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Abstract

Aim: Post-transplant hypomagnesemia is a frequently encountered and significant electrolyte disorder and is mA

common in patients using calcineurin inhibitors (CNIs). This study aimed to evaluate the frequency of
hypomagnesemia and accompanying conditions in the outpatient follow-up of renal transplant recipients.
Methods: This cross-sectional study included 236 renal transplant patients. Demographic characteristics of the
patients and their biochemical values, including drug levels, were recorded.

Results: Of the patients, 69 (29.2%) were female, and 194 (82.3%) were living donor recipients. The mean age of
the entire group was 43.1 years. The frequency of hypomagnesemia was 40% (10/25) in the first 12 months,
26.1% (23/88) between the 12th and 60th months, 26% (32/123) after 60 months, and 27.5% (65/236) in all
patients. In patients with higher levels of tacrolimus compared to those with the target level, the frequency of
hypomagnesemia increased in those with a posttransplant period of 12-60 months (40.9% vs. 20.8%, p: 0.018)
and over 60 months (44% vs. 26%, p: 0.046). In addition, the magnesium (Mg+2) level was lower in patients using
tacrolimus compared to those using cyclosporine (CsA) (1.80+0.18 vs 1.91+0.25, p: 0.003). The effect of
hypomagnesemia on graft functions was statistically insignificant in all groups.

Conclusion: Hypomagnesemia is a common electrolyte disorder in the early and late periods after transplantation.
In our study, hypomagnesemia did not differ according to proton pump inhibitor (PPI) use, gender, fasting blood
glucose, and glomerular filtration rate. However, the frequency increased in patients using tacrolimus and those

with above-target serum tacrolimus levels.
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Mg+2 is the fourth most abundant cation in the body and the sec-
ond most crucial intracellular cation2. Approximately half of the
total body Mg*2 is found in bones, and the rest is found in skeletal
muscles and soft tissues2. Mg*2 involves physiological processes
such as nerve and muscle function, cardiac rhythm, and blood
pressure regulation. Low serum Mg+*2 level (hypomagnesemia) is
an electrolyte disorder frequently seen after renal transplantations.
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It may cause symptoms such as muscle cramps or spasms, arrhyth-
mias, numbness or formication in the extremities, mood swings or
nervousness, loss of appetite, nausea, and vomiting. Hypomagnese-
mia may develop due to diuretics, acid-base imbalances, or Mg*2 loss
due to renal tubular damage or gastrointestinal disturbances such as
diarrhea, nausea, or vomiting. It is diagnosed by measuring serum
Mg*2 levels. Treatment is primarily provided by supplementing Mg*2
and the dosage and administration route depends on the deficiency
level and the patient's clinical condition. Regular monitoring of Mg+*2
levels is of great importance to ensure the effectiveness of the treat-
ment and maintain the appropriate Mg*2 balance. Hypomagnesemia
becomes more of an issue, especially in patients using CNIs*.

In our study, we aimed to observe the frequency of hypomagnese-
mia in short (<12 months), medium (12-60 months), and long-term
(>60 months) after renal transplantation and its relationship with the
use of CNIs and biochemical and demographic characteristics.
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A total of 370 kidney transplant patients were evaluated. Of
these 370 patients, 236 kidney transplant patients aged over 18
who underwent kidney transplantation between 2000 and 2016,
who did not have acute rejection or acute kidney injury, who had a
glomerular filtration rate of (GFR) >30 ml/min, who did not have
any gastrointestinal or other critical diseases, who did not use di-
uretics, and who did not have uncontrolled diabetes were included
in the study. Power analysis was performed for identifying the
number of participants in the study conducted between 2016 and
2019, and two hundred and twenty patients were targeted. In the
study, the frequency of hypomagnesemia in the first 12 months,
between the 12th and 60th months, and after 60 months and the
estimated glomerular filtration rate (e-GFR/CKD-EPI 2021), CNI
levels (Tacrolimus CO and cyclosporine A C2 level), and laboratory
parameters were compared. In the study in which hypermagnese-
mia was not observed, patients were divided into two groups ac-
cording to the Mg+ level: hypomagnesemia (below 1.8 mg/dL) and
normomagnesemia. Tacrolimus therapeutic target range was ac-
cepted as 8-12 ng/mL in the first 12 months, 5-8 ng/mL between
12 and 60 months, and 3-5 ng/mL after 60 months; C2 target level
in patients treated with cyclosporine A (CsA) was accepted as
1000-1200 ng/ml (0-3 months), 600-1000 ng/ml (3-12 months),
and around 600-800 ng/ml (>12 months). The study was designed
as a cross-sectional and retrospective study. The study was con-
ducted on outpatient kidney transplant patients admitted to the
nephrology outpatient clinic of Cukurova University Faculty of
Medicine.

