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Abstract
Background: Patients with idiopathic calcium oxalate stones are advised to consume a low-oxalate diet to prevent
recurrence. In this study, on patients with calcium oxalate stones we have attempted to determine the effect of
calcium content of diet on the formation of calcium oxalate crystals in urine by in vitro supersaturation study of fresh
postprandial urine samples and observing the morphology of the crystals formed using polarized optical microscopy.
Methods: The trial was conducted as a prospective interventional randomised crossover clinical trial in a repeated
measures design. Sixty patients with calcium oxalate stones and no metabolic abnormalities in urine treated by
lithotripsy at a tertiary care centre during the period May 2016 to May 2019 were recruited. Following a 14 h overnight
fasting, urine samples were collected after providing the patient with either a low- or high-calcium meal for breakfast
followed four hours later, by high-oxalate meal for lunch. Urine was tested for multiple parameters including urine pH,
specific gravity, calcium/creatinine ratio and supersaturation of urine with sodium oxalate followed by optical density
measurement by spectrophotometry and microscopic analysis of crystals formed.
Results: Optical density values and calcium/creatinine ratio of urine samples obtained after high-calcium meal are
significantly higher than in corresponding sample obtained after low-calcium meal (p < 0.001). These findings were
reflected in the morphology of formed crystals in their size, shape and number. When urinary calcium levels were low,
no crystals were formed during supersaturation study of postprandial urine samples following a high-oxalate diet.
Conclusions: High calcium content in diet significantly contributes to kidney stone formation. There is a lower risk of
kidney stone formation with a low-calcium meal even on consumption of a high-oxalate diet.
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1 Background
Calcium oxalate stones are the most common kidney
stones followed by calcium phosphate and uric acid. One
basic event that is common in all stone patients is supersaturation of urine with crystal components—calcium
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and oxalate in the case of calcium oxalate stone formers.
This is the driving force behind stone formation [1, 2].
As the supersaturation of a substance increases, there is
increased chance of particle interaction and crystal formation [3]. Calcium oxalate stone formation is a multistep process that involves nucleation, crystal growth,
crystal aggregation, and crystal retention in a micro-environment of supersaturation and altered urine pH [4, 5].
The current advice generally given to calcium oxalate stone patients is to consume a low-oxalate diet
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for preventing recurrence [6]. Such diets may be high
in calcium content, and there is a strong correlation
between intake of calcium and urinary calcium excretion, with one study reporting a mean urinary calcium
increase in 55–72 mg associated with every 1000 mg
increase in daily calcium [7]. Studies have shown that
the urinary levels of calcium peaks at 4 h after calcium
test meal in the postprandial period [8]. This study was
conceptualized to determine whether the calcium content of diet can independently affect the tendency for
stone formation in calcium oxalate stone formers.

