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Objective: To investigate the correlation between background factors and blood pressure variability (BPV), and the prognostic value 
of intra-dialytic BPV metrics for cardiovascular death and all-cause mortality in hemodialysis (HD) patients.
Methods: A retrospective study of 264 hD patients was followed up for 36 months. The intra-dialytic BP during the 3-month period 
for each patient was used to calculate BPV metrics, including standard deviation (SD), coefficient of variation (CV), average real 
variability (ARV), blood pressure change (ΔBP), and percent change in blood pressure (ΔBP/pre-BP). The primary outcomes were 
CVD death and all-cause mortality.
Results: Age, body mass index (BMI), predialysis blood pressure, inter-dialytic weight gain rate (IDWG%), α- blockers, and 
cholesterol levels were positively correlated with intra-dialytic BPV. Hemoglobin and albumin are negatively associated with intra- 
dialytic BPV. In Cox regression analysis, SBP-ARV, ΔSBP, and ΔSBP/pre-SBP were independent risk factors for CVD death (HR: 
1.087, 95% CI: 1.001–1.181, p = 0.047; HR: 1.072, 95% CI: 1.016–1.131, p = 0.011; HR: 1.107, 95% CI: 1.011–1.211, p = 0.028). 
SBP-ARV showed the largest AUC of 0.593 (p = 0.022) in predicting all-cause death. SBP-ARV, ΔSBP, and ΔSBP/pre-SBP showed 
relatively large area (AUC = 0.631, 0.639, and 0.620; p = 0.007, 0.004, and 0.013 respectively) in predicting CVD death.
Conclusion: Age, BMI, IDWG%, predialysis blood pressure, albumin, hemoglobin, α- blockers, and total cholesterol were 
significantly correlated with intra-dialytic BPV. SBP-ARV, ΔSBP, and ΔSBP/pre-SBP were independent risk factors for CVD 
mortality, and there were no differences in prognostic value among various BPV metrics.
Keywords: hemodialysis, blood pressure variability, influencing factors, all-cause mortality, cardiovascular death

Introduction
Chronic kidney disease (CKD) has become a global public issue, with 697.5 million cases worldwide in 2017 and nearly 
one-third of CKD patients living in China and India.1 Maintenance hemodialysis (MHD) is one of the alternative 
treatments for end-stage renal disease. It has been reported that the risk and mortality of cardiovascular events in dialysis 
patients are significantly higher than that in the general population.2–4 Hypertension, as a common cause and complica
tion in patients with CKD, leads to the occurrence and progression of kidney disease. Intensive blood pressure control 
can reduce the morbidity and mortality of cardiovascular diseases (CVD).5–7 However, it was found that cardiovascular 
events would not be significantly reduced even if the blood pressure control of these HD patients is basically up to 
standard in clinical work. Patients’ blood pressure often shows significant variability during HD, resulting in an increased 
incidence of cardiovascular events and even death. Therefore, blood pressure variability (BPV), defined as the fluctuation 
of blood pressure over a certain period, has been gradually paid attention to, and the correlation between BPV with target 
organ damage and cardiovascular events in hypertensive patients has been confirmed. Several studies have shown an 
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association between BPV and poor outcomes in chronic hemodialysis patients, highlighting the importance of BPV as an 
independent risk factor for cardiovascular events and death and as a new target for hypertension treatment.2,8 BPV is 
affected by arterial stiffness, enhanced renin-angiotensin-aldosterone system activity, volume overload, sympathetic 
nerve, endothelial dysfunction, and other factors.9,10 BPV, with its complex relationship to CVD and mortality, is 
a particularly compelling and understudied cardiovascular risk factor in the MHD population. There are various research 
methods on BPV. BPV in HD patients included intra-dialytic and inter-dialytic BPV. Liu et al found that intra-dialytic 
BPV was superior to visit-to-visit BPV in predicting CVD events in HD patients.11

The BPV metrics included standard deviation (SD), variability independent of the mean (VIM), coefficient of 
variation (CV), and average real variability (ARV). In recent years, some studies have explored the relationship of 
BPV to cardiovascular outcomes and death in patients on HD.12–14 Long-term BPV, short-term BPV, and different BPV 
indicators were observed in these studies. However, there is no consensus on the best BPV indicators to predict 
cardiovascular risk and blood pressure management in patients with HD. In this study, we calculated the intra-dialytic 
BPV using HD Center routine blood pressure records, analysed the correlation between intra-dialytic BPV and CVD and 
death, and the risk factors of intra-dialytic BPV, and evaluated the predictive power of intra-dialytic BPV measures for 
CVD events and all-cause mortality.

Patients and Methods
Patients
We conducted a retrospective study with patients undergoing MHD at the First Affiliated Hospital of Chongqing Medical 
University from April 1, 2019 to June 30, 2019. Inclusion criteria: (1) Aged than 18 years old, (2) Undergoing MHD for 
at least three months, (3) Receive HD 3 times a week for 4–4.5 hours each time, (4) vascular access was an arteriovenous 
fistula. The exclusion criteria: (1) patients with incomplete records, (2) patients lost to follow-up, switched to peritoneal 
dialysis, kidney transplantation, or transferred to another renal unit, (3) patients with severe infections, severe valvular 
heart disease, malignant arrhythmias, or other serious heart diseases (such as cardiomyopathy, myocardial infarction, 
congestive heart failure), malignancies, systemic vasculitis, and other autoimmune diseases, (4) patients who died or 
suffered cardiovascular events (stroke, transient ischaemic attack, myocardial infarction, angina, or heart failure) during 
the 3-month period. This study was approved by the local independent ethics committee of the First Affiliated Hospital of 
Chongqing Medical University (K2023-244). This retrospective study is based on case data analysis and does not involve 
drugs or other intervention measures. Therefore, the patients did not sign consent forms.

Data Collection
The demographic and clinical data were collected: age, body mass index (BMI), smoking and drinking history, gender, 
comorbidities, and use of antihypertensive medications. The laboratory parameters were also collected: serum creatinine, 
hemoglobin, albumin, serum electrolytes, parathyroid hormone (PTH), total cholesterol (TC), and triglyceride (TG).

