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Abstract
Background Maintenance hemodialysis (MHD) patients have a high incidence
of silent brain infarction (SBI), which represents the preclinical stage of symp-
tomatic cerebral infarction and vascular dementia. Therefore, it is essential to
investigate the risk of SBI in MHD patients to enable early identification and
reduce adverse outcomes.

Objective To investigate the risk factors for SBI in MHD patients, construct a
predictive model, and evaluate its performance.

Methods A total of 486 MHD patients from four centers (Nanchong Central
Hospital, Guangyuan Central Hospital, Suining Central Hospital, and Peng’an
County People’s Hospital) between January 2017 and October 2022 were en-
rolled. Using the development of SBI in MHD patients as the outcome event,
they were divided into an SBI group (n=102) and a non-SBI group (n=384),
and baseline characteristics were compared between the two groups. Patients
were randomly divided into a training set (n=340) and a validation set (n=146)
at a 7:3 ratio. Predictive variables were identified through LASSO regression
and multivariate Logistic regression analysis, and a risk prediction model for
SBI in MHD patients was constructed with a nomogram drawn. The predictive
performance, accuracy, and clinical application value of the model were eval-
uated using the area under the receiver operating characteristic (ROC) curve,
calibration curve, and decision curve analysis.

Results SBI occurred in 70 (20.6%) MHD patients in the training set
and 32 (21.9%) patients in the validation set. LASSO regression com-
bined with multivariate Logistic regression analysis revealed that age
(OR=1.027, 95%CI=1.005~1.050), alcohol consumption history (OR=4.487,
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95%CI=2.075~9.706), BMI (OR=1.082, 95%CI=1.011~1.156), insuffi-
cient or excessive sleep (OR=6.286, 95%CI=3.560~11.282), history of
chronic diseases (chronic obstructive pulmonary disease, diabetes mellitus,
chronic hepatitis B) (OR=1.873, 95%CI=1.067~3.347), serum lactate level
(OR=1.452, 95%CI=1.152~1.897), urea reduction ratio (URR) (OR=0.922,
95%CI=0.875~0.970), and history of antiplatelet medication use (OR=0.149,
95%CI=0.030~0.490) were independent influencing factors for SBI in MHD
patients (P<0.05). A prediction model incorporating these eight influencing
factors was constructed and a nomogram was drawn. The area under the ROC
curve of this prediction model was 0.816 (95%CI=0.759~0.854) in the training
set and 0.808 (95%CI=0.723~0.893) in the validation set, with the calibration
curve demonstrating good consistency. The DCA curve indicated that this
model could maximize clinical benefit for patients.

Conclusion The risk prediction model for SBI in MHD patients established based
on age, alcohol consumption history, BMI, insufficient or excessive sleep, history
of chronic diseases (chronic obstructive pulmonary disease, diabetes mellitus,
chronic hepatitis B), serum lactate level, URR, and history of antiplatelet med-
ication use demonstrates good predictive performance and clinical utility, and
is expected to enable accurate and personalized assessment of SBI risk in MHD
patients and facilitate early intervention to reduce incidence.
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Abstract

Background: Maintenance hemodialysis (MHD) patients have a high incidence
of silent brain infarction (SBI), which represents a preclinical stage of symp-
tomatic stroke and vascular dementia. Therefore, exploring SBI risk in MHD
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patients is essential for early identification and reduction of poor prognosis.

Objective: To investigate risk factors for SBI occurrence in MHD patients,
construct a prediction model, and evaluate its performance.

Methods: We enrolled 486 MHD patients from four centers (Nanchong Central
Hospital, Guangyuan Central Hospital, Suining Central Hospital, and Peng’an
County People’s Hospital) between January 2017 and October 2022. Patients
were divided into SBI group (n=102) and non-SBI group (n=384) based on
SBI occurrence. Patients were randomly assigned to a modeling set (n=340)
and validation set (n=146) at a 7:3 ratio. Predictor variables were identified
through LASSO regression and multivariate logistic regression analysis. A risk
prediction model for SBI in MHD patients was constructed and presented as a
nomogram. Model predictive performance, accuracy, and clinical utility were
evaluated using area under the ROC curve, calibration curve, and decision curve
analysis.

