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Abstract 

Introduction: Hyperuricemia, defined as serum uric acid (UA) levels ≥ 6.4-7.0 mg/dL, predisposes 

individuals to gouty flares and may increase cardiovascular risk through associated comorbidities, 

chronic inflammation, and genetic factors linked to uric acid metabolism. Uric acid-lowering thera-

pies (ULTs) are commonly prescribed for hyperuricemia and gout. However, whether different 

ULTs vary in their effects on the development or progression of frailty, a degenerative syndrome 

prevalent in patients with chronic kidney disease (CKD), remains unclear. 

Methods: Using the National Taiwan University Hospital Integrated Medical Database (NTUH-

iMD), we retrospective identified 19,389 patients who visited nephrology clinics. Patients were cat-

egorized by ULT exposure: none, febuxostate only, allopurinol only, or both. Kaplan-Meier and Cox 

proportional hazards models were used to assess the associations between ULT regimen and inci-

dent or worsening frailty, defined by the modified FRAIL scale. Analyses were adjusted for de-

mographics, comorbidities, medications, baseline UA levels, estimated glomerular filtration rate 

(eGFR), and frailty status. 

Results: Among the cohort, 16,147 (83.3%) received no ULT, while 2,485 (12.8%), 598 (3.1%), 

and 159 (0.8%) received febuxostat, allopurinol, or both, respectively. Mean eGFRs were 61.0±36.6, 

29.8±20.1, 34.7±23.4, and 36.0±20.9 mL/min/1.73m2; mean UA levels were 6.5±2.4, 6.1±2.5, 

7.8±2.1, and 6.9±2.5 mg/dL. After a median follow-up of 3.3 years, 5.5% and 27.1% of patients de-

veloped incident or worsening frailty, respectively. In multivariate Cox models, febuxostat use was 

associated with an increased risk of incident frailty (hazard ratio (HR) 1.22, 95% confidence inter-

val (CI) 1.01-1.48), while allopurinol use was associated with reduced risk (HR 0.65, 95% CI 0.46-

0.93). Combined use showed no significant effect. No significant associations were observed be-

tween ULT type and risk of worsening frailty. 

Conclusion: ULT regimen influences the risk of incident frailty in nephrology patients. Febuxostat 

may paradoxically increase the frailty risk despite its UA-lowering potency, aligning with its report-

ed cardiovascular risk. Clinicians should consider the potential impact of ULTs on frailty when 

managing hyperuricemia or gout in the CKD population. 

 

Keywords：chronic kidney disease; frailty; uric acid; uric-acid lowering treatment 
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Abstract 

Background: Exercise has been shown to improve sarcopenia outcomes in stable dialysis patients, 

but there is no clear conclusion in elderly patients with ESRD. This study aimed to evaluate the ef-

fects of intradialytic exercise on sarcopenia in elderly patients with ESRD. 

Methods: Studies up until 12 January 2024 were identified from many databases. Keywords used 

as search terms were “chronic kidney disease”, “dialysis”, “exercise”, “physical function”. Study 

quality was assessed using the Physiotherapy Evidence Database (PEDro) Scale. 

Results: A total of 5 RCTs meeting the inclusion criteria were included in this systematic review. 

Pooled results demonstrated that aerobic training improved the score 6MWT (95%CI [500±30], 

p<0.001). Resistance training significantly improved the speed of 10MWT (1.45 m/s, 95%CI [1.23 

to 1.80 m/s], p<0.001), handgrip strength (21.8 kg, 95%CI [17.5 to 28.0 kg], p<0.05), isometric 

knee extension strength (43.3%, 95%CI [32.1 to 52.8%], p<0.05), SPPB (12 point, 95%CI [10 to 12 

point], p<0.05), 30-s STS (95%CI [9.71±0.42], p<0.01), and 8-foot TUG (95%CI [11.77±3.19], 

p<0.01). In physical performance, aerobic training and resistance training have some beneficial ef-

fect on improving the score 6MWT (95%CI [453.9±96.4], p<0.001; 95%CI [461.0±95.3], p<0.001) 

and median version of CS-30 (95%CI [15.2±3.7], p<0.001; 95%CI [17.0±4.7], p<0.001). 

