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ABSTRACT

Background and Objectives: Renal stone disease is a common disorder of the urinary tract and also a significant problem because
of incidence, recurrence, and severe consequences. The complex pathogenetic mechanisms of renal stone formation involve both
biologic and environmental risk factors. The present study was performed to identify the role of these parameters among renal
stone patients and normal individuals from a coastal union territory region in South India. Methods: The authors conducted a
case-control study of renal stone disease among outpatient department patients more than 30 years of age using systematic
random sampling procedure with 100 study participants (50 subjects for each group). A questionnaire to explore some relevant
history as well as to note general examination findings was used along with a house visit to collect a sample of water. Analysis was
undertaken using appropriate statistical techniques. Results: The study showed statistically significant association for renal stones
with female sex, illiteracy, body mass index (BMI) (>25 kg/m?), sodium (>50 mg/L), water consumption (<1.5 L/day), water source
being borewell, consuming soft drink, sedentary work, and family history of renal stones. The adjusted odds ratios (ORs) were
significantly higher for consuming soft drink (OR: 8.19; 95% confidence interval: 1.99-33.69), sedentary work (10.01; 1.27-78.91),
and water consumption <1.5 L/day (7.73; 2.24-26.69). Interpretation and Conclusions: We conclude that in this part of India, female
gender, illiteracy, high BMI, high sodium in drinking water, inadequate water consumption, borewell drinking water, soft-drink
consumption, sedentary work, and family history of renal stones can lead to a significant increase in the risk of renal stone disease.
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Introduction schistosomiasis was the main etiological factor correlated with the
occurrence of urolithiasis. Urinary stone disease in association
Renal stone disease is a common disorder and a significant  with hypertension, cardiovascular disease, atherosclerosis, obesity,

problem because of incidence, recurrence, and severe dyslipidemia, diabetes, and other disease states.”
consequences.!l Calcium oxalate and calcium phosphate make

up at least 80% of all kidney stones, infection-induced and Renal stone occurs in all parts of the world. The annual
uric acid stones occur in 10% and 8%, respectively.” Urinary occurrence of urinary tract stones in the industrialized wotld

is estimated to be 0.2%. A lifetime risk of 2%—5% has been

Add f d : Dr. Prakash Mathiyal , . .
ress for correspondence: Ur. frakash Matiilyatagen noted for in India, 8%—15% for the West, and 20% for

Department of Community Medicine, Indira Gandhi
Medical College and Research Institute, 255, Vazhudavoor
Road, Kathirkamam, Puducherry - 605 009, India.

E-mail: drmanivelprakash@yahoo.co.in This is an open access article distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak,

A this articl m and build upon the work non-commerecially, as long as the author is credited and the new
ccessitisiartic elontne creations are licensed under the identical terms.

Quick Response Code:

Website:

. For reprints contact: reprints@medknow.com
www.jfmpc.com

How to cite this article: Mathiyalagen P, Neelakantan A, Balusamy K,
DOI: Vasudevan K, Cherian J, Sunderamurthy B. A case—control study on
10.4103/2249-4863.214981 environmental and biological risk factors for renal calculi persisting in a
coastal Union Territory, India. J Family Med Prim Care 2017;6:126-30.

© 2017 Journal of Family Medicine and Primary Care | Published by Wolters Kluwer - Medknow 126



Mathiyalagen, et al.: Case-control study on renal stones in a coastal area

Saudi Arabia.! In developing countties, calculi in bladder ate
more common than upper urinary tract stones; the opposite is
true in developed countties.F!

It is estimated that at least 10% of the population in the
industrialized part of the world is afflicted by urinary tract
stone disease. The prevalence to renal stone is increased in the
past 10 yeats.! The renal calculi would lead to the following
complications: diminished renal function, urinary fistula
formation, ureteral scarring and stenosis, ureteral perforation,
extravasation, urosepsis, and renal failure. Acute nephrolithiasis is

associated with a unique set of complications during pregnancy.”

Eating habits, alcohol consumption and smoking act as risk
factors in kidney one stone formation. Some other factors include
age, gender, race, diuretic use, low fluid intake, and low urine
volume. Regular drinking of tea, urolithiasis history, and brain
wortk are the risk factors of kidney calculi.t!

