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ABSTRACT

Introduction: Oxalate, calcium, uric acid, and citrate are among the most widely known
biochemical factors for urinary stone formation. In most cases, urolithiasis occurs as unilateral
despite the role of systemic metabolic factors in kidney stone formation.

Objectives: The present research aimed to compare these urinary biochemical factors in healthy and
stone-generating kidneys in patients with unilateral urolithiasis.

Patients and Methods: Forty patients with unilateral urolithiasis participated in this cross-sectional,
descriptive-analytical study. The patients were hospitalized in kidney surgery and kidney urology
ward of Kashani hospital of Shahrekord, southwest Iran. After the implementation of crushing stone
using transurethral lithotripsy (TUL), 5-10 cc of urinary sample was collected from each kidney. An
AutoAnalyzer (Mindray Company, Bs-360 model) and laboratory kits (Bionic Company) were used
to measure calcium, uric acid, and creatinine. Moreover, a manual method and Darman Faraz Kave
company kits were applied to measure the levels of oxalate and citrate. Results on the healthy and
stone-generating kidneys of each patient were separately analyzed using the Stata 13 software.
Results: The difference in the mean ratio of uric acid, oxalate, and citrate to creatinine in the healthy
kidneys and stone-generating kidneys was not significant. However, the mean UCa/UCr ratio in
the healthy kidneys was 0.27+0.07 and relatively greater than that in the stone-generating kidneys
(0.11+0.04) (P=0.06).

Conclusion: The studied topical factors and secretory disorders had not any significant relationship
with unilateral urolithiasis. The cause of unilateral urolithiasis should be searched in other factors
such as metabolic factors, main positions of individual during 24 hours and sleeping, and anatomic
disorders of kidney stone, or multifactorial.

Implication for health policy/practice/research/medical education:

The cause of unilateral urolithiasis should be searched in other factors such as metabolic factors, main positions of individual
during 24 hours and sleeping, and anatomic disorders of kidney stone, or multifactorial.

Please cite this paper as: Mohammadalibeigi F, Shirani M, Seyed-Salehi H, Afzali L. Biochemical urinalysis of healthy kidney
and stone-generating kidney in unilateral urolithiasis. ] Renal Inj Prev. 2019;8(2):151-156. doi: 10.15171/jrip.2019.28.

Introduction

with chronic kidney disease, bone loss and fractures,

There is an increasing prevalence of urinary stone around
the world (1). The reported prevalence rates vary between
68 and 720 cases per 1000000 population depending on
the country or the region. Besides that, it can be affected
by genetic, nutrition, and geographic and socioeconomic
factors (2,3). Urinary stones occur in 8%-15% of Europeans
and North Americans in their lifetime (4).

The prevalence of urinary stone is estimated at 5.7%
while the western toward southwestern regions of Iran
have the highest number of patients with kidney stone (5).

Nephrolithiasis is a systemic disorder that is associated

increased risk of coronary artery disease, hypertension,
type 2 diabetes mellitus, and metabolic syndrome (6).
Early diagnosis and treatment of kidney and urinary tract
stones and their excretion can prevent the enlargement of
stone and associated complications (7).

The occurrence of urolithiasis is three times higher in
men than in women (8). The pathogenic mechanisms
of kidney stone formation are complicated and entail
metabolic and environmental risk factors (6).

The most effective biochemical factors in urolithiasis
include citrate, oxalate, calcium, phosphate, sodium,
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potassium, uric acid, magnesium, urinary pH, and
urea, all of which are compared with urinary creatinine
ratio. Among them, oxalate, calcium, and uric acid are
comparatively more important. Supersaturation of these
factors causes a significant increase in the risk of kidney
stone formation and its recurrence (9,10).

The metabolic predisposition of kidney stones is mainly
due to increased excretion of crystals such as calcium, uric
acid, oxalate, and cysteine in urine or the reduction of
kidney stone formation inhibitors such as like magnesium,
citrate or pyrophosphate (11).

Traditionally, a urinary calcium/creatinine ratio (UCa/
UCr) of >0.21 is considered abnormal and indicative of
hypercalciuria. However, recent studies have shown that
UCa/UCr varies depending on age and geographic area
(12). The most common type of kidney stones contains
calcium worldwide (8,13).

