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Abstract
Background  Arteriovenous fistula (AVF) thrombosis is a major cause of vascular access failure in patients undergoing 
maintenance hemodialysis (HD). Although magnesium has established vascular protective properties, its relationship 
with AVF thrombosis remains poorly characterized. This study aimed to examine the association between serum 
magnesium levels and the risk of AVF thrombosis in a retrospective cohort of HD patients.

Methods  This bi-center retrospective cohort study included 408 HD patients treated between January 2020 and May 
2025. Baseline serum magnesium was categorized into three thresholds based on the 25th and 75th percentiles of 
the cohort distribution: T1 ( < 0.87 mmol/L), T2 (0.87–0.97 mmol/L), and T3 (≥0.98 mmol/L). The primary outcome was 
the first clinically confirmed episode of AVF thrombosis. Kaplan–Meier analysis and multivariable Cox proportional 
hazard model adjusted for demographic, clinical, and dialysis-related factors were used to assess associations. 
Sensitivity and subgroup analyses were performed to evaluate the robustness of findings.

Results  Over a median follow-up of 33.5 months, 83 patients (20.3%) experienced AVF thrombosis. Compared to 
T1, patients in T2 and T3 groups had significantly lower thrombotic risk: HR 0.57 (95% CI: 0.40–0.82, p = 0.002) and 
HR 0.46 (0.28–0.77, p = 0.003), corresponding to a 1.75- and 2.17-fold higher risk for T1 versus T2 and T3, respectively. 
Independent predictors of increased AVF thrombosis risk included older age (HR 1.05 per year, 95% CI: 1.02–1.09), 
longer AVF duration (HR 1.02 per month, 95% CI: 1.007–1.08), higher serum phosphate (HR 1.11 per 0.1 mmol/L, 95% 
CI: 1.03–1.48), and use of calcium-based phosphate binders (HR 1.02, 95% CI: 1.003–1.27). Protective factors included 
male sex (HR 0.87, 95% CI: 0.54–0.98), higher dialysis adequacy (spKt/V; HR 0.16, 95% CI: 0.11–0.35) and statin therapy 
(HR 0.35, 95% CI: 0.14–0.86). The association between low magnesium and AVF thrombosis remained consistent in 
sensitivity and subgroup analyses.

Conclusions  Low serum magnesium (< 0.87 mmol/L) was independently associated with a twofold increased risk 
of AVF thrombosis in HD patients. Magnesium may represent a modifiable target for improving vascular access 
outcomes, warranting further prospective investigation.
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Introduction
Arteriovenous fistula (AVF) thrombosis is a major cause 
of vascular access failure among patients undergoing 
maintenance hemodialysis (HD), leading to increased 
morbidity, frequent hospitalizations, and higher health-
care costs [1, 2]. Despite advances in surgical technique 
and access surveillance, the annual incidence of AVF 
thrombosis remains high, with reported rates of 0.2–0.5 
episodes per 1000 patient days [3]. Identifying modifiable 
risk factors for AVF thrombosis is, therefore, critical to 
improving outcomes in this vulnerable population.

Magnesium is a critical intracellular cation involved in 
various vascular functions, including endothelial protec-
tion, inhibition of vascular calcification, and suppression 
of platelet aggregation [4–6]. In patients with chronic 
kidney disease (CKD), and especially those on HD, dis-
turbances in magnesium homeostasis are common due 
to impaired renal excretion, dietary restrictions, and 
variable dialysate magnesium concentrations [7, 8]. Cur-
rently, clinical interest in magnesium has increased, as 
low serum magnesium has been associated with greater 
cardiovascular risk and mortality in patients undergoing 
HD [9, 10]. Proposed mechanisms include its capacity to 
prevent calcium-phosphate precipitation, reduce oxida-
tive stress and inflammation, and limit vascular smooth 
muscle cell transformation into pro-calcific phenotypes 
[11–13].

In this context, recent studies have begun to explore 
the association between serum magnesium and vascular 
access outcomes [14–16]. However, the prior investiga-
tions have focused on composite endpoints, combining 
thrombosis, stenosis, and access-related interventions, 
which may obscure the distinct pathophysiological 
mechanisms underlying each complication.

Therefore, we aimed to investigate the association 
between serum magnesium levels and the risk of AVF 
thrombosis in a retrospective cohort of maintenance HD 
patients. We hypothesized that lower serum magnesium 
concentrations would be independently associated with a 
higher risk of AVF thrombosis and may represent a mod-
ifiable factor influencing AVF survival in this population.

Methods
Study design and setting
This was a bicenter, retrospective observational cohort 
study analyzing data from patients undergoing HD 
between January 1, 2020, and May 31, 2025, at two affili-
ated dialysis units managed by Medical Center LLC 
“Nephrocenter” in Odesa and Zaporizhzhia, Ukraine. 

Both centers deliver HD care to patients with end-stage 
kidney disease following national and international 
guidelines. The study protocol received ethical approval 
from the Institutional Review Board of the Medical Cen-
ter “Nephrocenter” (IRB No. 2/2025, June 16, 2025) and 
was carried out following the principles of the Declara-
tion of Helsinki. Due to the retrospective design and use 
of de-identified data, the requirement for informed con-
sent was waived.

Study population
All adult patients (aged ≥18 years) undergoing HD were 
screened for inclusion. Eligible patients met the following 
criteria:

 	• A functioning native AVF as the primary vascular 
access at baseline,

 	• A minimum of three months of continuous in-center 
HD,

 	• At least one recorded serum magnesium 
measurement during the baseline assessment period.

