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Abstract. Kidney transplant recipients (KTRs) remain at risk for metabolic, cardiovascular, and 
infectious complications. Magnesium abnormalities are common but their prognostic significance 
remains unclear.
Objectives. To systematically review and meta-analyze the association between serum magnesium 
status and clinical outcomes in KTRs.
Methods. We searched PubMed, Embase, Web of Science, Cochrane Library, and ClinicalTrials.
gov (by May 31, 2025). Eligible studies were observational cohorts in adult KTRs reporting 
outcomes by magnesium categories. The primary outcome was all-cause mortality; secondary 
outcomes were cardiovascular events, graft outcomes, and infections. Data were synthesized 
using random-effects meta-analysis where ≥3 studies were available, complemented by Bayesian 
analysis. Risk of bias was assessed with the Newcastle–Ottawa Scale (NOS), and certainty 
of evidence was graded using GRADE. The protocol was registered with the International 
Prospective Register of Systematic Reviews (PROSPERO, ID: CRD420251055485).
Results. Eight studies (n=7,026 KTRs) met the inclusion criteria. Five studies assessed all-
cause mortality, and four provided adjusted estimates for pooling. Higher/normal magnesium 
(≥1.7–1.8 mg/dL) vs. lower was associated with increased mortality (HR 1.17, 95% CI 1.06–
1.29; I2=59.5%). Sensitivity analysis excluding one null study yielded HR 1.18 (95% CI 1.03–
1.34). Bayesian modeling produced consistent but uncertain estimates (posterior HR 1.22, 95% 
CrI 0.94–1.68; BF10=0.88). Evidence for cardiovascular, graft, and infection outcomes was 
inconsistent and heterogeneous, precluding pooling. Certainty of evidence was low for the all-
cause mortality outcome and very low for secondary outcomes.
Conclusions: Current evidence from a small number of heterogeneous observational studies 
suggests that higher/normal serum magnesium status may be associated with a modest increase 
in all-cause mortality among KTRs. However, the certainty of evidence is low, and associations 
with cardiovascular, graft, and infection outcomes remain inconclusive. Prospective multicenter 
cohorts and interventional trials are needed to determine whether magnesium status is a causal 
and modifiable factor and to define the optimal post-transplant magnesium range.
Keywords: kidney transplantation, magnesium, all-cause mortality, cardiovascular outcomes, 
graft survival, infections, systematic review, meta-analysis.
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Introduction. Kidney transplantation is a life-sav-
ing treatment for patients with end-stage kidney disease 
(ESKD), offering superior survival and improved quali-
ty of life compared to long-term dialysis [1–3]. Despite 
advances in surgical technique and immunosuppressive 
management, kidney transplant recipients (KTRs) re-
main at risk for a range of metabolic, cardiovascular, 
and immunological complications that can compro-
mise graft function and patient survival [3, 4].

Among these complications, disturbances in mag-
nesium homeostasis are increasingly recognized as 
clinically relevant [5, 6]. Magnesium is a vital intra-
cellular cation that plays key roles in numerous physi-
ological processes, including cardiovascular regulation, 
immune function, glucose metabolism, neuromuscular 
transmission, and renal physiology [7]. In the non-
transplant chronic kidney disease (CKD) population, 

higher serum magnesium levels have been associated 
with protective effects, including reduced vascular cal-
cification and lower cardiovascular risk [8, 9]. Howev-
er, the significance of magnesium status in KTRs is less 
clear, as magnesium metabolism is altered by both the 
transplanted kidney and immunosuppressive therapies 
[10].

Hypomagnesemia is the most frequently reported 
electrolyte abnormality in KTRs, affecting 30–50% of 
patients [5, 6, 10]. Its underlying causes include altered 
renal magnesium handling due to impaired graft func-
tion and the use of calcineurin inhibitors (CNIs), which 
reduce tubular magnesium reabsorption [5, 8, 10].