Conclusion: This review showed that resistance training may lead to improvement in muscle 

strength and muscle mass of elderly patients during dialysis. Combined exercise (aerobic and re-

sistance) may be a potential strategy to improve muscle strength and physical performance in elder-

ly patients with ESRD undergoing dialysis. 

Keywords：Exercise therapy, Elderly, Sarcopenia, Renal dialysis 
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Abstract 

Immune cell subset distribution is altered in end-stage kidney disease, but it remains unknown if 

immune profiles predict patient survival outcomes in these patients. To investigate this, we conduct-

ed a prospective observational iESRD (Immunity in ESRD) study in adults receiving regular hemo-

dialysis, excluding those with active infections or hospitalizations within the past three months. 

Eleven immune cell subsets were analyzed by flow cytometry at baseline, including neutrophils, 

CD3-negative lymphocytes, four subsets of CD4 T lymphocytes, four subsets of CD8 T lympho-

cytes, and three subsets of monocytes. Immune cell distribution patterns were identified through 

data-driven principal component analysis (PCA). A total of 409 hemodialysis patients were recruit-

ed and followed for three years, during which 75 patients died. When cell subsets were analyzed 

separately, deceased patients had lower counts of CD4 naïve and CD8 naïve T cells but higher lev-

els of CD4 effector memory and CD4 terminally differentiated T cells. PCA identified three major 

immune cell subset patterns—PC1, PC2, and PC3—accounting for 23%, 17%, and 14% of the vari-

ance, respectively. Notably, PC3 was associated with age. In multivariable-adjusted Cox regression 

analysis, PC3 independently predicted all-cause mortality (hazard ratio [HR] 1.31, P = 0.02) and 

cardiovascular death (HR 1.49, P = 0.04). Detailed analysis showed that PC3 was driven by the 

numbers of naïve CD8 T cells (27%) and non-classical monocytes (15%). Our results indicate that 

data-driven immune cell subset patterns are independent predictors of all-cause and cardiovascular 

mortality in hemodialysis patients.  

 

Keywords：lymphocyte, monocyte, principal component analysis, immunosenescence, mortality, 

risk factor, hemodialysis 
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Abstract 

Introduction: Generative artificial intelligence (AI) models' role in patient education on immunosup-

pression post-kidney transplantation remains uncertain. This study aims to assess and compare the 

performance of four accessible AI models, i.e. ChatGPT, DeepSeek, Gemini, and Grok, in handling 

questions related to immunosuppression post-kidney transplantation to determine their suitability for 

clinical use. 

Methods: Eleven standardized immunosuppression post-kidney transplantation questions were input 

into each AI model with a response word limit of 300. The outputs were anonymized and inde-

pendently evaluated by three nephrologists and one pharmacist using a 5-point Likert scale across five 

domains: appropriateness, clarity and comprehensiveness, personalization and relevance, consistency, 

and human-like empathy. Data were analyzed using Friedman’s test for ranked data and post-hoc 

pairwise comparisons via the Nemenyi test. Inter-rater reliability was assessed using Kendall's W. 

Results:  From the descriptive analysis, Grok scored highest in most domains (Appropriateness 

4.48+/-0.70, personalization and relevance 4.09+/-0.60, consistency 4.34+/-0.53, human-like empathy 

4.05+/-0.75) while ChatGPT has the highest mean score in clarity and comprehensiveness domain 

( 4.52+/-0.51). 

