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Background: Observational and mechanistic studies have linked glycated hemoglobin (HbA1c) and cardiac troponin I (cTnI) to
chronic inflammation and thrombosis. We explored how these two routinely available biomarkers relate to arteriovenous fistula
(AVF) thrombosis in maintenance hemodialysis (MHD), and quantified their predictive value singly and in combination.
Methods: We reviewed 236 patients with consecutive end-stage renal disease (ESRD) who underwent autogenous AVF creation
between January 2021 and June 2023. Baseline demographic, clinical and biochemical variables were recorded. Logistic regres-
sion (univariate then multivariate) identified independent correlates of thrombosis. Using the final model, we built a nomogram
and evaluated its performance using receiver operating characteristic (ROC) analysis, calibration behavior and decision curve
analysis (DCA).
Results: Within 12 months, 25 patients (10.6%) met criteria for AVF thrombosis. Four variables remained independently asso-
ciated with events: C-reactive protein (CRP) ≥10 mg/L, intradialytic hypotension, HbA1c ≥6.5%, and cTnI ≥0.2 µg/L (all p <

0.05). A nomogram combining these factors demonstrated good discriminative ability (area under the curve [AUC] 0.850; 95%
CI 0.741–0.960) and showed acceptable calibration (Hosmer–Lemeshow p = 0.244).
Conclusion: HbA1c and cTnI may serve as sensitive markers for postoperative AVF thrombosis in hemodialysis patients, facili-
tating earlier risk identification, preventive measures, and timely intervention. Their predictive performance is further enhanced
when combined with CRP and intradialytic hypotension.

Keywords: hemodialysis; arteriovenous fistula thrombosis; end-stage renal disease; risk prediction; nomogram; glycated hemoglobin;
cardiac troponin I

Introduction

The population requiring chronic hemodialysis
has grown progressively alongside increasing human
longevity. For end-stage renal disease (ESRD), main-
tenance hemodialysis (MHD) is still the dominant renal
replacement therapy [1]. Access choices include autoge-
nous arteriovenous fistula (AVF), tunneled catheter and
prosthetic graft; of these, AVF is typically favored because
it tends to last longer, is associated with a lower infection
rate, and is easier to maintain in routine practice [2].
Even so, guideline endorsement does not grant indefinite
patency [3]. Early functional failure—largely attributable
to thrombosis—has been quoted at roughly 20%–60% and
threatens both dialysis adequacy and patient survival [4].
Clinicians, therefore, seek markers that flag risk before the
vascular access failure occurs.

Multiple contributors to AVF dysfunction have been
described—systemic inflammation, glycemic milieu, and
blood-pressure instability among them—yet the pathways

are not fully mapped [5]. Local shear irregularities and re-
peated cannulation stress the endothelium and can promote
thrombosis [6]. In parallel, higher glycated hemoglobin
(HbA1c) and cardiac troponin I (cTnI) levels have been as-
sociated with endothelial disturbance and vascular injury
signals [7]. Endothelial cells preserve barrier integrity,
regulate vascular tone, and coordinate inflammatory cell
trafficking; perturbation of this system increases the like-
lihood of intimal thickening and clotting. Despite being
easy to measure, HbA1c and cTnI have not been routinely
used to predict AVF thrombosis. We therefore explored
whether these markers—alone and in combination with
clinical factors—predict AVF thrombosis over one year,
and whether a simple point-based nomogram could provide
practical utility at the chairside.
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Methods

Study Population
We retrospectively identified patients with ESRDwho

underwent autogenous AVF creation at The Quzhou Af-
filiated Hospital of Wenzhou Medical University (Quzhou
People’s Hospital), Quzhou, China, between January 2021
and June 2023. Inclusion criteria included (i) ESRD diag-
nosis; (ii) hemodialysis delivered via AVF in our unit; (iii)
cephalic vein–radial artery end-to-side anastomosis; and
(iv) availability of complete 12-month follow-up data in
dialysis records. Exclusion criteria were (i) severe organ
failure or active malignancy; (ii) pre-existing thrombotic
disease; and (iii) psychiatric disorder limiting cooperation.
The Quzhou Affiliated Hospital of Wenzhou Medical Uni-
versity Ethics Institution approved the protocol (Approval
No. QSRMH2024-083), consistent with the Declaration of
Helsinki. Because this was a retrospective study based on
existing clinical records, and this study has obtained the
informed consent of both the patients and their families.
During the study period, protocols for AVF creation, peri-
operative care, dialysis procedures, and routine laboratory
monitoring remained consistent at our center, with no ma-
jor changes in clinical practice that would systematically
affect AVF patency outcomes. All included patients were
followed for up to 12 months after AVF creation. Follow-
up information was obtained from routine dialysis records,
and patients with incomplete follow-up data were excluded
from analysis.

