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Abstract
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Background: Nephrolithiasis in children is associated with a high rate of complications and recurrence.

Objectives:Since some evidences reported that zinc has an important place amongst inhibitors of crystallization and crystal growth, we
decided to assess the effectiveness of oral zinc sulfate as adjuvant treatment in children with nephrolithiasis.

Patients and Methods: This was a randomized, double-blind, placebo-controlled clinical trial. 102 children in the age range 1 month to 11
years with first nephrolithiasis were recruited. Patients were randomly divided into two equal groups (intervention and control groups).
Intervention group received conservative measures for stones and 1mg/kg/day (maximum 20 mg/day) oral zinc sulfate syrup for 3 months.
Control group received placebo in addition to conservative measures, also for 3 months. Patients were followed up by ultrasonography
for 9 months, in 5 steps (at the end of 1st, 2nd, 3rd, 6th and 9th month after treatment) assessing size and number of stones in the kidneys.
Results: Only at the end of the first month, the average number (intervention: 115 * 3.78, control: 1.3 £ 2.84) (P = 0.001) and size (cm)
(intervention: 0.51 + 1.76, control: 0.62 +1.39) (P = 0.001) of stones was significantly lower in the intervention group, and in other points
there was no significant therapeutic efficacy in oral zinc adjuvant treatment compared to conservative treatment alone. Also, during the
9-month follow-up, the number and size of stones in both groups decreased significantly (both: P < 0.0001) in a way that the decrease in
the intervention group showed no difference with the control group.

Conclusions: Adjuvant treatment with zinc is not more effective than consecutive treatment in children with nephrolithiasis. However,
further studies are recommended due to the lack of clinical evidence in this field.

1. Background

Nephrolithiasis occurs due to a complex of environ-
mental and genetic causes (1). According to studies, the
prevalence of nephrolithiasis is increasing in different
populations (2, 3) and this disorder can occur at any age.
However, the prevalence of nephrolithiasis and urinary
stones are lower in children than in adults and varies be-
tween 2% and 2.7% (4-6). In children, most stones are lo-
cated in the kidneys and then in the ureters (7). Based on
the evidence, prevalence of nephrolithiasis among chil-
dren is low, though the disorder is always associated with
a high rate of complications and recurrence (8). Overall,
approximately 40% to 65% of calculi are composed of
calcium oxalate and 14% to 30% of calcium phosphate (9,
10). Various theories have been proposed to explain the
mechanism of stone formation and its growth. Based on

one of the strongest theories, the formation and growth
of stones is caused by supersaturation of ions in the
urine. According to this theory, several factors such as the
total volume of urine, concentration of calculi producing
ions, concentration of stimulators and inhibitors of crys-
tallization and the pH of urine are involved in the super-
saturation (crystallization) and stone formation (11). Also
factors such as metabolic disorders like hypercalciuria,
hypocitraturia etc. and genitourinary abnormalities can
predispose nephrolithiasis in children (12-14). Previous
studies have shown that citrate, magnesium, pyrophos-
phate, certain glycosaminoglycans, nephrocalcin and
phytates have inhibitory role in the formation of the
most common urinary stones, namely calcium oxalate
and calcium phosphate (11). In addition, recent evidence
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has shown the stimulatory or inhibitory role of some ele-
ments such as iron, copper and zinc in the formation and
growth of urinary stones (15-17). Based on the hypothesis
by Atakan et al. (17), four elements play a major role in the
formation of each calculus. According to these authors,
zinc and magnesium are involved in the formation of
calcium oxalate stones as inhibitory factors and iron and
copper as stimulatory factors. The role of zinc in the for-
mation of urinary stones is still not completely identified
(15, 18). However, based on some evidence, not only this
element can be involved in the formation of kidney and
urinary stones (19, 20), it can also have an inhibitory role
in the formation and growth of stones in some cases (15,
17). Chi (16) used the fly model to look for genes which,
when silenced, prevent or ameliorate kidney stones. In
this study, 80 genes were examined and ultimately 10
genes which had a greater role in the formation of renal
stones were identified. Results showed that these related
genes and particularly genes related to zinc transport
play an important role in the formation of kidney stones.
Atakan et al. (17), concerning the inhibitory role of some
elements in stone formation, showed that the mean lev-
els of zinc and magnesium in the urine of healthy indi-
viduals are significantly greater than the stone patients.

2. Objectives

Considering the hypothesis of the role of elements in
the formation and growth of calculi and the lack of clini-
cal studies on the effects of zinc on kidney stones, we de-
cided to assess the effectiveness of oral zinc sulfate as ad-
juvant treatment in children with nephrolithiasis.

