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Abstract
The objective of the study is to prospectively evaluate the spectrum of clinical and subclinical renal involvement in patients 
with primary Sjogren’s syndrome (pSS). Of the 174 patients screened, seventy patients with pSS underwent renal function 
tests, urine examination, renal ultrasound, arterial blood gases, urine pH followed by urine acidification test and renal biopsy 
(if indicated). Renal tubular acidosis (RTA) was treated with alkali replacement and moderate–severe tubulointerstitial 
nephritis (TIN) was treated with oral prednisolone. Sixty-two patients completed 1-year follow-up. A comparison was made 
between patients with and without renal involvement. Thirty-five (50%) patients had renal involvement. They had a lower 
baseline eGFR (71.85 ± 18.04 vs. 83.8 ± 17, p = 0.005). Twenty-nine patients had RTA (25 complete and 4 incomplete). 
Eleven patients had urinary abnormalities. Patients with RTA (n = 29) were younger (34.9 ± 9 vs. 42 ± 11.3, p = 0.006), had 
fewer articular (34% vs. 78%, p = 0.001) and ocular sicca (62% vs. 88%, P = 0.01) than those without RTA (n = 41) and com-
monly presented with hypokalemic paralysis. On biopsy, TIN (9/17) and IgA nephropathy (3/17) were most common. On 
follow-up, there was no clinically significant change in eGFR; however, one patient with renal calculi and incomplete distal 
renal tubular acidosis (dRTA) progressed to complete dRTA. Two patients treated with steroids had marginal improvement 
in eGFR. Renal involvement in pSS is under-recognized with the most common manifestation being RTA presenting with 
hypokalemic paralysis. These patients are younger with less articular and sicca symptoms. Subclinical RTA may progress 
to complete RTA. Renal biopsy should be considered in all patients with renal involvement.
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Abbreviations
pSS  Primary Sjogren’s syndrome
RTA   Renal tubular acidosis
TIN  Tubulointerstitial nephritis
eGRF  Estimated glomerular filtration rate
dRTA   Distal renal tubular acidosis
GN  Glomerulonephritis
IN  Interstitial nephritis
iRTA   Incomplete distal renal tubular acidosis
AECG  American–European consensus group
ANA  Antinuclear antibody
ELISA  Enzyme-linked immunosorbent assay
RF  Rheumatoid factor
ABG  Arterial blood gases
UAT   Urine acidification test
cRTA   Complete distal renal tubular acidosis
ESSDAI  EULAR Sjögren’s Syndrome Disease Activity 

Index
NSAID  Non-steroidal anti-inflammatory drugs
IFTA  Moderate interstitial fibrosis and tubular 

atrophy
FSGS  Focal segmental glomerulosclerosis
ATN  Acute tubular necrosis
NLR  Neutrophil/lymphocyte ratio
NCCT   NaCl cotransporter
CA  Carbonic anhydrase
CIN  Chronic interstitial nephritis
TLR  Toll-like receptors
SPSS  Statistical package for the social sciences
SS-A  Sjogren’s syndrome-related antigen A
SS-B  Sjogren’s syndrome-related antigen B

Introduction

Primary Sjögren’s syndrome (pSS) is a common autoim-
mune disease with an enormous impact on the quality of 
life. The most characteristic manifestation is sicca syndrome 
secondary to infiltration of exocrine glands by lymphocytes. 
Besides, extra-glandular manifestations may be seen in 
almost three-quarters of patients which sometimes may be 
life threatening.

The prevalence of renal involvement in pSS varies from 
1 to 33% depending on the population studied, criteria used 
for diagnosis and nature of the study [1–4]. Renal manifes-
tations can be heterogeneous, varying from mild electro-
lyte abnormalities to complete distal renal tubular acidosis 
(cRTA), interstitial nephritis (IN) or glomerulonephritis 
(GN) [5]. If left untreated, these may lead to serious conse-
quences. Incomplete dRTA (iRTA) demonstrated by abnor-
mal acidification of urine without overt acidosis may also be 
seen in almost 1/3rd of the patients with pSS [6–8]. Though 
it has been shown to be associated with the formation of 

renal calculi, the exact natural history of such patients has 
never been evaluated.

