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INTRODUCTION

Kidney stones or nephrolithiasis is a disease where crystals form in kidney due to the increased
excretion of stones-forming components such as calcium, oxalate, uric acid, cystine, xanthine, and
phosphate, or reduced urine volume'. These crystals can travel through the genitourinary system,
leading to a condition called urolithiasis 2.

Kidney stones cases affect 12% of the global population and continue to increase. This
condition is most common in countries with tropical climates and high levels of dehydration®. In
Indonesia, the prevalence of kidney stones is 0.6%* and is more common in men than women with a
ratio of 2:1. This is because men pay less attention to their body conditions, leading to a higher risk of
developing kidney stones. Factors such as obesity, poor eating, and drinking habits, as well as low
physical activity levels also contribute to the higher risk in men. Conversely, women have a lower risk
due to their desire to maintain an ideal body shape, which will encourage exercise and following a
balanced diet °.
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Several studies have identified the risk factors that may increase the incidence of kidney stones.
These include inadequate fluid intake, high consumption of animal-based protein, oxalate, and salt, as
well as lack of citrate and calcium intake °. According to, D'Alessandro, et al.,” one of the risk factors
for kidney stones is excessive exercise. Sufficient and regular physical activity can be recommended
for people with kidney stones or those at high risk of developing this condition. Physical activity reduces
various risks such as diabetes mellitus, hypertension, and obesity. This must be followed by adequate
fluid intake in accordance with sweat expenditure during these activity, because if hydration is not
sufficient there will be a risk of stone formation itself. Jones, et al.” stated that excessive exercise and
sweating can lead to dehydration, triggering formation of kidney stones.

Based on the above description, this study was conducted to analyze correlation between
physical activity and kidney stones formation.

METHODS

This study used the literature review method which involved searching and reviewing books,
journals, and other publications related to the topic®.

The search was conducted through databases such as Google Scholar, PubMed, and Science
Direct, while the keywords used were ("kidney stone" OR nephrolithiasis OR urolithiasis OR "renal
calculi") AND ("physical activity," OR exercise)”. The articles retrieved were in English or Indonesian,
and the publication period was between 2017-2021. This study was approved by the Ethics
Commission of Fakultas Kedokteran Universitas Muhammadiyah Surakarta under number
3967/C.1/KEPK-FKUMS/1/2021.

According to Piercy, et al.,” the intensity of physical activity was determined by the level of
energy expenditure, where sitting at rest had a value of 1 MET (Metabolic Equivalent of Task). There
were 3 divisions of physical activity intensity. The first one, namely Low-Intensity Activity required
less than 3.0 MET, and included walking slowly, cooking, or light household chores. The second one
was Moderate-Intensity Activity such as brisk walking or playing doubles tennis required 3.0 to 6.0
MET. Meanwhile, High-Intensity Activity required more than 6.0 MET and involved running, single
tennis, or dance aerobics.

RESULTS

The screening process of the articles obtained was presented through the PRISMA Flowchart
(Figure 1). The articles were published between 2017 and 2021, and were obtained from PubMed,
Science Direct, and Google Scholar were 67, 1486, and 8390, respectively. All PubMed articles were
accessible, but only 998 from Science Direct and 960 from Google Scholar were accessible. Therefore,
the total number of articles analyzed in this study was 2025.

The first stage of the extraction process involved listing all the titles of the articles obtained in
Microsoft Excel and sorting alphabetically. A total of 219 duplicates were removed, leaving only 1806
articles. Furthermore, the screening process was carried out by reading the titles and abstracts. A total
of 1716 articles had irrelevant titles and 48 had unrelated abstracts. From the 42 remaining articles, the
extraction process was continued by reading the full text, and only 15 were found to meet the inclusion
and exclusion criteria.
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Figure 1. Flow Chart Article

A total of 15 articles were found to discuss correlation between physical activity and kidney
stones formation. Ten articles explained that physical activity reduced kidney stones formation, while
four found no significant correlation. The last article stated that physical activity increased kidney stones
formation. To simplify the analysis, a summary of the appropriate articles was carried out by making a
table containing the title, author, year, design, and results of each article in Table 1

Table 1. Article Analysis

No. A$g;(r)r, Article Title s;:?g}; Samples Result i}l}tlilzf‘g} p-Value
1 Azimi, et The Comparison Case- 317 kidneys stones Patients with Mean MET p <0.001
al. of Major Dietary control patients (267 male and kidney stones had cases
(2020)!°  Patterns in study 50 female) in the lower physical =low
People with and treatment group. activity than
without Calcium 317 healthy people those in the Mean MET
Oxalate Kidney (165 men and 152 control group. control
Stone: A Case- women) served as = moderate
Control Study controls