Eighty percentofurinary calculiare calcium compounds,
62% of which are mainly seen as calcium oxalate (14),
and the remainder consists of uric acid (5-10%), struvite
or carbonate apatite (secondary to infection), cystine
(1%) and rare stones (4,14). Acidic urine, hypercalciuria,
and hyperoxaluria are risk factors for calcium oxalate
urolithiasis (15,16). Unilateral hypercalciuria should be
considered a risk factor for nephrolithiasis in children
with recurrent stone episodes in one kidney only (17).

In a study, a significant increase of oxalate/creatinine
ratio and UCa/UCr ratio among patients with urinary
stones in comparison with normal population was seen.
Moreover, the citrate/creatinine ratio and magnesium/
creatinine ratio in those with kidney stone decreased
significantly in comparison with those without kidney
stone. There was no significant difference in phosphate/
creatinine ratio between people with kidney stone and
those without (18).

Recurrent stone formers commonly present with calculi
on the same side, while the etiology of recurrent unilateral
urolithiasis is unknown yet (19). The physiochemical
mechanism of nephrolithiasis has not been well
understood at the molecular level, while this issue is
important in terms of the control and prevention of renal
stone formation (20).

Despite different explanations for urolithiasis, it has
not yet been clarified why urolithiasis mainly occurs
as unilateral, and why large stones are formed in some
patients and small recurrent stones are formed in some
others.

The body system is affected by metabolic factors
through blood flow. Both kidneys have the same blood
flow regarding volume and compounds. Therefore,
metabolic disorders may influence the whole urinary
system similarly.

It is expected that kidney stone occurs in both kidneys,
however, the statistics demonstrate that for the patients
with known metabolic causes of kidney stone formation,

urolithiasis occurs mainly as unilateral. Several theories
and reasons for these inconsistencies have been presented
(19-21).

Objectives

The present study was conducted to compare the
biochemical factors of the healthy kidneys and stone-
generating kidneys in patients with unilateral urolithiasis.

Patients and Methods

Patients

This cross-sectional, descriptive-analytical study was
carried out in the spring and summer of 2015. Forty
patients participated in this study. The patients suffered
from unilateral urolithiasis and were hospitalized in the
urology and kidney surgery ward of Kashani hospital of
Shahrekord, southwest Iran. The patients were candidate
for crushing stone with transurethral lithotripsy (TUL).
The sample size was derived 30 by a sample size calculation
formula, 95% confidence interval, and 15% precision. To
enhance the rigor of the study, 40 patients were enrolled.

The inclusion criteria were definite diagnosis of
unilateral urolithiasis with a healthy kidney based on the
results of sonography conducted by a radiologist. The
exclusion criteria were the bilateral urolithiasis, severe
metabolic disorders, high blood pressure, the history of
metabolic bone diseases, the history of steroids or diuretic
drugs consumption, and the lack of or insufficient physical
activity.

The patients’ demographic characteristics (age, gender,
and living place) and history were recorded at admission.
Either spinal anesthesia methods or general anesthesia was
used after the patients were transferred to the operating
room, based on their conditions and the anesthesiologist
comment. To excrete the urinary calculi, the TUL method
was used. In this method, urethra scope was penetrated
into the bladder by the urinary tract and, after going
up through the ureter and reaching stone, crushed the
stone by one of the intra-organ crushers consisting of
pneumatic lithotripsy or lithoclast, laser, ultrasonography
or electrohydraulic crusher and the stone pieces were
taken out (22).

After penetrating the urethra scope into patient urinary
tract and crushing process, 5-10 cc of urine was collected
from each kidney. A 5 minutes centrifugation at 3000 rpm
was performed to separate the blood resulting from the
crushing process.

To measure the levels of calcium, uric acid, and
creatinine, an AutoAnalyzer (Mindray Company, BS-360
Model) and laboratory kits (Bionic Company) were used.
The samples were directly tested to measure uric acid and
calcium. In order to measure oxalate and citrate levels,
a manual protocol was run using manual kits (Darman
Faraz Kave).