The dialysis-related variables were recorded, including dialysis vintage, urea clearance index (Kt/V), dry weight, and 
inter-dialytic weight gain rate (IDWG%). The average values during the 3-month period served as the baseline data.

Outcomes
Our primary outcomes were cardiovascular disease (CVD) death and all-cause mortality. The follow-up period was from 
July 1, 2019, to June 30, 2022. Cardiovascular events occurring during follow-up were also recorded. Cardiovascular 
events included heart failure, ventricular arrhythmias, myocardial infarction, cerebral infarction, cerebral hemorrhage, 
and peripheral artery disease required surgical intervention.

BPV Parameters
Intra-dialytic blood pressure was measured automatically at 0 (predialysis), 60, 120, 180, and 240 (post-dialysis) minutes 
by the dialysis apparatus, therefore, five measurements per intra-dialysis session were recorded. The patient was resting 
in a lying position. The intra-dialytic blood pressure for each patient during the 3-month period was used to calculate 
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BPV metrics (4 weeks per month, three intra-dialysis sessions per week, a total of about 36 intra-dialysis sessions from 
April 1, 2019, to June 30, 2019). Five different metrics were analysed: (1) SD; (2) CV was the SD divided by the mean 
and multiplied by 100%; (3) ARV was the mean of absolute differences between consecutive blood pressure readings 
during each intra-dialysis;15 (4) blood pressure change (ΔBP), which refers to the highest blood pressure minus the 
lowest blood pressure during each intra-dialysis period; (5) percent change in blood pressure (ΔBP/pre-BP), calculated as 
ΔBP divided by predialysis blood pressure (pre-BP) and multiplied by 100%. For each individual, we calculated the 
above parameters for each dialysis session, and then computed the average of the 36 parameter values to represent the 
patient’s blood pressure variability. The above systolic and diastolic blood pressure parameters were calculated separately 
to represent their respective variability.

Statistical Analysis
Continuous variables with a normal distribution were reported as mean ± standard deviation and analysed using the t-test. 
Continuous variables, not following a normal distribution, were presented as median with interquartile range (IQR) and 
compared using the Mann–Whitney U-test. Categorical variables were expressed as counts and percentages (n, %) and 
assessed using the Chi-square test. Variable filtering involved Spearman correlation test, and multiple regression analysis 
assessed the relationship between BPV metrics and covariates. Adjusted Cox proportional hazards models were used to 
explore the association between BPV with CVD and all-cause mortality. Receiver Operating Characteristic (ROC) curves 
compared the prognostic performance of different BPV metrics. All analyses used IBM SPSS Windows v. 27; P-values 
less than 0.05 were considered statistically significant.

Result
Characteristics of the Study Subjects
A total of 264 patients were recruited in this study. During the three-month period, 9504 hD treatments and 47,520 BP 
measurements were recorded. The study subjects’ demographic, clinical, and biochemical characteristics are in Table 1. 
Patients aged 62.2 ± 14.5 years and composed of 59.1% male, and the median duration of dialysis was 84 months. The 
prevalence of comorbidities included 39.8% diabetes, 90.2% hypertension, 43.9% cardiovascular disease. During the 
follow-up period, 107 patients (40.5%) encountered cardiovascular events and 69 patients (26.1%) died, of which 43 
deaths (62.3%) were attributed to cardiovascular causes (Table 1).

Table 1 Baseline Characteristics of HD Patients and Comparisons of Patients with or without Cardiovascular 
Events

Variables Total 
(N=264)

CVD event 
(N=107)

Non-CVD event 
(N=157)

P value

Male, n (%) 156 (59.1) 65 (60.7) 91 (58.0) 0.651

Age (years) 62.2±14.5 69.7±11.1 57.0±14.3 <0.001
BMI (kg/m2) 22.6 (20.6, 25.0) 23.0 (20.8, 25.6) 22.3 (20.4, 24.7) 0.047

Diabetes 105 (39.8) 62 (57.9) 43 (27.4) <0.001

Hypertension 238 (90.2) 95 (88.8) 143 (91.1) 0.538
CVD 116 (43.9) 76 (71.0) 40 (25.5) <0.001

Smoking, n (%) 119 (45.1) 58 (54.2) 61 (38.9) 0.014

Drinking, n (%) 96 (36.4) 47 (43.9) 49 (31.2) 0.035
Medications (RAS-I/ β-blocker/ 

α-blocker/CCB)

142/152/82/223 53/53/33/87 89/99/49/136

K (mmol/L) 4.7±0.7 4.6±0.6 4.7±0.7 0.220
Na (mmol/L) 140.0 (138.0, 142.0) 140.0 (137.0, 141.9) 140.1 (138.4, 142.0) 0.169

Ca (mmol/L) 2.2 (2.1, 2.3) 2.2 (2.1, 2.3) 2.2 (2.1, 2.3) 0.478

(Continued)
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The mean age of the patients with cardiovascular events was older than those without (69.7 ± 11.1 vs 57.0 ± 14.3, p < 
0.001). Compared with patients without cardiovascular events, the patients with cardiovascular events had higher BMI (23.0 
vs 22.3, p = 0.047), smoking rate (54.2% vs 38.9%, p = 0.014) and drinking rate (43.9% vs 31.2%, p = 0.035). Patients with 
cardiovascular events had a higher proportion of diabetes and cardiovascular disease compared with patients without 
cardiovascular events (p < 0.001). Compared to the patients without cardiovascular events, the serum albumin level and 
HD duration were significantly low, and the IDWG% was high in patients with cardiovascular events (all p < 0.001) (Table 1).

The DBP-CV, ΔDBP/pre-DBP, and SBP-BPV metrics in patients with cardiovascular events were significantly higher 
than those without cardiovascular events (all p < 0.05). Compared to patients without cardiovascular events, patients with 
cardiovascular events had lower pre-DBP, not pre-SBP metric (Table 2).

Table 1 (Continued). 

