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ntroduction: Prevalence of the kidney stones (renal calculi) increase in several countries in
Iparallel with the increase of overweight, diabetes (type 2 diabetes) and hypertension. Goal:

The goal of our research was to evaluate the connection between the calcium nephrolithiasis
and overweight, as quantified using the Body Mass Index (BMI) of the adult population, with a
particular reflection on the age groups within it. Material and methods: The research was pro-
spective and it was implemented at the Clinical Center of Banja Luka, at the Urology Clinic in the
period from 1% April 2012 to 1% January 2013. The trial encompassed 120 patients with calcium
nephrolithiasis of the upper part of the urinary tract and 120 patients without nephrolithiasis.
A group of patients with the calcium nephrolithiasis presented a working group, while a group
of patients without nephrolithiasis presented a control group. The BMI obtained on the basis of
bodily weight and height of the patient, where the age and sex of specific reference values of the
BMI were developed by the Center for Disease Control and Prevention (CDC) were not used in
the calculation of the BMI Results: Analyzing the values of the BMI in relation to age groups,
where there was a statistically significant difference in the working group, whereas in the control
group there was a statistically high significant difference, testing of statistical significance of the
average value of the BMI was done by observed age groups of working and control group, as well
as to the total sample of work and control group using the Chi-Square test and T-test for indepen-
dent samples. Having observed the age group of 20-40 years, statistically significant differences
have been noted at the level of risk of 10%, which confirms that there is a connection between the
categories of the BMI and the group, which the patient comes from (Chi-Square test p-0.05), that
is, T-test has shown that the values are different at the level of 10%, i.e. p<0.1 (p=0.073). Having
observed the age group 40-60, there was no dependency between the category of the BMI and
the group, that is, the differences are not statistically significant, p>0.05 (t-test p=0.314). In addi-
tion to this, the average BMI values are not significantly different, p>0.05 (t-test p=0.871). Having
observed the age group of the older than 60, there was no dependency between the category of
the BMI and the group, that is, the differences are not statistically significant, p>0.05 (Chi-square
test p=0.167). Having observed the total sample of the working and control group, there was no
dependency of the category of the BMI and the group (or urolithiasis), p>0.05 (Chi-Square test
p=1.208), whereas the results of the T-test showed that there was no statistically significant differ-
ence of the arithmetic mean values of the BMI working group and control group, p>0.05 (t-test
p=0.620). Conclusion: Overweight in younger age groups of adult population may be connected
to the occurrence of calcium nephrolithiasis, thus we suggest that urolithiasis should be consid-
ered with them, as part of overweight, by which a change of living habits and the manner of food
consumption could prevent this disease. Key words: urolithiasis, calcium kidney stone (renal
calculi), overweight, Body Mass Index.
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1. INTRODUCTION

Urolithiasis is a multi-factorial dis-
ease, the presence of which in daily
urology practice is with the incidence
0f 0.5% in Europe and the United States
of America, whose prevalence has been
on a constant increase (1). Prevalence
of symptomatic kidney stones amounts
to 5-10%, generally in the total popu-
lation, with a slight predominance in
males (2, 3). Prevalence of the kidney
stones in the United States of America
has increased by 37% in the period from
1976-1980 to 1988-1994 for both males
and females (1). The biggest number of
the kidney stones are calcium stones,
than acid uric making about 9%, stru-
vite (magnesium ammonium phosphate
hexahydrate) making approximately
about 10% and the rest of 1% is pre-
sented by all the other stones (cystine,
drug stones, ammonium acid urate) (4).
Reference books data show that there
is an increase of prevalence of calcium
phosphate stones (Calcium phosphate—
CaP) in the last two decades, predomi-
nantly with women (5, 6). Prevalence of
kidney stones has been on the increase
in several countries, in parallel with
the increase in overweight and diabetes
(type 2 diabetes) and hypertension (1, 7,
8, 9) Iba A and associates have shown
that the metabolic syndrome, under
which overweight is classified, causes
changes in urinary constituents, lead-
ing to the increased risk of occurrence
of urate and calcium kidney stones (uric
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acid stone and calcium stone) (10). In
the last 10 years, the incidence of the
kidney stone has been on the increase
in the pediatric population and this in-
crease has gone in parallel with a signif-
icantincrease of pediatric overweight in
the USA (11). The correlation between
overweight and kidney stones has been
documented for the adult population as
well. Body Mass Index (BMI) presents
a useful tool in overweight screening.
The goal of our research was to evaluate
correlation between calcium nephroli-
thiasis and overweight, quantified us-
ing Body Mass Index (BMI) with adult
population, with a particular overview
of the age sub-groups within it.