Ethics committee approval was taken from Cukurova University
Ethics Committee (Dated: 4/3/2016, Decision Number: 24). In-
formed consent was taken from all patients.

SPSS 18.0 for Windows was used for statistical evaluation. As a
descriptive value, minimum, maximum, mean, and standard devi-
ation were used for quantitative data. In intergroup comparisons,
Chi-square and Fisher's exact tests were used for categorical vari-
ables, and a t-test was used for paired group comparisons. In eval-
uation, p<0.05 was accepted as the significance level.

Of the patients included in the study, 69 (29.2%) were female,
and 194 patients (82.3%) were transplant recipients from a living-
relative donor. The mean age of the entire group was 43.1. Post-
transplant hypomagnesemia was observed in 65/236 (27.5%) pa-
tients. The frequency of hypomagnesemia was 40% (10/25) in the
first 12 months, 26.1% (23/88) between the 12th and 60th
months, and 26% (32/123) after 60 months. The primary kidney
diseases of the patients, the immunosuppressive drugs they used,
and their demographic data are presented in Table 1.

Serum calcium and potassium levels were statistically signifi-
cantly lower in the hypomagnesemia patient group compared to
the normomagnesemic group (9.31+0.78 mg/dL vs. 9.59+0.59
mg/dL, p=0.008 - 4.14+0.48 mmol/L vs. 4.3+0.51 mmol/L,
p=0.028, respectively). There was no statistically significant differ-
ence between patients with and without hypomagnesemia regard-
ing age, gender, follow-up periods, e-GFR levels, living or cadaveric
transplantation, serum levels of sodium, glucose, CNI, and PPI use
(Table 2).

In cases where tacrolimus was above the target level, hypomag-
nesemia was statistically significantly more frequent than normo-
magnesemia in both the patient groups with a posttransplant per-

https://dergipark.org.tr/en/pub/jocass

Demographic characteristics of patients

Variables

Female/Male, n (%) 69(29.2)/167(70.8)
Female/Male Mean age+SD 40.52412.3/44.17+12.37
The mean age +SD of the entire group 43.10+12.42
Cadaveric/living donor n (%) 42(17.7)1194(82.3)
Number of patients using PPI, n (%) 71(30.1)
Number of patients using tacrolimus 186/236
Number of patients using cyclosporin 33/236
Number of patients using mTOR inhibitor 10/236
Other immunosuppressive drugs 7236
Primary Kidney Disease n(%)
Hypertension 75(32)
Diabetes mellitus 56(24)
Idiopathic 37(14)
Chronic glomerulonephritis 36(16)
Kidney stone 10(4)
Polycystic Kidney Disease 19(8)
Tubulointerstitial Nephritis 3(2)

Abbreviations: mTOR: Mammalian target of rapamycin, PPI: Proton pump inhibitor

iod of 12-60 months and >60 months (42.9% vs. 20.4%, p=0.048 /
44% vs. 22.6%, p=0.046, p=0.046, respectively), but there was no sig-
nificant difference in terms of the frequency of hypomagnesemia in
patients with a posttransplant period of <12 months (p=0.665) (Ta-
ble 3).

Serum Mg+2 levels were significantly lower in patients using tacro-
limus (n=186) than in patients using CsA (n=33) (1.80+0.18 mg/dL
vs 1.91+0.25 mg/dL, p=0.003). Sodium levels were significantly
lower in cyclosporine patients than those using tacrolimus
(136.47+2.54 mmol/L vs 137.98+2.74 mmol/L, p=0.004) (Table 4).

There was no statistically significant difference between cadaveric
and living transplantation regarding the demographic and laboratory
parameters (Table 5).

In immunosuppressive regimens using CNIs after kidney trans-
plantation, hypomagnesemia is frequently observed due to increased
urinary excretion of Mg+2. CsA and tacrolimus are most recom-
mended for maintenance immunosuppressive therapy, and both have
a magnesium-lowering effect. CNIs down-regulate renal expression
of epidermal growth factor and distal collecting tubule of Transient
Receptor Potential Melastatin 6 (TRPM6), which absorbs distal mag-
nesium>6. Hypomagnesemia was observed in 6.6% of patients receiv-
ing tacrolimus and 1.5% receiving CsA7 It has been reported that hy-
pomagnesemia frequently develops in the first few weeks after trans-
plantation and that serum Mg is at the lowest level in the second
month after transplantations8. A cohort study on 49 kidney transplant
recipients reported that 22.4% of patients developed hypomagnese-
mia six years after transplantation and that posttransplant hypomag-
nesemia could persist for a long time?®. In our study, according to the
follow-up period, the frequency of hypomagnesemia after renal
transplantation was 40% (10/25) in the first 12 months, 26.1%
(23/88) in between the 12th and 60th months, and 26% (32/123)
after 60 months. The frequency among all patients was 27.5%
(65/236).

