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Abstract 

Background:  Hypomagnesemia is a predictor of progression and mortality of chronic kidney disease (CKD) patients. 
However, limited data is available about the prevalence and kidney-related risk factors of hypomagnesemia in the 
CKD patients. We aimed to investigate the prevalence and risk factors of low serum magnesium level associated with 
proteinuria and its impact on CKD patients. This cross-sectional study enrolled 100 CKD patients with different stages 
according to estimated glomerular filtration rate (eGFR), divided into 2 groups (proteinuric and non-proteinuric) in the 
period from February 2020 to August 2020.

Results:  The number of participants in this study was 100 subjects, 50 patients were proteinuric and 50 patients had 
no proteinuria. The study participants’ serum magnesium levels ranged from 1.2 to 2.7 mg/dL. Fourteen (28%) of pro‑
teinuric individuals had a serum magnesium level of less than 1.8 mg/dL. Hypomagnesemic patients had significantly 
higher urine albumin creatinine ratio (UACR) (2071 mg/g vs. 812 mg/g, P<0.001), significantly higher CRP (48 mg/L vs. 
12 mg/L, P<0.001), and lower mean hemoglobin levels as well (10.4 g/dL vs. 10.91 g/dL, P= 0.044). Serum magnesium 
level showed negative correlation with UACR (r=−0.504, P<0.001), parathyroid hormone (r=−0.276, P=0.005), and 
CRP (r=−0.505, P<0.001).

Conclusions:  Hypomagnesemia is a frequent electrolyte disorder in patients with CKD. Hypomagnesemia is inde‑
pendently associated with proteinuria. Hypomagnesemia is a risk factor of inflammation, anemia and hyperparathy‑
roidism in pre-dialysis CKD population.
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Background
Magnesium is the second most significant intracellular 
cation and the fourth most common cation in the body 
[1]. In recent years, the awareness of magnesium has 
been increasing as it is implicated in multiple physiologi-
cal functions of human cells [2]. Magnesium is involved 

in bone metabolism, adenosine triphosphate metabolism, 
neurotransmitter release, blood vessel tone, and cardiac 
rhythm [3–5]. Abnormal homeostasis of serum magne-
sium may occur in chronic kidney disease (CKD) and 
end-stage renal disease (ESRD) patients [6].

In early CKD stages (1–3), a rise in fractional magne-
sium excretion is compensating for the loss of kidney 
function, and serum magnesium levels are thus main-
tained within their normal ranges [7]. In late CKD stages 
(4–5), impairment of tubular reabsorption results in 
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increase of the fraction excretion of filtered magnesium 
[8].

Although hypomagnesemia is clinically prevalent in 
CKD, it is reasonable to predict that it will be uncommon 
in patients with a low glomerular filtration rate (GFR). Its 
prevalence in these patients, however, is unknown. Fur-
thermore, hypomagnesemia-related factors, particularly 
kidney-intrinsic risk factors, have not been thoroughly 
investigated.

Therefore, this study was conducted in the period from 
February 2020 to August 2020 aiming to assess the preva-
lence and risk factors of hypomagnesemia associated 
with proteinuria and its impact on chronic kidney disease 
patients.

Methods
This is a cross-sectional study on 100 CKD patients with 
different stages according to estimated glomerular fil-
tration rate (eGFR), divided into 2 groups (proteinuric 
and non-proteinuric) in the period from February 2020 
to August 2020. CKD was defined according to The 
National Kidney Foundation’s Kidney Disease Outcomes 
Quality Initiative (KDOQI) as the presence of kidney 
damage or glomerular filtration rate (GFR) of <60 mL/
min/1.73m2 for ≥3 months. eGFR was estimated using 
CKD-EPI equation.

The study was approved by our University Hospital 
institutional ethical committee; written informed consent 
was taken from the patients to participate in this study.

