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ABSTRACT

Objectives: To report the prevalence of metabolic abnormalities found in an urban South African population of
stone formers and thereby determine whether international guidelines on 24-hour urine collection should be
recommended for South African stone formers.

Methods: A retrospective folder review was conducted on patients who were admitted with renal stones or who
had renal stone procedures between | November 2014 and 31 March 2020, with a confirmed history of renal
calculi and who had 24-hour urine collection at a tertiary centre renal stone clinic. All confirmed stone formers
were offered 24-hour urine collection once they were infection-free and stone-free. Demographics, 24-hour urine
collection findings and stone analysis results (if available) were recorded. A 24-hour urine collection was per
formed once patients were stone-free while on their regular diet and routine lifestyle.

Results: |75 patients with metabolic studies were included (65 females and | 10 males). The mean age was 53.8
+13.6 years. The commonest metabolic risk factors were hypocitraturia (61.09%), hypomagnesiuria (41.1%), mild
hypercalciuria (22.0%), and hyperuricosuria (20.2%). Hyperuricaemia, high urinary sodium excretion, mild
hypercalciuria and hyperuricosuria were more common in men. A total of 102 patients had both 24-hour urine
collection and stone analysis for comparison. There were no differences between different stone types in the
prevalence of metabolic risk factors except for hyperuricaemia and high urinary sodium excretion, which were both
higher in uric acid predominant stone formers.

Conclusion: The prevalence of risk factors was high and seemed similar to that of other populations, except for a
higher prevalence of hypocitraturia. Internationally recommended guidelines for 24-hour urine studies are therefore
applicable and appropriate for this population. Risk factors seem similar across stone types; however a larger study
is necessary to clarify whether metabolic risk factors are useful to predict stone composition.
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INTRODUCTION

Numerous publications have investigated a purported
low incidence of stones in South Africans [|-4]. Histori-
cally, legislative segregationist policies during the 1940s
to 1990s in South Africa created great socio-economic
and healthcare disparities among races. Many small
studies investigated the relationship between race and
urolithiasis risk in Black South Africans, who were con-
sidered “non-forming patients”, and White South Afri-
cans [5-7]. Very few epidemiological data on nephrolithi-

asis in South Africa exist [8]. Just two studies have
reported on 24-hour urine collection in South African
stone formers in the past 25 years [9,10]. The most
recent study, published in 2004, included only White
and Indian patients [9]. According to Statistics South
Africa estimates in 2019, these two population groups
represented 7.9% and 2.6%, respectively, of an estimated
South African population of 58.7 million [ I 7. Thus, these

two population groups are not representative of the
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ethnically and socio-economically diverse South African
population. All patients included had at least one metabolic
risk factor for nephrolithiasis. Low urine volume, hyper-
uricaemia, hypomagnesuria and hypocitraturia were the
commonest risk factors reported. Hypercalciuria was
reported in only 7%, although patients with mild hyper-
calciuria, as defined in the European Association of Urology
(EAV) guidelines, were not identified [9]. In another South
African study, by Whalley et al. in 1999, which included a
more diverse group of patients, hypocitraturia (43%),
hyperoxaluria (21%) and hypercalciuria (20%) were the
commonest risk factors noted on 24-hour urine collec-
tion [12].

A systemic review by Huynh et al., comparing the prevalence
of risk factors for nephrolithiasis reported before and after
2000, showed a relative increase in risk factor prevalence
since 2000 [13]. In the post-2000 group, the commonest
risk factors were hyperoxaluria (33%), hypercalciuria (36%),
hyperuricosuria (22%), low urine volume (38%), and
hypocitraturia (44%) [13]. Of the 28 articles included, only
one South African study, a paper by Laminski et al. published
in 1991, was included in this review. This study investigated
risk factors in hyperoxaluric recurrent calcium oxalate
stone formers [14].

