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KIDNEY STONE INCIDENCE IN CHILDREN IS RISING (SC)

Tasian et al, CJASN 2016

GUT MICROBIOME?

• ANTIBIOTIC EXPOSURE ASSOCIATES WITH RISK OF KIDNEY STONES, 

EFFECT GREATEST IN CHILDREN

• TASIAN ET AL JASN 2018

• GUT MICROBIAL DIVERSITY IS DIMINISHED IN CHILDREN WITH KIDNEY 

STONES

• DENBURG ET AL JASN 2020
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UNLIKE IN ADULTS…

• NOT LINKED TO RISE IN OBESITY

Cambareri GM et al, Urology 2017
Kieran K et al, J Urol 2010
KimSS et al,  J Urol 2011

LIKE ADULTS

• INCREASED INTAKE OF PROCESSED FOOD, SODIUM

• INTAKE OF MILK SUBSTITUTED BY SUGARY DRINKS

Dunford EK et al, Pediatr Obes 2018
Keller KL et al, J Am Diet Assoc 2009
Martinez Steele E et al,  BMJ Open 2016
Rajeshwari R et al, J Am Diet Assoc 2005.
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KIDNEY STONES: MORE THAN A PAIN

COMMON CLINICAL RISK FACTORS

• HISTORY OF KIDNEY STONES

• OBESITY, DM, GOUT, HTN

• DIETARY RISK FACTORS

• ENHANCED ENTERIC OXALATE ABSORPTION

Madore F, et al. AJKD 1998
Ferraro PM, et al. JAMA 2013

Taylor EN J Urol 2016
Dhondup T, et al. AJKD 2018

Taylor EN, et al, KI 2005
Taylor EN, et al JAMA 2005
Curhan, GC et al JASN 1998
Kramer HM, et al KI 2003
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COMMON CLINICAL ASSOCIATIONS

• BONE FRACTURE, OSTEOPOROSIS

• HYPERTENSION

• CORONARY ARTERY DISEASE

• CHRONIC KIDNEY DISEASE/ESRD

Madore F, et al. AJKD 1998
Ferraro PM, et al. JAMA 2013

Taylor EN J Urol 2016
Dhondup T, et al. AJKD 2018

Taylor EN, et al, KI 2005
Taylor EN, et al JAMA 2005
Curhan, GC et al JASN 1998
Kramer HM, et al KI 2003

ASSOCIATION WITH MI

RULE AD ET AL, JASN 2010
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ASSOCIATION WITH VASCULAR CALCIFICATION

• YOUNG KIDNEY STONE FORMERS WITH HIGHER PREVALENCE OF 
SUBCLINICAL ATHEROSCLEROSIS BASED ON INCREASED CAROTID 
INTIMA-MEDIA WALL THICKNESS

• HIGHER CAROTID-RADIAL AND CAROTID-FEMORAL PULSEWAVE
VELOCITIES IN STONE FORMERS AND CORRELATED TO LOWER BMD T-
SCORES

• KSF HAVE HIGHER AAC SCORES RELATIVE TO AGE AND SEX MATCHED 
CONTROLS

REINER AP, ET AL: . J UROL 2011, FABRIS A, ET AL J NEPHROL 2014, SHAVIT L, ET AL.  CJASN 2015

ASSOCIATION WITH 
HYPERTENSION

HIGHER RISK OF HYPERTENSION IN STONE FORMERS. THE 

UNADJUSTED CUMULATIVE INCIDENCE OF HYPERTENSION 

(HTN) AMONG INCIDENT SYMPTOMATIC STONE FORMERS 

COMPARED WITH AGE- AND SEX-MATCHED CONTROLS.

Copyright © 2023 Wolters Kluwer Health, Inc. and/or its subsidiaries.  All rights reserved. 12

RISK OF HYPERTENSION AMONG FIRST-TIME SYMPTOMATIC KIDNEY 
STONE FORMERS

KITTANAMONGKOLCHAI, WONNGARM; MARA, KRISTIN C.; MEHTA, 
RAMILA A.; VAUGHAN, LISA E.; DENIC, ALEKSANDAR; KNOEDLER, JOHN 
J.; ENDERS, FELICITY T.; LIESKE, JOHN C.; RULE, ANDREW D.

CLINICAL JOURNAL OF THE AMERICAN SOCIETY OF 
NEPHROLOGY12(3):476-482, MARCH 2017.

DOI: 10.2215/CJN.06600616
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ASSOCIATION WITH BONE HEALTH

• 1 IN 4 PATIENTS DIAGNOSED WITH KIDNEY STONES IN VA POPULATION (MEAN AGE 64, 83% 

MEN) HAD HX OF FRACTURE OR OSTEOPOROSIS

• OF THOSE WITHOUT PRIOR DX, IN THE ENSUING 5 YEARS

• 12.2% HAD A DIAGNOSIS OF FX OR OSTEOPOROSIS

• 9.1% UNDERWENT DXA SCREENING  20% DX’D WITH OSTEOPOROSIS

• DXA MUCH MORE LIKELY TO BE ORDERED IF SEEN BY UROLOGY, ENDOCRINOLOGY, OR 

NEPHROLOGY 

GANESAN ET AL.  OSTEOPOROSIS, FRACTURES, AND BONE MINERAL DENSITY SCREENING IN VETERANS WITH KIDNEY STONE 

DISEASE. JBMR 2021

NOT JUST ADULTS!

