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Urolithiasis

Comparison of Metabolic Risk Factors in Urolithiasis Patients
according to Family History
Cheol Park, Yun-Sok Ha, Yong-June Kim, Seok-Joong Yun, Sang-Cheol Lee, Wun-Jae Kim
Department of Urology, College of Medicine, Chungbuk National University, Cheongju, Korea

Purpose: Urolithiasis develops more frequently in patients with a family history (FHx).
However, little is known about risk factors in stone formers with a FHx. The aim of this
study was to examine the clinico-metabolic characteristics of urinary stone formers according to FHx.
Materials and Methods: A database of 1,068 stone formers who underwent a complete
metabolic evaluation was reviewed. The patients were divided into two groups on the
basis of the presence of a FHx. Clinical factors and metabolic parameters were compared
between the two groups.
Results: There were no significant differences in clinical characteristics, such as gender, age, body mass index, stone episodes, or multiple stones, between the two groups
(p＞0.05, respectively). Compared with stone formers without a FHx, however, serum
calcium concentrations were more elevated in stone formers with a FHx. Also, the urinary excretion of calcium was higher in stone formers with a FHx than in those without
a FHx. Other urinary metabolites showed no significant differences between the two
groups (p＞0.05, respectively).
Conclusions: Our study revealed that stone formers with a FHx had increased urinary
calcium excretion as well as elevated concentrations of serum calcium. This finding suggests that urolithiasis in stone formers with a FHx may be associated with calcium metabolic abnormalities.
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The risk of stone disease is known to be correlated with
various environmental factors such as climate, socioeconomic status, geography, dietary habits, and obesity
[3,4]. Numerous reports have also noted genetic correlations such as sex, age, race, idiopathic hypercalciuria, hyperoxaluria, and hyperuricosuria [5-8]. Also, about 25% of
patients with urolithiasis have a family history of stone disease, and the relative risk of stone formation is higher in
men with a family history than in those without a family
history [7]. In addition, pediatric patients with urolithiasis
also have a positive family history in 46.2% of first-degree
and 32.5% of second-degree relatives [9]. Generally, the
familial affinity of urinary stone disease has been considered to be affected by environmental factors such as similar
diet patterns among family members as well as genetic
influence. However, the limited data make it difficult to
clarify the potential interaction between family history
and urolithiasis. Therefore, this study aimed to examine
the influence of family history on urinary stone disease by

INTRODUCTION
Urinary calculi disease is one of the most common urological disorders, with an incidence of approximately 0.1%
to 0.3%. The lifetime prevalence is estimated to be about
5% to 10%, and the risk of stone recurrence in a 10-year period is approximately 74%. Stone disease typically affects
adult men 3 times more commonly than adult women and
shows a peak incidence in the fourth to sixth decades of life
[1,2]. Currently, the treatment of patients with urolithiasis
has been greatly changed with advances in minimally invasive techniques, the continued development of which has
decreased morbidity with better efficacy. However, the recurrence rate of urinary stone disease is still high despite
the successful removal of stones. There is no doubt that the
prevention of stone recurrence is as important as treatment, and preventive measures should be made through
metabolic evaluation that elucidates the underlying risk
factors for stone formation.
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comparison of clinical features and serum and urinary metabolic profiles according to the existence of a family history.

MATERIALS AND METHODS
We reviewed a database of 1,068 patients (715 males and
353 females) among 4,038 patients who were referred to
our hospital for urolithiasis between March 1994 and
February 2008. The patients had completed a metabolic
evaluation including history taking and serum and
24-hour urinary examination. Among them, 192 (18%; 131
males and 61 females) had a family history, whereas 876
(82%; 584 males and 292 females) did not. Family history
was defined as positive when any first-degree relative had
an episode of stone disease; the cases who could not clearly
remember were excluded. The exclusion criteria were as
follows: patients with a bladder stone, infection stone, or
abnormal urinary tract on radiologic exam; patients with
other metabolic diseases (hyperparathyroidism, hyperthyroidism, chronic renal failure, hepatic cirrhosis, etc);
and inappropriate urine collection.
Within 1 or 2 months after the completion of stone removal, we performed serum chemistry, urinalysis, and culture measurements and a 24-hour urinary metabolic evaluation with the patient on his or her usual diet without any
medications. Twenty-four-hour urine specimens were collected by discarding the first urine sample right after waking up and collecting the following urine samples until the
first urine on the next day in an exclusive bag with 3 cc
toluene. The patients were instructed to turn in the collected urine within 2 hours. The urinary metabolic evaluation included urine volume, sodium, phosphorus, uric acid,
calcium, oxalate, citrate, and pH. Given the 24-hour urinary creatinine level, the cases with less than 1.0 g in males
and 0.8 g in females were excluded in the analysis as having
an inappropriate collection. Urinary metabolic abnormalities were classified according to the definitions of Lifshitz
et al [10].
Data analyses were performed by using SPSS Inc.
(version 12.0, Chicago, USA). Clinical features, serum and
urinary chemistry indexes, and urinary metabolic abnormalities were compared between the two groups. Student’s
t-test was used for continuous variables, such as serum and
urinary chemistry indexes, and chi-square test for nominal
variables, such as the frequency of urinary metabolic
abnormalities. Statistical significance was set at a p-value
of less than 0.05.