Data Collection
For each patient, we recorded sex, age, body mass

index (BMI), hemoglobin (Hb), C-reactive protein (CRP),
hypertension (HTN), diabetes mellitus (DM), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), triglycerides (TG), total cholesterol
(TC), and intradialytic hypotension (defined as a fall in
systolic blood pressure ≥20 mmHg, or mean arterial pres-
sure ≥10 mmHg, during dialysis). Intradialytic hypoten-
sion was defined based on documented episodes in routine
dialysis records during the baseline assessment period and
analyzed as a binary variable to reflect clinically meaning-
ful recurrent hypotension. We also documented the type
and proportion of low-molecular-weight heparin (LMWH)
used for anticoagulation. All laboratory parameters, includ-
ing HbA1c, cTnI, and CRP, were obtained as part of rou-
tine baseline assessments before or at the time of AVF cre-
ation, and values measured after the occurrence of throm-
botic events were not included in the analysis.

Specimen Collection and Technical Procedures
Hemodialysis used a Fresenius F60S dialyzer (Fre-

senius Medical Care, Bad Homburg, Germany; surface
1.3 m2; single-use) and bicarbonate dialysate (dialysate
flow 500 mL/min) with blood flow ~250 mL/min.

LMWH provided anticoagulation for thrice-weekly ses-
sions. Low-molecular-weight heparin dosing followed
standard weight-based protocols in our dialysis unit and
was adjusted according to routine clinical assessment; no
major changes in anticoagulation strategy occurred during
the study period. For laboratory testing, HbA1c was mea-
sured from 1.5 mL EDTA-anticoagulated whole blood us-
ing high-performance liquid chromatography (HPLC) on an
MQ-2000PT HbA1c analyzer (Shanghai Huizhong Medi-
cal Science and Technology Co., Shanghai, China). Serum
cTnI levels were determined from 2 mL venous blood sam-
ples after centrifugation at 3500 r/min for 5 min, using an
acridinium ester chemiluminescence immunoassay on the
ARCHITECT i2000SR analyzer (Abbott Laboratories, Ab-
bott Park, IL, USA). All assays were performed according
to the manufacturers’ instructions. Internal quality controls
were included in each batch, and laboratory personnel were
blinded to clinical outcomes.

AVF Endpoint and Follow-up
Patients were followed for 12 months. AVF throm-

bosis was diagnosed if any of the following criteria were
met: disappearance of thrill and bruit; markedly weakened
thrill/bruit plus dialysis blood flow<160mL/min; evidence
of thrombus on ultrasound; or failure of contrast passage
on angiography. AVF thrombosis was recorded as a binary
outcome indicating whether thrombosis occurred within the
12-month follow-up period. Although the exact date of
arteriovenous fistula thrombosis was recorded in clinical
records, the present analysis focused on the occurrence of
thrombosis within a fixed 12-month period. Therefore, lo-
gistic regression was used to evaluate the 12-month risk
rather than a time-to-event outcome.

Statistical Analysis
Statistical analysis was performed using SPSS 22.0

[IBM (International Business Machines Corporation), Ar-
monk, NY, USA]. After assessing normality and homo-
geneity of variance, normally distributed variables were ex-
pressed as mean ± SD and compared using independent-
sample t tests; categorical variables were reported as per-
centages and compared using χ2 test. Continuous vari-
ables were dichotomized based on clinically relevant cut-
off values for univariate logistic regression analysis. Vari-
ables with p< 0.2 or strong clinical relevance proceeded to
multivariate logistic regression to identify independent pre-
dictors. To reduce the risk of overfitting, given the limited
number of outcome events, the number of variables entered
into the multivariable model was carefully restricted based
on clinical relevance and univariate screening results. Re-
gression coefficients were used to construct a nomogram for
individualized risk estimation. Model discrimination, cal-
ibration, and clinical net benefit were evaluated using the
receiver operating characteristic (ROC) curve of the com-
bined multivariable model, calibration plots, and decision
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Table 1. Baseline clinical characteristics of MHD patients.
Variable Thrombosis group (n = 25) Control group (n = 211) Statistic p value

