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Background: Interdialytic hyperkalemia is linked to a heightened risk of adverse clinical outcomes among patients undergoing
maintenance hemodialysis (MHD). This study aimed to develop and validate a nomogram to assess the risk of interdialytic
hyperkalemia in this patient population.

Methods: A total of 312 patients undergoing MHD were retrospectively enrolled from two hemodialysis centers between
January 2024 and December 2024. The group was randomly divided into a training set and a validation set in a 7:3 ratio. Least
absolute shrinkage and selection operator regression was applied to identify independent predictors of hyperkalemia, which were
subsequently incorporated into a multivariate logistic regression model. Model performance was assessed using receiver operating
characteristic curve analysis, area under the curve (AUC), calibration plots, and decision curve analysis (DCA) to assess both
discrimination and clinical utility.

Results: The overall incidence of interdialytic hyperkalemia was 28.2%. The final nomogram included seven predictors: dietary
potassium intake, dietary phosphorus intake, serum albumin concentration, pre-dialysis blood glucose level, interdialytic weight gain
rate, time interval since the last dialysis session, and a history of hyperkalemia within the preceding three months. The model
demonstrated strong discriminatory ability with an AUC of 0.905 (95% Confidence Interval (CI): 0.883—0.931) in the training set and
0.782 (95% CI: 0.756-0.819) in the validation set. Calibration plots indicated good agreement between predicted and observed outcomes.
DCA confirmed the clinical applicability of the model by demonstrating a net benefit across a range of threshold probabilities.
Conclusion: A nomogram-based risk prediction model for interdialytic hyperkalemia in patients undergoing MHD was developed
and externally validated. The model demonstrated robust predictive performance and may assist clinicians in early identification of
patients who are at high-risk, thereby supporting timely interventions.
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Background

Hemodialysis, as a principal modality of renal replacement therapy for patients with end-stage renal disease, substantially
prolongs survival. According to national registry data, the number of patients receiving hemodialysis in China surpassed
900,000 by the end of 2023, reflecting an approximately 290% increase compared to 2011. The Dialysis Outcomes and
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Practice Patterns Study reported that the prevalence of hyperkalemia defined as a serum potassium concentration
exceeding 5.0 mmol/L varied by region, affecting 30% of patients in North America, 47% in Europe, and 37% in the
Asia-Pacific region (Australia/New Zealand/Japan)." Recent studies have indicated that 75% of patients undergoing
maintenance hemodialysis (MHD) experienced peak pre-dialysis serum potassium levels above 5.0 mmol/L within
a four-month period.? In patients receiving Maintenance Hemodialysis (MHD), hyperkalemia can result from reduced
renal potassium excretion, dietary intake, insufficient dialysis adequacy, and use of medications like Renin-Angiotensin-
Aldosterone System (RAAS) inhibitors. Clinical manifestations of hyperkalemia primarily include muscle weakness,
palpitations, nausea, and vomiting. Hyperkalemia is recognized as a key risk factor for malignant arrhythmias and sudden
cardiac death, and is associated with significantly increased adverse outcomes in the MHD population.”

The interdialytic period, defined as the interval between two hemodialysis sessions, constitutes a high-risk phase for
the development of hyperkalemia, as most patients remain outside of direct clinical supervision during this time. Due to
the limited availability of timely medical intervention, hyperkalemia occurring during this period may result in life-
threatening consequences. Existing domestic and international studies have primarily focused on identifying factors
associated with hyperkalemia in MHD populations; The set of established risk factors comprises the interdialytic interval,
diabetes, heart failure, and certain laboratory indices. However, there remains a lack of validated, targeted tools for
individualized risk assessment.*> Therefore, early prediction of interdialytic hyperkalemia in patients receiving MHD is
critically important.

