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Sodium-glucose cotransporter 2 (SGLT2) inhibitor have become widely used in patients with diabetes,
heart failure, and kidney disease to improve clinical outcomes and diminish hospitalizations. They have
also been associated with increased serum magnesium levels in patients with type 2 diabetes. The use of
SGLT2 inhibitors resulted in improved magnesium homeostasis in a series of patients with refractory
hypomagnesemia with urinary magnesium wasting. However, the role of SLGT2 inhibitors in patients with
hypomagnesemia without urinary magnesium wasting remains unexplored. We report 2 cases with re-
fractory hypomagnesemia without significant urinary magnesium wasting and dramatically improved
serum magnesium levels after the initiation of SGLT2 inhibitors. Case 1 achieved independence from
weekly intravenous magnesium infusions and reached sustainably greater serum magnesium levels with
decreased oral magnesium supplementation and increased urinary fractional excretion of magnesium.
Case 2 demonstrated improved serum magnesium levels with reduced oral magnesium supplementation
without significant reduction in urinary fractional excretion of magnesium. These findings not only expand
the use of SGLT2 inhibitors but also open the door for further studies to better understand the patho-
physiology of how magnesium homeostasis is altered with inhibition of SGLT2.
© 2022 The Authors. Published by Elsevier Inc. on behalf of the National Kidney Foundation, Inc. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
INTRODUCTION

Sodium-glucose cotransporter 2 (SGLT2) inhibitors
diminish proximal tubule glucose reabsorption. They were
initially developed to improve glycemic control in patients
with type 2 diabetes but have emerged to have multiple
extra glycemic benefits that include reducing hospitaliza-
tion rates in patients with heart failure, diminishing the
progression of chronic kidney disease, improving albu-
minuria, and reducing major cardiovascular events, and
clinical trials have consistently demonstrated lower mor-
tality.1 Recent data from randomized clinical trials have
shown that SGLT2 inhibitors increase serum magnesium
(Mg2+) levels from 0.04 mmol/L to 0.1 mmol/L as a class
effect in patients with type 2 diabetes with or without
hypomagnesemia.2,3,4 Additionally, SGLT2 inhibitors were
found to be beneficial in a report of 3 patients with re-
fractory hypomagnesemia with variable urinary Mg2+
wasting.5 However, their role in patients without overt
urinary Mg2+ wasting is unclear. We report a dramatic
response in improving serum Mg2+ levels after the addi-
tion of SGLT2 inhibitors in 2 patients with type 2 diabetes
and refractory hypomagnesemia without evidence of sig-
nificant urinary Mg2+ wasting.
Case 1

A woman in her late 70s with a history of type 2 diabetes,
transcatheter sapien aortic valve replacement for severe
aortic stenosis, atrial fibrillation, hypertension, chronic
constipation, and chronic hypomagnesemia was referred
owing to a history of severe hypomagnesemia and
dependence on weekly intravenous magnesium sulfate
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(MgSO4), which compromised her quality of life. The
patient’s hypomagnesemia was noticed during her daily
intake of polyethylene glycol for over 2 years and had
persisted even after discontinuing all medications for
constipation. Her colonoscopy was unremarkable to
identify any etiology for hypomagnesemia. Proton pump
inhibitors were discontinued. Additionally, she was diag-
nosed with atrial fibrillation during a visit to the emer-
gency department (ED) during an episode of severe
hypomagnesemia. The patient could not tolerate oral
magnesium oxide at 800 mg/day and was initiated on 4 g
of intravenous MgSO4 every 2 weeks due to recurrent
episodes of severe symptomatic hypomagnesemia resulting
in multiple ED visits. However, her Mg2+ remained un-
controlled, with a serum Mg2+ level of 0.9 mg/dL during
another ED visit and a 2-week Holter monitor suggestive of
50 episodes of supraventricular tachycardia (4 beats or
more). Her intravenous MgSO4 infusion schedule was
increased to a weekly regimen. The patient had received a
total of 420 g of intravenous MgSO4 over 2 years before
referral to nephrology. She was initiated on oral magne-
sium glycinate 900 mg/day. Later, empagliflozin 10 mg
daily was initiated with a dramatic improvement in her
serum Mg2+ level, gaining her complete independence
from any intravenous infusion of MgSO4 over the next 4
months and allowing a reduction in her oral magnesium
glycinate supplements from 900 mg to 400 mg daily
without any further episodes of hypomagnesemia (Figs 1,
2; Table S1). Fractional excretion of Mg (FEMg) obtained
12 months pre-empagliflozin and 4 months post-
empagliflozin initiation was 4.62% and 8.37%, respec-
tively (Table 1, Fig 2, Table S2).
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Figure 1. Case 1. Historical serum magnesium levels with respect to before and after initiation of empagliflozin. The solid blue back-
ground represents a period of dependence on intravenous magnesium sulfate (IV MgSO4), varying from once a week to twice a
month dosing. The empty white background represents independence from IV MgSO4. The dashed line at serum magnesium level
of 1.7 mg/dL represents a lower limit of normal.
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Case 2