Nephrolithiasis is associated with a high cost to society because
of high prevalence of the disease and high rates of recurrence.
The total annual medical expenditures for renal stones in the US
were estimated at $2.1 billion in 2000.1” There are no exact data
available for India. The average outpatient department (OPD)
diagnosis in Government Hospital, Karaikal, is 5/day which gives
rise to 1800 cases per year. Assuming double the number of
cases would happen in Karaikal, 3600 cases receive treatment for
symptomatic kidney disease. On an average, 50% of symptomatic
cases would be requiring stone removal surgeries and this would
amount to 270 lacs, keeping Rs. 15,000 per surgery. As such
there are very few epidemiological studies in India, involving all
the environmental and other common risk factors responsible
for the increasing occurrence of renal stones. This study would
enlighten us to know the causative factors mainly prevalent in
this region of Puducherry and simple measures to avoid the huge
health-care burden on the society as well as the government.

Materials and Methods

The study was carried out among the residents of Karaikal, aged
more than 30 years attending the medicine OPD of a tertiary
care hospital of Karaikal, Puducherry, between April 2014 and
July 2014. This case—control study was done among hospital
OPD patients using systematic random sampling procedure till
the required sample size was arrived.

2
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Assuming the proportion of increased mineral content in the
drinking water of cases and controls as 50% and 25%, respectively,
with alpha error as 10% and power as 80%, the minimum sample
size to test the hypothesis was found to be 45 using the above
formula and we included 50 subjects in each group.
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Newly diagnosed (using ultrasonography [USG]| abdomen) renal
stone patients more than 30 years of age was the criterion for
selecting renal calculi cases. Appropriate hospital-based controls
more than 30 years of age were selected after ruling out renal
stones using USG abdomen. Cases of carcinoma, chronic
infections, endocrine disorder, and nonresidents of Karaikal
were excluded from both the cases and controls. Renal stones
with complication were excluded from cases. The study protocol
was approved by the Institutional Ethical Committee.

After having the informed written consent, freshly diagnosed
cases of renal stones were administered a questionnaire and their
body composition measurements were made. The controls who
were not found to be having renal stones also underwent the
same procedure as cases. Apart from this, a house visit was also
done to collect water sample from each study participant’s house
for chemical analysis.

Statistical analysis

Data entry was done in MS Excel. Statistical analysis was done
using Epi Info 2002, Centers for Disease Control and Prevention
(CDC) in Atlanta, Georgia (USA) and IBM SPSS Statistics
20 (Evaluation copy, AFMC, Pune, India). Continuous data were
expressed as mean * standard deviation and Z-test was used
to compare normally distributed variables and Mann—Whitney
U-test for nonparametric data. Categorical data were expressed as
frequencies and percentages, and wherever applicable, Chi-square
test and Fisher’s exact test were used to compare. Odds ratio (OR;
95% confidence interval [CI]) was also used to interpret the results.
Variables found significantly associated with renal stones were
entered into multivariable logistic regression models to control
for the potential confounding variables. P <0.05 was considered
statistically significant.

Results

The study involved 50 newly diagnosed renal stone patients
and 50 controls. The mean age of cases and controls was
47.66 £ 13.87 year and 52.90 * 13.55 year, respectively. There
was no statistically significant difference between case patients and
controls with respect to the age (P = 0.059) [Table 1]. Although
there was a significant difference in the gender with females
having more risk for renal stones, its adjusted OR did not show
any significant risk.

Clinical parameters like BMI and WHR showed statistically
significant higher values among renal stone patients than
in controls. The renal stone patients had been consuming
significantly higher amount of dissolved salts and sodium in
their drinking water, although they consumed significantly less
water than controls [Table 1].

Univariate analysis showed statistically significant for renal stones
with female sex, illiterate, BMI (>25 kg/sq.m), sodium (>50 mg/
litre), water consumption (<1.5 litre/day), water source being
borewell, consuming soft-drink, sedentary work and family
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Table 1: Clinical and demographic characteristics of study participants and their drinking water sample parameters

Variables Cases (renal stones Controls (renal stones P (Z-test)
present) (n=50) absent) (n=50)
Age (year) 47.66%13.871 52.90+13.555 0.059
BMI (kg/m?) 25.8614.14 23.8213.88 0.013
WHR 0.936£0.041 0.893£0.041 <0.001
pH 7.51+0.409 7.4810.432 0.738
Turbidity (NTU) 1.46£0.411 1.38%0.401 0.327
Hardness or dissolved salts (ppm) 1193.50+754.19 931.28+480.23 0.043*
Calcium (ppm) 61.50£27.91 67.72£36.04 0.639*
Magnesium (ppm) 93.36146.47 105.20+64.68 0.321*
Sodium (ppm) 54.78+18.86 45.38£19.29 0.016
Chlotide (ppm) 549.14£333.76 523.62£314.40 0.694*
Water consumption (L/day) 1.36%0.77 2.2010.86 <0.001