Studies in various Western and Chinese pSS cohorts sug-
gest that tubulointerstitial nephritis (TIN) is the most com-
mon manifestation followed by GN which is commonly 
associated with cryoglobulinemia [5]. However, there is a 
paucity of such data from the Indian subcontinent. More 
so, there is no clarity regarding the role of renal biopsy 
and immunosuppressive therapy in pSS patients with renal 
involvement though recent retrospective studies seem to sug-
gest that immunosuppression with corticosteroids and other 
immunosuppressive agents may retard the progression of 
renal disease [9–11].

Hence, we conducted this prospective cohort study to 
investigate the spectrum of clinical and subclinical renal 
involvement in patients with pSS. The patients were fol-
lowed up for a period of 1 year for evolution of renal disease 
and response to therapy.

Methods

Study design

This was a prospective cohort study wherein patients were 
followed up for 1 year. This study was conducted over 2 
years (2015–2016) at the department of Clinical Immunol-
ogy of a tertiary care hospital in southern India.

Patient population

All patients with signs and symptoms suggestive of pSS, 
attending the outpatient clinic of our department and those 
referred from inpatient wards of medicine and nephrology, 
were screened. Inclusion criteria were patients ≥ 18 years 
age satisfying the 2002 AECG (American–European con-
sensus group) criteria for diagnosis of pSS [12]. Exclusion 
criteria were presence of anatomical renal defects, essential 
hypertension, diabetes mellitus, drug-induced renal disease, 
malignancy of the genito-urinary tract, and pregnancy or 
breast feeding.

Study protocol

Clinical features of all study subjects were documented. Rel-
evant immunological investigations including antinuclear 
antibodies (ANA) by indirect immunofluorescence (IIF) on 
Hep2 cells, anti-SSA/SSB antibodies by quantitative ELISA 
and IgM rheumatoid factor (Classic RF), C3 and C4 lev-
els by nephelometry, etc., were done. Assessment of renal 
involvement included renal function tests, serum electro-
lytes, arterial blood gases (ABG), urine r/m, urine protein 
estimation, urine pH, X-ray, and renal ultrasound.
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Patients found to have normal blood pH and morning 
urine pH > 5.5 underwent a urine acidification test (UAT) 
[13]. UAT in eligible patients was done by administering 
a single dose of tablet furosemide (40 mg) and fludrocor-
tisone (1 mg) orally, after collecting the baseline urine 
sample. Fluid intake was allowed to be ad libitum. Urine 
was collected hourly for 6 h after drug ingestion and urine 
pH measured immediately. Inability to decrease urinary 
pH to < 5.3 in 6 h was considered to be due to the presence 
of subclinical dRTA. Patients were monitored for develop-
ment of hypertension during the test. Renal biopsy was 
performed in patients with active urinary sediments, pro-
teinuria > 500 mg/day, renal dysfunction or active renal 
tubular acidosis.

Renal involvement was defined as one or more of the 
following [14, 15]:

1. Complete distal RTA (cRTA),
2. Positive urine acidification test without overt acidosis 

with or without hypokalemia (incomplete dRTA, iRTA),
3. Renal colic with findings of nephrolithiasis or nephroc-

alcinosis and overt dRTA or positive UAT,
4. Fanconi’s syndrome not associated with any known 

cause,
5. Reduced creatinine clearance (< 60 ml/min, CKD-EPI),
6. Proteinuria > 500 mg/24 h,
7. Active urinary sediments and
8. Renal biopsy demonstrating histological features com-

patible with GN, interstitial nephritis, or both.

Treatment and follow‑up

All patients were treated with hydroxychloroquine 
4–6 mg/kg body weight (maximum 400 mg/day) unless 
contraindicated. Renal tubular acidosis was treated with 
alkali replacement. Patients with moderate to severe TIN 
were treated with 1 mg/kg prednisolone tapered over 3–6 
months. Glomerulonephritis was to be treated according 
to renal histology.

All the patients were screened for development of new 
onset renal involvement every 12 weeks for 1 year. Dis-
ease activity was assessed by ESSDAI (EULAR Sjögren’s 
syndrome Disease Activity Index) and renal dysfunction 
by eGFR (CKD-EPI, ml/min) at baseline, 6 months and 
at 12 months. At the end of 1 year, patients were strati-
fied into two groups: renal group, comprising patients 
with renal involvement and non-renal group comprising 
patients without renal involvement.

Clinical and immunological profiles of the two groups 
were compared along with change in ESSDAI and mean 
eGFR at 12 months.