A man in his early 70s with a history of type 2 diabetes
and gastroesophageal reflux disease was referred for
evaluation of chronic hypomagnesemia refractory to
magnesium oxide 400 mg/800 mg/400 mg 3 times a
day and magnesium oxide extended-release capsules 140
mg twice a day (1,379 mg elemental Mg2+ daily).
Despite such oral Mg2+ supplementation, the patient had
multiple ED visits for symptomatic hypomagnesemia
associated with ventricular arrhythmia requiring intra-
venous Mg2+ supplementation. Before referral, the pa-
tient had undergone an unremarkable workup that
included upper and lower endoscopy studies, omeprazole
was discontinued 5 months before the pre- or post-SGLT2
inhibitor urine studies, and metformin dose was reduced
with a resolution of diarrhea. However, hypomagnesemia
persisted (serum Mg2+, 1.1-1.5 mg/dL). The patient was
subsequently started on empagliflozin 12.5 mg daily with
a sustained increase in serum Mg2+ levels and a notable
decrease in oral Mg2+ supplementation to magnesium
oxide 400 mg twice a day (484 elemental Mg2+ daily).
No repeat ED visits for hypomagnesemia or arrhythmia
were noted since the initiation of empagliflozin during
the follow-up of 8 months. FEMg obtained during the 6
months pre- and post-empagliflozin initiation was 5.05%
and 4.27%, respectively. Moreover, pre-SGLT2 inhibitor
24-hour urinary Mg2+ was 80 mg and post-SGLT2 in-
hibitor 24-hour urinary Mg2+ was 88 mg (Table 1, Fig 2,
2

Table S2). This was despite the reduction in oral Mg2+
supplements from 1,379 mg to 484 mg of elemental
Mg2+, a 67% reduction) (Table S1).
DISCUSSION

Previous studies have shown that SGLT2 inhibitors are
associated with increased serum Mg2+ levels as a class
effect in patients with type 2 diabetes.2,4 A post hoc
analysis of 10 randomized clinical trials showed more
correction of hypomagnesemia by dapagliflozin compared
with placebo (77% in dapagliflozin vs 30% placebo cor-
rected hypomagnesemia) in patients with type 2 diabetes.3