*Mann-Whitney U-test. BMI: Body mass index; WHR: Waist—hip ratio

Table 2: Categorical variables associated with renal

stones

Variables Adjusted OR 95% CI P

Sex 1.407 0.317-6.252  0.653
Education 1.422 0.189-10.709  0.733
BMI (kg/m? 1.741 0.525-5.773  0.365
Sodium (mg/1.) 3.389 0.736-15.601  0.117
Water consumption (L/day) 7.734 2.241-26.687  0.001
Water source 1.931 0.457-8.163 0.371
Soft drink 8.192 1.992-33.695  0.004
Type of work 10.011 1.270-78.909  0.029
Family history of renal stones 6.014 0.509-71.020  0.154

OR: Odds ratio; CI: Confidence interval; BMI: Body mass index

history of renal stones [Table 2]. Though Odds ratios were
higher for pH>7, TDS>1000mg/litre, magnesium >40mg/
litre, chloride >250 mg/litre and turbidity>1NTU, these wete
not statistically significant (P > 0.05).

In multivariate analysis, the adjusted ORs were significantly higher
for consuming soft-drink (OR: 8.19; 95% CI: 1.99-33.69), sedentary
work (10.01; 1.27-78.91) and water consumption<1.5litre/d (7.73;
2.24-26.69) [Table 3]. Though there was a significant difference
in the gender with females having more risk for renal stones, its
adjusted odds ratio didn’t show any significant risk [Table 3].

Discussion

The predominant age group of study participants (both cases and
controls) in this study was around 45-50 years. The maximum
incidence was reported in the third and fourth decades in India,
by Madhusudan ¢z a/"" whereas age at peak incidence among Iran,
Japan, and the United States was ranging from 40 to 49 years as
observed by Romero e a/'! A study by Chand e al., however,
pegged the age of persons at risk for renal stone at a wider range,
i.e., 20-60 years.'? Nevertheless, in the present study, there was
no statistically significant difference between case patients and
controls with respect to age.

The finding of the present study on the significant association
between female gender and renal stones has been corroborated
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by a study by Roudakova and Monga,!'"” albeit with a rider;
wherein the actual incidence of renal stones being more in men
than among women; however, there is a very significant rise
among women and a narrowing of the incidence between the
two genders. It is noteworthy that most other studies!"*!* on this
particular factor (gender) have come up with different results,
where male preponderance in renal stones has been noted.
The difference in findings of these studies may lie in the racial
and demographic differences between the populations studied.
Further, the adjusted OR in our study did not show any significant
risk though there was a significant difference in the gender-based
incidence, with females having more risk for renal stones.

The present study reported a statistically significant relationship
between illiteracy and occurrence of renal stones. This finding
is corroborated by a study carried out in Kangra, on the
determinants of renal stones as per which a positive association
exists between knowledge levels on determinants of renal stones
and their incidence."!

Taylot et al. in their study!" have demonstrated that raised BMI
correlate well with increased risk of renal stone disease, where
the risk tends to be more for women than men. Cupisti ez 2/
also observed a similar finding where incidence of renal stones
had up to 75% among overweight and obese patients.'! The
present study also has found that there exists an association

between BMI and renal stones.

The present study had arrived at a statistically significant finding
with respect to association of renal stones with less water
consumption (<1.5 L/day), consumption of soft drinks, and
performance of sedentary work. These significant associations
were observed both on univariate and on multivatiate analyses.

Several studies!'”!

*2 have shown that people consuming a
quantity <1.5 L/day of fluids suffered kidney stones. Furthet, two
studies, one observational®! and one interventional,* revealed
the favorable effects of water intake in preventing renal stone

as well as its recurrences.
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Table 3: Multivariable logistic regression analysis for possible factors associated with renal stones

Variable Category Cases (n=50), Controls OR (95% CI) P
n (%) (n=50), n (%)