Upon further analysis, Friedman test demonstrated  significant difference between AI models in clarity 

and comprehensiveness (χ²=22.92,p<0.001), personalization and relevance (χ²=32.67,p<0.001), con-

sistency (χ²=10.61,p=0.014) and human-like empathy (χ²=35.18,p<0.001) domains.  Post-hoc compar-

ison showed that Grok performed significantly better than ChatGPT (q=4.262,p=0.014) and Gemini 

(q=4.321,p=0.012) in clarity and comprehensiveness domain, supported by its superior average rank  

of 2.15, 2.16 and 2.99 respectively. Grok also showed scored higher in personalization and relevance 

domain when compared with ChatGPT (q=value 3.737,p=0.041), Gemini (q=5.138,p=0.002) and 

DeepSeek (q=6.072,p<0.001) with average ranking of 1.77, 2.5, 2.77 and 2.95 respectively. For hu-

man-like empathy domain, Grok was also superior compared to Gemini (q=5.080,p=0.002), ChatGPT 

(q=5.255,p=0.001) and DeepSeek (q=5.780, p=0.002) with average ranking of 1.72, 2.70, 2.74 and 

2.84 respectively. There were no significant differences between AI models in the appropriateness 

domain. 

Overall performance also differed significantly (χ²=34.95,p<0.001), with Grok ranking significantly 

higher than ChatGPT, Gemini and DeepSeek. The average ranks of Grok(best), ChatGPT, Gemini and 

DeepSeek (worst) were 1.62, 2.47, 2.92 and 2.99 respectively. The lack of inter-rater agreement across 

domains reflects the subjective nature of evaluating AI content. 

Conclusion:This study highlights notable differences in the quality of AI-generated responses to im-

munosuppression post-kidney transplantation questions. Grok demonstrated superior overall perfor-

mance over other generative AI models, with ChatGPT ranked second. Sophisticated AI models can 

be integrated in nephrology education, provided they are guided by continued human oversight to en-

sure contextual relevance and personalized content. 

Keywords：Artificial Intelligence , Patient Education , Immunosuppression, Kidney Transplantation , 

Comparative Study 
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Abstract 

Background: Optimizing erythropoiesis-stimulating agent (ESA) dosing in hemodialysis (HD) pa-

tients remains challenging due to the narrow therapeutic window and inter-patient variability. We 

conducted this study to validate an AI-based approach to ESA management in HD by combining 

retrospective development and prospective validation. 

 

Methods and materials: We first developed an ensemble AI model using a large retrospective HD 

dataset (2013–2020) of 25,632 records, including bi-monthly ESA prescriptions, iron doses, hemo-

globin (Hb) values, and related clinical parameters. The model was evaluated using newly designed 

indices to assess its theoretical ability to maintain Hb near 11 g/dL while minimizing extreme dos-

ing. Subsequently, we tested the model in a double-blind, crossover randomized controlled trial 

(RCT, NCT05032651). Maintenance HD patients were randomized: Arm 1 received AI-guided ESA 

dosing for 3 months, then physician-guided dosing after a 1-month washout; Arm 2 followed the 

reverse sequence. Hb was measured bi-monthly. The primary outcome was maintaining Hb near 

11 g/dL (margin ±0.25); the secondary was maintaining Hb within 10–12 g/dL (margin ±15%). A 

blinded nephrologist reviewed all ESA prescriptions for safety. 

 

Results: In the development phase, the ensemble model outperformed physician-guided prescrip-

tions in theoretical evaluation, achieving higher positive index scores and more stable Hb distribu-

tion. In the RCT, 175 patients consented and were randomized (Arm 1: 77; Arm 2: 78). Baseline 

characteristics were similar except for age (Arm 1: 66.2±12.3 vs. Arm 2: 62.2±13.0 years; P=0.047), 

with comparable gender (51.9% vs. 39.7% female), diabetes prevalence (44.2% vs. 44.9%), and 

baseline Hb (both 10.8±0.7 g/dL). The AI-guided and physician-guided dosing achieved non-

inferiority in maintaining Hb near 11 g/dL across 12 assessments ( p<0.001 for both bounds), and 

secondary outcomes also met non-inferiority criteria. Serious adverse events were similar between 

groups (22 vs. 18; P=0.63). 

 

Conclusion: Our ensemble AI model for ESA dosing demonstrated non-inferiority to physician-

guided dosing in maintaining hemoglobin targets in HD patients. The combination of superior theo-

retical performance and validated clinical safety and efficacy supports its potential to improve con-

sistency and efficiency in anemia management. 