2. MATERIAL AND METHODS

The research included 120 patients
with calcium lithiasis of the upper part of
the urinary tract and 120 patients with-
out lithiasis. The group of patients with
the calcium nephrolithiasis presented a
working group, while the group of pa-
tients without nephrolithiasis presented
a control group. The research was pro-
spective and it was implemented at the
Clinical Center of Banja Luka, at the
Urology Clinic in the period from 1*
April 2012 to 1°* January 2013. Diagnosis
of the calcium lithiasis of the upper part
of the urinary tract was determined on
the basis of ultrasonography of the uri-
nary tract, which was initially performed
on all the patients of both working and
control group, as well as native urog-
raphy of the urinary tract/intravenous
urography and chemical analysis of the
stone of the patients, who have later had
a spontaneous emission of the stones or
after some of the methods for active re-
moval of the stones, with the patients
of the working group. Excluding fac-
tors were chronic immobilization, ana-
tomic and functional disturbance of the
urinary tract, which, as a consequence,
cause obstructive uropathy, hyperpara-
thyroidism, history of malignity as well
as other comorbidities, medications or
diets that could result in secondary hy-
percalciuria.

The BMI was obtained on the ba-
sis of bodily weight and height of the
patients, using the following formula:
mass (kg)

BMI = (height (m))m?
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Table 1. Demographic characteristics of the
total working group sample.

N Valid 120 Std. De- Mini- Maxi-
N Mean A

Missing 0 viation mum mum
Mean 50.19
Median 52 20 to 40 40 | 31.5250 | 5.11402 21.00 | 40.00
Mode 59 40 to 60 40 | 52.2250 | 4.98967 41.00 | 59.00
Std. Deviation 15.60 Above 60 | 40 | 66.8250 | 6.78946 59.00 | 86.00
Minimum 21 Total 120 | 50.1917 | 15.59966 | 21.00 | 86.00
Maximum 86 Table 2. Demographic characteristics of the working group

sample by the age categories.

Patient sex Total N Valid 120
Male Female Missing 0
No. 21 19 40
2010 40 o Mean 48.68
% 52.5% | 47.5% | 100,0% Median 49.00
Age 4010 60 No. 20 20 40 Mode 23.00
group % 50.0% | 50.0% | 100,0% Std. Deviation 17.03
No. 22 18 40 Minimum 19.00
above 60
% 55.0% | 45.0% | 100,0% Maximum 79.00
Total No. 63 57 120 Table 4. Demographic characteristics of the total
% 52,5% | 47.5% | 100.0% | sample of the control group

Table 3. Sex structure of the total sample of the working group by

the age categories

Categorization of the

Std. De- | Mini- Maxi-
BMI was as follows: the N |Mean | ton |mum |mum
values of the BMI118.5 — 25
presented normal weight, 20to40 |40 28.9750 |6.26953 |19.00 |38.00
the values below 18.5 sig— 40 to 60 40 49.3500 |6.25751 40.00 [59.00
nified underweight, the above60 |40 |67.7250 |5.96566 |59.00 |79.00
values of 25-30 overweight | 0@ 120 |48.6833 |17.02839 |19.00 |79.00

and the values above 30 sig-
nified that the individuals

Table 5. Demographic characteristics of the control group sample
by the age categories

are obese. The age and sex Pafieonts’

. atients’ sex Total
specified reference values of Male | Female ota
the BMI fdevel.oped by the o040 No. 21 19 40

- o
Centers for Dls?ase Con % 525% | 47.5% | 100.0%
trol and Prevention (CDC) Age No 15 o5 40
in th lcu- 40 to 60 .
were not used in the calcu group % 37.5% | 625% | 100.0%
lation of the BMI.
No. 12 28 40
20ove 80 o 30.0% | 70.0% | 100.0%
3. RESULTS Noo 4.18 i 7.2 i 120 :
Demographicall :
grap y Tota % | 400% | 60.0% |100.0%

speaking, the samples of
working and control group
of 120 patients included 40

Table 6. Sex structure of the total control group sample by the
age categories.

persons in the following

three age categories: 20-40, | 2°
40-60 and above 60 years. 20

The average age of the | 15
working group amounted | 10

to 50.19 years with the stan- 5
dard deviation of 15.60. The
basic descriptive character-
istics of the age structure

©F

normal

overweight obese

m20-40 m40-60 > 60

of the total working group
sample are given in Table 1.