2 Methods
This prospective interventional randomized crossover
clinical trial was a repeated measures design study in
which each patient was randomly assigned to a sequence
of interventions in the form of diet. The sample size was
calculated to be sixty, and the sixty patients in the study
were randomly allotted into two groups with an allocation ratio of 1:1 following simple randomization procedures (computer-generated list of random numbers),
thirty patients in each group. The first group (group A)
was provided a high-calcium breakfast followed by a
high-oxalate lunch, and the second group (group B) was
provided a low-calcium breakfast followed by a highoxalate lunch. Seven days later the patients were asked to
return, and the dietary intervention was reversed (lowcalcium breakfast followed by a high-oxalate lunch for
group A and high-calcium breakfast followed by a highoxalate lunch for group B).
Sixty patients in the age group between 19 and 60 years
with calcium oxalate stones in the kidney or upper ureter who were evaluated for their stone and treated by
extracorporeal shock wave lithotripsy (ESWL) in the
urology department of our tertiary care hospital during the period May 2016 to May 2019 were recruited.
After ESWL, patients were advised life style correction
and citrate therapy for a period of three months prior to
enrolment.
Patients were excluded from the study if they had urinary stones which are not calcium based (such as: uric
acid, cystine, struvite) or if they suffered from obstructive
uropathy, chronic urosepsis, positive urine culture, gross
hematuria, renal failure (S. creatinine > 2.0 mg%), renal
tubular acidosis, medullary sponge kidney, hyperoxaluria
(> 40 mg/day), hypercalciuria (> 300 mg/day), hyperuricosuria (> 700 mg/day), hypomagnesuria (< 40 mg/day),
hypocitraturia (< 320 mg/day), anatomical abnormalities
of the urinary tracts, active cancer, or were pregnant or
unable to give informed consent.
Each patient underwent overnight fasting of 14 h from
6.00 p.m. to 8.00 a.m. (allowed intake of only mineral
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water 500 ml to avoid dehydration), and an early morning urine sample was collected. The patient was then
provided with a high-calcium breakfast consisting of
six slices of white bread, three slices of cheese, 200 mL
plain milk and one 500 mg tablet of calcium carbonate. This was followed four hours later by a high-oxalate lunch (Calcium content of high calcium breakfast:
1340 ± 20 mg). The patient was adequately hydrated
between meals with mineral water of known calcium
content. Urine samples were collected two and four
hours after each meal. The second batch of tests were
conducted after a period of seven days of normal diet.
The procedure followed was the same as above except
for the nature of the diet given—a low-calcium breakfast consisting of three pieces of plain dosa and 45 mL
of coconut chutney. This was followed four hours later
by a high-oxalate lunch (calcium content of low-calcium
breakfast: 90 ± 10 mg.)
Collected urine samples were assayed for pH, specific
gravity and calcium/creatinine ratio. The urine was then
subjected to crystal aggregation assay: spectrophotometric estimation of optical density (OD) of urine samples
during supersaturation at 620 nm wavelength [1].
2-ml centrifuged urine sample was taken in the cuvette
for the study. 10 µl of sodium oxalate was added per
minute into the urine sample with continuous stirring
to a maximum of 150 µl. OD was measured every minute for 61 min, and subsequently the sample was centrifuged. The sediment was subjected to microscopy under
polarizing microscope, and type of crystals, their number, shape and size of formed crystals were studied.
Continuous variables were expressed as mean and
standard deviation (SD), and statistical significance for
comparisons was determined using unpaired t test analysis. A p value < 0.01 was considered as statistically significant. Data analysis was performed using SPSS ver 16.0.
The mean and SD values obtained were first compared
between the two groups, to assess whether any significant differences were there depending on which diet was
administered first. Then we grouped the values obtained
after consumption of high-calcium diet together and
compared them with the values obtained after consumption of low-calcium diet to assess whether any significant
difference was there depending on the nature of the diet
that was administered.

3 Results
The two groups of 30 patients each showed no statistically significant differences between the mean values for
age, sex distribution, pH, specific gravity and urinary calcium/creatinine ratio as shown in Table 1.
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Table 1 Comparison of mean values between the two groups
Group

Age

Sex distribution

pH

Male

Female

Specific gravity

Urinary calcium/creatinine
ratio
Low-calcium meal Highcalcium
meal

A

43.7

22

8

5.84

1.016

0.072

0.131

B

40.1

22

8

5.94

1.017

0.075

0.125

0.194

0.843

0.232

0.084

p value

0.342

1.000

On comparing between the values of the 60 patients
obtained after consumption of low-calcium diet and
high-calcium diet, it was found that the mean urinary
calcium/creatinine ratio after low calcium diet was 0.07
(SD = 0.03), while after high-calcium diet was 0.128
(SD = 0.069). This was found to be statistically significant
(p < 0.001). Data are provided in Additional file 2.
The mean OD value (maximum optical density value
obtained for the urine sample) on crystal aggregation
study of post-breakfast urine samples after low-calcium
diet was 0.056 (SD = 0.078), whereas after high-calcium

diet was 0.124 (SD = 0.095). This was found to be statistically significant (p < 0.001). Data are provided in
Additional file 2. In the post-lunch (high oxalate) samples, the mean OD time after low-calcium diet was
0.027 (SD = 0.059) and after high-calcium diet was 0.107
(SD = 0.082). This was also found to be statistically significant (p < 0.001).
The number and size of crystals induced by supersaturation studies were significantly higher and larger in the
four hour and post-lunch samples of high-calcium diet
compared to low-calcium diet (p < 0.001) (Figs. 1, 2).