• TEENS AGED 12-17 WITH HISTORY OF STONES HAD HIGHER CAROTID 

INTIMAL THICKNESS THAN CONTROL TEENS

• ATHEROSCLEROSIS RELATED MARKERS FIBRONECTIN 1, VCAM1, AND 

OTHERS WERE HIGHER IN THE URINE OF STONE FORMING TEENS THAN 

CONTROLS

Kusumi et al, J Peds 2015



4/24/2024

8

FAMILY HISTORY AND STONES

• CURHAN, ET. AL. JASN 1997 - HPFS
• MEN WITH KIDNEY STONES WERE 3 TIMES MORE LIKELY TO HAVE A FH OF 

STONES THAN NON-STONE FORMERS
• MEN WITH A FH OF STONES WERE ALMOST 3 TIMES MORE LIKELY TO FORM A 

FIRST STONE OVER 8 YEARS OF FOLLOW-UP

• GOLDFARB, ET. AL. KI 2005 – VET REGISTRY
• MONOZYGOTIC TWINS HAD A 32% CONCORDANCE RATE FOR STONES, 

COMPARED WITH 17% FOR DIZYGOTIC TWINS

• THE FAMILIAL CLUSTERING INDEX FOR STONES IN MALE SIBLINGS IS 
2.5-4, COMPARED WITH AN INDEX OF 2 FOR TYPE 2 DM OR HTN

MONOGENIC 
ASSOCIATIONS WITH 
STONES

Chul Koo, et al.  Asian J Urol 2022
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MONOGENIC 
ASSOCIATIONS 
WITH STONES -
EVEN MORE LIKELY 
IN KIDS

Halbritter J et al, JASN 2014
Daga A et al, Kidney Int 2018
Huang L et al Mol Genet Genom 2022

• 14 GENES ACCOUNTED 15% OF 

ALLCOMERS IN STONE CLINIC

• 11% OF ADULTS, 29% OF KIDS

• 15/51 PATIENTS WITH FIRST STONE PRIOR 

TO AGE 25 IN ANOTHER CLINIC WITH 

PATHOGENIC SINGLE GENE MUTATION 

(29%)

• 24/32 PATIENTS SUSPECTED TO HAVE A 

HEREDITARY CAUSE OF STONE DISEASE 

HAD A PATHOGENIC MUTATION (75%)

Schott C et al, Frontiers Urol 2022
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FAMILY HISTORY AND STONES

IDIOPATHIC STONE DISEASE IS A POLYGENIC DISORDER WITH A STRONG 

INFLUENCE OF ENVIRONMENT ON EXPRESSION

DIET IS NOT PURELY ENVIRONMENTAL

de Castro JM. Physiol & Behavior 1993
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Lieske J et al, J Nephrol 2016

EVALUATION OF PEDIATRIC STONE FORMER

• GENERAL HISTORY

• STONE HISTORY – STONE TYPE!

• FAMILY HISTORY

• DIETARY/LIFESTYLE HISTORY

• LABS/IMAGING

• 24 HR URINES!!
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• SUPERSATURATION OF URINE WITH STONE MATERIAL 
• CONCENTRATIONS OF STONE MINERALS EXCEED THE THERMODYNAMIC 

SOLUBILITY
• LEVELS OF SUPERSATURATION IN THE URINE OF STONE FORMERS 

CORRELATE WITH STONE COMPOSITION
• CALCULATED WITH COMPUTER PROGRAM (EQUIL2)

TAKES INTO ACCOUNT: VOLUME, CALCIUM, OXALATE, PHOSPHORUS, 

MG, CITRATE, PH (CAP AND UA)

• OFTEN EXPRESSED AS THE RATIO OF THE STONE SALT ACTIVITY PRODUCT 
TO ITS SOLUBILITY: 

• > 1 = SUPERSATURATION

REQUIRED ELEMENTS FOR STONE FORMATION

SIGNIFICANCE OF URINARY SUPERSATURATION

• TREATMENT AIMED AT LOWERING SUPERSATURATION IS 

EFFECTIVE IN PREVENTING STONE RECURRENCE

• EMPHASIZES THE IMPORTANCE OF CONCENTRATION OF 

URINARY CONSTITUENTS, NOT JUST DAILY EXCRETION 

RATES

• SUPERSATURATIONS VARY OVER THE COURSE OF THE 

DAY, HIGHEST AT NIGHT
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STONE TYPES IN PEDIATRIC NEPHROLITHIASIS

• CALCIUM OXALATE – 45-65%

• CALCIUM PHOSPHATE – 14-30%

• URIC ACID, STRUVITE, CYSTINE – 5-10%

• PRIMARY HYPEROXALURIA – 1-2%

Stapleton, FB.  Endocrinol Metab Clin North Am 2002



4/24/2024

14

Ferraro PM, Nutrients 2020
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CHILDREN ARE NOT LITTLE ADULTS

