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Abstract The aim of this paper is to study the variations
in the percentage of the diVerent types of renal stones with
age and sex. Renal calculi were classiWed according to their
composition and structure. Stone formers were divided
according to age and sex, and the percentage of each kind
of calculi in the diVerent considered age periods for men
and women were determined. It was found that calcium
oxalate dihydrate calculi decreased with age, but only in
men. These calculi were also clearly predominant in men.
Hydroxyapatite calculi decreased with age in both men and
women, but they were predominant in women. Uric acid
calculi increased with age in both men and women, but
were predominant in men. Finally, it was found that cal-
cium oxalate monohydrate unattached calculi increased
with age in both men and women. As a main novelty, the
study here presented demonstrates the importance of distin-
guishing between calcium oxalate monohydrate papillary
stones and calcium oxalate monohydrate unattached stones,
since the etiologic factors responsible for their origin must
be clearly diVerent.
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Sex · Age

Introduction

Urinary tract stone disease is an unfortunately frequent event
that aVects the population in all countries. Nevertheless, the
overall probability of forming stones considerably diVers in
various parts of the world [1, 2]. Likewise, in Asia it aVects
between 1 and 5% of the population, 5 and 10% in Europe
and 13% in North America. In fact, socio-economical condi-
tions have generated changes in the incidence and type of
renal lithiasis (location, composition and structure of the cal-
culi) [3], and this must be attributed to the diVerent lifestyle
and dietetic habits. Due to the continuous changes in these
last aspects, the relationships between frequency, age, sex
and composition can also change with time. Thus, in a study
with 15,624 renal stones from 1979 to 1998 in Canada, it was
found that from the Wrst (1980–1983) to the last (1995–1998)
complete 4-year periods, there was a relative increase in oxa-
late and decrease in phosphate stones, associated with
increasing age from decades 5 to 6 for oxalate and phosphate
stones, except that the age peak for phosphate stones in
women remained in decade 3 [4]. In a study developed in
USA during a period of 14 years (1989–2003), a signiWcant
increase of calcium oxalate monohydrate (COM), brushite and
uric acid renal calculi was found [5]. This study also found
that the percentage occurrence of calcium oxalate stones
decreased, while that of calcium phosphate stones increased
with each new stone event [5]. A recent study of Daudon
et al. [6] analyzes the changes in stone composition accord-
ing to age and gender of patients in France. This study points
out the increasing contribution of uric acid stones with age in
both genders and the preponderance of phosphate stones in
females. In the present paper, variations in the percentage of
each type of stone with age and sex were studied and possi-
ble relation with etiologic factors was investigated to explain
the observed changes.
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Methods

Patients

The study included 2,453 renal calculi produced during the
period 1988–2004. The patients were divided according to
age and sex in eleven groups that appear in Table 1. As can
be observed, Wve age groups were considered: 10–35, 36–
44, 45–53, 54–63 and 64–92 years. The age intervals were
chosen to obtain homogeneous size groups. Each lithiasic
episode was considered as a new case.

For each renal calculi type, percentage of that kind of
calculi in the diVerent considered age groups for men and
women and the male/female sex ratio were determined.

Child lithiasis (10–18 years) was not considered as a
separate group due to the low number of cases (n = 18, con-
sidering all calculi types and both sexes). Struvite calculi
were not considered due to their infectious origin. Brushite,
cystine and infrequent renal calculi were not included in the
study due to the limited number of these types of calculi
(n = 182, considering the four types of calculi (see Table 1)).

Urinary calculi studies

The 2,453 renal calculi were collected, dried, stored in ster-
ile containers and studied immediately. The calculus was
obtained intact when it came out by spontaneous passage,
or fragmented when it was retrieved by ureterorenoscopy,
percutaneous nephrolithotomy or shock wave lithotripsy.
The procedure used to analyze and study renal calculi
involved an appropriate combination of observation by
means of macroscopic and microscopic conventional tech-
niques (stereoscopic microscope Optomic) together with
physical techniques such as infrared (IR) spectrometry

(Brucker IFS 66 infrared spectroscope) and scanning elec-
tron microscopy (SEM) (Hitachi S¡530) coupled with X
ray microanalysis (Oxford Link Isis) [7].