Metabolic evaluation with 24-hour urine collection is
recommended by both the American Urology Association
(AUA) and EUA in the assessment of high-risk stone for-
mers [15]. These guidelines are based on data from Europe,
America, and Asia but it is unclear whether these guide-
lines are applicable and appropriate for stone formers in
Africa. Multiple authors have reported that 24-hour urine
collection does not predict recurrent stones [16,17]. A
recent large population-based study reported that com-
pletion of a 24-hour urine collection was not associated
with a decrease in stone recurrence rates even in high-risk
stone formers [18]. However, there is a strong recom-
mendation by the EAU, supported by high-level evidence,
for the medical management of metabolic risk factors such
as hypocitraturia, hyperuricosuria and hypercalciuria de-
tected on 24-hour urine collection [19]. An observational
study by Song et al. reported that patients are more likely
to receive medical management to reduce stone risk after
24-hour urine collection [20]; however, there is no ran-
domised controlled evidence which confirms that stone
recurrence is reduced by full metabolic evaluation in renal
stone formers. Although 24-hour urine collection may not
predict recurrence in large-population studies, there is
robust evidence that medical management of risk factors
identified on 24-hour urine collection reduces stone
recurrence [19].

A 24-hour urine collection is a relatively high-cost investi-
gation in our resource-constrained, state-funded healthcare
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system and it is inconvenient for patients. Patients who live
in informal housing may not have easy access to bathroom
facilities for complete specimen collection. Furthermore,
the cost of travelling to the hospital to deliver the sample,
even if distances are short, may be prohibitive for many of
the unemployed patients who use our service. It is unclear
also whether 24-hour collection is necessary and appro-
priate for renal stone formers treated in our hospitals.

There are no recent publications which report basic epi-
demiology of nephrolithiasis in the South African popula-
tion.

The aim of this study was to report the prevalence of
metabolic abnormalities found in an urban South African
population of stone formers admitted for stone proce-
dures and thereby determine whether 24-hour urine
collection should be recommended for the stone formers.
We sought also to record sex differences in urine bio-
chemistry and metabolic stone risk factors and to explore
whether metabolic risk factor prevalence differs among
calcium predominant stone formers (CP) as well as uric
acid predominant (UP) and other predominant (OP, infec-
tion-related and cystine) stone formers.

METHODS

Patients were identified from a prospectively collected
database of patients who were admitted for renal stones or
who had had surgery for renal stones between November
2014 and March 2020 at Groote Schuur Hospital in Cape
Town, South Africa. This hospital is a state-funded referral
centre which serves patients who live in the Metro West
area of the Cape Town metropolitan area. Most of these
patients are uninsured and access free health care or at
income-adjusted rates. Renal stone patients are followed
up in a renal stone clinic, which sees approximately 160
patients per month. All confirmed renal stone formers seen
at the renal stone clinic are offered 24-hour urine studies
once they are free of stones and infection while on their
regular diet and routine lifestyle.

A retrospective folder review was conducted on all patients
who had been admitted to hospital with or had had surgery
for a renal calculus (whether a stone was analysed or not)
and in whom a 24-hour urine collection had been per-
formed. Demographics, 24-hour urine collection findings
and stone analysis results (if available) were recorded from
patient folders, patient administrative records and the on-
line laboratory results portal.

Stones were analysed at PathCare laboratories (outsourced
by the National Health Laboratory Service) using Fourier
transform infrared (FTIR) spectroscopy (Agilent Tech-
nologies, Cary 630 FT-IR spectrometer). The 24-hour urine



volume and concentration of components were measured
according to a standard protocol by the National Health
Laboratory Service. Calcium, magnesium and phosphate
were measured spectrophotometrically and uric acid, oxa-
late and citrate were recorded enzymatically.

Reference ranges, as reported by Straub et al. and EAU
guidelines, were used for all serum and 24-hour urine
values, except 24-hour urine sodium excretion, which was
based on the NHS Laboratory Service reference range
[19.21].

If 24-hour creatinine excretion was less than 5 mmol per
day or if 24-hour excretion was less than 6 mmol per day
and the total volume was less than 1000 mL, the collec-
tion was considered incomplete and the results were
excluded [22]. This was used for quality control as body
weight was not available to allow for the calculation of a
creatinine index. (Creatinine index is calculated using
creatinine excretion, weight and sex and is a more reliable
index of complete 24-hour collection than self-reported
complete collection and urine volume [23].)

Statistical analyses were performed using IBM® SPSS ver-
sion 26. Continuous variables were reported as means =+
standard deviation. Categorical values were reported as
percentages. Groups with normal distribution were com-
pared using independent, 2-tailed t-test or one-way
ANOVA, if more than two groups were being compared.
The Mann—Whitney U test was used to compare contin-
uous variables which were not normally distributed.
Pearson’s chi-squared test was used to assess the relation-
ship between categorical variables. Where one or more
cells were less than or equal to five, Fisher's exact test
was used. A difference was considered statistically
significant  for P < 0.05. Values missing completely at
random (MCAR) were managed by pairwise deletion
during analysis. Most values seemed missing due to
omissions and variations on laboratory request forms by
attending urologists. This pro-tocol was reviewed by an

institutional review board (HREC reference: 240/2020).