Age (years) 44.45 ± 7.22 46.81 ± 10.65 –1.078 0.282
Sex (Male/Female) 10 (40.00%)/15 (60.00%) 63 (29.86%)/148 (70.14%) 1.076 0.300
BMI (kg/m2) 23.26 ± 2.94 22.55 ± 2.69 1.236 0.218
RBC (×1012/L) 4.95 ± 1.07 5.12 ± 1.05 –0.764 0.446
Hemoglobin (g/L) 98.94 ± 12.20 100.06 ± 11.98 –0.441 0.660
WBC (×109/L) 10.45 ± 2.08 9.88 ± 1.83 1.451 0.148
Neutrophil count (×109/L) 7.35 ± 1.80 6.91 ± 2.07 1.018 0.310
Lymphocyte count (×109/L) 3.36 ± 1.20 3.02 ± 1.06 1.495 0.136
Platelet count (×109/L) 102.82 ± 42.13 102.58 ± 27.66 0.038 0.970
Prothrombin time (s) 12.00 ± 1.43 12.01 ± 1.88 –0.026 0.979
CRP (mg/L) 9.53 ± 3.79 7.45 ± 2.79 3.381 0.001
HbA1c (%) 6.81 ± 1.05 6.00 ± 0.76 4.819 <0.01
cTnI (µg/L) 0.30 ± 0.09 0.19 ± 0.09 5.778 <0.01
HDL-C (mmol/L) 1.22 ± 0.65 1.35 ± 0.72 –0.862 0.390
LDL-C (mmol/L) 2.25 ± 0.95 2.53 ± 0.99 –1.343 0.181
Triglycerides (mmol/L) 1.42 ± 0.63 1.55 ± 0.71 –0.875 0.382
Total cholesterol (mmol/L) 4.24 ± 1.22 4.58 ± 1.65 –0.998 0.319
Intradialytic hypotension (Yes/No) 19 (76.00%)/6 (24.00%) 95 (45.02%)/116 (54.98%) 8.589 <0.01
Diabetes (Yes/No) 10 (40.00%)/15 (60.00%) 77 (36.49%)/134 (63.51%) 0.118 0.731
Hypertension (Yes/No) 14 (56.00%)/11 (44.00%) 87 (41.23%)/124 (58.77%) 1.991 0.158
LMWH anticoagulation (Yes/No) 18 (72.00%)/7 (28.00%) 172 (80.9%)/39 (19.1%) 1.290 0.256
MHD, maintenance hemodialysis; BMI, body mass index; CRP, C-reactive protein; HbA1c, glycated hemoglobin; cTnI,
cardiac troponin I; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LMWH, low-
molecular-weight heparin; RBC, Red Blood Cell; WBC, White Blood Cell.

curve analysis (DCA), respectively. To internally validate
the model and quantify potential overfitting, bootstrap re-
sampling with 500 repetitions was performed. Samples
were drawn with replacement from the original dataset, the
model was refitted in each bootstrap sample, and its per-
formance was evaluated on the original sample. The aver-
age performance of these analyses provided an optimism-
corrected estimate of the model’s expected performance on
new data. Variance inflation factors were assessed to detect
multicollinearity. All variables included in the multivari-
able model exhibited VIF values <5, indicating no signifi-
cant multicollinearity. Baseline missing data were minimal
and handled using complete-case analysis. A two-sided p
< 0.05 was considered statistically significant. Because the
outcome was defined as the occurrence of AVF thrombosis
within a fixed 12-month follow-up period, logistic regres-
sion was considered more appropriate than time-to-event
analysis in this study.

Results

Baseline Clinical Characteristics
Altogether 236 MHD patients were included; 25

(10.59%) developed AVF thrombosis within one year. As
shown in Table 1, the thrombosis and non-thrombosis
groupswere comparable with respect to sex, age, BMI, DM,
HTN and most biochemistry (all p > 0.05). In contrast, in-

tradialytic hypotension was more frequent in the thrombo-
sis group (76.00% vs. 45.02%, p< 0.01), and CRP, HbA1c
and cTnI were higher (CRP: 9.53 ± 3.79 vs. 7.45 ± 2.79
mg/L, p = 0.001; HbA1c: 6.81± 1.05% vs. 6.00± 0.76%,
p< 0.01; cTnI: 0.30± 0.09 vs. 0.19± 0.09 µg/L, p< 0.01),
suggesting additive inflammatory, metabolic and myocar-
dial stress signals.

Univariate Logistic Regression Analysis
Variable encoding and univariate results are shown in

Table 2. Several variables were associated with thrombosis
in unadjusted analyses—namely, cTnI ≥0.2 µg/L, HbA1c
≥6.5%, CRP ≥10 mg/L, and intradialytic hypotension—
while other covariates were not statistically significant.

Multivariate Logistic Regression and Nomogram
Construction

After adjustment (Table 3), cTnI≥0.2 µg/L (OR 3.69,
95% CI 1.33–10.21; p = 0.012), HbA1c ≥6.5% (OR 5.21,
95% CI 1.94–14.02; p = 0.001), CRP ≥10 mg/L (OR 6.65,
95% CI 2.44–18.10; p < 0.01) and intradialytic hypoten-
sion (OR 5.46, 95% CI 1.92–15.52; p = 0.001) remained
significant. A nomogram integrating these predictors is
shown in Fig. 1A. Predicted and observed risk demonstrated
a good agreement (Fig. 1B; Hosmer–Lemeshow p = 0.244).
The combined model showed strong discriminative per-
formance with an area under the curve of 0.850 (95% CI
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Table 2. Variable assignment and univariate logistic regression analysis.
Variable Thrombosis (n = 25) Control (n = 211) OR (95% CI) p value