 

Keywords：artificial intelligence, erythropoiesis-stimulating agent, hemodialysis 
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Abstract 

Introduction: Normothermic machine perfusion (NMP) is increasingly adopted to preserve and 

assess marginal kidney grafts, but the use of red blood cell-based perfusates introduces iron over-

load, which may trigger ferroptosis—an iron-dependent form of regulated cell death characterized 

by lipid peroxidation and glutathione depletion. While ferroptosis is known to impair renal epitheli-

um, its temporal dynamics during ex vivo perfusion remain unmodeled in silico. This study aimed 

to develop a multiscale systems biology framework to simulate ferroptotic injury under NMP condi-

tions and evaluate whether computational ferroptosis burden predicts histopathological rejection 

risk. 

Methods: We constructed a hybrid computational model integrating ordinary differential equations 

(ODEs) to simulate iron metabolism (TFRC, SLC40A1, FTH1), lipid peroxidation (ACSL4, 

ALOX15), and GPX4 depletion with agent-based modeling (ABM) of 2,400 renal tubular epithelial 

cells to capture localized ferroptotic propagation. Transcriptomic data were retrieved from the Gene 

Expression Omnibus (GEO) under accession GSE289688, comprising 43 human kidney graft biop-

sies sampled before, during, and after NMP with RBC-based and hemoglobin-based perfusates. Per-

fusate iron concentration metadata were used to calibrate simulation thresholds. Outputs included 

ferroptosis-positive cell percentage, relative erythropoietin (EPO) expression, and estimated viable 

parenchymal tissue fraction, with time-resolved simulation outputs recorded at 1-hour intervals 

throughout perfusion. Predictive ability of the simulated ferroptosis burden to classify histological 

rejection categories (acute, borderline, none) was evaluated using logistic regression with AUROC 

and 95% confidence intervals. 

Results: Perfusate iron >21.5 μmol/L triggered marked ferroptotic shifts: ALOX15 was upregulated 

>4.3-fold and GPX4 downregulated by 51.7% within 4 hours. Simulated ferroptosis-positive cells 

reached 61.2% ± 7.6 in RBC-perfused grafts versus 23.1% ± 6.1 in hemoglobin-based perfusates (p 

< 0.001), while EPO expression dropped by 75.4% (95% CI: 68.1–82.7). Estimated viable paren-

chymal tissue fraction and tubular structural integrity declined to 42.3% ± 6.4 in acute rejection ver-

sus 72.6% ± 4.8 in non-rejection (p < 0.001). Logistic regression using ferroptosis burden alone 

achieved an AUROC of 0.81 and 77.9% accuracy (95% CI: 69.2–86.0) in predicting rejection phe-

notype. Notably, ferroptosis burden peaked between hours 3–5 of perfusion, aligning with the in-

flection point of GPX4 decline and maximal lipid ROS accumulation, suggesting a critical temporal 

window for therapeutic modulation. 

Conclusions: This study presents a multiscale in silico model of ferroptosis during human kidney 

normothermic perfusion, integrating molecular and cellular dynamics to simulate injury progression. 

The model enables digital assessment of graft viability and offers ferroptosis burden as a novel 

computational biomarker, with potential to guide perfusate design and inform transplant decision-

making in real time. 

 

Keywords：Ferroptosis, Normothermic Machine Perfusion, Kidney Transplantation, Multiscale 

Modeling, Computational Nephrology 
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Abstract 

Introduction: Adequate renal biopsy cores are essential for accurate histopathological diagnosis. 

Factors such as needle gauge and real-time glomerular assessment influence adequacy. This study 

evaluated whether the use of a 20x portable microscope with smartphone attachment enhances core 

adequacy and diagnostic yield in native and allograft kidney biopsies. Secondary objectives includ-

ed comparing adequacy between 16G and 18G needles, assessing glomerular count estimation accu-

racy, and evaluating the correlation between core length and glomerular number. 

Methods: This prospective-retrospective observational study was conducted over three years at a 

tertiary nephrology center and included 611 adult patients undergoing native or allograft renal biop-

sy. A total of 1133 cores were analyzed. Patients were divided into four groups based on needle size 

(16G or 18G) and the use of a 20x CARSON portable microscope with smartphone attachment. 

