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Abstract
Background: Gitelman syndrome (GS) is an autosomal recessive salt-losing renal tubulopathy resulting from mutations in the 
thiazide-sensitive Na-Cl cotransporter (NCC) gene. Notably, lack of awareness regarding GS and difficulty with prompt diagnosis 
are observed in clinical practice, particularly in rural settings.
Case presentation: We report a case of a 48-year-old man with GS who presented to a local clinic on a remote island. Occasional 
laboratory investigations incidentally revealed a reduced serum potassium level of 2.6 mmol/L. A careful medical interview re-
vealed episodes of intermittent paralysis of the lower extremities and muscular weakness for >30 years. Subsequent laboratory 
investigations revealed hypomagnesemia, hypocalciuria, and hypokalemic metabolic alkalosis. Based on the patient’s history, clin-
ical presentation, and laboratory investigations, we suspected GS. Genetic testing revealed a rare homozygous in-frame 18 base in-
sertion in the NCC gene that might have resulted from the founder effect, consequent to his topographically isolated circumstances.
Conclusion: More case studies similar to our study need to be added to the literature to gain a deeper understanding of the functional 
consequences of this mutation and to establish optimal management strategies for this condition, particularly in rural clinical settings.
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Introduction

Gitelman syndrome (GS) is an autosomal recessive 
salt-losing renal tubulopathy characterized by fluid and 
electrolyte disturbances, as well as urinary, and hormonal 
abnormalities, including hypomagnesemia, hypocalciuria, 
and secondary hyperreninemic aldosteronism, that causes 
hypokalemic metabolic alkalosis1, 2). Biallelic inactivating 

mutations in the solute carrier family 12, member 3 gene 
(SLC12A3) encoding the thiazide-sensitive Na-Cl cotrans-
porter (NCC) have received increasing attention as etio-
pathogenetic contributors to the disease1, 3). GS can be associ-
ated with neuromuscular complaints including intermittent 
muscle weakness, spasms, cramps, or tetany, although a few 
subsets of patients with GS may be asymptomatic2). Despite 
the increasing number of reports describing GS that are be-
ing added to the literature3–6), lack of awareness regarding 
this condition and the consequent delay in accurate diagno-
sis remain a clinical challenge, particularly in rural clinical 
settings. We report a case of GS in a man from a local island 
in Kagoshima Prefecture, Japan.

Case Report

A 48-year-old man with a history of dyslipidemia that 
had been treated with oral pravastatin at a dose of 10 mg/day 
at our clinic on Amami-oshima Island, one of the Amami 
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Islands, located approximately 250 miles southwest of Ky-
ushu Island, the third largest island of Japan, was inciden-
tally found to have a reduced serum potassium level of 2.6 
mmol/L at an occasional laboratory investigation. A careful 
medical interview revealed that he was born and raised on 
this island and that he had experienced intermittent paraly-
sis of the lower extremities and muscular weakness for >30 
years; however, he did not seek any medical advice owing 
to the transient nature of symptoms. He was born to non-
consanguineous parents, who were also born and raised on 
this island. No member of his immediate or extended family 
reported similar complaints. He denied the use of any herbal 
medicine, diuretics, or laxatives. His medical history in-
cluded proteinuria (2+), which was diagnosed approximate-
ly 2 years earlier at the time of a general health checkup. 
His renal parameters were not monitored on a regular basis.

Physical examination at the time revealed a well-nour-

ished man who was 170 cm tall and weighed 68.6 kg. His 
blood pressure was 130/70 mmHg with a regular pulse rate 
of 86 beats/min. Chest auscultation revealed his lungs were 
clear and heart sounds were normal. No peripheral edema or 
rash was observed. Electrocardiography was unremarkable. 
Computed tomography revealed no structural abnormalities 
in the right or left kidney or in the abdomen. Laboratory in-
vestigations at the time of presentation are summarized in 
Table 1. As shown, we observed hypokalemic metabolic al-
kalosis and increased plasma renin activity without hyper-
aldosteronism. Despite the serum mineral disturbances and 
acid-base imbalance associated with hyperreninemia, we did 
not focus on these abnormalities at the time. He was therefore 
empirically treated with oral potassium supplementation. 
Not surprisingly, we observed persistent hypomagnesemia 
(approximately 1.1 to 1.4 mg/dL), while his serum potassium 
levels remained at approximately 2.4 to 2.8 mmol/L.