cTnI ≥0.2 µg/L = 1 18 (72%) 100 (47.4%) 2.85 (1.14–7.12) 0.024
HbA1c ≥6.5% = 1 14 (56%) 59 (28%) 3.28 (1.41–7.63) 0.006
CRP ≥10 mg/L = 1 16 (64%) 60 (28.4%) 4.47 (1.87–10.68) <0.01
Intradialytic hypotension = 1 19 (76%) 95 (45%) 3.87 (1.48–10.07) 0.006
Age ≥50 years = 1 12 (48%) 75 (35.5%) 1.67 (0.73–3.85) 0.226
Male = 1 10 (40%) 63 (29.9%) 1.57 (0.67–3.67) 0.302
BMI ≥24 kg/m2 = 1 12 (48%) 70 (33.2%) 1.86 (0.81–4.29) 0.146
Hemoglobin <100 g/L = 1 14 (56%) 90 (42.7%) 1.71 (0.74–3.95) 0.208
WBC ≥10 × 109/L = 1 16 (64%) 104 (49.3%) 1.83 (0.77–4.32) 0.169
Platelet <100 × 109/L = 1 16 (64%) 109 (51.7%) 1.66 (0.70–3.93) 0.246
PT >12 s = 1 12 (48%) 94 (44.5%) 1.15 (0.50–2.64) 0.743
HDL-C ≤0.9 mmol/L = 1 8 (32%) 65 (30.8%) 1.06 (0.43–2.57) 0.903
LDL-C ≥3.1 mmol/L = 1 16 (64%) 147 (69.7%) 0.77 (0.32–1.84) 0.563
TG ≥1.7 mmol/L = 1 15 (60%) 133 (63%) 0.88 (0.38–2.05) 0.767
TC ≥5.7 mmol/L = 1 14 (56%) 134 (63.5%) 0.88 (0.37–2.05) 0.767
Diabetes = 1 10 (40%) 77 (36.5%) 1.16 (0.50–2.71) 0.731
Hypertension = 1 13 (52%) 97 (46%) 1.27 (0.56–2.92) 0.568
LMWH anticoagulation = 1 18 (72%) 172 (81.5%) 0.58 (0.23–1.49) 0.261
Continuous variables were dichotomized according to clinically relevant cut-off values based on routine labo-
ratory reference ranges and commonly used criteria in clinical practice. All dichotomous variables were coded
as 1 for the presence of the characteristic. TG, triglycerides; TC, total cholesterol; PT, Prothrombin Time.

Table 3. Multivariate logistic regression analysis of predictors of arteriovenous fistula (AVF) thrombosis.
Variable β Coefficient SE Wald χ2 OR (95% CI) p value

cTnI ≥0.2 µg/L = 1 1.306 0.519 6.325 3.69 (1.33–10.21) 0.012
HbA1c ≥6.5% = 1 1.651 0.505 10.684 5.21 (1.94–14.02) 0.001
CRP ≥10 mg/L = 1 1.894 0.511 13.741 6.65 (2.44–18.10) <0.01
Intradialytic hypotension = 1 1.698 0.533 10.165 5.46 (1.92–15.52) 0.001

0.741–0.960, Fig. 1C). DCA indicated a net clinical benefit
across a wide range of threshold probabilities (Fig. 1D).

Bootstrapping Results
After performing 500 bootstrap resamples for internal

validation, the optimism-corrected area under the curve was
calculated to be 0.804 (95% CI 0.785–0.823, Fig. 2A). Fur-
thermore, the bootstrap-corrected calibration curve demon-
strated an acceptable agreement between predicted and ob-
served outcomes (Fig. 2B). The bootstrap-corrected DCA
also indicated a net clinical benefit across a wide range of
threshold probabilities (Fig. 2C).

Discussion

Kidney disease remains a substantial public-health
burden [1]. Each year, the number of individuals treated
for kidney failure grows faster than the general population
growth, and approximately 2.4 million deaths are attributed
to kidney disease, making it the 11th leading cause of death
globally [8]. In China, there were 632,653 patients receiv-
ing renal replacement therapy by 2019, with approximately
57% on hemodialysis [9]. Hemodialysis prolongs life [10],
but long-term treatment hinges on a durable access. The

AVF is generally considered the most reliable option [11].
Nonetheless, puncture problems, progressive luminal nar-
rowing and vascular wall stiffening hasten thrombus forma-
tion and shorten access longevity, increasing clinical risk
[12]. Standard diagnostic approaches—physical examina-
tion, duplex, angiography—identify failure after it has oc-
curred; in contrast, a forward-looking tool is more valuable
for prevention.

Neointimal hyperplasia is the lesion primarily impli-
cated in AVF thrombosis [13]. Endothelial stress and disor-
dered shear promote smooth-muscle proliferation and ma-
trix deposition, leading to luminal encroachment. ESRD
promotes systemic inflammation via acid-base imbalance,
uremic toxins and immune dysregulation, while monocyte–
macrophage infiltration and inflammatory mediators at the
anastomosis accelerate hyperplasia [14]. CRP—a widely
measured biomarker—reflects atherosclerosis across vas-
cular beds [15], and platelet–complement crosstalk can fur-
ther amplify thrombus growth [16]. Prior studies have
identified CRP as an independent predictor of AVF steno-
sis/thrombosis (AUCs >0.70) [17]. Consistent with these
findings, CRP remained an independent factor in our mul-
tivariable analysis.

https://www.discovmed.com/
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Fig. 1. Multivariate logistic regression and nomogram construction. (A) Nomogram integrating the four independent predictors.
(B) Calibration curve. (C) ROC curve. (D) Decision curve analysis for the AVF thrombosis prediction model. ROC, receiver operating
characteristic; AUC, area under the curve; DCA, decision curve analysis.

