense LDL cholesterol, 
and incident cardiovascular disease. J Am Coll 
Cardiol 2020; 75: 2122-2135.

[23]	 Campbell DJ, Woodward M, Chalmers JP, 
Colman SA, Jenkins AJ, Kemp BE, Neal BC, 
Patel A and MacMahon SW. Perindopril-based 
blood pressure-lowering therapy reduces ami-
no-terminal-pro-B-type natriuretic peptide in 
individuals with cerebrovascular disease. J 
Hypertens 2007; 25: 699-705.

[24]	 Tzeng YC and MacRae BA. Interindividual rela-
tionships between blood pressure and cere-
bral blood flow variability with intact and blunt-
ed cerebrovascular control. J Appl Physiol 
(1985) 2013; 114: 888-95.

[25]	 Mezue K, Goyal A, Pressman GS, Horrow JC 
and Rangaswami J. Blood pressure variability 
predicts adverse events and cardiovascular 
outcomes in chronic kidney disease: a post-
hoc analysis of the SPRINT trial. Am J Hypertens 
2017; 31: 48-52.

[26]	 Kim Y, Lim JS, Oh MS, Yu KH, Lee JS, Park JH, 
Kim YJ, Rha JH, Hwang YH, Heo SH, Ahn SH, 
Lee JH and Kwon SU. Blood pressure variability 
is related to faster cognitive decline in isch-
emic stroke patients: PICASSO subanalysis. 
Sci Rep 2021; 11: 5049.

[27]	 Moullaali TJ, Wang X, Martin RH, Shipes VB, 
Robinson TG, Chalmers J, Suarez JI, Qureshi AI, 
Palesch YY and Anderson CS. Blood pressure 
control and clinical outcomes in acute intrace-
rebral haemorrhage: a preplanned pooled 
analysis of individual participant data. Lancet 
Neurol 2019; 18: 857-864.

[28]	 Zhao J, Yuan F, Fu F, Liu Y, Xue C, Wang K, Yuan 
X, Li D, Liu Q, Zhang W, Jia Y, He J, Zhou J, 
Wang X, Lv H, Huo K, Li Z, Zhang B, Wang C, Li 
L, Li H, Yang F and Jiang W; CHASE Study 
Group. Blood pressure variability and outcome 
in acute severe stroke: a post hoc analysis of 
CHASE-A randomized controlled trial. J Clin 
Hypertens (Greenwich) 2021; 23: 96-102.

[29]	 Jiang L, Wang H, Liu YN, Guo X and Liu M. 
Relationship between FMD, NMD, blood pres-
sure and heart rate variability in patients with 
essential hypertension. Chin J Integr Med 
Cardio/Cerebrovasc Dis 2022; 20: 1472-1477.


