CASE IN POINT

Glucosuria Is Not Always Due to Diabetes
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Further study of the long-term implications and follow-up is needed on SGLT2 mutation, an
uncommon cause of glucosuria that mimics the effect of SGLT2 inhibitors, including the possi-
ble development of further renal disease, type 2 diabetes mellitus, and cardiovascular disease.
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rarely documented condition wherein

the absence of other renal or endocrine
conditions and with a normal serum glu-
cose level, glucosuria persists due to an
isolated defect in the nephron’s proximal tu-
bule. Seemingly, in these patients, the body’s
physiologic function mimics that of sodium-
glucose cotransporter-2 (SGLT2)-inhibiting
medications with the glucose cotransporter
being selectively targeted for promoting
renal excretion of glucose. This has impli-
cations for the patient’s prospective devel-
opment of hyperglycemic diseases, urinary
tract infections (UTIs), and potentially even
cardiovascular disease. Though it is a gen-
erally asymptomatic condition, it is one that
seasoned clinicians should investigate given
the future impacts and considerations re-
quired for their patients.

Familial renal glucosuria is an uncommon,

CASE PRESENTATION

Mr. A was a 28-year-old male with no medi-
cal history nor prescription medication use
who presented to the nephrology clinic at
Eglin Air Force Base, Florida, in June 2019
for a workup of asymptomatic glucosuria.
The condition was discovered on a routine
urinalysis in October 2015 at the initial pre-
sentation at Eglin Air Force Base, when the
patient was being evaluated by his primary
care physician for acute, benign headache
with fever and chills. Urinalysis testing was
performed in October 2015 and resulted in a
urine glucose of 500 mg/dL (2+). He was di-
rected to the emergency department for fur-
ther evaluation, reciprocating the results.

On further laboratory testing in October
2015, his blood glucose was normal at 75 mg/dL;
hemoglobin A, was 5.5%. On repeat urinal-
ysis 2 weeks later, his urinary glucose was
found to be 500 mg/dL (2+). Each time, the
elevated urinary glucose was the only abnor-
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mal finding: There was no concurrent hema-
turia, proteinuria, or ketonuria. The patient
reported he had no associated symptoms, in-
cluding nausea, vomiting, abdominal pain,
dysuria, polyuria, and increased thirst. He
was not taking any prescription medications,
including SGLT2 inhibitors. His presenting
headache and fever resolved with supportive
care and was considered unrelated to his ad-
ditional workup.

A diagnostic evaluation ensued from 2015
to 2020, including follow-up urinalyses, met-
abolic panels, complete blood counts, urine
protein electrophoresis (UPEP), urine cre-
atinine, urine electrolytes, 25-OH vitamin D
level, k/N light chain panel, and serum pro-
tein electrophoresis (SPEP). The results of all
diagnostic workup throughout the entirety
of his evaluation were found to be normal.
In 2020, his 25-OH vitamin D level was bor-
derline low at 29.4 ng/mL. His k/\ ratio was
normal at 1.65, and his serum albumin pro-
tein electrophoresis was 4.74 g/dL, margin-
ally elevated, but his SPEP and UPEP were
normal, as were urine protein levels, total
gamma globulin, and no monoclonal gamma
spike noted on pathology review. Serum
uric acid, and urine phosphorous were both
normal. His serum creatinine and electro-
lytes were all within normal limits. Over the
5 years of intermittent monitoring, the maxi-
mum amount of glucosuria was 1,000 mg/dL
(3+) and the minimum was 250 mg/dL (1+).
There was a gap of monitoring from March
2016 until June 2019 due to the patient re-
ceiving care from offsite health care provid-
ers without shared documentation of specific
laboratory values, but notes documenting
persistent glucosuria (Table).

Analysis

Building the initial differential diagnosis
for this patient began with confirming that
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he had isolated glucosuria, and not glucos-
uria secondary to elevated serum glucose.
Additionally, conditions related to general-
ized proximal tubule dysfunction, acute or
chronic impaired renal function, and neo-
plasms, including multiple myeloma (MM),
were eliminated because this patient did not
have the other specific findings associated
with these conditions.