Emerging evidence suggests that abnormalities in 
serum magnesium levels may contribute to adverse out-
comes in KTRs. Hypomagnesemia has been associated 
with an increased risk of new-onset diabetes after trans-
plantation (NODAT) [11], heightened susceptibility to 
infections [12], and potential endothelial dysfunction 
[13]. However, despite these recognized risks, the cur-
rent literature on magnesium status and clinical out-
comes in KTRs has reported paradoxical or protective 
associations. One observational study has reported a U-
shaped relationship between serum magnesium levels 
and mortality [14], while others have shown linear or 
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Статус магнію та клінічні наслідки у реципієнтів ниркового трансплантата: 
систематичний огляд та метааналіз

ДУ «Національний центр хірургії та трансплантології імені О.О. Шалімова НАМН України»,  
Київ, Україна

Резюме. Реципієнти ниркового трансплантата (РНТ) мають високий ризик метаболічних, серцево-су-
динних та інфекційних ускладнень. Порушення концентрації магнію сироватки є поширеним явищем, проте його 
прогностичне значення залишається невизначеним.

Мета. Систематично оцінити та провести мета-аналіз асоціації між рівнем сироваткового магнію та 
клінічними результатами у РНТ.

Методи: Пошук літератури виконано у PubMed, Embase, Web of Science, Cochrane Library та ClinicalTrials.
gov (до 31 травня 2025 р.). До аналізу включено обсерваційні дослідження за участю дорослих РНТ (≥18 років), 
в яких оцінювався зв’язок між рівнем магнію в сироватці або плазмі та клінічними наслідками. Первинна кінце-
ва точка – загальна смертність; вторинні – серцево-судинні події, функція трансплантата та інфекції. Для 
об’єднання результатів ≥3 досліджень застосовано модель випадкових ефектів; додатково проведено баєсів-
ський аналіз. Ризик упередженості оцінювали за шкалою Ньюкасл–Оттави (NOS), достовірність доказів – за 
системою GRADE. Протокол дослідження зареєстрований у Міжнародному проспективному реєстрі система-
тичних оглядів (PROSPERO, ID: CRD420251055485).

Результати. Включено 8 досліджень (n=7026 РНТ). П’ять робіт оцінювали смертність, чотири – надали 
скориговані показники для мета-аналізу. Вищий/нормальний рівень магнію (≥1,7–1,8 мг/дл) порівняно з нижчим 
асоціювався з підвищеним ризиком смерті (HR 1,17; 95% CI 1,06–1,29; I2=59,5%). Аналіз чутливості, з виклю-
ченням одного дослідження без статистично значущої асоціації, продемонстрував HR 1,18 (95% CI 1,03–1,34). 
Баєсівська модель мета-аналізу підтвердила напрямок зв’язку, але з широкими довірчими інтервалами (HR 
1,22; 95% CrI 0,94–1,68; BF10=0,88). Дані щодо серцево-судинних подій, функції трансплантата й інфекційних 
ускладнень були суперечливими та гетерогенними, що унеможливило мета-аналіз. Достовірність доказів оціне-
на як низька для загальної смертності та дуже низька для вторинних кінцевих точок.

Ключові слова: трансплантація нирки, магній, смертність від усіх причин, серцево-судинні наслідки, 
виживання трансплантата, інфекції, систематичний огляд, метааналіз.

https://www.crd.york.ac.uk/PROSPERO/view/CRD420251055485
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even inverse associations [15–17]. These discrepan-
cies, coupled with heterogeneity in exposure definitions 
and outcome measures, have prevented clear clinical 
recommendations. 

Therefore, this systematic review and meta-analy-
sis aimed to synthesize available evidence to clarify the 
relationship between post-transplant magnesium status 
and key clinical outcomes, such as all-cause mortality, 
MACE or cardiovascular mortality, graft function de-
cline or loss, and infection risk in adult KTRs. 

Materials and Methods. This systematic review 
and meta-analysis was conducted according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) 2020 guidelines. The pro-
tocol was registered with the International Prospec-
tive Register of Systematic Reviews (PROSPERO, ID: 
CRD420251055485).

Eligibility criteria. We used the PICOTS framework 
to define inclusion and exclusion criteria:
	z Population: adult KTRs (≥18 years). Exclusions: 

pediatric recipients, multiorgan transplants, or 
studies not reporting kidney-only outcomes.

	z Intervention/Exposure: serum or plasma mag-
nesium concentrations, categorized as “higher 
or normal magnesium” vs. “lower” according to 
study-specific thresholds.

	• Higher or normal magnesium was most often 
defined as ≥1.7–1.8 mg/dL, the upper quartile, 
or the highest exposure category. Where explic-
itly reported, true hypermagnesemia (>2.4 mg/
dL, >1.0 mmol/L) was noted separately.

