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Abstract Distal renal tubular acidosis (ARTA), which
occurs in patients with primary Sjogren’s syndrome
(SS), is a risk factor for the development of urolithiasis.
Twenty-seven patients with SS were evaluated with
respect to biochemical risk factors of calcium stone for-
mation. Sixteen had no history of urolithiasis (group 1)
whereas 11 had such a history (group 2). The stone
composition was known for seven of the patients, and
calcium phosphate was the major stone constituent in
all of them. dRTA was present in all patients in group 2,
and in 7 of the 16 patients in group 1. Hypocitraturia
was common in both groups, and the urinary excretion
of citrate did not differ between the two groups. There
was a higher urinary excretion of calcium and urate in
group 2 and this group also had a higher urine volume.
The risk of forming a urine supersaturated with cal-
cium oxalate (CaOx) expressed in terms of
AP(CaOx)index(s), which is an approximate estimate of
the ion-activity product of CaOx calculated for a 24-h
urine volume of 1500 ml, was higher in stone formers.
A similarly derived estimate of the ion-activity product
of calcium phosphate, AP(CaP)index(s), was calculated
for a urine pH of 7. Although AP(CaP)index(s) was not
significantly higher in group 2, there was a good cor-
relation between AP(CaP)index(s) and AP(CaOx)in-
dex(s). We conclude that the urine composition in pa-
tients with SS, dRTA and urolithiasis is similar to that
of other stone-forming patients with dRTA, and recur-
rence preventive therapy can be designed as for these
patients.
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Introduction

Distal renal tubular acidosis (dARTA), which is a risk
factor for the development of urolithiasis [6], occurs in
15-33% of patients with primary Sjogren’s syndrome
(SS) [6,28,36]. In addition to the xerostomia and
keratokonjunctivitis sicca that characterize this
autoimmune disease the kidneys can also be involved.
Renal histopathology in SS patients with renal disecase
has mostly shown a chronic tubulointerstitial nephritis
(TIN) [27, 35]. Recently we found a decreased rate of
glomerular filtration in 9 of 27 patients with SS [10].
During our studies of the renal function in patients
with SS the question was raised why some patients with
dRTA had a history of urolithiasis whereas others had
no such history, and whether the course of stone dis-
ease can be predicted. The purpose of this investigation
was to study different risk factors of calcium stone
formation [1,6,7,13,14,15,22,29,30,32] in these
patients.

Material and methods

Twenty-seven women with SS from the Departments of Rheumatol-
ogy and Nephrology, Linképing, were included in the study after
informed consent. Sixteen patients were without a history of
urolithiasis (group 1), whereas 11 patients had formed at least one
stone (group 2). Patients were referred to the latter group if stones
were radiographically demonstrated, or if there was a history of
stone passage. The mean age of the patients in group 1 was 66 years
(range 44-81 years), and in group 2 56 years (range 4279 years). The
criteria used for diagnosis of SS were those described by Daniels and
Talal [9], but three of the patients had only one of the ocular
components of these criteria. A history of previous acute upper
urinary tract infection (UTI) was present in one of the patients in
group 1 and in four of the patients in group 2 (no significant
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difference). Only one patient had recurrent infections and bac-
teriuria.

Urinary calculi were analysed with a quantitative wet chemical
method [18]. Urine samples were collected during 24 h in bottles
containing 15 ml of 6 mol/l hydrochloric acid. The samples were
analysed with respect to their content of calcium (Ca), oxalate (Ox),
citrate (Cit), magnesium (Mg), phosphate (P} and urate with
methods described elsewhere [3, 16, 19, 31, 33, 34]. Reference values
for women were: Ca less than 6.0, Ox less than 0.40, Cit more than
2.5, Mg more than 3.0 and urate 1.7-5.3 mmol/24 h. Fresh urine
samples were checked for the presence of cystine by means of
a cyanide nitroprusside reaction (Brand’s test) [4]. Ionized calcium
in serum was determined with an ion-selective electrode (Radio-
meter) [17] (reference range 1.18-1.34 mmol/l).

The ion'activity product of calcium oxalate was expressed in terms
of AP(CaOx)index [30]:

1.9 x Ca%®* x Ox x Mg~ %12 x Cit~%*2 x volume ™ !-%3

and the ion activity product of calcium phosphate was calculated in
terms of AP(CaP)index [29] for a urine pH of 7.0:

27 %1073 x Cat %7 x PO70 x (pH - 4.5)%F x Cit 20 x vy~ 131

Standardized estimates of the ion-activity products were calculated
as above for AP(CaOx)index(s) and AP(CaP)index(s), but for a 24-h
urine volume of 1.5 1. We also calculated the Ca/Cit ratio.

Patients were considered to have a complete dRTA if the pH in
fresh urine samples was above 5.5 despite a metabolic acidosis. An
oral ammonium chloride loading test [2] was carried out in all
patients without complete dRTA except in one patient who had
renal insufficiency and a low urine pH without loading. Patients
were referred to the group of incomplete dRTA if the urine pH never
fell below 5.5 [2]. Urine pH was measured with a PHM 62 pH-meter
(Radiometer).

