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Summary. Urinary acidification, bone metabolism and 
urinary excretion of calcium and citrate were evaluated in 
10 recurrent stone formers with incomplete renal tubular 
acidosis (iRTA), 10 recurrent stone formers with normal 
urinary acidification (NUA) and 10 normal controls (NC). 
Patients with iRTA had lower plasma standard bicarbon- 
ate after fasting (P < 0.01) and lower urinary excretion of 
titratable acid (P< 0.05) and citrate (P < 0.01) compared 
with NUA patients and NC, and higher urinary excretion 
of ammonia (P<0.05) compared with NC (P<0.05). 
Hypercalciuria was found in 6 of 10 patients with iRTA 
compared with 3 of 10 with NUA, and 0 of 10 NC. The 
citrate/calcium ratio in urine was significantly reduced in 
iRTA compared with the value in NUA (P < 0.01), and in 
NUA compared with NC (P < 0.05). Biochemical markers 
of bone formation (serum osteocalcin) and bone resorp- 
tion (urinary hydroxyproline) were significantly increased 
in iRTA compared with NUA and NC (P < 0.0l), indicat- 
ing increased bone turnover in stone formers with iRTA. 
Stone formers with iRTA thus presented with disturbed 
calcium, bone and citrate metabolism - the same meta- 
bolic abnormalities which characterize classic type 1 RTA. 
Mild non-carbonic acidosis during fasting may be a 
pathophysilogical factor of both nephrolithiaSis and dis- 
turbed bone metabolism in stone formers with iRTA. 
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Renal tubular acidosis (RTA) is a common designation of 
disturbances of the transtubular transport of hydrogen 
ions in which glomerular function is normal or close to 
normal. Traditionally, RTA is divided into "proximal" 
(type 2) and "distal" (type 11 types. Nephrolithiasis more 
commonly occurs in type 1 RTA (RTA-1), in which the 
maximal pH gradient across the epithelium of the collect- 

ing ducts is reduced [3, 4, 20, 22]. Even in conditions of 
acid loading the pH of the urine pH(U), will usually 
remain above 6 and the excretion of ammonium ions will 
be correspondingly limited. 

The risks of RTA-1 in its fully developed form are well 
known: hyperchloraemic hypokalaemic acidosis associat- 
ed with nephrocalcinosis and/or recurrent calcium neph- 
rolithiasis and clinical bone disease [22]. Classic RTA-1 is 
a rare condition in patients with nephrolithiasis (< 1%) 
[14, 17]. Incomplete urinary acidification defects in which 
the characteristic tubular defect in hydrogen ion secretion 
occurs in the absence of metabolic (non-carbonic) acidosis 
[incomplete RTA (iRTA)] have, however, been reported 
with relatively high frequencies in recurrent calcium stone 
formers [1, 8, 14, 25, 27]. 

Non-carbonic acidosis has been considered to be the 
main pathogenetic factor of both the lithogenic consti- 
tution of the urine (hypercalciuria and hypocitraturia) 
and the metabolic bone disease (osteomalacia) in RTA-1, 
causing dissolution of bone salts, impaired tubular reab- 
sorption of calcium and increased renal citrate consump- 
tion [17]. 

Hypercalciuria and hypocitraturia have also been 
proposed as the main lithogenic factors in iRTA [4]. The 
pathophysiological background for this is not fully under- 
stood. The fact that no cases of osteomalacia have been 
reported in stone formers with iRTA has indicated that 
mechanisms other than acidosis are involved in the 
lithopathogenesis of iRTA [4, 5]. In previous studies con- 
cerning the pathogenesis of stone formation in iRTA, bone 
metabolism has been rather neglected, however, and the 
existence of subclinical bone lesions cannot be excluded. 

The aim of the present study was to examine the 
relation between urinary acidification, urinary excretion 
of calcium and citrate, and bone metabolism in recurrent 
calcium stone formers with iRTA. 

