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What’s known on the subject? and What does the study add?

The I550V single-nucleotide polymorphism (SNP-rs11567842) has been associated with hypocitraturia and calcium kidney stones. Previous 
studies have reported that the rs11567842 mutation may be protective against hypocitraturia and kidney stones. However, in these studies, 
urine levels of oxalate, uric acid, and calcium in stone formers were higher than those in healthy individuals in the control group. This 
indicates that hypocitraturia cannot be the main factor in those who form stones. The current study investigated the relationship between 
patients with calcium-containing kidney stones and those with normal and low citrate excretion.

Abstract
Objective: To evaluate the relationship between sodium citrate cotransporter (NaDC-1) gene polymorphism and urinary citrate excretion in patients 
with kidney stones containing calcium.

Materials and Methods: Between June 2009 and August 2011, stone materials obtained from patients treated for nephrolithiasis at the Urology 
Clinic were examined using X-ray diffraction, and patients with calcium-containing stones (calcium oxalate and calcium phosphate) were identified. 
Patients were divided into two groups based on their 24-hour urine citrate levels: (1) those with normal urine citrate levels and (2) hypocitraturia. To 
analyze the rs11567842 mutation in the NaDC-1 gene, their blood was collected in a Na-EDTA hemogram tube and stored at -40 °C. The genotypes 
of the cases were determined by analyzing the obtained genomic DNAs in real-time polymerase chain reaction.

Results: Ninety-six patients with calcium-containing nephrolithiasis were eligible for this study, 40 with normal urine citrate levels and 56 with 
hypocitraturia. The mean 24-hour urine citrate levels in the normal- and hypo-citraturia groups were 773 mg/1.73 m2/24 hours and 152 mg/1.73 
m2/24 hours, respectively. Citrate measurements revealed a statistically significant difference between the two groups (p<0.001). Twenty-four-
hour urine oxalate, magnesium, calcium, and uric acid levels did not differ significantly between the groups (all p>0.05). NaDC-1 gene rs11567842 
homozygous mutation (GG genotypes) was detected in 4 (10%) of normocitraturia and 4 (7%) of hypocitraturia. The normocitraturia group had a 
higher mutation rate than the hypocitraturia group, but this difference was insignificant (p=0.618).

Conclusion: This study suggests that the NaDC-1 gene polymorphism does not cause hypocitraturia in calcium-containing kidney stones. Larger 
studies are needed to understand genetic disorders’ impact on low urinary citrate excretion, with patient groups and healthy controls, and a 
standard diet.
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Introduction

Urinary citrate prevents the formation of calcium-containing 
kidney stones by inhibiting the crystallization and precipitation 
of calcium, so hypocitraturia, or low urinary citrate excretion, 
is an essential metabolic risk factor for the formation and 
recurrence of urinary stones (1). Hypocitraturia ranges from 
20% to 60% among patients with calcium-containing kidney 
stones (2). The mechanisms underlying hypocitraturia in 
calcium-containing kidney stones still need to be fully clarified. 
Citrate’s intestinal transportation, serum concentration, and 
filtered load do not differ between patients with kidney stones 
and healthy volunteers (3-5). But, metabolic abnormalities or 
a diet high in acid-producing foods affect the renal handling 
of citrate, resulting in alterations in citrate excretion levels in 
the urine (6-9). However, hypocitraturia can be observed in 
patients with calcium-containing kidney stones without any 
metabolic abnormalities, and despite urine collection being 
performed with fixed diets to minimize dietary factors in the 
studies, kidney stone formers still have lower citrate excretion 
compared to controls (4,5,10). These reports suggest that genetic 
predispositions play a role in the formation of kidney stones in 
patients with hypocitraturia (2).

Citrate is reabsorbed in the proximal tubule apical membrane by 
the Na+/citrate2- cotransporter, also known as Na+/dicarboxylate 
cotransporter (NaDC-1). Therefore, NaDC-1 is a significant 
determinant of citrate excretion in the urine. The cDNA of the 
human NaDC-1 gene contains 12 exons with 1.953 base pairs 
and encodes 593 amino acids (11-13). The genetic polymorphism 
of NaDC-1 (I550V or rs11567842) has been reported to be 
associated with urinary citrate excretion in Japanese patients 
with calcium stone formation (14). An in vitro experiment 
revealed that the single nucleotide polymorphisms (SNP) 
- rs11567842 in NaDC-1 gene affects the function of NaDC-
1, as it causes a decrease in protein expression and transport 
activity (15). Although the effect of the SNP - rs11567842 on 
citrate excretion has been demonstrated, its association with 
calcium stone formation remains unclear. In the current study, 
the relationship between NaDC-1 gene SNP (I550V/rs11567842) 
and stone formation was evaluated by analyzing NaDC-1 gene 
polymorphism in two separate patient groups with calcium-
containing kidney stones and normal or low citrate excretion.