Intradialytic hypotension lowers arterial driving force
and reduces access flow—conditions favoring stasis and
clotting. Lower pre- and post-dialysis pressures have been
associated with a higher thrombosis rate [18] and low flow
presages occlusion [19]. In accesses without structural de-
fects, hypotension alone has been estimated to account for
20%–40% of events [20]. Analyses with detailed comor-
bidity and event capture similarly link frequent hypotension
or low predialysis pressure to adverse outcomes [21]. Intra-
dialytic hypotension was significantly associated with AVF
thrombosis in regression analysis. Pressure variability and
post-dialysis hemoconcentration may further increase risk,
both being mechanistically linked to endothelial dysfunc-
tion and intimal thickening [19].

HbA1c reflects non-enzymatic glycation of
hemoglobin and scales with both the level and dura-
tion of hyperglycemia [22,23]. Beyond glucose control,
HbA1c conveys cardiovascular hazard: in a large European
cohort (~10,232 adults; ~6 years), each 1% increment is
linked to 20%–30% higher cardiovascular events and
all-cause mortality [24,25]. HbA1c relates to endothelial
dysfunction, while thrombosis is closely associated with
oxidative/endothelial injury [26]. However, in hemodialy-
sis patients, HbA1c levels may be influenced by anemia,
erythropoiesis-stimulating agent use, and shortened red
blood cell lifespan, potentially leading to underestimation
of true glycemic exposure. In addition, detailed data on
short-term glycemic patterns, such as fasting or post-
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Fig. 2. Internal validation using bootstrap resampling (500 repetitions). (A) Time-dependent receiver-operating characteristic curves
showing the discriminative performance of the combined predictor. (B) Calibration curves demonstrating an agreement between predicted
and observed probabilities; the apparent and bootstrap-corrected curves are shown alongside the perfect calibration line. (C) Decision
curve analysis plotting the net benefit across a range of threshold probabilities. The black solid line represents the “treat all” strategy, the
black dashed lines represent the “treat none” strategy, and the red lines represent the combined prediction model.

prandial glucose levels and glycemic variability indices,
were not available in this retrospective cohort. Glycemic
fluctuations may play an important role in vascular injury
and thrombosis; therefore, the use of HbA1c alone may not
fully capture the complexity of glycemic effects on AVF
outcomes. Cardiac troponins (cTnC, cTnI, cTnT) are key
regulators of contraction; circulating troponin is normally
minimal but rises in response to myocardial injury [27].
Owing to unique epitopes and high analytical performance,
cTnI/cTnT outperform older markers in diagnosing my-
ocardial injury and prognosis assessment [28]. In ESRD

patients, cardiovascular events are frequent, and even in
asymptomatic MHD patients, elevated cTnI levels can
reflect dialysis-related myocardial stress [29]. In addition,
elevated cTnI levels in hemodialysis patients may also be
influenced by non-thrombotic factors, including chronic
myocardial injury, volume overload, and reduced renal
clearance, which were not systematically excluded in this
retrospective cohort. Therefore, cTnI in this study should
be interpreted as a marker of overall cardiovascular and
systemic stress rather than a specific indicator of throm-
botic activity, which may affect its predictive specificity.

https://www.discovmed.com/


1535

In our cohort, HbA1c and cTnI remained independent
predictors in the multivariable analysis. When combined
with CRP and intradialytic hypotension, the overall model
showed good discriminative performance, underscoring
the complementary roles of inflammatory, hemodynamic,
metabolic, and myocardial stress pathways. Because all
four predictors are routinely measured in dialysis practice,
the nomogram can be integrated with minimal disruption.
A monthly audit could (i) calculate risk at chairside; (ii)
trigger earlier duplex in high-risk patients; (iii) review
anticoagulation protocols; (iv) stabilize intradialytic pres-
sures (dry-weight assessment, ultrafiltration profiling); and
(v) tighten glycemic management with feedback to dia-
betology and to assess whether risk-guided interventions
translate into fewer thrombotic events.

