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Epidemiology: Nephrolithiasis

Nephrolithiasis affects nearly 11% of men
and 7% of women in the United States

National Health and Nutrition Examination
Survey (NHANES)

— NHANES Il (1976-1980): 3.8%
— NHANES Il (1988-1994): 5.2%
— NHANES (2007-2010): 8.8%

Men>Women
Caucasians>African Americans




Epidemiology: Nephrolithiasis
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Epidemiology: Obesity
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— Obesity Trends™ Among U.S. Adults
BRFSS, 1985

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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— Obesity Trends™ Among U.S. Adults
BRFSS, 1986

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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Obesity Trends™ Among U.S. Adults
BRFSS, 1987

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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Obesity Trends™ Among U.S. Adults
BRFSS, 1988

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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Obesity Trends™ Among U.S. Adults
BRFSS, 1989

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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Obesity Trends™ Among U.S. Adults
BRFSS, 1990

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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Obesity Trends™ Among U.S. Adults
BRFSS, 1991

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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Obesity Trends™ Among U.S. Adults
BRFSS, 1992

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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Obesity Trends™ Among U.S. Adults
BRFSS, 1993

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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Obesity Trends™ Among U.S. Adults
BRFSS, 1994

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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Obesity Trends™ Among U.S. Adults
BRFSS, 1995

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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Obesity Trends™ Among U.S. Adults
BRFSS, 1996

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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Obesity Trends™ Among U.S. Adults
BRFSS, 1997

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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Obesity Trends™ Among U.S. Adults
BRFSS, 1998

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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Obesity Trends™ Among U.S. Adults
BRFSS, 1999

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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Obesity Trends™ Among U.S. Adults
BRFSS, 2000

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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Obesity Trends™ Among U.S. Adults
BRFSS, 2001

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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Obesity Trends* Among U.S. Adults
BRFSS, 2002

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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Obesity Trends™ Among U.S. Adults
BRFSS, 2003

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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— Obesity Trends™ Among U.S. Adults
BRFSS, 2004

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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Obesity Trends™ Among U.S. Adults
BRFSS, 2005

(*BMI =30, or ~ 30 Ibs overweight for 5’ 4” person)
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Self-reported Obesity Prevalence by
US State and Territory, BRFSS, 201 6.
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Obesity and Stone Disease

RR with BMI>30

 Relative Risk for BMI>30
versus BMI 21-22.9

— HPFS RR 1.33
— NHS IRR 1.90
— NHS Il RR 2.09

Taylor et al. JAMA, 293:455, 2005. o, _

HPFS
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Waist Circumference and Stone Disease

<34 INCHES 34-36 INCHES 37-39 INCHES 40-43 INCHES >43 INCHES

® NHS1 = NHS2 mHPFS
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Body Weight and Stone Disease

Relative Risk of Nephrolithiasis*

2 -

1.5+

Maalouf, Semin Nephrol, 2008.

HPFS NHS | NHS |
Body Weight (lbs) []<150  [IJ 150-169 Il 170-189 Il 190-220 H >220
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Diabetes and Stone Disease

RR with Diabetes

NHS1 NHS2 HPFS
LM 15 MA AT BIRMINGHAM

Taylor et al. Kidney International, 68:1230, 2005 e



Hypertension and Stone Disease

OR Hypertension in those with Kidney Stone

NHS 1 HPFS

Madore et al. American Journal of Kidney Diseases, 32:802,1998. L S A A R vinGHAM
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Madore et al. American Journal of Hypertension, 11:46, 1998.
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CARTIA Study: Carotid Artery Atherosclerosis and Stone Disease

° CARTIA Observatlonal StUdy OR of Carotid Atherosclerosis in Kidney Stone Patients
* 5,115 ages 18-30 years

* Follow-up at 2, 5, 7,10,15 and 20
years N

« Carotid artery IMT (B mode

ultrasound)

* 3.9 % reported kidney stone at 20
years

THE UNIVERSITY OF

Reiner et al. Journal of Urology, 185:920, 2011. u‘Bme.edget,ﬁ:ﬁﬁ:’:.?:;“;;f,‘i’;’!};"e”"”



Myocardial Infarction and Stone Disease

Olmsted County Minnesota

4564 stone formers matched to
10,860 controls

Mean follow-up 9 years

Adjustment for other medical
co-morbidities

Rule et al. JASN, 21:1641,2010.