Variables Total 
(N=264)

CVD event 
(N=107)

Non-CVD event 
(N=157)

P value

P (mmol/L) 1.6 (1.3, 2.0) 1.6 (1.2, 1.9) 1.6 (1.3, 2.0) 0.325
PTH (pg/mL) 301.5 (153.0, 530.0) 250.0 (129.0, 439.6) 336.2 (187.8, 551.6) 0.059

Cr (mg/mL) 8.6 (6.3, 10.1) 8.9 (6.6, 10.2) 8.4 (5.8, 10.1) 0.287

Hb (g/L) 108.3±16.4 107.1±15.3 109.2±17.1 0.313
Alb (g/L) 40.5±5.1 38.7±4.6 41.7±5.0 <0.001

PLT (x109/L) 163.7±55.6 160.3±61.1 166.0±51.7 0.423

TC (mmol/L) 3.5 (3.0, 4.2) 3.5 (2.9, 4.1) 3.5 (3.1, 4.2) 0.533
TG (mmol/L) 1.5 (1.0, 2.0) 1.4 (1.0, 2.0) 1.5 (1.1, 1.9) 0.426

Duration of HD (months) 84 (72, 120) 72 (60, 108) 96 (72, 120) <0.001

Kt/V 1.3 (1.1, 1.4) 1.3 (1.1, 1.4) 1.3 (1.1, 1.4) 0.403
IDWG% 4.3±1.1 4.6±1.0 4.1±1.1 <0.001

All-cause Death, n (%) 69 (26.1) 38 (35.5) 31 (19.7) 0.004

Abbreviations: HD, hemodialysis; CVD, cardiovascular diseases; BMI, body mass index; RAS-I, renin-angiotensin system inhibitor; CCB, 
calcium channel blocker; K, kalium; Na, natrium; Ca, calcium; P, phosphorus; PTH, parathyroid hormone; Cr, creatinine; Hb, hemoglobin; 
Alb, albumin; PLT, platelet; TC, total cholesterol; TG, triglyceride; Kt/V, urea clearance index; IDWG%, inter-dialytic weight gain rate.

Table 2 Comparison of Various BP Parameters Between Patients with or without 
Cardiovascular Events

BP parameters Total 
(N=264)

CVD event 
(N=107)

Non-CVD event 
(N=157)

P value

SBP parameters

Pre-SBP (mmHg) 147.4±17.3 149.3±19.4 146.0±15.6 0.128
SD (mmHg) 14.6 (12.7, 17.8) 16.2 (12.8, 18.3) 14.2 (12.4, 16.7) 0.006

CV (%) 10.3 (9.0, 12.0) 10.8 (9.6, 12.1) 10.0 (9.0, 11.9) 0.037

ARV (mmHg) 13.5 (11.7, 16.5) 14.7 (12.1, 17.5) 12.9 (11.3, 15.6) 0.003
ΔSBP(mmHg) 18.6 (15.6, 22.7) 19.8 (16.9, 25.0) 17.8 (15.4, 21.6) 0.003

ΔSBP/pre-SBP (%) 13.0 (11.0, 15.1) 13.6 (11.6, 15.8) 12.7 (10.8, 14.6) 0.013

DBP parameters
Pre-DBP (mmHg) 75.3±12.2 70.7±11.1 78.6±11.8 <0.001

SD (mmHg) 8.1 (7.1, 9.5) 8.0 (6.9, 9.5) 8.2 (7.2, 9.6) 0.306

CV (%) 11.2 (9.5, 13.1) 11.9 (9.7, 14.2) 10.8 (9.4, 12.6) 0.012
ARV (mmHg) 7.4 (6.5, 8.9) 7.3 (6.3, 8.8) 7.5 (6.5, 9.1) 0.457

ΔDBP(mmHg) 10.2 (8.8, 12.6) 10.1 (8.5, 12.6) 10.3 (8.9, 12.7) 0.544

ΔDBP/pre-DBP (%) 13.7 (11.7, 16.7) 14.3 (12.3, 17.6) 13.3 (11.3, 16.3) 0.022

Abbreviations: BP, blood pressure; CVD, cardiovascular diseases; SBP, systolic blood pressure; pre-SBP, pre- 
dialysis systolic blood pressure; SD, standard deviation; CV, coefficient of variation; ARV, average real variability; 
ΔSBP, systolic blood pressure change; DBP, diastolic blood pressure; pre-DBP, pre-dialysis diastolic blood 
pressure; ΔDBP, diastolic blood pressure change.
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Association Between Each Kind of BPV Metric and Covariates
We used a single correlation analysis to filter variables (Supplementary Table 1 and 2), multiple regression analysis was 
performed for variables with p < 0.05 (Tables 3 and 4). The multiple regression analysis revealed positive correlations 
between SBP-SD, CV, ARV, ΔSBP, and ΔSBP/pre-SBP of patients with age, BMI, and IDWG%. TC showed a positive 
correlation with SBP-SD, ΔSBP, and ΔSBP/pre-SBP. Medication (α- blocker) showed a positive correlation with SBP- 
ARV. Additionally, the pre-SBP exhibited positive associations with SBP-SD, ARV, and ΔSBP in patients. Conversely, 
hemoglobin demonstrated a negative correlation with SBP-SD in patients (p < 0.05) (Table 3). BMI was positively 
correlated with all kinds of DBP-BPV metrics (SD, CV, ARV, ΔDBP, and ΔDBP/pre-DBP), and pre-DBP was positively 
correlated with DBP-SD, ARV, ΔDBP, and ΔDBP/pre-DBP, IDWG% was only positively correlated with DBP-SD and 
CV, while serum albumin level was negatively correlated with DBP-SD (p < 0.05) (Table 4).

Association of Different BPV and Outcomes
We initially screened variables according to the univariate Cox regression model. In order to avoid eliminating important 
variables, we included any variables with p < 0.2 in the univariate Cox regression model of all-cause death or 
cardiovascular death as the outcome event into the multivariate Cox regression model (Supplementary Table 3).