Improvement in chronic hypomagnesemia was also seen in
a study of 50 kidney transplant recipients receiving SGLT2
inhibitors.6 Ray et al5 reported dramatic improvement in
serum Mg2+ levels after initiating SGLT2 inhibitor therapy
in 3 patients with refractory hypomagnesemia associated
with urinary Mg2+ wasting and type 2 diabetes. However,
it should be noted that patient 2 in this series, the patient
without any identified genetic hypomagnesemic disorder,
had correction of hypomagnesemia even without
improvement in urinary Mg2+ wasting (based on the
assessment of FEMg before and after treatment).5 To the
best of our knowledge, we report the first 2 cases that
show a dramatic and beneficial effect of SGLT2 inhibitors
in patients with refractory hypomagnesemia without overt
urinary Mg2+ wasting.
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Figure 2. A comparison of serum magnesium levels (A), frac-
tional excretion of magnesium (FEMg) (B), 24-hour urine
magnesium levels (C), and supplemental dose of oral magne-
sium supplements (D) before and after initiation of empagli-
flozin. The solid red line represents average magnesium
levels for respective columns. The dashed line at serum
magnesium level of 1.7 mg/dL represents a lower limit of
normal. Note: Patient 1 was dependent on intravenous mag-
nesium sulfate infusions, which were discontinued after initi-
ation of empagliflozin. Abbreviation: SGLT2, sodium-glucose
cotransporter 2.
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The etiology of hypomagnesemia appears primarily
nonrenal combined with an inappropriate compensatory
kidney response. Both patients were dependent on high-
dose maintenance Mg2+ replacement therapy, and the
low 24-hour urinary Mg2+ levels (56 mg in case 1 and 80
mg in case 2) cannot attribute the severe and refractory
hypomagnesemia to a primarily kidney etiology. However,
the FEMg levels were noted to be marginally above (4.62%
for case 1 and 5.05% for case 2) the expected levels for
nonrenal causes of hypomagnesemia (0.5%-2.7%).7 This
is significant when associated with low serum Mg2+ levels
and suggests an inappropriate kidney response to hypo-
magnesemia. Thus, kidney wasting combined with non-
renal losses, potentially gastrointestinal, are likely
responsible in both cases.

Several mechanisms potentially contribute to this non-
renal effect of SGLT2 inhibitors to improve Mg2+ ho-
meostasis. We considered the possibility that improved
glycemic control and enhanced insulin resistance would
lead to reduced insulin levels, favoring Mg2+ redistribu-
tion from the intracellular to the extracellular compart-
ment.8 However, a previous study comparing SGLT2
inhibitors with sulfonylureas in patients with type 2 dia-
betes did not support this hypothesis.9 Moreover, in our 2
patients, glycemic control was relatively unchanged,
whereas dramatic improvements in refractory hypomag-
nesemia were observed. Vitamin D supplementation has
been associated with increased intestinal absorption of
Mg2+ and improvements in serum Mg2+ levels.10 Rela-
tively unchanged levels of 25-hydroxy vitamin D, para-
thyroid hormone, and calcium in patient 1 and no
evidence of vitamin D deficiency/supplementation in pa-
tient 2 make this an unlikely explanation.

Another potential contribution includes increased
Mg2+ absorption in the intestine or reabsorption in the
kidney, possibly by enhancing transient receptor potential
cation channel subfamily M, member 6 (TRPM6) mediated
transport in the intestine and/or the kidney. Mg2+ ab-
sorption in the intestine is regulated by 2 different but
parallel systems, an active transcellular transport via
TRPM6/7 and a passive paracellular pathway. The physi-
ologic amount of intraluminal Mg2+ in the intestine is
primarily transported via the active transcellular route,
whereas the passive paracellular Mg2+ absorption linearly
increases with rising intraluminal concentrations.11 To
explain the novel finding of our cases that SGLT2 inhibitors
contributed to improving hypomagnesemia in our patients
without significantly reducing FEMg, we speculate
increased intestinal absorption of Mg2+, potentially via
increased TRPM6 mediated by an active transcellular
pathway. A group of researchers from Taiwan showed that
dapagliflozin enhanced TRPM6-mediated transepithelial
Mg2+ transport in renal tubule cells in an animal model.12

We should note that SGLT2 is expressed primarily in the
luminal membrane of the S1 and S2 segments of the
proximal tubule, whereas TRMP6 channels are situated
3



Table 1. Characteristics, Metabolic Profile, and Changes with SGLT2 Inhibitors.

