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 Case series
 Patients: Female, 29-year-old • Female, 67-year-old • Female, 30-year-old
 Final Diagnosis: Distal renal tubular acidosis (dRTA)
 Symptoms: Hypokalemia • metabolic acidosis
 Medication: —
 Clinical Procedure: Diagnosis
 Specialty: Nephrology • Rheumatology

 Objective: Unusual clinical course
 Background: Distal renal tubular acidosis (dRTA) is a defect in the urinary acidification process that limits the elimination 

of protons [H+] by alpha intercalated cells in the collecting tubules, with consequent metabolic acidosis with 
a normal plasma anion gap. The relationship between this tubulopathy and immune-mediated diseases like 
Sjögren syndrome, rheumatoid arthritis, autoimmune hepatitis, primary biliary cirrhosis, systemic lupus ery-
thematosus, and thyroiditis is well known. Further, the pathophysiological mechanisms are diverse, but, unfor-
tunately, many are not yet fully understood. We report 3 cases of dRTA in patients with different autoimmune 
diseases and review the pathophysiological mechanisms already described.

 Case Reports: The first case involved a 29-year-old woman with autoimmune hepatitis. She had metabolic acidosis with per-
sistent hypokalemia, and a kidney stone was also identified. The second case involved a 67-year-old woman 
diagnosed with rheumatoid arthritis. She had metabolic acidosis with hypokalemia. The third case involved a 
30-year-old woman with Sjögren syndrome and persistent metabolic acidosis. In addition to the presence of 
metabolic acidosis with a normal plasma anion gap, all 3 patients exhibited urine with a supraphysiologic pH 
(above 5.3).

 Conclusions: Autoimmune diseases may be associated with deficits in urinary acidification with consequent metabolic ac-
idosis and, therefore, systemic repercussions. This association must be remembered and researched because 
correct diagnosis and treatment will serve to reduce complications.
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Background

Renal tubular acidosis (RTA) is an impairment of the urinary 
acidification mechanism, which can involve any of the follow-
ing steps: reabsorption, regeneration (through carbonic anhy-
drases), and bicarbonate generation, as well as the excretion 
of protons (mainly in the form of ammonium) [1,2]. Various 
pathologies and disorders can cause RTA [1]. Patients with RTA 
typically have a normal glomerular filtration rate and hyper-
chloremic metabolic acidosis [1].

Distal RTA (dRTA), also known as type 1 RTA, was the first form 
of the condition to be described. It is characterized by an inabil-
ity to eliminate protons via the alpha-type intercalated cells in 
the collecting tubule and a consequent inability to achieve fi-
nal urinary acidification [1]. In patients with dRTA, the urinary 
pH is usually above 5.3, even in the presence of metabolic aci-
dosis. Other clinical features are hypokalemia or normal serum 
potassium level, growth deficit, rickets, hypercalciuria (usual-
ly in childhood), hypocitraturia, nephrolithiasis, and nephro-
calcinosis [1,3,4]. The difficulty in excreting protons translates 
to reduced excretion of the ammonium ion, which promotes 
a positive urinary anion gap [1]. In addition, dRTA can be due 
to genetic defects or secondary to systemic diseases such as 
some autoimmune diseases [5]. Homozygous and heterozy-
gous mutations with autosomal dominant or recessive trans-
mission have been described in the chloride/bicarbonate ex-
changer or band 3 (AE1) and proton adenosine triphosphatase 
(H+-ATPase) subunits present in the basolateral and luminal 
membranes of alpha-type intercalated cells, respectively [5-8].

The autoimmune diseases reportedly associated with dRTA 
include Sjögren syndrome, rheumatoid arthritis, autoimmune 
hepatitis, primary biliary cirrhosis, systemic lupus erythemato-
sus, and thyroiditis, although the mechanisms involved have 
yet to be fully clarified [2,8]. Here, we report 3 cases of dRTA 
associated with immune-mediated diseases and review their 
underlying pathogenic mechanisms.