Participants and Methods
Study Participants

A total of 312 patients diagnosed with MHD meeting the inclusion criteria from 2 hemodialysis centers between
January 2024 and December 2024 were included. Patients with serum potassium levels > 5.0 mmol/L were classified
into the hyperkalemia group, and those with serum potassium levels < 5.0 mmol/L were classified into the hypokalemia
group. Inclusion criteria: (1) receiving hemodialysis treatment for at least 3 months; (2) age > 18 years; (3) at least one
serum potassium test performed within 3 months with complete data; (4) signed informed consent form. Exclusion
criteria: (1) incomplete data with missing key analytical indicators; (2) occurrence of major trauma, rhabdomyolysis,
severe infection, malignant tumor, severe malnutrition or cachexia, severe organ dysfunction, or pregnancy within the
past month; (3) consciousness disorder or cognitive dysfunction; (4) inability to cooperate. Sample size calculation: This
study included 37 variables. According to the sample size calculation formula, the sample size should be 5-10 times the
number of independent variables, yielding a required sample size of at least 185-365 cases. Considering 10% invalid
samples, the final required sample size was 203—402 cases. All patients provided informed consent and voluntarily
participated in this study. This study adhered to ethical principles, with ethics approval number No.2024-hs-17-02.

Research Methods
Data Collection
Comprehensive potential influencing factors for hyperkalemia were identified through a review of relevant literature and
consultation with clinical experts. From these factors, a standardized data collection form was developed to record the
occurrence of hyperkalemia in patients undergoing MHD. Relevant data were retrieved and exported from the unified
information system utilized by the blood purification centers at both hospital campuses.

Data collection included the following components:

(1) General data: sex, age, primary diagnosis, history of hypertension, history of diabetes mellitus, and prior history of
hyperkalemia. Hemodialysis-related variables included dialysis frequency, ultrafiltration volume, time interval
since the previous dialysis session, interdialytic weight gain rate, use of angiotensin-converting enzyme inhibitors
or angiotensin II receptor blockers, and urea clearance index.

(2) Laboratory test results: pre-dialysis white blood cell count, hemoglobin concentration, high-sensitivity C-reactive
protein, hematocrit, platelet count, serum phosphorus, serum calcium, carbon dioxide combining power, blood
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glucose, serum potassium, urea, creatinine, serum albumin, total iron-binding capacity, ferritin, transferrin
saturation, serum iron, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and triglycerides.

Dietary Intake Survey (3-Day Dietary Diary Method)

A standardized dietary record form was used to assist patients in documenting all dietary intake over three consecutive
days. The recorded data included food items, quantities consumed, types of seasonings used, and methods of preparation.
Daily intake of energy, macronutrients (protein, fat, and carbohydrates), and electrolytes (potassium, sodium, and
phosphorus) was calculated independently by two members of the study team using professional nutrition analysis
software (Kaitong Recipe Calculator).

Statistical Methods

Data processing was conducted using SPSS version 23.0 and R software version 4.2.1. The Shapiro—Wilk test was
applied to assess the normality of continuous variables. Variables following a normal distribution were expressed as mean
+ standard deviation, and between-group comparisons were performed using the independent samples #-test. Non-
normally distributed variables were presented as median and interquartile range, and the Mann—Whitney U-test was
applied for between-group analysis. Categorical variables were reported as frequency and percentage, and comparisons
between groups were conducted using the chi-squared test (x°) or Fisher’s exact test, as appropriate.

Least absolute shrinkage and selection operator (LASSO) regression was used to identify potential predictors
significantly associated with hyperkalemia. Variables selected through LASSO regression were subsequently entered
into a multivariate logistic regression model to construct a risk prediction model. A nomogram was generated using the
rms package in R for visual representation.

Model performance was assessed in terms of discrimination, calibration, and internal validation. Discrimination was
assessed by plotting receiver operating characteristic (ROC) curves and calculating the area under the curve (AUC), with
AUC > 0.8 indicating strong discriminative power. Calibration was evaluated using calibration curves to compare
predicted probabilities with observed outcomes, with closer alignment to the reference line indicating better goodness
of fit. Internal validation was conducted using bootstrap resampling (1000 iterations). The optimal cut-off value was
determined by maximizing the Youden index, and the corresponding sensitivity and specificity were calculated.