Statistical analysis

Sample size was estimated using OpenEpi software (version 
3.01 software) for estimating a proportion with 25% rela-
tive precision and 95% confidence interval. The expected 
prevalence of renal involvement was 38%, and the sample 
size estimated for the study was 100. However, enrollment 
was stopped at 70 because of time constraints. Normality 
of data distribution was assessed by Kolmogorov–Smirnov. 
Normally distributed data were presented as mean ± SD. The 
non-normal distributed data were represented as median 
(min–max). Groups were compared using Chi-square or 
Fischer’s exact test for categorical variables and using inde-
pendent Student’s t test/Mann–Whitney U test for continu-
ous data. Change in parameters over 1 year was compared by 
paired t test/Wilcoxon signed rank sum test using imputation 
analysis. A p value of < 0.05 was considered as significant. 
Data were analyzed using SPSS version 16.0 (SPSS Inc., 
Chicago) for windows.

Ethical approval

The study protocol was approved by the institutional eth-
ics committee, and all the study subjectsprovided written 
informed consent.

Results

A total of 178 subjects with suspected pSS were screened 
during the study period, and 84 patients satisfying the 
AECG 2002 criteria for pSS were considered for the study. 
Of these, 14 patients were excluded (Fig. 1) and remaining 
70 were included. Thirty-five (50%) patients were found to 
have renal involvement (renal group). Sixty-two patients 
completed 12-month follow-up (Fig. 1).

Demography (Table 1)

The mean age ± SD of the cohort was 39.1 ± 10.9 years, 
and 68 were females. Thirty-five (50%) patients had renal 
involvement (renal group) and 35 (50%) were not having 
renal involvement (non-renal group). All patients in the renal 
group and 33 in the non-renal group were females. There 
was no significant difference between the renal and non-
renal group with respect to the age of onset of pSS, age at 
enrollment, age at diagnosis, disease duration* and delay in 
diagnosis*.

Clinical and glandular manifestations (Table 1)

Ocular sicca (23/35) and articular manifestations (14/35) 
were less common while parotid swelling was more common 
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(13/35) in the renal group compared to the non-renal group. 
There was a trend toward higher cutaneous vasculitis (10/35) 
in the renal group though the result was not statistically sig-
nificant. There was no significant difference between the two 
groups with respect to the other manifestations including 
interstitial lung disease*, leucopenia*, neurological mani-
festations*, parotitis* and hypothyroidism*. The mean base-
line eGFR (CKD-EPI, ml/min) was lower (p = 0.005), and 
the median baseline ESSDAI in the renal group was higher 
(p < 0.001) in the renal group as compared to the non-renal 
group.

*Data not shown.

Immunological profile (Table 1)

There was no statistically significant difference in the immu-
nological profile between the two groups. Anti-SSA/SSB 
antibodies and hypergammaglobulinemia were more com-
mon in renal group though the difference was not statisti-
cally significant.

Renal involvement (Fig. 2)

Twenty-five of 35 patients had cRTA and 4/35 had iRTA. 
The most common clinical manifestation was hypokalemic 
paralysis (19/35). Besides, nephrocalcinosis and metabolic 
bone disease was also seen. None of the patients had proxi-
mal RTA. Overall, 6/70 patients had a history of renal cal-
culi. Two of them had cRTA. The third patient initially had 
mild renal dysfunction and iRTA which progressed to cRTA 

with hypokalemia and frank metabolic acidosis at 9th month 
of follow-up. All the three were included in the renal group. 
Rest of the three patients with calculi had a negative UAT 
and were included in the non-renal group. Renal dysfunction 
and urinary abnormalities were seen in 11/70 (16%) patients.

Treatment profile

The treatment that the patients had received at any point of 
their disease was compared between the two groups. There 
was no difference between the two groups with respect to 
the use of immunomodulator and immunosuppressive drugs. 
NSAID intake was also similar between the two groups. All 
patients with cRTA were treated with alkali replacement 
including the patient with iRTA, who developed cRTA at 
9th month. Of the four patients with moderate TIN, two gave 
their consent for treatment with prednisolone.