Materials and Methods

Between June 2009 and August 2011, stone materials obtained 
from patients treated for kidney stones at the Düzce University 
Faculty of Medicine Hospital, Clinic of Urology were examined 
using X-ray diffraction, and patients with calcium-containing 
kidney stones (calcium oxalate and calcium phosphate) were 
identified. The patients’ weight and height were measured, a 
detailed medical history was obtained, and they were questioned 

about familial stone formation, recurrent stone formation, 
receiving treatment for the urolithiasis (surgical or medical), 
and systemic or metabolic disease. Excluded from the study 
were patients with any systemic disease (except hypertension), 
non-calcium component kidney stones, any treatment that 
could affect acid-base balance, diuretic treatment, and calcium 
or vitamin C supplements. For metabolic evaluation, serum 
creatinine, sodium, potassium, calcium, and uric acid levels 
were measured in each patient, as well as 24-hour urine citrate, 
oxalate, magnesium, calcium, and uric acid levels. In addition, a 
urinalysis and culture of the urine were conducted. Patients were 
instructed to avoid excessive consumption of red meat, salty 
foods, chocolate, leafy greens, tea, and coffee prior to the 24-
hour urine test. Solute excretion in 24-hour urine samples were 
measured using the photometric method with Ben Biochemical 
EnterpriseTM (CI8820, Milan, Italy) kits in the biochemistry 
laboratory of Düzce University Faculty of Medicine Hospital. 
Patients were divided into two groups based on their 24-hour 
urine citrate levels: normal and low. To analyze the rs11567842 
mutation in the NaDC-1 gene, their blood was collected in a 
Na-EDTA hemogram tube and stored at -40 °C.

The study was conducted in line with the principles of the 
Declaration of Helsinki and was approved by the local ethics 
committee of Düzce University, Turkiye (approval no: 2010/102, 
date: 30.12.2010).

Real-time Polymerase Chain Reaction (PCR)

DNA isolation and PCR studies were conducted in the Molecular 
Genetics Laboratory of the Medical Genetics Department at the 
Bolu Abant İzzet Baysal University Faculty of Medicine Hospital. 
Genomic DNA was isolated and obtained using the High Pure 
PCR Template Preparation Kit-RocheTM kit. The genotypes of the 
cases were determined by analyzing the obtained genomic DNAs 
in real-time PCR (Light Cycler480 IITM) using primers and probes 
covering the relevant polymorphism. Each sample was classified 
as wild type (AA), heterozygous type (AG), or homozygous type 
(GG) based on the results of the analysis

Statistical Analysis

Statistical analyses were performed using SPSS Statistics 15 (IBM, 
Chicago, IL, USA). A p<0.05 indicated statistical significance. The 
Kolmogorov-Smirnov test was used to determine the normality 
of the numeric data. The two groups were compared using the 
Student’s t-test for numerical variables and the Pearson chi-
square test for nominal and ordinal variables, including genetic 
analysis results, gender, family history, and positive urine culture.

Results

Ninety-six patients with calcium-containing kidney stones were 
eligible for this study. Within the scope of the study, patients 
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were evaluated: 40 patients with normal 24-hour urine citrate 
levels and 56 patients with low levels. Twenty-four men and 
16 women comprised the normocitraturia group, whereas 33 
men and 23 women comprised the hypocitraturia group. The 
mean ages of the normocitraturia and hypocitraturia groups 
were 44.0 (9-72) and 43.3 (3-70) years, respectively (p=0.84). 
There were no statistically significant differences between the 
groups concerning age, gender, body mass index, or positive 
family history (all p>0.05, Table 1). The normocitraturia group 
had mean serum creatinine levels of 0.84 mg/dL, while the 
hypocitraturia group had mean serum creatinine levels of 0.88 
mg/dL (p=0.417). Serum calcium and urine pH and density 
exhibited no statistically significant differences between groups 
(all p>0.05).