Results
Data Comparison Between Hyperkalemia Group and Non-Hyperkalemia Group in

Patients Undergoing MHD

Among the 312 patients undergoing MHD, hyperkalemia occurred in 88 cases (28.2%), while 224 cases (71.8%) did not
exhibit hyperkalemia. A comparison of baseline characteristics between the hyperkalemia and non-hyperkalemia groups
is presented in Table 1.

Table | Comparison of Baseline Characteristics Between the Hyperkalemia and Non-Hyperkalemia

Groups
Variables Hyperkalemia Non-Hyperkalemia letIZ P
Group (n = 88) Group (n = 224)

Sex [n (%)] 0.200 0.377
Male 57 139

Female 31 85

Age [n (%)] 0.097 0.426
< 60 years 47 124

> 60 years 41 100

(Continued)
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Table | (Continued).

Variables Hyperkalemia Non-Hyperkalemia | y*/t/Z P
Group (n = 88) Group (n = 224)

Weekly dialysis frequency (h) 0.068 0.468

<12h 15 41

2 2h 73 183

Ultrafiltration volume (L)

Potassium intake (mg/d) 2306.55+965.65 1763.81+405.54 —5.099 | <0.001

Phosphorus intake (mg/d) 1078.64+338.09 964.22+281.09 -3.050 0.001

Caloric intake (kcal/d) 32.27+4.54 32.34+4.14 0.133 0.522

Fat intake (g/d) 26.90+5.02 27.06+4.61 0.277 0.144

Protein intake [g/(kg d)] 1.13%1.70 1.140.18 0.701 0.419

Sodium intake (g/d) 4.74+0.69 4.67+0.75 —0.686 0.190

Hb (g/L) 110.74£16.39 112.72+18.01 0.898 0.442

White blood cell count (10%/L) 6.17£2.27 6.57+2.32 1.376 0.274

Hematocrit (%) 34.80+5.06 35.2845.70 0.701 0.287

Platelet count (10%/L) 196.11+55.11 196.37+62.83 1.376 0.274

C-reactive protein (mg/L) 4.29+6.27 5.46%7.19 1.343 0.110

Ferritin (ng/mL) 169.43+232.07 144.61+137.98 —-1.162 0.020

Serum iron (umol/L) 10.60+5.52 10.92+6.1 | 0.434 0.560

Transferrin saturation (%) 32.20%15.35 29.82+14.94 —1.254 0.452

Total iron binding capacity (umol/L) 37.33%15.73 39.96+14.80 1.384 0.439

Serum albumin (g/L) 39.69£2.77 38.80+3.61 —2.085 0.018

Pre-dialysis creatinine (umol/L) 906.93+263.87 887.76+237.64 —0.621 0.296

Pre-dialysis blood urea nitrogen (mmol/L) 25.44%7.17 23.97+6.16 —1.806 0.037

Pre-dialysis blood glucose (mmol/L) 8.15£3.37 7.88+3.34 —0.653 0.697

Pre-dialysis serum calcium (mmol/L) 2.1310.21 2.16£0.19 1.277 0.956

Pre-dialysis serum phosphorus (mmol/L) 1.94+0.65 1.80+0.54 —-1.926 0.008

High-density lipoprotein cholesterol (mmol/L) 1.08+0.28 1.08+0.32 —0.265 0.182

Low-density lipoprotein cholesterol (mmol/L) 1.95+0.71 1.90+0.75 —0.467 0.719

Triglycerides (mmol/L) 1.55+0.88 1.62+1.05 0.553 0.308

Carbon dioxide combining power (mmol/L) 20.94£3.16 21.07£3.13 0.325 0.635

Kt/V 1.39+0.28 1.38+0.28 —0.169 0.496

Interdialytic weight gain rate [n (%)] 6.163 0.012

<5% 67 196

= 5% 21 28

Concurrent diabetes 1.116 0.178

Yes 33 70

No 55 154

Concurrent hypertension 0.222 0.388

Yes 75 186

No 13 38

ACEI/ARB medication use 1.521 0.136

Yes 36 75

No 52 149

History of hyperkalemia within three months 15.984 | <0.001

Yes 49 70

No 39 154

Time interval since last dialysis 0.529 0.293

<48h 76 200

> 48 h 12 24