Proximal tubulopathies, including prox-
imal renal tubular acidosis (type 2) and
Fanconi syndrome, was initially a lead-
ing diagnosis in this patient. Isolated prox-
imal renal tubular acidosis (RTA) (type 2)
is uncommon and pathophysiologically in-
volves reduced proximal tubular reabsorp-
tion of bicarbonate, resulting in low serum
bicarbonate and metabolic acidosis. Patients
with isolated proximal RTA (type 2) typi-
cally present in infancy with failure to thrive,
tachypnea, recurrent vomiting, and feeding
difficulties. These symptoms do not meet
our patient’s clinical presentation. Fanconi
syndrome involves a specific disruption in
the proximal tubular apical sodium uptake
mechanism affecting the transmembrane so-
dium gradient and the sodium-potassium-
ATPase pump. Fanconi syndrome, therefore,
would not only present with glucosuria, but
also classically with proteinuria, hypophos-
phatemia, hypokalemia, and a hyperchlore-
mic metabolic acidosis.

Chronic or acute renal disease may pres-
ent with glucosuria, but one would ex-
pect additional findings including elevated
serum creatinine, elevated urinary creatinine,
25-OH vitamin D deficiency, or anemia of
chronic disease. Other potential diagnoses
included MM and similar neoplasms. MM
also would present with glucosuria with pro-
teinuria, an elevated /A light chain ratio,
and an elevated SPEP and concern for bone
lytic lesions, which were not present. A re-
lated disorder, monoclonal gammopathy of
renal significance (MGRS), akin to monoclo-
nal gammopathy of unknown significance
(MGUS), presents with proteinuria with evi-
dence of renal injury. While this patient had
a marginally elevated /A light chain ratio,
the remainder of his SPEP and UPEP were
normal, and evaluation by a hematologist/
oncologist and pathology review of labora-
tory findings confirmed no additional evi-
dence for MM, including no monoclonal vy
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TABLE Patient’s Urine and Serum Glucose Levels,

2015-2020
Urine Glucose, Urine-Specific Serum Glucose,

Dates mg/dL Gravity mg/dL
October 2015 500 (2+) 1.020 75
November 2015 500 (2+) 1.025 Not performed
March 2016 250 (1+) 1.025 86
June 2019 250 (1+) 1.013 88
July 2019 250 (1+) 1.025 95
September 2019 1,000 (3+) 1.020 90
October 2019 250 (1+) 1.004 78
March 2020 250 (1+) 1.021 97

spike. With no evidence of renal injury with
a normal serum creatinine and glomerular
filtration rate, MGRS was eliminated from
the differential as it did not meet the Interna-
tional Myeloma Working Group diagnostic
criteria.! The elevated x/A ratio with normal
renal function is attributed to polyclonal im-
munoglobulin elevation, which may occur
more commonly with uncomplicated acute
viral illnesses.

Diagnosis

The differential homed in on a targeted defect
in the proximal tubular SGLT2 gene as the
final diagnosis causing isolated glucosuria.
Familial renal glucosuria (FRG), a condition
caused by a mutation in the SLC5A2 gene
that codes for the SGLT2 has been identified
in the literature as causing cases with nearly
identical presentations to this patient.® This
condition is often found in otherwise healthy,
asymptomatic patients in whom isolated glu-
cosuria was identified on routine urinalysis
testing.

Due to isolated case reports sharing this
finding and the asymptomatic nature of the
condition, specific data pertaining to its prev-
alence are not available. Case studies of other
affected individuals have not noted adverse
effects (AEs), such as UTIs or hypotension
specifically.** The patient was referred for ge-
netic testing for this gene mutation; however,
he was unable to obtain the test due to lack
of insurance coverage. Mr. A has no other
family members that have been evaluated for

FEBRUARY 2021 + FEDERAL PRACTITIONER + 93



Glucosuria

FIGURE Sodium-Glucose Cotransporter in the Renal
Proximal Convoluted Tubule
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Reprinted with permission. Neumiller JJ. Empagliflozin: a new sodium-glucose co-
transporter 2 (SGLT2) inhibitor for the treatment of type 2 diabetes. Drugs Context.
2014;3:212262. Published 2014 Jun 11. doi:10.7573/dic.212262

or identified as having this condition. Despite
the name, FRG has an unknown inheritance
pattern and is attributed to a variety of mis-
sense mutations in the SLC5A2 gene.*’

