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Background
Blood pressure variability (BPV) reflects dynamic 
changes in blood pressure (BP), and increased BPV leads 
to endothelial dysfunction [1], arterial stiffness [2], cere-
bral ischemic changes, and impaired blood-brain barrier 
[3], which may be potential mechanisms of mild cogni-
tive impairment (MCI) [4]. A growing number of studies 
have identified BPV as an independent risk factor for CI 
and dementia, independent of mean BP [3, 5].

End-stage renal disease (ESRD) is a vital public health 
problem worldwide. Maintenance hemodialysis (MHD) 
is the main renal replacement therapy for ESRD patients. 
There are about 749,000 MHD patients in China, and the 
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Abstract
Background  The relationship between intradialytic blood pressure variability (BPV) and mild cognitive impairment 
(MCI) in maintenance hemodialysis (MHD) patients is currently unclear. Our present study aimed to illustrate the 
correlation between intra-dialysis BPV and CI in MHD patients.

Methods  Intradialytic SBP within 3 months before cognitive assessment of the patients were collected as baseline 
data and averaged as final data. The intradialytic SBP was converted to the following 4 candidate short-term BPV 
indices: standard deviation (SD), coefficient of variation (CV), average real variability (ARV), RANGE. Overall cognitive 
function was assessed by the Montreal Cognitive Assessment (MoCA) scale.

Results  The study finally enrolled 170 patients with 6662 dialysis records and 26,580 SBP measurements. The mean 
age of the patients was 57.99 years, the MCI prevalence was 78.24%. Intradialytic SBP ARV (average real variability) 
was notably higher in patients with MCI than in the non-MCI (NMCI) group (8.91 vs. 7.60, P = 0.042), but there was 
no statistical difference in the mean SBP and other BPV indices between the two groups. There was a non-linear 
relationship between SBP ARV and MCI, and the inflection point of SBP ARV was 7.52.

Conclusion  Our study found that high SBP ARV was closely associated with MCI, indicating that high SBP ARV may 
act as an indicator of MCI in MHD patients.
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number is increasing at a rate of more than 100,000 per 
year [6–8]. The prevalence of CI among MHD patients is 
up to 58% or higher [9, 10]. After initiation of hemodi-
alysis, approximately 50% of patients develop MCI within 
2 years [11], and MCI is also a risk factor for death and 
poor prognosis in MHD patients [12].

Intradialytic hemodynamic instability may provoke 
repetitive cerebral ischemia and neurological damage, 
thus leading to MCI [13]. MHD patients are more likely 
to have fluctuating BP during dialysis, with a relatively 
higher incidence of dialysis hypotension or hypertension 
[14], which may have a greater impact on MCI. However, 
the relationship between intradialytic BPV and MCI in 
MHD patients is currently unclear. Therefore, our pres-
ent study aimed to illustrate the correlation between 
intra-dialysis BPV and MCI in MHD patients.

Methods
Study population enrollment
Clinical data of patients receiving MHD at the Specialty 
Medical Center of the Ground Force, People’s Liberation 
Army (Daping Hospital) from 1 January 2023 to 31 May 
2023 were retrospectively analyzed. Inclusion criteria 
included: (1) MHD patients with ≥ 3 months of hemo-
dialysis; (2) age ≥ 18 years, no restriction on gender; (3) 
complete data on blood pressure during dialysis (data 
for > 3 months). Patients were excluded for (1) missing 
the Montreal Cognitive Assessment (MoCA-B) scores; 
(2) requirement of medication intervention for bp dur-
ing HD; (3) an acute systemic infection, acute cardiovas-
cular events, active hepatitis, or cancer; (4) a history of 
medication use that may affect cognition or sleep (e.g., 
donepezil, antihistamines, tricyclic antidepressants, ben-
zodiazepines, and citicoline). This study was approved 
by the Medical Ethics Committee of the Daping Hospital 
(YYLS2022-210) before the commencement of this study. 
The requirement for informed consent was waived, as 
the utilization of anonymized retrospective data does not 
require patient consent under the local legislation.