Materials and methods 
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Table 1. Details of patients 

iRTA NUA NC 
(n = 10) (n = 10) (n= 10) 

Median age (years) 35.5 50.5 41 
(range) (21-69) (30-55) (27-54) 

Female/male ratio 5/5 5/5 5/5 

Stone analyses: 
CaP/CaOxP 3/7 1/9 - 

iRTA, Incomplete renal tubular acidosis; NUA, normal urinary 
acidification; NC, normal controls; CaP, calcium phosphate; 
CaOxP, calcium oxalate or mixture of calcium oxalate and CaP 

chloride loading test; 10 recurrent renal stone formers with normal 
urinary acidification (NUA) assessed by a standard short ammonium 
chloride loading test; 10 healthy persons (normal controls, NC) who 
showed no evidence of disease. The participants did not receive any 
form of medical treatment. Recurrent stone disease was defined as 
two or more stones during the 5 years prior to the study. 

Details of the three groups are presented in Table 1. Intravenous 
pyelography disclosed no signs of anatomical abnormalities or other 
urological disorders. None of the patients was immobilized or had a 
history of previous or actual gastrointestinal disorder. All stone 
patients (iRTA and NUA) had normal acid-base status in the normal 
(non-acid-loaded, non-fasting) condition. The procedure of the 
short ammonium chloridh loading test was as described by Wrong 
and Davies [28]. The diagnostic criteria of iRTA were (1) inability to 
lower pH(U) below 5.4 during ammonium chloride loading (2 mmol/ 
kg body mass) and (2) normal plasma standard bicarbonate 
[cHCO3(aBs] in the normal condition. The minimum pH(U) during 
ammonium chloride loading was 6.39 (5.53-6.67) in iRTA and 4.92 
(4.82-5.28) in NUA. There were no dietary restrictions. Patients with 
positive urine cultures were not examined. 

Renal function was evaluated by serum creatinine, and in the 
stone patients also by diethylenetriamine pentaacetic acid (DTPA) 

clearance. Acid-base metabolism was, apart from the short am- 
monium chloride loading test, evaluated by cHCOg(aBs) after 8 h of 
fasting, the 24-h urinary excretion of total ammonia [n tNH3(U)] and 
titratable acid, [nTA(U)]. The 24-h urinary excretion of citrate, 
[nCi(U)], was also measured. 

Bone formation was evaluated by fasting serum osteocalcin (S- 
OC) and total alkaline phosphatase (S-AP). Bone resorption was 
evaluated by 24-h urinary excretion of hydroxyproline [nHP(U)]. 
Calcium and phosphate metabolism were evaluated by serum 
ionized calcium (S-Ca 2+) serum parathyroid hormone, [S-PTH(64- 
85), serum phosphate (S-P) and the 24-h urinary excretion of total 
calcium, [htea(U)] and of total phosphorus [ntP(U)]. Hypercalciu- 
ria was defined as htCa(U) > 0.1 mmol/kg body mass in 24 h. 

S-OC was determined by radioimmunoassay (Medicinsk Labo- 
ratorium, Copenhagen). nHP(U) was measured by the method 
described by P~denphant et al. [16]. S-Ca 2+ was measured by a 
calcium-ion-selective electrode (ICA 1, Radiometer, Copenhagen) 
employing a built-in correction for pH. S-PTH was determined by 
radioimmunoassay. Titration according to Jorgensen [9] was used 
for the measurement of hTA(U) and htNHffU). The titration was 
carried out to an end-point at pH(U)= 7.40 and Pco2-O, which 
means that cTA(U) equals the concentration of non-carbonic acid in 
urine [cNCA(U) [10]. pH(U) was measured immediately after 
sampling using a pH meter (Radiometer, Copenhagen). The urinary 
concentration of phosphorus [ctP(U)] was measured according to 
Baginski et al. [2], and the urinary concentration of citrate [cCi(U)] 
was determined by a commercially available method using citrate 
lyase prepared from Aerobacter aerogenes [26]. All other analyses 
were performed using standard laboratory methods. Data on S-OC, 
S-PTH and S-P were not available in the control group (NC). 

Quantities are presented either as complete symbols, e.g. 
cNa+(S), or in abbreviated form, e.g. S-Na +. 

Statistical methods 

All measurements are given as the median, with 95% confidence 
intervals (CI) of the median in parentheses. Differences were 
compared using the Mann-Whitney rank sum test. A probability 
value of P < 0.05 was considered significant. 