Abbreviations: Hb, Haemoglobin; Kt/V, Kt over V; ACEI/ARB, Angiotensin-Converting Enzyme Inhibitor/Angiotensin |l Receptor

Blocker.
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Figure | LASSO regression coefficient path.
Abbreviation: LASSO, Least absolute shrinkage and selection operator.

Selection of Hyperkalemia-Related Variables Using LASSO Regression

Using hyperkalemia occurrence status as the response variable, LASSO regularized regression was applied to 37
candidate predictors (Figure 1). The optimal penalty parameter was identified through ten-fold cross-validation (A =
0.039), based on the lambda.lse criterion. A total of seven variables with non-zero coefficients were retained: potassium
intake, phosphorus intake, serum albumin, pre-dialysis blood glucose, interdialytic weight gain rate, history of hyperka-
lemia within the past three months, and time interval since the last dialysis session.

Multivariate Logistic Regression Analysis

Hyperkalemia occurrence was used as the dependent variable, and the seven independent variables identified through
LASSO regression were assigned values accordingly (Table 2). A multivariate logistic regression model was then
constructed. The analysis indicated that all seven variables were significantly associated with hyperkalemia (p < 0.05
for all): potassium intake, phosphorus intake, serum albumin level, pre-dialysis blood glucose, interdialytic weight gain
rate, history of hyperkalemia within the past three months, and time interval since the last dialysis session. Detailed
results are presented in Table 3.

Development and Evaluation of a Hyperkalemia Risk Prediction Model

Independent risk factors for hyperkalemia in patients undergoing MHD were identified through multivariate logistic
regression analysis, and a corresponding risk prediction model, along with its mathematical formula, was developed.
A nomogram based on this model was constructed using RStudio (version 4.2.1) and is presented in Figure 2.

Table 2 Variable Assignment

Variables Assignment
Potassium intake Continuous variable
Phosphorus intake Continuous variable
Serum albumin Continuous variable
Pre-dialysis blood glucose Continuous variable
Interdialytic weight gain rate <5% =0,25% = |
History of hyperkalemia within three months No =0, Yes = |
Time interval since last dialysis <48h=0,>48h = 1|
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Table 3 Multivariate Analysis of Factors Affecting Hyperkalemia Occurrence in Patients
Undergoing MHD

Item p SE | Wald »* OR (95% CI)
Constant term —7.921 | 2.236 12.550

Potassium intake 0.001 | 0.000 8.567 1.001(1.000~1.001)
Phosphorus intake 0.001 | 0.001 3917 1.001(1.000~1.002)
Serum albumin 0.134 | 0.053 6.350 1.144(1.030~1.270)
Pre-dialysis blood glucose 0.239 | 0.062 14.883 1.270(1.125~1.434)
Interdialytic weight gain rate 1.275 | 0.329 15.032 | 0.279(0.147~0.532)
History of hyperkalemia within three months | 0.898 | 0.320 7.865 0.407(0.217~0.763)
Time interval since last dialysis 1.761 | 0.395 19.828 | 0.172(0.079~0.373)

Abbreviation: MHD, maintenance hemodialysis.