To measure oxalate levels according to the protocols
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of these kits, an enzyme that converts urinary oxalate to
carbon dioxide and hydrogen peroxide is used. Then, the
produced hydrogen peroxide makes a colored complex
in the presence of peroxidase by oxidizing the proper
chromogen, and is spectrophotometrically measured. The
color intensity represents oxalate concentration.

Citrate lyase produces alpha-galactosidase that
immediately reacts with phenyl hydrazine in acidic pH and
produces phenyl hydrazine. The resulting compound has
an absorbance of 340 nm wavelength that is proportionate
to the citrate concentration.

Ethical issues

The research followed the principles of the Declaration
of Helsinki. All patients provided informed consent
to participate in the study. The protocol of this study
was approved by the Ethics Committee of Shahrekord
University of Medical Sciences (code: IR.SKUMS.
REC.1394.45). The purposes of the study were explained
to the participants and they were assured that their
information would be kept confidential. This study was
derived from a research project approved at the Deputy
of Research and Technology of Shahrekord Medical
University (grant # 224.8).

Data analysis

The results on both healthy and stone-generating kidneys
of each patient were separately recorded. Statistical
analysis was performed by descriptive (central tendency
indices and distribution of data) and inferential (z-test,
chi-square, and Fisher’s exact tests) statistics.

It is generally argued that metabolic defects are less likely
to occur in the first time stone formers than in the patients
with recurrent disease. Therefore, we comprehensively
evaluated the urinary abnormalities in patients with
kidney stone. It should be mentioned that P value < 0.05
was considered the significance level.

Results

In this study, 40 patients with unilateral urolithiasis were
investigated of whom 29 were male (%75.5). The mean age
of our participants was 42.9+10.74 (range: 18-74) years.
The mean duration of suffering from kidney stone was
4.46+2.31 (range: 1-10) years in our participants. Around
42.5% of the patients had first degree relatives with the
history of kidney stone. Thirty individuals (75%) lived in
cities and 10 individuals (25%) lived in rural areas.

Healthy kidney and unilateral urolithiasis

For living place, 18 (45%) patients lived in Shahrekord
county, 9 (22.5%) in Farsan, 4 (10%) in Ben, 3 (7.5%)
in Ardal, 3 (7.5%) in Boroujen, and 1 (2.5%) in Saman,
Lordegan, and Koohrang.

In the current study, the levels of calcium, uric acid, and
oxalate and also citrate/creatinine ratio were calculated for
both healthy and stone-generating kidneys (Table 1). As
Table 1 demonstrates, the difference in the mean ratio of
uric acid, oxalate, and citrate to creatinine in the healthy
kidneys and stone-generating kidneys was not significant.
However, the mean UCa/UCr ratio in the healthy kidneys
was 0.27+0.07 and relatively greater than that in the stone-
generating kidneys (0.11+0.04).

Discussion

In the present study, the urine biochemical characteristics
were studied to investigate the urinary calculi because
the investigation of the etiology of renal stones is based
on urine chemistry rather than analysis of the stone
itself. In fact, the accuracy of stone analysis is generally
poor and, even when it is accurate, does not explain the
pathophysiology of stone formation (4).

A difference was seen in the mean UCa/UCr ratio
between the healthy kidneys and the stone-generating
kidneys with a marginal difference (P=0.06). However,
this difference can be valuable clinically, and increase in
significance level of this ratio is likely with increasing the
sample size.

In 67.5% (n: 27) of the patients, the UCa/UCr ratio of
the healthy kidneys was greater than that of the stone-
generating kidneys, which can highlight the value of
this difference from clinical perspective. To the best of
our knowledge, the study of Lee et al was the only study
performed using the same method to our procedure,
which showed the amount of the released calcium from
the healthy kidneys within 24 hours is more than that
from the stone-generating kidneys in the urine of 13
individual with unilateral urolithiasis. Since the urinary
calcium level during 24 hours has a direct association
with random UCa/UCr ratio, this finding is in line with
the results of the present study and inconsistent with those
speculations that consider the release of large calcium
amounts and calcium crystal formation as the reason for
calcium kidney stone formation.