RESULTS
1. Comparisons of clinical characteristics
No differences were found in sex, age, or body mass index
(BMI) between the groups (p＞0.05, respectively). Although the group with a family history showed higher rates
of episode and multiplicity of stones than did the group
without a family history, these differences were not statistically significant (Table 1).

2. Comparisons of serum metabolites
There were no statistically significant differences in serum
phosphorus, uric acid, sodium, potassium, or creatinine
values between the groups with and without a family
history. However, a statistically significant difference was
observed in the serum calcium level, with the group with
a family history showing higher values (9.2±0.5 vs. 9.3±0.5,
respectively, p=0.048) (Table 2).
3. Comparisons of 24-hour urinary metabolites
Results are shown in Table 3. The urinary excretions of
phosphorus, uric acid, oxalate, and citrate did not differ significantly between the groups. Twenty-four-hour urine
volume and pH were also similar. However, the urinary excretion of calcium was significantly higher in the group
with a family history than in the group without a family
history (p=0.042).
TABLE 1. Comparison of clinical characteristics between urinary
stone formers without a family history and those with a family history
Characteristics
Ages
Sex
Male (%)
Female (%)
Height (cm)
Weight (kg)
2
BMI (kg/m )
Episode
FSF (%)
RSF (%)
Multiplicity
Single (%)
Multiple (%)

Non-FHx
(n=876)

FHx
(n=192)

44.3±12.3

42.7±13.3

584 (66.7)
292 (33.3)
164.6±8.5
65.4±11.7
24.0±3.2

131 (68.2)
61 (31.8)
164.8±7.7
65.7±11.0
24.1±3.0

589 (67.2)
287 (32.8)

117 (60.9)
75 (39.1)

690 (78.8)
186 (21.2)

142 (74.0)
50 (26.0)

p-value
a

0.105
0.677b

a

0.796
0.744a
a
0.782
0.095b

0.146b

FHx: familial history, BMI: body mass index, FSF: first stone formers, RSF: recurrent stone formers, Data presented as mean±SD
a
or number of patients, with percentages in parentheses, :
b
Student’s t-test, : chi-square test

TABLE 2. Comparison of serum parameters between urinary stone
formers without a family history and those with a family history
Parameters
(unit)
Ca (mg/dl)
P (mg/dl)
UA (mg/dl)
Na (mEq/l)
K (mEq/l)
Cr (mg/dl)

Non-FHx
(n=876)

FHx
(n=192)

p-valuea

9.2±0.5
3.4±0.6
5.4±2.5
143±3
4.2±0.4
1.0±0.2

9.3±0.5
3.5±0.6
5.3±1.5
143±3
4.2±0.4
1.0±0.2

0.048
0.542
0.647
0.155
0.224
0.220

FHx: familial history, Ca: calcium, P: phosphate, UA: uric acid,
Na: sodium, K: potassium, Cr: creatinine, Data presented as
mean±SD or number of patients, with percentages in parena
theses, : Student’s t-test
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TABLE 3. Comparison of 24-hour urine constituents between urinary stone formers without a family history and those with a family history
Parameters
(unit)

Non-FHx
(n=876)

FHx
(n=192)

p-value

Ca (mg/day)
P (g/day)
UA (mg/day)
Oxal (mg/day)
Cit (mg/day)
pH
Vol (ml/day)

208.8±102.3
0.79±0.45
649.8±214.3
31.2±30.0
377.3±234.5
6.1±0.6
1,798±675

225.6±110.5
0.68±0.24
670.8±189.1
29.3±24.6
375.6±220.6
6.1±0.7
1,835±662

0.042
0.722
0.210
0.415
0.927
0.957
0.492

a

FHx: familial history, Ca: calcium, P: phosphate, UA: uric acid,
Oxal: oxalate, Cit: citrate, pH: potential of hydrogen, Vol: volume,
Data presented as mean±SD or numbers of patients, with percena
tages in parentheses, : Student’s t-test

TABLE 4. Comparison of 24-hour urine metabolic abnormalities
between urinary stone formers without a family history and those
with a family history
Parameters

Non-FHx
(n=876)

FHx
(n=192)

p-value

HC (%)
HO (%)
HU (%)
HoC (%)