Fig. 1 The number and size of crystals induced by supersaturation during crystal aggregation studies. EMU = Early morning urine sample,
2 h = urine sample two hours after breakfast, 4 h = urine sample four hours after breakfast, post-lunch = urine sample four hours after lunch

Fig. 2 Microscopic picture after low-calcium diet and high-calcium diet
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Table 3 Calcium content of some common food items
Sl. No

Item

Quantity

Calcium content

1

White bread

1 slice

38–42 mg

2

Cheese

1 slice

110–115 mg

3

Milk

100 mL

125–130 mg

4

Plain dosa

1 piece

16–20 mg

5

Coconut chutney

15 mL

10–14 mg

6

Mineral water

100 mL

5–6 mg

4 Discussion
The urinary calcium/creatinine ratio after consumption
of a high-calcium diet was significantly higher than after
consumption of a low-calcium diet. This clearly indicates
that on consuming a diet rich in calcium the amount of
calcium excreted in urine increases significantly, and
there is a corresponding decrease in the amount of calcium excreted in urine when a low-calcium-containing
diet is consumed. The same has been stated by Grieff and
Bushinsky in 2013 [7].
The crystal aggregation assay by supersaturation
showed that optical density time after consumption of a high-calcium diet is significantly higher than
after consumption of a low-calcium diet. These findings imply that the tendency for crystal formation in
patients treated for calcium oxalate stones can be significantly decreased if the amount of calcium in the diet
is reduced. This decreased tendency for crystal formation persisted even after consumption of a high-oxalate
meal for lunch. Therefore, if the patient takes a lowcalcium diet, the tendency for nucleation and crystal
aggregation becomes negligible even if the patient takes
a high-oxalate diet afterwards. This is in contrast to the
statement by Holmes, Knight and Assimos that a deviation from low-oxalate diet in even a single meal could
potentially result in significant stone growth [6].
Crystal morphology study by polarizing microscope
was performed on the urine samples. Figures 1 and 2
show the changes in the number and size of crystals
formed after urine supersaturation when viewed under
the microscope. There was a significant decrease in
the number and size of the crystals formed in samples
obtained after a low-calcium meal when compared to
the samples obtained after a high-calcium meal. This
provided visual confirmation of decreased tendency of
stone formation on reduction of the calcium content of
the diet.
It is interesting to note that in some patients after
a low-calcium breakfast optical density could not be
recorded in the postprandial urine sample. In these
patients, the level of calcium in the sample was < 4 mg%

and crystals do not form during supersaturation study
of the post-breakfast urine sample. When the patient
consumes an oxalate loaded lunch after four hours,
there is still no crystal formation. A limitation of the
study was that though the patients were randomly allotted to the two groups, blinding was not possible.
The current dietary recommendation to consume
a low-oxalate diet is very rarely followed by many
patients because a low-oxalate diet reduces the taste
and palatability of the diet. Table 3 shows the calcium
content of food items commonly included in breakfast
that were used in this study. Our results show that it
may be possible to modify the dietary recommendations for calcium oxalate stone formers such that when
an occasional high-oxalate meal is consumed, significantly decreasing the calcium content of the diet for
that day may help to ensure that the risk of stone formation remains low. Further studies are required before
the dietary recommendations can be modified in this
manner.

5 Conclusions
Calcium content of diet is reflected in the urinary
excretion of calcium. There is a strong positive correlation between the calcium levels of urine and the chance
for crystal formation in stone patients. Consumption of
a diet rich in calcium may increase the chance of stone
formation in calcium oxalate stone formers, and there
is a lower risk of kidney stone formation with a low-calcium diet even on consumption of a high-oxalate meal.
Abbreviations
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