Statistical analysis

Groups 1 and 2 were compared using the unpaired Student’s i-test
for all data except for frequencies of dRTA, earlier upper UTI and
family history of urolithiasis. For the latter Fisher’s exact test was
used. The linear correlations between AP(CaOx)index(s) and
AP(CaP)index(s) were estimated using the product moment correla-
tion coefficient (r) (Stat View 4.0 computer program).

Results

The stone composition was known for seven of the
patients in group 2. Calcium phosphate was the major
constituent in all patients, two of whom also had an
admixture of struvite. The calcium oxalate content did
not exceed 6% in any of the analysed stones. Brand’s
test was negative in all patients.

A diagnosis of dRTA was established in seven of the
patients in group 1 (44%) and in all patients in group 2.
One patient in group 1 and two patients in group 2
had complete dRTA. The mean minimal urine pH
value during ammonium chloride loading, or at the
time of diagnosis of complete dRTA, was higher in
group 2 than in group 1 (6.09 vs. 5.36). When only
patients with dRTA were considered there was, how-
ever, no difference (6.13 in group 1 and 6.09 in group 2).
The pre-load pH in fasting urine did not differ between
the groups (6.13 vs 6.26). None of the patients had
pRTA.

As shown in Table 1 the urinary excretion of calcium
and urate as well as the urine volume were significantly
higher in group 2. Urinary calcium was above the
reference limit in three patients in group 2 but in none
of the patients in group 1. Urinary urate was not above
the upper reference limit in any of the patients. There
were no significant differences between the two groups
in their excretion of citrate, oxalate, phosphate or mag-
nesium. Hypocitraturia was, however, common both in
group 1 and 2 (69% and 82%, respectively). Fifteen of
the 18 patients with dRTA (83%) had a low urinary
excretion of citrate. AP(CaOx)index(s) was significantly
higher in group 2. Three patients in group 2 but none in
group 1 had an index above 2.0. There was a tendency
towards a higher AP(CaP)index(s) in group 2
(P =0.054). In contrast neither AP(CaOx)index,
AP(CaP)index nor the Ca/Cit ratio differed signifi-
cantly between the groups (Table 1). As shown in Fig. 1

Table 1 Urine variables and calculated indices in 27 patients with primary Sjégren’s syndrome and without (group 1) or with (group 2)

a history of urolithiasis

Variable Reference values No urolithiasis = group 1 Urolithiasis = group 2 Significance of difference

Mean value (SD) Mean value (SD) (Student’s t-test, P value)
1. Calcium (mmol/24 h) <6.0 mmol/24 h 3.14 (1.79) 5.16 (2.65) 0.026
2. Magnesium {(mmol/24 h) >3.0 mmol/24 h 3.76 (2.09) 4,78 (2.41) 0.253
3. Oxalate (mmol/24 h) <0.40 mmol/24 h 0.28 (0.11) 0.37 (0.22) 0.146
4. Citrate (mmol/24 h) >2.5 mmol/24 h 1.76 (1.59) 1.43 (1.70) 0.611
5. Urate (mmol/24 h) 1.7-5.3 mmol/24 h 1.24 (0.63) 220 (0.76) 0.002
6. Phosphate (mmol/24 h) - 26.6 (17.5) 300 (14.1) 0.597
7. Urine volume (1/24 h) 1.351 1.70 (0.70) 2.43 (0.89) 0.025
8. Urine Ca/Cit <30 3.68 (3.94) 6.56 (5.31) 0.118
9. AP(CaOx)index <1.30 0.68 (0.39) 1.02 (0.65) 0.106
10. AP(CaOx)index(s) <1.25 0.78 (0.48) 1.59 (1.13) 0.021
11. AP(CaP)index (pH 7) <105 219 (12.8) 309 (20.1) 0.166
12. AP(CaP)index(s) <55 289 (24.3) 522 (35.8) 0.054




140 +——-1 I " L s F— -
120 7

100 7

©
L=l
L

) Group 1
O Group2

@
L]
L

AP(CaP) index(s)

S
o
|

20 7

0 T N T T T T T T T T T T T
0 ,5 1 1,5 2 25 3 3,5 4
AP(CaOx) index{s)
Fig. 1 AP(CaP) index(s) vs AP(CaOx) index(s) in 27 patients with
primary Sjogren’s syndrome, and without (group 1) or with (group 2)
a history of urolithiasis (R = 0.81, P = 0.0005)
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Fig. 2 Factors related to an increased risk of calcium stone for-
mation {(dRTA, hypercalciuria, hyperoxaluria, hypocitraturia and
hypomagnesuria) in each of 27 patients with primary Sjogren’s
syndrome. O patients without a history of urolithiasis (group 1), X
patients with a history of urolithiasis (group 2)

there was a good correlation between AP(CaOx)in-
dex(s) and AP(CaP)index(s) (r = 0.81, P = 0.0005).

Serum ionized calcium was normal in all patients
except in one from group 1 (1.42 mmol/l), and there
were no significant differences between the two groups.

A family history of urolithiasis was present in three
of the patients in group 1 (19%) and in six of the
patients in group 2 (55%) (P > 0.05).