Multivariate Cox regression analysis revealed that SBP-ARV, ΔSBP, and ΔSBP/pre-SBP were independent risk 
factors of CVD mortality in adjusted models (HR: 1.087, 95% CI: 1.001–1.181, p = 0.047; HR: 1.072, 95% CI: 
1.016–1.131, p = 0.011; HR: 1.107, 95% CI: 1.011–1.211, p = 0.028). However, there was no significant association 
between the other BPV parameters and all-cause mortality (p > 0.05) (Table 5).

Table 4 Association Between DBP Metrics and Covariates by Multiple Regression Analyses

Variable SD CV ARV ΔDBP ΔDBP/pre-DBP

B P B P B P B P B P

BMI 0.118 0.001 0.130 0.020 0.098 0.016 0.169 0.002 0.225 0.011
Pre-DBP 0.046 <0.001 - - 0.038 0.001 0.062 <0.001 0.092 0.001

Alb −0.067 0.007 - - - - - - - -

IDWG% 0.307 0.008 0.466 0.008 - - - - - -
R2=0.125 <0.001 R2=0.223 <0.001 R2=0.103 <0.001 R2=0.092 <0.001 R2=0.167 <0.001

Abbreviations: DBP, diastolic blood pressure; BMI, body mass index; Alb, albumin; IDWG%, inter-dialytic weight gain rate; SD, standard 
deviation; CV, coefficient of variation; ARV, average real variability; ΔDBP, diastolic blood pressure change; pre-DBP, pre-dialysis diastolic blood 
pressure.

Table 3 Association Between SBP Metrics and Covariates by Multiple Regression Analyses

Variable SD CV ARV ΔSBP ΔSBP/pre-SBP

B P B P B P B P B P

Age 0.067 <0.001 0.044 0.001 0.069 <0.001 0.094 <0.001 0.058 0.003
BMI 0.171 0.007 0.107 0.012 0.213 0.001 0.233 0.012 0.152 0.014

α-blocker - - - - 0.947 0.040 - - - -

Pre-SBP 0.065 <0.001 - - 0.073 <0.001 0.117 <0.001 - -
Hb −0.028 0.035 - - - - - - - -

TC 0.492 0.019 - - - - 0.602 0.049 0.414 0.043

IDWG% 1.326 <0.001 0.821 <0.001 0.898 <0.001 1.209 <0.001 0.751 <0.001
R2=0.395 <0.001 R2=0.260 <0.001 R2=0.335 <0.001 R2=0.308 <0.001 R2=0.179 <0.001

Abbreviations: SBP, systolic blood pressure; BMI, body mass index; Hb, hemoglobin; TC, total cholesterol; IDWG%, inter-dialytic weight gain 
rate; SD, standard deviation; CV, coefficient of variation; ARV, average real variability; ΔSBP, systolic blood pressure change; pre-SBP, pre-dialysis 
systolic blood pressure.
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Table 6 showed the area under the ROC curves (AUC) for different BPV indicators predicting CVD death or all-cause 
death and the images were shown in Figure 1. The AUC of SBP-ARV was 0.593 (95% CI: 0.510–0.676, p = 0.022) in the 
prediction of all-cause death, and the cutoff value was 15.45 with a sensitivity 72.31% and a specificity 49.28%. The 
AUC of SBP-ARV, ΔSBP, and ΔSBP/pre-SBP were 0.631, 0.639, and 0.620 (p = 0.007, 0.004, and 0.013, respectively) in 
the prediction of CVD death, and the cutoff points were 14.80 mmHg with sensitivity 66.52% and a specificity 60.47%, 
23.35 mmHg with a sensitivity 81.45% and a specificity 46.51%, and 26.10% with sensitivity 90.05% and a specificity 
34.88%, respectively. Pairwise comparison of ROC curves with p < 0.05 was performed using the Delong test. No 
significant differences in ROC curves in predicting CVD death or all-cause death between intra-dialytic BPV metrics 
were discovered (all p > 0.05).

Table 5 Association of Different BPV and Outcomes in Hemodialysis Patients Using Cox Regression 
Analysis

Variable All-cause death CVD death

HR (95% CI)a HR (95% CI)b HR (95% CI)a HR (95% CI)b

SBP parameters
SD 1.074 (1.015–1.137)* 1.023 (0.953–1.099) 1.105 (1.031–1.185)* 1.070 (0.978–1.170)

CV 1.083 (0.985–1.190) 1.014 (0.908–1.133) 1.132 (1.008–1.270)* 1.078 (0.939–1.237)

ARV 1.071 (1.017–1.129)* 1.040 (0.972–1.113) 1.101 (1.035–1.172)* 1.087 (1.001–1.181)*1
ΔSBP 1.058 (1.019–1.098)* 1.040 (0.995–1.087) 1.084 (1.036–1.133)* 1.072 (1.016–1.131)*2

ΔSBP/pre-SBP 1.070 (1.003–1.140)* 1.043 (0.970–1.120) 1.121 (1.039–1.209)* 1.107 (1.011–1.211)*3

DBP parameters
SD 1.056 (0.942–1.185) 1.021 (0.901–1.157) 1.125 (0.978–1.293) 1.054 (0.905–1.226)

CV 1.044 (0.974–1.118) 0.990 (0.915–1.072) 1.084 (0.999–1.176) 1.013 (0.922–1.113)

ARV 1.051 (0.935–1.181) 1.026 (0.904–1.164) 1.096 (0.949–1.266) 1.032 (0.884–1.204)
ΔDBP 1.049 (0.973–1.131) 1.042 (0.962–1.129) 1.080 (0.986–1.184) 1.051 (0.953–1.158)

ΔDBP/pre-DBP 1.029 (0.982–1.079) 1.008 (0.955–1.063) 1.052 (0.996–1.110) 1.017 (0.953–1.085)

Notes: *P<0.05, was considered statistically significant; *1 p=0.047; *2 p=0.011; *3 p=0.028. aUnadjusted model. bAdjusted for demo
graphic characteristics (age, sex), clinical factors (history of diabetes, and BMI), smoking habits, drinking habits, dialysis-related factors (pre- 
SBP, Duration of HD, IDWG%, Kt/V), laboratory measurements (serum albumin, hemoglobin, and PTH).

