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Sodium/glucose cotransporter 2 (SGLT2) inhibitors have demonstrated a class effect in improving serum
magnesium levels in patients with diabetes. Additionally, recent reports have shown their promising bene-
ficial effects in the treatment of refractory hypomagnesemia in patients with diabetes. However, their role in
treating hypomagnesemia in patients without diabetes remains unexplored. Here, we report 4 cases of
severe and refractory hypomagnesemia that showed dramatic improvement after initiating SGLT2 inhibitors
in patients without diabetes. Case 1 had calcineurin inhibitor-associated severe hypomagnesemia. Cases 2,
3, and 4 had refractory hypomagnesemia associated with platinum-based chemotherapy with or without
gastrointestinal losses. Case 1 was able to withdraw from high-dose oral magnesium supplementation.
Cases 2 and 3 achieved independence from intravenous magnesium supplementation, whereas case 4 had
decreased intravenous magnesium requirements. All the cases demonstrated sustainably improved serum
magnesium levels. Withdrawal of SGLT2 inhibitors in case 4 resulted in worsening serum magnesium levels
and intravenous magnesium requirements. The extraglycemic benefit of this group of medications not only
suggests the need for further studies to better understand the effect of SGLT2 inhibitors on magnesium
homeostasis but also supports expanded use in a larger patient population.
© 2023 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, which
initially emerged as a treatment option for patients with type
2 diabetes, have also been shown to improve clinical out-
comes in patients with a variety of heart and kidney diseases
with or without diabetes.1 The beneficial effect of SGLT2
inhibitors on magnesium balance in patients with diabetes
with or without hypomagnesemia has been noted as a class
effect in recent meta-analysis data from randomized clinical
trials.2-4 Moreover, some reports have demonstrated their
role in the treatment of refractory hypomagnesemia in pa-
tients with diabetes with or without overt urinary magne-
sium wasting.5,6 However, their role in the treatment of
hypomagnesemia in patients without diabetes remains un-
explored. Here, to the best of our knowledge, we report the
first series of 4 patients without diabetes with severe hypo-
magnesemia successfully treated with SGLT2 inhibitors.
CASE REPORT

Case 1
A woman in her 50s with a history of orthotropic liver
transplantation developed severe hypomagnesemia
accompanied by calcineurin inhibitor use (tacrolimus
trough levels of 8-10 ng/mL), which required aggressive
oral and intravenous magnesium supplementation. After
reducing her tacrolimus trough levels to 4-6 ng/mL 4
months after transplantation, she achieved independence
from intravenous magnesium sulfate (IV MgSO4) supple-
mentation but remained dependent on a high-dose
regimen of oral magnesium (Table 1). Further work up
Kidney Med Vol 5 | Iss 9 | September 2023 | 100697
showed a 24-hour magnesium urine level of 90 mg with a
fractional excretion of magnesium (FEMg) of 9.73%.
Later, empagliflozin 10 mg daily was initiated and
increased to 25 mg daily after 2 months. Her oral mag-
nesium supplements were completely withdrawn 2
months after empagliflozin was initiated, and serum
magnesium levels remain stable without any further epi-
sodes of hypomagnesemia at 5 months of follow-up.
Repeat FEMg was reduced to 4.88% after the administra-
tion of empagliflozin (Table 1).

Case 2
A woman in her 70s presented with a history of locally
advanced serous ovarian cancer status post debulking pro-
cedure, including radical abdominal hysterectomy with
bilateral salpingo-oophorectomy and diverting loop ileos-
tomy. She received chemotherapy with docetaxel and car-
boplatin. Following chemotherapy, the patient developed
multiple electrolyte abnormalities, including hypokalemia
and hypomagnesemia, that partially improved after ostomy
closure. She continued to have refractory hypomagnesemia
requiring 2 g of IV MgSO4 3 times a week for 9 months in
addition to maximum tolerated doses of oral magnesium
supplements and amiloride (Table 1). Later, she was started
on dapagliflozin with normalization of serum magnesium
levels within 3 weeks and remained off intravenous sup-
plementation at 10 months of follow-up (Fig 1).