Patients were excluded if they:

 	• Used a central venous catheter or arteriovenous graft 
as the primary access,

 	• Had a documented history of AVF thrombosis before 
the baseline magnesium measurement,

 	• Had missing or incomplete data for key variables,
 	• Had a follow-up duration of less than 30 days, were 

transplanted, or lost to follow-up within the same 
period.

All patients received conventional high-volume hemo-
diafiltration using Fresenius 5008S dialysis machines 
(Fresenius Medical Care, Germany). High-flux synthetic 
dialyzers with polysulfone membranes were employed 
following standard clinical protocols. Dialysis treatment 
was prescribed as three sessions per week, each lasting 
approximately 4 hours. Standard parameters included a 
blood flow rate of 250–350 mL/min, a dialysate flow rate 
of 500 mL/min, and a dialysate composition containing 
magnesium at 0.5 mmol/L, sodium at 138–140 mmol/L, 
and bicarbonate at 32–35 mmol/L. Systemic antico-
agulation was provided using unfractionated heparin, 
administered according to local protocol, with dosing 
individualized based on patient weight, bleeding risk, and 
prior clotting history.

Clinical trial number  This was a retrospective observational cohort study and was not registered as a clinical trial 
because no interventions were performed for research purposes.

Keywords  Hemodialysis, Arteriovenous fistula, Magnesium, Thrombosis, Risk factors
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Exposure, outcome, and follow-up
The primary exposure was serum magnesium concentra-
tion, assessed as part of routine laboratory monitoring. 
The index date was defined as the date of the baseline 
serum magnesium measurement, which marked the 
start of follow-up. Because laboratory testing sched-
ules differed slightly between the two participating 
centers, baseline serum magnesium assessments were 
performed within a 30-day window around study entry. 
For the main analysis, serum magnesium levels were 
categorized into three thresholds based on the 25th and 
75th percentiles of the distribution in the full cohort: T1 
(low) < 0.87 mmol/L ( < 2.12 mg/dL), T2 (intermediate) 
0.87–0.97 mmol/L (2.12–2.36 mg/dL), and T3 (high) ≥ 
0.98 mmol/L (≥2.38 mg/dL). This categorization strategy 
was selected to contrast patients with clearly low or high 
magnesium levels against a normative reference group 
representing the central 50% of the cohort. Importantly, 
no patients in the cohort received oral or intravenous 
magnesium supplementation during the observation 
period.

The primary outcome was AVF thrombosis, defined 
as a documented clinical event requiring intervention 
for thrombotic occlusion, confirmed by physical exami-
nation, imaging, or surgical findings. The diagnosis was 
based on standard clinical evaluation (absence of bruit 
or thrill), confirmatory imaging (Doppler ultrasound), or 
operative findings. Only the first incident of AVF throm-
bosis after the index date was considered in the primary 
analysis.

Patients were followed from the index date until the 
first occurrence of AVF thrombosis or until the end of 
follow-up (May 31, 2025). Those who underwent kidney 
transplantation, died, or experienced permanent AVF 
abandonment (due to severe unreconstructable/recur-
rent stenosis or infection without thrombosis) were cen-
sored at the date of these events.

Covariates
All data were retrospectively extracted from electronic 
medical records of the participating dialysis centers. Col-
lected data included: demographics (age, sex), comor-
bidities (diabetes mellitus, hypertension, cardiovascular 
disease, hepatitis B and C status), dialysis-related factors 
(dialysis vintage, Kt/V, ultrafiltration volume), AVF age, 
and medications used, including antiplatelet agents and 
anticoagulants.

Laboratory parameters included hematology (hemo-
globin, hematocrit, platelet count), biochemistry (serum 
creatinine, urea, sodium, potassium, calcium, phosphate, 
magnesium), intact parathyroid hormone (iPTH), serum 
albumin, total protein, ferritin, transferrin saturation 
(TSAT), C-reactive protein (CRP), fasting glucose, and 
lipid profile markers such as total cholesterol, low-density 

lipoprotein (LDL), high-density lipoprotein (HDL), and 
triglycerides.

All laboratory analyses were performed in ISO-cer-
tified external laboratories (Sinevo and/or Dila) using 
standardized and validated procedures. Hematologic 
parameters were measured using automated hematology 
analyzers based on flow cytometry and impedance meth-
ods. Serum creatinine, urea, sodium, potassium, calcium, 
phosphate, and magnesium were analyzed via photomet-
ric and ion-selective electrode methods on automated 
chemistry analyzers. Serum albumin, total protein, and 
CRP were determined using colorimetric or immunotur-
bidimetric assays.

Lipid profile markers and fasting glucose were mea-
sured enzymatically using spectrophotometric methods. 
iPTH and ferritin were quantified via chemiluminescent 
immunoassays, and TSAT was calculated as the ratio 
of serum iron to total iron-binding capacity, both mea-
sured spectrophotometrically. The value closest to the 
index date within a 30-day window was used for each 
parameter.

Bias minimization
To minimize potential selection bias, all consecutive 
patients meeting the inclusion criteria during the study 
period were considered for inclusion. Exclusion criteria 
were predefined and applied uniformly across both cen-
ters. Exposure and outcome variables were derived from 
standardized, routinely collected clinical and laboratory 
data. The primary outcome was objectively confirmed 
through clinical examination, imaging, or operative find-
ings. To address potential confounding, we applied mul-
tivariable adjustments and conducted sensitivity and 
subgroup analyses.