Renal biopsy (Fig. 3) Of the total of 35 patients with renal 
involvement, renal biopsy could only be performed for 17 
patients, all of whom had dRTA. Three of those seventeen 
had pyuria, two had proteinuria and three had renal dysfunc-
tion. Twelve patients had normal urine examination of whom 
nine had abnormal renal biopsy. The most common finding 
on histopathology was TIN 9 (52.9%) showing patchy or 
diffuse interstitial inflammation. Glomerular changes were 
present in 6/17 patients. Three/seventeen had early IgA 
nephropathy with mild-mod TIN, and two (11.7%) had a 
mild mesangial expansion with mild-mod TIN. Two patients 
with history of renal calculi had moderate interstitial fibro-
sis and tubular atrophy (IFTA). One of them additionally 

Fig. 1  Study flowchart

Patients satisfying Modified AECG 2002 Criteria: n=84

Renal Group  
n=35 (50%)  

Patients included into the study 
(n=70) 

Exclusions n=14 
Diabetes/Hypertesion: 9 
NSAID induced AKI: 1 
Asymmetric kidney size: 2 
Diuretics: 1 
Evolved into SLE: 1 

Non-renal Group
n=35 (50%)

Patients with suspected pSS screened n=178



2255Rheumatology International (2018) 38:2251–2262 

1 3

had focal segmental glomerulosclerosis (FSGS) also. Mild 
acute tubular necrosis (ATN) was present in 2/17 patients 
and mild-mod TIN in 4/17. Renal biopsy was normal in 4/17 
patients of which one had pyuria and one had renal dysfunc-
tion. The details of the patients who underwent renal biopsy 
are provided in Table 2.

Follow-up (Table S1) At 12 months, a statistically sig-
nificant improvement in the mean eGFR from baseline 
was observed in the renal group [−6.05 ± 10.9, P = 0.002]. 
However, the change was not significant in the non-renal 
group (4.62 ± 14.3, P = 0.6). There was a significant reduc-
tion in median ESSDAI in the renal group compared to the 
non-renal group [5(0–6) vs. 0(0–2), p = 0.001]. However, 

the change in neutrophil/lymphocyte ratio (NLR) was non-
significant for the two groups. In patients with complete 
dRTA (n = 25), there was a significant improvement in 
blood pH,  HCO3− and serum potassium from baseline at 
12 months with alkali replacement: blood pH [7.32 ± 0.09 
vs. 7.37 ± 0.04, p = 0.001],  HCO3− (mmol/L) [15.9 ± 4.3 
vs. 18.9 ± 2.8, p = 0.005] and serum potassium (mEq/L) 
[3.38 ± 0.9 vs. 3.9 ± 0.5, p = 0.005], respectively. For the 
patient who developed cRTA during follow-up at 9 months, 
alkali replacement corrected her acidosis and hypokalemia 
and she had not developed any episode of hypokalemic 
paralysis over next 6 months till the time of writing of this 
manuscript.

Table 1  Baseline features

Y years, Sal. Scint.: salivary scintigraphy, IQR interquartile range, OR odds ratio, CI confidence interval, 
MSGB minor salivary gland Biopsy, Cut. Vasc cutaneous vasculitis, NLR neutrophil lymphocyte ratio, ANA 
antinuclear antibody, RF rheumatoid factor
a Mean ± standard deviation
b ml/min, CKD-EPI
c Median (min–max)
d Missing values
# Significant p value < 0.05
€ Compared using non-parametric test Mann–Whitney test
₴ χ2 test used
£ Student’s test

Variable Renal (n = 35) Non-renal (n = 35) P Value OR 95% CI

Demographics
 Female:male All females 33:2 – – –
 Agea, Y 37.6 ± 11 40.6 ± 10.7 0.24£ – − 8.2 to (2.16)
 Age of  onseta, Y 32 ± 12.5 34 ± 13.1 0.55£ – − 7.9 to (4.29)
 Age at  diagnosisa, Y 35.6 ± 11.3 39.4 ± 10.6 0.14£ – − 9.1 to (1.3)

Clinical and glandular features
 Oral sicca, n (%) 32 (91) 33 (94) 0.21₴ 0.6 0.1 to 4.1
 Ocular sicca, n (%) 23 (66) 31 (89) 0.02#,₴ 0.1 0.7 to 0.9
 Parotid swelling, n (%) 13 (37) 4 (11) 0.01#,₴ 4.5 1.3 to 15.9
  + Sal. Scint.d, n (%) 26/30 (87) 24/34 (71) 0.1₴ 0.4 0.1 to 1.3
  + Schirmer’s  testd, n (%) 9/33 (27) 12/34 (35) 0.5₴ 1.4 0.5 to 4.1
  Ocular staining  scored 10/27 (37) 8/26 (30) 0.8₴ 0.7 0.2 to 2.3
  MSGBd positive, n (%) 22/28 (79) 24/33 (73) 0.3₴ 0.7 0.2 to 2.3