3. Patients and Methods

3.1. Study Population

102 children, aged 1 month to 11 years with nephroli-
thiasis, who were followed in pediatric nephrology out-
patient clinics in Amirkabir and Valiasr Hospital of Arak,
Iran, in 2 years, were included in the study. Recruitment
started on June 2010 and follow up ended in June 2013.
Pediatric nephrolithiasis with clinical suspicion of renal
stones based on clinical symptoms was diagnosed using
KUB radiography (Kidney, Ureter, and Bladder X-ray) and
renal and urinary tract ultrasonography. If these diag-
nostic procedures were negative with high suspicion, the
occurrence or non-occurrence of stones was confirmed
using unenhanced spiral CT scan of the abdomen and
pelvis (21). Since the study of metabolic risk factors in
children with renal stones is considered as one of the
diagnostic measures for prevention of growth and recur-
rence of stones (22), the important serum and urine fac-
tors were assessed in each child for metabolic examina-
tion. Urinary factors were examined based on the normal
age-appropriate values (21) (Table 1).

Initial evolution to check the inclusion and exclusion cri-
teria included: age, sex, the number and size of the stones,

growth and development status, family history of kidney
and urinary tract stones, habitat, diet, birth weight, appe-
tite status, history of congenital and acquired chronic dis-
eases, history of recurrent infections, history of zinc defi-
ciency. Based on these findings, the inclusion criteria were:
1) Children 1 month to 11 years old of both sexes, 2) children
experiencing the first nephrolithiasis, 3) place of birth and
living in city of Arak, Iran, 4) obtaining informed consent
from the parents of children for participation in the study
and appropriate compliance of parents for prescription
of medication and referral to medical centers for monthly
follow-up, 5) a balanced salt, protein, fat (as dietary factors
involved in stone formation), milk, seafood, grains, cereals
and vegetables (as food sources of zinc) intake according
to age and daily need (21, 23). Our exclusion criteria were
as cited in Box 1.

Since the measurement of serum levels of zinc is not a
suitable criterion to estimate its levels in the body and is
not recommended for routine screening (23, 24), to exam-
ine the children suspected of zinc deficiency, its clinical
symptoms (23, 25) were saught. The stones larger than 5
cm and every stone of any size that caused obstruction in
the kidneys and urinary tract were defined as indications
for invasive treatment of stone (extracorporeal shock-wave
lithotripsy (ESWL), percutaneous nephroscopy, etc.) (21).
This study was confirmed by ethics committee of Arak Uni-
versity of Medical Sciences and in all stages of this study,
we were committed to Helsinki declaration principles.
Written consent was obtained from all of parents and they
were free to leave the study at any time. This experiment is
also registered as No. IRCT2012080710525N1 at Www.irct.ir.

Table 1. Normal Urinary Factors in Metabolic Evaluation of
Children With Urolithiasis

Normal Values in
Random Urine Collection

Urine Constituent/Age

Calcium, mg/mg creat

0-6mo <0.8
7-12mo <0.6
>2y <o.
Oxalate, mmol/mmol creat 2 0.15-0.26
<ly 0.11-0.12
1<5y 0.006-0.15
5-12y
Uric acid, mg/dL GFR b
Term infant 33
>3y <0.53
Magnesium, mg/ mg creat
>2y <0.12
Citrate, mg(g creat >400
Cystine, mg/g creat <75

d0xalate oxidase assay.
(mg/dL uric acid) (serum creatinine concentration/urine creatinine
concentration).
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Box 1. Our Exclusion Criteria®

Exclusion Criteria

1) Children with zinc deficiency or under prescription of zinc or recent zinc intake.

2) History of allergy to any form of zinc (syrup, tablet, capsule) or its intolerance.

3) Associated conditions and diseases with zinc deficiency including recent history of prolonged intravenous feeding,
vegan diet, short bowel syndrome, URI, congenital metabolic disorders, wound healing, congenital or acquired
GI abnormalities and intestinal surgery particularly in the duodenum and small intestine proximal (e.g., gastric
bypass),celiac disease and other malabsorption syndromes, Crohn disease, cirrhosis, SCD, acrodermatitis enteropathica,

malignancy, HIV/AIDS

4) Having any infections or chronic and acute febrile diseases with any sources in the body such as gastroenteritis, UTI,

pneumonia, etc.
5) Chronic vomiting and diarrhea
6) Indications for aggressive stone treatment

7) Severe obesity (BMI over 99th percentile) P

8) Premature birth and birth weight less than 1,500 gr or VLBW

9) RF and structural abnormalities of the kidneys and urinary tracts

10) Family history of nephrolithiasis and/or urolithiasis

4Abbreviations: URI, Upper respiratory infection; GI, gastrointestinal; SCD, sickle cell disease; AIDS, human immunodeficiency virus infection |
acquired immunodeficiency syndrome; UTI, urinary tract infection; VLBW, very low birth weight; RF, renal failure.
In addition to being a constraints for diagnostic methods, particularly imaging, obesity can also be a risk factor for urinary stones.