185/876 (21.1)
139/876 (15.9)
198/876 (22.6)
388/876 (44.3)

49/192 (25.5)
31/192 (16.1)
50/192 (26.0)
83/192 (43.2)

0.182
0.924
0.307
0.788

a

FHx: familial history, HC: hypercalciuria, HO: hyperoxaluria,
a
HU: hyperuricosuria, HoC: hypocitraturia, : chi-square test

4. Comparisons of urinary metabolic abnormalities
When urinary metabolic abnormalities were compared between the groups, the frequency of hypercalciuria, hyperoxaluria, hyperuricosuria, and hypocitraturia did not differ significantly in any of the analyses (Table 4).

DISCUSSION
Although numerous studies have identified the risk factors
for urolithiasis, the exact cause of stone formation is often
unknown [5,9]. Hypercalciuria is the most important risk
factor in calcium stone formation, occurring in 35% to 65%
of cases. Urinary calcium raises the ionic calcium concentration and increases the urinary saturation of stone-forming calcium salts (calcium-phosphate or calcium-oxalate)
[11,12]. In addition, complexation of calcium with urinary
inhibitors such as citrate and glycosaminoglycans reduces
urinary inhibitory activity, thereby increasing stone risk
[13,14]. Although hypercalciuria can be accompanied by
diseases causing a hypercalcemic state such as primary hyperparathyroidism, myelo-proliferative disease, vitamin
D intoxication, or Cushing's syndrome, most hypercalciuria is idiopathic and results from hyper-absorption of
calcium in the intestine or failure of calcium reabsorption
in the renal tubule [11]. In addition, hypercalciuria may
Korean J Urol 2010;51:50-53

have a genetic predisposition, and about half of patients
who have hypercalciuria have a family history of stone disease [15].
Recent studies have suggested a close relation between
urolithiasis and family history [16,17]. Urolithiasis develops more frequently in individuals with a family history of
kidney stones than in those without a family history, but
little information is available regarding whether the increased risk is attributable to genetic factors, environmental exposures, or some combination. A positive family
history of stones has been reported in 16% to 37% of patients who have formed a kidney stone, compared with 4%
to 22% in healthy control subjects [7,18-20]. Previously,
Curhan et al examined the association between family history and risk of kidney stone formation in a cohort of 37,999
male participants in the Health Professionals Follow-up
Study [16]. In their study, kidney stone formers with family
history had significantly higher urinary calcium excretion
than did those without a family history. They also showed
that a family history of kidney stones substantially increased the risk of stone formation. Of interest, Lerolle et
al reported a significant dose-effect association between
calciuria and stone disease in patients with familial hypercalciuria [17]. In the present study, we found that the serum calcium level and urinary calcium excretion were significantly higher in the group with a family history than
in those without a family history. Additionally, our results
support previous studies showing that a family history of
urolithiasis is closely associated with an increased risk of
urinary stone formation [16,17].
Uric acid is an end product of purine metabolism and
functions as the nucleus of urinary crystallization to induce
the formation of calcium oxalate stones. It is also responsible for urinary stone formation by reducing the activity
of inhibitors in the urine [21]. Hyperuricosuria may also be
related to a family history. This relation can be supported
by the fact that the metabolism and excretion of uric acid
may be influenced by inherited factors and that men with
gouty diathesis are at increased risk of stone formation
[22,23]. Curhan et al found increased urinary excretion of
uric acid in a group with a family history of renal stones,
but statistical significance was not reached [16]. Our results also revealed no significant difference between urolithiasis patients with and without a family history.
Urinary oxalate excretion has been thought to be important for urinary stone formation because a small change
in urinary oxalate can cause a great change in urinary calcium-oxalate saturation. Although there are recognized
genetic disorders resulting in an overproduction of oxalate,
such disorders are very rare and the association between
hyperoxaluria and a family history is still not evident [16].
Hypocitraturia is also known as an important risk factor for calcium oxalate stone formation [24-26]. However,
studies on the relation of family history and hypocitraturia
are scarce, and there has been no research since Curhan
et al reported a significant increase in citrate excretion in
patients with a family history [16]. In the present study,
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we did not find a significant relation between family history
and hypocitraturia. In light of these results, therefore, it
is unlikely that urinary citrate excretion is related to family
history.
Although our data showed no statistical difference in
the frequency of hypercalciuria (21.1% vs. 25.5%, p=0.182)
between urolithiasis patients with and without a family
history, we found that the patients with a family history
had more elevated serum calcium concentrations and higher urinary excretion of calcium than did those without a
family history. This finding suggests that hypercalciuria
may be responsible for the familial characteristic of
urolithiasis.

