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ABSTRACT

Objectives: The aim of this study was to investigate the effectiveness of routine magnesium monitoring in
patients with diabetes during follow-up.

Methods: A retrospective observational clinical study was conducted, encompassing 387 participants aged
18 years and older, with and without diabetes. The control group comprised patients without diabetes. The
group with diabetes consisted of 237 patients (134 women, 103 men), while the control group consisted of 150
patients (85 women, 65 men). Hypomagnesemia was diagnosed at <1.6 mg/dL. The study compared the groups
based on the frequency of hypomagnesemia and clinical characteristics.

Results: The prevalence of hypomagnesemia was 8.8% (13.8% in patients with diabetes, 1.3% in the control
group; p=0.001), with a magnesium level of 1.93+0.24 mg/dL (1.85+0.25 mg/dL in patients with diabetes,
2.06+0.16 mg/dL in the control group; p=0.001).

The study found that the prevalence of hypomagnesemia was significantly higher in patients with diabetes,
particularly those with advanced age, longer duration of diabetes, impaired glycemic control, and previous
hypomagnesemia diagnosis. Moreover, the use of proton pump inhibitors (PPIs) and diuretics were more
common in patients with diabetes with hypomagnesemia. Conversely, the frequency of SGLT-2 inhibitor use
was lower in patients with hypomagnesemia.

Discussion: This study suggests that routine magnesium measurement should be considered as a part of standard
evaluation, especially for patients with diabetes exhibiting the aforementioned risk factors, and emphasizes the
significance of acknowledging PPI and diuretic usage in such cases.
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agnesium is an important ion involved
Min almost every mechanism in the cell,
including energy homeostasis, protein
synthesis, and DNA stability, and hypomagnesemia is
defined as a magnesium concentration of 1.6 mg/dL

or <2 standard deviations from the general population

mean.! Hypomagnesemia may develop due to chronic
disease, alcoholism, drugs, gastrointestinal or renal
loss and many other reasons. Signs and symptoms
can range from mild tremor and malaise to cardiac
ischemia and death. It is an important electrolyte
disorder that can be observed in 2% of the general
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population, 12% of hospitalized patients, 60-65%
of patients hospitalized in intensive care units, and
14-48% of those with type 2 diabetes.”* It has been
reported that magnesium levels are lower in patients
with diabetes than in those without diabetes, and that
mutations in magnesotropic genes, low dietary Mg
intake, autonomic neuropathy or impaired intestinal
Mg absorption due to diarrhea triggered by metformin
use, drugs such as diuretics, immunosuppressives and
proton pump inhibitors, metabolic acidosis and insulin
resistance may be related to this.’ On the other hand, it
has been reported that hypomagnesemia is associated
with poor glycemic control and micro/macro vascular
complications and development of foot ulcers in
patients with diabetes.® Magnesium is not a routine
monitoring parameter in patients with diabetes in daily
practice. However, in parallel with the increase in
laboratory investigations, asymptomatic or incidental
hypomagnesemia cases are frequently encountered.
The aim of this study was to determine the frequency
of hypomagnesemia and clinical features associated
with hypomagnesemia in patients with type 2 diabetes.

METHODS

Two hundred and thirtyseven patients with a
confirmed diagnosis of type 2 diabetes mellitus
and 150 controls aged >18 were included in this
retrospective, observational, clinical study among
consecutive patients attending the outpatient clinics
of an university hospital department of Internal
Medicine. Patients with advanced kidney and heart
failure, chronic liver disease, cancer or malabsorption
disorder were excluded from the study. Study protocol
was approved by local ethics committee (approval date
and number:0581/2022). The study was conducted in
accordance with Declaration of Helsinki.

Study design

Demographic characteristics, comorbid conditions,
duration of diabetes, type of diabetes, treatment
features, presence of hypomagnesemia detected in
previous admissions, use of drugs known to have an
effect on magnesium levels (such as diuretic, antibiotic,
proton pump inhibitor, immunosuppressive, digitalis)
of patients who met the inclusion criteria.