Table 6 AUC for Different BPV Metrics in Predicting All-Cause Death and CVD 
Death

Variable All-cause death CVD death

AUC (95% CI) P value AUC (95% CI) P value

SBP parameters
SD 0.571 (0.486–0.656) 0.081 0.599 (0.493–0.706) 0.039

CV 0.539 (0.454–0.624) 0.336 0.561 (0.455–0.667) 0.204

ARV 0.593 (0.510–0.676) 0.022 0.631 (0.528–0.733) 0.007
ΔSBP 0.591 (0.510–0.673) 0.024 0.639 (0.541–0.737) 0.004

ΔSBP/pre-SBP 0.559 (0.479–0.639) 0.149 0.620 (0.526–0.715) 0.013

DBP parameters
SD 0.516 (0.436–0.596) 0.697 0.551 (0.455–0.647) 0.291

CV 0.545 (0.465–0.625) 0.266 0.584 (0.487–0.681) 0.080

ARV 0.526 (0.447–0.604) 0.529 0.556 (0.464–0.648) 0.246
ΔDBP 0.557 (0.478–0.636) 0.163 0.595 (0.504–0.686) 0.048

ΔDBP/pre-DBP 0.559 (0.478–0.639) 0.148 0.601 (0.504–0.698) 0.037

Abbreviations: AUC, area under curve; BPV, blood pressure variability; CVD, cardiovascular diseases; 
SBP, systolic blood pressure; pre-SBP, pre-dialysis systolic blood pressure; SD, standard deviation; CV, 
coefficient of variation; ARV, average real variability; ΔSBP, systolic blood pressure change; DBP, diastolic 
blood pressure; pre-DBP, pre-dialysis diastolic blood pressure; ΔDBP, diastolic blood pressure change.
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Discussion
In this study, we recruited 264 patients on MHD and calculated the intra-dialytic BPV metrics using the intra-dialytic 
blood pressure measurements during the three-month period. We analysed the association between the intra-dialytic BPV 
metrics and cardiovascular events and mortality while examining the risk factors for intra-dialytic BPV metrics. We 
found that intra-dialytic SBP-ARV, ΔSBP, and ΔSBP/pre-SBP are independent risk factors for cardiovascular mortality 
but not all-cause mortality. Further analysis found that the age, BMI, and IDWG% were positively correlated with all 
kinds of SBP-BPV metrics by Multiple regression analysis.

Hemodialysis is one of the main treatments for end-stage renal disease. Patient’s blood pressure tends to show 
significant variability during dialysis, resulting in an increased incidence of cardiovascular events and even death, and 
there are many factors affecting BPV. Approximately 40.5% (107/264) of patients had a cardiovascular event during 
follow-up. The intra-dialytic SBP-SD, CV, ARV, ΔSBP, ΔSBP/pre-SBP, DBP-CV, and ΔDBP/pre-DBP in patients with 
cardiovascular events were significantly higher than those without cardiovascular events, which suggested that the intra- 
dialytic BPV in HD patients may be one of the risk factors for cardiovascular events. CVD is the common cause of death 
in dialysis patients. In this study, 69 patients (26.1%) died during the follow-up period, of which CVD accounted for 
62.3%. The mortality rate of patients with cardiovascular events was significantly higher than that of patients without 

Figure 1 ROC curves for different SBP variability metrics to predict CCVD-death (A) and all-cause mortality (B). ROC curves for different DBP variability metrics to 
predict CCVD-death (C) and all-cause mortality (D).
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cardiovascular events. We also found that Cox regression analysis identified SBP-ARV, ΔSBP, and ΔSBP/pre-SBP as 
independent risk factors for CVD mortality.

Furthermore, a 1 mmHg increase in SBP-ARV was associated with an 8.7% higher risk of CVD death. Unlike SBP- 
ARV, ΔSBP and ΔSBP/pre-SBP reflect blood pressure fluctuation during intra-dialysis. Most previous studies have 
shown that the difference in blood pressure before and after HD is associated with poor prognosis of patients.16,17 We 
analysed ΔBP intra-dialysis for the first time and found that each 1 mmHg increase in ΔSBP was associated with a 7.2% 
increased risk of cardiovascular death, and each 1% increase in ΔSBP/pre-SBP was associated with a 10.7% increased 
risk of cardiovascular death. The potential importance of the amplitude of blood pressure fluctuations (ΔBP) for 
cardiovascular events may have been overlooked. Previous studies have shown that the brain’s regulation of blood 
pressure fluctuations is directional or lagging, and when ΔSBP is increased, the brain’s cerebrovascular response to the 
decrease in arterial pressure is significantly reduced.18

Compared with the non-dialysis population, HD patients have impaired autonomic nervous function, lower baroreflex 
sensitivity values, endothelial dysfunction further impedes automatic regulation and poor ability to buffer hemodynamic 
changes caused by HD, massive systolic blood pressure changes (ΔSBP) during HD, and the brain is easily affected by 
circulatory fluctuations.19 The hypo-perfusion of vital organs such as the brain, heart, kidney, and intestine in HD patients 
with more intra-dialytic BP drop leads to increased blood endotoxin levels, and endotoxemia is closely related to 
death.20,21 Therefore, higher ΔSBP independently affected the end point of heart and brain death, suggesting that the 
control of blood pressure variation intra-dialysis helped improve the outcome.