CONCLUSIONS
In this study, the urolithiasis patients with a family history
showed higher serum calcium levels than did those without
a family history and a tendency for increased excretion of
urinary calcium. This result suggests that a family history
of urolithiasis might be related to abnormalities in calcium
metabolism.

REFERENCES
1. Magaret SP, Yair L. Urinary lithiasis: diagnosis and medical
management. In: Wein AJ, Kavoussi LR, Novick AC, Partin AW,
Peters CA, editors. Campbell's urology. 9th ed. Philadelphia:
Saunders; 2007;1363-92.
2. Sarada B, Satyanarayana U. Urinary composition in men and
women and the risk of urolithiasis. Clin Biochem 1991;24:487-90.
3. Leusmann DB, Blaschke R, Schmandt W. Results of 5,035 stone
analyses: a contribution to epidemiology of urinary stone disease.
Scand J Urol Nephrol 1990;24:205-10.
4. Finlayson B. Symposium on renal lithiasis. Renal lithiasis in
review. Urol Clin North Am 1974;1:181-212.
5. Siener R. Impact of dietary habits on stone incidence. Urol Res
2006;34:131-3.
6. Johnson CM, Wilson DM, O'Fallon WM, Malek RS, Kurland LT.
Renal stone epidemiology: a 25-year study in Rochester, Minnesota. Kidney Int 1979;16:624-31.
7. Resnick M, Pridgen DB, Goodman HO. Genetic predisposition to
formation of calcium oxalate renal calculi. N Engl J Med 1968;
278:1313-8.
8. Cho IC, Kim YJ, Lee SC. Metabolic abnormalities and the risk for
recurrence in obese patients with urolithiasis. Korean J Urol
2007;48:718-23.

53
9. Spivacow FR, Negri AL, del Valle EE, Calvino I, Fradinger E,
Zanchetta JR. Metabolic risk factors in children with kidney stone
disease. Pediatr Nephrol 2008;23:1129-33.
10. Lifshitz DA, Shalhav AL, Lingeman JE, Evan AP. Metabolic evaluation of stone disease patients: a practical approach. J Endourol
1999;13:669-78.
11. Mandel N. Mechanism of stone formation. Semin Nephrol 1996;
16:364-74.
12. Asplin JR, Mandel NS, Coe FL. Evidence of calcium phosphate
supersaturation in the loop of Henle. Am J Physiol 1996;270:
F604-13.
13. Robertson WG, Peacock M, Heyburn PJ, Marshall DH, Clark PB.
Risk factors in calcium stone disease of the urinary tract. Br J Urol
1978;50:449-54.
14. Lemann J Jr. Composition of the diet and calcium kidney stones.
N Engl J Med 1993;328:880-2.
15. Coe FL, Parks JH, Moore ES. Familial idiopathic hypercalciuria.
N Engl J Med 1979;300:337-40.
16. Curhan GC, Willett WC, Rimm EB, Stampfer MJ. Family history
and risk of kidney stones. J Am Soc Nephrol 1997;8:1568-73.
17. Lerolle N, Lantz B, Paillard F, Gattegno B, Flahault A, Ronco P,
et al. Risk factors for nephrolithiasis in patients with familial idiopathic hypercalciuria. Am J Med 2002;113:99-103.
18. Ljunghall S, Hedstrand H. Epidemiology of renal stones in a middle-aged male population. Acta Med Scand 1975;197:439-45.
19. Thun MJ, Schober S. Urolithiasis in Tennessee: an occupational
window into a regional problem. Am J Public Health 1991;81:
587-91.
20. Trinchieri A, Mandressi A, Luongo P, Coppi F, Pisani E. Familial
aggregation of renal calcium stone disease. J Urol 1988;139:
478-81.
21. Menon M, Krishnan CS. Evaluation and medical management of
the patient with calcium stone disease. Urol Clin North Am
1983;10:595-615.
22. Edward DH, Ralph CB, Gary SF, Mark CG, John SS, Shaun R,
et al. Kelly’s textbook of rheumatology. 7th ed. Philadelphia:
Saunders; 2000;1291-336.
23. Coe FL. Uric acid and calcium oxalate nephrolithiasis. Kidney Int
1983;24:392-403.
24. Kwon OJ, Ahn SH. Comparison of the lithogenic risk factors for
first time and recurrent stone-formers. Korean J Urol 2006;47:
1093-8.
25. Lee SY, Lee SC, Kim WJ. Metabolic abnormalities of 24-hour urinary lithogenic factors in recurrent stone formers. Korean J Urol
2001;42:69-74.
26. Yang CS, Moon YT. Comparison of metabolic risk factors in patients with 1st episode urolithiasis stratified according to age.
Korean J Urol 2005;46:264-9.

Korean J Urol 2010;51:50-53