Cognitive function evaluation
All cognitive function assessments were performed by 
researchers who were trained and certified by a neu-
ropsychologist before the study. To avoid the effects of 
hemodynamic changes on the day of dialysis, neuropsy-
chological assessment was performed individually in a 
separate room on the day before or the day after dialysis. 
It took about 30 min on average. Overall cognitive func-
tion was assessed by the Beijing version of the Montreal 
Cognitive Assessment (MoCA) scale, including execu-
tive function, naming, memory, language, abstraction, 
orientation, and attention domains, with a total score of 
30. If the subject was illiterate, an additional 1 point was 
given to the final total score, regardless of the number of 

years of education. A total score of ≥ 26 was classified as 
normal cognitive function. Based on the MoCA score, 
the patients were assigned to the MCI group (MoCA 
score < 26) and the non-MCI group (MoCA score ≥ 26).

Data collection
Demographic data of patients were collected at enrol-
ment, including age, year of hemodialysis, gender, history 
of diabetes mellitus, and history of stroke. The single-
pool Kt/V (spKt/V) was chosen as an indicator of dialysis 
adequacy. spKt/V was determined based on the following 
formula: spKt/V =-In (R- 0.008t) + (4-3.5R) x △BW/BW 
[15, 16], where R represents post-dialysis/pre-dialysis 
urea nitrogen, t represents treatment time, △BW rep-
resents ultrafiltration volume, and BW represents post-
filtration body weight. a two-point urea kinetic model of 
urea reduction and weight loss during dialysis. Labora-
tory data including hemoglobin, albumin, C reactive pro-
tein, triglycerides, and cholesterol were also obtained.

BPV-related indicators and calculation formulas
Dialysis data (intradialytic SBP, dry weight, ultrafiltration 
rate) within the 3 months before cognitive assessment 
of the patients were collected as baseline data and aver-
aged as final data. Intradialytic SBP was measured using 
an automated oscillometric device (Omron, HEM-7121) 
as recommended by the NKF K/DOQI guidelines [17]. 
The patient was placed in the supine position, with the 
cuff at the same level as the heart and rested for 5  min 
before SBP measurement. Normally, SBP was measured 
before and after each dialysis session, and upper extrem-
ity SBP on the non-HD access side was measured every 
1  h after the start of dialysis. If discomforts (sweating, 
muscle cramps) occurred during dialysis, additional SBP 
monitoring was performed, and the patient’s SBP was 
converted to the following 4 candidate short-term BPV 
indices:

Standard deviation (SD).
SD is the most used index of BPV and is correlated with 

mean BP, independent of measurement order.

	
SD =

√∑n
i=1

(
SBPi − SBP

)2

(n − 1)

Coefficient of variation (CV).
CV indicates the difference in BP fluctuations at differ-

ent stages. CV is commonly used for correction because 
absolute SD values may be positively correlated with 
mean BP.

	 CV = 100 × SD/mean

Average real variability (ARV).
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ARV is the average of absolute differences between suc-
cessive BP and is sensitive to the measurement order of 
individual BP, with the advantage of considering the tem-
poral nature of BP changes.

	
ARV = 1

n − 1
∑n−1

i=1
|SBPi+1 − SBPi|

RANGE is influenced by extreme SBP values and is 
therefore highly variable and highly correlated with SD 
and CV.

REAGE = Maximum-minimum BP values.

Statistical analysis
Categorical variables were depicted as percentage, and 
normally distributed continuous variables as mean ± SD. 
Non-normally distributed continuous variables were 
exhibited as median and interquartile range. Univari-
ate and multivariate logistic regression analyses were 

adopted to appraise the association between BPV and 
study outcomes. If non-linearity was detected, we first 
calculated the inflection point using a recursive algorithm 
and then constructed a two-piecewise logistic regression 
model on both sides of the inflection point. All statisti-
cal tests were two-tailed and P < 0.05 was considered sta-
tistically significant. EmpowerStats (www.empowerstats.
com, X&Y solutions, Inc. Boston, MA) and R software 
version 3.6.1 (http://www.r-project.org) were applied for 
statistical analyses and graphic plotting, respectively.

