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Management of Diabetes Associated with Nephrotic 
Syndrome: Therapeutic Potential of Dapagliflozin for 
Protracted Volume Retention
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Division of Nephrology, Department of Internal Medicine, Jichi Medical University, Shimotsuke-shi, Tochigi, Japan.

ABSTR ACT: A 48-year-old female was admitted to our hospital presenting with a chief complaint of progressive swelling because of diabetic nephrotic 
syndrome. Dapagliflozin seemed to play a role in accelerating the patient’s urinary sodium excretion as well as reducing gross fluid retention despite the fact 
that her nephrotic condition was resistant to furosemide. Our experience emphasizes a potential novel approach to overcoming loop diuretic resistance using 
this agent among some subsets of type 2 diabetic subjects complicated with severe volume accumulation. We believe that combination treatment consisting 
of dapagliflozin and furosemide may produce diuretic synergy via sequential nephron blockade. The accumulation of more experience with additional cases 
similar to ours requires continuous and careful attention.
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Introduction
Dapagliflozin, a sodium–glucose cotransporter 2 (SGLT-2) 
inhibitor, which recently received marketing approval as a 
novel therapeutic option for type 2 diabetes, promotes glycos-
uria via an osmotic diuretic effect.1 In this report, we describe 
our serendipitous experience with a case of type 2 diabetes 
accompanied by nephrotic syndrome in which dapagliflozin 
seemed to play a role in controlling diuretic-resistant fluid 
retention.

Case Report
A 48-year-old female was admitted to our hospital present-
ing with a complaint of progressive swelling of her legs. She 
had gained ~20 kg in the past four months. At 35 years of 
age, she was found to have type 2 diabetes with a hemoglo-
bin A1c (HbA1c) level of 9.4%, for which she had received 
sporadic medical care. Two months before admission, when 
she was found to have hypertension and hypercholesterolemia 
as well as uncontrolled diabetes with a serum HbA1c level 
of 7.1%, treatment with furosemide at a dose of 60 mg/day 
combined with alogliptin at a dose of 25 mg/day, irbesartan 
at a dose of 100 mg/day, amlodipine at a dose of 10 mg/day, 
and rosuvastatin at a dose of 2.5 mg/day was started; how-
ever, her generalized edema persisted and subsequently wors-
ened. Therefore, she was referred and admitted for a further 
workup. She neither smoked nor drank alcohol and denied 
using any drugs.

A physical examination completed on admission revealed 
that the patient’s face was swollen, with significant edema 
noted in the upper and lower extremities. Her blood pressure 
(BP) was 153/87 mmHg, her pulse was 90 beats/minute, and 
her temperature was 36.0°C. Although the oxygen saturation 
was 98% while she breathed ambient air, the presence of bilat-
eral pleural effusion and ascites was confirmed on chest X-ray 
and/or computed tomography scans. No findings suggestive of 
heart failure were observed on echocardiography. A laboratory 
evaluation revealed the following results: Hb, 9.5 g/dL; platelet 
count, 33.6 × 104/μL; total protein, 5.5 g/dL; serum albumin, 
2.0  g/dL; blood urea nitrogen, 14.5  mg/dL; creatinine (Cr), 
1.01 mg/dL; sodium, 141 mmol/L; potassium, 4.0 mmol/L; 
chloride, 105.1 mmol/L; aspartate aminotransferase, 20 U/L; 
alanine aminotransferase, 9  U/L; fasting plasma glucose, 
180 mg/dL; HbA1c, 6.6%; and C-reactive protein, 0.3 mg/dL. 
The patient’s urine contained 7.0  g of protein in a 24-hour 
specimen, and the sediment contained five to nine red blood 
cells per high-power field. The Cr clearance was 29.0 mL/min-
ute. An ophthalmologic analysis revealed severe nonprolifera-
tive diabetic retinopathy.

Based on the clinical picture and laboratory findings, the 
patient was thus diagnosed as having nephrotic syndrome due 
to diabetic nephropathy. Despite treatment with an increased 
dose of furosemide, given both orally and intravenously, 
her body weight and daily urine volume remained almost 
constant, keeping her grossly edematous. She then received 
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treatment with oral dapagliflozin at a dose of 5  mg/day on 
hospital day 5, which resulted in a remarkable increase in her 
urine volume as well as the amount of urinary excreted sodium 
and glucose, with the gradual disappearance of the general-
ized edema, despite the almost constant levels of her systolic 
and diastolic BP during the observation period (Fig.  1). 
Finally, her body weight settled at around 65  kg under the 
treatment with sodium and fluid restriction and the same dose 
of dapagliflozin combined with oral furosemide (220 mg/day). 
At three months of follow-up, she is currently doing well with 
an HbA1c level of 6.1% despite protracted nephrotic-range 
proteinuria at approximately 5 g/day.