Figure 2 shows the presence of dRTA, hypocit-
raturia, hypercalciuria, hyperoxaluria and hypomag-
nesuria in each patient. Eleven patients had urolithiasis
(group 2). In group 2 hypocitraturia and dRTA were
present in nine patients, of whom four patients also had
hypomagnesuria and one patient also had hy-
peroxaluria and hypercalciuria. Two patients had
dRTA, hyperoxaluria and hypercalciuria.
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When the 18 patients with dRTA were compared
with the 9 patients without dRTA, the former had
a significantly higher Ca/Cit ratio (P = 0.029) and uri-
nary urate (P = 0.023), whereas AP(CaOx)index(s),
AP(CaP)index(s), AP(CaOx)index and 24-h urine vol-
ume did not differ. When the 11 stone formers with
dRTA were compared with the 7 patients with dRTA
but without a history of stone disease, no differences
were recorded in any of the urine variables, nor were
there any differences between the seven patients with
and the nine patients without dRTA in group 1.

Discussion

Patients with primary Sj6gren’s syndrome (SS) fre-
quently develop dRTA [24, 28, 36], which causes an
increased risk of calcium stone formation [6]. The high
urine pH in patients with dRTA might theoretically be
a powerful determinant for precipitation of calcium
phosphate [29], which was also the major constituent
in most of the stones formed by our patients. Whereas
most authors report that calcium phosphate stones are
common in patients with dRTA [8], others have found
a higher frequency of calcium oxalate stones or mixed
stones [6].

In the present investigation 18 of 27 patients with SS
had dRTA, 11 of whom had a history of calcium stone
disease (group 2). None of the patients without dRTA
had formed stones. Patients with dRTA have four urine
abnormalities that might imply an increased risk of
calcium stone formation: they always have a high urine
pH, usually hypocitraturia and sometimes hypercal-
ciuria and hyperuricosuria [5, 6,21]. Among our 18
patients with dRTA the mean minimal urine pH was
6.09 in group 2 and 6.13 in group 1, a finding that does
not support the assumption that urine pH is the major
discriminating factor. These observations are in close
agreement with those reported by Caruana and
Buchalew who recorded a pH of 6.11 in 34 patients
with urolithiasis and dRTA [6]. As shown in Fig. 2,9 of
our 11 patients with urolithiasis and dRTA had hy-
pocitraturia, which is in accordance with most previous
reports [5, 6,23]. Although urine calcium was signifi-
cantly higher in the 11 stone formers, only 3 had hyper-
calciuria (Fig. 2). In dRTA patients (without SS) hyper-
calciuria has been reported in between 3% and 36%
[5,6,8,12,37]. In a group of patients with SS,
urolithiasis and dRTA, it was concluded that hypercal-
ciuria was the most important risk factor for calcium
stone formation in four of five patients [20]. Although
our stone formers had a significantly higher urate
excretion, none had urate values above the upper
reference limit. Hyperuricosuria has previously been
reported in 23% of stone-forming patients with dRTA
[5,6], and urine urate was higher in patients with
dRTA than in control patients in another study [21].
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Although urinary urate might be associated with an
increased risk of calcium oxalate stone formation,
a similar relationship with calcium phosphate stone
formation has not been described [7].

A higher AP(CaOx)index(s), which reflects the risk of
forming a urine highly supersaturated with calcium
oxalate, was recorded in our stone formers, which is in
agreement with other reports [25,26]. Although
AP(CaOx)index is only an estimate of the relative risk
of calcium oxalate crystallization, it gives indirect in-
formation also about the risk of calcium phosphate
crystallization due to the strong relationship between
AP(CaOx)index and AP(CaP)index. A critical super-
saturation with respect to calcium phosphate has, how-
ever, been found in other patients with dRTA [25, 26].
In the calculation of AP(CaP)index(s) we used a stan-
dard pH of 7.0. Because the ion-activity product of
calcium phosphate is strongly influenced by changes in
urine pH during the day, this simplification might be
a source of error.

Although AP(CaOx)index(s) was different between
the groups AP(CaOx)index was not. This can be ex-
plained by the higher urine volumes encountered in
patients from group 2. Although a high urine volume is
commonly recorded in stone formers [32], this finding
does not necessarily reflect either the everyday urine
flow or the degree of dilution at a higher nephron level.
It is important to emphasize, however, that dRTA was
often associated with an impaired urine-concentrating
capacity in our patients [11]. This mechanism might
have contributed to the higher urine volumes recorded
for the patients in group 2.

The data obtained show that the urine composition
in our patients with SS, dRTA and urolithiasis was
similar to that in other patients with dRTA and
urolithiasis, and recurrence preventive therapy can be
designed as for these patients. None of our patients
with hypocitraturia but without dRTA were stone for-
mers. Four of eight patients (50%) with dRTA and
hypocitraturia, and five of seven patients (71%) with
dRTA, hypocitraturia and some other urine abnormal-
ity had formed stones. In addition to dRTA other urine
abnormalities might possibly increase the risk of devel-
oping urinary calculi in patients with SS.
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