The model relies on simple, inexpensive measures and
shows encouraging calibration and net benefit in this single-
center study. However, these findings require validation
in larger, externally validated cohorts before consideration
for clinical use. It is a single-center study with modest size
and a 12-month follow-up; long-term patency and external
generalizability remain to be tested. In addition, only pa-
tients with a single AVF configuration (cephalic vein–radial
artery end-to-side anastomosis) were included, which may
limit the applicability of the findings to other AVF types
or surgical techniques. Residual confounding (e.g., vari-
ation in cannulation technique) cannot be excluded. Sev-
eral established determinants of vascular access outcomes–
particularly detailed vascular anatomical characteristics and
cannulation techniques–were not available in this retrospec-
tive dataset and may have influenced AVF outcomes, po-
tentially introducing unmeasured confounding. In addition,
although clinical protocols were generally stable during the
enrollment period, unmeasured temporal variations in pa-
tient management over time may have introduced potential
heterogeneity. Intradialytic hypotension was treated as a
binary baseline variable, which may not fully capture its
temporal variability or cumulative exposure over time, and
this simplification may have led to residual misclassifica-
tion. Furthermore, the relatively small number of throm-
botic events may limit statistical power and increase the risk
of model overfitting, which warrants cautious interpretation
of the predictive performance. This may also have led to in-
flated effect-size estimates and wider confidence intervals
for some predictors, and therefore, the magnitude of the re-
ported odds ratios should be interpreted with caution. Fu-
ture investigations should validate the tool across centers,
explore time-updated biomarkers, and prospectively eval-
uate whether risk-guided strategies lower thrombosis and
extend access longevity.

Conclusion

CRP, intradialytic hypotension, HbA1c, and cTnI are
independently associated with AVF thrombosis in patients

undergoingmaintenance hemodialysis. A nomogram based
on these routinely available variables shows moderate pre-
dictive performance in this single-center cohort. However,
as this was an observational study, the findings reflect risk
association rather than causal inference or proven clinical
benefit. Further prospective and multicenter studies are
needed before clinical implementation can be considered.

Availability of Data and Materials

Data are available from the corresponding author upon
reasonable request.

Author Contributions

CYL andYBZ designed the study, performed analyses
and drafted the manuscript. LW and LFL collected data and
contributed to statistics. LW and LFL coordinated follow-
up and aided interpretation. LW and LFL participated in
the drafting or key revisions of the manuscript. All authors
read and approved the final manuscript. All authors have
participated sufficiently in the work to take public respon-
sibility for appropriate portions of the content and agreed to
be accountable for all aspects of the work in ensuring that
questions related to its accuracy or integrity.

Ethics Approval and Consent to Participate

Approved by the Ethics Committee of The Quzhou
Affiliated Hospital of Wenzhou Medical University
(Quzhou, China; Approval No. QSRMH2024-083). All
procedures adhered to the Declaration of Helsinki. Written
informed consent was obtained from all participants before
enrollment.

Acknowledgment

We thank all participating patients and the nurs-
ing/technical staff of the Department of Nephrology,
Quzhou People’s Hospital, for their cooperation.

Funding

This work was supported by the Guiding Science
and Technology Project of Quzhou City (Project No.
2023ZD051).

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Feng X, Sun J, Wang Z, Zhang N, Liu Y, Wang Z, et al. The
impact of intradialytic elastic band exercise on physical and
cognitive abilities in patients on maintenance hemodialysis: a

https://www.discovmed.com/


1536

randomized controlled trial. Renal Failure. 2025; 47: 2482124.
https://doi.org/10.1080/0886022X.2025.2482124.

[2] Kaller R, Mureșan AV, Arbănași EM, Arbănași EM, Kovács
I, Horváth E, et al. Uncommon Surgical Management by AVF
between the Great Saphenous Vein and Anterior Tibial Artery
for Old Radiocephalic AVF Failure. Life (Basel, Switzerland).
2022; 12: 529. https://doi.org/10.3390/life12040529.

[3] Russu E, Mureṣan AV, Arbănași EM, Nedelea D, Suciu BA, Ar-
banasi EM, et al. Polytetrafluorethylene Prosthesis Interposition
in Vascular Access. Materiale Plastice. 2022; 59: 1–8.

[4] Lok CE, Yuo T, Lee T. Hemodialysis Vascular Access: Core
Curriculum 2025. American Journal of Kidney Diseases: the
Official Journal of the National Kidney Foundation. 2025; 85:
236–252. https://doi.org/10.1053/j.ajkd.2024.05.021.

[5] Sarioglu O, Capar AE, Belet U. Relationship of arteri-
ovenous fistula stenosis and thrombosis with the platelet-
lymphocyte ratio in hemodialysis patients. The Journal of
Vascular Access. 2020; 21: 630–635. https://doi.org/10.1177/
1129729819894113.

[6] Suemitsu K, Suemitsu S. Fistulization of brachial artery trans-
position to a deep vein: Overcoming return vein failure in a
severely access-challenged hemodialysis patient. The Journal of
Vascular Access. 2025; 11297298251398762. https://doi.org/10.
1177/11297298251398762.

[7] Wu Y, Zhang Y. Plasma Levels of Transient Receptor Poten-
tial Vanilloid 1 as a Novel Biomarker for Acute Myocardial In-
farction. Cardiology. 2026; 151: 28–37. https://doi.org/10.1159/
000545901.