Table 1 Laboratory data at the time of presentation

White blood cells 5,890/μL (3,500–9,700)
Neutrophils 68.90% (42.0–74.0)
Eosinophils 0.80% (0.0–7.0)
Basophils 0.20% (0.0–2.0)
Monocytes 4.10% (1.0–8.0)
Lymphocytes 26.00% (18.0–50.0)

Serum hemoglobin 15.4 g/dL (13.6–18.3)
Platelet count 23.9×104/μL (14.0–37.9)
Serum blood urea nitrogen 14.2 mg/dL (8.0–20.0)
Serum creatinine 0.63 mg/dL (0.65–1.09)
Serum aspartate aminotransferase 26 U/L (10–40)
Serum alanine aminotransferase 25 U/L (5–45)
Serum sodium 140 mmol/L (135–145)
Serum potassium 2.6 mmol/L (3.5–5.0)
Serum chloride 93 mmol/L (98–108)
Serum calcium 9.4 mg/dL (8.6–10.2)
Serum magnesium 1.2 mg/dL (1.7–2.6)
Serum triglycerides 106 mg/dL (50–149)
Total serum cholesterol 230 mg/dL (150–219)

pH 7.52 (7.32–7.43)
PaCO2 45 mmHg (36–48)
HCO3

– 36.0 mmol/L (23–29)

Plasma renin activity 13 ng/mL/h (0.3–4)
Plasma aldosterone 157 pg/mL (36–240)

Urinary sodium 222 mmol/L NA
Urinary potassium 61 mmol/L NA
Urinary chloride 222 mmol/L NA
Fractional excretion of sodium 0.70% NA
Fractional excretion of potassium 11% NA
Urinary creatinine 136 mg/dL NA

Urinary albumin 9.4 mg/dL NA
Urinary albumin/creatinine ratio 0.069 g/gCr (0.05–0.15)

Reference ranges for each parameter used at our clinic are indicated in parentheses. 
HCO3

–: bicarbonate ion; NA: not available; PaCO2: partial pressure of carbon dioxide.
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The patient occasionally developed neuromuscular 
symptoms over the next 2 years. Urinalyses performed as 
outpatient assessments at 50 years of age revealed fractional 
excretion of potassium of 11.1% and a urine potassium-to-
creatinine ratio of 44 mmol/gCr despite a reduced serum 
potassium level of 2.4 mmol/L. Based on these findings, 
his primary care practitioner confirmed the persistence of a 
hypokalemic state secondary to renal potassium wasting7, 8). 
Additionally, a reduced urine calcium-to-creatinine (Cr) ra-
tio of 0.008 g/gCr indicated concurrent hypocalciuria9). His 
primary care practitioner therefore strongly suspected GS as 
a cause of the patient’s clinical manifestations and electro-
lyte disturbances, and referred the patient to a nephrologist 
who provided a special nephrology service once a month at 
another regional hospital.

The nephrologist supported the diagnosis and advised 
conducting a thorough genetic evaluation. Decision-making 
for this procedure was exclusively done at the clinic, and the 
patient ultimately decided to undergo the evaluation. After 
obtaining his written informed consent, we performed com-
prehensive genetic testing in this patient for dozens of known 
genes for sodium-losing nephropathy using next-generation 
sequencing, as reported previously10). This genetic testing re-
vealed a homozygous in-frame 18 base insertion in SLC12A3 
(NM_000339.2: c.804_805ins ATTGGCGTGGTCTCGGTC) 
(Figure 1), thereby confirming the diagnosis of GS.