The model demonstrated good discriminatory performance, with an area under the ROC curve of 0.856 (95%
Confidence Interval (CI): 0.807—0.905). At the optimal cut-off value determined by maximizing the Youden index
(1.598), the sensitivity and specificity of the model were 83.0% and 93.33%, respectively.

Model calibration was assessed using the Hosmer—Lemeshow goodness-of-fit test (x* = 11.67, P = 0.167), indicating
no significant lack of fit. The calibration curve is presented in Figure 3.

Clinical Application Value Assessment of Risk Prediction Model

Internal validation was conducted using the bootstrap resampling technique, with 1000 repeated samples drawn from the
original dataset. Calibration assessment results (Figure 4) indicated good agreement between predicted and observed
outcomes, demonstrating satisfactory calibration of the model. Decision curve analysis, as presented in Figure 5,
demonstrated that within the clinically relevant threshold range for hyperkalemia risk prediction in patients undergoing
maintenance hemodialysis, the model provided a positive net benefit, supporting its potential utility in clinical decision-
making.

0 20 40 60 80 100
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Figure 2 Hyperkalemia risk prediction model for patients undergoing MHD.
Abbreviations: MHD, maintenance hemodialysis; IDWG, Interdialytic Weight Gain.
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Figure 3 ROC curve of hyperkalemia risk model for patients undergoing MHD.
Abbreviations: MHD, maintenance hemodialysis; AUC, area under the curve.
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Figure 4 Calibration curve of nomogram.

Risk Prediction Model Performance Validation

ROC curve analysis demonstrated that the model exhibited excellent discriminatory ability in the training set, with an
AUC 0of 0.905 (95% Confidence Interval [CI]: 0.883-0.931) (Figure 6). The mean absolute error (MAE) derived from the
calibration curve was 0.14, indicating strong agreement between predicted probabilities and observed outcomes. In the
validation set, the model yielded an AUC of 0.782 (95% CI: 0.756-0.819), with a sensitivity of 87.2% and specificity of
89.5%. The corresponding calibration MAE was 0.042 (Figure 6). These comprehensive metrics indicate that the model

possesses robust predictive performance.

Discussion

Current Status of Hyperkalemia Occurrence in Patients Undergoing MHD

The current status of hyperkalemia among patients undergoing MHD was examined. A total of 312 patients from the
hemodialysis centers of two tertiary grade A hospitals in Guangdong Province were included as study participants. The
findings indicated that the incidence of hyperkalemia reached 28.2%, with approximately 10% of patients having experienced
the condition. Existing literature identifies hyperkalemia as a frequent indication for additional hemodialysis sessions, second
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Decision Curve Analysis of the Validation Set
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Figure 5 Clinical decision curve of nomogram.

only to heart failure. Given that hyperkalemia may contribute to the progression of renal dysfunction and increased mortality
risk, further investigation into its contributing factors is essential to facilitate early identification and timely intervention.

Analysis of Influencing Factors for Hyperkalemia Occurrence in Patients Undergoing
MHD
Potassium Intake, Phosphorus Intake, Serum Albumin, Interdialytic Weight Gain Rate
The research team discovered potassium intake, phosphorus intake, serum albumin level, and interdialytic weight gain
rate as significant risk factors for the occurrence of hyperkalemia in patients undergoing MHD. In healthy individuals,
potassium is absorbed via the gastrointestinal tract and distributed between the intracellular and extracellular compart-
ments, with approximately 90% excreted by the kidneys to maintain serum potassium concentrations within the normal
physiological range of 3.5-5.0 mmol/L. Serum phosphorus levels are similarly regulated by gastrointestinal absorption
and renal excretion. A decline in glomerular filtration rate and impaired phosphorus excretion result in elevated serum
phosphorus levels.®