According to the age
categories of the working
group sample, descriptive character-
istics are shown in the following man-
ner (Table 2).
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Figure 1. Overweight (expressed through the BMI) by age groups
of the working group

Sex structure of the sample was not
completely balanced, as the sample con-
tained 52.2% men and 47.5% women
(Table 3).
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Asymp. Group Num- Average Standard | Standard
Value | df Sig. name ber g deviation | error
(2-sided) BMI | Working | 40 24.8993 3.55042 |.56137
Pearson Chi-Square 12.030 | 4 .017 Control 40 23.5347 3.16431 .50032
Likelihood Ratio 12.798 | 4 .012 Table 11. — Arithmentic mean of the BMI in the age group of 20-
Linear-by-Linear Association | 9.112 |1 003 40 years of the working and control group.
N of Valid- Cases i 120 Group | Num- | Standard | Standard
Table 7. Chi-Square test (connection of the BMI and age group) of name ber Verage | Geviation | error
the working group. BMI | Working | 40 | 27.1675 | 4.70839 | .74446
Asymp. Sig. Control | 40 27.3153 | 3.23616 | .51168
Value df o_sided
(2-sided) able 12. — Arithmetic mean of the BMT'in the age group of 40-60
Pearson Chi-Square 2205 |2 |.332 of the working and control group.
Likelihood Ratio 2.232 2 .328
Li by-Li A iati 1.972 1 160 Group Num- Standard Standard
Inear-by-Linear Association B . ame ber Average devia- orror
N of Valid Cases 120 tion
Table 8 — Chi-Svadrat test (connection of the BMI and sex) of the BMI | Working 40 28.2250 | 3.35305 | 0.53016
working group Control |40 | 30.2570 |3.77271 | 0.59652
Value | df és_izz’;a)s'g' Table 13. — Artithmetic mean of the age group >60 years of the
working and control group.
Pearson Chi-Square 16.135 |6 0.013
Likelihood Ratio 17.118 |6 0.009 Group Num- A Standard | Standard
verage o
Linear-by-Linear Asso- name ber deviation | error
ciation 9918 |1 10002 BMI | Working | 120 | 26.7639 | 4.12582 | .37663
N of Valid Cases 120 Control 120 27.0357 | 4.36035 .39804

Table 9. Chi-Square test (connection of the BMI and age group) of
the control group.

Asymp.
Value df | Sig. (2-sid-
ed)
Pearson Chi- 5780° |3 |.123
Square
Likelihood Ratio 6.328 |3 .097
Llnearjb)./—Llnear 1915 1 166
Association
N of Valid Cases 120

Table 10. Chi-Square test (connection of the BMI
and sex) of the control group.

The average age of the control
group amounted to 48.68 years with
the standard deviation of 17.03. The
basic descriptive characteristics of the
total sample of the control group are
given in Table 4.

According to the age categories of
the working group sample, descriptive
characteristics are shown in the follow-
ing manner (Table 5).

Sex structure of the sample of the
control group was not completely bal-
anced, as the sample included 40% men
and 60% women (Table 6).

Having analyzed the BMI category
per age group of the working group,
the trial showed that with the young-
est age category there was the smallest
share of overweight and obese patients
(Figure 1.). In the total sample of the
working group there were no under-
weight patients.

Analysis of the BMI according to
age categories of the working group
has showed that there is statistical de-
pendency between the BMI and age
group. Table 7 shows that the differ-
ences were statistically significant

Table 14. — Arithmetic mean BMI on the total sample of working
and control group.

obese

normal

overweight

H male ®female

Figure 2 — Structure of patients of the working
group by sex in terms of overweight

(p<0.05) (p-values are in the last col-
umn).