	• Lower magnesium was generally defined as <1.7 
mg/dL (<0.70 mmol/L) or study-specific “low” 
categories.

	z Comparator: because exposure definitions 
varied, we harmonized study contrasts into (i) 
higher/normal magnesium vs lower and (ii) 
hypomagnesemia vs higher-normal, analyzing 
them separately. 

	z Outcomes:
	• Primary outcome: All-cause mortality.
	• Secondary outcomes:

1.	Cardiovascular outcomes – major 
adverse cardiovascular events (MACE) or 
cardiovascular mortality.

2.	Graft outcomes – graft loss, death with 
functioning graft, estimated GFR <60 mL/
min/1.73 m2, or accelerated renal function 
decline.

3.	 Infection outcomes – bacterial (urinary tract 
infections [UTI]) or viral (CMV, EBV, BK) 
infections, or infection-related mortality.

	z Timing: magnesium concentrations measured at 
any time post_-transplantation, with follow-up 
ranging from 1 to 7 years.

	z Study design: observational studies (prospective or 
retrospective cohort, case-control). Randomized 
controlled trials were excluded, as none reported 
relevant associations.

Information sources and search strategy. A compre-
hensive search was performed across PubMed, Embase, 
Web of Science, Cochrane Library, and ClinicalTrials.
gov from inception to May 2025. No language restric-
tions were applied. Non-English studies were screened 
and, when eligible, translated. Search terms combined 
controlled vocabulary (e.g., MeSH) and free-text key-
words related to “magnesium,” “kidney transplanta-
tion,” “mortality,” “graft function,” “cardiovascular 
outcomes,” and “infection.” The full search strategy is 
provided in Supplementary Table S1.

Study Selection. Two reviewers (NS, SF) indepen-
dently screened titles and abstracts, followed by a full-
text review of potentially eligible studies. Disagreements 
were resolved by consensus or third-party adjudication 
(MK). Search results were imported into EndNote X9 
for deduplication. 

Data extraction and management. The following 
data were collected:

	• Study characteristics (author, year, country, de-
sign, sample size, follow-up).

	• Participant characteristics (age, sex, immuno-
suppression regimen, donor type).

	• Exposure assessment (magnesium cutoff, cat-
egories, timing of measurement, analytic ap-
proach).

	• Outcomes (mortality, cardiovascular, graft, in-
fection).

	• Effect estimates (hazard ratios (HRs), with 95% 
confidence interval (CI)) and number of events.

	• Covariates adjusted in multivariable models.
Where effect measures were not directly reported, 

we derived ORs or HRs using raw event data where 
available. No assumptions were made to impute miss-
ing data.

Risk of bias assessment. Risk of bias was evaluated 
using the Newcastle-Ottawa Scale (NOS) for observa-
tional studies, covering domains of selection, compara-
bility, and outcome ascertainment. Studies scoring ≥7 
were considered low risk; those scoring <6 were consid-
ered high risk. No eligible RCTs were identified.

Data synthesis and statistical analysis. We synthe-
sized data separately by outcome domain. When ≥3 
studies reported comparable effect estimates (all-cause 
mortality for the higher/normal magnesium vs lower 
contrast), we conducted quantitative meta-analysis. 
When ≤2 studies were available, we synthesized findings 
qualitatively in the narrative review without statistical 
pooling.

Effect measures. Adjusted hazard ratios (HRs) with 
95% confidence intervals (CIs) were the preferred ef-
fect measure. We extracted the most fully adjusted HRs 
reported in each study. Log-transformed HRs were 
pooled in meta-analyses. Where HRs were unavailable, 
odds ratios (ORs) were considered separately.

For quantitative pooling, we used a random-effects 
model with the Paule–Mandel estimator for between-
study variance (τ2). Because of the small number of 
studies, we applied the Hartung–Knapp–Sidik–Jonk-

https://www.crd.york.ac.uk/PROSPERO/view/CRD420251055485
https://data.mendeley.com/datasets/kxbf6vbg2r/2
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man (HKSJ) adjustment and used a t-test with k–1 de-
grees of freedom to test for overall effects.