In patients receiving hemodialysis, dietary intake is closely associated with pre-dialysis serum potassium and
phosphorus levels. Excessive intake of potassium and phosphorus may contribute to the development of hyperkalemia
and hyperphosphatemia. Prior studies have reported a positive correlation between serum albumin levels and the risk of
hyperkalemia in patients undergoing MHD.” This association may be attributed to two primary mechanisms: first,
patients with higher serum albumin levels typically exhibit better nutritional status and may have increased dietary
potassium intake; second, the metabolic byproducts of high protein consumption may exacerbate metabolic acidosis,
thereby promoting the transcellular shift of potassium from the intracellular to the extracellular space, ultimately leading
to elevated pre-dialysis serum potassium levels.®
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Figure 6 Comparison of ROC curves between training and validation sets.
Abbreviations: AUC, area under the curve; ROC, receiver operating characteristic.

In addition, protein-rich foods serve as a major source of dietary phosphorus, and phosphorus intake is closely linked
to protein consumption. Among patients with chronic kidney disease, high protein intake markedly increases phosphorus
load, thereby contributing to hyperphosphatemia.” In patients undergoing MHD, the presence of renal parenchymal
damage, decreased glomerular filtration rate, and severe renal impairment often result in concurrent elevations in serum
potassium and phosphorus concentrations. A higher interdialytic weight gain rate has been associated with suboptimal
dietary adherence, and such dietary behaviors serve as an important context for assessing the risk of excessive potassium
intake.'%!!

Given these risk factors, close monitoring is warranted, and individualized dietary guidance from qualified nutrition
professionals should be implemented. Comprehensive and regular assessments of dietary composition, with a focus on
increasing protein and caloric intake while appropriately limiting dietary potassium and phosphorus, are essential. These
interventions play a key role in optimizing nutritional status, correcting electrolyte imbalances, and mitigating dis-

turbances in bone and mineral metabolism in patients undergoing dialysis.

Pre-Dialysis Blood Glucose
The findings of this study indicated that pre-dialysis blood glucose level is an independent risk factor for the occurrence
of hyperkalemia in patients undergoing MHD. Elevated blood glucose levels contribute to increased serum potassium
concentrations primarily through osmotic mechanisms and insulin resistance. In hyperosmolar states, water shifts from
the intracellular to the extracellular compartment, accompanied by the translocation of potassium ions into the extra-
cellular space.'?

Among individuals without diabetes, marked hyperglycemia may induce transient “glucose toxicity”, which impairs
both insulin secretion and insulin sensitivity. In this study, 33% of patients were identified as having coexisting diabetes
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mellitus. In this patient population, absolute or relative insulin deficiency, as well as insulin resistance, is frequently
observed."?

Therefore, in patients undergoing MHD, particularly those with concurrent diabetes strict monitoring and regulation
of blood glucose levels are essential. Preventing episodes of severe hyperglycemia is a critical strategy in mitigating the
risk of interdialytic hyperkalemia and reducing the likelihood of associated life-threatening complications.

History of Hyperkalemia Within Three Months and Time Interval Since Last Dialysis

The study findings indicated that both a history of hyperkalemia within the preceding three months and the time interval
since the last dialysis session were significant risk factors for hyperkalemia in patients undergoing MHD. A prospective
cohort study conducted in France reported that 26.4% of patients undergoing MHD had serum potassium > 5.1 mmol/L
at baseline, and among these, 73.2% experienced recurrent hyperkalemia within three months.'* These findings highlight
the high incidence and recurrence rate of hyperkalemia in this population.

The time interval since the last dialysis session serves as a reflection of dialysis frequency. Adequate dialysis
contributes to the effective removal of endogenous toxins and excess fluid, correction of electrolyte disturbances, and
alleviation of clinical symptoms. A study involving 132 patients demonstrated that pre-dialysis serum potassium levels
were significantly higher following 3-day interdialytic intervals compared to 2-day intervals (5.8 mmol/L vs 5.2 mmol/L,
p < 0.001), with a 2.3-fold increase in hyperkalemia incidence observed during longer intervals.'> An additional
observational study reported a 22% higher risk of sudden death in patients experiencing 3-day interdialytic intervals
compared to those with 2-day intervals, primarily attributed to arrhythmias induced by hyperkalemia.'®