Previous and current laboratory data (glucose,
HbAlc, creatinine, alanine aminotransferase,
total cholesterol, LDL cholesterol, triglyceride,
magnesium) were obtained from medical records.The

diagnosis of hypomagnesemia was accepted as the
hospital laboratory lower limit reference value of <1.6
mg/dL.

Diabetes and control groups were compared
according to the frequency and clinical features of
hypomagnesemia. The clinical features of patients
with hypomagnesemia and normal magnesium who
have diabetes were also analyzed. Multivariate logistic
regression analysis was performed to identify clinical
features associated with hypomagnesemia.

Diabetes mellitus diagnosis

Patients were diagnosed with diabetes mellitus if
they had one of the following: Fasting plasma glucose
>126 mg/dL (7.0 mmol/L) or 2 h glucose >200 mg/
dL (11.1 mmol/L) during oral glucose tolerance test,
or HbAlc >6.5% (48 mmol/mol) or a random plasma
glucose >200 mg/dL (11.1 mmol/L) in a patient with
symptoms of hyperglycemia.’

Laboratory analysis

Fasting glucose concentrations were determined
using the hexokinase method. Serum creatinine was
assayed using the kinetic Jaffe method. For alanine
transaminase concentrations, an enzymatic (without
P-50-P, NADH) method was used. Fasting plasma
total cholesterol, HDL and LDL cholesterol, and
triglyceride concentrations were determined using
enzymatic methods (Abbott Architect c16000 and
c8000, Abbott). A Tosoh HLC-723 G8 (Tosoh G&)
(Tosoh, Japan) (variant-mode) ion exchange high-
performance liquid chromatography system was used
for HbAlc measurements. Magnesium was studied on
Roche/Hitachi cobas 8000 ¢, Mannheim, Germany.

Statistical Analyses

NCSS (Number Cruncher Statistical System) 2020
Statistical Software (NCSS LLC, Kaysville, Utah,
USA) program was used. Shapiro Wilks test and Box
Plot graphs were used to evaluate the conformity of
the data to normal distribution. Student t-test was
used for the evaluation of two quantitative groups
with normal distribution and Mann Whitney U Test
was used for the evaluation of two quantitative groups
without normal distribution. Pearson Chi-Square
Test, Fisher’s Exact Test and Fisher Freeman Halton
test were used to compare qualitative data. Logistic
Regression Analysis was used to determine the risk
factors affecting low magnesium. The results were
evaluated at 95% confidence interval and significance
was evaluated at p<0.05 level.
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RESULTS

A total of 387 patients (219 females, 168 males)
were included in the study. The group with diabetes
consisted of 237 individuals (134 female, 103 male,
mean age: 60.87+£10.86 years), while the control group
comprised 150 cases (85 female, 65 male, mean age:
59.56+11.46 years).

The clinical characteristics of the groups are
detailed in Table 1. Age and gender distributions were
comparable between the groups. Hypomagnesemia
was observed in 8.8% of all cases, with a mean
magnesium level of 1.93+0.24. The frequency of
patients with hypomagnesemia in their previous
admissions was 14.2%, and no patients exhibited
hypermagnesemia.

The group with diabetes showed a higher
prevalence of hypomagnesemia compared to the
control group (13.5% vs. 1.3%, p=0.001), with lower
mean magnesium levels (1.85+0.25 mg/dL versus

Table 1. Clinical characteristics of the groups

2.06+0.16 mg/dL, p=0.001), and a higher reported
incidence of hypomagnesemia in previous records
(20.3% vs. 4.7%, p=0.001). Fasting glucose, HbAlc,
and triglyceride levels were higher, whereas total
cholesterol, LDL cholesterol, and HDL cholesterol
levels were lower in the diabetic group (p<0.01 for
all). The frequencies of patients using antihypertensive
drugs, including diuretics and proton pump inhibitors,
were higher in the group with diabetes than in the
group without diabetes (p<0.01 for all).