3.2. Intervention

This was a randomized, double-blind, placebo-con-
trolled clinical trial study. The study coordination center
at the Arak University Hospital (Amirkabir Hospital) ran-
domly assigned participating patients to one of the two
equal (Intervention and Control) groups. The random al-
location sequence was generated by a computerized ran-
dom number generator.

Intervention group received instructions regarding
general conservative measures for urinary stones and 1
mg/kg/day (maximum 20 mg/day) oral zinc sulfate syrup
for 3 months. The pediatric prophylactic dose of zinc
(for gastroenteritis and other infections especially in the
Middle East countries) is 20 mg/day orally for 14 days (25).
Since clinically a prophylactic trial of oral zinc (1 mg/kg/
day) is a safe and reasonable approach in situations in
which deficiency is considered possible (24), we used this
dose in our study.

General conservative measures included: adequate
fluid intake (hydration with twice the maintenance
fluid), sedative medications (if necessary), low sodium
diet, thiazide diuretics, such as hydrochlorothiazide if
these measures fail, potassium citrate with a dosage of
1-2 mEq/kg/24 hours, low sodium and oxalate diet in id-
iopathic hypercalciuria (IHC), (IHC is defined as a urine
calcium to creatinine ratio of more than 0.2 in random
urine samples (26)), some reduction in calcium intake or
absent restriction of calcium and dairy (due to impaired
child development), citrate supplementation in patients
who have renal tubular acidosis or hypocitraturia, re-
ceive adequate dietary potassium, particularly if they are
taking diuretics (1, 21). Control group in addition to gen-
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eral conservative measures, received placebo (1 mg/kg/
day) for 3 months. Both preparations [zinc sulfate syrup
(60 ml) and placebo (60 ml)] were produced by the same
company (Alhavi Company, Tehran, Iran) to ensure iden-
tical volume, consistency, shape and color. Also, both the
zinc syrup and placebo were delivered to the parents in
glass containers with lid of similar shape and size, with-
outaname and with a code.

3.3. Examinations and Follow-Up

During 3 months of drug administration, parents were
contacted at the end of each week (via phone or visited
in person) to assess adherence to taking medications,
possible side effects, any new infections and other con-
ditions. By separating the randomization center (Amirk-
abir University Hospital) and examination site (Valiasr
Hospital), participating patients and physicians assess-
ing outcomes were blinded to the treatment allocation.

Although the side effects of zinc supplementation,
such as nausea, vomiting, headache, vertigo, abdominal
cramping, and diarrhea (24, 25), are rare considering the
dosage used, we opted to record them during the study
and warned parents about these symptoms and recom-
mended to discontinue medication and notify treatment
centers in case of observing any of the above symptoms
after taking the prescribed medications. Parents of chil-
dren were recalled for 5 steps of the abdomen and pelvis
ultrasonography (at the end of 1st, 2nd, 3rd, 6th and 9th
month after treatment) in examination site.

CT scan of the abdomen and pelvis is a method with
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ideal sensitivity and specificity for evaluation of renal
stones in children; however, since the radiation exposure
is high, we used ultrasonography (21). Both kidneys of pa-
tients were examined in 5 steps of ultrasonography and
the number and size of the stones were recorded. Chil-
dren who were excluded were replaced by other eligible
children considering the initial inclusion and exclusion
criteria and by same random allocation (computerized
random number generator). Figure 1 illustrates the study
recruitment process. The exclusion criteria during fol-
low-up periods were: 1) Absence of cooperation or satis-
faction for continuing the participation, 2) irregular use
of medication, 3) zinc side effects, 4) having any new sys-
temic disease and infection, 5) lack of access to patients.
The following measures were carried out by not blinded
physicians in randomization center: 1) Initial evaluation
for selection of eligible patients, 2) necessary instructions
to parents for daily administration of a teaspoon of med-

ication (zinc and placebo) and conservative measures,
3) weekly follow-up, 4) replacing the patients excluded
from the study. Abdomen and pelvis ultrasonography
was conducted by one expert radiologist who was blind
towards the treatment of children in examination site.