Both groups were aged
between 18-65 years
old.
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2 Baharudi Dietary and Case- 81 kidneys stones The results did Low Male
n, et al. Lifestyle Factors control patients (45 males and does not show a intensity 0.8; female
(2017)"'  and Its Risk to study 36 females) aged 18-80 significant p=0.36
Kidney  Stone years as the experiment correlation High
Disease: A Case- group. between physical intensity Male
Control Study at . activity and 0.96; female
UKM  Medical 8_1 people  without kidney stones p=0.34
Centre kidney stones (45. Men - formation.
and 36 women) in the
same age group (%5
years)  served  as
controls.
3 Bazyar, et The Association Cross- 110 kidneys stones Women with low Low -
al. Between Dietary sectional patients (73 male and physical activity intensity
(2019)!2  Intakes and Stone study 37 female) aged 18-60 were more at risk (62.2%
Formation in years. for  developing female)
Patients with kidney  stones.
Urinary Stones in Meanwhile, in High
Shiraz men, the highest intensity
risk of developing (43.8%
kidney stones was male)
found in people
with high
physical activity.
4 Chen, et Association Cross- 1517 kidney stones 26% of kidney 4.9 p <0.001
al. Between sectional patients (901 malesand stones sufferers METs/week
(2017)1*  Recreational study 616 females) aged > 18 and  53%  of
Physical Activity years as the experiment controls exercise 5 - 19.9 p=0.020
and The Risk of group. regularly every METs/week
Upper  Urinary week. The
Calculi 1782 healthy people possible risk was 20 - 29.9 p=0.339
(1004 men and 778 lowest at 5-9.9 METs/week
women) aged > 18 METs/week
years as controls. (OR=0.11) and >30
the protective METs/week
effect weakened
as physical
activity
increased.
5 Fagagnini Risk Factors for Cohort 2323 [IBD patients, Physical activity every month p=0.02

, et al
(2017)1

Gallstones And study
Kidney Stones In

A Cohort Of
Patients With
Inflammatory

Bowel Diseases

1333 of them had
Crohn's disease, and
999  patients had

ulcerative colitis.

every month
showed an OR
value of 0.57,

physical activity
every week or
every day had an
OR value of 0.36,

and
hospitalization
caused an
increase in the
incidence of
kidney stones
(26.5% in

Every week p<0.001
or every day

p<0.001
Little/no
activity
(hospitalizat
ion)
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hospitalization
and 2.5% in non-
hospitalization).
OR=13,9).

6 Farooq, et Dietary And Cross- 140 patients with Most kidney 1-5 hours -
al. Drinking Habits sectional kidney stones (80 stones patients (34.3%)

(2018)"* In Patients study males and 60 females) were physically

Admitted With aged 8-75 years. active for 6-10 6-10 hours

Nephrolithiasis hours. (57.1%)
11-15 hours
(8.6%)

7 Feng, et Association Cross- 8931 participants who MET was lower Mean MET p <0.001
al. Between sectional took part in NHANES in kidney stones of patients
(2020)!¢  Physical Activity study were > 20 years old patients = Low

and Kidney (4329 men and 4602 compared to activity
Stones Based on women). controls, and the
Dose-Response OR of kidney Mean MET
Analyses Using stones decreased control
Restricted Cubic with  increasing = moderate
Splines physical activity, activity

reaching a steady

state at 2480

MET-min/week

(OR=0.75).

8 Fitriyani  Risk Factors Mixed 220 workers from 1253 Physical activity Low activity Physical
&Wardi, Related To The methods population in the was not activity p =
(2020)!7  Crystalluria Case (qualitativautomotive ~ welding associated ~with Moderate 0.498

Among Workers & industry. cases of activity

At Welding quantitativ crystalluria  but BMIp =
Department Of ) affected BMI 0.031
Automotive which served as a

Industry X risk factor for

Jakarta crystalluria.

9 Fuyjishiro, Multiple Case A 5-year-old boy with Long-term bed Absence or -
et al. Urolithiases In report  acute lymphoblastic rest was low physical
(2021)!*  Pediatric  Acute leukemia and multiple suspected to activity

Lymphoblastic urolithiasis. cause  multiple
Leukemia urolithiasis.