CKD patients not on dialysis defined according to the 
KDOQI guidelines with age above 18 years old of both 
male and female sexes were included. We excluded any 
patient who had a history of chronic diarrhea, ileostomy 
or colostomy, patients with malignancy, on magnesium-
based medications, and unwilling patients to participate.

All participants were submitted to history taking (dia-
betes mellitus, hypertension, CKD, drug history, previous 
operations), full physical examination, and investigations 
to fulfill inclusion and exclusion criteria including the 
following: serum creatinine (mg/dl), serum total magne-
sium level (mg/dl), serum albumin level (gm/dl), serum 
sodium level (mg/dl), serum potassium level (mg/dl), 
serum calcium level (total and ionized) (mg/dl), serum 
phosphorus level (mg/dl), intact parathyroid hormone 
(iPTH) (pg/ml), total cholesterol and triglycerides (mg/
dl), UACR (mg/g), CRP (mg/L), and hemoglobin (gm/dl).

Serum magnesium values of less than 1.8 mg/dL were 
considered hypomagnesemia. The CKD-EPI equation 
was used to calculate the eGFR.

Results
The number of participants in this study was 100 sub-
jects, 50 patients were proteinuric and 50 patients had 
no proteinuria. Fifty-three percent of the studied patients 
were males and 47% were female with mean age (in years) 
50.64±13.48 in the proteinuric and 50.16 ± 11.31 in the 
non-proteinuric group (Table 1).

The serum magnesium levels ranged from 1.2 to 2.7 
mg/dL in the study participants. Fourteen (28%) of 

Table 1  Comparison between the studied groups regarding demographic data

χ2 chi-square test, t independent sample t test

*P<0.005 is statistically significant

Parameter Groups Test

Proteinuric group Non-proteinuric group χ2/t P

N=50 (%) N=50 (%)

Gender

  Female 21 (42) 26 (52) 1.004 0.518

  Male 29 (58) 24 (48)

Age (year)
Mean ± SD

50.64 ± 13.48 50.1 ± 11.31 0.217 0.829

Comorbidity:

  NAD 5 (10) 6 (12)

  Diabetes 25 (50) 19 (38) 8.976 0.03*

  Hypertension 9 (18) 21 (42)

  Diabetes, hypertension 11 (22) 4 (8)

Drugs

  Loop diuretics 48 (96) 45 (90) Fisher 0.436

  PPI 27 (54) 30 (60) Fisher 0.686
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proteinuric individuals had a serum magnesium level of 
less than 1.8 mg/dL (Table 2, Fig. 1).

Diabetic population are more likely to have 
hypomagnesemia as shown in (Table  3), 8 (57%) of 
hypomagnesemic patients were diabetic, 2 patients (14 

%) were hypertensive, and 4 patients (22 %) were both 
diabetic and hypertensive. Compared with normomagne-
semic patients, hypomagnesemic patients had signifi-
cantly higher UACR (2071 mg/g vs. 812 mg/g, P<0.001) 
(Fig.  2), had significantly higher CRP (48 mg/L vs. 12 
mg/L, P<0.001) (Fig.  3), much lower mean hemoglobin 
levels as well (10.4 g/dL vs. 10.91 g/dL, P= 0.044), had 
significantly low serum potassium (57.1% vs. 25.0%, P= 
0.031), and lower serum sodium (35.7% vs. 8.3%, P= 
0.030) (Table 4).

To investigate the parameters associated to serum 
magnesium levels, correlation analysis was used. Serum 
magnesium correlated positively with serum sodium 
(r=0.203, P=0.043), potassium (r=0.436, P<0.001), phos-
phorus (r=0.223, P=0.026), total albumin (r=0.246, 
P=0.014), although negatively correlated with UACR 
(r=−0.504, P<0.001) (Fig. 4), iPTH (r=−0.276, P=0.005), 
CRP (r=−0.505, P<0.001), and total cholesterol 
(r=−0.272, P=0.006) (Table 5).

Multivariate regression analysis was performed to 
determine the independent determinants of hypomagne-
semia. UACR, CRP, serum potassium, and sodium 
were the independent predictors of hypomagnesemia 
(Table 6).