Table 2. Acid-base data 

iRTA (n = 10) 

Median 95% CI 

NUA(n= 10) NC(n= 10) P 

Median 95 % CI Median 95 % CI 

Blood 

Fasting cHCO3(aBs) (mmol/l) 19 

Urine 

nTA(U) (mmol/24 h) -1.6 

ntNH3(U) (mmol/24 h) 47.6 

h Ci(U) (mmol/24 h) 0.9 

18/21 23 20/25 - - <0.01 

-37.2/12.4 14.2 1.3/23.6 12.4 4.8/18.3 <0.05 a 
<0.05 b 
n . s .  c 

27.5/72.5 3 6 . 8  27.3/56.6 29.4 18.3/41.3 n.s? 
<0.05 b 
n . s ,  c 

0.2/2.7 2.3 1.5/3.6 2.6 2.0/2.9 < 0.05" 
<0.05 b 
n . s .  c 

a iRTA vs NUA; b iRTA vs NC; c NUA vs NC 
95 % CI, 95 % confidence interval; cHCO~(aBs), plasma standard bicarbonate; h TA(U), 24-h urinary excretion of titratable acid; h tNH/U), 
24-h urinary excretion of total ammonia; h Ci(U), 24-h urinary excretion of citrate; n.s., not significant 



Serum creatinine (gmol/1) 84.5 85.0 74.0 
(range) (73-159) (73-103) (58-88) 

DTPA clearance 
(ml/1.73 m per minute) 85 88 - 
(range) (53-122) (76-101) 

DTPA, Diethylenetriamine pentaacetic acid 

Results 

0.8-  

Acid-base data 

The stone patients with iRTA had a significantly lower 
cHCOg(aBs)  after 8 h of  fasting than the patients with 
NUA:  19 (18-21) retool/1 and 23 (20-25 mmol/1 respect- 
ively (P < 0.01) (Table 2). 

hTA(U)  was significantly reduced in iRTA compared  
with the values in N U A  and NC (P < 0.05). No  difference 
in nTA(U)  between the latter two groups was observed 
(Table 2). ntNH3(U) was significantly increased in iRTA 
compared  with NC (P < 0.05); when compared  with N U A  
the difference was insignificant (Table2).  n Ci(U) was 
significantly decreased in iRTA compared  with N U A  and 
NC (P < 0.05). 

Citrate (U) / calcium (U) 

1.0-  

0 .6 -  

0 .4 -  

0 .2-  

_ 
iRTA 

Table 3. Renal function 

iRTA NUA NC 
(n= 10) (n= 10) (n = 10) 

NUA NC 
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Fig. 1. Molar citrate/calcium ratio in urine. Horizontal bars re- 
present medians; framed areas 95% confidence intervals of the 
medians iRTA, incomplete renal tubular acidosis; NUA, normal 
urinary acidification; NC, normal controls 

Table 4. Calcium and bone metabolic data 

iRTA (n = 10) NUA (n = 10) NC (n = 10) P 

Median 95% CI Median 95% CI Median 95% CI 

Blood 

S-Ca 2+ (mmol/1) 1 . 2 7  1.23/1.30 1 . 2 8  1.22/1.31 1 . 2 2  1.20/1.33 

S-P (mmol/1) 1 . 0 8  0.99/1.20 1 . 0 0  0.70/1.23 
S-AP (U/l) 153 89/216 115 89/185 
S-PTH (pmol/1) 44 23/64 40 29/46 
S-OC (gg/1) 7.3 6.2/16.2 6.1 3.8/7.4 

Urine 

h tCa(U) (retool/24 h) 8.1 3.3/11.5 5.5 3.4/8.0 

ntP(U) (mmol/24 h) 23.9 10.8/40.7 1 8 . 6  13.2/31.0 

bliP(U) (~mol/24 h) 340 217/1365 204 127/357 

n . s .  a 

n . s .  b 

n . s .  c 

n . s .  

n . s ,  

n . s .  