10 Marié, et Lifestyle  Risk Cross- 56  patients  with Current physical High Current
al. Factors and Bone sectional recurrent urolithiasis activity and activity physical
(2019)'  Mass in study (47 aged <60 years and previous exercise activity p =

Recurrent Stone- 9 aged > 60 years) were showed Moderately 0.349
Forming in the treatment group. insignificant activity

Patients: A . . results. Sports
Cross-Sectional 7,8 patients w1t.hogt a .. before
Study In 144 history of urolithiasis Low activity _ 5 540
Subjects served as controls (67

aged < 60 years and 11
aged > 60 years).
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11 Mathiyala A Case-Control Case- 50 patients diagnosed Sedentary Sedentary  p=0.029
gen, et al. Study on control  with kidney stones (26 activity increased (low
(2017)*  Environmental study male and 24 female) the risk of kidney intensity)

and  Biological were in the treatment stones.
Risk Factors for group, while
Renal  Calculi
Persisting In A 50 served as controls
Coastal  Union (36 males and 14
Territory, India females) aged >30

years.

12 Nirooman Nutritional Descripti 150 patients diagnosed Some kidney 1/3 patients -
d, et al. HabitsInPatients ve study with kidney stones. stones  patients < 4 hours
(2020)>!  With  Urinary had low physical (low

Tract Stones activity, did not activity)

Referred To exercise at all,

Imam Reza and traveled by 57.3%

Hospital In 2019 vehicle. absence
activity

13 Ryu, et al. Dietary Risk Case- 27 newly diagnosed The level of Cases: Low p=0.012
(2018)**  Factors For control  patients with physical activity activity

Urolithiasis In study urolithiasis (19 males in the control
Korea: A Case- and 8 females) were in group was higher Control:
Control Pilot the treatment group. than in cases of High
Study . . kidney stones activity
20 p.art.lcl.pants without patients.
urolithiasis served as
controls (11 males and
9 females).

14 Trinchier, Anthropometric  Case- 33 male patients with There was no Moderate or p=0.579
et al. Variables, control anhydrous uric acid difference in high-
(2019)>*  Physical Activity, study stones were in the physical activity intensity

And Dietary treatment group. between kidney
Intakes of ) stones  sufferers
Patients with 4? men w1th01'1t & and controls.
Uric Acid history of  kidney
Nephrolithiasis stones  served  as

controls

Both groups were 50-

85 years old.

15 Venugopa Risk of Kidney Cross- 220 workers exposed Strenuous Excessive or Dehydratio
I, et al. Stone  Among sectional to temperatures physical activity too high np=
(2020) Workers Exposed study exceeding Threshold caused high body intensity 0.0001

to High Limit Value (TLV) temperature.

Occupational (134 males and 86 Temperatures Sweat
Heat  Stress-A females) were in the exceeding TLV production
Case Study from treatment group. led to p=0.193
Southern Indian dehydration, but

Steel Industry

120 workers exposed
to temperatures less
than TLV (112 males
and 8 females) served
as controls.

sweat production
persisted.
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DISSCUSION

Mathiyalagen, et al.?° stated that sedentary activity such as bed rest may increase the risk of
developing kidney stones. According to Fujishiro, et al.'® long-term bed rest can lead to urolithiasis due
to exacerbations of hypercalciuria caused by immobilization. Fagagnini, et al."* also found that
hospitalized patients showed a higher incidence of kidney stones compared to non-hospitalized ones
due to the extended period spent lying on the bed.

The average MET was lower in patients with kidney stones compared to the control group in a
study conducted by Feng et al.'®. This value showed the levels of physical activity. Based on the results,
high physical activity stimulated sweating, causing an increase in water and sodium excretion.
Decreased blood sodium activates the Renin Angiotensin Aldosterone (RAA) system, which stimulates
water and sodium reabsorption in the distal convoluted tubule and collecting ducts. The subsequent
production of angiotensin II causes thirst, prompting individuals to drink more water than the amount
lost through sweat. Concurrently, an increase in the perfusion of renal blood flow occurs, which dilutes
the urine. Physical activity also plays a role in bone calcium deposition and reduces its excretion in the
urine, thereby preventing formation of kidney stones.

Chen, et al.'* showed that physical activity with 5-30 METs/week significantly reduced the risk
of developing kidney stones. However, physical activity above 30 METs/week did not significantly
reduce the risk, due to the increased sweat production which led to the release of more water and sodium.
When this is not balanced by fluid intake, it can reduce the protective effect of physical activity on
kidney stones formation. Maintaining a balance between fluid loss and intake is crucial to preserving
the protective effect of physical activity against kidney stones formation, as excessive sweating without
sufficient fluid intake can diminish the benefits '°.

Farooq, et al."” showed that 6-10 hours per week of physical activity had the highest percentage
in patients with kidney stones, followed by 1-5 hours and 11-15 hours. However, the study did not
explain how physical activity of 6-10 hours can increase the risk of developing kidney stones.