Sample size justification
Although no formal a priori sample size calculation was 
performed, a post hoc approximation was informed by 
the study by Yao et al. [15]. That study included 263 HD 
patients and reported 95 AVF dysfunction events (36%) 
over a median follow-up of 32 months, with a hazard 
ratio (HR) of 4.53 (95% CI: 2.63–7.81) for low serum 
magnesium. For our analysis, assuming a more conserva-
tive HR of 2.0 for AVF thrombosis between low and high 
magnesium categories, with a two-sided α of 0.05, 80% 
power, and an expected event rate of 20%, the estimated 
required sample size was approximately 360 patients 
with 72 events. Our final cohort included 408 patients 
and 83 thrombosis events, exceeding this threshold 
and thus providing adequate power to detect moderate 
associations.
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Statistical analysis
Continuous variables were summarized as means with 
standard deviations (M ± SD) or median (Me) and inter-
quartile range (Q25–Q75), depending on the distribution 
assessed by the Shapiro–Wilk test. Categorical variables 
were summarized as frequencies and percentages. For 
comparison of baseline characteristics across serum mag-
nesium quartiles, we used one-way ANOVA for normally 
distributed continuous variables, the Kruskal–Wallis test 
for non-normally distributed continuous variables, and 
the chi-squared (χ2) test for categorical variables.

Because the exact date of AVF maturation was not 
available in the clinical records, follow-up for the time-
to-event was defined as the duration from baseline serum 
magnesium measurement to the first documented AVF 
thrombosis or censoring. Survival curves were estimated 
using the Kaplan–Meier method, with comparisons 
between thresholds made using the log-rank test. Uni-
variable Cox proportional hazards regression was used 
to identify potential predictors of AVF thrombosis. Vari-
ables with p < 0.05 and clinical relevance were entered 
into the multivariable model. Multivariable Cox regres-
sion was used to estimate adjusted hazard ratios (HRs) 
for AVF thrombosis. Covariates with significant associa-
tions in the univariable analysis (p < 0.01) and variables 
that did not reach statistical significance in our cohort 
but are considered clinically relevant based on prior stud-
ies (sex, diabetes status, and hemoglobin level) [17–19] 
were included in the final model. Multicollinearity among 
covariates was assessed using variance inflation factors 
(VIF); values > 5 indicated significant collinearity. Results 
are reported as HRs with 95% confidence intervals (CIs).

To test the robustness of our findings, we performed 
both sensitivity and subgroup analyses. In sensitivity 
analyses, serum magnesium was also modeled as a con-
tinuous variable to assess the linearity of its association 
with AVF thrombosis in the Cox regression model. In a 
separate analysis, a Fine–Gray subdistribution hazards 
model was applied, treating death, kidney transplanta-
tion, and vascular access conversion as competing events 
to account for their potential impact on the risk of AVF 
thrombosis. Subgroup analyses were stratified by age 
( < 70 vs. ≥70 years), diabetes status, serum albumin level 
( < 35 vs. ≥35 g/L), and vascular access age ( < 1 year vs. 
≥1 year), with separate Cox models fitted within each 
subgroup.

Results
Study cohort
A total of 480 patients undergoing HD were screened for 
eligibility. After applying exclusion criteria, 408 patients 
were included in the final analysis (Fig. 1).

Serum magnesium levels ranged from 0.66 to 
1.36 mmol/L, with a median of 0.93 (0.87–0.98) mmol/L. 

Baseline characteristics of the study population, strati-
fied by serum magnesium categories, are summarized in 
Table 1.

As shown in Table 1, patients in the lowest magnesium 
tertile (T1) exhibited several unfavorable clinical and bio-
chemical characteristics. They were significantly older, 
had higher systolic blood pressure, and demonstrated 
lower hemoglobin and hematocrit levels compared to 
those in the highest tertile (T3). Serum calcium, phos-
phate, total protein, and albumin concentrations were 
also significantly lower in T1 than in the higher T cat-
egories. Furthermore, serum creatinine and urea levels 
were significantly lower in T1, with a progressive increase 
observed across magnesium categories.

A higher proportion of patients with AVF age < 1 year 
was observed in T2 compared to T1 and T3, although the 
clinical relevance of this distribution remains uncertain. 
The use of statins, antihypertensive agents, and calcium-
based phosphate binders was more common in T1 than 
in the higher T categories.

Inflammatory and iron-related biomarkers, includ-
ing CRP, ferritin, and TSAT, did not significantly dif-
fer among groups. However, there was a non-significant 
trend toward lower dialysis adequacy and a higher preva-
lence of CVD in the lowest magnesium tertile. Similarly, 
patients in T1 tended to exhibit a more atherogenic lipid 
profile, characterized by lower HDL cholesterol and 
higher triglyceride levels, though these differences did 
not reach statistical significance.

Association between serum magnesium and AVF 
thrombosis
During a median follow-up of 33.5 (16.2–55.6) months, 
83 patients (20.3%) developed AVF thrombosis, cor-
responding to an incidence rate of 0.2 events per 1000 
patient days. In addition, 10 (2.5%) patients developed 
AVF stenosis, and 7 (1.72%) experienced AVF infections 
requiring catheter conversion and permanent abandon-
ment. Other censoring events included kidney transplan-
tation (n = 13, 3.2%) and death (n = 32, 7.8%).

Across serum magnesium categories, the proportion of 
patients who experienced AVF thrombosis differed sig-
nificantly (T1: n = 42, 40.8%, T2: n = 29, 13.6%, T3: n = 12, 
13.2%; χ2 = 35.5, p < 0.0001), indicating an inverse rela-
tionship between baseline serum magnesium levels and 
thrombosis occurrence.