[8] Fila B. Quality indicators of vascular access procedures for
hemodialysis. International Urology and Nephrology. 2021; 53:
497–504. https://doi.org/10.1007/s11255-020-02609-5.

[9] Zhang Y, Yi J, Zhang R, Peng Y, Dong J, Sha L. Risk Factors for
Arteriovenous Fistula Thrombus Development: A Systematic
Review andMeta-Analysis. Kidney&Blood Pressure Research.
2022; 47: 643–653. https://doi.org/10.1159/000526768.

[10] Yahata K, Seta K, Kikuchi Y, Koizumi M, Murata M, Wada H,
et al. Treatment for renal anemia and outcomes in non-dialysis
patients with chronic kidney disease: the current status of re-
gional medicine according to the Kyoto Fushimi Renal Anemia
(KFRA) study. Clinical and Experimental Nephrology. 2019;
23: 1211–1220. https://doi.org/10.1007/s10157-019-01767-w.

[11] Nakamoto H. The Current Status and Future of Peritoneal Dial-
ysis in Japan. Contributions to Nephrology. 2019; 198: 78–86.
https://doi.org/10.1159/000496529.

[12] Tozzi M, Gallieni M. Antiplatelet therapy for prevention of
hemodialysis vascular access thrombosis and improving sur-
vival. Journal of Nephrology. 2019; 32: 491–493. https://doi.
org/10.1007/s40620-019-00598-y.

[13] Gonzalez LA, Zhang W, Bai H, Taniguchi R, Ramachandra
AB, Jovin DG, et al. Sustained tenascin-C expression drives
neointimal hyperplasia and promotes aortocaval fistula failure.
American Journal of Physiology. Heart and Circulatory Physiol-
ogy. 2025; 328: H1147–H1167. https://doi.org/10.1152/ajphea
rt.00661.2024.

[14] Stangenberg S, Nguyen LT, Chen H, Al-Odat I, Killingsworth
MC, Gosnell ME, et al. Oxidative stress, mitochondrial per-
turbations and fetal programming of renal disease induced by
maternal smoking. The International Journal of Biochemistry &
Cell Biology. 2015; 64: 81–90. https://doi.org/10.1016/j.biocel
.2015.03.017.

[15] BekbossynovaM, Saliev T, Ivanova-Razumova T, Andossova S,
Kali A,Myrzakhmetova G. Beyond Cholesterol: Emerging Risk
Factors in Atherosclerosis. Journal of Clinical Medicine. 2025;
14: 2352. https://doi.org/10.3390/jcm14072352.

[16] Cimmino G, Gallinoro E, di Serafino L, De Rosa G, Sugraliyev

A, Golino P, et al. Uric acid plasma levels are associated with C-
reactive protein concentrations and the extent of coronary artery
lesions in patients with acute coronary syndromes. Internal and
Emergency Medicine. 2023; 18: 1751–1757. https://doi.org/10.
1007/s11739-023-03360-2.

[17] Chou CY, Kuo HL, Yung YF, Liu YL, Huang CC. C-reactive
protein predicts vascular access thrombosis in hemodialysis pa-
tients. Blood Purification. 2006; 24: 342–346. https://doi.org/
10.1159/000092558.

[18] Van Buren PN, Inrig JK. Special situations: Intradialytic hy-
pertension/chronic hypertension and intradialytic hypotension.
Seminars in Dialysis. 2017; 30: 545–552. https://doi.org/10.
1111/sdi.12631.

[19] Hsieh MY, Cheng CH, Chen CH, Liao MT, Lin CC, Yang TF,
et al. The association of long-term blood pressure variability
with hemodialysis access thrombosis. Frontiers in Cardiovas-
cular Medicine. 2022; 9: 881454. https://doi.org/10.3389/fcvm
.2022.881454.

[20] Chang TI, Paik J, Greene T, Desai M, Bech F, Cheung AK, et al.
Intradialytic hypotension and vascular access thrombosis. Jour-
nal of the American Society of Nephrology: JASN. 2011; 22:
1526–1533. https://doi.org/10.1681/ASN.2010101119.

[21] Ren Z, ZhangM,Wang P, ChenK,Wang J,Wu L, et al. Research
on the development of an intelligent prediction model for blood
pressure variability during hemodialysis. BMC Nephrology.
2025; 26: 82. https://doi.org/10.1186/s12882-025-03959-x.

[22] Dashti HM, Mathew TC, Al-Zaid NS. Efficacy of Low-
Carbohydrate Ketogenic Diet in the Treatment of Type 2 Dia-
betes. Medical Principles and Practice: International Journal of
the Kuwait University, Health Science Centre. 2021; 30: 223–
235. https://doi.org/10.1159/000512142.

[23] Wan KS, Hairi NN, Mustapha FI, Mohd Yusof K, Mohd Ali
Z, Moy FM. Predictors of glycosylated haemoglobin A1C
trend among type 2 diabetes patients in a multi-ethnic coun-
try. Scientific Reports. 2021; 11: 6803. https://doi.org/10.1038/
s41598-021-86277-0.