Between-study heterogeneity was summarized us-
ing Cochran’s Q (p < 0.10 indicating statistical signifi-
cance) and the I2 statistic, interpreted as low (<25%), 
moderate (25–50%), or substantial (>50%). Heteroge-
neity was not calculated when fewer than three studies 
were available.

Sensitivity analyses. We performed leave-one-out 
analyses to assess individual study influence. Predefined 
subgroup and sensitivity analyses included: exclusion of 
lower-quality studies (NOS <7), exclusion of studies 
lacking covariate adjustment, comparison of continu-
ous vs categorical magnesium exposures, and harmo-
nization to common cutoffs (<1.7 mg/dL vs ≥1.7– 
1.8 mg/dL).

Publication bias. We did not evaluate small-study 
effects or conduct meta-regression because <10 studies 
were available, consistent with PRISMA recommenda-
tions.

Subgroup and sensitivity analyses. We prespeci-
fied subgroups by timing of magnesium measurement 
(early vs late post-transplant) and predominant calci-
neurin inhibitor (tacrolimus vs cyclosporine). How-
ever, these could not be performed because each sub-
group was represented by only a single study, preclud-
ing meaningful comparison. Differences in exposure 
definitions (categorical vs continuous; varying cutoffs) 

were instead considered qualitatively in the narrative 
synthesis.

To test the robustness of findings for all-cause mor-
tality (high/normal magnesium vs lower), we excluded 
the study with fair quality (NOS <7), and compared re-
sults across harmonized magnesium cutoffs (<1.7 mg/
dL vs ≥1.7–1.8 mg/dL).

Bayesian analysis. To complement frequentist 
analyses and account for small-sample uncertainty, we 
conducted a Bayesian random-effects meta-analysis for 
all-cause mortality, specifying weakly informative pri-
ors. We report posterior means, 95% credible intervals, 
and Bayes factors.

Certainty of evidence. Certainty of evidence was as-
sessed using the GRADE framework, considering risk 
of bias (based on NOS), consistency, directness, preci-
sion, and publication bias. As all included studies were 
observational, evidence for each outcome started at low 
certainty by default. Each outcome was rated as high, 
moderate, low, or very low certainty.

Results. Study selection. The database search 
identified 1,248 records. After deduplication, 978 re-
cords were screened; 68 full texts were assessed, and 8 
studies met the inclusion criteria. Three studies con-
tributed adjusted estimates suitable for quantitative 
synthesis of all-cause mortality; other outcomes were 
summarized narratively due to heterogeneity of effect 
measures/definitions. PRISMA flow shown in Fig. 1.

Fig. 1. Flow diagram of the study selection process.
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Study characteristics. Eight single-center retrospec-
tive cohort studies published between 2005 and 2025 
were included, encompassing 7,026 KTRs (per-study 
sample size range 60–3,680) [12, 14, 16–21]. The pa-
tients’ age was reported in six studies, with the median 
values of 49.8 (47.9-52.0) years. The median proportion 
of male participants among the six studies reporting sex 
distribution was 56% (range 34.7%–68.6%). Follow-up 
durations ranged from approximately 3.0 to 6.7 years, 
with a median of 5.0 years across the eight studies. Main-
tenance immunosuppression was predominantly cal-
cineurin-inhibitor-based. Serum magnesium was mea-
sured post-transplant in all studies; five used a 1.7 mg/dL  
threshold, one analyzed quartiles, one used three categories 
(≤1.5, 1.5–1.8, >1.8 mg/dL), and one applied a 2.0 mg/dL 
threshold at biopsy. Two single-centre Israeli cohorts 
each reported n=726 in overlapping eras; sample overlap 
is possible but cannot be confirmed from the available 
reports. All included studies were of moderate to good 
quality, with NOS scores ranging from 6 to 9 (Supple-
mentary Tables S2). Detailed study characteristics, in-
cluding NOS scores, are presented in Table 1.

Outcomes reported across studies. All-cause mortal-
ity was reported by five studies, of which three provid-
ed adjusted HRs amenable to pooling. Cardiovascular 
outcomes (MACE or cardiovascular death) were re-

ported by two studies. Graft outcomes (graft loss, death 
with functioning graft, eGFR <60 mL/min/1.73 m2, 
or eGFR slope) were reported by three studies. Infec-
tion outcomes (urinary tract infection, viral infections, 
or infection-related mortality) were reported by three 
studies. Although graft and infection outcomes each ap-
peared in three reports, definitions and effect measures 
were heterogeneous (e.g., continuous eGFR slope vs. 
odds of eGFR <60; any viral infection vs. UTI), pre-
cluding statistical pooling.