In the study of Lee et al, it was suggested that the
obstruction due to kidney stone formation caused tubular
damage in the obstructed kidney that reduced the calcium

Table 1. Comparison of the biochemical parameters of stone-generating kidneys and healthy kidneys in patients with unilateral urolithiasis

Biochemical parameters H(en;t::: I;i(s‘g‘;y Stone-(g;r;::‘a:r;i;(idney P value
Creatinine/calcium ratio 0.27+0.07 0.11+0.04 0.06
Uric acid/creatinine ratio 0.44+0.07 0.534£0.07 0.4
Oxalate/creatinine ratio 0.06+0.03 0.04+0.03 0.6
Citrate/creatinine ratio 0.013+0.017 0.015+0.019 0.93
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release from the obstructed kidney tubules. Besides that,
it was already mentioned that in animal models, in case
of kidney obstruction, the healthy kidney releases more
calcium as a compensatory mechanism that can be a risk
factor for the formation of kidney stone in the healthy
kidney in the following years.

Since the materials and types of stones were not
determined in our patients, in certain cases, it is likely
that the cause of kidney stone is not associated with
metabolic disorders in the calcium release in the kidneys.
We observed certain stones such as the uric acid stones,
which can be the reason for the increase in UCa/UCr ratio
in the healthy kidney.

Better et al reported that for patients with complete
unilateral obstruction, the clearance of creatinine
reached from 2.6 to 10.2 mL/min during a week after
obstruction removal, and remained unchanged for four
weeks (24). The study of Jones et al also demonstrated
that the function of the kidney with unilateral obstruction
returned to the condition before obstruction through two
phases following obstruction removal (25).

It is therefore obvious that for the close investigation
of the released calcium from the stone-generating
kidneys, at least two weeks are needed for the kidney to
function normally again. Since our study was conducted
on humans, there was no possibility, from ethical and
practical perspectives, to investigate stone-generating
kidney function after the obstruction removal. Because
surgical intervention was needed to collect separate
specimens from the patient kidneys again. It is expected
that after removing obstruction, the calcium release from
the stone-generating kidney increases over time. Even, it
is likely that larger amounts of calcium are released in the
stone-generating kidney specimens.

In a study, the level of UCa/UCr ratio was higher in the
urinary stone formers group than the control group. They
concluded that it can be a useful and comparatively easier
method in the first level examination of urinary stone
formers (13).

The mean UCa/UCr ratio of non-fasting random
urinary samples was obtained 0.123£0.106 in a study in
south Iran with healthy children (26).

A study on healthy children in north Iran showed the
mean UCa/UCr ratio in girls to be 0.16+0.1 and in boys
to be 0.15+0.09, with an inverse correlation between
this ratio and age (27). The reason for different values
reported for this variable can be due to the differences in
geographical regions.

In the study of Ceran et al, the mean UCa/UCr ratio had
an inverse correlation with age, while the geographical
location of the subjects was found to be effective on this
ratio (28).

In our study, no significant difference in mean of uric
acid/creatinine ratio in the healthy kidneys and stone-
generating kidneys was detected. In 70% (n: 28) of patients,
the acid uric/creatinine ratio in the healthy kidneys was

greater than that in the stone-generating kidneys; and in
30% (n: 12), this ratio was higher in the stone-generating
kidneys. However, the mean uric acid/creatinine ratio was
greater in stone-generating kidneys, which can confirm
the previous findings regarding the uncertainty of stone
material. It seems that a number of patients had uric acid
stones.

In the study of Jawalekar et al, no significant difference
was seen in the mean uric acid/creatinine ratio between
the patients with kidney stone and healthy people.
However, in this research, 24 hours urine uric acid level
of patients with kidney stone was greater than that of the
control group (18).

From another perspective, uric acid can create the
primary core of calcemic stones in heterogeneous
crystallization (29). Therefore, since the mean uric acid/
creatinine ratio was higher in the stone-generating
kidneys, it can lead to formation of calcium stones in the
stone-generating kidneys of the patients in our study.