Results: SBI occurred in 70 patients (20.6%) in the modeling set and 32
patients (21.9%) in the validation set. LASSO regression combined with
multivariate logistic regression analysis identified eight independent influencing
factors: age (OR=1.027, 95%CI=1.005–1.050), alcohol consumption history
(OR=4.487, 95%CI=2.075–9.706), BMI (OR=1.082, 95%CI=1.011–1.156),
insufficient or excessive sleep (OR=6.286, 95%CI=3.560–11.282), chronic
disease history (chronic obstructive pulmonary disease, diabetes, chronic
hepatitis B) (OR=1.873, 95%CI=1.067–3.347), serum lactate level (OR=1.452,
95%CI=1.152–1.897), urea reduction ratio (URR) (OR=0.922, 95%CI=0.875–
0.970), and antiplatelet medication history (OR=0.149, 95%CI=0.030–0.490)
(P<0.05). The prediction model incorporating these eight factors yielded
areas under the ROC curve of 0.816 (95%CI=0.759–0.873) in the modeling
set and 0.808 (95%CI=0.723–0.893) in the validation set. Calibration curves
demonstrated good consistency, and DCA curves indicated the model could
provide maximum clinical benefit.

Conclusion: The SBI risk prediction model for MHD patients based on age, al-
cohol consumption history, BMI, sleep duration, chronic disease history, serum
lactate level, URR, and antiplatelet medication history demonstrated good pre-
dictive performance and clinical utility. This model may enable accurate, per-
sonalized risk assessment and facilitate early intervention to reduce SBI inci-
dence in MHD patients.

Keywords: Silent brain infarction; Maintenance hemodialysis; Prediction
model; Multicenter; Risk factors
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1. Subjects and Methods
1.1 Study Subjects

We enrolled 521 MHD patients from four centers (Nanchong Central Hospital,
Guangyuan Central Hospital, Suining Central Hospital, and Peng’an County
People’s Hospital) between January 2017 and October 2022. The inclusion
criteria were: (1) age >18 years; (2) CKD stage 5 dialysis patients meeting
the Kidney Disease: Improving Global Outcomes (KDIGO) criteria, receiving
regular dialysis for $�$3 months at $�$2 sessions/week; (3) completion of brain
CT or MRI around baseline data collection. Exclusion criteria were: (1) history
of transient ischemic attack (TIA) or stroke before first SBI diagnosis; (2) history
of mental illness or dementia; (3) incomplete clinical data.

SBI diagnosis followed the Chinese Consensus on Diagnosis and Treatment
of Silent Brain Infarction: (1) CT and/or MRI showing cerebral infarction
or softening lesions; (2) absence of corresponding clinical manifestations; (3)
exclusion of non-vascular diseases and cerebral hemorrhage-induced softening
lesions; (4) new infarcts identified by high signal on DWI; (5) no history of
cerebral infarction or TIA.

According to reports, the incidence of SBI in MHD patients is 49.6% [9]. Follow-
ing TRIPOD guidelines and assuming an events-per-variable (EVP) ratio of 10,
we calculated that 161 cases were needed for the modeling set [(8$×$10)/49.6%].
The final modeling set included 340 patients. This retrospective study was ap-
proved by the Ethics Committee of Nanchong Central Hospital (Approval No.:
[2023] 伦审研第 (072) 号).

1.2 Data Collection and Definitions

1.2.1 Data Collection: We systematically searched PubMed, CNKI, Wanfang
Data, and VIP databases to identify relevant literature and compiled a clinical
data collection form based on guidelines and consensus [7-8,11]. Thirty vari-
ables were included: (1) Basic and clinical data from electronic medical record
systems and physical examination systems, including gender, age, smoking his-
tory, alcohol consumption history, BMI, sleep duration, pulmonary infection,
chronic disease history [chronic obstructive pulmonary disease (COPD), dia-
betes, chronic hepatitis B], coronary heart disease, atrial fibrillation history,
NYHA heart failure classification, hypertension grade, and antiplatelet med-
ication history; (2) Dialysis-related data from dialysis management systems,
including dialysis age, dialysis cause, vascular access, dialysis duration, residual
renal function (calculated using the Cockcroft-Gault formula), ultrafiltration
rate, and urea reduction ratio (URR); (3) Laboratory measurements from fast-
ing venous blood samples collected before MHD treatment in a dry weight state
after 8-hour overnight fasting, including hematocrit, total cholesterol, triglyc-
erides, high-density lipoprotein cholesterol, homocysteine, parathyroid hormone,
lactate, serum calcium, and serum phosphorus; (4) Imaging examinations com-
pleted in dry weight state, including cardiac valve calcification. All imaging
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data were collected and analyzed by radiology departments at each center. Ac-
cording to medical quality control requirements, MHD patients undergo annual
brain CT or MRI, ensuring complete imaging data. All blood samples were
analyzed at laboratory departments of each center.