On the other side, the value of the
BMI working group was not related
to sex, that is, the differences that oc-
curred (men got worse results) are not
statistically significant, which was con-
firmed by the Chi-Square

in percentages (%) of the BMI per age
structures of the control group are sta-
tistically highly significant (p<0.01). In
the total control group sample, there
was one underweight patient.

Values of the BMI control group
were not connected to sex, that is, the
differences that existed are not statis-
tically significant, which is confirmed
by the Chi-Square test (p>0.05). This
is showed by Figure 4 and Table 10. It
is noted that in each of these catego-
ries, from the point of view of being
overweight, there is a bigger number
of women, which is the result of domi-
nation of this sex in the control group
sample.

Analyzing the values of the BMI in
terms of age groups, where in the work-
ing group there was a statistically sig-
nificant difference, whereas the control
group had a statistically highly signif-
icant difference, testing of the statis-
tical significance of the average BMI
value was done by the observed age
groups of working and control group,
as well as in the total sample of the
working and control group using the
Chi-Square test and T-test for inde-
pendent samples (Tables 11, 12, 13, 14
and 15). Having observed the age group
20-40 years, statistically significant dif-
ferences were observed at the level of
risk of 10%, which implies that there
is a connection between the categories
of the BMI and the group, which the
patient comes from (Chi-Square test

test (p>0.05). This is shown |25
by Figure 2 and Table 8. 20

In the control group
of patients, as well as in
the working group, there | o _—
is a connection between
overweight and age group,

underweight

normal overweight obese

H<40 m40-60 m>60

but not between the over-
weight and patients’ sex.

Figure 3. Overweight (expressed through the BMI) by age groups
of the control group

The following Figure 3
shows the structure of the
patients’ control group ac-
cording to the BMI catego-
ries in relation to the age |,
group. Itis clearly seen that | s
in the youngest age group, | o
there is a smaller share of
the overweight in relation

30

underweight

normal overweight obese

H male Hfemale

to the older groups. Table
9 shows that differences
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Figure 4. Structure of the control group patients by sex in terms
of being overweight
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Chi-Square test T - test
(el e EE‘;\)NEEN FRIENOIY (EQUALITY OF ARITHMETIC MEAN)
Value P Conclusion Value P Conclusion
20-40 6.008 0.050 0.05<p<0.10 1.815 0.073 0.05<p<0.10
40 -60 3.554 0.314 p>0.05 -0.164 0.871 p>0.05
60 + 3.583 0.167 p>0.05 -2.546 0.013 p<0.05
Total 1.208 0.751 p>0.05 -0.496 0.620 p>0.05

Table 15 — Testing of the statistical significance using the Chi-Square test and T-test for independent

samples

p-0.05) and T-test have shown that the
values are different at the level of 10%,
i.e. p<0.1 (p=0.073). Specifically, the dif-
ference between the average BMI val-
ues (working 24.9 and control 23.5) is
not significant with a general reliability
of 95% (risk of 5%), but it is significant
with a somewhat higher risk degree.
When observed for the age group of 40-
60, there was no dependency between
the category of the BMI and the group,
that is, the differences are not statisti-
cally significant, p>0.05 (Chi-Square
test p=0.314). In addition to this, the av-
erage values of the BMI are not statisti-
cally different, p>0.05 (t-test p=0.871).
Having observed the age group of older
than 60 years old, there was no depen-
dency between the category of the BMI
and the group, that is, the differences
are not statistically different, p>0.05
(Chi-Square test p=0.167). Results of the
T-test have shown that there is a signif-
icantly higher average value of the BMI
in the control group, when compared to
the working group of p<0.05 (p=0.013).
When observed at the total sample of
the working and control group, there
was no dependency of the category of
the BMI and the group (or urolithiasis),
p>0.05 (Chi-Square test p=1.208) and
the results of the T-test have showed
that there was no statistically signifi-
cant difference of the arithmetic mean
values of the BMI of the working and
control group, p>0.05 (t-test p=0.620)