Our study found that serum calcium and potassium levels were sta-
tistically significantly lower in the hypomagnesemia patient group
than in the normomagnesemic patient group.
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Comparison of renal transplant patients with low and normal magnesium levels in terms of the follow-up period, calcium level, phosphorus
level, graft function during transplantation, age, sex, donor source, and drug level

Serum magnesium
Variables (<1.8 mg/dL)
(n=65, 27.54%)

Magnesium level normal (>1.8 mg/dL) P
(n=171, 72.46%)

<12 months (n=25) 10 (40%) 15 (60%)

12-60 months (n=88) 23 (26%) 65 (74%)

>60 months (n=123) 32 (26%) 91 (74%)

Calcium (mg/dL) 9.31£0.81 9.58+0.59 0.018

Phosphorus (mg/dL) 3.37+0.84 3.30+0.66 0.450

Calcium x phosphorus product 31.15+5.96 31.5116.04 0.689

Sodium level (mmol/L) 137.5+3.42 137.8+2.46 0.530

Potassium level (mmol/L) 4.14+0.48 4.3+0.51 0.028

Glucose level (mg/dL) 103.12+48.54 106.74+56.98 0.671

12 months e-GFR (ml/min) 75.63+38.66 68.73+23.48 0.583

12-60 months e-GFR (ml/min) 84.16+28.73 75.78424.32 0.179

>60 months e-GFR (ml/min) 76.67£31.97 70.95+26.92 0.328

Age (year) 42.70+12.34 43.26+12.51 0.760

Sex (Female/Male) 22(32%)/47(68%) 43(26%)/124(74%) 0.337

Cadaveric transplantation (n=42) 13(20%) 29(17%) 0.585

Living transplantation (n=194) 52(80%) 142(83%) '

Tacrolimus level (ng/dL) (n=186) 5.78+2.46 5.13+2.38 0.098

Cyclosporin level (C2 level, ng/mL), (n=33) 336.06+£301.06 251.34£191.83 0.386

Use of proton pump inhibitor (Yes/No) 22(34.4%)/43(65.6%) 50(29.5%)/121(70.5%) 0.475
The frequency of hypomagnesemia in patients with serum tacrolimus levels in the target range and above the target level

Posttransplant period Magnesium level Numtt_)er of pa- Number of patients with a tacrolimus level above the P

ients target value

<12 months Hypomagnesemia 10 3/10 (30%) 0.665

(n=24) Normomagnesemia 14 3/14 (21.4%) '

12-60 months Hypomagnesemia 21 9/21 (42.9%) 0.048

(n=75) Normomagnesemia 54 11/54 (20.4%) '

>60 months Hypomagnesemia 25 11125 (44%) 0.046

(n=87) Normomagnesemia 62 14/62 (22.6%) )

* The therapeutic target range for tacrolimus was accepted as 8-12 ng/mL for <12 months, 5-8 ng/mL for 12-60 months, and 3-5 ng/mL for >60 months.

Comparison of patients' serum magnesium, glucose, and calcium levels using tacrolimus and cyclosporine as maintenance immunosup-
pressive.

Variables Patients using tacrolimus (n=186) Patients using cyclosporin (n=33) P

Patients with hypomagnesemia, n (%) 53(28.5%) 6(18.2%) 0.218
Serum magnesium (mg/dL) 1.80+0.18 1.9140.25 0.003
Serum calcium (mg/dL) 9.51+0.69 9.4410.56 0.579
Serum phosphorus (mg/dL) 3.3110.70 3.38+0.66 0.568
CalciumxPhosphorus product 31.34+5.74 31.94+6.30 0.585
Serum glucose (mg/dL) 107.93+58.57 94.61+16.56 0.259
Serum potassium (mmol/L) 4.26+0.47 4.3410.61 0.388
Serum sodium (mmol/L) 137.98+2.74 136.47+2.54 0.004
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Comparison of renal transplant recipients according to the donor

Variables Cadaveric Transplantation Living Transplantation P
Female/Male, n (%) 19(45.2%)/23(54.8%) 50(25.8%)/144(74.2%) 0.012
Age (year) 43.81£14.03 42.96+12.11 0.689
Tacrolimus level (ng/dL) 5.46+2.75 5.28+2.33 0.682
Cyclosporin C2 level (ng/mL) 354.57+204.67 257.96+214.63 0.462
Patients using tacrolimus, n (%) 39(92.9%) 147(83.1%)