1.2.2 Definitions and Quality Control: Smoking history was defined as total
consumption >100 cigarettes [13]. Alcohol consumption history was defined as
$�$12 standard drinking units (10 g pure alcohol per unit) according to WHO
recommendations [14]. Insufficient sleep was defined as <5 h/day and excessive
sleep as >9 h/day [15]. Data were collected from hospital electronic medical
record systems by two uniformly trained researchers. Patients with incomplete
data were excluded. Ten percent of data were randomly reviewed monthly to
verify completeness, accuracy, and authenticity. Complete data were stored by
designated personnel.

1.3 Statistical Analysis

Statistical analysis was performed using SPSS 26.0 and R version 4.2.2. Nor-
mally distributed continuous data were expressed as mean±SD and compared
using independent samples t-test. Non-normally distributed continuous data
were expressed as median (P25, P75) and compared using Mann-Whitney U
test. Categorical data were expressed as percentages and compared using �2
test.

Pearson correlation coefficient (r) was used to assess potential collinearity among
candidate predictors, with r>0.7 indicating potential collinearity. After strict
data filtering and preprocessing, patients were randomly divided into modeling
(n=340) and validation (n=146) sets at a 7:3 ratio. SBI occurrence during the
60-month observation period was the outcome variable. R software was used to
perform Least Absolute Shrinkage and Selection Operator (LASSO) and multi-
variate logistic regression analyses to construct an SBI risk prediction model and
generate a nomogram [16]. The R packages“rms6.2.0”and“timeROC0.4”were
used to construct ROC curves for both sets, calculating area under the curve
(AUC) and C-statistics to validate model accuracy [17]. Calibration curves were
plotted using R packages“rms6.2.0”and“timeROC0.4”to assess predictive ability
and consistency between predicted and actual risks [17]. P<0.05 was considered
statistically significant.

2. Results
2.1 General Characteristics

According to inclusion and exclusion criteria, 486 patients were finally enrolled.
The patient screening flowchart is shown in Figure 1 [Figure 1: see original
paper]. Seventy percent of patients were allocated to the modeling set (n=340),
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with 70 cases (20.6%) developing SBI, while 30% were allocated to the validation
set (n=146), with 32 cases (21.9%) developing SBI.

Significant differences between SBI and non-SBI groups were observed in age,
smoking history, alcohol consumption history, cardiac valve calcification, BMI,
chronic disease history, sleep duration, dialysis cause, URR, antiplatelet medi-
cation history, high-density lipoprotein cholesterol, and lactate level (P<0.05)
(Table 1 ).

2.2 Correlation Analysis and LASSO Regression

Correlation analysis revealed no collinearity among candidate variables. LASSO
regression analysis reduced the variables to eight: age, alcohol consumption
history, BMI, sleep duration, chronic disease history, serum lactate level, URR,
and antiplatelet medication history (Figure 2 [Figure 2: see original paper]).

2.3 Multivariate Logistic Regression Analysis

Using SBI (yes=1, no=0) as the dependent variable and the eight variables
selected by LASSO regression as independent variables, multivariate logistic
regression analysis showed that advanced age, alcohol consumption history, high
BMI, sleep disturbance, comorbid chronic diseases, high lactate level, low URR,
and absence of antiplatelet medication were independent risk factors for SBI in
MHD patients (Table 2 ). These variables were incorporated into a nomogram
prediction model (Figure 3 [Figure 3: see original paper]), where higher total
scores indicate greater SBI risk.

2.4 Predictive Value of the Model in Modeling and Validation Sets

ROC curves were plotted for both sets, yielding AUC values of 0.816
(95%CI=0.759–0.873) in the modeling set and 0.808 (95%CI=0.723–0.893) in
the validation set. The AUC in the validation set decreased by only 0.008
compared with the modeling set, indicating good discriminative ability in both
populations (Figure 4 [Figure 4: see original paper]).

2.5 Calibration Curve

Calibration plots demonstrated high calibration across the entire predicted risk
range, with curves consistently located on or near the reference line, reflecting
good agreement between predicted and actual risks (Figure 5 [Figure 5: see
original paper]).