<0.05 

3.4 2.9/4.7 n.s. a 
< 0 . 0 1  b 

<0.05 c 

16.0 9.0/21.5 n.s. a 
n . s .  b 

n . s .  c 

185 140/227 < 0.05" 
< 0 . 0 1  b 

n . s .  c 

a iRTA vs NUA; b iRTA vs NC; c NUA vs NC 
S-Ca 2+, Serum ionized calcium; S-P, serum phosphate; SAP, serum total alkaline phosphatase; S-PTH, serum parathyroid hormone; S-OC, 
serum osteocalcin; htCa(U), 24-h urinary excretion of calcium; ntP(U), 24-h urinary excretion of total phosphorus; nHP(U), 24-h urinary 
excretion of hydroxyproline 
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iRTA NUA NC 
Fig. 2. The 24-h urinary excretion of hydroxyproline (gmol/24 h). 
Horizontal bars represent medians; framed areas 95% confidence 
intervals of the medians 

Renal function 

There were no differences in serum creatinine between the 
three groups, and no difference in DTPA clearance 
between the iRTA and NUA groups (Table 3). 

Calcium-bone metabolic data 

h Ca(U) was higher in iRTA (P < 0.01) and NUA (P < 0.05) 
than in NC. Hypercalciuria was found in 6 of i0 (26-88 %) 
of the iRTA group and in 3 of 10 (12-74%) of the NUA 
group. None of the NC group had hypercalciuria 
(Table 4). 

The molar citrate/calcium ratio [Ci(U)/Ca(U)] was 
reduced in iRTA compared with NUA (P<0.01), and 
reduced in NUA compared with NC (P < 0.05) (Fig. 1). 
There were no differences in htP(U) between the three 
groups (Table 4). 

S-OC was elevated in iRTA compared with NUA 
(P < 0.05). nHP(U) was also elevated in iRTA relative to 
both NUA (P<0.01) and NC (P<0.01), indicating in- 
creased bone turnover in iRTA (Table 4, Fig. 2). 

There were no differences in S-Ca 2+, S-P and S- 
PTH(65-84) between the three groups. 

Discussion 

The syndrome of iRTA was originally defined in three 
patients with generalized nephrocalcinosis who were 
unable to excrete a highly acid urine even after ammonium 
chloride loading [28]. The absence of hyperchloraemic 
acidosis was explained by the ability of the patients to 

excrete large amounts of ammonia [23, 28]. Later this 
definition was broadened to include other non-acidotic 
conditions with a tubular defect in the ability to lower 
urine pH, such as amphotericin nephropathy, hypergam- 
maglobulinaemia, medullary sponge kidney, idiopathic 
hypercalciuria and calcium nephrolithiasis [ 1, 6, 7, 13, 14]. 
Our patients with recurrent calcium nephrolithiasis and 
urinary acidification defect seem to fit well within the 
frame of this broader classification of iRTA. 

It is considered that RTA-1 enhances stone formation 
by three different risk factors: hypercalciuria, an alkaline 
urine and a low urinary citrate [4, 23]. However, the 
relative imporance of these is debatable. Hypocitraturia 
seems to be the most common risk factor for stone 
formation in RTA-1 as well as in iRTA [4, 5]. In the 
present study hypocitraturia (n Ci(U)24h < 1.8 mmol) was 
found in 8 of 10 calcium stone formers with iRTA, which is 
in accordance with other studies [7, 12]. The presence of 
hypocitraturia is thus very characteristic of iRTA but not 
an obligatory finding. 

The reported prevalence of hypercalciuria in iRTA has 
varied from 23% to 100% [5, 21, 29]. We found hypercal- 
ciuria in 6 of 10 patients with iRTA, compared with 3 of 10 
stone patients with NUA. 

Since both hypocitraturia and hypercalciuria are 
characteristic findings in iRTA, it is not surprising that the 
molar citrate/calcium ratio in urine usually is very low 
(<0.35) in iRTA (Fig. 1). This index might prove to be a 
valuable diagnostic tool in the screening and follow-up of 
stone patients, since a low value not only predicts a high 
risk for calcium stone formation but also seems to indicate 
the possible presence of an underlying metabolic abnor- 
mality [15]. 