The comparison of clinical and laboratory features of
patients with diabetes experiencing hypomagnesemia
and those with normal magnesium are given in Tables
2 and 3.

In the diabetic group with hypomagnesemia, mean
age (p=0.001), mean duration of diabetes (p= 0.023),
frequency of patients with hypomagnesemia at
previous admissions (p=0.001), frequency of patients
using proton pump inhibitors (p=0.011), patients using
mixed insulin frequency (p=0.018) and fasting glucose

Total DM- DM+ p

(n=387) (n=150) (n=237)
Age (sd) 60.36£11.1 59.56£11.46 60.87+10.86 0.137
Female (n,%) 219 (56.6) 85 (56.7) 134 (56.5)
Male (n,%) 168 (43.4) 65 (43.3) 103 (43.5) 0.980
Frequency of previous hypomagnesemia (n,%) 55(14,2) 74,7) 48 (20,3) 0.001
Laboratory
Glucose (mg/dL) 128,04+58,48 91,89+12,80 150,92+64,30 0,001
HbA1C (%) 6,86+1,80 5,59+0,36 7,66+1,89 0,001
Creatinine (mg/dL) 0,82+0,22 0,82+0,17 0,83+0,25 0,663
Glomerular filtration rate (mL/dk/1.73 m?) 88,5+18,35 89,49+15,72 87,88+19,84 0,779
Alanine aminotransferase 19,8+12,67 20,64+15,27 19,27+10,70 0,505
Total cholesterol (mg/dL) 192,35+46,44 203,64+40,73 185,2+48,45 0,001
LDL cholesterol (mg/dL) 109,56+38,46 120,33+35,07 102,75+39,02 0,001
HDL cholesterol (mg/dL) 51,34+13,71 54,57+13,71 49,29+13,35 0,001
Triglyceride (mg/dL) 159,03+90,9 145,6+86,11 167,52+92,98 0,007
Magnesium (mg/dL) 1,93+0,24 2,06+0,16 1,85+0,25 0,001
Prevalence of hypomagnesemia (n,%) 34 (8,8) 2(1,3) 32 (13,5) 0,001
Use of hypomagnesemia-related medication
Diuretics (n,%) 82 (21,2) 18 (12,0) 64 (27.0) 0,001
Proton pump inhibitor (n,%) 81 (20.9) 8(5,3) 73 (30.8) 0.001
Antibiotics (n,%) 2 (0.5) 2(1,3) 0(0,0) 0,150
Immunosuppressive (n,%) 0(0,0) 0 (0,0) 0(0,0) -
Digital (n,%) 2 (0,5) 0 (0,0) 2 (L,8) 0.524
Comorbidities
Hypertension (n,%) 191 (49,4) 43 (28,7) 148 (62,4) 0.001
Coronary artery disease (n,%) 60 (15,5) 12 (8,0) 48 (20,3) 0.001
Chronic kidney disease (n,%) 16 (4,1) 3(2,0) 13 (5,5) 0.118
Hypothyroidism (n,%) 58 (15,0) 23 (15,3) 35 (14,8) 0.879
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Table 2. Comparison of clinical characteristics of diabetic patients with and without hypomagnesemia

Hypomagnesemia (+)

Hypomagnesemia (-)

