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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
o Loss of work
> Anxiety, depression

Estimated S5 billion annual economic impact

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

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

Hyams ES, Trans| Androl Urol: 2014;3(3):278-283.
Worcester EM. Calcium Kidnev Stones. New Enaland 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

mMen mWomen =Overall

10

% Prevalence of the U.S. Population
o
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Years

Figure I. Prevalence of kidney stone disease in the last three decades in the USA: NHANES cycles from 1980-2014.

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




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

%.‘ Calcium Types of Kidney Stones
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Kidney Stone Size
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Global Warming & Stone Belt

with permission.

Figure 1|Map of United States with current ‘stone-belt’ or high-risk stone area (risk ratio >1.2) in yellow. Computer model
predicts expansion of stone-belt over time in orange (2050) and in red (2095). Currently, 41% of the population is within a high-risk zone.
Computer model predicts 56% of the population will be in a high-risk zone by 2050 and 70% by 2095. Reprinted from Brikowski et al*

Expansion of stone-belt
over time
[ 2000
[ 2050
[ 2095

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

Stones?

Who is at Increased Risk of

Medical Conditions
o ldiopathic hypercalciuria
> Primary hyperparathyroidism
° Inflammatory bowel diseases, short
gut syndrome
° Bariatric surgery (increased oxalate
absorption)
o 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)

o

Scales, Jr., et al. Eur Urol. 2012 July ; 62(1): 160-165

Worcester et al., Prim Care, 2008: 35(2):369-vii.

Males
Caucasian (3x)
High BMI
Poor Diet!
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Bariatric Surgery, Risk of
Stones & CKD

50 -~~~ Malabsorptive Hazard Ratios:
3 —.— RYGB * Malabsorptive: 4.15
s 40 Gontral * RYGB:2.13
3 ~— Restrictive * No difference in restrictive
s surgery
B 30
z

Years after surgery/index date

No. at risk
Malabsorptive 101 Lid 58 a7 36 27
RYGE 563 502 408 23 208 1]
Conirol 726 673 572 418 282 135
Reatrictiva 55 54 36 18 (] ]

Figure 1|Risk of new-onset nephrolithiasis after bariatric
surgery. The risk of incident stones was greater after Roux-en-Y
gastric bypass (RYGB) or malabsorptive bariatric procedures,
compared with that in matched obese controls (P<0.001 overall).
Patients with restrictive procedures were not at increased risk.

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

Physiology of High Oxalate Absorption After

Gastric Bypass
Intesti:aa\

Calcium

Fatis not ‘__’ Fat binds to unavailable -__’ nglhlir
absorbed calcium a to bind i .e
absorption
oxalate

3/4/2022



Goal of Prevention:
Reduce Urine Saturation of Minerals!
Ox
Ca
Ca Ca
Ca Ca Ox
Ca Ca Ox
Ca Ca Ca Ca
Ca Ca
Ox Ox Ox o - Ox
Ca Ca ca Ca ca
Ca Ca
Ox ox Ca Ox Ca Ox
Ox (3 Ox
Ox
High saturation Low saturation
Increased risk stones Decreased risk stones

Step 1: Figure out what is “off”
in urine chemistry

Low urine volume Too much
. . urine calcium
ik Hypercalicuria —— Not enough
Hyperoxaluria urine urine citrate

Abnormal urine pH
o Low pH: risk of calcium oxalate, uric
acid, cysteine stones

° High pH: risk of calcium phosphate Too much
Hypocitraturia Too much urine oxalate

urine uric acid High or low

Excess uric acid urine pH
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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: <4 Goal: 30-40mg(ish) Goal: <4 Goal: <1
Stone Risk Factors / Cys!Screening: N&ive (04/20/20‘ ;
DATE samplep Vol24  SSCaOx Ca24 Ox24  Cit24  SSCaP pH SSUA UA 24

*
03/02/20 $26101135 265 33T 59 93 462 0.30 7.078 o006 0.728

Tfr 1+ 1t L) 1

Goal: 22.5L Goal: <200mg  Goal: >500- Goal: 5.8.6.2 Goal: 0.6-0.8¢
700mg

Dietary Factors

pate sampieip Na 24 K24 Mg 24 P24 Nnh4 24 ci24 Sul24 UUN24 PCR

03/02/20 s26e101135 207 89 135 0.499 19 205 32 9.05 13

1 A

Goal: ~100mEq Protein Intake (g): Goal: 0.8-1.2g/kg
Sodium (mg) = mEq x 23 [(Kg x 0.031) + UUN] * 6.25
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What Can Nutrition Do?