Case 3
A man in his 50s with left supraglottic cancer was treated
with cisplatin, 5-fluorouracil, and pembrolizumab. Since
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Table 1. Baseline Characteristics, Metabolic Profile and Changes Observed in Patients Treated with SGLT2 Inhibitors

Case 1 Case 2 Case 3 Case 4
Sex, age (ye) Female, 50s Female, 70s Male, 50s Female, 50s
Comorbid
conditions

Alcohol-associated cirrhosis
of liver post orthotropic liver
transplantation,
hypertension,
hypothyroidism,
gastroesophageal reflux
disease, and chronic kidney
disease

Stage IIIC high-grade
serous ovarian cancer,
hypertension, and
hypothyroidism

Left supraglottic cancer,
depression, hypothyroidism,
and osteoarthritis

Breast cancer, vulvo-vaginal atrophy,
migraine, gastroesophageal reflux
disease, irritable bowel syndrome,
adrenal insufficiency, and lumbar
spinal stenosis

Cause of
hypomagnesemia

CNI Platinum-based
chemotherapy and/or GI
events

Platinum-based
chemotherapy and/or GI
events

Platinum-based chemotherapy and/or
GI events

Therapy for
hypomagnesemiaa

Maximum tolerated oral
magnesium [magnesium L-
lactate dihydrate sustained-
release caplets (Mag-Tab
SR) 84 mg 4 caplets twice a
d (a total of 672 mg of
elemental magnesium per
d)]

Maximum tolerated oral
magnesium (gluconate
500 mg 3 tablets twice a
d [a total of 162 mg of
elemental magnesium per d]
and magnesium sulfate 2 g
IV 3 times per wk), amiloride
10 mg twice a d

Maximum tolerated oral
magnesium (magnesium
oxide 400 mg 2 tablets
twice a d [a total of 964 mg
of elemental magnesium per
d]), intermittent magnesium
sulfate 2-4 g IV, amiloride
10 mg twice a d

Maximum tolerated oral magnesium
(magnesium 84 mg extended-release
tablets twice a d), eplerenone 25 mg
daily, magnesium sulfate 2 g IV 3
times a wk

SGLT2 inhibitor Empagliflozin 25 mg/d Dapagliflozin 10 mg/d Dapagliflozin 10 mg/d Dapagliflozin 10 mg/d

Pre-SGLT2
inhibitor

Post-SGLT2
inhibitor

Pre-SGLT2
inhibitor

Post-SGLT2
inhibitor

Pre-SGLT2
inhibitor

Post-SGLT2
inhibitor

Pre-SGLT2
inhibitor

Post-SGLT2
inhibitor

FBS (mg/dL) 101 98 90 83 99 104 80 NA
Potassium (mEq/L) 4.4 4.4 4.2 4.6 3.3 4.1 4.1 4.0
Calcium (mg/dL) 10.3 10.4 8.8 8.9 9.6 8.9 9.2 9.7
Albumin (gm/dL) 4.2 4.4 4.3 3.7 4.1 4.1 3.9 4.0
Creatinine (mg/dL) 1.36 1.40 0.7 0.63 0.73 0.70 0.85 0.84
24-h urine output (mg) 90 56 NA NA NA NA NA NA
FEMg 9.73% 4.88% NA NA NA NA NA NA
Note: Factional excretion of magnesium (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,
respectively, and sMg and sCr represent serum magnesium and creatinine levels, respectively.
Abbreviations: CNI, calcineurin inhibitor; FBS, fasting blood sugar; GI events, gastrointestinal events; NA, not available; SGLT2, sodium/glucose cotransporter 2.
aDetails of medications pre- and post-SGLT2 inhibitor use can be found in Table S1.
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Figure 1. Sodium/glucose cotransporter 2 (SGLT2) inhibition was associated with increased serum magnesium levels in case 1
(1.60 ± 0.24, n=15 vs 1.79 ± 0.079, n=12; P = 0.02), case 2 (1.54 ± 0.16, n=20 vs 2.0 ± 0.28, n=18; P < 0.001), case 3
(1.25 ± 0.17, n=14 vs 1.67 ± 0.16, n=11; P < 0.001) and case 4 (1.52 ± 0.07, n=10 vs 1.95 ± 0.19, n=10; P <0.001). SGLT2 inhibi-
tion was associated with a decrease in oral magnesium supplementation in case 1 (672 mg vs 0 mg) and case 2 (162 mg vs
108 mg), allowed withdrawal from intravenous magnesium sulfate (IV MgSO4) dependence in case 2 and case 3, and decreased
the need for IV MgSO4 supplementation in case 4. Withdrawal of SGLT2 inhibition in case 4 was associated with a decrease in
serum magnesium levels (1.95 ± 0.19, n=10 vs 1.59 ± 0.10, n=12; P < 0.001) and an increase in requirements for IV MgSO4 (12
gm vs 20 gm IV MgSO4 at 1 month pre- vs post-SGLT2i withdrawal, respectively). Abbreviations: IV MgSO4, intravenous magnesium
sulfate; SGLT2i, sodium-glucose cotransporter 2 inhibitor; oral Mg, oral elemental magnesium.
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chemotherapy, he was noted to have hypokalemia and
hypomagnesemia, which failed to improve with ami-
loride. He remained dependent on oral and intravenous
magnesium supplementation for refractory hypomagne-
semia requiring over 60 g of IV MgSO4 over 2 months
(Table 1). The patient was started on dapagliflozin, which
normalized serum magnesium levels off intravenous
magnesium supplementation with at least 2 months of
follow-up (Fig 1).