DISCUSSION

The SGLT2 gene believed to be mutated
in this patient has recently become well-
known. The inhibition of the SGLT2 trans-
port protein has become an important tool
in the management of type 2 diabetes melli-
tus (T2DM) independent of the insulin path-
way. The SGLT2 in the proximal convoluted
tubule of the kidney reabsorbs the majority,
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98%, of the renal glucose for reabsorption,
and the remaining glucose is reabsorbed by
the SGLT2 gene in the more distal portion of
the proximal tubule in healthy individuals.**
The normal renal threshold for glucose reab-
sorption in a patient with a normal glomer-
ular filtration rate is equivalent to a serum
glucose concentration of 180 mg/dL, even
higher in patients with T2DM due to upreg-
ulation of the SGLT2 inhibitors. SGLT2 in-
hibitors, such as canagliflozin, dapagliflozin,
and empagliflozin, selectively inhibit this
cotransporter, reducing the threshold from
40 to 120 mg/dL, thereby significantly in-
creasing the renal excretion of glucose.* The
patient’s mutation in question and clinical
presentation aligned with a naturally occur-
ring mimicry of this drug’s mechanism of ac-
tion (Figure).

Arguably, one of the more significant ben-
efits to using this new class of oral antihy-
perglycemics, aside from the noninferior
glycemic control compared with that of other
first-line agents, is the added metabolic ben-
efit. To date, SGLT2 inhibitors have been
found to decrease blood pressure in all stud-
ies of the medications and promote moder-
ate weight loss.” SGLT2 inhibitors have not
only demonstrated significant cardiovas-
cular (CV) benefits, linked with the afore-
mentioned metabolic benefits, but also have
reduced hospitalizations for heart failure in
patients with T2DM and those without.” The
EMPA-REG OUTCOME trial showed a 38%
relative risk reduction in CV events in em-
pagliflozin vs placebo.*® However, it is un-
known whether patients with the SLC5A2
mutation also benefit from these CV benefits
akin to the SGLT?2 inhibiting medications,
and it is and worthy of studying via long-
term follow-up with patients similar to this.

This SLC5A2 mutation causing FRG
selectively inhibiting SGLT2 function effec-
tively causes this patient’s natural physiology
to mimic that of these new oral antihyper-
glycemic medications. Patients with FRG
should be counseled regarding this con-
dition and the implications it has on their
overall health. At this time, there is no for-
mal recommendation for short-term or long-
term management of patients with FRG;
observation and routine preventive care
monitoring based on US Preventive Services
Task Force screening recommendations
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apply to this population in line with the
general population.

This condition is not known to be associ-
ated with hypotension or hypoglycemia, and
to some extent, it can be theorized that pa-
tients with this condition may have inherent
protection of development of hyperglyce-
mia.* Akin to patients on SGLT2 inhibitors,
these patients may be at an increased risk of
UTIs and genital infections, including my-
cotic infections due to glycemic-related im-
balance in the normal flora of the urinary
tract.® Other serious AEs of SGLT2 inhibi-
tors, such as diabetic ketoacidosis, osteo-
porosis and related fractures, and acute
pancreatitis, should be shared with FRG
patients, though they are unlikely to be at
increased risk for this condition in the set-
ting of normal serum glucose and electro-
lyte levels. Notably, the osteoporosis risk is
small, and specific other risk factors perti-
nent to individual patient’s medical history,
and canagliflozin exclusively. If a patient
with FRG develops T2DM after diagnosis,
it is imperative that they inform physicians
of their condition, because SGLT2-inhibit-
ing drugs will be ineffective in this subset
of patients, necessitating increased clinical
judgment in selecting an appropriate antihy-
perglycemic agent in this population.

CONCLUSIONS

FRG is an uncommon diagnosis of exclusion
that presents with isolated glucosuria in the
setting of normal serum glucose. The patient
generally presents asymptomatically with a
urinalysis completed for other reasons, and
the patient may or may not have a family his-
tory of similar findings. The condition is of
particular interest given that its SGLT2 mu-
tation mimics the effect of SGLT2 inhibitors
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used for T2DM. More monitoring of patients
with this condition will be required for docu-
mentation regarding long-term implications,
including development of further renal dis-
ease, T2DM, or CV disease.
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