1. Increase urine volume
Reduce calcium in urine
Reduce oxalate in urine
Increase urine pH

Increase citrate in urine

o vk~ w N

Reduce uric acid in urine

Increase Urine Volume

Low Fluid Intake

Drink more!
> Goal: 22.5 liters urine output
> About 3 liters fluid intake/day

Lower Stone Risk Higher Stone Risk

Water Regular Soda
Milk Lemonade/Punch/Other o smouno
sugary drinks
Coffee Many fruit juices }
Alcohol

1 kidney stones

@the.kidney.dietitian

Fluid Intake of 3+
Liters per Day

High amount of
urine

@ o

o iess concentrated

('L E o and less likely to
“ crystallize and
form stones

. Particlesin urine

l kidney stones
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Reduce Urine Calcium

Reduce dietary sodium
° <2300mg/day
> Psodium =  renal reabsorption Na = |, renal reabsorption Ca = I Ca
in urine
> Low sodium diet causes reduced urine calcium

Reduce dietary sugar
> High sugar = I urine calcium
° Insulin mediated

Appropriate protein intake
> RDA=0.8g/kg
> Up to ~1.2g/kg depending on body size/co-morbidities
> Excess protein = P urine calcium

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

Reduce Urine Oxalate

Increase dietary calcium! High Oxalate High Oxalate Meal
° Goal - RDA:1000-1200mg/day il + Dairy
> Reduce intestinal absorption oxalate ' j
. +|
° Ensure adequate calcium for bone health ' ®
o Increased fractures with persistent p— Enough Clcam
hypercaliuria Sk gt iones

oxalate and
oxalate s not.
absorbed

)

Oxalate is

> Calcium from food (if possible)
° Increased hypercaliuria w/ supplements e
° WITH MEALS

Oxalate is
excreted in stool

Reduce oxalate precursors Wigher oxatateIn
° Vitamin C supplements
> Large amounts of protein

> Added sugar (especially fructose, NOT
from whole fruit)

l kidney stones

' Kidney:stones l Osteoporosis & weak bones

@the kidney.dietitian

Curhan GC. Ann Intern Med. 1997;126(7):497-504.

Pearle MS. Medical Management of Kidney Stones. J Urol. 2015;194:316-324.

11



3/4/2022

50
40 i
9 i
g - i
1
5 8 301 il B
£ i
el Low calcium ==
2 ==
58 201 -
S joEsed m ;
Ew Normal calcium, low protein,
Bl low salt
© 104
0 T T T T T T T T T 1
0 6 12 18 24 30 36 42 48 54 60
Month
No. AT Risk
Low calcium 60 59 51 49 46 44 42 39 33 31 28
Normal calcium, 60 57 53 47 46 45 44 43 M 40 40
low protein,
low salt
Figure 2. Kaplan-Meier Estimates of the Cumulative Incidence of Recurrent Stones, According to the
Assigned Diet.
The relative risk of a recurrence in the group assigned to the normal-calcium, low-protein, low-salt diet,
as compared with the group assigned to the low-calcium diet, was 0.49 (95 percent confidence inter-
val, 0.24 to 0.98; P=0.04).

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
o 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. ] Am Soc Nephrol. 2007;18(7):2196-2204.
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Very High Oxalate Foods

Spinach (755mg per % cup, cooked)
Almonds (122mg per % cup)

Bran (46mg per 1 cup)

Rhubarb (31mg per % cup)
Raspberries (48mg per 1 cup)

Beets (76mg per % cup)

Potato, w/ skin (97mg per potato)
Navy beans (76mg per % cup, cooked)

Taylor EN. J Am Soc Nephrol. 2009;20(10):2253-2259.