In this study, no significant difference was seen in the
mean oxalate/creatinine ratio and citrate/creatinine ratio
between the people with healthy kidneys and those with
kidney stone. The significant level and minimal difference
in these values between the two groups demonstrate
that the secretion of citrate and oxalate is not a factor for
unilateral urolithiasis. There has yet been no research on
the investigation of difference in oxalate excretion and
citrate excretion between the stone-generating kidney
and healthy kidney in patients with unilateral urolithiasis.
In previous studies, these variables have been compared
between healthy people and patients. In addition, increased
urinary calcium excretion significantly decreased urinary
oxalate excretion (P=0.05). The greatest crystal mass is
produced when calcium and oxalate are present in urine at
a 1:1 ratio (30). It was demonstrated that oxalate plays the
most important role as urinary stone risk factor followed
by calcium and uric acid. In addition to the risk factors,
it seems that supersaturation as the sum of all risk factors
probably has a high predictive value (31).

In the previous research, oxalate/creatinine ratio was
presented as an indicator of hyperoxaluria, and the oxalate/
creatinine ratio was significantly greater in patients than
in the healthy people (18). It can be argued that oxalate
secretion cannot be affected by external factors while,
those factors exclusively related to kidney stone, and its
excretion was mainly affected by metabolic systemic
factors. No significant difference was seen between the
oxalate excretion in the healthy kidney and that in the
stone-generating kidney. Sikora et al, considered citrate
to be the most important protective factor against kidney
stone formation (32).

Another study indicated that the kidney appears to be
involved in the pathogenesis of hypocitraturia in kidney
stone patients and that a substantial proportion of these
patients show a reduced urinary excretion of citrate (18).

However, in the present study, with regard to the mean
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citrate/creatinine ratio in the healthy kidneys and the
stone-generating kidneys (0.015+0.0119 and 0.013+0.017,
respectively) with a significant difference (0.93), citrate
cannot be considered an effective factor for unilateral
kidney stone formation.

The reason for the inconsistency in the results of this
study and other studies might be comparison of the
individuals with kidney stone with healthy individuals in
the previous studies. However, in this study, the healthy
kidney of a patient with unilateral urolithiasis was
compared with his/her stone-generating kidney.

Several theories and factors were suggested for
unilateral urolithiasis such as anatomic disorders or
structural deformities in one kidney of the individuals.
In this condition, the main role is related to the urinary
stasis in a special point or disrupted urodynamic flow that
makes the environment suitable for the formation of the
primary crystals (21).

The other reason is the repetition or habits of the
patients in sleeping position toward a specific side that
predispose them to stone and crystal formation due to
the blood flow that is under the influence of weight and
gravity toward the kidney of the same side and increased
renal perfusion (19).

Although the impact of sleeping position in recurrent
unilateral stone formation remains unknown, sleep
posture may play a role in promotion of urolithiasis (33).

Conclusion

The mean UCa/UCr ratio of the patients” healthy kidneys
was greater than that of their stone-generating kidneys.
However, no statistically significant difference was seen
in the mean uric acid, oxalate, and citrate ratio between
the healthy kidneys and the stone-generating kidneys. A
significant difference was seen in the mentioned variables
between the individuals with kidney stone and healthy
individuals in the previous studies.

However, in the present research, the healthy kidney and
the stone-generating kidney of a patient were investigated,
which demonstrated that unilateral urolithiasis did not
have any direct association with topical factors and the
secretory disorders of the stone-generating kidney in
comparison with healthy kidney. Therefore, other effective
factors such as metabolic factors, frequent positions
during 24 hours and sleep, and anatomic disorders of
the stone-generating kidney should be studied. These
factors, in addition to topical secretory disorders, cause
the development and even recurrence of unilateral
urolithiasis.

With regards to the lack of similar research to
investigate the healthy and unhealthy kidneys in patients
with unilateral urolithiasis, further studies with larger
sample size with respect to demographic variables are
recommended.

Healthy kidney and unilateral urolithiasis

Limitations of the study

The small sample size was one of the limitations of the
study. It is recommended to conduct the study with the
more samples.
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