 Articular n (%) 14 (40) 28 (80) 0.001#,₴ 0.2 0.06 to 0.49
  Cut. Vasc. n (%) 10 (29) 4 (11) 0.07₴ 3.1 0.9 to 11.1

 Mean  eGFRb 71.85 ± 18.04 83.8 ± 17 0.005#.£ – − 20.3 to (− 3.6)
 ESSDAI 6 (2–10) 2 (1–4) < 0.001€# – –
 NSAID intake, n (%) 17 (49) 24 (69) 0.09₴ 0.4 0.2 to 1.1

Immunological profile
 ANA+, n (%) 35 (100) 33 (94) 0.49₴ 1.1 0.9 to 1.1
 RF+, n (%) 29 (83) 26 (74) 0.38₴ 1.7 0.5 to 5.3
 Anti-SSA+, n (%) 34 (97) 28 (80) 0.06₴ 8.5 0.99 to 73
 Anti-SSB+, n (%) 25 (71) 18 (51) 0.08₴ 2.3 0.9 to 6.3
 Low C3/C4 n (%) 7 (20) 9 (26) 0.56₴ 0.7 0.2 to 2.2
 IgG levels, (g/l)c,d 21.5 (8.2–40.5)/31 18.7 (7.2–64.6)/35 0.32€ – –
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Response to steroid treatment

Four patients had RTA with moderate TIN. After taking 
informed consent, two patients were treated with predni-
solone. There was a mild clinically insignificant improve-
ment in eGFR in both the patients with treatment (5 and 
8 ml/min, respectively). However, there was no change in 

the alkali requirement in one patient, and there was a mild 
reduction of 20 mEq in the other patient.

Subgroup analysis (RTA vs non‑RTA)

The mean age, the age of onset and the age at diagnosis 
in patients with RTA were significantly lower than those 
without RTA (Table 3.) Patients with RTA had less of ocular 

Fig. 2  Clinical spectrum of 
renal involvement. dRTA  distal 
renal tubular acidosis, iRTA  
incomplete RTA 
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sicca (p = 0.005) and articular manifestations (p = 0.001). 
The groups did not differ with respect to other clinical 
and immunological profile. The most common presenting 
manifestations were hypokalemic paralysis [19(65%)] in 
the RTA group and articular [26(63%)] and sicca symptoms 
[10(24%)] in the non-RTA group.

Discussion

We prospectively studied the renal manifestations in 70 
patients with pSS. Half of these patients (n = 35) had renal 
involvement mainly in the form cRTA (n = 25) presenting 
commonly with hypokalemic paralysis and few (n = 4) hav-
ing incomplete RTA. Patients with renal involvement had 
fewer articular and sicca symptoms but cutaneous vascu-
litis and renal dysfunction were more prevalent. TIN was 
the most common histological lesion on renal biopsy. 
Additionally, mild glomerular changes were seen in a few 
of them. Clinically insignificant changes in renal function 
were observed during 12-month follow-up. Patients with 
dRTA were younger by almost 7 years at disease onset and 
presentation.

The prevalence of renal involvement in our study was 
higher than that seen in previous studies [6, 15–17]. The 
prospective follow-up design could have contributed to the 
higher prevalence considering the fact that most of the previ-
ous studies evaluating renal manifestations in pSS have been 
either retrospective or cross-sectional studies. However, a 
referral bias could not be ruled out since ours is a tertiary 
care hospital and patients diagnosed with RTA are actively 
screened for Sjogren’s syndrome.

Our cohort was almost one decade younger as compared 
to Western cohorts, an observation which has been repli-
cated in various Asian cohorts [3, 4]. Moreover, the mean 
age of the patients with renal involvement was also at least 
one decade lesser as compared to other western series [6, 15, 
18] and was comparable to other Asian studies [19–21]. Pos-
sibly various environmental and predisposing genetic factors 
may be at play for an early onset of the disease which needs 
to be evaluated further. All patients with renal involvement 
were females. The two groups were not different with respect 
to age, a finding similar to a previous study [16].