Case Reports

Case 1

A 29-year-old woman who had been diagnosed, at 10 years 
of age, with chronic liver disease (Child-Pugh score, B8) due 
to autoimmune hepatitis, presented with metabolic acidosis 
and persistent hypokalemia. Serological testing was negative 
for viral hepatitis and positive for anti-smooth muscle anti-
bodies (titer 1: 160). Blood tests showed the following: urea, 
11 mg/dL; creatinine, 1.03 mg/dL; sodium, 139 mEq/L; potas-
sium, 3.4 mEq/L; chlorine, 115 mEq/L; phosphorus, 2.9 mg/dL; 
total bilirubin 1.44 mg/dL (direct bilirubin 0.82 mg/dL and 

indirect bilirubin 0.62 mg/dL); albumin, 2.0 g/dL; thyroid stimu-
lating hormone (TSH), 1.12 µIU/mL; arterial blood gas pH, 7.30; 
PCO2 35.5; bicarbonate, 17 mEq/L; and anion gap (corrected 
for albumin), 12. Urine tests showed the following: pH, 7.0; 
erythrocytes, absent; protein, absent; sodium, 118 mEq/L; po-
tassium, 20 mEq/L; chlorine, 109 mEq/L; citrate, 117 mg/day; 
calcium, 89 mg/day; and anion gap, 29 (positive). Abdominal 
computed tomography revealed small renal calculi (Figure 1). 
On the basis of the biochemical profile, a diagnosis of dRTA 
was made. The patient was started on treatment with 38 mEq/
day of alkali (in bicarbonate and citrate forms) and 24 mEq/
day of oral potassium.

Case 2

A 67-year-old woman who had been diagnosed with rheuma-
toid arthritis (RA) at 33 years of age was hospitalized for se-
vere peripheral arterial disease (PAD), which necessitated am-
putation of her left leg. The amputation procedure was elective, 
there was no presence of dehydration, and glomerular filtra-
tion was normal. During hospitalization, metabolic acidosis with 
persistent hypokalemia was noted. Blood tests showed the 
following: urea, 40 mg/dL; creatinine, 0.51 mg/dL; potassium, 
3.1 mEq/L; magnesium, 1.72 mg/dL; phosphorus, 3.4 mg/dL; 
TSH, 2.4 uIU/mL; pH, 7.38; bicarbonate, 15.8 mEq/L; chlorine, 
113 mEq/L; albumin, 2.2; and anion gap (corrected for albu-
min), 11. Urine tests showed the following: pH, 6.5; erythro-
cytes, absent; protein, absent; sodium, 31 mEq/L; potassium, 
48 mEq/L; chlorine, 20 mEq/L; citrate, 111 mg/day; and anion 
gap, 59 (positive). Renal ultrasound showed no alterations. 

Figure 1.  Kidney stones (white arrows) in the patient with 
autoimmune liver disease and dRTA.
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On the basis of these findings, the patient was diagnosed 
with dRTA and started on treatment with potassium citrate 
(20 mEq/day) and oral potassium chloride (48 mEq/day), to 
which she responded well.

Case 3

A 30-year-old woman with recurrent arthritis presented with 
a 6-month history of inflammation of the parotid gland, and 
was admitted to the hospital. A serum anti-Sjögren syndrome 
antibody (SSA) test was positive and salivary gland biopsy con-
firmed the suspected diagnosis of Sjögren syndrome. Blood 
tests showed persistent metabolic acidosis: urea, 27 mg/dL; 
creatinine, 0.70 mg/dL; sodium, 136 mEq/L; potassium, 3.3 
mEq/L; phosphorus 3.2 mg/dL chlorine, 107 mEq/L; pH, 7.36; 
bicarbonate, 17 mEq/L; anion gap, 12; TSH, 1.8 uIU/mL. Anti-
nuclear antibody (ANA), Anti-DNA, and Anti-smooth muscle 
antibody (ASMA) were negative. Urine tests showed the fol-
lowing: pH, 7.0; erythrocytes, absent; protein, absent; sodium, 
52 mEq/L; potassium, 17 mEq/L; chlorine, 43 mEq/L; citrate, 
129 mg/day; and anion gap, 26 (positive). Renal ultrasound 
showed only a simple cyst in the right kidney and no stones. 
The patient was started on treatment with potassium citrate 
(20 mEq/day) and oral potassium chloride (24 mEq/day), with 
metabolic control.

Discussion

Autoimmune diseases can present with dRTA. Despite being a 
well-known association, the pathophysiological mechanisms 
are diverse and not yet fully understood (Table 1). All 3 of the 

patients described here had hyperchloremic metabolic acido-
sis (normal plasma anion gap), as well as mild hypokalemia, 
alkaline urine, and hypocitraturia, which are characteristics 
compatible with dRTA.

The patients did not have any degree of proteinuria (which 
could correspond to low-molecular-weight proteins) or phos-
phorus disturbance, nor any biochemical signs compatible with 
proximal tubulopathy. Furthermore, supraphysiological urinary 
pH would not be compatible with established proximal RTA.