Kaplan-Meier analysis demonstrated a significantly 
lower thrombosis-free survival in patients within the 
lowest serum magnesium category (T1) compared to 
those in higher categories (T2–T3) (log-rank test 23.6, 
p < 0.0001) (Fig. 2).

Univariable Cox regression analysis identified several 
factors significantly associated with AVF thrombosis (Fig. 
3, Supplementary Table S1).
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As illustrated in Fig. 3, low serum magnesium 
( < 0.87 mmol/L) was associated with a twofold increased 
risk of AVF thrombosis. Similarly, advancing age, higher 
phosphate and calcium levels, use of calcium-based 
phosphate binders, and higher ultrafiltration volume 
also increased thrombotic risk. In contrast, higher serum 
magnesium levels, greater dialysis adequacy measured by 
spKt/V, higher albumin, shorter AVF age, and statin use 
were significantly associated with reduced risk of AVF 
thrombosis. Platelet count showed a borderline associa-
tion with increased risk.

We further assessed multicollinearity among variables 
considered for inclusion in the multivariable Cox regres-
sion model. All candidate variables demonstrated accept-
able levels of collinearity, with VIF values ranging from 
1.052 to 1.603 (Supplementary Table S2). Variables were 
selected based on statistical significance in univariable 
analyses (p < 0.01). The final model included the primary 
exposure (serum magnesium categories), age, sex, dia-
betes status, hemoglobin, AVF age, spKt/V, total ultrafil-
tration volume, serum albumin, serum phosphate, statin 
use, and calcium-based phosphate binder use.

In the multivariable Cox regression model, low serum 
magnesium levels remained independently associated 

with the risk of AVF thrombosis after adjustment for rel-
evant covariates. Compared to patients in the T1 group, 
those in the T2 and T3 groups had a 43 and 54% lower 
risk of AVF thrombosis, respectively. These results corre-
spond to a 1.75-fold increased risk for T1 versus T2, and 
a 2.17-fold increased risk for T1 versus T3 (Table 2).

Other independent predictors included older age, 
female sex, longer AVF age, higher serum phosphate, and 
calcium-based phosphate binder use, all associated with 
increased risk of AVF thrombosis. Conversely, greater 
dialysis adequacy and statin use were independently 
associated with reduced risk of AVF thrombosis. Total 
ultrafiltration volume and serum albumin did not retain 
independent significance after multivariable adjustment.

Sensitivity and subgroup analyses
To assess the robustness of our findings, we conducted 
two sensitivity analyses. First, serum magnesium was 
modeled as a continuous variable in the multivariable 
Cox regression model to evaluate the linearity of its asso-
ciation with AVF thrombosis. The inverse relationship 
remained statistically significant, with each 0.1 mmol/L 
increase in serum magnesium associated with a lower 
risk of AVF thrombosis (adjusted HR 0.36, 95% CI: 

Fig. 1  Flow chart of patient selection. abbreviations: AVF, arteriovenous fistula; Mg, magnesium
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Table 1  Baseline characteristics of the patients stratified by serum magnesium categories
Variable All patients

(n = 408)
T1: < 0.87 mmol/L
(n = 103)

T2: 0.87–0.97 mmol/L
(n = 214)

T3: ≥ 0.98 mmol/L
(n = 91)