The renal group had lesser ocular sicca symptoms. How-
ever, there was no statistically significant difference in oral 
sicca symptoms between the groups, probably because 

Table 3  Subgroup analysis: 
RTA vs. Non-RTA 

M months, Sal. Scint. salivary scintigraphy, IQR interquartile range, OR odds ratio, CI confidence interval, 
RTA  renal tubular acidosis, MSGB minor salivary gland Biopsy, ANA antinuclear antibody, RF rheumatoid 
factor
a Mean ± standard deviation
b Missing value
# Significant p value < 0.05
₴ χ2 test used
£ Student’s test

Clinical feature RTA 
n = 29

Non-RTS
n = 41

P value OR 95% CI

Demographics
 Female:male All females 39:2 – – –
 Agea, years 34.9 ± 9 42 ± 11.3 0.006£# – − 12.1 to (− 2.0)
 Age of  onseta, Years 29.3 ± 10 35.8 ± 13.8 0.03£# – − 12.5 to (− 0.5)
 Age at  diagnosisa, years 32.8 ± 9.1 40.8 ± 11.3 0.002£# – − 13 to (− 2.9)

Clinical manifestations
 Oral sicca, n (%) 26 (90) 39 (95) 0.38₴ 0.44 0.06 to 2.84
 Ocular sicca, n (%) 18 (62) 36 (88) 0.012₴# 0.23 0.07 to 0.75
 MSGBb positive, n (%) 18/24 (75) 28/37 (75) 1.00₴ 0.96 0.29 to 3.1
 Articular, n (%) 10 (34) 32 (78) 0.001₴# 0.15 0.05 to 0.42
 Cutaneous vasculitis, n (%) 9 (31) 5 (12) 0.052₴ 3.2 0.9 to 10.9
 NSAID intake, n (%) 13 (45) 28 (68) 0.05₴ 0.57 0.33 to 1.0

Immunological parameters
 ANA, n (%) 29 (100) 39 (95) 0.22⨆ 1.05 0.98 to 1.12
 RF +, n (%) 24 (83) 31 (76) 0.47₴ 1.54 0.47 to 5.1
 Anti-SSA +, n (%) 28 (97) 34 (83) 0.07₴ 5.8 0.66 to 49.6
 Anti-SSB +, n (%) 21 (72) 22 (54) 0.11₴ 2.27 0.8 to 6.2
 Low C3/C4, n (%) 6 (21) 10 (24) 0.7₴ 0.8 0.26 to 2.55
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patients with interstitial nephritis usually have tubular con-
centration defects and may falsely report polydipsia as sicca 
symptoms. Few studies have compared glandular manifesta-
tions between patients with and without renal involvement, 
and one such study found no difference [14, 15]. Literature 
suggests that only around 40% of patients with renal involve-
ment have sicca symptoms [20, 21] and renal manifesta-
tions may precede the onset of sicca symptoms [16]. In our 
study, four patients with RTA had a normal renal histopa-
thology, and interestingly, two of them did not have ocular 
sicca symptoms suggesting that other mechanisms besides 
lymphocytic infiltration of organs may be responsible for 
tubular dysfunction in these patients like antibodies against 
thiazide-sensitive NaCl cotransporter (NCCT), carbonic 
anhydrase (CA) or H + ATPase [22–27]. These antibodies 
were not evaluated in our patients, but it may be worthwhile 
to measure them in these patients.

Patients with renal involvement had less articular mani-
festations and more cutaneous vasculitis though the latter 
was not statistically significant probably because of small 
sample size. One study found a high prevalence of 77% of 
articular symptoms in pSS patients with renal involvement 
[15]. However, being a retrospective study, it had its own 
limitations. Despite extensive literature search, we were 
unable to find studies comparing extra-glandular manifes-
tations in pSS patients with and without renal involvement. 
Hence, these findings need to be evaluated further in larger 
cohorts of patients.

Anti-SSA/SSB antibodies are known to be associated 
with extra-glandular manifestations [18]. However, their 
association with renal involvement is still unclear [7, 16, 
28]. Many studies have suggested an association between 
hypergammaglobulinemia and RTA [7, 8, 28, 29]. But few 
studies in pSS suggested otherwise [30, 31]. In our study, the 
renal group had a higher prevalence of hypergammaglobu-
linemia and anti-SSA/SSB antibodies though the difference 
failed to reach statistical significance possibly due to the 
limited sample size. Our findings suggest a higher B cell 
activation in pSS patients with renal involvement, though 
the hypothesis merits further evaluation.