The mean 24-hour urine citrate level in the normocitraturia 
group was 773 mg/1.73 m2/24 hours; in the hypocitraturia 
group, it was 152 mg/1.73 m2/24 hours. Citrate measurements 

revealed a statistically significant difference between the two 
groups (p<0.001). The normocitraturia group had an average 24-
hour urine oxalate concentration of 39.2 mg/1.73 m2/24 hours, 
while the hypocitraturia group had an average 24-hour urine 
oxalate concentration of 33.3 mg/1.73 m2/24 hours. Regarding 
oxalate measurement, there was no statistically significant 
difference between the groups (p=0.130). In addition, 24-hour 
urine magnesium, calcium and uric acid levels did not differ 
significantly between the groups (all p>0.05). The results of 
a 24-hour urine analysis (urine volume, oxalate, magnesium, 
calcium, and uric acid) are shown in Table 2.

Comparing the urine culture results of the normocitraturia and 
hypocitraturia groups, urine culture positivity was detected in 
2 (5%) normocitraturia and 4 (7.2%) hypocitraturia patients. 
In terms of urine culture positivity, there was no statistically 
significant difference between the two groups (p=0.665). In 
4 (10%) normocitraturia patients and 4 (7%) hypocitraturia 
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Table 1. Patient characteristics and familial stone formation rates
Nephrolithiasis with normal 
citraturia 
(n=40)

Nephrolithiasis with hypocitraturia 
(n=56) p-value*

Age (years) 44.0±15.0 43.3±15.0 0.839

Height (cm) 168.8±7.7 166.9±13.2 0.425

Weight (kg) 75.1±11.1 74.7±13.4 0.903

BMI (kg/m2) 26.3±3.9 26.9±4.0 0.820

Gender
Male 24 (60) 33 (59)

0.916
Female 16 (40) 23 (41)

Familial stone formation
Yes 22 (55) 21 (38)

0.089
No 18 (45) 35 (63)

*: To compare mean values, the Student’s t-test was used, and Pearson’s chi-squared test was used to compare proportional values

Table 2. The outcomes of serum, spot urine, and 24-hour urine collection tests
Nephrolithiasis with normal 
citraturia 
(n=40)

Nephrolithiasis with hypocitraturia 
(n=56) p-value

Serum (blood)

Creatinine (mg/dL) 0.84±0.1 0.88±0.2 0.417

Calcium (mg/dL) 10.1±3.8 9.5±0.5 0.224

Urinalysis

pH 5.2±0.7 5.1±0.8 0.308

Density 1017±6.0 1016±6.0 0.377

24-hour urine collection

Volume (mL) 2276±758 2075±925 0.264

Citrate (mg/1.73 m2/24 hours) 773±301 152±87 <0.001

Oxalate (mg/1.73 m2/24 hours) 39.2±19.5 33.3±18.0 0.130

Magnesium (mg/dL) 4.7±2.2 5.0±2.2 0.527

Calcium (mg/dL) 9.6±5.2 9.9±6.0 0.810

Uric acid (mg/dL) 23.4±9.6 23.8±12.5 0.859

Bold values denote statistical significance at the p<0.05
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patients, the NaDC-1 gene rs11567842 homozygous mutation 
(AA) was found. The hypocitraturia group had a higher mutation 
rate than the normocitraturia group, but this difference was not 
statistically significant (p=0.618, Table 3).

Discussion

The approximately 23.8 kb human NaDC-1 gene is located 
on chromosome 17 p11.1-q11.1 and comprises 12 exons (16). 
The NaDC-1 gene encodes the 592-residue NaDC-1 protein, 
which shares 54% and 43% sequence identity with the human 
NaCT and NaDC-3 proteins (17). The kidney and small intestine 
express NaDC-1 predominately. More specifically, NaDC-1 is 
localized on the apical membrane of renal proximal tubular and 
small intestine cells where it reabsorbs tricarboxylic acid cycle 
intermediates from urine and diet, respectively (18). According 
to in vivo and in vitro studies, acidosis stimulates both NaDC-1 
function (citrate transport activity) and expression (mRNA and 
protein levels), whereas alkalosis only affects its citrate transport 
function (9,19). The primary physiological function attributed 
to NaDC-1 is citrate elimination in the kidneys. Urinary citrate 
is essential for preventing the formation of kidney stones by 
complexing Ca2+ ions, thereby preventing urine supersaturation 
and precipitation of Ca2+ salts-based calculi. This suggests that 
NaDC-1 is involved in the pathophysiology of kidney stones 
(18). Furthermore, the human NaDC-1 gene I550V-SNP has been 
genetically related to hypocitraturia and kidney stones (14). 
Since citrate reabsorption by NaDC-1 determines urinary citrate 
concentration, inhibition of NaDC-1 is expected to increase 
urinary citrate excretion. However, potent specific NaDC-1 
inhibitors are not yet available. A specific inhibitor could clarify 
the connection between NaDC-1-mediated urinary citrate 
excretion and calcium nephrolithiasis, and it could have been 
used as a treatment agent today. Therefore, additional research 
and evidence are required to conclude that NaDC-1-mediated 
hypocitraturia is a fundamental mechanism underlying calcium-
containing kidney stones. 