p-value

Demographics
Age, years 59 (49–67) 63 (51–69)T3 59 (49–67)T3 56 (47.2–61)T1,2 0.005
Male sex, n (%) 233 (57.1%) 64 (62.1%) 119 (55.6%) 50 (54.9%) 0.48
Smoking status, n (%) 52 (12.7%) 10 (9.7%) 30 (14.05%) 12 (13.2%) 0.58
Alcohol use, n (%) 22 (5.4%) 3 (2.9%) 11 (5.1%) 8 (8.8%) 0.19
Clinical characteristics
Diabetes, n (%) 79 (19,4%) 22 (21.4%) 40 (18.7%) 17 (18.7%) 0.84
SBP (mmHg) 130 (125–140) 140 (130–145)T3 130 (125–140)T3 130 (120–140)T1,2 0.05
DBP (mmHg) 80 (80–90) 80 (80–90) 80 (80–90) 80 (70–83.7) 0.24
CVD history, n (%) 66 (16.2%) 21 (20.4%) 29 (13.6%) 16 (17.6%) 0.13
Positive HBV or HCV status, n (%) 55 (13.5%) 17 (16.5%) 22 (10.3%) 16 (17.6%) 0.34
Dialysis vintage (months) 65.0 (33.0–87.0) 73 (31,7–96.7) 57.5 (31.0–80.0) 63.0 (38.0–99.0) 0.09
Blood flow rate, mL/min 302.5 ± 17.4 300.6 ± 18.2 302.7 ± 17.1 304.5 ± 17.1 0.31
spKt/V 1.34 (1.24–1.45) 1.30 (1.19–1.43) 1.30 (1.25–1.40) 1.35 (1.25–1.48) 0.06
Total volume UF, mL 2500 (2000–3000) 2500 (2200–3000) 2800 (2250–2900) 2500 (1800–3000) 0.57
AVF age < 1 year, n (%) 42 (10.3%) 6 (5.8%)T2 30 (14.0%)T1,3 6 (6.6%)T2 0.03
Laboratory values
Magnesium, mmol/L 0.93 (0.87–0.97) 0.83 (0.79–0.85)T2,3 0.93 (0.91–0.95)T1,3 1.03 (0.99–1.07)T12  < 0.0001
Creatinine, µmol/L 839 (695–972) 782 (594–891)T2,3 819 (673–941)T1,3 938 (869–1026)T1,2  < 0.0001
Urea, mmol/L 20.6 (17.1–25.2) 19.8 (15.8–24.2)T1,3 20/3 (16.9–24.4)T1,3 22.9 (19.4–27.4)T2,3 0.001
Hemoglobin, g/L 101 (92–110.5) 98 (90–108)T3 101 (92–111)T3 107 (96–118)T1,2 0.003
Ht, % 29.6 ± 4.8 28.4 ± 4.9T3 29.4 ± 4.1T3 31.2 ± 5.3T1,2 0.001
PLT, ˟109/L 179.5 (142.5–221.0) 179.0 (137.5–220) 174.5 (141.0–221.0) 184.0 (145.5–222.5) 0.79
TSAT, % 22.7 (15.6–31.02) 22.9 (14.7–28.8) 21.6 (14.9–31.2) 25.5 (15.0–14.3) 0.29
Ferritin, ng/mL 261.1 (103.0–205.5) 301.4 (88.2–529.0) 276 (104.0–505.5) 243 (98.9–487.7) 0.69
Total protein, g/L 67.6 ± 5.6 66.4 ± 6.8T3 67.6 ± 4.9 68.8 ± 4.9T1 0.002
Albumin, g/L 40 (38–42) 39 (36–42)T2,3 40 (39–42)T1 41 (39.2–42)T1 0.0002
CRP, mg/L 4.4 (3.3–9.5) 7.9 (4.5–11.6) 4.8 (2.7–6.9) 3.3 (2.9–13.9) 0.54
Glucose, mmol/L 4.9 (4.4–6.12) 4.8 (4.2–5.9) 4.9 (4.4–6.1) 4.9 (4.6–5.8) 0.78
Calcium, mmol/L 2.24 (2.15–2.33) 2.17 (2.11–2.29)T2,3 2.24 (2.16–2.34)T1 2.28 (2.17–2.37)T1 0.0001
Phosphate, mmol/L 1.63 (1.35–1.98) 1.37 (1.19–1.72)T2,3 1.67 (1.32–1.93)T1,3 1.95 (1.46–2.22)T1,2  < 0.0001
iPTH, pg/mL 302.6 (173.7–531.1) 321.8 (171.5–605.9) 294.8 (187.6–5015.7) 312.5 (130.1–55.4) 0.95
Total cholesterol, mmol/L 4.6 (4.0–5.5) 4.9 (4.3–5.7) 4.5 (3.9–5.4) 4.3 (3.9–5.2) 0.052
HDL, mmol/L 1.1 (0.32–1.32) 1.05 (0.8–1.3) 1.12 (0.9–1.35) 1.19 (1.0–1.35) 0.13
LDL, (mmol/L) 2.8 (2.2–3.5) 3.1 (2.6–3.5) 2.7 (2.2–3.3) 2.7 (2.1–3.3) 0.18
Triglycerides (mmol/L) 1.45 (1.1–2.2) 1.54 (1.14–2.22) 1.51 (1.04–2.33) 1.35 (1.11–2.08) 0.16
Medications
Erythropoiesis-stimulating agents, n (%) 245 (52.7%) 65 (63.1%) 127 (59.3%) 56 (61.5%) 0.19
Iron therapy, n (%) 237 (58.1%) 65 (63.1%) 127 (58.9%) 45 (49.4%) 0.73
Statins, n (%) 124 (30.4%) 31 (30.1%)T3 75 (35.0%)T3 18 (19.8%) 0.04
Antihypertensives, n (%) 347 (85.1%) 95 (92.2%)T2 177 (82.7%) 76 (83.5%) 0.02
Anticoagulants, n (%) 41 (10.1%) 9 (8.7%) 20 (9.3%) 12 (132%) 0.75
Antiaggregants, n (%) 122 (29.9%) 25 (24.3%) 66 (30.8%) 31 (34.0%) 0.14
Calcium-based phosphate binders, n (%) 183 (44.8%) 59 (57.3%)T2,3 92 (43.0%)T1 32 (35.24%)T1 0.01
Notes: Values are presented as Me (Q25–Q75) or M ± SD as appropriate. Superscript letters denote statistically significant differences between categories based on 
pairwise comparisons using ANOVA or Kruskal–Wallis with post hoc testing

Abbreviations: CRP, C-reactive protein; CVD, cardiovascular disease; DBP, diastolic blood pressure; Hb, hemoglobin; HDL, high-density lipoprotein cholesterol; Ht, 
hematocrit; iPTH, intact parathyroid hormone; LDL, low-density lipoprotein cholesterol; PLT, platelet count; SBP, systolic blood pressure; spKt/V, single-pool Kt/V; 
TSAT, transferrin saturation; UF, ultrafiltration
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0.22–0.62, p = 0.021). Second, a Fine–Gray subdistribu-
tion hazards model yielded consistent estimates (sHR for 
T2 vs T1 = 0.61, 95% CI 0.42–0.89, p = 0.011; sHR for T3 
vs T1 = 0.48, 95% CI 0.26–0.81, p = 0.010). These results 

confirmed the robustness of the association between 
serum magnesium levels and AVF thrombosis risk.