4. DISCUSSION

Numerous epidemiological stud-
ies have shown that there is an evident
growth of the urolithiasis together with
the increase of the BMLI. It is known that
the metabolic changes in the sense of
“morbid overweight” lead to an increase
of the risk of occurrence of urolithiasis.
With an increase of the BMI, the pa-
tients get into a soft metabolic acido-
sis, which results with an increase of
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acid excretion (decline of pH of urine)
and decline of citrate excretion, a sig-
nificant increase of urinary excretion of
calcium and uric acid, which may lead
to the occurrence of the calcium and
uric acid stones (10, 14, 15, 16). Other
studies have also shown that the met-
abolic syndrome has been associated
with an increased risk of occurrence of
uric and calcium stones, due to lower
values of pH urine and increase of acid
uric excretion, which is a cause of oc-
currence of uric acid stone, as well as
decrease of citrate excretion and in-
crease of excretion of acid uric and cal-
cium, which leads to occurrence of cal-
cium stones (10). Metabolic syndrome,
which has been defined by existence of
increased BMI, hypertension, insulin
resistance and dislipidemia, in any case,
shows more abnormality which are in
correlation with increased risk of oc-
currence of urolithiasis. Dr Dean Assi-
mos, at AUA Annual Meeting in 2011,
presented in detail the way of metabolic
syndrome and concluded that diabetes,
hypertension, coronary artery disease
and increased BMI have been associ-
ated with an increased risk of occur-
rence of kidney stones (17). The corre-
lation between overweight and kidney
stones has been documented for both
adult as well as pediatric population. It
is completely clearly defined what the
overweight patients should do in the
sense of decreasing the risk of occur-
rence of kidney stones. First, the bodily
weight should be reduced, as much as
possible, as with a significant loss of sur-
plus kilograms the risk of occurrence
of urolithiasis will decrease. Second,
with or without reduction of the bodily
weight, there are also steps that could
lead to decrease of the risk for occur-
rence of the kidney stones. Namely, ad-
equate intake of liquid is necessary to
provide adequate dilution of urine, sup-
plementation of citrate, as an inhibitor
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of occurrence of the calcium lithiasis,
decreased level of proteins, in order to
decrease acidosis they lead to, as well
as decreased intake of salts, which may
also decrease the calcium excretion.
The results of our study have shown
that, by the usage of Chi-Squate test
and T-test for independent samples,
that there was a connection between
the overweight and age group, in the
sense that the overweight was statisti-
cally significantly more present in the
older age sub-groups of both groups of
the patients, with and without urolithi-
asis, as well as that there was no depen-
dence between overweight and patients
sex. The results of our study have shown
that in the age group (20-40 years) there
was a statistically significant difference
at the risk level of 10%, which says that
there was a correlation between the cat-
egories of the BMI and the group from
which the patient comes (Chi-Square
test, p-0.05) and T-test have shown that
the values are different at the level of
10%, i.e. p<0.1 (p=0.073). Specifically,
the difference between the average val-
ues of the BMI (working 24.9 and con-
trol 23.5) was not significant with an
usual reliability of 95% (5% risk), but it
has been significant with a big higher
degree of risk. When observed at the
total level of the working and control
group, there was no dependence of the
BMI category and group (or urolithia-
sis), p>0.05 (Chi-Square test p=1.208),
and the results of T-test have shown
that there was no statistically signifi-
cant difference of arithmetic mean val-
ues of the BMI of working and control
group, p>0.05 (T-test p=0.620). There
were no statistically significant dif-
ferences at the level of older age sub-
groups (40-60 years, >60g). Partial de-
viation of the results of our study, from
the results of other authors who have
unambiguously shown the correlation
of overweight as a part of metabolic
syndrome with the occurrence of kid-
ney lithiasis, may be caused by the fact
that the sample of our research, from
the point of view of overweight would
contain a much lower number of over-
weight patients (BMI>30) in relation to
the remaining number of patients in the
sample from the point of view of other
categories of the BMI (BMI>30), with a
conclusion that, still, in the age group
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of 20-40 years of age, there was corre-
lation of overweight with urolithiasis.

5. CONCLUSION

Overweight in the younger age
group of adult population may be con-
nected to the occurrence of calcium
nephrolithiasis, which is why we sug-
gest that the urolithiasis should be con-
sidered with the same ones as a part
of overweight, by which the change of
living habits and manner of nutrition
could prevent this disease.
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