5 1 —— Stone formers
------- Controls

Cumulative
incidence (%)

0 3 6 9 12 15 18

Incidence Years

(no. at risk)

Controls 0 (10,860) 0.8 (6,689) 2(3,184) 4.2 (1,010)
Stone formers 0 (4,564) 1.3 (2,686) 3(1,276) 5.2 (404)
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Metabolic Syndrome

e Definition:
— Contains at least 3 of the 5 conditions
« Central (abdominal obesity)

Elevated Blood Pressure

Elevated Fasting Plasma Glucose

High Serum Triglycerides

Low high density lipoprotein (HDL) levels
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Metabolic Syndrome and Stone Disease

 NHANES Il

Self reported stone risk 2x higher in those
with metabolic syndrome

Correlates with number of factors

O factors: 3.7%
3 factors: 7.5%
5 factors: 9.8%

West et al.

100
mg

by the Numbers
Fasting blood sugar level

of 100mg/dL or higher
is a metabolic risk factor

Affects

40%

of people over
60 years old

Large waist circumference that's
at least 40 inches for men and
35 inches for women is visible
sign of metabolic syndrome

Combines at least 3 of the
following issues: abdominal
obesity, high blood sugar, high
triglyceride levels, high bloo d
pressure or low HDL ("good”,
cholesterol

000

A loss of just 3 /0—5%

of your current body weight
can lower your risk for
metabolic syndrome

3 5"

40"

Blood p

About 85% of people who

have type 2 diabetes also 130/85 mmHg

have metabolic syndrome or higher is a metabolic risk facto

[ ]

HDL cholesterol level of less d Triglyceride level of
than 50 mg/dL for women and 40 mg/dL 150 mgld[_
less than 40 mg/dL formenis A
a risk factor for metabolic 50 mg/dL fighei ridk factor
syndrome ‘m

AJKD, 51:741, 2008.
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Obesity and Stone Composition

« Most associate uric acid

stone with obesity Ner-DIY Wi DM

: . : = 100y ¢ Y ¥ !
« Still calcium oxalate in most 2
common § R
B
S 4D
:E EI]:
g

=26 262948 =230 2 282mE =1

BMI (kgim’)

Maalouf, Semin Nephrol, 2008.
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Obesity and Stone Composition

« Most associate uric acid

stone with obesity Ner-DIY Wi DM

: . : = 100y ¢ Y ¥ !
« Still calcium oxalate in most 2
common § R
B
S 4D
:E EI]:
g

=26 262948 =230 2 282mE =1

BMI (kgim’)

Maalouf, Semin Nephrol, 2008.
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Urinary Oxalate Excretion and Obesity

Positive corre
Positive corre
Positive corre

ation wit
ation wit
ation wit

N body weight

N body surface area

N obesity

Positive correlation with BMI

Lemann et al. Kidney International, 49:200, 1996.

Taylor et al.
Eisner et al.

American Journal of Kidney Disease, 48:905,2006.

Urology, 75:1289,2010.

Perinpam et al. Urology, 86:690, 2015.
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Obesity and 24 Hour Urine

- V¥ Citrate Excretion s

« ¥ Urine pH §§

* A Oxalate Excretion o

e A Uric acid ol -
()

Calcium Excretion

Erkero et al. Journal of Urology, 17:159, 2004.
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Obesity and 24 Hour Urine

350
300 jg:
Calcium 351
mg per 24 fgg Oxalate gg
hours mg per 24 5 |
100- hours 15
50+ 10
0- el
0_

(7 800-
700

600 -

Uric acid 500-
mg per 24 400
hours 300"
200+

1001

0_

Ekeruo et al. Journal of Urology, 172, 159, 2004. N,
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Interventions: Guideline Statement

* Clinicians should recommend to all stone formers a fluid intake
that will achieve a urine volume of at least 2.5 liters dalily.
(Standard; Evidence strength: Grade B.)