3.4. Statistical Methods

The collected data were analyzed with SPSS software
(Statistical Package for the Social Sciences, version 18.0,
SPSS Inc, Chicago, 111, USA) and descriptive statistics meth-
ods for frequency determination. Mann-Whitney and
Wilcoxon tests (due to non-normal distribution of the
data) were used to comparison of ultrasonography re-
sults (number and stone size) in two groups and assess
changes of number and stone size in each group during
the 9 months of follow up, respectively. P-values less than
0.05 were considered significant.

Y

Assessed for eligibility

(n=215)

Replace dropouts with
matching cases (n=31)

A

v

Enrollment after
substitution of
dropouts (n=102)

Excluded not meeting
inclusion criteria (n=82)

A 4

Allocated to intervention (n=51)

Randomized

A 4
Allocated to control (n=51)

Dropouts (n=14)

\ 4

Allocation

Dropouts (n=17)

A 4

Follow-up for 4 months (n=37)

Dropouts (n=14)

v

Analyzed 51 cases

Follow-up for 4 months (n=34)

Dropouts (n=17)

v

Analyzed 51 cases

Figure 1. Randomization and Children’s Flow Chart
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4.Results

In this 2 years lasting study, 215 children with nephroli-
thiasis were analyzed against the inclusion and exclusion
criteria. We lost 31 patients to follow-up.

Among the 31 (100%) children, who were excluded, 13
(41.9%), 8 (25.8%), 2 (6.4%) and 8 (25.8%) were excluded due
to parental refusal to continue participation, irregular
use of medication, zinc side effects [nausea in 1(50%) and
abdominal cramping in 1 (50%) case] and new infection,
respectively.

The mean age of patients was 5.36 + 2.3 years with no sig-
nificant difference between the two groups. The young-
est child was 3 months and the oldest 11 years old. There
were 25 (49%) boys and 26 (50.9%) girls in the intervention
group and 32 (62.7%) boys and 19 (37.2%) girls in the con-
trol group (P =0.23).

The average size of the stones in both kidneys, in the
first ultrasonography in the intervention group (0.51 £
1.76 cm) compared to the control group (0.62 + 1.39 cm)
(P=0.001) and in the second ultrasonography, in the con-
trol group (0.46 £ 0.59 cm) compared to the intervention
group (0.52+ 0.92 cm) (P = 0.001) was significantly lower
and this difference in the third (P = 0.43), fourth (P=0.43)
and fifth (P = 0.23) ultrasonography was not significant
between the two groups (Table 2).

The number of stones in average, similar to the size, in
the first ultrasonography (P = 0.001) in the intervention
group (115 £ 3.78) compared to the control group (13
2.84) and in the second ultrasonography (P = 0.001) in
the control group (1.06 +1.29) compared to the interven-
tion group (1.12 + 2.31) was significantly lower and this dif-
ference in the third (P = 0.3), fourth (P = 0.21) and fifth (P
= 0.28) ultrasonography was not significant between the
two groups (Table 3).

During the 9-month follow-up, the number and size of
stones in both groups decreased significantly, but in a
way that the decrease in the intervention group showed
no difference with the control group. Figure 2 shows
stone size and Figure 3 number of stones in the interven-
tion and control group (both P <0.0001).

Table 2. The Average Size of the Stones in 5 Sessions of Ultraso-
nography in Both Kidneys

Months Stone Size,cm 2 P-Value P
Intervention®  Control 4

First 0.51£1.76 0.621+1.39 0.001

Second 0.52+0.92 0.46 £ 0.59 0.001

Third 0.3+0.16 0.31+0.21 0.43

Sixth 0.19+0.06 0.18+0.09 0.43

Ninth 0.12+£0.04 0.15+0.07 0.23

dpata are presented as mean + SD.
P-value less than 0.05 was considered significant.

CThe group received oral zinc and conservative treatment.
The group received conservative treatment alone.
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Table 3. The Average Number of the Stones in 5 Sessions of Ultra-
sonography in Both Kidneys

Months Stone Size 2 P-Value P
Intervention©  Control 4

First 115+3.78 1.3+2.84 0.001

Second 112£231 1.06+1.29 0.001

Third 0.76 £ 0.44 0.85+ 0.6 03

Sixth 0.5+ 0.15 0.6+0.29 0.21

Ninth 0.32t0.11 0.4+0.19 0.28

3Data are presented as mean + SD.
P-value less than 0.05 was considered significant.