Discussion
Magnesium regulation and elimination in CKD patients 
is relatively understudied. Despite this gap in knowledge, 
we know that when the glomerular filtration rate (GFR) 
drops below 20–30 mL/min, serum magnesium levels 
rise; however, we do not know what happens to serum 
magnesium level in patients with CKD stages 1–3, GFR 
> 30 mL/min [9]. Therefore, this study was conducted in 

Table 2  Comparison between the studied groups regarding 
serum electrolytes

χ2 chi-square test

*P<0.005 is statistically significant

**P≤0.001 is statistically highly significant

Parameter Groups Test

Proteinuric group Non-
proteinuric 
group

χ2 P

N=50 (%) N=50 (%)

Magnesium level:

  Hypo 14 (28) 0 (0) 16.279 <0.001**

  Normal 36 (72) 50 (100)

Potassium level:

  Hypo 17 (34) 0 (0) 20.842 <0.001**

  Normal 33 (66) 50 (100)

Sodium level:

  Hypo 8 (16) 8 (16)

  Normal 42 (84) 42 (84)

Calcium level:

  Hypo 27 (54) 39 (78) 6.417 0.011*

  Normal 23 (46) 11 (22)

Phosphorus level:

  Normal 33 (66) 32 (64) 0.044 0.834

  Hyper 17 (34) 18 (36)

Fig. 1  Multiple bar chart showing comparison between the studied groups regarding electrolyte imbalance
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the period from February 2020 to August 2020 aiming to 
assess the prevalence and risk factors of low serum mag-
nesium level associated with proteinuria and its impact 
on chronic kidney disease patients.

In the present study, the prevalence of hypomagne-
semia among proteinuric patients was 28%. Oka et  al. 
study was on about 5000 patients. The most frequent 
electrolyte abnormality was hypomagnesemia (14.7%), 
which had a similar prevalence among stages of CKD 
[10]. Another study conducted by Rao and Shariff on 
100 CKD patients with type II DM, divided into 2 equal 
groups, proteinuric and non-proteinuric, showed about 
6% of proteinuric group had hypomagnesemia (mean 
2.09 ± 0.28 mg/dl) [11].

Proteinuric patients had significantly lower serum 
magnesium levels than non-proteinuric patients. This is 
in agreement with Corsonello et al., who studied diabetic 
patients with proteinuria and found a significant decrease 
in serum ionized magnesium compared to normoalbumi-
nuria patients [12].

We found that the serum magnesium level was nega-
tively correlated with UACR level. This is in agreement 
with Arpaci et al. [13], Corica et al. [14], and Corsonello 
et  al. [12] who found that when compared to the non-
proteinuria group, diabetic patients with proteinuria 
had a substantial drop in serum ionized magnesium. The 
association between hypomagnesemia and proteinuria 

Table 3  Relation between magnesium level and baseline data 
among proteinuric group

χ2 chi-square test, t independent sample t test

Parameter Proteinuric group Test

Hypomagnesemia Normal 
magnesium 
level

χ2/t P

Mean ± SD Mean ± SD

Age (year) 50.21 ± 12.63 50.81 ± 13.97 −0.138 0.891

Gender:

  Female 8 (57.1%) 13 (36.1%) 1.830 0.176

  Male 6 (42.9%) 23 (63.9%)

Comorbidity:

  NAD 0 (0) 5 (13.9)

  Diabetes 8 (57.1) 17 (47.2) 2.674 0.483

  Hypertension 2 (14.3) 7 (19.4)

  Diabetes, 
hypertension

4 (22) 7 (19.4)

Drugs :

  Loop diuretics 14 (100) 34 (94.4) Fisher 0.589

  PPI 9 (64.3) 18 (50) 0.828 0.363

Fig. 2  Boxplot showing relation between hypomagnesemia and UACR among proteinuric patients
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may be explained by osmotic diuresis in proteinuric indi-
viduals, which leads in increased urinary magnesium 
excretion by the kidney.