The study of the calculus begins with direct observation
of its external aspect using a stereoscopic microscope. The
calculus is then sectioned into two parts along a plane as
close as possible to its geometric center in order to establish
the internal structure. When the calculus is supplied in a
fragmented form, all fragments are observed by stereo-
scopic microscopy in order to establish its original intact
form and, as a consequence, its internal structure. When an
insuYcient number of fragments of a calculus were sup-
plied, to properly establish its original structure, its classiW-
cation being impossible, the calculus was not included in
the study. If the fragmented calculus consists of several
parts with diVerent appearances, it is necessary to perform
an IR analysis of each one.

An in-depth study of the Wne inner structure of the calcu-
lus and the detection and identiWcation of microcomponents
(not identiWable using conventional IR spectrometry)
require the use of SEM coupled with X-ray microanalysis.
In order to determine the importance of a given microcom-
ponent, accurate knowledge of the Wne structure of the cal-
culus is fundamental, so that the initial zone of calculus
development can be established. This zone is crucial in
establishing the origin of the calculus. This study must be
developed by experienced personnel.

The study of COM calculi (papillary or unattached)
begins with the direct observation of its external aspect
using a stereoscopic microscope. Afterwards, each calcu-
lus is sectioned into two parts along a plane as near as
possible to its geometric center, in order to be able to
establish the internal structure and to identify the core of
the calculus.

Table 1 Number of stone formers in each group according to age and sex and considering the kind of calculi formed

COM(P) calcium oxalate monohydrate papillary calculi, COM(U) calcium oxalate, monohydrate unattached calculi, COD calcium oxalate dihy-
drate calculi, COD/HAP calcium oxalate dihydrate/hydroxyapatite mixed calculi, HAP hydroxyapatite calculi, UA uric acid calculi, CO/UA cal-
cium oxalate/uric acid mixed calculi, STR struvite (magnesium ammonium phosphate) calculi, BRU brushite calculi, CYS cystine calculi 
a Infrequent includes artefacts, drug calculi and others

Age interval Sex COM(P) COM(U) COD COD/HAP HAP UA CO/UA STR BRU CYS INFa Total

10–35 M 29 21 141 56 22 7 4 5 2 9 2 298

10–35 F 20 20 35 25 39 7 0 15 1 12 3 177

36–44 M 33 38 159 35 14 18 4 3 3 0 2 309

36–44 F 23 17 39 33 20 4 2 19 0 3 3 163

45–53 M 57 65 133 37 19 47 17 7 2 1 1 386

45–53 F 17 30 23 21 12 4 4 11 3 1 4 130

54–63 M 39 77 129 28 3 49 18 6 0 3 6 358

54–63 F 12 38 38 17 14 13 8 14 4 1 3 162

64–92 M 35 80 70 14 4 56 23 3 2 0 9 296

64–92 F 15 64 30 15 8 18 5 3 2 0 14 174
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A typical papillary COM stone (see Fig. 1) basically
consists of an excentrical core located near the concave
region of the stone, where it was attached to the papillae,
and a radially striated convex peripheral layer [8, 9]. Scan-
ning electron microscopic study permits to detect micro-
components present in the core and to conWrm also the
papillary origin of the calculus by observation of the con-
cave external cavity. Thus, the presence of abundant
organic matter and tubular apical cells demonstrates the
presence of a point of attachment to the renal papillae. A
typical unattached COM calculus (see Fig. 2) basically con-
sists of a symmetrically round stone with a central core sur-
rounded by columnar COM crystals emerging from the
core and by the absolute absence of a site of stone attach-
ment to the epithelium [8, 9].

The methodology used here also permits to distinguish
between authentic COM calculi (COM is the initially
formed crystalline phase) and COM calculi that come from
the crystalline transformation of the initially formed cal-
cium oxalate dihydrate (COD) form. Thus, SEM clearly
shows that the latter exhibit a typical disorganized non-
compact structure with clearly identiWable COD phantoms
[10].

This methodology permits the classiWcation of renal cal-
culi into 11 main types [9]:

(1) calcium oxalate monohydrate papillary renal calculi
(COM(P));
(2) calcium oxalate monohydrate unattached renal cal-
culi (COM(U));
(3) calcium oxalate dihydrate renal calculi (COD);

(4) calcium oxalate dihydrate / hidroxyapatite mixed
renal calculi (COD/HAP);
(5) hydroxyapatite renal calculi (HAP);
(6) magnesium ammonium phosphate (struvite) renal
calculi (STR);
(7) calcium hydrogen phosphate dihydrate (brushite)
renal calculi (BRU);
(8) uric acid renal calculi (UA);
(9) calcium oxalate/uric acid mixed renal calculi (CO/
UA);
(10) cystine renal calculi (CYS);
(11) infrequent renal calculi.