Case 4
A woman in her 50s with a history of breast cancer
developed severe hypomagnesemia after treatment with
carboplatin, which was refractory to amiloride, eplerenone
and maximally tolerated oral magnesium supplements
requiring IV MgSO4 3 times per week over 4 years. Later,
she was started on dapagliflozin with sustainably improved
serum magnesium levels with decreased IV MgSO4

requirement (approximately 1-2 times per week) over 1
month of follow-up. Dapagliflozin had to be stopped after
1 month because of severe vaginal fungal infection
resulting in a decline in serum magnesium levels and
increased requirements for IV MgSO4 (Fig 1).
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DISCUSSION
SGLT2 inhibitors have emerged as potential treatment
options for hypomagnesemia in patients with type 2 dia-
betes. Data analysis performed on randomized controlled
trials has demonstrated increased serum magnesium levels
with SGLT2 inhibitors as a class effect in patients with type
2 diabetes compared with placebo.2-4 In 2020, Ray et al5

reported the beneficial effect of SGLT2 inhibitors in re-
fractory hypomagnesemia in 3 patients with diabetes and
overt urinary magnesium wasting. Later, we reported a
similar effect of SGLT2 inhibitors in 2 patients with dia-
betes without overt urinary magnesium wasting.6 Of note,
both the patients in this series demonstrated dramatic ef-
fects in the correction of refractory hypomagnesemia with
SGLT2 inhibitors without significant changes in glycemic
control. Here, to the best of our knowledge, we report the
first series of 4 patients without diabetes with the sub-
stantial beneficial effect of SGLT2 inhibitors in the treat-
ment of severe hypomagnesemia.

The etiology of hypomagnesemia in case 1 appears to
be overt urinary magnesium wasting secondary to calci-
neurin inhibitors (FEMg 9.73%, Table 1). Calcineurin in-
hibitors are known to cause hypomagnesemia secondary to
3
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the downregulation of Mg2+ transport proteins, transient
receptor potential cation channel subfamily M, member 6
(TRPM6), responsible for transcellular magnesium trans-
port in the distal convoluted tubules of the kidney
epithelium.7 For cases 2, 3, and 4, the etiology of hypo-
magnesemia could be urinary magnesium wasting due to
the use of platinum-based chemotherapy. However,
extrakidney losses because of gastrointestinal events are
also possible and cannot be ruled out as the 24-hour urine
magnesium levels were unavailable.