There was no significant difference between the nor-
momagnesimic and hypomagnesimic groups as regard 
the use of PPI or diuretics; this is in concordance with 

Fig. 3  Boxplot showing relation between hypomagnesemia and CRP among proteinuric patients

Table 4  Relation between magnesium level and laboratory data among proteinuric group

¥ Mann Whitney test, t independent sample t test

*P<0.05 is statistically significant

**P≤0.001 is statistically highly significant

Parameter Proteinuric group Test

Hypomagnesemia Normal magnesium level χ2/t P

Mean ± SD Mean ± SD

Hemoglobin (g/dL) 10.4 ± 0.8 10.91 ± 0.77 −2.07 0.044*

CRP¥ 48 (24–120) 12 (6–96) −4.561 <0.001**

Hyponatremia n (%) 5 (35.7%) 3 (8.3%) Fisher 0.030*

Hypokalemia n (%) 8 (57.1%) 9 (25.0%) 4.641 0.031*

Hypocalcemia n (%) 6 (42.9%) 21 (58.3%) 0.972 0.324

Hyperphosphatemia 5 (25.7%) 12 (33.3%) 0.025 0.873

PTH¥ 120 (55–128) 96.5 (55–170) −1.806 0.071

Creatinine 2.47 ± 0.79 2.74 ± 0.73 −1.137 0.261

eGFR¥ 26.1 (15.2–46.7) 23.05 (10.3–56.5) −0.897 0.37

Total cholesterol 226.57 ± 29.7 218.53 ± 63.17 0.61 0.545

Albumin 3.12 ± 0.42 3.53 ± 0.46 −2.944 0.005*

UACR​¥ 2071 (450–5000) 812 (25–6350) −8.577 <0.001**
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Koulouridis et  al. [15], on their study on 804 well-
matched inpatients, who found that use of proton-pump 
inhibitors prior to admission was not associated with 
hypomagnesemia. Van Ende et al. [16] studied 512 renal 
transplant recipients and concluded that use of proton-
pump inhibitors was not a predictor of hypomagnesemia. 
Other studies show significant association between 
hypomagnesemia and PPI or diuretic use. Danziger 
et  al. [17] who studied 11,490 patients admitted to an 
intensive care unit found that hypomagnesemia was dis-
closed exclusively in patients concurrently treated with 
both PPI and diuretics. Kim et  al.’s [18] study on 1356 
patients concluded that serum magnesium was lower 
(n = 112) in users of PPI than in nonusers (n = 1244). 

Concurrent treatment with cisplatin or carboplatin fur-
ther exacerbated hypomagnesemia. Lindner et  al.’s [19] 
study on 5118 emergency department patients showed 
that hypomagnesemia was significantly associated with 
the use of proton-pump inhibitor or both proton-pump 
inhibitors and diuretics. The difference between these 
studies may be due to different sample size, study design, 
duration of proton-pump inhibitors intake, and concomi-
tant use of other drugs causing hypomagnesemia.

The current study showed that serum magnesium level 
was negatively correlated with PTH level. This is in agree-
ment with Ohya et  al. [20], who found that the serum 
magnesium level was significantly higher in patients 
with low PTH levels, and they also concluded that PTH 
levels had a significant negative correlation with the 
serum magnesium levels in their study on 1231 ESRD 
patients just prior to beginning HD in Japan (p < 0.01). 
Furthermore, the serum Mg level was an independent 
factor apart from the other factors regulating iPTH, 
and Mansour et  al. [21] found that serum magnesium 
level was negatively correlated with iPTH (r=−0.253, 
P<0.05). Serum magnesium has an inhibitory effect on 
PTH release from parathyroid gland by binding to the 

Fig. 4  Scatter dot graph showing significant negative correlation between serum magnesium and UACR​