In light of these findings, regular electrolyte monitoring should be emphasized in MHD patients, particularly in those
with a recent history of hyperkalemia, who should be prioritized for enhanced surveillance. Individualized dietary
guidance should be provided to support patients in recognizing symptoms associated with hyperkalemia. The availability
of oral potassium-lowering agents for home use should be encouraged. Furthermore, strategies such as increasing dialysis
frequency, improving the management of extended interdialytic intervals, and optimizing individualized dialysis pre-
scriptions are essential for reducing the risk of serious complications associated with hyperkalemia.

Predictive Value of Hyperkalemia Risk Prediction Model in Patients Undergoing MHD
LASSO regression analysis was used to identify relevant risk factors. When compared with traditional logistic regression,
LASSO regression offers the advantage of effectively minimizing multicollinearity among independent variables and is
particularly suited for clinical studies characterized by a large number of predictors, limited sample sizes, or high inter-
variable correlations.

The hyperkalemia risk prediction model developed for patients undergoing MHD demonstrated strong discriminative
performance, with an AUC of 0.856 (95% Confidence Interval: 0.807-0.905), sensitivity of 83.0%, and specificity of
93.33%.

Model calibration was assessed using the Hosmer—Lemeshow goodness-of-fit test (y*> = 11.67, p = 0.167), which
yielded non-significant results, indicating satisfactory model fit. Further internal validation using 1000 bootstrap
resampling iterations confirmed that the model retained high sensitivity and specificity, demonstrating strong agreement
between predicted and observed probabilities and supporting the model’s robust predictive accuracy.

Univariate analysis in this study revealed that serum ferritin levels were significantly higher in the hyperkalemia
group compared to the non-hyperkalemia group (P=0.020). However, ferritin did not emerge as an independent risk
factor for interdialytic hyperkalemia in the multivariate logistic regression analysis. This apparent discrepancy warrants
further exploration. As an acute-phase reactant, elevated ferritin levels are associated with body iron stores and
inflammatory status. Although no significant difference was observed in C-reactive protein (CRP) levels between the
two groups (P=0.110), suggesting that baseline systemic inflammation might not be the primary reason for the ferritin
difference, the potential influence of unmeasured subclinical or local inflammation as a confounding factor cannot be
entirely ruled out. An alternative explanation is that the difference in ferritin may more directly reflect heterogeneity in
iron metabolism or nutritional status among the patient cohort. These factors could indirectly influence serum potassium
levels through more complex pathways, such as mechanisms related to muscle mass, dietary intake, or comorbidities.
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When variables like serum albumin and pre-dialysis phosphorus were included in the multivariate model, the direct effect
of ferritin itself may have been attenuated.

A limitation of this study is the primary use of CRP for inflammation assessment, without including more specific and
sensitive inflammatory markers such as interleukin-6 (IL-6). Therefore, future studies incorporating a broader spectrum
of inflammatory markers would be valuable to elucidate more clearly the precise relationships between inflammatory
status, iron metabolism, and the risk of hyperkalemia.

Conclusion
The results of this study demonstrated that potassium intake, phosphorus intake, serum albumin level, pre-dialysis blood
glucose, interdialytic weight gain rate, history of hyperkalemia within the past three months, and time interval since the
last dialysis session as significant risk factors for the occurrence of hyperkalemia in patients undergoing MHD. The
nomogram model constructed based on these variables may help healthcare professionals in identifying patients at high
risk for hyperkalemia within the MHD population.

This study was adequately powered based on an initial sample size calculation. Further validation in larger and more
diverse populations will be valuable to confirm and broaden the applicability of the prediction model.

Abbreviations

MHD, maintenance hemodialysis; ROC, Receiver Operating Characteristic; AUC, Area Under the Curve; DCA,
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