BPV in HD patients is complex and varied, and each indicator assesses the complex BPV phenomenon in different 
aspects. Moreover, there is no uniform clinical and prognostic value at present. Multiple studies have consistently 
demonstrated a significant association between BPV during dialysis and CVD, as well as all-cause mortality.11,22,23 

However, limited research has been conducted to compare the prognostic capabilities of these measures. Our study found 
that intra-dialytic SBP-ARV, ΔSBP, and ΔSBP/pre-SBP were better predictors with higher AUC than other BPV metrics 
in predicting CVD death. However, we compared the ROC curves of these measures in pairs, found no significant 
difference in all-cause death or CVD and found no markers of BPV that predominate regarding prognostic value. 
Compared with SD and CV, ARV is the average of the absolute differences in continuous measurements, which is more 
stable as the sampling frequency of blood pressure measurements changes, and ARV metric considers the sequence of 
blood pressure changes between successive readings.24 Therefore, ARV is sensitive to the sequence of a single blood 
pressure measurement and is an independent risk factor for CVD, which may be a relatively favorable target. There have 
been many studies on the blood pressure difference before and after HD, but few on ΔSBP. There may be large blood 
pressure fluctuations intra-dialysis, and the blood pressure value after HD may not accurately represent the minimum 
blood pressure intra-dialysis. The blood pressure change before and after HD has certain limitations as a prognostic 
indicator, because it cannot reflect the occurrence of hypotension or hypertension intra-dialysis. Studies have found that 
hypertension and hypotension intra-dialysis are significantly related to poor prognosis.10,17,25,26 ΔSBP represents the 
range of blood pressure fluctuations in the short period of intra-dialysis, which can compensate for this shortcoming, 
which indicates its potential clinical application value. The study of BPV needs to establish a recognized, reasonable, 
reliable, and efficient measurement index, which can be practically applied to clinical blood pressure management. We 
can further explore by expanding the sample size and exploring new calculation methods.

This study showed that age, BMI, predialysis blood pressure, and IDWG% were significantly and positively 
correlated with BPV. Age was positively correlated with systolic BPV, independent of other factors. With aging, the 
arterial wall of elderly HD patients undergoes thickening, resulting in increased stiffness and decreased compliance; these 
lead to a disorder in pressure receptors and a reduced sensitivity of pressure reflex, ultimately causing an elevation in 
BPV.27,28 BMI is significantly positively correlated with systolic and diastolic BPV. Adipose tissue can release many 
inflammatory factors, which cause long-term damage to endothelial cells, leading to increased vascular stiffness and 
BPV.29,30 These suggest that patients’ weight management can prevent or control arterial aging and reduce BPV.

The increase of IDWG% is significantly positively correlated with the BPV during the intra-dialysis period. Poor fluid 
control and excessive salt intake lead to an increase in body mass and blood flow in HD patients during the intra-dialytic 
period. The increase in ultrafiltration volume leads to an increase in BPV. The proper adjustment of ultrafiltration volume 
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is helpful to the dialysis adequacy of patients to achieve the purpose of reducing the volume load and making the blood 
pressure relatively stable during intra-dialysis. It has been reported that for elderly patients, the larger the IDWG%, the 
more serious the malnutrition.31 Malnutrition accelerates the decline of endothelial function and increases arterial 
stiffness, possibly due to excessive intake of sodium and fluids and low intake of calories and protein. In addition, we 
also found that hemoglobin and albumin were significantly negatively correlated with BPV and cholesterol levels were 
positively correlated with BPV. Hemoglobin and serum cholesterol mainly affect SBP, and albumin affects DBP. High 
hemoglobin and albumin levels indicate that patients have good nutritional status and low micro-inflammation and 
oxidative stress levels in the body, so blood vessel damage is less severe.32 Studies have found that ameliorating anemia 
can improve ventricular remodelling,33 while high cholesterol can reduce vascular endothelial function and increase 
arteriosclerosis.30 A reasonable diet could improve the nutritional status of patients, and correcting anemia and 
hypoproteinemia will help reduce blood pressure fluctuations during dialysis and improve patient prognosis.

We also found that predialysis of blood pressure as an indicator of hypertension management was independently 
correlated with SD, ARV, and ΔSBP -BPV metrics. These suggested the importance of inter-dialytic hypertension 
management in dialysis patients. In terms of blood pressure medication choice, we only found a significant positive 
association between the use of alpha receptor inhibitors and SBP-ARV, which probably because that our patients were all 
non-preferred α-receptor inhibitor antihypertensive treatment, and most of them use alpha-receptor blockers when the 
combination of other antihypertensive drugs still cannot control blood pressure, and such patients themselves were 
difficult to control blood pressure and had large BPV. Whether blood pressure medications are related to inter-dialytic 
BPV in dialysis patients is still controversial. It has been reported that the use of CCB drugs has advantages in the short- 
term control of BPV,22 but there are also contrary reports.34 This study did not show a significant association between 
antihypertensive therapy and other BPV metrics, possibly because the effect of dialysis on blood pressure exceeded the 
effect of antihypertensive drugs on blood pressure or because hemodialysis eliminated antihypertensive drugs in patients.

Our study also had some limitations. Firstly, it was a single-center retrospective study with a limited cohort size, 
which could lead to bias. Secondly, there may be confounding factors that we did not include, such as erythropoietin and 
lipid-regulating drugs, inflammation, and malnutrition.

Conclusion
Intra-dialytic BPV metrics SBP-ARV, ΔSBP, and ΔSBP/pre-SBP may be independent risk factors for cardiovascular 
death. Further studies are needed to confirm the potential predictive value of BPV for cardiovascular death. Age, BMI, 
IDWG%, predialysis BP, albumin, hemoglobin, α- blockers, and total cholesterol may influence BPV, and further studies 
of the pathophysiology of BPV are needed to develop potential therapeutic strategies to improve cardiovascular outcomes 
in HD.

Data Sharing Statement
The datasets used and analysed during the current study are available from the corresponding author upon reasonable 
request.

Ethics Statement
This study was conducted following the principles of the Declaration of Helsinki and was approved by the Ethics 
Committee of The First Affiliated Hospital of Chongqing Medical University (approval number: K2023-244). The data 
are anonymous, and the requirement for informed consent was therefore waived.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising, or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

International Journal of General Medicine 2024:17                                                                             https://doi.org/10.2147/IJGM.S479035                                                                                                                                                                                                                       

DovePress                                                                                                                       
4789

Dovepress                                                                                                                                                               Xu et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Funding
There is no funding to report.

Disclosure
The authors have no conflicts of interest to declare.