All-cause mortality. Five studies evaluated all-cause 
mortality according to magnesium status in KTRs. Four 
reported adjusted HRs were included in the quantitative 
synthesis, comprising 5,230 patients and 838 deaths. 
Three of the four studies reported higher mortality in 
patients with relatively higher magnesium categories 
compared to lower categories [14, 16, 18], whereas 
one study [21] found no significant difference between 
groups. To allow harmonization across studies, the ex-
posure contrast was aligned as higher/normal vs. lower 
magnesium.

The random-effects meta-analysis demonstrated 
that higher/normal magnesium status was associated 
with a 17% increase in all-cause mortality (HR 1.17, 
95% CI 1.06–1.29; p = 0.013) with moderate heteroge-
neity (I2 = 59.5%) (Fig. 2). 

Fig. 2. Forest plot of the association between magnesium status and all-cause mortality in KTRs. Pooled estimates are  
based on a random-effects meta-analysis of four studies (Panthofer 2021, Lahav 2021, Isakov 2022, Odler 2021),  

harmonized as higher/normal vs. lower magnesium categories.

Clinically, this corresponds to nearly one additional death for every six deaths otherwise expected in recipients 
with lower magnesium status.

To test the robustness of findings, we repeated the analysis excluding the study by Odler et al (the only study 
reporting no association, and with shorter follow-up compared to the others). This sensitivity analysis of three 
studies (Panthofer, Lahav, Isakov) showed that higher magnesium was associated with an 18% increase in mortal-
ity risk (HR 1.18, 95% CI 1.03–1.34; p = 0.033), although heterogeneity remained statistically significant (p = 
0.049).

https://data.mendeley.com/datasets/kxbf6vbg2r/2
https://data.mendeley.com/datasets/kxbf6vbg2r/2
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The Bayesian random-effects meta-analysis pro-
duced a posterior mean HR of 1.22 (95% CrI 0.94–
1.68), consistent with the frequentist estimate but with 
wider uncertainty. The Bayes factor (BF10 = 0.88) in-
dicated only weak evidence in favor of an association 
(Supplementary Table S3 and Fig. S1).

Taken together, these analyses suggest that KTRs 
with relatively higher magnesium categories experience 
a 15–20% higher risk of death compared with those in 
lower categories. The effect persisted across sensitivity 
analyses and was consistent across analytic frameworks. 
However, statistical heterogeneity and wide Bayes-
ian credible intervals limit certainty. Accordingly, the 
overall certainty of evidence for all-cause mortality was 
rated low.

Cardiovascular outcomes. Only two studies report-
ed the association between serum magnesium level and 
cardiovascular outcomes. Panthofer et al. observed that 
recipients with lower magnesium (≤1.5 mg/dL) had a 
31% higher risk of cardiovascular mortality (HR 1.31, 
95% CI 1.03–1.68), while higher/normal magnesium 
levels (>1.8 mg/dL) were not associated with cardio-
vascular death [14]. In contrast, Lahav reported that re-
cipients in the highest magnesium quartile had an 88% 
increased risk of MACE compared to those in the low-
est quartile (HR 1.88, 95% CI 1.14–3.11) [18]. Given 
the small number of studies and differing outcome defi-
nitions (MACE vs. cardiovascular mortality), meta-
analysis was not performed. The available evidence, 
therefore, suggests that both lower and relatively higher 
magnesium status may contribute to adverse cardio-
vascular outcomes, but the direction of risk differs by 
cohort. Certainty of evidence was rated very low due to 
inconsistency, indirectness, and imprecision.