RESULTS

A total of 184 patients with metabolic studies were iden-
tified from a prospectively collected database of patients
who were admitted or who had had surgery for renal
stones at Groote Schuur Hospital. Most patients identified
themselves as of mixed ethnicity (81.5%, 150/184), 9.8%
(18/184) identified as African, 4.3% (8/184) identified as
White and 1.6% (3/184) identified as Asian; 5/184 (2.7%)
did not declare their ethnicity.

Of the 184 studies, nine were excluded due to under-col-
lection, leaving |75 patients with metabolic studies included
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(65 females and | 10 males). Their mean (SD) age was 53.8
(13.6) years.

There was a high prevalence of metabolic risk factors
detected on 24-hour urine studies (Table |). The com-
monest risk factors were hypocitraturia (61.0%), hypo-
magnesiuria (41.1%), mild hypercalciuria (22.1%) and
hyperuricosuria (20.2%).

There were no differences in the prevalence of hyper-
calcaemia, hypercalciuria, hyperoxaluria, hyperphosphaturia,
hypocitraturia or hypomagnesiuria between male and
female stone formers. More women had urine volumes
below 1.5 L per 24 hours. Hyperuricaemia, high urinary
sodium excretion, mild hypercalciuria and hyperuricosuria

were more common in men (Table I).

There were no differences in the age distribution, serum
calcium, 24-hour urine citrate excretion and creatinine
clearance between male and female stone formers. Male
patients recorded significantly higher serum uric acid and
serum creatinine. They produced higher volumes of urine
and excreted more sodium, uric acid, oxalate, magne-
sium and phosphate per day than female stone formers
(Table 2).

Of the 175 patients, 102 had both 24-hour urine collection
and stone analysis for comparison. Of these, 77 (75.4%)
were calcium predominant (CP) stone formers, |5 (14.7%)
were uric acid predominant (UP) stone formers, and |0
(9.8%) were “other” predominant (OP). The OP group
included infection-related stone formers and 2 patients
with cystine stones admixed with calcium phosphate. There
was a male predominance in both calcium and UP stone
formers and a female predominance in the “other” group
(mostly infection-related stones). UP stone formers
appeared older (60.2 £ 9.7 years) than CP (51.3 £ 13.9)
and OP (529 + 13.5) stone formers, although this dif-
ference did not reach significance (P = 0.070).

There were no differences among different stone types for
serum calcium, serum creatinine, urine 24-hour volume,
urine 24-hour sodium, urine 24-hour uric acid, urine 24-
hour citrate, urine 24-hour magnesium, or urine 24-hour
phosphate excretion (Table 3).

There were significant differences among stone types in
serum uric acid (P = 0.040), urine 24-hour calcium excre-
tion (P = 0.014), urine 24-hour oxalate (P = 0.013) and
creatinine clearance (P = 0.038). Although median serum
uric acid was higher in UP stone formers (0.38 mmol/L,
IOR 0.31-0.44) versus CP (0.32 mmol/L, IQR 0.28-0.39)
and OP (0.3 mmol/L, IQR 0.21-0.32), 24-hour urine uric
acid excretion was not significantly different across stone
types (Table 3).
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Table |. Prevalence of risk factors in all patients on metabolic evaluation.

