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Aim: Hypomagnesemia predicts cardiovascular outcomes in renal transplant recipients (RTRs). Proton pump inhibitors (PPIs) and H2 receptor 
blockers (H2RBs) are the most commonly used agents in RTRs. Previous studies have detected an association between hypomagnesemia and PPIs 
in patients undergoing ongoing hemodialysis. The current study aimed to evaluate the effects of PPIs on serum magnesium levels and arterial 
stiffness in RTRs.
Methods: We retrospectively analyzed 354 maintenance RTRs (mean age: 38.6±10.7 years) with stable allograft function who had undergone 
transplantation at least 36 months previously. All acute cellular and humoral rejections were excluded. According to the use of stomach-protecting 
agents (SPAs), patients were divided into the following three groups: PPIs (group 1, n=164), H2RBs (group 2, n=96), and a control group that did not 
receive SPAs (group 3, n=94). Clinical and laboratory parameters (complete blood count, creatinine, calcium, phosphorus, magnesium, vitamin B12, 
folic acid, lipid profile) were noted from recorded data. The estimated glomerular filtration rate (eGFR) was calculated using the MDRD4 equation. 
The pulse-wave velocity (PWv) was determined by pressure tracing over the carotid and femoral arteries using the SphygmoCor system.
Results: The groups were similar in terms of demographic characteristics (age, gender, duration of dialysis before transplantation) and biochemical 
parameters (serum calcium, phosphorus, parathyroid hormone, C-reactive protein, lipid profile, and eGFR). The mean serum magnesium level was 
significantly lower in group 1 but similar in groups 2 and 3. The PWv values were significantly higher in group 1 but similar in groups 2 and 3. In the 
linear regression analysis; types of SPA, serum calcium, and magnesium were detected as predictors of PWv.
Conclusion: We concluded that PPIs inhibit magnesium absorption independent of calcium metabolism in RTRs. Moreover, PPIs increase arterial 
stiffness and cardiovascular risk in RTRs. Thus, physicians should be aware of the side effects of PPIs to reduce cardiovascular morbidity and 
mortality.
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Introduction

Cardiovascular disease is frequently observed in patients with 
end-stage renal disease (ESRD), and the risk of mortality among 
cardiac diseases in these patients has been shown to be 10-20 
times grater than general population [1]. Renal transplantation 
(RT) is the standard treatment for patients with ESRD because 
it significantly prolongs patient life, largely by decreasing the 
progression of cardiovascular disorders. Renal transplant 
recipients (RTRs) have up to a 10-fold reduced rate of cardiac 
death compared with dialysis recipients [2]. 

Magnesium depletion is considered the missing link between 
cardiovascular risk factors and atherosclerosis in ESRD. 
Magnesium modulates calcium uptake and distribution 
in vascular smooth muscle cells and directly affects the 
vascular tone, thereby reducing peripheral resistance [3]. 
Hypomagnesemia predicts cardiovascular morbidity and 
mortality in the general population and accelerated loss of 
kidney function in RTRs [4]. 
Proton pump inhibitors (PPIs) are frequently used both to 
prevent and treat various gastrointestinal disorders after 
radiotherapy (RT) [5].
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Previous studies have highlighted the association between 
hypomagnesemia and PPIs in healthy individuals and patients 
undergoing ongoing hemodialysis. It is assumed that these 
observations are due to possible effects of hypomagnesemia 
on left ventricular size, hypertension, endothelial function, 
and insulin resistance [6].
The current study aimed to evaluate the effects of PPIs on 
serum magnesium levels and arterial stiffness in RTRs.

Methods

We performed a retrospective study of 354 maintenance RTRs 
(mean age: 38.6±10.7 years) with stable allograft function who 
had received their transplant at least 36 months previously 
were selected cross-sectionally according to the following 
exclusion criteria; 1) lack of regular follow-up data 2) malignant, 
rheumatologic or chronic inflammatory disease of unknown 
origin, systemic vasculitis history, 3) acute rejection 4) heart 
failure (ejection fraction <50%) or diastolic dysfunction of the 
heart 5) ischemic heart disease history (myocardial infarction, 
need for cardiac revascularization) or coronary bypass before 
or after transplantation, 6) peripheral artery disease, 7) 
tobacco use. The study was approved by the Ankara Bilkent 
City Hospital Ethics Committee (decision no: 2-24-69, date: 
20.03.2024). 
According to the use of stomach-protecting agents (SPAs), 
patients were divided into the following three groups: PPIs 
(group 1, n=164), H2RBs (group 2, n=96), and a control group 
that did not receive SPAs (group 3, n=94). 