Results
Basic characteristics
According to the inclusion criteria, 201 patients were eli-
gible for enrolment, finally, 170 patients were enrolled, 
with a total of 6,662 dialysis recordings and 26,580 SBP 
measurement recordings (Fig.  1). The mean age of the 
patients was 57.99 years. The proportion of males was 
58.24%, and MCI prevalence was 78.24%. Patients in the 

Fig. 1  Flow chart of study population
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MCI group were older and had a higher percentage of 
diabetes mellitus. Intradialytic SBP ARV was markedly 
higher in the MCI group than in the non-MCI group 
(8.91 vs. 7.60), but there was no notable difference in 
mean SBP, SBP SD, SBP CV, and SBP RANGE (Table 1).

Univariate and multivariate logistic analysis
The univariate logistic analysis showed that higher intra-
dialytic SBP ARV was significantly associated with MCI 
(OR: 1.24, 95% CI: 1.01–1.51, p = 0.041) (Supplementary 
Table 1), when analyzed as a continuous variable. SBP 
MEAN and other BPV indicators were not found to be 
associated with MCI. Clinical indicators that were sig-
nificant in the univariate analyses and related to MCI 
included age (OR: 1.1, 95% CI: 1.06–1.14, P < 0.001), his-
tory of diabetes mellitus (OR: 6.25, 95% CI: 1.43–27.35, 
P = 0.015) (Supplementary Table 1).

The significant indicators from the univariate analysis 
and those clinically considered to be potentially related 
to cognitive impairment were ultimately included in 
the multivariable logistic analysis (Table  2). When SBP 
ARV was considered a continuous variable, after adjust-
ing for covariates in model I and model II, the associa-
tion remained but became less significant (OR 1.17, 95% 
CI: 0.97–1.42, p = 0.100; OR 1.16, 95% CI: 0.95–1.42, 
p = 0.146, respectively). When tertiles of SBP ARV were 
considered a categorical variable, both middle (OR 3.47, 
95% CI: 1.33–9.08, p = 0.011) and high tertiles of SBP 
ARV (OR 2.71, 95% CI: 1.02–7.25, p = 0.047) showed sig-
nificantly increased odds of MCI compared to the low 
tertile in all models. These findings suggest that patients 
with higher SBP ARV are likely to have MCI, even after 
adjusting for relevant factors.

Table 1  Demographic and clinical characteristics of the patients at baseline
Categories Total (n = 170) NMCI (n = 37) MCI (n = 133) P
Age (year) 57.99 ± 13.43 46.89 ± 13.06 61.08 ± 11.85 <0.001
Dialysis vintage (year) 6.29(5.75, 10.35) 6.24(2.00, 8.00) 6.31(1.00, 10.00) 0.948
MoCA scores 21(15.00, 25.00) 27(26.00, 28.00) 19(14.50, 22.00) <0.001
Male n (%) 99(58.24%) 22(59.50%) 77(57.89%) 0.864
History of diabetes mellitus, n (%) 37(21.76%) 2(5.41%) 35(26.32%) 0.006
History of stroke, n (%) 23(13.53%) 3(8.11%) 20(15.04%) 0.276
Dry weight (kg) 58.68 ± 10.59 59.83 ± 13.16 58.36 ± 9.79 0.458
Ultrafiltration volume (l/4 h) 2.10 ± 0.65 2.17 ± 0.67 2.08 ± 0.65 0.483
spKt/v 1.34 ± 0.25 1.37 ± 0.26 1.33 ± 0.25 0.351
Hemoglobin (g/l) 112.58 ± 16.86 109.51 ± 16.43 113.44 ± 16.94 0.212
Albumin (g/l) 37.95 ± 4.53 38.72 ± 4.71 37.73 ± 4.47 0.241
C reactive protein (mg/l) 9.41(0.50,9.41) 10.81 (0.66,9.41) 9.01(0.50,9.41) 0.641
Triglyceride (mmol/l) 1.74 ± 1.30 1.86 ± 1.07 1.71 ± 1.37 0.555
Total cholesterol (mmol/l) 3.74 ± 0.86 3.73 ± 0.96 3.74 ± 0.84 0.954
SBP SD (mmHg) 8.86(7.49, 10.41) 8.04 (6.92, 9.56) 9.12 (7.66, 10.67) 0.1
SBP CV (mmHg) 7.19 ± 1.93 6.65 ± 1.35 7.34 ± 2.04 0.086
SBP ARV (mmHg) 8.71(7.40, 9.77) 7.60 (7.07, 8.73) 8.91 (7.59, 9.99) 0.042
SBP RANGE (mmHg) 24.11(18.26, 25.73) 21.35(17.33, 23.60) 24.87(18.77, 26.46) 0.087
SBP MEAN (mmHg) 130.79 ± 14.72 128.19 ± 13.68 131.51 ± 14.96 0.225
MCI: Mild cognitive impairment, SBP: Systolic blood pressure, SD: Standard deviation, CV: Coefficient of variation, ARV: Average real variability