References
1. Bikbov B, Purcell CA, Levey AS.; Global. regional, and national burden of chronic kidney disease, 1990-2017: a systematic analysis for the Global 

Burden of Disease Study 2017. Lancet. 2020;395(10225):709–733. doi:10.1016/S0140-6736(20)30045-3
2. Sarafidis PA, Loutradis C, Karpetas A, et al. The association of interdialytic blood pressure variability with cardiovascular events and all-cause 

mortality in haemodialysis patients. Nephrol Dial Transplant. 2019;34(3):515–523. doi:10.1093/ndt/gfy247
3. Cozzolino M, Mangano M, Stucchi A, Ciceri P, Conte F, Galassi A. Cardiovascular disease in dialysis patients. Nephrol Dial Transplant. 2018;33 

(suppl_3):iii28–iii34.
4. Chirakarnjanakorn S, Navaneethan SD, Francis GS, Tang WHW. Cardiovascular impact in patients undergoing maintenance hemodialysis: clinical 

management considerations. Int J Cardiol. 2017;232:12–23. doi:10.1016/j.ijcard.2017.01.015
5. Zhang Y, J-J L, Wang A-J, et al. Effects of intensive blood pressure control on mortality and cardiorenal function in chronic kidney disease patients. 

Ren Fail. 2021;43(1):811–820. doi:10.1080/0886022X.2021.1920427
6. Xie X, Atkins E, Lv J, et al. Effects of intensive blood pressure lowering on cardiovascular and renal outcomes: updated systematic review and 

meta-analysis. Lancet. 2016;387(10017):435–443. doi:10.1016/S0140-6736(15)00805-3
7. Gentile G, McKinney K, Reboldi G. Tight Blood Pressure Control in Chronic Kidney Disease. J Cardiovasc Dev Dis. 2022;9(5). doi:10.3390/ 

jcdd9050139
8. Stevens SL, Wood S, Koshiaris C, et al. Blood pressure variability and cardiovascular disease: systematic review and meta-analysis. BMJ. 

2016;354:i4098. doi:10.1136/bmj.i4098
9. Sarafidis PA, Persu A, Agarwal R, et al. Hypertension in dialysis patients: a consensus document by the European Renal and Cardiovascular 

Medicine (EURECA-m) working group of the European Renal Association-European Dialysis and Transplant Association (ERA-EDTA) and the 
Hypertension and the Kidney working group of the European Society of Hypertension (ESH). Nephrol Dial Transplant. 2017;32(4):620–640. 
doi:10.1093/ndt/gfw433

10. Iatridi F, Theodorakopoulou MP, Papagianni A, Sarafidis P. Intradialytic hypertension: epidemiology and pathophysiology of a silent killer. 
Hypertens Res. 2022;45(11):1713–1725. doi:10.1038/s41440-022-01001-3

11. Liu Q, Wang W, Wu X, Lv J, Cai S, Li Y. Intra-dialytic blood pressure variability is a greater predictor of cardiovascular events in hemodialysis 
patients. BMC Nephrol. 2023;24(1):113. doi:10.1186/s12882-023-03162-w

12. Zhang Y, Hong D, He Q, Li G, Gao H. Impact of Long-Term Blood Pressure Variability on Survival Rate in Elderly Maintenance Hemodialysis 
Patients: a 46-Month Follow-Up Study of 245 Patients. Med Sci Monit. 2023;29:e940621.

13. Yang J, Huang J, Yu B, et al. Long-term predialysis blood pressure variability and outcomes in hemodialysis patients. J Clin Hypertens. 2022;24 
(2):148–155. doi:10.1111/jch.14398

14. de Roij van Zuijdewijn CLM, Rootjes PA, Nubé MJ, et al. Long-term peridialytic blood pressure changes are related to mortality. Nephrol Dial 
Transplant. 2023;38(9):1992–2001.

15. Mena LJ, Felix VG, Melgarejo JD, Maestre GE. 24-Hour Blood Pressure Variability Assessed by Average Real Variability: a Systematic Review 
and Meta-Analysis. J Am Heart Assoc. 2017;6(10). doi:10.1161/JAHA.117.006895

16. Lu J, Zhu M, Liu S, et al. The relationship between survival rate and intradialytic blood pressure changes in maintenance hemodialysis patients. Ren 
Fail. 2017;39(1):417–422. doi:10.1080/0886022X.2017.1305407

17. Zhang H, Preciado P, Wang Y, et al. Association of all-cause mortality with pre-dialysis systolic blood pressure and its peridialytic change in 
chronic hemodialysis patients. Nephrol Dial Transplant. 2020;35(9):1602–1608. doi:10.1093/ndt/gfz289

18. Hamner JW, Ishibashi K, Tan CO. Revisiting human cerebral blood flow responses to augmented blood pressure oscillations. J Physiol. 2019;597 
(6):1553–1564. doi:10.1113/JP277321

19. McIntyre CW, Goldsmith DJ. Ischemic brain injury in hemodialysis patients: which is more dangerous, hypertension or intradialytic hypotension? 
Kidney Int. 2015;87(6):1109–1115. doi:10.1038/ki.2015.62

20. McIntyre CW, Harrison LEA, Eldehni MT, et al. Circulating endotoxemia: a novel factor in systemic inflammation and cardiovascular disease in 
chronic kidney disease. Clin J Am Soc Nephrol. 2011;6(1):133–141. doi:10.2215/CJN.04610510

21. Pedreros-Rosales C, Jara A, Lorca E, Mezzano S, Pecoits-Filho R, Herrera P. Unveiling the Clinical Benefits of High-Volume Hemodiafiltration: 
optimizing the Removal of Medium-Weight Uremic Toxins and Beyond. Toxins (Basel). 2023;15(9):531. doi:10.3390/toxins15090531

22. Liao R, Li J, Xiong Y, et al. Association of Peridialysis Blood Pressure and Its Variability with Cardiovascular Events in Hemodialysis Patients. 
Kidney Blood Press Res. 2018;43(4):1352–1362. doi:10.1159/000492595