The most common renal manifestation was dRTA com-
monly manifesting as hypokalemic paralysis and osteoma-
lacia. Barring one study [19], literature regarding metabolic 
bone disease in pSS patients with RTA is sparse. The preva-
lence of subclinical RTA in various cohorts has varied from 
7 to 25% [3, 6, 7, 19]. Most of these studies have used the 
ammonium chloride loading (NH4Cl) test for evaluation of 
acidification defects. In our study, we used urine acidifica-
tion test (UAT) by administering furosemide (40 mg) and 
fludrocortisone (1 mg) orally in patients having a urinary 
pH > 5.5 at baseline. UAT has been shown to be compa-
rable to NH4Cl test for evaluation of iRTA in non pSS 
patients [13]. Considering the ease of conducting the test 

and minimum discomfort to the patients, UAT was employed 
in our study instead of the NH4Cl test. Though we found that 
the prevalence of iRTA using UAT was comparable to vari-
ous pSS cohorts using NH4Cl, this test needs further valida-
tion in case of pSS especially in the light of new evidence 
which has questioned the utility of UAT in patients with pSS 
[6]. Renal dysfunction was present in almost 1/6th of our 
pSS cohort which was lesser as compared to other studies. 
However, these studies varied in their method of assessment 
of renal dysfunction [7, 28, 32].

The progression of one patient from iRTA to cRTA dur-
ing follow-up and prevention from developing hypokalemic 
paralysis by alkali replacement highlight the need to screen 
patients with pSS for iRTA and follow them up for progres-
sion. Literature suggests that alkali replacement prevents the 
development of nephrolithiasis in patients with iRTA though 
this fact has not been evaluated formally in pSS patients 
[33, 34]. We propose that all patients with pSS should be 
screened for the iRTA. Those found to have iRTA should 
be followed up for the development of cRTA and be treated 
with alkali replacement. Role of alkali replacement in iRTA 
warrants further evaluation.

Retrospective studies suggest that interstitial nephritis in 
pSS may be associated with renal dysfunction [9, 11, 15]. 
We found that the mean baseline GFR was lower in the renal 
group. But surprisingly, there was a mild improvement in 
GFR at 12 months without specific treatment though the 
quantum of change was not clinically significant. Moreover, 
the long natural history of the disease precludes any definite 
inference to be drawn regarding progression of renal dys-
function over such a short duration. Prospective long-term 
studies may clarify the long-term impact of renal involve-
ment in pSS.

Renal biopsy in pSS is an enigma. There are no clear-
cut guidelines for renal biopsy in patients presenting with 
isolated tubular dysfunction. Studies show that without 
treatment, pSS patients with RTA and IN develop progres-
sive renal dysfunction and interstitial fibrosis. This suggests 
a possible niche for renal biopsy in these patients [9, 11, 
15]. We performed renal biopsy for all patients with RTA 
unless contraindicated. Similar to other studies, the most 
common histologic finding in our patients was TIN [7, 9, 
15], which has been shown to be associated with loss of 
NCCT [27] and H+–ATPase in the collecting ducts leading 
to tubular dysfunction [22, 23, 35]. Two patients had IFTA 
without any cellular infiltration, of which one patient also 
had FSGS. Both these patients had renal calculi which are 
known to be associated with FSGS and CIN. In pSS, tubu-
lointerstitial inflammation has been shown to promote inter-
stitial fibrosis and development of CKD [5, 22, 27] Thus, 
whether stones or the disease itself caused the fibrosis might 
not be clear. Three patients had early IgA nephropathy and 
two had mild mesangial expansion both of which have been 
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well documented in the literature [7, 15, 16, 36]. None of 
our patients were found to have frank glomerulonephritis. 
This could be attributed to lack of cryoglobulins in any of 
our patients and a referral bias arising out of the fact that 
patients with glomerulonephritis presenting to other depart-
ments may not have been diagnosed as pSS.