Patients using cyclosporine, n (%) 3(7.1%) 30(16.9%) 0.110
<12 months, n (%) 6(14.3%) 19(9.8%)

12-60 months, n (%) 21(50%) 67(34.5%) 0.064
>60 months, n (%) 15(35.7%) 108(55.7%)

Glucose level (mg/dI) 122.44492.26 101.73+40.36 0.178
Calcium (mg/dL) 9.42+0.78 9.53+0.64 0.343
Phosphorus (mg/dL) 3.40+0.66 3.30+0.72 0.404
Calcium x phosphorus product 32.04+5.63 31.2846.09 0.467
Serum sodium (mmol/L) 138.17+3.01 137.61+2.70 0.242
Serum potassium (mmol/L) 4.25+0.46 4.26+0.52 0.903
Serum magnesium(mg/dL) 1.78+0.19 1.8210.21 0.218
<12 months e-GFR (ml/min) 80.53+40.36 68.63+26.53 0.407
12-60 months e-GFR (ml/min) 80.58+23.32 77.16426.45 0.597
>60 months e-GFR (ml/min) 72.38+26.31 72.45+28.67 0.993
Patients using proton pump inhibitor, n (%) 16(39%) 55(29.1%) 0.212

In the study conducted by Suh et al,, it was shown that the para-
thormone response might be impaired in hypomagnesemia condi-
tions, and it was stated proposed that although the parathormone
level increases, this may not be enough to provide sufficient cal-
cium level10.

CsA and tacrolimus lead to a 2- to 3-fold and 1.6- to 1.8-fold in-
crease in urinary calcium and magnesium excretion, respectively,
whereas rapamycin has no effect on calcium but doubles urinary
magnesium excretion?0,

Our study showed that the potassium levels were within normal
limits in hypomagnesemia patients but statistically significantly
lower than in normomagnesemic patients. CNI were also examined
according to the donor source, but no difference was found in po-
tassium levels in both comparison groups. In the literature, there
is no data on lower potassium levels within the normal range of
posttransplant hypomagnesemia in the case of immunosuppres-
sant use or other clinical processes. The possible reason for this
might be associated with the potassium secretion-increasing effect
of hypomagnesemia from the distal tubules.

Serum sodium levels of patients using CsA were significantly
lower than those using tacrolimus. Contrary to our study, Higgins
et al.12 stated that serum Na* levels were lower in patients using
tacrolimus, which could be associated with high glucose levels.
Our study found that the mean fasting blood glucose (FBG) was
107 mg/dL in patients using tacrolimus and 94 mg/dL in patients
using CsA and that there was no statistical difference between the
groups. There are many findings in the literature stating that there
is no difference in serum Na* levels of patients using tacrolimus
and CsA1213,

Kidney Disease Improving Global Outcomes (KDIGO) recom-
mended the target tacrolimus level as 5-15 ng/mL in the early
post-transplant period!4. However, in their study, Richards et al.14
reported that tacrolimus concentrations of >8 ng/mL are required
to reduce the frequency of early rejection in the first year after
transplantation. In our study, the therapeutic target range for tac-
rolimus was determined as 8-12 ng/mL for <12 months, 5-8
ng/mL for 12-60 months, 3-5 ng/mL for >60 months and the fre-
quency of hypomagnesemia was found to be increased in patients

with tacrolimus above the target value for 12-60 months and over 60
months (40.9% vs. 20.8%, p=0.018 and 44% vs. 26%, p=0.046, re-
spectively). In addition, it is known that tacrolimus increases renal
Mg+2 excretion, which is more common in patients with high drug lev-
elsts. Serum Mg+2 levels were significantly lower in patients using tac-
rolimus than those using CsA. This has been shown in studies on Type
2 DM, which is newly developing in the posttransplant period?e.

The limitations of our study were the relatively small number of
cases, examination at different stages of the posttransplant period,
and the study's cross-sectional design.

Hypomagnesemia is a common electrolyte disorder seen in the
early post-transplant period and the late period after five years. In-
terestingly, gender, proton pump inhibitors use, blood glucose levels,
and GFR values did not differ for hypomagnesemia in our study. It
was determined that using tacrolimus and above-target tacrolimus
levels after the 12th month increased the frequency of hypomagnese-
mia after transplantation. Due to the long-term persistence of hypo-
magnesemia, monitoring the serum Mg+2 levels in renal transplant re-
cipients is crucial.
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