Osteomalacia is a well-recognized entity of classic 
RTA-1 [5, 7, 11]. The most widely accepted cause of bone 
disease in RTA-I is non-carbonic acidosis, on the basis 
that clinical osteomalacia in RTA-1 has been shown to 
heal with base therapy alone [11, 19]. No cases of 
osteomalacia have been reported in patients with iRTA. 
This fact has led to the assumption that mechanisms other 
than acidosis are of importance in the pathophysiology of 
stone formation in iRTA (as well as in classic RTA-1) [4, 
5]. The bone metabolism of stone formers with iRTA has, 
however, never been evaluated by any means other than 
radiography, which is not a sensitive technique, the 
existence of subclinical bone lesions cannot therefore be 
excluded. Using biochemical markers of bone formation 
and bone resorption, we found that stone formers with 
iRTA had evidence of increased bone turnover compared 
with stone patients with NUA and normal controls (Fig. 2, 
Table4). One of the most conspicious findings in our 
patient data was the rather low values of plasma standard 
bicarbonate after fasting in stone formers with IRTA 
(Table 2). Thus, a possible explanation of disturbed bone 
metabolism in iRTA could be mild non-carbonic acidosis 
during fasting, which represents a relative acid load in 
most individuals. Because of the defect in tubular hydro- 
gen ion secretion, stone formers with iRTA might inter- 
mittently (during fasting or after intake of food with 
concentrations of non-metabolizable base lower than 
normal) exist in a state of positive balance of non- 
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metabolizable acid, resulting in a slow attr i t ion of  skeletal 
stores o f  base, decreased tubular  reabsorpt ion  o f  calcium 
and increased renal citrate consumpt ion.  This imbalance 
is periodically restored when the ingestion o f  food  (nor- 
mally rich in non-metabol izable  base) during the day 
normalizes the extracellular acid-base status. 

As can be seen in Table 3, one of  the patients with iRTA 
had slightly decreased renal funct ion as evaluated by 
serum creatinine level and D T P A  clearance. However ,  no 
significant correlat ions between renal funct ion tests and 
the biochemical  markers  o f  bone turnover  in our  group of  
patients with iRTA could be demonstra ted.  The role of  
renal insufficiency in the bone metabol ism of  iRTA 
patients cannot ,  however,  be completely disregarded, and 
needs to be fur ther  evaluated. Fur thermore ,  it should be 
ment ioned  that  biochemical  markers  o f  bone fo rmat ion  
and resorpt ion such as serum osteocalcin and ur inary 
hydroxyprol ine  are indirect measures of  bone metab-  
olism, and future studies on bone metabol ism in these 
patients might  benefit f rom the use o f  more  direct and 
sensitive techniques. 

Our  results nevertheless indicate that  non-carbonic  
acidosis plays a role in the pa thophys io logy  of  renal stone 
format ion  even in iRTA. These observat ions support  the 
original hypothesis,  which referred to iRTA as a mild form 
of  classic RTA-1 [28]. This hypothesis  also explains why 
bicarbonate  and citrate therapy have been successful in 
preventing stone recurrence in stone formers  with iRTA 
[1, 18]. 

His tomorphomet r i c  and biochemical  investigations in 
stone patients with idiopathic hypercalciuria have shown 
signs of  bone mineral izat ion defects [24]. It was proposed  
that  a p r imary  tubular  phosphate  leak could lead to 
hypophospha taemia ,  causing a defect in the mineraliza- 
t ion process. Our  patients with iRTA did not  present with 
hypophospha taemia ,  and this cannot  explain the bone 
metabolic  disturbances in our  cases. Fur thermore ,  the 
acid-base status was not  evaluated in the former  study, 
and the presence o f  mild ur inary  acidification defects in 
those patients cannot  therefore be excluded. 

Our  results suggest that  modera te  ur inary acidification 
defects might  play a role in the development  o f  skeletal 
mineral izat ion defects, as well as kidney stones, th rough  
modera te  alterations in the extracellular acid-base status. 
Fur ther  studies on bone metabol ism in calcium nephroli-  
thiasis should therefore take the acid-base metabol ism of  
the patients into consideration.  
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