Table 2  The results of mutivariate analysis between SBP ARV and MCI
Parameters Non-adjusted Model I Model II

OR 95%CI P value OR 95%CI P value OR 95%CI P value
SBP ARV (mmHg) 1.24 1.01–1.51 0.041 1.17 0.97–1.42 0.1 1.16 0.95–1.43 0.14
SBP ARV (mmHg) tertile
Low
<7.75

Reference Reference Reference

Middle
7.75–9.23

3.5 1.39–8.80 0.008 3.29 1.28–8.45 0.014 3.44 1.31–9.03 0.012

High
>9.23

3.57 1.42–8.97 0.007 2.86 1.10–7.41 0.031 2.73 1.02–7.28 0.046

Outcome variable: MCI; Non-adjusted model adjust for: None; Model I adjust for: Age, gender; Model II adjust for: Age, gender, spKt/v, history of diabetes, history of 
stroke, total cholesterol, triglyceride, ultrafiltration; MCI: Mild cognitive impairment, SBP: Systolic blood pressure, ARV: Average real variability
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Curve fitting and analysis of threshold effect
After adjusting for the risk factors, we observed a non-
linear relationship between SBP ARV and MCI (Fig.  2). 
Two fitting models were compared to explore the curved 
associations (Table  3). The p-value of the log-likelihood 
ratio test was 0.008, which was the result of the two-
piecewise linear fitting model. The inflection point of 
SBP ARV was 7.52, which suggested that when SBP 
ARV ≥ 7.52, SBP ARV was associated with MCI (OR: 
4.10, 95% CI: 1.61–10.46, P = 0.003) (Table 3), and when 
SBP ARV < 7.52, there was no significant correlation 
between SBP ARV and MCI (OR = 0.43, 95% CI: 0.15–
1.26, p = 0.125) (Table 3).

Discussion
Main findings
To the best of our knowledge, this is the first study on the 
association between intradialytic BRV and MCI in MHD 
patients. Our study found that patients with higher SBP 
ARV were closely associated with MCI, but mean SBP 
and other blood pressure variability indices (CV, SD, 
and RANGE) were not associated with MCI. A non-lin-
ear relationship was revealed between SBP ARV and CI. 
When SBP ARV ≥ 7.52, SBP ARV was associated with 
CI (OR: 4.10, 95% CI: 1.61–10.46, P = 0.003), while when 
SBP ARV < 7.52, there was no significant correlation 
between SBP ARV and CI (OR = 0.43, 95% CI: 0.15–1.26, 
p = 0.125).

Potential mechanisms of BPV in MCI
There is growing evidence that BPV is associated with 
MCI and dementia [5, 18]. The underlying mechanism 
involves hemodynamic instability that induces inad-
equate cerebral perfusion, endothelial damage, and 
chronic inflammation, and eventually leads to vascular 
thickening, arterial stiffness, amyloid-β deposition, cere-
bral small vessel diseases, and brain atrophy [19, 20]. 
In the context of chronic renal failure, MHD patients 

Table 3  The result of the two-piecewise linear regression model
Outcome OR (95% CI) P-value
Fitting model by stand linear regression 1.49 (0.96, 2.30) 0.075
Fitting model by two-piecewise linear 
regression
Inflection point
  < 7.52 0.43 (0.15, 1.26) 0.125
  ≥ 7.52 4.10 (1.61, 10.46) 0.003
P for log-likelihood ratio test 0.008

