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B. Hess 

contains 800 mg (20 mmol) calcium from dairy products 
per day, provided that oxalate intake is not exceedingly 
high (see following paragraphs). Compliance with this 
regimen should be assessed by repeatedly measuring uri­
nary excretion rates of calcium as well as of urea and 
sodium. Together with simultaneous calculations of cal­
cium intake from diet questionnaires, these data can help 
to get an idea of the patients' calcium balance. 

Hyperoxaluria 

Increased intestinal oxalate absorption and low 
calcium diet 

There is yet another reason why a low calcium diet 
may be contra-indicated in stone formers with IH . Re­
cently, Curhan et al. [16] published a large prospective 
trial indicating that de novo stone formation occurs at 
increasing rates with decreasing daily calcium con­
swnption. Although not proven by this study, the lack 
of sufficient oxalate binding by the reduced amount of 
calcium available in the intestinal lumen must have in­
creased oxalate absorption and thus urinary oxalate ex­
cretion [55, 58]. Indeed, a recent study of our own 
group [35] demonstrated that 6 healthy subjects ingesting 
2220 mg oxalate/day (about 20-times the amount usually 
ingested) only became hyperoxaluric (695 ± 135 mmol/ 
day) when the diet contained 1200 mg of calcium per 
day, but not when calcium content of the otherwise un­
changed diet was increased to 3840 mg/day (279 ± 48 
mmol/day, p = 0.028). On the latter diet, urinary cal­
cium excretion rate amounted to 7.96 ± 0.93 mmol/day, 
compared to 3.36 ± 0.54 mmol/day on the diet contain­
ing 1200 mg of calcium per day (p = 0.028). How­
ever, urinary calcium oxalate supersaturation, calculated 
by using the index proposed by Tiselius [59], even tend­
ed to be lower on the calcium-rich diet (0.27 ± 0.08) 
than on a normal calcium intake (0.44 ± 0.10, not 
significant). 

In a recent study, Lemann et al. [40] found that 
body size is the more important determinant of urinary 
oxalate excretion than calcium intake among healthy 
adults, possibly because endogenous oxalate synthesis 
changes with lean body mass. However, while we stud­
ied subjects whose intakes of animal flesh protein and 
calcium, both known to affect urinary oxalate excretion 
[46, 55, 58], were strictly controlled, Lemann et al. [40] 
studied subjects on free-choice diet in whom intakes of 
protein and calcium, assessed by a semiquantitative 
questionnaire, widely varied between 27 and 207 g/day 
and 6.2 and 65.6 mmol/day, respectively. In these 
healthy volunteers, increasing calcium intake only ap­
peared to affect urinary oxalate excretion up to the range 
of 15-20 mmol/day, presumably by limiting intestinal 
absorption of dietary oxalate [ 40]. 
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In stone formers on a low calcium diet, secondary 
increases in urinary oxalate have been observed by sev­
eral authors [reviewed in 58]. Thus, secondary hyper­
oxaluria most likely accounts for high stone recurrence 
rates in patients on a low calcium diet [39] . In addition, 
stone formers with calcitriol-mediated hyperabsorption 
of calcium may even become hyperoxaluric while calci­
um intake is normal: since less calcium is left behind 
more distally in the gut, more oxalate is freely available 
for absorption. Indeed, Giannini et al. [22] found a pos­
itive correlation between urinary oxalate excretion rates 
and serum calcitriol levels. Finally, patients with intesti­
nal malabsorption due to inflammatory bowel disease 
with or without bowel resection or after jejunoileal by­
pass surgery also may exhibit secondary hyperoxaluria 
even when intake of calcium is normal [reviewed in 58]. 
This emphasizes the importance of sufficient unbound 
calcium present in the intestinal lumeu relative to the 
amount of oxalate provided with a specific diet. 