A SNP (pI550V/rs11567842) in the NaDC-1 gene causes a 
change from isoleucine (I) to valine (V) at amino acid 550th. 
Three genotypes have been identified in SNP. These are AA 
(wild type), AG (heterozygous mutant), and GG (homozygous 
mutant) genotypes. In the present study, 51.8%, 41.1%, and 
7.1% of individuals with hypocitraturia had the AA, AG, and GG 

genotypes, respectively. Stone formers with normal citrate levels 
comprised 50% AA, 40% AG, and 10% GG genotypes. There was 
no statistical difference in the frequency of genotypes between 
groups.

Okamoto et al. (14) evaluated the effect of I550V-SNP on 
hypocitraturia and calcium stone formation and found that 
those with AA genotype had lower urinary citrate levels than 
other genotypes. They also detected AA genotypes at a higher 
rate in stone-forming patients than in healthy individuals. 
They demonstrated that the I550V polymorphism is associated 
with hypocitraturia and kidney stones and that having the AA 
genotype may be a risk factor for hypocitraturia and kidney 
stones. However, according to this study’s 24-hour urine 
examination results, stone-forming groups had lower pH and 
citrate levels and higher calcium, oxalate, and uric acid levels 
than stone-free groups. The presence of these values, which 
may be a risk factor for the formation of kidney stones, makes 
it difficult to interpret the findings correctly, and it may not be 
accurate to state that stone formation is only due to low citrate 
levels.

Udomsilp et al. (20) evaluated the impact of the I550V 
polymorphism on hypocitraturia and recurrent calcium stone 
formation. They discovered that individuals with the AA 
genotype had lower urinary citrate levels than those with other 
genotypes. However, there was no noticeable distinction in the 
frequency of genotypes between stone-forming individuals 
and healthy individuals. They concluded that having the AA 
genotype is associated with hypocitraturia and may be a risk 
factor for kidney stone formation. This study did not report 
urinary levels of calcium, oxalate, and uric acid. In the present 
study, all I550V polymorphism-examined patients had calcium-
containing kidney stones. In addition, pH, calcium, oxalate, 
and uric acid levels in urine were similar between groups. The 
current study design minimizes the influence of confounding 
variables and lacks the limitations of previous research. 

Pajor and Sun (15) examined the effect of SNPs on NaDC-
1 expression and function using the COS-7 cell heterologous 
expression system. They showed that the I550V variant had an 
increased sensitivity to lithium inhibition, although there was no 
significant effect on protein expression. They also concluded that 
all SNP mutations reduced the transport activity or expression 
of NaDC-1, leading to reduced intestinal and renal absorption 
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Table 3. Genotype frequencies of NaDC-1 (SLC13A2/I550V) gene polymorphism

Genotypes, n, (%) Nephrolithiasis with normal citraturia 
n=40

Nephrolithiasis with hypocitraturia 
n=56 p-value

AA genotype 20 (50) 29 (51.8)

0.618AG genotype 16 (40) 23 (41.1)

GG genotype
(rs11567842 mutation) 4 (10) 4 (7.1)
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of citric acid cycle intermediates. In the current study, although 
those with NaDC-1 gene rs11567842 mutation (GG genotype) 
were detected less frequently in the hypocitraturia group than 
those with normal urine citrate levels, this difference was not 
statistically significant. However, when evaluating the findings 
of our study, it must be kept in mind that no strict diet was 
adhered to during the research. As is well known, environmental 
factors, particularly foods that make the urine more acidic, also 
influence the urinary citrate excretion of individuals with normal 
renal function. Consequently, environmental factors cannot be 
ruled out as a cause of hypocitraturia in these patients.

Study Limitations

This study’s most significant limitations are its small sample 
size and lack of a healthy control group. Comprehensive studies 
with larger patient groups, healthy controls, and a strict diet are 
required to clarify this relationship.

Conclusion

These results do not support a role for NaDC-1 gene polymorphism 
in the etiopathogenesis of hypocitraturia in calcium-containing 
idiopathic kidney stones. Important limitations of this study 
include the absence of healthy control subjects and a standard 
diet. To further elucidate the role of genetic disorders in low 
urinary citrate excretion, comparative studies with larger 
patient groups and healthy controls, excluding environmental 
effects (with a standard diet), should be conducted.
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