Analysis of urine samples

All subjects were on free diet at the time of urine collection
and none of the stone formers were undergoing pharmaco-
logical treatment of any kind. Serum analysis of these
patients was performed (creatinine, calcium, magnesium,
phosphorous, uric acid) mainly to evaluate the renal func-
tion. Patients with renal failure were excluded from this
study. Subjects with infected urine were also excluded from
the study. In sterile Xasks containing thymol as a preserva-
tive, 24 h urines were collected and immediately refriger-
ated. After collection, the volume was recorded and the
samples stored at ¡20°C until they were assayed. After
overnight fasting, 2 h urine collection was performed and
the pH was immediately measured with a glass electrode
(Crison pH-meter). This urine was only used for pH evalua-
tion, since such measurements avoid pH changes due to
precipitation processes (calcium salts) that can happen dur-
ing 24 h storage. On the other hand, this pH measurement

Fig. 1 Scanning electron microscopy image of a calcium oxalate
monohydrate papillary calculus. General view of the section of the cal-
culus in which the excentrical core (in circle) located near the point of
attachment (see arrows) to the papillae and a radially striated compact
peripheral layer can be seen

Fig. 2 Scanning electron microscopy image of a calcium oxalate
monohydrate unattached calculus consisting of a central core (in cir-
cle) surrounded by compact columnar calcium oxalate monohydrate
crystals emerging from it
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better represents the urinary basal pH since it is less
aVected by dietary factors. Urine was collected in duplicate
1–2 months after stone passage/removal. Calcium, magne-
sium and phosphorus were determined by inductively cou-
pled plasma atomic spectroscopy. Uric acid and creatinine
were determined by means of a Roche Modular Analytics
with 11875426216 and 11875663216 reagents, respec-
tively, and citrate and oxalate were determined by means of
the R-Biopharm enzymatic test kits No. 10139076035 and
10755699035, respectively. The urinary biochemical
parameters were considered as potential lithogenic factors
in abnormal conditions. Abnormal values for these parame-
ters in accordance with our experience and literature are
deWned in Table 2.

Statistics

Student’s t test was used to determine the signiWcance of
changes in the calculi percentages with age and sex.

Results

The number of stone formers in each group according to
age and sex, and considering the kind of calculi formed are
shown in Table 1. Male/female sex ratio in the diVerent age
intervals and for the diVerent kinds of calculi are indicated
in Table 3. The percentages of each type of calculus in the
considered age intervals and for men and women as well as
statistical signiWcances are shown in Fig. 3. As can be
observed, the most signiWcant aspects were:

• COM unattached calculi increased with age in both men
and women.

• COD calculi decreased with age, but only in men. Male/
female sex ratio was 3.83/1; likewise, men were much
more aVected by this kind of calculi than women.

• COD/hydroxyapatite mixed calculi decreased with age in
both men and women.

• Hydroxyapatite calculi decreased with age in both men
and women. Women were much more aVected by this kind
of calculi than men (male/female sex ratio was 0.67/1).

• Uric acid calculi increased with age for both men and
women. Male/female sex ratio was 3.85/1, that is, men
were much more aVected by this kind of calculi than
women.

• Calcium oxalate/uric acid mixed calculi increased with
age especially for men. Male/female sex ratio was 3.47/
1, that is, men were much more aVected by this kind of
calculi than women.

Urinary biochemical data corresponding to stone formers of
each particular type of renal calculus and for each age inter-
val and sex were obtained. Few changes, although not sta-
tistically signiWcant, with age were observed for the mean
value of urinary biochemical data: 

• An increase in urinary oxalate concentration with age for
men and women for the COM unattached calculi group
was seen (Fig. 4a).

• A decrease in calcium urinary concentration with age for
men for the COD calculi (Fig. 4b) as well as for the
COD/hydroxyapatite mixed calculi (Fig. 4c) groups was
observed.

• A decrease in urinary phosphate with age for men and
women for the hydroxyapatite calculi group was found
(Fig. 4d).

• A decrease in urinary calcium with age for women for
the hydroxyapatite calculi group was also observed
(Fig. 4e).