Table 4. Quintiles of DASH score and the relative risk of incident kidney stones in men (Health Professionals Follow-up
Study), older women (Nurses’ Health Study 1), and younger women (Nurses' Health Study 1I)®
DASH Score Quintiles
Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 P for Trend
HPFS
Median DASH score 16 21 24 27 3
Cases of new stones 445 414 370 260 224
Person-years 113,406 123,848 127 562 110,087 112,924
Age-adjusted RR 10 089 0.79 084 0.57 =0.001
95% Cl (Ref) 0.78 to 1.02) (0.68 to 0.90) 0.56 0 0.77) (0.49 to 0.68)
Muitivariate RR® 1.0 089 0.77 064 0.55 =0.001
95% Cl (Ref) 0.77 o 1.07) (0.67 to 0.B9) (0.54 1o 0.74) (0.46 to 0.65)
NHS |
Median DASH score 17 21 24 27 N
Cases of new stones 452 37z 354 259 238
Person-years 243,851 248,556 279,617 244 572 252,017
Age-adjusted RR 1.0 089 0.74 064 0.58 =0.001
95% Cl (Ref) 0.77 10 1.02) (0.64 10 0.87) (0.55 o 0.74) 049 to 0.67)
Multivariate RR® 1.0 089 0.74 064 0.58 =0.001
95% Cl (Ref) 0.77 10 1.02) (0.65 w0 0.87) (054 o 0.74) 049 to 0.68)
NHS If
Median DASH score 17 21 24 27 N
Cases of new stones 581 547 a1 414 300
Person-years 229,342 244 892 221,988 233,327 217,330
Age-adjusted RR 1.0 088 0.73 o 0.55 =0.001
95% Cl (Ref) {0.79 to 0.99) (0.65 o0 083) {0.62 1o 0.80) 048 to 0.63}
Multivariate RR® 1.0 092 0.77 075 0.60 <0.001
95% Cl (Ref) (0.81 to 1.03) (0.68 to 0.B8) (0.66 to 0.86) {0.52 to 0.70}
“For illustrative purposes, median DASH scores in HPFS, NHS |, and NHS 1l are from 1990, 1990, and 1991. However, updated period-specific DASH scores
were used in the prospective analyses.
EMultivariate model includes age, body mass index, total eneray intzke, use of thiazide diuretics (yes or naj, fluid intake {quintiles), caffeine (quintiles), alcohal
use [seven categories), history of hypertension, and history of dizbetes.

3/4/2022
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Potential Dangers of a Low
Oxalate Diet

Table 2. Potential side effects of a low oxalate diet

Maost all fruits and vegetables Lower intake of bicarbonate Calcium (all types), Lower urine citrate, lower
|precursors uric acid urine pH

Leafy green vegetables, beans, nuts, Lower magnesium intake Calcium oxalate Lower urine magnesium

seeds, whole grains, chocolate

Whole grains, nuts, seeds, Lower consumption of prebiotics Calcium oxalate Higher urine oxalate due to lower

some fruits and vegetables from fiber axalate degrading capacity of gut

microbes
Nuts, seeds, tubers, some whole grains Lower phytate intake Calcium (ail types) Lower urine phytate

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

Oxalate Metabolism is Messy

absorption?

(Ui calcium?

Hyperoxaluria

Figure 3: Mechanisms of normal oxalate hofeosgasis

V

Siener R. Kidney International. 2013;83(6):1144-1149.

Knight J. The Role of Bacteria in Urology. Springer International Publishing; 2019:95-102.

3/4/2022
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Oxalobacter formigenes

Degrades oxalate in intestine

O. formigenes colonization:
° 50-75% decreased prevalence CaOx stones
> Lower serum and urine oxalate

Fre u?nt antibiotic use associated with | O. formigenes and 1 urine
OXxalate

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

15



Increase urine pH

Fruits & Vegetables
(ALLY)
Produce alkali/base

] o
| Non-Dairy Animal
{

Protein
Produces acid

/

Potential Renal Acid Load

(per standard portion)

20

-10

Beef

Chicken

Cod

Black Beans

Proteins

Lentils

Walnuts

Whole Grain Bread

White Bread
Brown Rice

Grains

Quinoa

2% milk

Low Fat Plain Yogurt

Dairy

Cheddar Cheese

Olive oil
Unsalted butter

Fats

Broccoli

Green Beans
Tomatoes

Vegetables

Carrots

Banana

Peaches
Blueberries

Fruits

Pineapple

3/4/2022
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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
° % cup lemon juice = 20 mEq potassium citrate

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

THIS PRODUCT § CALORIES: LEADING BEVERAGES 70 CALORIES

Nutrition Facts
Serving Size 2/5 packet (2q) (makes 8 fl 0z)

Citric Acid S —

Calories 5

% Daily Value*
Total Fat Og 0%

> Sodium 35mg 1%

. . Sugars 0g
1 liter Crystal Light Lemonade 20 Protein 0g

% cup lemon or lime juice 20 Tt o oo, Dty Hoe VBt A Vi &

Calcium, and Iron.
1 liter diet lemon-lime soda 8-10 et iy VL ok b e O e

Ilﬂlimilllﬁ CITRIC Aﬁi[l% OTASSIUM CITRAT %}UDIUM
CITRATE, AS| - DEXTRIN,

CONTAINS LESS THAN 2% OF NATURAL FLAVOR, ACESULFAVE
e 25 POTASIN SOY LEGTIN, ANTFOAL OLDR TELLOW &
BHA (PRESERVES FRESHNESS).
1 packet Litholyte 10 IPHENYLKETONURICS: CONTAINS PHENYLALANINE
CONTAINS: S0Y.

DISTRIBUTED BY KRAFT FOODS GROUP, INC.
NORTHFIELD, IL 60093-2753 USA

Gy

NO CAFFEINE = LOW S0DIUM
GLUTEN FREE
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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

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

3/4/2022
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