Fig. 2  Curve fitting between SBP ARV and MCI. Adjusted for Age; gender, spKt/v, history of diabetes, history of stroke, total cholesterol, triglyceride, ultra-
filtration. SBP: Systolic blood pressure, ARV: Average real variability, MCI: Mild cognitive impairment
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present with premature vascular stiffness and increased 
pulse wave velocity [21, 22]. Based on the diseased ves-
sels, hemodynamic alterations caused by hemodialysis 
trigger faster blood flow to the central nerve, increase 
central SBP in the short term, and induce intracranial 
inflammation [20], which damages the central nervous 
system. This may explain why the incidence of MCI in 
MHD patients has not been improved with dialysis [11]. 
Our study displayed that patients in the MCI group were 
older and had a higher proportion of diabetes mellitus, 
similar to the findings of other studies [10, 11, 23].

Association between BPV candidates and MCI
BPV is categorized into long-term and short-term indices 
based on the time interval of measurement. Short-term 
BPV is usually measured by BP monitoring over 24 h or 
at specified short intervals. In dialysis patients, intradia-
lytic BPV can be quantified by short-term BPV [24]. The 
four most used short-term BPV indexes: SD, CV, ARV, 
and RANGE were selected for our study. However, there 
is currently a lack of comparison between commonly 
used short-term BPV indicators in patients with MCI. 
Our results suggested that SBP ARV was greatly higher 
in the MCI group than in the non-MCI group (8.91 vs. 
7.60). Patients with higher SBP ARV were likely to have 
MCI, but mean SBP, SBP SD, and SBP RANGE were not, 
consistent with the results of other studies [3, 5].

ARV is one of the most used BPV indices, which is the 
mean of the absolute differences of consecutive measure-
ments and considers the temporal nature of BP changes. 
Since SBP changes from time to time during dialysis, 
ARV better reflects the changes in BP. ARV was found 
to be an independent risk factor for stroke [25], cardio-
vascular events [26], and death [27] in MHD patients. 
Our results illustrated that if SBR ARV is considered as a 
continuous variable, we did not find any association with 
MCI, when considering tertiles of SBP ARV, both middle 
(OR 3.47, 95% CI: 1.33–9.08, p = 0.011) and high tertiles 
(OR 2.71, 95% CI: 1.02–7.25, p = 0.047) showed signifi-
cantly increased odds of the outcome compared to the 
Low tertile in all models.

After adjusting for the risk factors, we observed a non-
linear relationship between SBP ARV and MCI. The 
inflection point of SBP ARV was 7.52. Similarly, a previ-
ous study has found a non-linear relationship between 
BPV and cognitive decline [28], suggesting that it is 
necessary to identify MHD patients with excessive BP 
instability during hemodialysis and take measures to pre-
vent cognitive decline. This highlights the importance 
of early recognition and intervention in MHD patients 
with unstable BP during hemodialysis to prevent MCI 
[28]. Current clinical guidelines fail to offer a definitive 
definition of blood pressure stability [29]. In the context 
of MCI prevention, our work further demonstrates the 

importance of maintaining stable blood pressure during 
dialysis and provides valuable references for establishing 
optimal targets to control BPV during hemodialysis.

Limitations
There are also some limitations. First, MCI and BPV 
were measured only during the survey, but the long-term 
impact of BPV on MCI was not assessed. Second, there 
may be confounders that we did not include, such as anti-
hypertensive medications class, the relationship between 
different classes of antihypertensive medications and 
cognitive impairment is controversial [30–33], and more 
research is needed to explore the underlying mechanisms 
between them. Third, we did not include home SBP 
because it has not been yet routinely monitored in the 
clinical practice. Fourth, our conclusions on BPV were 
based on a 3-month exposure period, and different mea-
surement timings may also affect the results.

Conclusion
Our study found that high SBP ARV was closely associ-
ated with MCI, indicating that high SBP ARV may act as 
an indicator of MCI in MHD patients. Further prospec-
tive cohort studies are needed to clarify the potential 
mechanisms between BPV and MCI in MHD patients.
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