In subgroup analyses, the association between serum 
magnesium and AVF thrombosis was generally consis-
tent. For the subgroup Cox models, magnesium category 

Fig. 3  Forest plot of HRs and 95% CIs for factors associated with AVF thrombosis in univariable cox regression analysis. the reference category for serum 
magnesium is T1 ( < 0.87 mmol/L, hr = 1.00). Abbreviations: AVF, arteriovenous fistula; HDL, high-density lipoprotein cholesterol; hr (95% ci), hazard ratio 
(95% confidence Interval); PLT, platelet count; spKt/V, single-pool Kt/V; T1, T2, T3, categories of serum magnesium concentration (T1 = lowest, T3 = highest)

 

Fig. 2  Kaplan-meier curves for AVF thrombosis-free survival stratified by serum magnesium categories in patients undergoing HD. Abbreviations: T1, T2, 
T3 – serum magnesium categories (T1 = lowest, T3 = highest)
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T2 (0.87–0.97 mmol/L) was set as the reference group. 
Patients in the lowest magnesium tertile showed signifi-
cantly increased risk of thrombosis across all subgroups, 
with HRs ranging from 2.36 to 7.41 (Table 3).

In contrast, the protective effect associated with the 
highest magnesium tertile was significant in younger 

patients, non-diabetics, well-nourished, and patients with 
AVF age ≥1 year. However, in older subjects (≥70 years), 
diabetics, and patients with hypoalbuminemia (≤35 g/L), 
the association with T3 was not statistically significant.

Discussion
This study is the first to investigate the association 
between serum magnesium levels and the risk of AVF 
thrombosis as an isolated clinical endpoint in patients 
undergoing HD. Unlike previous studies that examined 
AVF dysfunction using composite outcomes, we focused 
specifically on thrombotic events confirmed by clinical, 
imaging, or surgical criteria. This approach allowed for a 
more precise evaluation of risk factors specifically associ-
ated with thrombosis, rather than broader or overlapping 
vascular access complications.

In our cohort of 408 HD patients, lower serum magne-
sium was independently associated with an increased risk 
of AVF thrombosis. Patients in the lowest magnesium 
category ( < 0.87 mmol/L) had a 1.75- to 2.17-fold higher 
risk of thrombosis compared to those in the middle and 
highest categories, even after adjustment for demo-
graphic, clinical, and dialysis-related covariates. The 
observed association remained consistent across sensitiv-
ity analyses. When serum magnesium was modeled as a 
continuous variable, higher levels were associated with a 
significantly lower risk of thrombosis. A Fine–Gray com-
peting risks model, which accounted for death, kidney 
transplantation, and vascular access conversion as com-
peting events, yielded similar effect estimates.

Although magnesium levels in the lowest category fall 
within the normal range for the general population, such 
concentrations may represent a relative magnesium defi-
ciency in HD patients [9, 20]. During HD, magnesium is 
continuously removed from the circulation, and the net 
balance depends on the dialysate magnesium concen-
tration, treatment duration, and residual kidney func-
tion [20–22]. As a result, serum magnesium levels in 
HD patients are influenced by both dialytic losses and 
impaired renal excretion, and may fluctuate around or 
even below the general population range. Several stud-
ies have shown that serum magnesium concentrations 
below approximately 0.9–1.0 mmol/L are associated 
with adverse vascular and cardiovascular outcomes in 
HD cohorts [9, 10, 23]. However, these concentrations 
may not necessarily reflect true magnesium sufficiency, 
as functional or intracellular deficits can still occur [24]. 
Therefore, the magnesium levels represented by our low-
est category ( < 0.87 mmol/L) likely reflect a state of sub-
clinical deficiency in this population, consistent with 
emerging evidence suggesting that the lower limit of 
the reference range should be raised to approximately 
0.85 mmol/L even in the general population [25].

Table 2  Multivariable cox proportional hazards regression for 
risk of AVF thrombosis
Variable HR (95% CI) p-value
Serum magnesium T1: < 0.87 mmol/L 
(reference)

1.00 —

Serum magnesium T2 vs. T1: 
0.87–0.97 mmol/L

0.57 (0.40–0.82) 0.002

Serum magnesium T3 vs. T1: 
≥0.98 mmol/L

0.46 (0.28–0.77) 0.003

Age (per year) 1.05 (1.02–1.09) 0.021
Sex (male vs female) 0.87 (0.54–0.98) 0.044
Diabetes (yes vs no) 1.2 (0.52–2.77) 0.661
Hemoglobin (per g/L) 1.01 (0.95–1.24) 0.327
AVF age (per month increase) 1.02 (1.007–1.08) 0.003
spKt/V (per 0.1 increase) 0.16 (0.11–0.35) 0.002
Total volume UF (per 100 mL increase) 1.00 (0.97–1.02) 0.233
Albumin (per 1 g/L increase) 0.95 (0.88–1.05) 0.142
Phosphate (per 0.1 mmol/L increase) 1.11 (1.03–1.48) 0.004
Statins (yes vs. no) 0.35 (0.14–0.86) 0.022
Calcium-based phosphate binders (yes 
vs. no)

1.02 (1.003–1.27) 0.047

Abbreviations: HR (95% CI), Hazard ratio (95% Confidence Interval); spKt/V, 
single-pool Kt/V; T1, T2, T3, magnesium category

Table 3  Subgroup analysis of the association between serum 
magnesium categories and AVF thrombosis (adjusted Cox 
regression)
Subgroup Serum magnesium

T1 ( < 0.87 mmol/L) T3 
(≥0.98 mmol/L)

HR (95% CI_ p-value HR, 95% CI p-value
Age ≥ 70 years 5.21 (1.44–8.18) 0.022 0.56 

(0.11–5.62)
0.621

Age < 70 years 3.64 (1.44–8.18)  < 0.0001 0.43 
(0.32–0.57)