Oral supplementation of potassium and magnesium was 
then initiated, and although hypomagnesemia (approxi-
mately 1.4 mg/dL) persisted, his serum potassium levels re-
turned to 3.6 to 3.7 mmol/L, and the patient became asymp-
tomatic after spironolactone was added to his therapeutic 
regimen. During the observation period, his serum Cr levels 
remained at approximately 0.67 mg/dL with steady-state 
urinary protein levels ranging from 0.27 to 0.41 g/gCr. We 
are now considering the need for further genetic evaluation 
in other family members.

Written informed consent was obtained from the patient 

for the publication of this case report, as well as for perform-
ing genetic analysis, which was performed in accordance 
with the ethical standards of the Tokyo Medical and Dental 
University.

Discussion

To date, >150 scattered mutations have been identified in 
SLC12A3 among patients with GS5, 11). The in-frame insertion 
confirmed in the present patient has already been reported in 
both, the heterozygous and homozygous states3, 12, 13). There-
fore, the characteristic presentation of our patient may not be 
surprising; however, the findings in the current case require 
close attention. In our view, this case report provides valu-
able clinical information to physicians working in rural ar-
eas and emphasizes that accurate diagnosis based on genetic 
testing is possible even in rural clinical settings through ef-
fective coordination with other medical facilities. Further-
more, this is the first report that describes geographical and/
or topographical information in a patient with GS showing 
an 18-base insertion in a homozygous state. This can result 
from a de novo mutation. Alternatively, our patient may be 
a homozygous proband derived from heterozygous parents 
who might have had a common ancestor. We did not inves-
tigate in detail whether the patient’s family had a similar 
genetic and/or geographical background; however, it would 
be reasonable to conclude that the founder effect associated 
with the topographically isolated circumstances of the pa-
tient could be an etiopathogenetic contributor among certain 
subsets of patients with GS12, 14, 15) and may be implicated as a 
putative etiological mechanism in our case.

An interdisciplinary approach is important to establish 
the genetic diagnosis in this rare condition. Coordination 
between attending physicians with clinical experience in 
treating GS and experts in genetic counseling is necessary to 
function as a medical team to educate patients regarding the 
risks and benefits of undergoing genetic testing. Addition-
ally, providing social and/or psychological support consti-
tutes an important component of shared decision-making for 
prompt management16). The pre-evaluation strategy adopted 
in the current case might have been inadequate because the 
decision-making process was limited to the patient and the 
attending primary care practitioner at the local clinic on the 
island. However, the patient was satisfied with the care pro-
vided during the diagnostic process, as well as with the re-
sults of the genetic testing, and we are currently considering 
the need for further evaluation in his relatives. Obviously, a 
high index of clinical suspicion for the disease and timely 
consultation with a nephrologist led to a prompt diagnosis 
of GS in our patient. However, this may not be always the 
case, given the geographic disparity in the distribution of 
nephrologists, which may preclude equitable accessibility17). 
In this regard, our experience may not necessarily allow us 

Figure 1 Extended family tree showing over 3 generations of the pres-
ent patient’s family and the results of sequencing analysis 
of the SLC12A3 gene in this patient. A homozygous in-
frame 18 base insertion was identified in the SLC12A3 gene 
(NM000339.2). Males and females are indicated by squares 
and circles, respectively. The patient (indicated by an arrow) 
is represented by a closed symbol.
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to thoroughly discuss medical concerns associated with ru-
ral areas, which lack reasonable and sufficient distribution 
of health resources. Nevertheless, systemic studies on these 
topics are quite lacking, so we strongly recommend the accu-
mulation of more cases similar to our own not only to clarify 
the overall functional consequence of this mutation, which 
should add six new amino acids3), but also to understand 
the nature of the disease more precisely, thereby delineat-
ing specific management strategies relating to rural medical 
practices, such as how to communicate with a cooperative 
facility or an expert for further examinations and how to care 
for a patient and their family members with a specific genetic 
disposition, which remains to be delineated in the ordinary 
clinical settings as well18), in a relatively closed community.