All Female Male P value
n/ N (%) n/ N (%) n/ N (%)
AllN (%) 175 65 (37.1) 110 (62.9)
Serum
Hypercalcaemia (> 2.5 mmol/L) 29/170 (17.1) 12/63 (19.0) 17/107(15.9) 03711
Hyperuricaemia (> 0.38 mmol/L) 23/163 (35.6) 14/61 (23.0) 44/102(43.1) 0.0091
Urine
Low urine volume (< 1.5 L per 24 hours) 23/175 (13.1) 14/65 (21.5) 9/110 (8.2) 0.012t
Hypernatriuria (> 220 mg per 24 hours) 23/174 (13.2) 2/65 (3.1) 217109 (19.3) 0.0021
Mild hypercalciuria (> 5 mmol per 24 hours) 38/172 (22.1) 8/63 (12.7) 30/109 (27.5) 0.0241
Hypercalciuria (> 8 mmol per 24 hours) 9172 (5.2) 2/63 (3.2) 7/109 (6.4) 0.489¢
Hyperoxaluria (> 0.5 mmol per 24 hours) 13/173 (7.5) 2/65 (3.1) [1/108 (10.2) 0.135
Hyperuricosuria (> 4 mmol per 24 hours) 34/168 (20.2) 7160 (11.7) 27/108 (25.0) 0.039%
Hyperphosphaturia (> 35 mmol per 24 hours) 16/173 (9.2) 3/65 (4.6) 13/108 (12.0) 0.1037
Hypocitraturia (< 2.5 mmol per 24 hours) 105/172 (61.0) 41/65 (63.1) 64/107 (59.8) 0.6701
Hypomagnesiuria (< 3 mmol per 24 hours) 67/163 (41.1) 30/59 (50.8) 37/104 (35.6) 0.057%
Abbreviations: n, number with abnormality; N, number available for inclusion. tPearson’s chi-squared test. fFisher's exact test.
Table 2. 24-hour urine study findings and demography of renal stone formers (with or without stone analyses).
All Female Male P value
(N =175) (N = 65) (N=110)

Age (years) mean + SD 54+ 14 55+ 15 53+ 13 04291
Serum”
Calcium (mmol/L) Median (IQR) 241 (2.33-247) 239 (231-247 241 (2.34-247) 0.293*
Uric acid (mmol/L) Creatinine Median (IQR) 0.34 (0.28-0.44) 031 (0.27-0.37) 0.36 (0.31-0.45 0.002f
(umol/L) Median (IQR) 83.5 (73-102) 75 (60-89) 87 (79-106) 0.000*
Urine™
Volume (ml per 24 hours) Median (IQR) 2000 (1750-2790) 2000 (1550-2510) 2110 (1800-2900) 0.026*
Sodium (mmol per 24 hours) Median (IQR) 147 (106-200) 131 (89-171) 71 (122-212) <0.001+
Calcium (mmol per 24 hours) Median (IQR) 332 (223-4.70) 322 (223-4.21) 334 (222-5.19) 0.329+
Uric acid (mmol per 24 hours) Median (IQR) 2.70 (2.01-3.67) 244 (1.77-3.13) 2.95 (2.08-4.01) 0.002%
Oxalate (mmol per 24 hours) Median (IQR) 0.300 (0.235-0.376) 0274 (0.213-0.324) 0.321 (0.260-.409) <0.001+
Citrate (mmol per 24 hours) Median (IQR) 1.95 (1.10-3.10) 1.80 (0.85-2.90) 220 (1.20-3.30) 0217+
Magnesium (mmol per 24 hours) Median (IQR) 320 (2.64-4.12) 290 (2.21-381) 3.33 (2.79-4.40) 0.014¢
Phosphate (mmol per 24 hours) Median (IQR) 2193 (14.33-2857) 19.49 (11.86-24.24) 237 (16.58-30.67) 0.001*
Creatinine clearance (ml/min) Median (IQR) 994 (73.5-124.7) 914 (63.1-125.9) 106.5 (82.4-124.3) 0.082F

“Some analytes were not measured in all patients, n missing (%): calcium 5 (3%), uric acid 12 (7%).
“Some analytes were not measured in all patients, n missing (%): sodium | (19%), calcium 3 (2%), uric acid 7 (4%), oxalate 2 (1%), citrate 3 (2%), magnesium 12 (7%),

phosphate 2 (1%). SD, standard deviation; IQR, interquartile range. findependent samples (2-tailed) t-test. independent samples Mann—Whitney U test.
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Table 3. Comparison of 24-hour urine study findings and demography of renal stone formers by predominant stone composition.
Al Calcilfm Uric a.cid OtheT P value
predominant predominant predominant