2.6 DCA Curve

The horizontal line in the DCA curve represents no intervention with zero net
benefit, while the diagonal line represents intervention for all patients. The
prediction model showed good net benefit across threshold probabilities of 10%–
80%, indicating a wide applicable range of high-risk threshold probabilities for
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both modeling and validation sets and demonstrating clinical utility (Figure 6
[Figure 6: see original paper]).

3. Discussion
This study developed a nomogram prediction model for SBI in MHD patients.
Given the scarcity of relevant research, SBI risk remains difficult to predict.
Unlike previous studies, we incorporated dialysis-related variables of current
interest, including dialysis duration, residual renal function, URR, and ultra-
filtration rate [18]. This study is innovative and can provide more intuitive,
accurate, and personalized risk assessment for patients.

3.1 Key Findings

3.1.1 Dialysis-Related Variables: This study included URR, which is recom-
mended by multiple guidelines to measure dialysis adequacy [19]. Higher URR
was associated with lower SBI incidence. Previous studies have shown that
adequate dialysis effectively removes residual urea and toxins, thereby reduc-
ing cardiovascular and cerebrovascular damage [20]. Additionally, antiplatelet
medication was found to reduce SBI risk (OR=0.149, 95%CI=0.030–0.490). An-
tiplatelet drugs prevent thrombosis by inhibiting platelet aggregation and acti-
vation, thereby reducing stroke events [21]. While antiplatelet medication shows
substantial benefits in the general population, bleeding tendency from routine
anticoagulation therapy (low molecular weight heparin 60–80 U/kg, intravenous)
in MHD patients limits its use. Most clinical trials evaluating antiplatelet effi-
cacy and safety have excluded CKD patients, leaving a lack of evidence for use
in MHD patients, with guidelines recommending it only as secondary preven-
tion [22]. Our findings on the protective effect of antiplatelet medication may
provide reference for clinical use in MHD patients.

3.1.2 Sleep Disturbance: Interestingly, this study found that MHD patients
with sleep disturbances had a 6-fold increased risk of SBI. MHD patients often
experience pruritus, depression, and anxiety, leading to disordered sleep dura-
tion [23]. Research has shown a J-shaped association between sleep duration and
all-cause mortality, with both insufficient and excessive sleep increasing stroke
risk [24]. Additionally, our model demonstrated that lactate has important
predictive value for SBI (OR=1.452, 95%CI=1.152–1.897). Lactate, primarily
metabolized in the liver and kidneys, is a marker of tissue hypoperfusion and dis-
ease severity. Loss of renal function may lead to lactate accumulation, causing
stroke through kidney-brain connections (reduced oxidative capacity, atheroscle-
rosis) [25]. Ensuring sleep quality and monitoring lactate levels can effectively
reduce SBI risk and delay disease progression.

3.1.3 Traditional Risk Factors: Advanced age, heavy alcohol consumption,
and obesity are well-established risk factors for diabetes and cardiovascular dis-
ease. Age has consistently been identified as a definitive risk factor for SBI
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[26]. Our results showed that each 10-year increase in age among MHD patients
increased SBI risk by 27%. Previous studies have reported alcohol’s damaging
effects on the cardiovascular system and its positive correlation with stroke [27].
We found that MHD patients with long-term alcohol consumption history had
a 3-fold increased SBI risk. Obesity, diabetes, and hepatitis B share similar
pathogenic mechanisms [28]; long-term chronic inflammation and atherosclero-
sis induced by these diseases further increase SBI risk in MHD patients [29].
With increasing attention to lung-kidney-brain interactions, SÖDERHOLM et
al. [30] found that COPD increased incidence of all stroke subtypes independent
of other comorbidities. Therefore, healthcare providers should closely monitor
condition changes and daily care in elderly patients with multiple chronic dis-
eases, guiding them to control weight, follow low-sugar/low-fat diets, abstain
from alcohol, and adopt healthy lifestyles.

3.2 Limitations

(1) This cross-sectional study cannot establish causal relationships. (2) Al-
though multicenter, varying diagnostic and treatment levels across centers
may affect model results and performance. (3) The sample size remains
relatively small, requiring further expansion for broader generalizability.

4. Conclusion
This study confirms that age, alcohol consumption history, BMI, sleep duration,
chronic disease history, lactate level, URR, and antiplatelet medication history
are independent influencing factors for SBI in MHD patients. By incorporat-
ing both common SBI risk factors and dialysis-related variables, we developed
a multicenter prediction model with good predictive performance and clinical
utility, providing a valuable tool for early SBI risk assessment and intervention
in MHD patients.
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