Niroomand, et al.?! and Azimi's, et al.'® reported that the majority of kidney stones patients had
a low level of physical activity or even did not exercise at all. This was further reinforced by Chen, et
al.!® highlighting that healthy people had higher physical activity levels compared to those with kidney
stones. Fagagnini, et al.'* also stated that physical activity per day or week was associated with a lower
risk compared to per month. This suggests that less physical activity may increase the risk of kidney
stones.

Bazyar, et al.'? found that women with low physical activity were more at risk for developing
kidney stones, while in men, the highest risk was observed in those with high physical activity levels.
However, the reasons behind these gender-related differences were not explained.

According to Venugopal, et al.,** heat exposure can result from the temperature of the
surrounding environment and within the body. Strenuous physical activity potentially increases body
temperature causing dehydration and excessive sweating, which are both risk factors for kidney stones
formation. Faroog, et al.'® also found that marathon runners had a 3-5 times higher risk of developing
kidney stones. This was due to prolonged, strenuous physical activity which led to dehydration from
increased body heat, inadequate fluid intake, along with fluid loss through sweating'®.

Trinchieri, et al.”*> and Baharudin, et al.!! did not find a significant correlation between physical
activity and kidney stones formation. Mari¢ et al.!® also reported that there was no direct correlation
between physical activity and kidney stones. However, physical activity prevented several systemic
diseases such as diabetes, hypertension, and gout which served as risk factors for kidney stones.
Fitriyani and Wardi'” also discovered that good physical activity can maintain an ideal Body Mass Index
(BMI) which has a significant effect on preventing kidney stones. Azimi et al.'® stated that physical
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activity also prevented obesity. The major limitation of this current study was the varying characteristics
of the samples involved in each reviewed article.

CONCLUSION

Based on the results, there was correlation between physical activity and kidney stones
formation. Lack of physical activity increased the risk of developing kidney stones through exacerbation
of hypercalciuria'*!'®, Meanwhile, adequate and regular-mild to moderate physical activity reduced the
risk by lowering calcium excretion in the urine!®!3!%2!, Excessive physical activity may also increase
the occurrence of kidney stones when not balanced with fluid adequate intake to compensate for the
sweat loss!#1523,

CONFLICT OF INTEREST
The authors reported no competing interests.

REFERENCE

1. York, N.E., Zheng, M., Elmansy, H.M., Rivera, M.E., Krambeck, A.E., Lingeman, J.E. Stone-
free Outcomes of Flexible Ureteroscopy for Renal Calculi Utilizing Computed Tomography
Imaging. Urology. 2019; 124:52-6.

2. Alelign, T., Petros, B. Kidney Stone Disease: An Update on Current Concepts. Adv Urol. 2018;
3068365.

3. Jobs, K., Rakowska, M., Paturej, A. 2018. Urolithiasis in the pediatric population - current
opinion on epidemiology, patophysiology, diagnostic evaluation and treatment. Dev Period Med.
2018; 22(2):201-8.

4. Depkes RI. Hasil Riskesdas 2013-Departemen Kesehatan Republik Indonesia.

5. D'Alessandro, C., Ferraro, P. M., Cianchi, C., Barsotti, M., Gambaro, G., & Cupisti, A. Which
Diet for Calcium Stone Patients: A Real-World Approach to Preventive Care. Nutrients. 2019;
11(5):1182.

6. Aune, D., Mahamat-Saleh, Y., Norat, T., and Riboli, E. Bodyfatness, diabetes, physical activity
and risk of kidney stones: a systematic review and meta-analysis of cohort studies. Eur J
Epidemiol. 2018; 33(11): 1033-47

7. Jones, P., Karim Sulaiman, S., Gamage, K.N., Tokas, T., Jamnadass, E. and Somani, B.K. Do
lifestyle factors including smoking, alcohol, and exercise impact your risk of developing kidney
stone disease? Outcomes of a systematic review. Journal of Endourology, 2021; 35(1):1-7.

8. Marzali, A., Menulis Kajian Literatur. Jurnal Etnosia, 2016; 1(2):27-36.

9. Piercy, K.L., Troiano, R.P., Ballard, R.M., Carlson, S.A., Fulton, J.E., Galuska, D.A., George,
S.M. and Olson, R.D. The physical activity guidelines for Americans. Jama, 2018; 320(19),
pp.2020-2028.

10.  Azimi, T., Eghtesadi, S. and Abbasi, B. The Comparison of Major Dietary Patterns in People with
and without Calcium Oxalate Kidney Stone: A Case-Control Study. Journal of Nutrition and Food
Security, 2020; 5(4):365-76.