Several mechanisms can explain the beneficial effect of
SGLT2 inhibitors on magnesium balance in patients with
or without diabetes. Inhibition of the electrogenic sodium-
glucose cotransporter with SGLT2 inhibitors would in-
crease the intraluminal electrical potential in proximal
tubules and drive passive paracellular magnesium reab-
sorption.8 However, only a relatively small amount of
Mg2+ is reabsorbed in this segment.9 One may speculate
that increased Na+ delivery to the thick ascending limb of
the loop of Henle with resulting increased activity of the
Na+/K+/2Cl− cotransporter (NKCC2) may increase trans-
epithelial membrane potential in the thick ascending limb
and drive passive paracellular Mg2+ reabsorption.9 How-
ever, 3 studies failed to show increased NKCC2 expression
with SGLT2 inhibitor use but instead showed a trend to-
ward decreased expression.10-12 Additionally, this mecha-
nism fails to explain their beneficial effects on magnesium
homeostasis in patients without a reduction in fractional
excretion of Mg2+, as we reported previously.6 Hence,
improved magnesium levels secondary to changes in luminal
electrical potential provide an unsatisfactory or at least
inadequate explanation. A study on an animal model of
metabolic syndrome showed that dapagliflozin enhanced
TRPM6-mediated transepithelial magnesium transport in
kidney tubule cells.13 The mechanism of how SGLT2 in-
hibitors affect TRPM6 channels remains an area of further
investigation. The binding of insulin to its receptors results in
the increased insertion of TRPM6 in the plasma membrane.14

Thus, improved insulin resistance could be a potential
mechanism. However, their beneficial effects in patients
without significant change in glycemic control, as reported
previously, and among the patients without diabetes, as re-
ported here, make this an insufficient explanation.6

To explain the beneficial effects of SGLT2 inhibitors in
nondiabetic patients, we speculate that potential mecha-
nisms could include increased glucagon and arginine
vasopressin secretion. SGLTs play a central role in
pancreatic alpha cell function.15,16 They mediate sodium
influx in the alpha cells, and their inhibition can result in
improved intracellular pH and increased glucagon secre-
tion. Increased glucagon levels, either due to a direct effect
on alpha cells or indirectly in response to urinary glucose
wasting, can lead to increased Mg2+ reabsorption in distal
convoluted tubules.16,17 While the presence of SGLT1 is
more consistently detected in pancreatic alpha cells, the
same is not true for SGLT2.15 Because SGLT2 expression on
alpha cells is highly variable among individuals and even in
4

islets of the same individuals, some individuals/islets
respond to SGLT2 inhibitors, whereas others are less
responsive or unresponsive.16 Similar to in vitro experi-
ments, studies have shown opposing effects of SGLT2 in-
hibitors: undereuglycemic hyperinsulinemic conditions,
glucagon has been reported to either increase or remain
unchanged.18-20 This finding may explain why the dra-
matic beneficial effect of SGLT2 inhibitors on hypomag-
nesemia may not be universally witnessed in all patients.
Further studying the beneficial effect of selective SGLT2
inhibitors compared to nonselective SGLT1/2 inhibitors
on magnesium homeostasis may help elucidate this better.
Similarly, osmotic diuresis by SGLT2 inhibition can stim-
ulate vasopressin, which in turn, can lead to increased
Mg2+ reabsorption and improved serum magnesium
levels.17,21 Studies performed under a controlled labora-
tory environment are necessary to understand these better.

The patient in case 4 developed a severe vaginal
infection, likely predisposed by her history of vulvova-
ginal atrophy. Genital mycotic infections have been re-
ported to be significantly increased (relative risk, 3.57;
confidence interval, 3.14-4.06) with the use of SGLT2
inhibitors in a meta-analysis of large placebo-controlled
trials.22 Patient education, including proper daily hy-
giene and monitoring for early signs of infection, are of
utmost importance.

Although invented as a new class of glucose-lowering
medications, the beneficial effects of SGLT2 inhibition
extend beyond glycemic control. Extra glycemic beneficial
effects of SGLT2 inhibitors have been reported to include
improvements in blood pressure, body weight, uric acid
concentrations, sleep apnea, and liver steatosis along with a
significant reduction in the rate of cardiovascular events
and improved kidney outcomes.23 Indeed, evidence sup-
ports that improved magnesium balance is also an
important extraglycemic benefit of this group of medica-
tions. The improved magnesium balance as a class effect
can, in part, also help explain the all-cause and cardio-
vascular mortality benefits observed with these medica-
tions.24 Our findings support grounds for further studies
to better understand the effect of SGLT2 inhibitors on
magnesium homeostasis and propose expanding their use
in a larger patient population.

SGLT2 inhibitors can be considered for treatment of
severe hypomagnesemia in patients without diabetes.
Further studies to understand their effect on hypomagne-
semia and magnesium homeostasis are needed.
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