This disease entity was first described as a separate 
condition by Gitelman et al. in 196619). Since then, a steady 
growth has been observed in the body of knowledge describ-
ing the epidemiology and/or pathophysiology of this condi-
tion6, 9). The estimated prevalence of GS is approximately 1 
in 40,000 individuals, and the prevalence of heterozygotes 
for GS is approximately 1% of the white population20, 21). 
However, Tago et al. reported a much higher prevalence 
of heterozygous SLC12A3 mutations (3.21%) among 1,852 
subjects representing the general Japanese population22). No 
distinct ethnic predilection has been identified, and both 
sexes are at equal risk of GS6, 23). The serum aldosterone 
level may not be significantly increased in all patients with 
GS, as was observed in the patient described in this report. 
This finding could be attributed to the fact that hypokalemia 
in these patients suppresses adrenal aldosterone synthesis2). 
It is unclear whether dyslipidemia identified in the present 
patient would be attributable to GS, although the association 
between high-dose thiazide diuretics and abnormal lipid 
metabolism remains debatable24).

The mainstay of treatment for GS includes the individu-
alized lifelong administration of magnesium and potas-
sium supplements combined with aldosterone antagonists 
and/or potassium-sparing agents, such as spironolactone, 
eplerenone, and amiloride (a strategy implemented in the 
present patient)9). No specific association has been observed 
between the degree of reduction in serum mineral levels 
and the magnitude of symptoms. However, several clinical 
manifestations of GS show improvement following potas-
sium and/or magnesium supplementation, and magnesium 
repletion may be a useful therapeutic option in a few subsets 
of patients with GS because it inhibits renal potassium ex-
cretion and reduces the risk of various neuromuscular com-
plications9, 25). Correcting hypomagnesemia may otherwise 
be challenging because of diarrhea secondary to the use of 
oral magnesium (administered as sulfate, oxide, or chloride 
salts)6, 9). Therefore, a reasonable target range for serum po-
tassium and magnesium levels may be approximately 3.0 
mmol/L and 1.46 mg/dL, respectively, although practical 

target values may be lower in some patients and may also 
change with time9). To date, an optimal follow-up interval 
to monitor these serum mineral disturbances remains un-
known; however, monitoring these levels once or twice a 
year in a nephrology clinic is recommended9, 26).

Progression to renal insufficiency is extremely rare in 
patients with GS27, 28). Several recent studies have reported 
that some subsets of patients tend to show overt protein-
uria29, 30), which has received attention as an independent 
risk factor for cardiovascular and chronic kidney disease31). 
Empirical evidence available in the literature shows several 
glomerulopathies and concomitant proteinuria in patients 
with GS32–34). A few reports have even anecdotally described 
patients with severe progressive renal failure requiring renal 
replacement therapy35, 36). In the present patient, we could 
not perform histopathological evaluation or characterize 
urinary protein. To date, the optimal diagnostic strategy in 
patients with GS presenting with various abnormalities in 
renal parameters has not been standardized. In our opin-
ion, it is essential to thoroughly weigh all options and risks 
of potential complications, as well as disease severity on a 
case-by-case basis. Establishing patient selection criteria 
for a renal biopsy in this population is an important con-
cern that needs to be carefully addressed. Furthermore, it is 
important to establish a strategy for adequate longitudinal 
surveillance and flexible follow-up for GS, although this ap-
pears to be challenging in the present clinical settings.

In conclusion, this case report describes a patient di-
agnosed with GS at a regional clinic on a small island. He 
presented with a rare homozygous mutation in the NCC 
gene. Based on his topographically isolated circumstances, 
it would be reasonable to conclude that the mutation might 
have resulted from the founder effect. Prompt diagnosis of 
GS is challenging and more case studies similar to our study 
need to be added to the literature to gain a deeper under-
standing of the functional consequences of this mutation 
and also to establish optimal management strategies for GS 
in patients diagnosed in rural clinical settings.
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