Increased endogenous production of oxalate 

Normally, only 10-15% of urinary oxalate is de­
rived from the diet, the remainder coming from endoge­
nous production [55, 58]. On one hand, ascorbic acid 
is metabolized to oxalate; recent studies, however, sug­
gest that up to 4 g of ascorbic acid may be daily ingest­
ed without significantly increasing urinary oxalate [re­
viewed in 58]. On the other hand, positive correlations 
between oxalate and urinary markers of protein intake 
have been observed by others [58] as well as by our­
selves (unpublished). The same correlations have been 
found for glycolate, a metabolic precursor of oxalate. 
Robertson [ 46] has emphasized that overconsumption of 
animal flesh protein, as often the case in patients ad­
hering to a low calcium diet (see previous paragraphs), 
increases the metabolic production of oxalate from pre­
cursors such as hydroxyproline and tryptophan. Under 
these circumstances, mild hyperoxaluria, arbitrarily de­
fined as a urinary oxalate excretion rate below 1.0 
mmol/day [58] , may ensue. The term "mild metabolic 
hyperoxaluria" originally has been used to describe a 
subset of recurrent calcium oxalate stone formers with 
mildly elevated urinary oxalate and glycolate excretions 
in whom pyridoxine therapy sometimes caused a com­
plete remission [23]. It remains to be seen whether or 
not "mild metabolic hyperoxaluria" represents an incom­
plete form of primary hyperoxaluria [58]. 

In some patients, endogenous oxalate overproduction 
may persist although there is no evidence for animal 
protein overconsumption, due to a lack of pyridoxine or 
an impairment of conversion of pyridoxine to pyridoxal-
5' -phosphate [17]. As a result, glyoxylate, the immedi­
ate precursor of oxalate, is not sufficiently converted to 
glycine, whereby more glycolate and oxalate are being 



Low calcium diet in calcium nephrolithiasis 

Table 1. Causes of hyperoxaluria. Bold letters: most frequently encountered causes. 

Non-metabolic (enteric) hyperoxaluria 

U0x x V > UGlyc X V 

• low calcium diet / calcium binders 

• intestinal malabsorption 

• excessive intake of oxalate-rich foods 

Mild metabolic hyperoxaluria 

U0x x V < UGlyc x V 

• animal protein overconsumption 

• pyridoxine deficiency / I conversion 
pyridoxine - pyridoxal-5'-phosphate. 

U0 x: urinary oxalate; UGlyc: urinary glycolate; V: urine volume/ day 

Stone disease 
"Bad" dietary habits 

Figure 2. The "powder keg and tinderbox theory,• explaining the "idiopathic" formation of calcium oxalate renal 
stones [adapted from ref. 36]. For details, see text. 

formed [45) . Only for such specific cases, but certainly 
not for the general calcium oxalate stone former with 
mild hyperoxaluria, a therapeutic trial of pyridoxine 
supplements appears to be warranted [58). 

Summary 

Our first diagnostic approach to patients with cal­
cium nephrolithiasis and mild hyperoxaluria (usually < 
1000 µmol/day) always consists of establishing the meta­
bolic or non-metabolic origin of hyperoxaluria. As out­
lined in Table 1, this is based on measurements of uri­
nary glycolate. 

Idiopathic Calcium Nephrolithiasis: 
Only due to "Bad Eating Habits"? 

Epidemiologically, there is no doubt that high con-
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sumption of meat protein is associated with increased 
risk of stone formation [46) . However, such "bad eating 
habits," despite that they induce hypercalciuria and hy­
peroxaluria as well as hyperuricosuria and hypocitraturia 
[36), do not automatically lead to calcium renal stone 
formation, and many non-stone formers are very likely 
to have them as well [36). As summarized in Figure 2, 
it is only the combination of a powder keg, i.e., under­
lying (inherited or acquired) abnormalities, and a tin­
derbox, i.e., "bad eating habits," that finally leads to 
an explosion, i.e., renal stone formation [36) . 

One of the underlying abnormalities which appears 
to be of utmost relevance for stone formation has been 
described in severely recurrent calcium renal stone for­
mers by Robertson et al. [48): under identical conditions 
of oral oxalate loading, urines of patients with acceler­
ated calcium nephrolithiasis contained larger crystals 