 < 0.0001

Diabetes – Yes 2.36 (1.02–5.47) 0.045 0.47 
(0.13–1.74)

0.74

Diabetes – No 4.09 (2.77–6.02)  < 0.0001 0.37 
(0.28–0.490

 < 0.0001

Albumin ≤ 35 g/L 7.41 (1.62–11.6) 0.014 0.58 
(0.08–4.14)

0.582

Albumin > 35 g/L 3.95 (2.68–5.82)  < 0.0001 0.43 
(0.31–0.58)

 < 0.0001

AVF age < 1 year 4.46 (1.43–7.32) 0.019 0.11 
(0.02–1.00)

0.050

AVF age ≥ 1 year 2.47 (1.62–3.77)  < 0.0001 0.51 
(0.26–0.96)

0.039

Notes: Multivariable Cox regressions were repeated within each subgroup, 
adjusting for age, spKt/V, phosphate, albumin, ultrafiltration volume, statin 
use, and calcium-phosphate binder use (excluding the stratifying variable). T2 
(0.87–0.97 mmol/L) was used as the reference in all models
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Subgroup analyses further supported the robustness 
of this relationship. The elevated thrombotic risk linked 
to low magnesium remained significant across all exam-
ined subgroups. However, the protective effect of higher 
magnesium was attenuated and no longer statistically 
significant in older individuals, patients with diabetes, 
and those with hypoalbuminemia, suggesting that mag-
nesium’s vascular benefits may be less pronounced in 
patients with higher baseline cardiovascular or inflam-
matory risk.

Our findings are consistent with and extend previ-
ous research examining the relationship between serum 
magnesium and vascular access outcomes. To date, only 
two studies have specifically addressed this topic, encom-
passing a combined cohort of 352 HD patients [15, 16]. 
In line with our results, Stolić et al. reported significantly 
lower serum magnesium concentrations in patients 
with AVF complications compared to those without 
[16]. Similarly, Yao et al. observed a 4.5-fold higher risk 
of AVF dysfunction in patients with serum magnesium 
levels below 0.88 mmol/L compared to those in the high-
est magnesium group [15]. However, both studies relied 
on composite endpoints, limiting the ability to isolate 
thrombosis-specific mechanisms.

Several biological mechanisms may explain this rela-
tionship. Magnesium modulates vascular tone, inhibits 
platelet aggregation, stabilizes endothelial function, and 
reduces inflammation [4, 12]. Experimental studies have 
shown that low extracellular magnesium can promote 
vascular smooth muscle cell calcification and endothelial 
injury, both of which predispose to thrombosis [11, 26, 
27]. Additionally, magnesium inhibits platelet activation 
by modulating intracellular calcium handling and inter-
fering with thromboxane synthesis, both of which are 
critical steps in thrombus formation [28, 29].

These mechanisms provide a compelling rationale for 
the inverse association observed in our cohort. How-
ever, we also observed an attenuation of the protective 
effect of higher serum magnesium levels among older 
patients, individuals with diabetes, and those with hypo-
albuminemia. In older patients, age-related alterations in 
magnesium handling, a higher prevalence of vascular cal-
cification, and the burden of comorbidities may reduce 
the vascular and antithrombotic benefits typically con-
ferred by elevated magnesium levels [30]. The presence of 
advanced vascular disease and frailty in this population 
may overshadow magnesium’s protective effects, includ-
ing the inhibition of vascular smooth muscle cell calcifi-
cation and the preservation of endothelial function.

Among individuals with diabetes, persistent hyper-
glycemia and insulin resistance promote chronic vas-
cular injury and inflammation, which may not be fully 
mitigated by elevated serum magnesium concentrations 
[31]. Additionally, diabetes is associated with increased 

magnesium loss and impaired cellular uptake [32, 33], 
potentially limiting the intracellular actions of magne-
sium that are critical for inhibiting platelet activation and 
maintaining endothelial health. In our cohort, diabetes 
was significant in subgroup analyses but not in the over-
all multivariable model. This discrepancy likely reflects 
confounding by related clinical factors such as age, phos-
phate, and albumin, which may have attenuated its inde-
pendent effect. Consequently, the influence of diabetes 
on AVF thrombosis in our study appears to be indirect 
and largely mediated through other metabolic and vascu-
lar pathways.

In patients with hypoalbuminemia, the interpretation 
of serum magnesium is further complicated, as a sig-
nificant portion of circulating magnesium is albumin-
bound [34]. Low albumin levels can reduce total serum 
magnesium even when the physiologically active ionized 
fraction remains normal [34]. Moreover, hypoalbumin-
emia reflects underlying malnutrition and inflamma-
tion, both of which are strong risk factors for vascular 
complications [35] and may blunt the protective effects 
of magnesium. In line with this hypothesis, Streja et al. 
have demonstrated that HD patients with both low albu-
min and low magnesium had a 17% higher risk of death 
compared to those with low albumin and high magne-
sium [36]. However, when albumin levels were adequate, 
the relationship between magnesium and mortality was 
attenuated, suggesting that serum albumin may modify 
the clinical impact of magnesium levels [36]. Consistent 
with these observations, our subgroup analyses showed 
that the association between low magnesium and AVF 
thrombosis was strongest among patients with albumin 
≤ 35 g/L and weaker among those with albumin > 35 g/L, 
indicating that albumin status influences the clinical rel-
evance of magnesium concentrations.