Graft outcomes. Three studies assessed graft func-
tion and loss, but outcome definitions were heteroge-
neous. Isakov et al. found that higher magnesium was 
associated with an 11% increased risk of graft loss or 
death per 0.1 mg/dL increase (HR 1.11, 95% CI 1.04–
1.19) [16]. Hod et al. demonstrated that higher mag-
nesium was associated with a more rapid decline in 
kidney function, with each 0.1 mg/dL increase linked 
to a 1.1–1.5 mL/min reduction in eGFR at 3–5 years  
(p < 0.01) [17]. Holzmacher et al. showed that lower 
magnesium at biopsy was associated with faster creatinine 
clearance decline (–8.9 ± 3.5 vs. –1.0 ± 2.7 mL/min/year, 
p = 0.02) and shorter graft survival [20].  
Because of differing metrics (continuous eGFR de-
cline vs. time-to-event graft loss vs. biopsy-defined 
function), results could not be pooled. Taken together, 
these studies suggest that deviations in magnesium sta-
tus, whether higher or lower, may adversely affect graft 
function. Certainty of evidence was rated very low, re-
flecting heterogeneity and limited sample size.

Infection outcomes. Three studies investigated the 
association between serum magnesium status and in-
fection risk in kidney transplant recipients. Odler et al. 
demonstrated that low magnesium (<1.7 mg/dL) was 
associated with a 73% increased risk of UTI (OR 1.73, 

95% CI 1.04–2.86) and a two-fold higher risk of viral in-
fections, including CMV, EBV, and polyomavirus (OR 
2.05, 95% CI 1.23–3.41) [21]. Panthofer et al. found 
that low magnesium was associated with a 28% higher 
risk of infection-related mortality (HR 1.28, 95% CI 
1.09–1.51) [14]. Ratiu et al. revealed no significant as-
sociation between magnesium status and infection risk 
(OR 0.62, 95% CI 0.20–1.92) [12]. Due to heterogene-
ity in outcomes (UTI, viral infections, infection-related 
death), quantitative synthesis was not feasible. Overall, 
the evidence suggests that lower magnesium may pre-
dispose to infection, but results remain inconsistent. 
Certainty of evidence was graded very low, downgraded 
for inconsistency and imprecision.

A consolidated overview of effect estimates and 
certainty ratings is presented in Supplementary Ta-
ble S4. Formal tests for publication bias (Egger’s and 
Begg’s) did not suggest asymmetry, although these 
analyses are underpowered with fewer than ten studies, 
and publication bias cannot be excluded. 

Discussion. This systematic review and meta-anal-
ysis synthesized available evidence on the association 
between serum magnesium status and clinical outcomes 
in KTRs. Five studies reported on all-cause mortality, 
of which four contributed adjusted hazard ratios suit-
able for pooling. The main analysis demonstrated that 
relatively higher magnesium status was associated with 
a 17% increase in all-cause mortality compared with 
lower categories, with consistent findings in sensitiv-
ity analyses. Bayesian modelling produced similar esti-
mates, although uncertainty was substantial. Evidence 
for secondary outcomes (cardiovascular events, graft 
outcomes, and infections) was limited and heteroge-
neous, precluding meta-analysis. Overall, the certainty 
of evidence was rated low for all-cause mortality and 
very low for other outcomes.

Our findings add to a growing but inconsistent body 
of literature on magnesium in the post-transplant set-
ting. In non-transplant CKD, higher serum magnesium 
has generally been associated with favorable outcomes, 
including lower vascular calcification and reduced car-
diovascular risk [22–24]. By contrast, in KTRs, the di-
rection of association appears reversed: in three of four 
cohorts included in our meta-analysis, recipients with 
relatively higher magnesium status had increased mor-
tality [14, 16, 18]. 

This apparent paradox may be explained by trans-
plant-specific physiology. Calcineurin inhibitor thera-
py typically induces hypomagnesemia [10, 25]; there-
fore, recipients with higher magnesium concentrations 
represent an atypical group in whom impaired tubular 
excretion or early graft dysfunction may predominate. 
In this context, elevated magnesium may act as a sur-
rogate marker of declining graft function and CKD-
mineral bone disorder activity rather than a direct toxic 
exposure [14, 18]. Clinical data outside transplantation 
also show that hypermagnesemia predicts short-term 
mortality in hospitalized patients [26], supporting the 
view that higher magnesium often reflects underlying 

https://data.mendeley.com/datasets/kxbf6vbg2r/2
https://data.mendeley.com/datasets/kxbf6vbg2r/2
https://data.mendeley.com/datasets/kxbf6vbg2r/2
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systemic illness or reduced renal clearance. This diver-
gence reflects transplant-specific factors, such as im-
munosuppressive therapy, altered tubular handling of 
magnesium, or competing risks of infection and meta-
bolic complications [18, 21]. 