Immunsuppressive Treatment Protocol

In most patients, maintenance immunosuppressive treatment 
included prednisone with a gradual tapering, mycophenolate 
mofetil, and cyclosporine or tacrolimus. Target through levels 
at 3 months were 150-200 ng/mL for cyclosporine and 8-10 ng/
mL for tacrolimus. All patients were under 5 mg prednisolone 
treatment within the maintenance immunosuppressive 
regimen.

Biochemical Parameters

The standard clinical and biochemical parameters of all 
patients were analyzed. Physical examination and routine 
laboratory measurements (complete blood count and 
biochemical parameters as described below) were examined. 
In all participants, venous blood samples were collected after 
an overnight fast to measure the biochemical parameters.
The estimated glomerular filtration rate was calculated based 
on the CKD-Epi formulas; 141 *min (Scr/κ,1)α *max(Scr/κ, 1)-

1.209 *0.993Age *1.018 [if female] *1.159 [if black] [7].

Pulse-wave Velocity

The aortic pulse-wave velocity (PWv) was measured with the 
same device by sequentially recording electrocardiogram-
gated carotid and femoral artery pressure waves using the 
intersecting tangent algorithm to determine the characteristic 

points. The PWv was calculated as the path length divided by 
the transit time (m/s) [8].

Statistical Analysis

Statistical analyses were performed using Statistical Package 
for the Social Sciences software (v 15.0, IBM, Armonk, NY, 
USA). All numerical data are expressed as the mean±standard 
deviation. Data normality was analyzed using the Kolmogorov-
Smirnov test. Normally distributed numeric variables were 
compared with independent-samples Student’s t-test, and 
skew distributed numeric variables were compared using 
the Mann-Whitney U test. A p value of 0.05 was considered 
statistically significant.

Results

Demographic characteristics and laboratory data for the study 
population and data classified by group are summarized in 
Tables 1 and 2, respectively.
The mean daily PPI dose was 24±8.4 mg. The median duration 
of PPI use was 47±4.4 months. There were no significant 
differences between the two groups in terms of age, duration 
of transplantation, and presence of comorbid conditions.
The mean serum magnesium levels were significantly lower 
in group 1, but were similar in groups 2 and 3 (1.1±0.4 mg/
dL, 1.7±0.2 mg/dL and 1.6±0.1 mgdL, respectively) (p<0.05) 
(Figure 1). The PWv values were significantly higher in group 1 
(p<0.05), whereas they were similar in groups 2 and 3 (7.3±0.2 
cm/sec, 6.3±0.1 cm/sec and 6.2±0.1 cm/sec, retrospectively) 
(Figure 2).
Using linear regression analysis with serum Mg as the 
dependent variable, PPI use was significantly associated with 
serum Mg (p=0.008) after adjusting for age, dialysis duration, 
and plasma albumin.

Table 1. Demographic and clinical characteristics of the 
study population
Gender (male/%) 196 (55%)
Age 
Mean±SD (years) 38.6±10.7

Etiology of ESRD [number (%)]
 Diabetes mellitus
 Hypertension
 PCKD
 Glomerulonephritis
 Unknown

173 (49)
95 (27)
21 (6)
14 (4)
51 (14)

Duration of transplantation (months) 38.2±0.8
Fasting glucose, mean±SD (mg/dL) 88.7±12.4
Total cholesterol, mean±SD (mg/dL) 244.0±32.0
LDL- cholesterol, mean±SD (mg/dL) 128.8±24.5
Triglyceride, mean±SD (mg/dL) 189.7±12.5
Serum creatinine, mean±SD (mg/dL) 1.2±0.7
ESRD: End stage renal disease, LDL: Low-density lipoprotein, SD: Standard 
deviation, PCKD: Polycystic kidney disease
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Discussion

The metabolism of magnesium is regulated by gastrointestinal 
absorption and renal excretion. It has been shown that PPI use 
is associated with impaired intestinal absorption of dietary 
Mg by disrupting active transport by TRPM 6/7 channels [9]. 
Moreover, hypomagnesemia is known to predict cardiovascular 
outcomes in both the general population and RTRs [4]. To our 
knowledge, this is the first in the literature that showed PPIs 
are linked to increased arterial stiffness and cardiovascular risk 
by decreasing Mg levels in RTRs.
A study by Recart et al. [10], which included 236 patients 
on PPI treatment, showed that patients on long-term 
PPI use were frequently prone to hypomagnesemia. On 