Sex Female 24 (48) 14 (28) 2.374 (1.035-5.444) 0.039
Education Illiterate 10 (20) 3 (0) 3.92 (0.90-19.42) 0.037
Marital status Unmarried 5 (10) 0 0.056*
BMI (kg/m?) >25 31 (62) 20 (40) 2.447 (1.095-5.468) 0.028
pH <7 6(12) 4(8) 1.568 (0.414-5.935) 0.505
TDS (mg/L) >1000 19 (38) 15 (30) 1.430 (0.622-3.2806) 0.398
Calcium (mg/L) >100 6(12) 11 (22) 0.483 (0.164-1.430) 0.183
Magnesium (mg/L) >40 43 (80) 40 (80) 1.536 (0.533-4.422) 0.424
Sodium (mg/TL) >50 32 (64) 18 (36) 3.160 (1.397-7.152) 0.005
Chloride (mg/L) >250 36 (72) 33 (66) 1.325 (0.566-3.101) 0.517
Water consumption (L/day) <15 31 (62) 6(12) 11.965 (4.287-33.397) <0.001
Turbidity (NTU) >1 47 (94) 43 (80) 2.55 (0.620-10.492) 0.182
Wiater source Bore well 35 (70) 25 (50) 2.33 (0.95-5.77) 0.041
Diet pattern Veg 5(10) 3 (6) 1.741 (0.393-7.713) 0.715%
Alcohol Yes 18 (36) 18 (36) 1.000 (0.442-2.263) 1.000
Tobacco Yes 14 (28) 7 (14) 2.39 (0.79-7.41) 0.086
Soft drink Yes 29 (58) 15 (30) 3.22 (1.31-8.03) 0.005
Type of work Sedentary 19 (38) 2.(4) 14.71 (2.97-98.56) <0.001
Family history of renal stones Yes 8 (10) 12 9.33 (1.10-207.1) 0.031

*Fischer’s exact test. OR: Odds ratio; CI: Confidence interval; BMI: Body mass index; TDS: Total dissolved solid

Studies!"™™ have reported that the risk of renal stones is lower
with an intake of calcium around 1000 mg/day in contrast to an
intake <600 mg/day. Some other studies have also observed that the
excretion of calcium is increased with high consumption of cooking
salt.”>*! An increase of about 6 g (100 mmol) of NaCl produces
an increase of calciuria of 40 mg (1 mmol) in normal adults and
80 mg (2 mmol) in hypercalciuric patients leading to formation of
kidney stones. These findings corroborate those obtained from the
present study on the respective determinants (calcium and sodium
intake vis-a-vis renal stone formation).

Insofar as our study’s finding of a statistically significant
association between consumption of soft drinks and occurrence
of renal stones is concerned, this is supported by other
such studies on the subject. A study on “geography and risk
factors for renal stones” by Soucie e a/?! found a significant
relationship between use of any soft drink and occurrence of
renal stones (OR = 1.3 for any noncola soft drink and 1.2 for
any cola soft drink). Further, a meta-analysis of 5 studies by
Vartanian ¢ alP?) reported that soft-drink consumption was
positively associated with urinary or kidney stones.

The same holds true for the relationship between sedentary
lifestyle and occurrence of renal stones. Analysis of lifestyle
patterns by various studies in affluent countries such as the United
States and Northern European countries has shown that how
the increased prevalence of stones occurred simultaneously with
the increased sedentary lifestyle.”’

As per our study, those subjects with a family history of renal
stones had a greater likelihood of suffering from renal stones than
those without a family history. This is similar to the finding of a
large, 8-year follow-up study by Cuthan ez 4/, wherein 37,999
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men were studied, which showed a strong association between
family history and occurrence of renal stones (age-adjusted
OR =3.16, P < 0.05). Further supportive evidence to this finding
is available from a study by Jabbar ez a/P% in Quetta, Pakistan.
As per the study, 37.5% males and 27.02% females with renal
stones had a positive family history.

The limitation of the present study was the wide CI for some
variables OR due to smaller sample size which was taken
considering the financial constraints due to higher cost for
water testing for various mineral contents. Drinking water
and soft-drink consumption from study participants were not
quantified. Future research can further corroborate these findings
using a larger sample.

Conclusions

In this study, female gender, illiteracy, high BMI, high sodium
in drinking water, poor water consumption, borewell drinking
water, soft-drink consumption, sedentary work, and family
history of renal stones were significantly associated with
increased risk of stone formation, whereas intakes of water
with pH >7, TDS >1000 mg/L, magnesium >40 mg/L,
chloride >250 mg/L, and turbidity >1 NTU were related to
increased risk. Before definitive recommendations can be given,
additional studies are needed to further validate these findings
using a larger sample.

Recommendation

Specific dietary considerations for avoiding each type of renal
stone formation may be commonly recommended; however, in
this coastal region from this study, some of the recommendations
would be to reduce obesity, doing exercise or moderate activity,
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reducing junk foods, especially soft drinks, and to increase water
consumption, and the government could increase the supply of
providing drinking water after reverse osmosis to reduce the
mineral content.
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