(n=32) (n=205) P
Age (mean+SD) 66.56+9.39 59.98+10.82 0.001
Duration of diabetes (years) (mean+SD) 15,19+9,38 11,33+£7,73 0.023
Frequency of previous hypomagnesemia (n,%) 14 (43.8) 34 (16,6) 0.001
Diabetes type (n,%)
Type | 13,1 6(2,9) 1.000
Type II 31 (96,9) 199 (97,1)
Gender (n,%)
Female 21 (65,6) 113 (55,1) 0.263
Male 11 (34,4) 92 (44,9)
Duration of diabetes (n, %)
<10 years 12 (37,5) 113 (55,1) 0.063
>10 years 20 (62,5) 92 (44,9)
Diabetes treatment (n, %)
Insulin 0(0,0) 13 (6,3)
Oral antidiabetic 24 (75,0) 134 (65,4) 0,503
Insulin+ oral antidiabetic 8(25,0) 56 (27,3)
Lifestyle treatment 0(0,0) 2 (1,0)
Comorbidities (n,%)
Hypertension 24 (75) 124 (60.5) 0,115
Coronary artery disease 5(15,6) 43 (2D 0,484
Chronic kidney disease 1(3.1) 12 (5.9) 1.000
Hypothyroidism 3094) 32 (15,6) 0.434
Diabetic neuropathy 8 (25) 54 (26.3) 0.872
Gastroparesis 0(0) 1(0,5) 1.000
Retinopathy 2(6.3) 8(3.9) 0.629
Hypomagnesemia-related drug use (n,%)
Diuretics 9(28.1) 55 (26.8) 0.878
Proton pump inhibitor 16 (50) 57 (27.8) 0,011
Antibiotics 0 (0) 0 (0) -
Immunosuppressive 0(0) 0 (0) -
Digital 0 (0) 2 (1.0) 1.000

levels (p= 0.032) were higher than the diabetic group
with normal magnesium levels, and the frequency
of patients using SGLT-2 inhibitors (p= 0.001) was
lower. In the multivariate logistic regression analysis,
age (ODDS: 1.064, 95% CI; 1.020-1.110, p= 0.004)
and fasting glucose levels (ODDS: 1.006, 95% CI;
1.001-1.011, p= 0.027) were independent risk factors
for hypomagnesemia.

DISCUSSION

The results of this study revealed that the frequency
of hypomagnesemia is high in patients with diabetes
and that age and fasting glucose levels are the major
determinants of hypomagnesemia.

Increasing data reveal that the prevalence of
hypomagnesemia is high in patients with diabetes,

although it varies according to study design and
population characteristics, and hypomagnesemia is
mostly associated withadvanced age, diabetes duration,
diabetes severity, treatment characteristics, and
diabetic micro- and macrovascular complications.?1°

For example, in an observational cohort study
including 929 patients with type 2 diabetes treated in
primary care, the frequency of hypomagnesemia was
found to be 9.6%, and it was shown that age, duration
of diabetes, body mass index, HbAlc, metformin,
sulfonylurea, and DPP-4 inhibitor use were negatively
associated with magnesium concentration.*

Similar to our study, in an observational study
conducted on outpatients with type 2 diabetes, the
frequency of hypomagnesemia was found to be
12.9%, and it was stated that hypomagnesemia was
associated with poor glycemic control and contributed
to the development and progression of micro- and
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Table 3 Comparison of treatment and laboratory characteristics in diabetics with and without hypomagnesemia

Hypomagnesemia (+)

Hypomagnesemia (-)