Al N (%) 102 77 (75.4) 15 (14.7) 10 (9.8)
Sex

Fernale N (%) 38 28 (36.4) 2(133) 8 (80.0) 0003

Male N (%) 64 49 (63.6) 13 (86.7) 2 (20.0)
Age (years) mean £ SD 52.8 (13.5) 513 (139) 602 (9.7) 529 (13.5) 0070
Serum”
Calcium (mmol/L) Median (IQR)  2.40 (2.33-2.46) 240 (2.34-2.47) 242 (2.33-2.47) 235 (223-242) 0.165°
Uric acid (mmol/L) Median (IQR) 032 (0.28-0.39) 0.32 (0.28-0.39) 0.38 (0.31-0.44) 031 (0.21-032) 0.040°
Creatinine (umol/L) Median (IQR) 83 (73-101) 81 (73-95) 101 (76-147) 83 (73-101) 0.181°
Urine™
Volume (mL) Median (IQR) 2000 (1800-2825) 2000 (1800-2900) 1920 (1680-2790) 2100 (1950-2685)  0.802°
Sodium (mmol per 24 hours) ~ Median (IQR) 40 (109-192) 146 (113-187) 169 (107-257) 118 (101-160) 0297
Calcium (mmol per 24 hours)  Median (IQR)  3.64 (2.59-4.70) 3.79 (2.83-490) 2.73 (199-3.85) 270 (1.18-3.43) 0014
Uric acid (mmol per 24 hours) ~ Median (IQR)  2.67 (2.07-3.48) 2.63 (207-3.44) 3.16 (2.37-403) 2.08 (1.39-3.54) 0.136°
Oxalate (mmol per 24 hours) Median (IQR) 0292 (0.233-0.371) 0.302 (0.238-0.374) 0.296 (0.230-0.394) 0227 (0.172-0.272) 0.013°
Citrate (mmol per 24 hours) ~ Median (IQR) 190 (1.17-320) 1.90 (1.25-2.90) 320 (1.30-3.90) 125 (0.15-2.50) 0.065°
Magnesium (mmol per 24 hours) Median (IQR)  3.16 (2.72-4.10) 327 (274-399) 299 (2.51-4.64) 311 (247-4.12) 0.838°
Phosphate (mmol per 24 hours) Median (IQR) 22,09 (15.75-2675) 22 (1650-26.69) 2371 (1604-3055) 1937 (11.36-2598-)  0429°
Creatinine clearance (mU/min) ~ Median (IQR) ~ 99.7 (73.8-1244) 1042 (81.6-1254) 1007 (62.4-1254) 682 (53.4-84.7) 0.038°

“Some analytes were not measured in all patients, n missing (%): calcium 3 (3%), uric acid 9 (9%), creatinine 3 (3%).
“Some analytes were not measured in all patients, n missing (%): sodium | (1%), calcium 2 (2%), uric acid 4 (4%), oxalate | (1%), magnesium 8 (8%), phosphate 2 (2%).
fPearson’s chi-squared test. *One-way ANOVA. °Independent samples Kruskal-Wallis test.

There was no difference in the proportion of patients with
metabolic risk factors diagnosed on 24-hour urine study
between CP, UP and OP groups except for hyperuricaemia
and high urinary sodium excretion, which were both higher
in UP stone formers (Table 4).

DISCUSSION

The sex-related differences in 24-hour urine collection
results are not unexpected and have been reported pre-
viously (Table 2) [13]. As urine sodium excretion reflects
sodium intake, this finding suggests a high sodium diet in
male stone formers. High sodium excretion may be asso-
ciated with hypercalciuria and therefore also accounts for
the high prevalence of mild hypercalciuria in men [21].

Most patients had a metabolic risk factor which requires
medical management according EAU guidelines [ 19]. With-
out 24-hour urine collection, these patients would not
have been identified for interventions to prevent stone
recurrence.

The prevalence of hypercalciuria and hyperuricosuria
seemed similar to international reports (Table 1). South
African patients appeared to have a higher prevalence of
hypocitraturia, and lower prevalence of hyperoxaluria and
low urine volume. The higher urine volume may be due
to the “stone clinic effect” as all patients reviewed were
managed in a dedicated stone clinic. A higher prevalence of
hypocitraturia has been reported by Huynh et al. in “non-
Western” populations, although this group also reported a
higher prevalence of hyperoxaluria in this group. The dif-
ference in prevalence of hyperoxaluria may be partially
explained by the higher reference used as the upper limit
of normal in this study.

When comparing our contemporary cohort with the 1999
report of risk factors in South African stone formers of
Whalley et al., hypercalciuria seemed similar (22.1% vs
21.0%); however, the prevalence of hypocitraturia was
higher (61.0% vs 43.0%) and the prevalence of hyperox-
aluria was lower (7.5% vs 21.0%), respectively (Table 1)
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collection study.