Discussion
Nephrologists occasionally face difficulties in controlling fluid 
retention despite the availability of various types of diuretic 
agents.2,3 The pathogenic processes responsible for diuretic 
resistance are multifactorial, and the albumin present in the 
luminal content as a result of the disease process is capable 
of binding the diuretic drug and thereby eliciting resistance 
in subjects with nephrotic syndrome.4 Consequently, one may 
argue that some of the clinical manifestations and therapeutic 
conundrums observed in our patient are too common to be 
described in the literature; however, the clinical significance 

of the current report should be evaluated carefully in terms 
of assessing the therapeutic potential of dapagliflozin for 
the management of refractory edema in the cases of diabetic 
nephrotic syndrome.

Comprehensive insight into the role of SGLT-2, which 
is located mainly in the brush border membrane of the early 
proximal tubule,5 in glucose handling within the kidney has 
led to the development of selective orally available sodium–
glucose transport inhibitors as a means of regulating the serum 
glucose level.1,6 Recent clinical trials of these agents have 
demonstrated favorable safety profiles, whereas neither major 
hypoglycemic events nor adverse changes in the renal function 
were reported.7,8 On the other hand, there are several observa-
tions suggesting that the promising benefits of these drugs may 
extend beyond glycemic control. The blockade of SGLT-2 has 
been shown to result in glycosuria-mediated calorie wasting, 
leading to weight loss.7 Such treatment may also lead to 
reduced sodium reabsorption in the proximal tubule, thereby 
accelerating sodium excretion.9 Although too few studies have 
reported the cases of urinary sodium excretion to allow for a 
substantial analysis,10–12 the association between the use of 
SGLT-2 inhibitors and the significant decreases in BP demon-
strated in several recent studies should encourage researchers 
to pursue further investigations regarding the diuretic-like 

Figure 1. Clinical course. On hospital day 12, intravenous furosemide was terminated, while oral furosemide was continued with an increased dose 
of 300 mg/day, and the patient was discharged on hospital day 16. note that the levels of BP and serum Cr (sCr) were almost constant during the 
observation period despite prominent elevation of the daily urine output after the commencement of oral dapagliflozin.
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antihypertensive actions of these medications, which should 
be linked to natriuresis as well as glucose-mediated osmotic 
diuresis.1,9,13 At present, we have no idea why we failed to 
confirm such an effect in the present patient; however, it may 
be reasonable to consider that her volume overload status might 
have masked the diuresis-dependent antihypertensive proper-
ties.14 Otherwise, what subtypes of diabetic subjects are vul-
nerable to these kinds of agents also needs to be assessed in 
more detail. A case of volume depletion and prerenal azote-
mia that required rehydration and the withdrawal of angio-
tensin-converting inhibitor and diuretic treatment was recently 
reported in a phase II trial of dapagliflozin.15

Not surprisingly, dapagliflozin was effective and well 
tolerated as an adequate therapeutic option for modulating the 
present patient’s level of glycemic control. Our experience with 
this agent in the current patient rather emphasizes a potential 
approach for overcoming loop diuretic resistance among some 
subsets of type 2 diabetic subjects complicated with severe vol-
ume accumulation. Indeed, dapagliflozin seemed to play a role 
in accelerating urinary sodium excretion as well as reducing the 
considerable fluid retention in the current patient despite the 
fact that her nephrotic condition was resistant to furosemide. 
The fact that the natriuretic effect of dapagliflozin did not per-
sist may be ascribed to the establishment of a new steady state, 
in which the patient’s depleted volume status and increased 
activity of the renin angiotensin system stimulated renal 
sodium uptake through alternate pathways and compensated 
for the natriuretic effect of the agent.6,16 Finally, we believe that 
combination treatment consisting of dapagliflozin and furose-
mide may have produced diuretic synergy via the sequential 
blockade of solute reabsorption at the proximal tubules and at 
the thick ascending limb of the loop of Henle in our patient. 
The lack of longitudinal data regarding the gross daily urine 
output, as well as the amount of urinary excreted sodium 
after the commencement of oral dapagliflozin treatment in 
the previous studies, precludes us from evaluating the valid-
ity of our findings.10–12 Nevertheless, List et al, demonstrated 
that the administration of dapagliflozin in treatment-naive 
patients with type 2 diabetes resulted in an increased urinary 
output of between 107 mL/day and 470 mL/day, equating to 
~0.3–1.5 additional voids per day.1,17 This highlights the need 
for further investigation regarding the impact of the diuretic 
properties of this agent on the overall management of diabetic 
patients.9 Obviously, the accumulation of more experience 
with additional cases similar to ours requires continuous and 
careful attention, and such a strategy would aid in the estab-
lishment of a novel approach to treating fluid retention as well 
as investigating the therapeutic impact of SGLT-2 inhibitors 
in diabetic patients with nephrotic syndrome.
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