Beyond magnesium, our study identified several other 
independent factors associated with the risk of AVF 
thrombosis, highlighting the multifactorial nature of vas-
cular access failure in HD patients. Older age, female sex, 
longer AVF age, elevated serum phosphate levels, and the 
use of calcium-based phosphate binders were all associ-
ated with a higher risk of AVF thrombosis.

The increased risk observed in women aligns with prior 
evidence suggesting sex-related differences in vessel cali-
ber, hormonal influences on endothelial function, and 
a higher rate of AVF non-maturation or early failure in 
females [19, 37]. Similarly, longer AVF age likely reflects 
progressive vascular remodeling, neointimal hyperplasia, 
and cumulative hemodynamic stress, all of which may 
predispose to late thrombotic failure [38, 39].

Elevated serum phosphate levels were significantly 
associated with an increased risk of thrombosis, aligning 
with previous reports that have linked hyperphosphate-
mia to endothelial dysfunction, vascular smooth muscle 
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cell calcification, and heightened platelet activation [40]. 
Excess phosphate can promote the transformation of 
vascular smooth muscle cells into osteoblast-like pheno-
types, contributing to medial calcification and reduced 
vascular compliance, factors that may impair AVF integ-
rity and predispose to thrombosis [41].

Additionally, the use of calcium-based phosphate bind-
ers was independently associated with a higher risk of 
AVF thrombosis. This finding is consistent with prior 
studies suggesting that calcium-based binders may con-
tribute to arterial and arteriolar calcification through 
increased calcium loading and deposition in the vessel 
wall [42, 43].

In contrast, high dialysis adequacy, measured by 
spKt/V, and statin use were associated with a reduced 
risk of AVF thrombosis. It is well-proven that better 
uremic toxin clearance may improve endothelial func-
tion and reduce systemic inflammation, both of which 
are critical in maintaining vascular access patency [44]. 
Rodrigues et al. have also reported higher access failure 
rates in patients with low delivered dialysis doses [45], 
although studies are limited in this area.

Statins use emerged as another protective factor in 
our analysis. Beyond their lipid-lowering properties, 
statins exert a wide range of pleiotropic effects, including 
enhancement of endothelial function, attenuation of oxi-
dative stress, inhibition of pro-inflammatory cytokines, 
and suppression of thrombotic pathways such as tissue 
factor expression and platelet aggregation [46–48]. These 
mechanisms are particularly pertinent in the HD popu-
lation, where chronic inflammation and a prothrombotic 
state are prevalent. Our findings are consistent with pre-
vious observational studies reporting a lower risk of AVF 
thrombosis among HD patients treated with statins [47, 
48]. Although a meta-analysis by Wan et al. did not dem-
onstrate a statistically significant association between 
statin use and AVF patency [49], our recent report has 
suggested a dose-dependent protective effect of statins 
on the risk of AVF thrombosis, highlighting the potential 
influence of treatment intensity [50].

Taken together, these findings underscore the multifac-
torial nature of AVF thrombosis and point toward several 
modifiable targets, including serum magnesium, phos-
phate balance, HD adequacy, and statin use, that may 
inform preventive strategies. Furthermore, combining 
these modifiable factors with previously proposed com-
plementary biomarkers and vascular access monitoring 
strategies may improve the prediction and early identifi-
cation of AVF failure in HD patients [19, 51–53].

Several limitations of this study should be acknowl-
edged. First, the retrospective design precludes causal 
inference. Although we performed multivariable adjust-
ments and sensitivity analyses, the possibility of resid-
ual confounding from unmeasured variables cannot be 

excluded. Second, because the exact date of AVF matu-
ration was not recorded in the clinical data, follow-up 
was anchored to the baseline serum magnesium assess-
ment. Although patients with prior AVF thrombosis were 
excluded, some degree of residual immortal time bias 
cannot be fully ruled out. Patients maintained a function-
ing AVF until the baseline magnesium measurement was 
obtained, which created a period during which throm-
bosis could not occur by definition. Third, serum mag-
nesium was assessed at a single time point, which may 
not capture longitudinal variability or reflect cumulative 
exposure. Fourth, only total serum magnesium concen-
trations were available; ionized magnesium was not mea-
sured and may have provided a more accurate reflection 
of magnesium status, particularly in hypoalbuminemic 
patients. Fifth, although thrombotic AVF events were 
rigorously defined, we did not account for the timing of 
these events in relation to changes in medications or dial-
ysis prescriptions, which could have influenced thrombo-
sis risk. In addition, the relatively low number of outcome 
events constrained the number of covariates that could 
be included in the multivariable models. Finally, while 
subgroup analyses offered insights into potential effect 
modifiers, these analyses were exploratory in nature and 
not adequately powered for formal interaction testing.

Conclusions
The present study demonstrated that lower serum mag-
nesium levels ( < 0.87 mmol/L) were independently asso-
ciated with a twofold increased risk of AVF thrombosis 
in patients undergoing HD. This association remained 
robust across sensitivity analyses and was consistent 
across most clinically relevant subgroups. The find-
ings underscore the potential importance of magnesium 
homeostasis in preserving vascular access patency and 
suggest that hypomagnesemia may represent a modifi-
able risk factor for AVF thrombosis. In addition to mag-
nesium, other modifiable factors, such as elevated serum 
phosphate, use of calcium-based phosphate binders, sub-
optimal dialysis adequacy, and absence of statin therapy, 
were independently associated with increased risk of AVF 
thrombosis. Prospective studies are warranted to confirm 
these associations and to determine whether magne-
sium-targeted interventions can reduce AVF thrombosis 
and improve long-term vascular access outcomes in the 
HD population.
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