Case 1 Case 2
Sex, age (y) Female, 78 Male, 73
Comorbid conditions Type 2 diabetes, transcatheter

sapien aortic valve replacement for
severe aortic stenosis, atrial
fibrillation, hypertension, chronic
constipation

Type 2 diabetes, benign prostate
hypertrophy, dyslipidemia, hypertension, and
gastroesophageal reflux disease

Therapy for
hypomagnesemiaa

Maximum tolerated oral magnesium,
intravenous MgSO4 4 to 6 grams
weekly

Maximum tolerated oral magnesium, multiple
ED visits requiring intravenous MgSO4

SGLT2 inhibitor empagliflozin 10 mg/day empagliflozin 12.5 mg/day

Pre-Empagliflozin Post-Empagliflozin Pre-Empagliflozin Post-Empagliflozin
HbA1c (%) 9.5 8.5 7.7 7.6
PTH (pg/mL) 40 63 37 NA
25-hydroxy vitamin D (ng/mL) 38 31 43 NA
Calcium (mg/dL) 9.2 9.4 9.4 9.5
Albumin (mg/dL) 4.0 4.2 3.9 NA
Creatinine (mg/dL) 0.80 0.98 1.2 1.2
24-hour urine Mg2+ (mg) 56 128 80 88
FEMgb 4.62% 8.37% 5.05% 4.27%
Note: FEMg was calculated as 100 × (uMg × sCr)/(0.7 × sMg × uCr), where uMg and uCr represent urinary magnesium and creatinine concentrations measured in
24-hour urine collections, and sMg and sCr represent serum magnesium and creatinine levels, respectively.
Abbreviations: ED, emergency department; HbA1c, hemoglobin A1c; MgSO4, magnesium sulfate; NA, not available; PTH, parathyroid hormone; SGLT2, sodium-
glucose cotransporter 2.
aDetails of medications present during 24-hour urine collections can be found in Table S1.
bDetails of 24-hour urine study calculations of creatinine clearance, fractional excretion of magnesium (FEMg), and the filtered load of magnesium, pre-SGLT2 inhibitor
use and post-SGLT2 inhibitor use can be found in Table S2.

Shah et al
primarily in the distal convoluted tubule of the kid-
ney.13,14 The mechanism of how SGLT2 inhibitors affect
TRPM6 channels remains an area of further investigation;
however, local or systemic effects could mediate this
outcome. The binding of insulin to its receptors results in
the increased insertion of TRPM6 in the plasma mem-
brane.8 Thus, one could speculate that reduced insulin
resistance with SGLT2 inhibitors could potentially increase
intestinal absorption of Mg2+. However, the relatively
unchanged glycemic control in patient 2 and the imme-
diate effect of SGLT2 inhibitors on serum Mg2+ levels
make this an unlikely explanation. Data on the impact of
SGLT2 inhibitors on hypomagnesemia among patients
without type 2 diabetes will be essential to understand this
better. The authors of the Taiwanese study suggested
further study is needed to assess if dapagliflozin modulates
intestinal Mg2+ absorption by TRPM6 transport.12 If
confirmed, such treatment could impact the management
of patients with impaired intestinal Mg2+ absorption,
especially in the patients with hypomagnesemia with
secondary hypocalcemia, an autosomal recessive disease
with a defect in TRPM6 responsible for poor intestinal
absorption of Mg2+ that leads to catastrophic seizures
weeks to months after birth and requires lifelong oral
Mg2+ supplements.11 Hereby, we propose that further
investigations into the role of SGLT2 inhibitors in patients
with hypomagnesemia without significant urinary Mg2+
loss are vital.

Lastly, although the patients were not observed to have
overt urinary Mg2+ wasting, the FEMg levels suggested an
4

inappropriate kidney response to hypomagnesemia, as
discussed earlier. Thus, SGLT2 inhibitors could have
potentially benefited our patients by reducing kidney
wasting of Mg2+, but this was not clearly demonstrated in
follow-up urine studies in these two cases. In conclusion,
SGLT2 inhibitors can be considered to treat refractory
hypomagnesemia without overt urinary Mg2+ wasting.
Further studies to understand their role in the management
of hypomagnesemia are needed.
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