Patients with RTA are usually treated with alkali replace-
ment. Studies evaluating the role of immunosuppres-
sion in pSS patients with RTA and IN have shown either 
improvement or at least a stabilization of GFR [7, 9, 11, 
15] though treatment with steroids was not shown to reduce 
alkali requirement [20]. In our patients, there was a marked 
improvement in acidosis with alkali replacement.

In the two patients treated with steroids, marginal 
improvement in eGFR suggests possible reversibility of 
renal dysfunction with immunosuppression. However, no 
change in alkali requirement indicates permanent damage as 
may be suggested by complete absence of H+–ATPase in the 
collecting ducts of two patients of pSS with RTA [22, 23]. 
One of the patients had pyuria at the time of renal biopsy, 
but the other had normal urine evaluation. The only method 
to assess response to therapy in such patients is repeat biopsy 
which could not be done in our patient. We suggest that 
patients with tubular dysfunction should undergo a renal 
biopsy to guide immunosuppressive therapy and to assess 
response to treatment.

The baseline ESSDAI was higher in the renal group 
primarily because of the higher weightage given to renal 
domain. There was a notable improvement in the ESSDAI 
at follow-up in the renal group suggesting that it may serve 
as a sensitive indicator of assessment of response to therapy. 
A previous study had observed that patients with pSS had a 
high neutrophil/lymphocyte ratio (NLR) which had a posi-
tive correlation with Sjogren’s Syndrome Disease Activity 
Index (SSDAI) [37]. However, no change was observed in 
NLR during the study period.

Patients with and without RTA were also compared. The 
mean age, the age at onset and the age at diagnosis was 
almost 7 years lesser in RTA group, an observation similar 
to other Asian and Western series [7, 38]. These patients 
had less ocular sicca and articular manifestations. RTA was 
an early manifestation and commonly occurred before the 
onset of sicca symptoms similar to earlier observations [14, 
16, 19, 20].

The characteristic histopathological feature of TIN is 
predominant CD4+ lymphocytic infiltration of the renal 
interstitium surrounding the renal tubules [16] similar to 
that seen in salivary glands [11]. The glandular epithelium 
is constantly stimulated by toll-like receptors (TLR) 3 and 
TLR 7 agonists leading to activation of epithelial and den-
dritic cells [39] and increased HLA-DR expression [40] 
which has also been observed in renal tubular epithelial 

cells during kidney disease [41, 42]. Thus, the glandular 
and renal interstitial infiltration may share the same patho-
genesis, and certainly, epithelial cells are the first target in 
the pathogenesis of pSS as suggested by early infiltration 
of epithelia by inflammatory cells [39]. This may explain 
the early occurrence of RTA in pSS.

Moreover, NCCT and CA antigens are present both in 
salivary glands and renal intercalated cells [43]. Injury to 
salivary glands may stimulate an immune response against 
them. Antibodies against these antigens may have a role 
in the pathogenesis of RTA in pSS [27, 44]. Studies from 
neonatal lupus have shown that anti-SSA/SSB antibodies 
can be present asymptomatically for a long duration [45, 
46]. Similarly, the antibodies against NCCT and CA may 
be present in serum asymptomatically for a long time and 
may be responsible for early-onset RTA.

The study had a few limitations. The sample size was 
small, which may be inadequate to detect few of the dif-
ferences in the two groups. Being a single-center study, 
subjects belonged to a single ethnicity. Hence, the results 
need validation in different races and ethnicities. Ours is 
a tertiary care center. Patients with suspected Sjogren’s 
syndrome including patients diagnosed with dRTA are 
referred to our department for evaluation. Hence, a refer-
ral bias is inherent to the study design. Renal biopsy was 
not done at follow-up in patients to assess the response to 
therapy. Measurement of antibodies against NCCT and CA 
antigens was also not performed. The duration of follow-
up was short compared to the long natural history of the 
disease hampering the assessment of the long-term impact 
of renal involvement in pSS.

Thus, pSS patients with dRTA appear to be a distinct 
subgroup presenting at an early age with renal manifesta-
tions, less of sicca and articular manifestations but more of 
cutaneous vasculitis and a higher anti-SSA/SSB antibody 
positivity. All patients with pSS should undergo UAT to 
detect renal tubular defects, and those with iRTA should be 
followed up lest they develop complete RTA. All patients 
with RTA should undergo a renal biopsy to guide further 
immunosuppressive therapy which needs to be evaluated 
further in long-term studies.
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