Table 4. Comparison of proportion of patients per predominant stone component with metabolic disorder on 24-hour urine

All
n/N (%)
AllN (%) 102
Serum
Hypercalcaemia (> 2.5 mmol/L) 19/99 (19.2)

Hyperuricaemia (> 0.38 mmol/L) 25/93 (26.9)

Urine

Low urine volume (< |.5 L per 24 hours) 10/102 (9.8)
Hypernatriuria (> 220 mg per 24 hours) 10/101 (9.9)
Hypercalciuria (> 8 mmol per 24 hours) 4/100 (4.0)

Mild hypercalciuria (> 5 mmol per 24 hours) 19/100 (19.0)
Hyperoxaluria (> 0.5 mmol per 24 hours) 8/101 (7.9)

Hyperuricosuria (> 4 mmol per 24 hours) 15/98 (15.3)
Hyperphosphaturia (> 35 mmol per 24 hours) 9/100 (9.0)

Hypocitraturia (< 2.5 mmol per 24 hours) 62/102 (60.8)

Hypomagnesiuria (< 3 mmol per 24 hours) 38/94 (404)

Calcium Uric acid
predominant predominant n(/)':jh(e;;) P value

n/N (%) n/N (%)

7 (75.4) 15 (14.7) 10 (9.8)

15/74 (20.3) 3/15 (20.0) 1/10(10.0) 0833
18/69 (26.1) 7/15 (46.7) 0 0040
8/77 (104) 1/15 (6.7) 1/10 (10.0) 1,000
5/76 (6.6) 415 (267) 1/10 (10.0) 0048
3/75 (4.0) 0 1/10 (100) 04321
15/75 (20.0) 3/15 (20.0) 1/10 (10.0) 0.832f
7177 (9.1) 114 (7.1) 0 1,000
9174 (12.2) 4/15 (26.7) 2/9(22.2) 02331
6/75 (8.0) 1115 (6.7) 2/10 (20.0) 0401t
48/77 (62.3) 5 (40.0) 8/10 (80.0) 0.138f
28/73 (384) 7/13 (53.8) 3/8 (37.5) 0.566"

Abbreviations: n, number with abnormality; N, number available for inclusion. fFisher's exact test.

[12]. The difference in hyperoxaluria can be explained by
the difference in the upper limit of the normal range used
(0.35 mmol per day vs 0.5 mmol per day). This study has
used the latest “normal” values quoted in the EAU 2021
guidelines [24]. The increase in hypocitraturia is in keeping
with the trend reported by Huynh et al. [13]. Hypocitra-
turia may be caused by multiple factors including acid—base
imbalance, medication, high sodium intake, hypokalaemia,
hypomagnesiuria and genetics [25]. Considering that the
South African diet is high in sodium and low in both mag-
nesium and potassium, it is likely that dietary factors are the
largest driver of hypocitraturia in our population [26].

The only risk factor which was significantly different across
stone types was higher urinary sodium excretion in cases of
uric acid predominant stones (Table 4) [21]. High urine
sodium excretion is more commonly reported as a risk
factor for calcium nephrolithiasis and this difference cannot
be explained. High sodium intake in South Africans has
been reported [27]. The absence of other differences in
risk factors between stone types confirms similar findings in
other populations [16,17]. Urine supersaturation is a good
predictor of stone composition, although we did not have
urine pH available to complete this calculation [28].

This study is limited by the retrospective design and the
lack of inclusion of urine pH and patient weight, which

could have been helpful as a quality control to determine
under- and over-collections of the 24-hour urine sample.
The inclusion of nephrolithiasis risk factors such as diet,
socio-economic status and comorbid illness may have
allowed adjustment for these confounders in this study.
A larger study, powered for multinomial correlation of
24-hour collection variables, may confirm whether single
variables or a combination of variables can discriminate

among different types of stone formers.

CONCLUSION

The prevalence of metabolic risk factors, which can be
modified by treatment to reduce stone recurrence, is high
in this population. Risk factor prevalences seem similar to
those of other populations, except for a higher prevalence
of hypocitraturia. Internationally recommended guidelines
for 24-hour urine studies are therefore applicable and
appropriate for our study population. Risk factors seem
similar across stone types; however, a larger study is neces-
sary to clarify whether metabolic risk factors are useful to

predict stone composition.
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