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Objectives
Understand the undervalued complications of kidney stones.

Describe specific urine risk factors that contribute to kidney stones.

Understand how to individualize MNT based on 24-hour urine test 
results and kidney stone type.
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Outline
Overview of Kidney Stones

◦ Prevalence & Risk Factors
◦ Types of Kidney Stones

Physiology of Kidney Stones
◦ Urine risk factors

Medical Nutrition Therapy

Why Do We Care?
Pain & Reduced Quality of Life!

◦ Opioid dependence
◦ Loss of work
◦ Anxiety, depression

Estimated $5 billion annual economic impact

High prevalence symptomatic stones
◦ 1 in 10 people
◦ 12% of men, 6% of women

High recurrence
◦ Calcium stones: 45% after 5 years, 55% after 10 years

Hyams ES, Transl Androl Urol: 2014;3(3):278-283.
Worcester EM. Calcium Kidney Stones. New England Journal of Medicine. 2010;363(10):954-963.
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Why Do We Care?
Increased Risk Of:

◦ Osteoporosis
◦ Hypertension
◦ Heart Disease
◦ Chronic Kidney Disease
◦ Kidney injury from obstruction or scarring
◦ Infection

Increased Prevalence of 
Stones

Chen et al., Jour Clin Urology, 2019: 12(4):296-302.



3/4/2022

4

Symptoms
Nothing!

Hematuria

Flank pain 

Sensation of urinary frequency

Pain w/ urination

Nausea/vomiting

What Is a Kidney Stone?
A hard deposit of various minerals that form in urine

◦ Calcium & oxalate most common
◦ In the kidney
◦ In the bladder
◦ Found anywhere along the urinary tract
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Stone Types

Kidney Stone Size
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Global Warming & Stone Belt

Fakheri RJ. Kidney Int. 2011;79(11):1178-1185. 

Who is at Increased Risk of 
Stones?
Medical Conditions 

◦ Idiopathic hypercalciuria
◦ Primary hyperparathyroidism
◦ Inflammatory bowel diseases, short 

gut syndrome
◦ Bariatric surgery (increased oxalate 

absorption)
◦ Eating disorders (loss of alkali and 

fluid with diarrhea and/or vomiting)
◦ Gout 
◦ Rare conditions

◦ Genetic conditions: Cystinuria, Dent’s disease, 
Primary Hyperoxaluria (PH1 & PH2)

◦ Renal tubule acidosis (RTA) (rare)
◦ Sarcoidosis
◦ Medullary sponge kidney (aka medullary 

sponge disease)

Males

Caucasian (3x)

High BMI

Poor Diet!

Scales, Jr., et al. Eur Urol. 2012 July ; 62(1): 160–165
Worcester et al., Prim Care, 2008: 35(2):369-vii..
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Bariatric Surgery, Risk of 
Stones & CKD

Lieske JC.  Kidney Int. 2015;87(4):839-845

Hazard Ratios:
• Malabsorptive: 4.15
• RYGB: 2.13
• No difference in restrictive 

surgery

Hazard Ratios:
• Malabsorptive: 1.96
• No significant difference in 

RYGB or restrictive surgery
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Goal of Prevention: 
Reduce Urine Saturation of Minerals!
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Step 1: Figure out what is “off” 
in urine chemistry
Low urine volume
Hypercalicuria
Hyperoxaluria
Abnormal urine pH
◦ Low pH: risk of calcium oxalate, uric 

acid, cysteine stones
◦ High pH: risk of calcium phosphate

Hypocitraturia
Excess uric acid
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24-Hour Urine Test
ONLY way to know urine chemistry and cause of kidney stones

Recommended by the American Urological Guidelines
◦ Annually (at minimum) for every patient with recurrent stones
◦ Or “interested” patients 

Only ~10% of people with kidney stones complete a 24-hour urine test

Benefits
◦ Able to provide targeted, effective treatment
◦ Some insight into current eating habits

◦ Fluid
◦ Sodium
◦ Protein

Pearle MS et al.  U Urol. 2014;192:316-324.

24 Hour Urine Test

Goal: ≥2.5 L Goal: <200mg Goal: >500-
700mg

Goal: <4 Goal: 30-40mg(ish) Goal: <4

Goal: 5.8-6.2

Goal: <1

Goal: 0.6-0.8g

Goal: ~100mEq
Sodium (mg) = mEq x 23

Goal: 0.8-1.2g/kgProtein Intake (g):
[(Kg x 0.031) + UUN] * 6.25
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What Can Nutrition Do?
1. Increase urine volume

2. Reduce calcium in urine

3. Reduce oxalate in urine

4. Increase urine pH

5. Increase citrate in urine

6. Reduce uric acid in urine

Increase Urine Volume
Drink more!

◦ Goal: ≥2.5 liters urine output
◦ About 3 liters fluid intake/day

Lower Stone Risk Higher Stone Risk

Water Regular Soda

Milk Lemonade/Punch/Other
sugary drinks

Coffee Many fruit juices

Alcohol

May be important for:
ALL types of kidney 
stones
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Reduce Urine Calcium
Reduce dietary sodium

◦ <2300mg/day
◦ ↑sodium = ↓renal reabsorpƟon Na = ↓ renal reabsorpƟon Ca = ↑ Ca 

in urine
◦ Low sodium diet causes reduced urine calcium

Reduce dietary sugar
◦ High sugar = ↑ urine calcium
◦ Insulin mediated

Appropriate protein intake
◦ RDA=0.8g/kg

◦ Up to ~1.2g/kg depending on body size/co-morbidities
◦ Excess protein = ↑ urine calcium

May be important for:
Calcium oxalate
Calcium phosphate

Pearle MS et al.  U Urol. 2014;192:316-324.