(n=32) (n=205) D
OAD usage (n,%)
Metformin 28 (87,5) 164 (80,0) 0.314
Sulfonylurea 4 (12,5) 13 (6,3) 0.259
DPP4-i 19 (59,4) 95 (46,3) 0.170
GLP-1 agonist 0(0,0) 6(2,9) 1.000
Glitazone 4 (12,5) 25(12,2) 1.000
SGLT2-i 2 (6,3) 81 (39,5) 0.001
Acarbose 1(3,1) 6(2,9) 1.000
No OAD use 0(0,0) 17 (8,3) 0.139
Insulin usage (n,%)
Basal insiilin 4 (50,0) 57 (82,6) 0.053
Bolus insiilin 3 (37,5) 24 (34,8) 1.000
Basal plus 0(0,0) 4 (5,8) 1.000
Mix insiilin 4 (50,0) 8 (11,6) 0.018
Laboratory (mean+SD)
Fasting glucose (mg/dL) 174,13+74,66 147,30+61,95 0,032
HbAlc (%) 7,82+1,82 7,63+1,91 0.463
Creatinine (mg/dL) 0,81+0,19 0,83+0,25 0.751
GFR 84,11+16,28 88,46+20,32 0.074
Total cholesterol (mg/dL) 183,78+37,03 185,42+50,07 0.859
LDL cholesterol (mg/dL) 96,31+31,55 103,76+40,03 0.317
HDL cholesterol (mg/dL) 51,06£12,18 49,01+13,52 0.321
Triglycerides (mg/dL) 172,53+83,58 166,74+94,53 0.450
Spot urine protein/creatinine ratio 0,42+0,94 0,27+0,69 0.292
Glycemic control (n,%)
<%7 14 (43,8) 92 (44,9) 0.905
>%7 18 (56,3) 113 (55,1)

macrovascular complications of diabetes.!!

Second; The reason is that the cases using proton
pump inhibitors were found to be significantly higher
both in the group with diabetes than in the non-
diabetic group and in individuals with diabetes and
hypomagnesemia compared to those with normal
magnesium.

In fact, it is a well-known phenomenon that proton
pump inhibitors are associated with the development
of hypomagnesemia and is thought to be due to
decreased intestinal magnesium absorption, mainly
through the transient receptor potential melastatin-6
and -7 (TRPM6/7)."?

In this respect, it may not be a surprising finding
that PPI use is high in individuals with diabetes with
dyspeptic complaints such as diabetic gastroparesis.
However, the fact that half of the individuals with
diabetes and hypomagnesemia were using PPI
reveals the necessity of questioning the use of PPI in
individuals with diabetes and hypomagnesemia.

Third; The prevalence of SGLT-2 inhibitor users
in individuals with diabetes with normal magnesium
levels was found to be significantly higher than in
individuals with diabetes and hypomagnesemia.
This finding raises questions as to whether this is
coincidental or whether the use of SGLT-2 inhibitors
has a protective effect against hypomagnesemia. In
a meta-analysis of randomized controlled trials, it
was observed that SGLT-2 inhibitors moderately but
significantly increase magnesium levels as a class
effect, suggesting that this may be associated with
increased magnesium absorption in the renal proximal
tubule.”* Case reports have shown that SGLT-2
inhibitors improve magnesium levels in individuals
with diabetes with refractory hypomagnesemia.'*!

Inthisrespect, although the cause-effectrelationship
could not be fully established in our study, considering
the literature, this finding supports the idea that the
use of SGLT-2 inhibitors may be a therapeutic option,
especially in individuals with diabetes with refractory
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hypomagnesemia.

Although the use of mixed insulin was found
to be higher in the group with diabetes with
hypomagnesemia compared to the group with diabetes
with normal magnesium levels, although it was found
to be statistically significant, it was considered as a
coincidental finding due to the low number of cases.

CONCLUSION

This study suggested that the frequency of
hypomagnesemia is high in individuals with diabetes
and that magnesium measurement should be a part
of routine screening, especially in individuals with
diabetes with advanced age, long diabetes duration,
impaired glycemic control, and previously diagnosed
hypomagnesemia.

On the other hand, it is one of the important results of
this study that the use of proton pump inhibitors should
be considered in the approach to the individual with
diabetes with hypomagnesemia. More comprehensive
studies are needed to evaluate the positive effects of
SGLT-2 inhibitors on hypomagnesemia.

Limitations

The retrospective design, the fact that the cases
did not receive magnesium treatment at the time of
admission or before, alcohol use known to have an
effect on magnesium, anthropometric measurements,
micro and macrovascular complications, and
conditions leading to renal loss such as 24-hour urine
magnesium excretion could not be evaluated clearly
and accurately.
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