Discussion

The obtained results clearly show that COM unattached
calculi increased with age. Consequently, considering the
formation mechanism of this type of renal calculi [9], this
increment could be attributed to the increase in urinary oxa-
late concentration observed for this group of stone formers

Table 2 Urinary metabolic risk reference values in urolithiasis

pH <5.5 > 6.0

Creatinine (mmol/24 h) >17.7

Ca (mmol/24 h) >6.2 (female), >7.5 (male)

Mg (mmol/24 h) <3.0

P (mmol/24 h) >40.0

Oxalate (mmol/24 h) >0.5

Uric acid (mmol/24 h) >3.5 (female), >4.8 (male)

Citrate (mmol/24 h) <1.8

Table 3 Male/female sex ratio in the diVerent age intervals and for
diVerent kinds of calculi formed

COM(P) calcium oxalate monohydrate papillary calculi, COM(U) cal-
cium oxalate, monohydrate unattached calculi, COD calcium oxalate
dihydrate calculi, COD/HAP calcium oxalate dihydrate/hydroxyapa-
tite mixed calculi, HAP hydroxyapatite calculi, UA uric acid calculi,
CO/UA calcium oxalate/uric acid mixed calculi

Age 
interval

COM
(P)

COM
(U)

COD COD/
HAP

HAP UA CO/
UA

10–35 1.45 1.05 4.03 2.24 0.56 1.00 –

36–44 1.43 2.23 4.08 1.06 0.70 4.50 2.00

45–53 3.35 2.16 5.78 1.76 1.58 11.78 4.25

54–63 3.25 2.03 3.39 1.65 0.21 3.77 2.25

64–92 2.33 1.25 2.34 0.93 0.50 3.11 4.60

Global 2.22 1.66 3.83 1.53 0.67 3.85 3.47
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(Fig. 4) and to the increase of retained heterogeneous
nucleants like organic matter (for example due to hyperten-
sion [11]) or uric acid crystals with age. Also, the diVerent
behavior with age of COM papillary calculi when com-
pared with COM unattached calculi suggests distinct patho-
genic factors between them.

The decrease in COD calculi with age and only for men
can be explained considering the respective decrease in uri-
nary calcium concentration with age observed for this group
of stone formers (Fig. 4b). It is interesting to point out that
this decrease in such a type of calculus was not observed in
women and this could be assigned to the changes in calcium
metabolism during menopause, due to the consumption of

calcium supplements or Vitamin D. In fact, the association
between COD calculi and hypercalciuria is a well-estab-
lished fact [12–16, 17] and decrease in urinary calcium
excretion with age has also been reported [18, 19]. Previous
papers also demonstrated that COD calculi clearly declined
with age only in males, suggesting that the calcium and vita-
min D supplements prescribed to menopausal women could
contribute to COD stone formation [6].

The decrease in hydroxyapatite calculi with age can be
attributed to the decrease in urinary phosphorus (Fig. 4d)
and calcium concentration (Fig. 4e) with age, observed for
this group of stone formers, as was also found by other
authors [6]. The decrease in urinary phosphorus excretion

Fig. 3 Percentages for diVerent 
types of calculi in the considered 
age intervals and for men and 
women. Statistical signiWcance 
of the observed changes with age 
is indicated for each type of re-
nal calculus and for men and 
women. COM calcium oxalate 
monohydrate, COD calcium 
oxalate dihydrate, HAP 
hydroxyapatite, N.S. not 
signiWcative
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with age can be attributed to a decrease in phosphorus
intestinal absorption due to the tendency for Vitamin D
deWcit [20]. Moreover, as in previous studies [6, 21, 22],
the present study found a clearly higher proportion of
hydroxyapatite stones in females than in males in all ages;
this type of renal calculus being the only one that is clearly
more frequently found in females.

As it was found by other authors [6, 22], the data pre-
sented here demonstrated a clear increase of uric acid
stones with age in both genders, and a male predominance
of uric acid lithiasis. Such increase can be explained con-
sidering that the prevalence of the metabolic syndrome
(reduced ammoniagenesis and insulin resistance) increases
with age in both genders [23]. Thus, this metabolic syn-
drome could be a factor in acidic urine and uric acid neph-
rolithiasis in older patients [24].

As a conclusion, like in previous studies, we found that
COD calculi decreased with age, but only in men. These
calculi were also clearly predominant in men. Hydroxyapa-
tite calculi decreased with age in both men and women, but
they were predominant in women. Uric acid calculi increased
with age in both, men and women, but were predominant in
men. Finally, the study presented here found that COM
unattached calculi increased with age in both men and
women. As a main novelty, the study presented here

demonstrates the importance of distinguishing between
COM papillary stones and COM unattached stones, since
the etiologic factors responsible for their origin must be
clearly diVerent.
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