the other hand, some studies have reported that PPI use 
does not affect serum magnesium levels. Biyik et al. [11] 
detected serum magnesium levels of outpatients receiving 
long-term PPI treatments to be within the normal range in 
the absence of other factors affecting serum magnesium 
levels. The serum magnesium levels of outpatients who 
have and have not been using PPIs were found to be similar. 
However, the situation in patients undergoing ongoing 
hemodialysis is slightly different from the general population. 
Hypomagnesemia was reported to be linked to PPI use 
among patients undergoing hemodialysis. In a previous 
study, the dialysate magnesium level was 0.5-0.375 mmol/L. 
They reported that hypomagnesemia might occur with PPI 
use in hemodialysis patients with dialysate magnesium level 
was 0.5-0.375 mmol/L [12]. Another cross-sectional study 
of patients on ongoing hemodialysis showed that serum 
Mg levels among patients receiving PPIs were significantly 
lower than those who were not on PPIs [13,14]. Besides, by 
multivariate analysis, they found that the use of PPIs was a 
strong and independent predictor of low Mg levels, similar 
to the present study. 
Vascular calcification is highly prevalent in patients who 
are on ongoing hemodialysis and continue after RT [15]. 
Previous studies have shown that hypomagnesemia may 
be related to atherosclerosis and arterial stiffness. The 
underlined mechanism may be associated with mitochondrial 
dysfunction and Ca transient suppression. A retrospective 
study on patients undergoing ongoing hemodialysis detected 
that serum Mg level was an independent factor for arterial 
stiffness [16]. Similar to our study, the relationship between 
hypomagnesemia and vascular stiffness was investigated in a 
previous study on RTRs. Our results were consistent with those 
of a previous report, as serum Mg level was an independent 
risk factor for arterial stiffness [17].
A previous study demonstrated that PPIs directly damage 
vascular endothelial cells [18]. Yepuri et al. [19] demonstrated 
that PPIs result in impaired endothelial function. Another 
recent study reported that PPIs decrease the levels of anti-
atherogenic molecules in endothelial cells [20]. The present 
study, we showed PPI are associated with increased arterial 
stiffness and cardiovascular risk by decreasing Mg levels 

Figure 1. Mean serum magnesium level in group 1

Figure 2. Mean PWv was significantly higher in group 1 than in group 2
PWv: Pulse-wave velocity

Table 2. Demographic and clinical characteristics of the study groups

Group 1 (n=164) Group 2 (n=96) Control group (n=94) p value

Age, mean±SD (years) 38.4±4.6 41.1±3.1 39.7±9.7 NS
Duration of dialysis before tx, mean±SD (months) 76.4±1.8 83.2±1.6 77.6±2.4 NS
Duration of transplantation (months) 38.1±9.4 37.6±8.7 39.6±7.6 NS
Hemoglobin (g/dL) mean±SD 11.6±1.7 11.2±2.4 11.8±0.9 NS
Serum albumin (g/L) mean±SD 3.8±0.7 3.6±0.4 3.8±1.1 NS
Serum phosphate (mg/dL) mean±SD 4.2±0.4 4.6±0.6 4.4±0.7 NS
Serum creatinine (mg/dL) mean±SD 1.24±0.1 1.22±0.2 1.30±0.1 NS
Serum magnesium level (mg/dL) mean±SD 1.1±0.4 1.7±0.2 1.6±0.1 <0.05

PWv, mean±SD (m/sec) 7.3±0.2 6.3±0.1 6.2±0.1 <0.01
NS: Not significant, PWv: Pulse wave velocity, tx: Transplantation, SD: Standard deviation
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in RTRs. These findings suggest that PPIs may increase 
calcification induced by vascular endothelial injury.

Study Limitations

The limitations of the present study include, first, we studied 
serum Mg levels, but did not specifically look at the ionized 
Mg fraction and  we did not give information on PPI duration 
and baseline magnesium levels prior to PPI initiation, second, 
the lack of pretransplant measurements of PWv in recipients, 
third, we did not measure dietary Mg intake, markers of 
nutritional status, and finally, we did not distinguish the PPI 
types and  we did not specify immunosuppressive drug levels.

Conclusion

In conclusion, we detected that PPIs may inhibit magnesium 
absorption independent of calcium metabolism in RTRs. 
Moreover, PPIs are linked to increased arterial stiffness and 
cardiovascular risk in RTRs. Thus, physicians should be aware 
of the side effects of PPIs to reduce cardiovascular morbidity 
and mortality. On the other hand, because of its cross-
sectional design, this study has limited the ability to assess 
the long-term effects of PPI use on magnesium levels and 
cardiovascular risk, and prospective studies are needed to 
assess long-term impacts.
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