The U-shaped relationship observed by Panthofer 
et al. suggests that both lower and higher magnesium 
levels may be harmful, a pattern also seen in popula-
tion-based cohorts outside transplantation [14, 24]. 
This raises the possibility that an “optimal” magnesium 
range exists for KTRs, narrower than the conventional 
laboratory reference interval.

Several biological mechanisms may underlie these 
associations. While higher magnesium may indicate 
impaired renal clearance and mineral–bone axis dys-
regulation, low magnesium has been implicated in 
immune dysregulation, endothelial dysfunction, and 
increased susceptibility to infection, potentially con-
tributing to graft injury and adverse [6, 12, 18, 27]. In 
addition, disturbances in magnesium homeostasis may 
influence broader metabolic pathways. Hypomagnese-
mia has been linked to impaired insulin signaling and 
an increased risk of NODAT [28, 29]. Although NO-
DAT was excluded from our present analysis because a 
separate systematic review has addressed this outcome 
[11], it remains a relevant mechanism linking low mag-
nesium to adverse prognosis. Furthermore, low mag-
nesium may contribute to disordered calcium–oxalate 
handling and other metabolic derangements, with po-
tential implications for nephrolithiasis, tubular toxic-
ity, and vascular calcification [30–32]. These possible 
metabolic effects, while not captured by the included 
studies, warrant further investigation. 

From a clinical standpoint, these results suggest 
that routine monitoring of serum magnesium in KTRs 
is important not only to detect hypomagnesemia, which 
is common under calcineurin inhibitor therapy [25, 
27], but also to identify persistently higher values that 
may carry prognostic significance. The observed 15–
20% increase in mortality risk associated with relatively 
higher magnesium status is clinically relevant and may 
warrant closer evaluation of patients with upward de-
viations from the lower-normal range.

However, it remains unclear whether magnesium 
status is a modifiable risk factor or a marker of underly-
ing graft or cardiovascular dysfunction. Interventional 
studies of magnesium supplementation in KTRs have 
primarily focused on hypomagnesemia and metabolic 
complications, not mortality or graft survival [6, 13]. 
Until such trials are available, no evidence-based rec-
ommendations can be made regarding magnesium cor-
rection beyond standard clinical thresholds.

This review has several strengths, including a com-
prehensive search strategy without language restric-
tions, rigorous data extraction, and the use of both fre-
quentist and Bayesian approaches to account for small-
sample uncertainty. By harmonizing exposure contrasts 
as “higher vs. lower magnesium,” we were able to pool 
data across studies with different categorizations.

Nonetheless, important limitations must be ac-
knowledged. All included studies were observational, 
single-center cohorts, limiting causal inference and 
generalizability. Heterogeneity in exposure definitions, 
timing of magnesium measurement, and outcome as-
certainment precluded pooling for most endpoints. 
Potential residual confounding by graft function, im-
munosuppressive regimen, or nutritional status can also 
not be excluded. The number of studies contributing to 
each outcome was small, limiting the power to assess 
publication bias or dose–response relationships.

Future studies should aim to clarify the optimal 
range of serum magnesium in KTRs, ideally through 
large, multicenter prospective cohorts with standard-
ized exposure definitions and long-term follow-up. 
Randomized controlled trials of magnesium supple-
mentation, stratified by baseline magnesium status and 
immunosuppressive regimen, are needed to determine 
whether correction of hypomagnesemia or avoidance 
of higher levels can improve patient or graft outcomes. 
Studies integrating biomarkers of tubular function, 
magnesium transport, and cardiovascular risk may help 
to disentangle causality from association.

Conclusions. In summary, this systematic review 
and meta-analysis indicates that KTRs with relatively 
higher serum magnesium levels (>1.8 mg/dL) may ex-
perience an increased risk of all-cause mortality com-
pared with those in lower categories. However, the 
available studies are few, heterogeneous, and observa-
tional in design, and the certainty of evidence remains 
low. Associations with cardiovascular, graft, and infec-
tion outcomes are inconsistent and inconclusive. At 
present, these findings should be considered hypothe-
sis-generating rather than practice-changing. Further 
large, prospective studies and interventional trials are 
required to clarify whether magnesium status represents 
a causal and modifiable risk factor, and to define the 
optimal post-transplant magnesium range.
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