The first patient was diagnosed with autoimmune hepati-
tis at 10 years of age and presented with nephrolithiasis. 
Hypocitraturia, which is a typical finding in patients with dRTA, 
is a risk factor for this complication [3,4,8]. Nephrolithiasis and 
nephrocalcinosis are common complications, seen in 5-30% of 
cases, underscoring the need for early diagnosis [9,10].

The association between autoimmune liver diseases (autoim-
mune hepatitis and primary biliary cirrhosis) and dRTA is well 
known and affects approximately 30% of patients with such 
diseases, although the mechanisms are diverse and have not 
been fully elucidated [11]. The chloride/bicarbonate exchanger 
(an isoform of band 3) is present in various organs and tissues 
such as the liver and renal tubular cells [12]. This exchanger 
participates in the maintenance of intracellular pH (through 
chlorine influx and bicarbonate efflux) [12]. Low intracellular 
pH itself causes a reduction in chloride/bicarbonate exchang-
er activity. It can also promote proteolysis and antigenic and 
autoimmune changes (Figure 2A) [12-14].

Immune-mediated disease Pathophysiological mechanism of dRTA

Autoimmune hepatitis and primary biliary 
cirrhosis

Reduced AE2 expression (congenital or caused by proteolysis) could be 
related to changes intracellular pH. This could lead to protein mistargeting in 
liver cells and in kidney tubules, antigenic changes and autoimmunity [12].
Presence of IgG autoantibody against the band 3 isoform (Cl–/HCO3

–) in 
hepatocytes and alpha-type intercalated cells [12].
Cross-reactive cytotoxicity between hepatocyte surface antigens (membrane 
proteins) and tubular Tamm-Horsfall glycoprotein [15]. 

Sjögren syndrome Tubulointerstitial nephritis with mononuclear lymphocytic infiltrate [19,20].
Absence of proton-ATPase in alpha-type intercalated cells [21].
Autoantibody against carbonic anhydrase II (RTA type 3) [22].

Rheumatoid arthritis Tubulointerstitial nephritis (association with Sjögren syndrome) [25].

Systemic lupus erythematosus Proton-ATPase defect in alpha-type intercalated cells [26].
Tubulointerstitial nephritis [27].

Autoimmune thyroiditis Autoantibody against alpha-type intercalated cells [29].

Table 1. Possible pathophysiological mechanisms involved in the occurrence of distal renal tubular acidosis in autoimmune disease.

dRTA – distal renal tubular acidosis; ATPase – adenosine triphosphatase; RTA type 3 – the rare combination of type 1 (distal) and type 
2 (proximal) RTA; IgG – immunoglobulin G; Cl–/HCO3

– – chloride/bicarbonate exchanger.
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In chronic autoimmune liver disease, the suggested mechanism 
is the presence of immunoglobulin G autoantibodies against 
the chloride/bicarbonate anion exchanger 2 (AE2) present in 
hepatocytes, and its chloride/bicarbonate exchanger isoform 
(AE1), which is present in the basolateral membrane in alpha-
type intercalated cells in the collecting tubule [12-14]. In addi-
tion, the mechanism of dRTA development might involve cross-
reactive cytotoxicity between hepatocyte membrane surface 
lipoproteins (after hepatocellular damage) and Tamm-Horsfall 
glycoprotein-producing tubular cells (Figure 2B) [15].

Bile cast nephropathy is another type of tubular lesion that is 
possible in patients with cirrhosis. The bilirubin value of pa-
tient 1 was not compatible with this type of injury, which is 
usually associated with severe hyperbilirubinemia [16].

Patient 1 had liver disease and was using a low dose of 
prednisone (10 mg/day) and furosemide (40 mg/day). 
Corticosteroid use can interfere with plasma potassium lev-
els. Mineralocorticoid stimulation promotes increased urinary 
excretion of potassium and H+ (protons), which can promote 
hypokalemia and urinary acidification with a predisposition 
to metabolic alkalosis [17]. The patient had mild hypokale-
mia, which may in part be explained by the use of low doses 
of corticosteroids and furosemide, but she had metabolic aci-
dosis with a normal plasma anion gap and impairment in uri-
nary acidification with a positive urinary anion gap, which fur-
ther corroborates the diagnosis of dRTA.