Reduce Urine Oxalate
Increase dietary calcium!

◦ Goal - RDA:1000-1200mg/day
◦ Reduce intestinal absorption oxalate
◦ Ensure adequate calcium for bone health

◦ Increased fractures with persistent 
hypercaliuria

◦ Calcium from food (if possible)
◦ Increased hypercaliuria w/ supplements
◦ WITH MEALS

Reduce oxalate precursors
◦ Vitamin C supplements
◦ Large amounts of protein
◦ Added sugar (especially fructose, NOT 

from whole fruit)

May be important for:
Calcium oxalate

Curhan GC. Ann Intern Med. 1997;126(7):497-504.
Pearle MS. Medical Management of Kidney Stones. J Urol. 2015;194:316-324.
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Borghi L. N Engl J Med. 2002;346(2):77-84.

Should we reduce dietary 
oxalate?
No research showing an increased risk of stones with high oxalate 
diet
◦ Dietary oxalate = urine oxalate?

◦ Dietary oxalate accounts for only 10-50% urine excretion

Removes MANY healthy foods (whole grains, nuts, seeds, many 
vegetables, some fruits)
◦ Potential beneficial components such as alkali, magnesium & phytate
◦ Impact on total body health

No definition of a “low oxalate” food or diet
◦ Incredibly difficult to quantify amount oxalate consumed
◦ Majority of information online inaccurate

Crivelli JJ et al. Journal of Clinical Urology. 2020;13(1).
Taylor et al. Oxalate intake and the risk of nephrolithiasis. J Am Soc Nephrol. 2007;18(7):2196-2204.
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Very High Oxalate Foods
Spinach (755mg per ½ cup, cooked)

Almonds (122mg per ¼ cup)

Bran (46mg per 1 cup)

Rhubarb (31mg per ½ cup)

Raspberries (48mg per 1 cup)

Beets (76mg per ½ cup)

Potato, w/ skin (97mg per potato)

Navy beans (76mg per ½ cup, cooked)

Taylor EN. J Am Soc Nephrol. 2009;20(10):2253-2259. 
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Potential Dangers of a Low 
Oxalate Diet

Penniston KL. AUA News. 2022 February;27(2):27-28.

Oxalate Metabolism is Messy

Hyperoxaluria

↑ producƟon?

↑ absorpƟon?
↓ calcium?

Siener R. Kidney International. 2013;83(6):1144-1149.
Knight J. The Role of Bacteria in Urology. Springer International Publishing; 2019:95-102.
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Oxalobacter formigenes
Degrades oxalate in intestine
O. formigenes colonization:

◦ 50-75% decreased prevalence CaOx stones
◦ Lower serum and urine oxalate

Frequent antibiotic use associated with ↓O. formigenes and ↑ urine 
oxalate

Low oxalate & high calcium diets reduce O. formigenes numbers
◦ Impact of current dietary recommendations?

More research to determine if probiotic reduces stone risk
◦ Does seem to reduce urine oxalate 

Siener R. Kidney International. 2013;83(6):1144-1149.
Knight J. The Role of Bacteria in Urology. Springer International Publishing; 2019:95-102.

What to do with hyperoxaluria?
Focus on calcium first! 

Sensible to reduce intake very high oxalate foods with hyperoxaluria
◦ NOT for everyone with calcium oxalate kidney stones
◦ Avoid absolute amount of oxalate to be consumed

Investigate other dietary causes of hyperoxaluria
◦ Vitamin C supplements
◦ Excess protein or added sugar?
◦ Incredibly high doses of very high oxalate foods?

◦ Spinach or almond milk smoothies
◦ Green juices/smoothies
◦ Excess nut butters
◦ Turmeric or cinnamon supplements
◦ “Superfood” powders

Consider vitamin B6 or omega-3 fatty acid supplementation
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Increase urine pH

Fruits & Vegetables 
(ALL!)

Produce alkali/base

Non-Dairy Animal 
Protein

Produces acid

May be important for:
Calcium oxalate
Uric acid
Cystine

Potential Renal Acid Load 
(per standard portion)
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Increase Urine Citrate
Citrate inhibits all types of kidney stones

Low urine citrate can be single-handedly responsible for kidney stone 
formation

ALL fruits & vegetables contain some citrate

Citrus fruits most concentrated
◦ ½ cup lemon juice = 20 mEq potassium citrate

Reduce non-dairy animal protein
◦ Citrate reabsorbed on a higher acid-producing diet

May be important for:
All types of kidney 
stones

Citric Acid

Beverage Citrate (mEq)

1 liter Crystal Light Lemonade 20

½ cup lemon or lime juice 20

1 liter diet lemon-lime soda 8-10

1 packet Moonstone Beverage 25

1 packet Litholyte 10
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Decrease Urine Uric Acid
NOT usually primary cause uric acid kidney stones

◦ Low urine pH primary driver

Reduce animal protein (0.8-1.2g/kg)

Avoid very high uric acid foods
◦ Beer, distilled liquors
◦ Red or processed meats
◦ Seafood
◦ NOT vegetables “high” in uric acid

May be important for:
Uric acid
Calcium oxalate

No Single “Kidney Stone Diet”
MUST personalize nutrition advice based on 24-hour urine test results

Identify “urine risk factor(s)”
◦ Low urine volume
◦ High urine calcium
◦ Low urine pH
◦ High urine oxalate
◦ Low urine citrate
◦ High urine uric acid

Target nutrition interventions to improve these risk factors
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