Sas D. Curr Opin Ped 2020
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FLUIDS
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BORGHI

PARKS

Randomized trial of water in single 
calcium stone formers,

with an added set of prospective observations

N=99
Urine vol. = 2.6 l/d

N=100
Urine vol. = 1.0 l/d

Borghi, et. al. J. Urol 155:839, 1996
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PEDS SPECIFIC RECOMMENDATIONS 

Sas D. Curr Opin Ped 2020

SODIUM
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Borghi et al; NEJM 346:77-84, 2002. 

Low Ca diet vs. Normal Ca, low Na, low protein 
diet in men with IH and recurrent CaOx stones

Low Ca diet (400 mg/d)
(n=60) 

Ca 1200 mg, Na 50 mmol, 
Protein 93 gm (52 animal)

(n=60)

Sas D. Curr Opin Ped 2020
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HYPERCALCIURIA
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IDIOPATHIC HYPERCALCIURIA

• HYPERCALCIURIA WITH NORMOCALCEMIA IN THE ABSENCE OF 

OTHER DISORDERS KNOWN TO CAUSE HYPERCALCIURIA

• FOUND IN 50% OF CALCIUM STONE FORMERS

• FAMILIAL TRAIT

• DIET/LIFESTYLE INFLUENCES CALCIUM EXCRETION AND STONE 

RISK

• SYSTEMIC DISORDER INVOLVING BONE, INTESTINE AND 

KIDNEY

HYPERCALCIURIA

• MOST WELL ESTABLISHED RISK FACTOR FOR CALCIUM STONE DISEASE

• 43% OF 1ST DEGREE RELATIVES OF HYPERCALCIURIC PATIENTS ALSO WITH HYPERCALCIURIA

40Coe FL et al, NEJM 1979



4/24/2024

21

SIBLINGS OF CHILDREN WITH CALCIUM STONES HAVE HIGHER URINE CALCIUMS

41Bergsland K et al, KI 2012

RENAL CALCIUM EXCRETION 

• INCREASED BY INCREASED SODIUM LOADS

• INCREASED BY SUGAR/FRUCTOSE

• INCREASED BY DIETARY PROTEIN/ACID LOAD
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RECOMMENDED PROTEIN INTAKE

Garcia Iborra et al, Nutrients 2023

GOAL IS THE RECOMMENDED TARGET BUT…

• MOST CHILDREN AND ADOLESCENTS IN THE WESTERN WORLD ARE 

AT DOUBLE TO TRIPLE THE RECOMMENDED INTAKES OF PROTEIN

Berryman CE et al Am. J. Clin. Nutr. 2018
Lopez-Sobaler AM et al, Eur. J. Nutr. 2019
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LIMIT CALCIUM?

• NO!! NORMAL DIETARY CALCIUM INTAKE (700-1200 MG 

PER DAY)

• AVOID SUPPLEMENTS – AND IF MUST, TAKE WITH FOOD

Carvalho-Salemi J, et al.  Nutrients 2016

HYPEROXALURIA
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APPROACH

• RULE OUT GENETIC DISORDERS FIRST

• ASSURE APPROPRIATE DIETARY CALCIUM INTAKE

• DETAILED DIETARY HISTORY (BAGS OF SAM’S CLUB ALMONDS?)

• DO NOT LIMIT HEALTHY FOODS IN DIET UNNECESSARILY
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HYPOCITRATURIA
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ETIOLOGIES OF LOW CITRATE

• HYPOKALEMIA

• METABOLIC ACIDOSIS/EXTREMES OF PROTEIN INTAKE

• CHRONIC KIDNEY DISEASE

• LOSS OF ALKALI VIA DIARRHEA/MALABSORPTION

DIETARY INTERVENTIONS

FRUITS AND VEGETABLES!!

MODERATION IN ANIMAL PROTEIN INTAKE
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SUMMARY

• SIGNIFICANT INTERPLAY BETWEEN GENETICS, DIET, AND ENVIRONMENT

• MONOGENIC DISORDERS LIKELY UNDERLIE ABOUT 1/3 OF PEDIATRIC STONE DISEASE

• MECHANISM OF STONE FORMATION IS SUPERSATURATION – MONOGENIC OR 

POLYGENIC

• INDIVIDUALIZE DIETARY APPROACHES BASED ON ABNORMALITIES NOTED ON

EVALUATION

• CAN’T GO WRONG WITH LOTS OF FLUIDS, FRUITS/VEGETABLES, AND MODERATION IN 

ALL ELSE

THANK YOU