[24] Isola G, Matarese G, Ramaglia L, Pedullà E, Rapisarda E, Iorio-
Siciliano V. Association between periodontitis and glycosylated
haemoglobin before diabetes onset: a cross-sectional study.
Clinical Oral Investigations. 2020; 24: 2799–2808. https://doi.
org/10.1007/s00784-019-03143-0.

[25] Cavero-Redondo I, Peleteiro B, Álvarez-Bueno C, Artero EG,
Garrido-Miguel M, Martinez-Vizcaíno V. The Effect of Physical
Activity Interventions on Glycosylated Haemoglobin (HbA1c)
in Non-diabetic Populations: A Systematic Review and Meta-
analysis. Sports Medicine (Auckland, N.Z.). 2018; 48: 1151–
1164. https://doi.org/10.1007/s40279-018-0861-0.

[26] Neumann JT, Twerenbold R, Ojeda F, Sörensen NA, Chapman
AR, Shah ASV, et al. Application of High-Sensitivity Troponin
in Suspected Myocardial Infarction. The New England Journal
of Medicine. 2019; 380: 2529–2540. https://doi.org/10.1056/
NEJMoa1803377.

[27] Wereski R, Kimenai DM, Taggart C, Doudesis D, Lee KK,
Lowry MTH, et al. Cardiac Troponin Thresholds and Kinetics
to Differentiate Myocardial Injury and Myocardial Infarction.
Circulation. 2021; 144: 528–538. https://doi.org/10.1161/CIRC
ULATIONAHA.121.054302.

[28] Søndergaard ES, Fonnes S, Gögenur I. Endothelial dysfunction
after non-cardiac surgery: a systematic review. Acta Anaesthe-
siologica Scandinavica. 2015; 59: 140–146. https://doi.org/10.
1111/aas.12426.

[29] Welsh P, Preiss D, Hayward C, Shah ASV, McAllister D, Briggs
A, et al. Cardiac Troponin T and Troponin I in the General Pop-
ulation. Circulation. 2019; 139: 2754–2764. https://doi.org/10.
1161/CIRCULATIONAHA.118.038529.

https://www.discovmed.com/
https://doi.org/10.1080/0886022X.2025.2482124
https://doi.org/10.3390/life12040529
https://doi.org/10.1053/j.ajkd.2024.05.021
https://doi.org/10.1177/1129729819894113
https://doi.org/10.1177/1129729819894113
https://doi.org/10.1177/11297298251398762
https://doi.org/10.1177/11297298251398762
https://doi.org/10.1159/000545901
https://doi.org/10.1159/000545901
https://doi.org/10.1007/s11255-020-02609-5
https://doi.org/10.1159/000526768
https://doi.org/10.1007/s10157-019-01767-w
https://doi.org/10.1159/000496529
https://doi.org/10.1007/s40620-019-00598-y
https://doi.org/10.1007/s40620-019-00598-y
https://doi.org/10.1152/ajpheart.00661.2024
https://doi.org/10.1152/ajpheart.00661.2024
https://doi.org/10.1016/j.biocel.2015.03.017
https://doi.org/10.1016/j.biocel.2015.03.017
https://doi.org/10.3390/jcm14072352
https://doi.org/10.1007/s11739-023-03360-2
https://doi.org/10.1007/s11739-023-03360-2
https://doi.org/10.1159/000092558
https://doi.org/10.1159/000092558
https://doi.org/10.1111/sdi.12631
https://doi.org/10.1111/sdi.12631
https://doi.org/10.3389/fcvm.2022.881454
https://doi.org/10.3389/fcvm.2022.881454
https://doi.org/10.1681/ASN.2010101119
https://doi.org/10.1186/s12882-025-03959-x
https://doi.org/10.1159/000512142
https://doi.org/10.1038/s41598-021-86277-0
https://doi.org/10.1038/s41598-021-86277-0
https://doi.org/10.1007/s00784-019-03143-0
https://doi.org/10.1007/s00784-019-03143-0
https://doi.org/10.1007/s40279-018-0861-0
https://doi.org/10.1056/NEJMoa1803377
https://doi.org/10.1056/NEJMoa1803377
https://doi.org/10.1161/CIRCULATIONAHA.121.054302
https://doi.org/10.1161/CIRCULATIONAHA.121.054302
https://doi.org/10.1111/aas.12426
https://doi.org/10.1111/aas.12426
https://doi.org/10.1161/CIRCULATIONAHA.118.038529
https://doi.org/10.1161/CIRCULATIONAHA.118.038529

	Introduction 
	Methods
	Study Population
	Data Collection
	Specimen Collection and Technical Procedures
	AVF Endpoint and Follow-up
	Statistical Analysis

	Results
	Baseline Clinical Characteristics
	Univariate Logistic Regression Analysis
	Multivariate Logistic Regression and Nomogram Construction
	Bootstrapping Results

	Discussion
	Conclusion
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