23. Flythe JE, Inrig JK, Shafi T, et al. Association of intradialytic blood pressure variability with increased all-cause and cardiovascular mortality in 
patients treated with long-term hemodialysis. Am J Kidney Dis. 2013;61(6):966–974. doi:10.1053/j.ajkd.2012.12.023

24. Feng Y, Li Z, Liu J, et al. Association of short-term blood pressure variability with cardiovascular mortality among incident hemodialysis patients. 
Ren Fail. 2018;40(1):259–264. doi:10.1080/0886022X.2018.1456456

25. Wu Y, Lu J, Wang T, Zhu X, Xue J, You L. Association of frequent intradialytic hypotension with the clinical outcomes of patients on hemodialysis: 
a prospective cohort study. Ren Fail. 2024;46(1):2296612. doi:10.1080/0886022X.2023.2296612

26. Alostaz M, Correa S, Lundy GS, Waikar SS, Mc Causland FR. Time of hemodialysis and risk of intradialytic hypotension and intradialytic 
hypertension in maintenance hemodialysis. J Hum Hypertens. 2023;37(10):880–890. doi:10.1038/s41371-022-00799-2

27. Bencivenga L, De Souto Barreto P, Rolland Y, et al. Blood pressure variability: a potential marker of aging. Ageing Res Rev. 2022;80:101677. 
doi:10.1016/j.arr.2022.101677

https://doi.org/10.2147/IJGM.S479035                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2024:17 4790

Xu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1093/ndt/gfy247
https://doi.org/10.1016/j.ijcard.2017.01.015
https://doi.org/10.1080/0886022X.2021.1920427
https://doi.org/10.1016/S0140-6736(15)00805-3
https://doi.org/10.3390/jcdd9050139
https://doi.org/10.3390/jcdd9050139
https://doi.org/10.1136/bmj.i4098
https://doi.org/10.1093/ndt/gfw433
https://doi.org/10.1038/s41440-022-01001-3
https://doi.org/10.1186/s12882-023-03162-w
https://doi.org/10.1111/jch.14398
https://doi.org/10.1161/JAHA.117.006895
https://doi.org/10.1080/0886022X.2017.1305407
https://doi.org/10.1093/ndt/gfz289
https://doi.org/10.1113/JP277321
https://doi.org/10.1038/ki.2015.62
https://doi.org/10.2215/CJN.04610510
https://doi.org/10.3390/toxins15090531
https://doi.org/10.1159/000492595
https://doi.org/10.1053/j.ajkd.2012.12.023
https://doi.org/10.1080/0886022X.2018.1456456
https://doi.org/10.1080/0886022X.2023.2296612
https://doi.org/10.1038/s41371-022-00799-2
https://doi.org/10.1016/j.arr.2022.101677
https://www.dovepress.com
https://www.dovepress.com


28. Lee Y-K, Mazzucco S, Rothwell PM, Payne SJ, Webb AJS. Blood Pressure Complexity Discriminates Pathological Beat-to-Beat Variability as 
a Marker of Vascular Aging. J Am Heart Assoc. 2022;11(3):e022865. doi:10.1161/JAHA.121.022865

29. Brunner EJ, Shipley MJ, Ahmadi-Abhari S, et al. Adiposity, obesity, and arterial aging: longitudinal study of aortic stiffness in the Whitehall II 
cohort. Hypertension. 2015;66(2):294–300. doi:10.1161/HYPERTENSIONAHA.115.05494

30. LaRocca TJ, Martens CR, Seals DR. Nutrition and other lifestyle influences on arterial aging. Ageing Res Rev. 2017;39:106–119. doi:10.1016/j. 
arr.2016.09.002

31. Yang S-C, Chiang C-K, Hsu S-P, Hung K-Y. Relationship between interdialytic weight gain and nutritional markers in younger and older 
hemodialysis patients. J Ren Nutr. 2008;18(2):210–222. doi:10.1053/j.jrn.2007.11.012

32. Song P, Yang D, Li J, et al. Dynamic serum albumin and outcome of peritoneal dialysis patients: a retrospective study in China. Front Med 
Lausanne. 2022;9:917603. doi:10.3389/fmed.2022.917603

33. Kaesler N, Babler A, Floege J, Kramann R. Cardiac Remodeling in Chronic Kidney Disease. Toxins (Basel). 2020;12(3):161. doi:10.3390/ 
toxins12030161

34. Flythe JE, Kunaparaju S, Dinesh K, Cape K, Feldman HI, Brunelli SM. Factors associated with intradialytic systolic blood pressure variability. Am 
J Kidney Dis. 2012;59(3):409–418. doi:10.1053/j.ajkd.2011.11.026

International Journal of General Medicine                                                                                         Dovepress 

Publish your work in this journal 
The International Journal of General Medicine is an international, peer-reviewed open-access journal that focuses on general and internal 
medicine, pathogenesis, epidemiology, diagnosis, monitoring and treatment protocols. The journal is characterized by the rapid reporting of 
reviews, original research and clinical studies across all disease areas. The manuscript management system is completely online and includes a 
very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.  

Submit your manuscript here: https://www.dovepress.com/international-journal-of-general-medicine-journal

International Journal of General Medicine 2024:17                                                                        DovePress                                                                                                                       4791

Dovepress                                                                                                                                                               Xu et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1161/JAHA.121.022865
https://doi.org/10.1161/HYPERTENSIONAHA.115.05494
https://doi.org/10.1016/j.arr.2016.09.002
https://doi.org/10.1016/j.arr.2016.09.002
https://doi.org/10.1053/j.jrn.2007.11.012
https://doi.org/10.3389/fmed.2022.917603
https://doi.org/10.3390/toxins12030161
https://doi.org/10.3390/toxins12030161
https://doi.org/10.1053/j.ajkd.2011.11.026
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Patients and Methods
	Patients
	Data Collection
	Outcomes
	BPV Parameters
	Statistical Analysis

	Result
	Characteristics of the Study Subjects
	Association Between Each Kind of BPV Metric and Covariates
	Association of Different BPV and Outcomes

	Discussion
	Conclusion
	Data Sharing Statement
	Ethics Statement
	Author Contributions
	Funding
	Disclosure