Smart Medical Journal (2023) Vol. 6 No. 2, E-ISSN: 2621-0916
Page 96



Hernawan & Gonzales., Correlation Between Physical Activity and Kidney Stones Formation: A Literature Review

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Baharudin, N.N., Shahar, S. and Zainuddin, Z.M. Dietary and lifestyle factors and its risk to
kidney stone disease: a case control study at UKM Medical Centre. Jurnal Sains Kesihatan
Malaysia (Malaysian Journal of Health Sciences), 2017; 15(1).

Bazyar, H., Ahmadi, A., Javid, A.Z., Irani, D., Sartang, M.M. and Haghighizadeh, M.H. The
association between dietary intakes and stone formation in patients with urinary stones in Shiraz.
Medical journal of the Islamic Republic of Iran, 2019; 33:8.

Chen, J.X., Yu, X.X,, Ye, Y., Yang, X.B., Tan, A.H., Xian, X.Y., Wei, S.C., Long, J. and Mo, Z.N.
Association between recreational physical activity and the risk of upper urinary calculi. Urologia
internationalis, 2017; 98(4):403-10.

Fagagnini, S., Heinrich, H., Rossel, J.B., Biedermann, L., Frei, P., Zeitz, J., Spalinger, M.,
Battegay, E., Zimmerli, L., Vavricka, S.R. and Rogler, G. Risk factors for gallstones and kidney
stones in a cohort of patients with inflammatory bowel diseases. PloS one, 2017;
12(10):¢0185193.

Farooq, M.U., Zaman, F.U., Mustafa, S.H., Khan, A., Shah, M.T., Sajjad, M.W., Sohail, M.W.
and Islam, M. Dietary and drinking habits in patients admitted with nephrolithiasis. Independent
Journal of Allied Health Sciences, 2018; 1(03:133-7.

Feng, X., Wu, W., Zhao, F., Xu, F., Han, D., Guo, X. and Lyu, J. Association between physical
activity and kidney stones based on dose-response analyses using restricted cubic splines.
European Journal of Public Health, 2020; 30(6):1206-11.

Fitriyani, F. and Wardi, V. Risk Factors Related to the Crystalluria Case among Workers at
Welding Department of Automotive Industry X Jakarta. Conference Procedingof third Andalas
International Public Health. 2020

Fujishiro, A., Matsuno, R., Omachi, T., Yamazoe, T., Okano, M. and Kaneko, K. Multiple
urolithiases in pediatric acute lymphoblastic leukemia. Indian Journal of Child Health, 2021;
8(9):340-2.

Mari¢, L., Kizivat, T., Smoli¢, M., Smoli¢, R., Opacak-Bernardi, T., Soli¢, K., Rogulji¢, H., Milas
Ahi¢, J., Tucak, A. and Mihaljevi¢, 1. Lifestyle risk factors and bone mass in recurrent stone-
forming patients: A cross-sectional study in 144 subjects. Acta Clinica Croatica, 2019; 58(3):439-
45.

Mathiyalagen, P., Neelakantan, A., Balusamy, K., Vasudevan, K., Cherian, J. and Sunderamurthy,
B. A case—control study on environmental and biological risk factors for renal calculi persisting
in a coastal Union Territory, India. Journal of family medicine and primary care, 2017; 6(1), 126.

Niroomand, H., Rezaei, V. and Mirzaii-Dizgah, M.R. Nutritional Habits in Patients with Urinary
Tract Stones Referred to Imam Reza Hospital in 2019. Annals of Military and Health Sciences
Research, 2020; 8(1).

Ryu, H. Y, Lee, Y. K., Park, J., Son, H., and Cho, S. Y. Dietary Risk Factors for Urolithiasis in
Korea: A Case-Control Pilot Study. Investing Clin Urol, 2018; 59(2):106-11

Trinchieri, A., Croppi, E., Simonelli, G., Sciorio, C. and Montanari, E. Anthropometric variables,
physical activity and dietary intakes of patients with uric acid nephrolithiasis. Urolithiasis, 2020;
48(2):123-9.

Venugopal, V., Latha, P.K., Shanmugam, R., Krishnamoorthy, M., Srinivasan, K., Perumal, K.
and Chinnadurai, J.S. Risk of kidney stone among workers exposed to high occupational heat

Smart Medical Journal (2023) Vol. 6 No. 2, E-ISSN: 2621-0916
Page 97



Hernawan & Gonzales., Correlation Between Physical Activity and Kidney Stones Formation: A Literature Review

stress-A case study from southern Indian steel industry. Science of The Total Environment, 2020;
722:137619.

Smart Medical Journal (2023) Vol. 6 No. 2, E-ISSN: 2621-0916
Page 98