CThe group received oral zinc and conservative treatment.
The group received conservative treatment alone.
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Figure 2. The Average Size (cm) of the Stones in 5 Steps of Follow Up Period

The average of the stones number

1 2 3 6 9
Follow up months

asmintervention essss control

Figure 3. The Average Number of the Stones in 5 Steps of Follow Up Period

5. Discussion

The purpose of our study was to investigate the clinical
role of oral zinc as adjuvant treatment in children with
nephrolithiasis. Based on our results, the number and
size of stones was significantly lower in the intervention
group compared to the control group only at the end of
the first month after beginning of treatment. In the rest
of the follow up sessions, there was no significant differ-
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ence between the two groups. Also, our 9-month follow-
up results showed that adjuvant treatment with zinc is
not more effective than conventional treatment of neph-
rolithiasis in children.

According to some authors, presence of some elements
in the core of the calculus rather than its outer layer indi-
cates their role in stimulation or inhibition of the forma-
tion of calculus (27, 28).

Bazin et al. (29), in 2007 studied heavy elements in the
urinary stones using micro fluorescence X analysis with
synchrotron radiation. They showed that the content of
zinc in some urinary stones (such as calcium stones) are
almost 15 times more than that in other stones. These
findings were also obtained in similar studies by Hesse
etal. (30), Levinson et al. (31) and Joost and Tessadri (32).

In contrary, Sutor (33) and Grases et al. (34) showed that
zinc and aluminum in low concentrations could have
an inhibitory role in the formation of calcium oxalate
stones. Based on these findings and animal study by T Chi
(16), it appears that zinc has a role in the formation of uri-
nary stones (15, 29). However, according to some authors
(15, 18, 20), the stimulatory or inhibitory role of zinc in
the formation of urinary stones is still unclear.

Based on this unclear role, laboratory studies have been
conducted to determine indirectly the role of zinc in re-
nal stones. Atakan et al. (17) in 2007, investigated the uri-
nary levels of zinc, iron, magnesium and copper in 104
patients with calcium oxalate stones and 77 control sub-
jects. The results of this study showed that urinary and
serum levels of zinc in healthy individuals were signifi-
cantly higher than those of patients. Komleh et al. (19) did
not find any significant difference in serum zinc levels be-
tween stone formers and normal subjects. However, they
showed that urinary excretion of zinc in healthy subjects
was significantly higher than in patients.

Contrary to Atakan (17) and Komleh et al. (19), Trinchieri
et al. (18) in a study on 104 stone formers compared with
the control group showed that the urinary excretion of
glycosaminoglycan and zinc was higher in stone form-
ers. Based on the study by Cohanim et al. (35), secretion
of zinc in men with renal stones was significantly higher
than in normal men. In a study by Ozgurtas et al. (20)
in 2004, urinary zinc and copper were measured in 27
healthy controls and 30 calcium oxalate stone formers.
Based on this study, secretion of zinc in stone formers
was significantly higher than in the control group.

As a conclusion, although based on our results zinc can-
not have a considerable clinical impact on the treatment
of urinary stones in children with nephrolithiasis, future
clinical studies on evaluation of the impact of zinc on uri-
nary stones is recommended due to the severe shortage
of clinical studies and the following 3 reasons: 1) various
evidence indicates the role of elements such as zinc in
the formation of urinary stones (15, 16, 18-20), 2) there are
controversies between the results of laboratory studies
conducted on the role of zinc in the formation of urinary
stones, 3) showing higher or lower serum and/or urinary

levels of zinc in stone formers compared to healthy con-
trols in laboratory studies cannot be a valid reason for
the clinical role of zinc in urinary stones.

The limitation of our study was that parents did not
cooperate since the follow-up lasted for long. Although
some of the samples were lost during our study due to
this problem, it was tried to eliminate this limitation by
explaining to the parents that as an inexpensive supple-
ment with no side effects, oral zinc may be helpful in the
treatment of their child. Furthermore, we did not mea-
sure the level of urinary zinc in our study. Since the mea-
surement of urinary zinc can be helpful in strengthening
the conclusion whether zinc is effective or ineffective in
a clinical trial study, it is suggested that future clinical
studies be conducted with regard to this issue.

In current study, the effect of the type of urinary stones
in clinical response to zinc was not considered. Given
the possible difference between the roles of elements in
some stones compared to other stones, it is of great im-
portance to consider this point in future studies.
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