Four groups were compared: 18G without microscope (Group A), 18G with microscope (Group B), 

16G without microscope (Group C), and 16G with microscope (Group D). Core adequacy, glomeru-

lar visualization, correlation with histopathology, and length discrepancies were studied. Bedside 

core length and glomerular estimates were recorded, and final values from biopsy reports were 

compared. 

Results: The use of the 20x microscope significantly improved core adequacy from 74.56% to 

90.37% with 18G (p < 0.001) and from 89.66% to 94.67% with 16G (p = 0.043). IF diagnostic yield 

with 18G improved from 93.44% to 99.28% (p = 0.019). Cores with no diagnostic yield decreased 

from 7.04% to 1.66% (18G) and from 2.59% to 0.94% (16G). Glomerular count estimation under 

20x showed moderate correlation with final histology (r = 0.58 for 18G, r = 0.62 for 16G), with 

≥94% accuracy in predicting adequacy. Mean glomerular count was significantly higher with 16G 

(13.36 ± 3.81) than 18G (8.43 ± 3.96, p < 1×10⁻⁴⁹). Core length correlated poorly with glomerular 

number (r = 0.31–0.34), and bedside length overestimated true core length in 68.39% of cases. 

Conclusion: The 20x portable microscope significantly enhances renal biopsy adequacy, particular-

ly with 18G needles, and improves diagnostic yield by enabling real-time glomerular assessment. 

Reliance on core length alone is misleading, whereas glomerular visualization provides a reliable 

and practical tool to guide adequacy. 

Keywords：renal biopsy, core adequacy, portable microscope 
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Abstract 

Importance: Lifestyle modification and dietary recommendations remain central to kidney care. 

Increasing fluid intake is commonly advised by physicians especially in patients with kidney dis-

ease, but whether it offers renoprotective benefits remains uncertain. 

Objective: To evaluate whether increased fluid intake is associated with slower renal function de-

cline, reduced risk of advanced CKD, and whether these associations are linear or non-linear. 

Data sources: A systematic review was conducted using databases: EMBASE, PubMed, and 

Cochrane Library up to Nov 2024. 

Study selection: Studies reported total fluid intake, plain water intake, or urine volume and as-

sessed their association with eGFR decline or the prevalence of advanced-stage CKD were included. 

Data Extraction and Synthesis: Two investigators independently extracted data and assessed risk 

of bias. Random-effects meta-regression was used to examine linear and non-linear relationships 

between fluid intake and eGFR decline. Two-stage dose–response meta-analysis was performed to 

evaluate the association between fluid intake volume and advanced CKD prevalence. Pre-specified 

subgroup analyses were conducted. 

Main Outcomes and Measures: The primary outcome was the decline rate of eGFR across levels 

of fluid intake. The secondary outcome was the prevalence of advanced CKD. 

Results: Sixteen studies comprising 70,053 participants were included. Higher total fluid intake 

was linearly associated with a slower eGFR decline (P for linear trend = 0.021; regression coeffi-

cient [β] = 0.95, 95% confidence interval [CI]: 0.14–1.77) and a reduced risk of prevalent ad-

vanced-stage CKD (P for linear trend = 0.001; β = –0.27, 95% CI: –0.43 to –0.11). In subgroup 

analysis, individuals with baseline mean eGFR ≥ 60 mL/min/1.73 m² showed a significant linear 

association between higher fluid intake and slower eGFR decline (P for linear trend = 0.017; β = 

1.02, 95% CI: 0.18–1.86), whereas no significant association was found in those with eGFR < 60. 

No significant associations were observed for plain water intake or urine volume, likely due to lim-

ited data. 

Conclusions and Relevance: Increased daily fluid intake—when clinically appropriate—may 

modestly slow renal function decline and reduce the risk of advanced CKD among individuals 

without CKD or with early-stage disease. These findings provide new insight into the long contro-

versial question of whether increased fluid intake may be renoprotective. 

 

Keywords：Fluid intake, dose-response analysis, meta-analysis, eGFR, chronic kidney disease
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