Liver cirrhosis may be associated with respiratory alkalosis. 
The patient with autoimmune hepatitis presented arterial 
blood gases showing pH 7.30, PCO2 35.5, and HCO3 17. In the 
case of metabolic acidosis, the expected PCO2, applying the 

Figure 2.  Possible mechanisms involved in the occurrence of dRTA in patients with autoimmune liver disease. (A) Reduced AE2 
expression (congenital or caused by proteolysis) could be related to changes in intracellular pH. This could lead to protein 
mistargeting in liver cells and in kidney tubules, antigenic changes, and autoimmunity. The immunoglobulin G autoantibodies 
produced destroy the chloride/bicarbonate exchanger (band 3 isoform) present in hepatocytes and in the basolateral 
membrane in alpha-type intercalated cells in the collecting tubule [12]. (B) Hepatocyte damage can initiate an immune 
response due to the cross-reaction between membrane proteins in hepatocytes and Tamm-Horsfall glycoprotein in renal 
tubular cells [15].

Cytotoxic CD8 T cell Immunoglobulin Membrane proteins Proteolysis Tamm-Hosfall
protein

In�amamtory cell
in�ltration

A

B
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Winters’ equation 1.5× HCO3 +8±2, was 33.5±2 (31.5 to 35.5), 
and there was no respiratory disorder [18].

The main form of renal injury in Sjögren syndrome is tubu-
lointerstitial nephritis [19,20], and the estimated prevalence of 
RTA in such patients is approximately 30% [21-24]. Although 
dRTA is the most common form, with an estimated prevalence 
of 25%, the pathophysiological mechanism is not fully under-
stood [22]. One proposed mechanism is the influence of au-
toantibodies against collecting tubule cells, although the ab-
sence of proton-ATPase without autoantibody detection has 
been reported [21]. In addition, it has been suggested that 
type 3 RTA can occur because of the presence of antibodies 
against carbonic anhydrase II [22].

There have been few reports of dRTA in individuals with rheu-
matoid arthritis. A few studies, mostly case reports, have de-
scribed dRTA in patients with rheumatoid arthritis and Sjögren 
syndrome, suggesting that the mechanism involves tubuloin-
terstitial nephritis [25].

In patients with systemic lupus erythematosus (SLE), the pres-
ence of dRTA has also been previously reported [26,27]. This 
occurs mainly in SLE patients with other immunological dis-
eases, such as thyroiditis and Sjögren syndrome [26]. A pro-
ton-ATPase defect in the luminal membrane of alpha-type 
intercalated cells has been demonstrated in renal tissue col-
lected from SLE patients with dRTA [26]. Tubulointerstitial ne-
phritis and the presence of autoantibodies against carbon-
ic anhydrase II have been implicated in dRTA and type 3 RTA 
[28]. In addition, type 4 RTA (specifically hyporeninemic hy-
poaldosteronism) has also been observed in SLE patients [26]. 
Patients with autoimmune thyroiditis can also develop dRTA. 
One experimental study identified autoantibodies against in-
tercalated cells as a possible explanation for the occurrence 
of the disorder [29].

There have been case reports describing the combination of 
fibrosing alveolitis and RTA [30]. Cases of alveolitis in patients 

with Sjögren syndrome and hypergammaglobulinemia have 
both been observed, which suggests an immunological mech-
anism in its pathogenesis [30].

Mutations in the ATP6V1B1 gene encoding the B1 subunit of 
vacuolar H-ATPase result in autosomal recessive dRTA asso-
ciated with sensorineural hearing loss [31]. None of the 3 pa-
tients reported here reported hearing alterations. Genetic test-
ing was also not performed in these cases.

Alkali results, especially with potassium citrate salts, are inter-
esting in dRTA. Citrate can provide a longer alkali half-life as 
it is still metabolized to bicarbonate in the liver. Furthermore, 
potassium citrate is less associated with hypercalciuria, as is 
the case with sodium-based alkali [32].

Our patients used potassium citrate, which stabilized plasma 
pH and maintained bicarbonate (BIC) at 22-26 mEq/L. They 
used oral potassium chloride (24 to 48 mEq/day) to help main-
tain normal potassium.

Conclusions

We conclude that there are a number of autoimmune diseases 
that are associated with dRTA, although the pathophysiological 
mechanisms are diverse and are not fully understood. In clin-
ical practice, is important to keep this possible association in 
mind and to monitor the electrolyte and metabolic balance in 
patients with autoimmune diseases. It is recommended that 
imaging examinations be performed periodically for the early 
detection of nephrolithiasis or nephrocalcinosis. Earlier treat-
ment is associated with better prognosis.
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