Table 5  Correlation between serum magnesium and the 
studied parameters

r Pearson correlation coefficient, ¥ Spearman rank correlation coefficient

*P<0.05 is statistically significant

**P≤0.001 is statistically highly significant
¥ Spearman rank correlation coefficient

R P

Age −0.049 0.628

CRP¥ −0.505 <0.001**

Sodium 0.203 0.043*

Potassium 0.436 <0.001**

Calcium −0.181 0.072

Phosphorus 0.223 0.026*

PTH¥ −0.276 0.005*

Creatinine 0.055 0.865

eGFR¥ 0.003 0.997

Total cholesterol −0.272 0.006*

Albumin 0.246 0.014*

UACR​¥ −0.504 <0.001**

Table 6  Multivariate regression analysis of factors significantly 
associated with hypomagnesemia among proteinuric group

AOR adjusted odds ratio, CI confidence interval

**P≤0.001 is statistically highly significant

β P AOR 95% C.I.

Lower Upper

UACR≥812 1.289 .293 3.628 0.329 40.027

CRP >96 4.248 .001** 69.968 5.831 839.64

Hyponatremia 1.955 .172 7.060 .428 116.451

Hypokalemia 1.825 .134 6.201 .572 67.274
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calcium-sensing receptors, and both hypermagnesemia 
and severe hypomagnesemia can suppress PTH.

In our study, among proteinuric group, patients with 
hypomagnesemia were more anemic than patients with 
normal serum magnesium level. Consistent with these 
findings, Sakaguchi et  al.’s [22] large cohort study from 
Japan on hemodialysis patients concluded that patients 
with hypomagnesemia were more anemic than normo-
magnesemia patients. In a cross-sectional study of Biyik 
et  al. [23], they also found that low serum magnesium 
levels were significantly associated with anemia in non-
dialysis CKD patients. Because serum magnesium is 
essential for many important enzymes included in energy 
metabolism and synthesis of cellular and nuclear pro-
teins, hypomagnesemia might lead to reduction in energy 
production with subsequent low hemoglobin synthesis 
[24]. Also, hypomagnesemia is associated with a state of 
inflammation which is an important cause of anemia in 
CKD patients [25].

Magnesium has antioxidant and anti-inflammatory 
properties. Oxidative stress and inflammation accelerate 
the progression of CKD [26]. Hypomagnesemia triggers 
the synthesis of interleukin-1beta and tumor necrosis 
factor, as well as the expression of various proinflamma-
tory factors [27, 28]. In our study, serum magnesium was 
negatively correlated with CRP. This agrees with a cross-
sectional study involving 58 HD patients at the Sahraee 
Center of Shiraz, Iran; there was a significant negative 
correlation between serum magnesium levels and CRP 
[29]. Interestingly, hypomagnesemia in peritoneal dialysis 
patients were significantly associated with high CRP and 
malnutrition, all of which contributed to a higher risk of 
mortality through worsening cell health and increasing 
inflammation [30]. In a study of 98 HD patients, Liu et al 
[31] found a significant relationship between low serum 
magnesium levels and many cardiovascular risk factors, 
including inflammation as well as ischemic heart disease.

Our study has some limitations. The study only 
included 100 patients, which was a relatively small 
sample size. A large sample size would have further 
verified our findings. Our study was a cross-sectional in 
nature, with a single serum magnesium measurement 
that could change with time. We were also unable to 
investigate whether magnesium supplementation could 
improve inflammation, anemia, or hyperparathyroidism. 
For this, prospective randomized studies are required.

Conclusions
In conclusion, hypomagnesemia is a common electro-
lyte disorder in non-dialysis CKD population and is 
independently associated with proteinuria. Hypomagne-
semia is a risk factor for inflammation, anemia, and 

hyperparathyroidism in pre-dialysis CKD population. It 
is not clear whether correcting hypomagnesemia in CKD 
population with diet or magnesium supplementations 
will help in retarding the progression of proteinuria and 
CKD. More prospective randomized studies with high 
number of patients are required.
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