-~ PERCENTAGE DEVELOPING SECOND STONE

'Maan interval of recurrence

e
e

Borghi et al. J Urol 1996
Mar; 155(3): 839-843

@
" FOLLOW-UP INTERVAL (years)
m "
0 1 2 3 4 I

GROUP 1 :38.7+13.2 MONTHS _

(n=12) ' p=0016 LMD S eAVA AT BIRMINGHAM
GROUP 2 :25.1+16.4 MONTHS Knowledge that will change your world

(n=27) '



Intervention: Fluid Intake

Relative Risk of Stone

E ml 1412>
E ml 1412-1784
B ml 1785-2138
E ml 2139-2592
[0 ml 2592<

Curhan et al. Annals of Internal Medicine,
126:497, 1997 (NHS |)
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B

Intervention: Guideline Statement

 Clinicians should counsel patients with calcium stones and
relatively high urinary calcium excretion to limit sodium intake
and consume 1000-1200 mgq of dietary calcium per day.
(Standard; Evidence Strength: Grade B)
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Intervention: Limit Salt, Normal Calcium

* |Increased salt, increases urinary calcium
and decreases urinary citrate

Sakhaee et al. Journal of Urology, 1560:310,1993

« WHI observational study, sodium intake
divided into quintiles

* Risk increased 61% in highest quintile

Sorensen et al. Journal of Urology,187:1645, 2012.

$

-
o
A

(%)

Cumulative Incidence
of Recurrence

NO. AT Resx

Low calcium
Normal calcium,
low proten,

low salt

w
o
i

N
o
I

101

0

60

60 57

L] L T L Ll Ll T L] Ll 1
6 12 18 24 30 36 42 48 54 60
Month

59 51 49 48 44 42 39 33 N 28
53 47 46 45 44 43 a1 40 40

Borghi et al. NEJM; 346: 77, 2002.
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Intervention: Guideline Statement

 Clinicians should counsel patients with calcium oxalate stones
and relatively high urinary oxalate to limit intake of oxalate-rich
foods and maintain normal calcium consumption (expert opinion)
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Vitamin C and Stone Disease

« 1-2 grams per day to CaOx
stoneformers

 |ncreases oxalate excretion 33-61%

* |ncreases risk of stone formation
with >1 gram per day

Kidney International, 63:1066, 2003.
Journal of Urology, 170:397, 2003.
J Am Soc Nephrol, 15:3225-3232, 2004.
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Intervention: Guideline Statement

 Clinicians should encourage patients with calcium stones and
relatively low urinary citrate to increase their intake of fruits and
vegetables and limit non-dairy animal protein (expert opinion).
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https://www.uab.edu/medicine/kidneystone/

200+
2
- .
R 2 150+
2 oo
a K ~
£ § 100 22 S % R=0.245, P<0.0001
S o LN o *
= ’. b4
32 s
' L
=T
N
0 L | v .
0 20 40 60 80

Work at UAB/NORC

Body Mass Index

589 individuals
Multivariate Analysis: HTN, DM2, BMI,
Fatty liver, Race, Sex, Age

Males excreted more oxalate (Ox)
(p=0.0010)

African Americans had less Ox excretion
(p=0.0074)

Diabetes was associated with more Ox
excretion (p<.0001)

BMI and Ox excretion (p=0.0177)
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Sources of Urinary Oxalate

* Diet
 Endogenous synthesis
* Non-enzymatic breakdown of vitamin C
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Endogenous Oxalate Synthesis

i - T B e ™
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— Animal Studies

* Normal mice were fed a purified diet ultra-low in oxalate and

high in fat for 12 weeks

* The control cohort received a normal chow diet

e Ultra low oxalate diet negates the contribution of diet to the
urinary oxalate pool thus allowing assessment of endogenous

oxalate synthesis
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— Animal Studies

ng
4 week 10 week 12 week
Diet Induced Obesit Urinary Oxalate 29.6 36.1 40.3
iet Induce esi
Y'I" Urinary Glycolate 39.2 58.4 65.9
Urinary Oxalate 29.97 82.55 28.81
Control -
Urinary Glycolate 44.15 42.12 39.19
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Animal Studies

° L t-test- P= 00485
© =

T 2.04

2
'J-EJ & 1.51 ®

=

g ‘ -

&  1.04

i =

=

£ 0.5- —:L

N

U-D L| L}
Normal fat High fat
(17% calories) (45% calories)
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Animal Studies

R M \ -

GO GR LDH
Glyoxylale €= Clycolate Glycolate €= Glyoxylale =———=p Oxalate

Peroxisome I ‘
_____________ 7 Cytoplasm

Wild type (WT) controls (n=6), HFF (n=6) were fed a diet ultra-low in oxalate. Liver tissue was
harvested after 12 weeks of feeding. Western blot analysis was performed to assess protein
expression of alanine glyoxylate aminotransferase (AGT) and glyoxylate reductase (GR). Mass
spectrometry was used for protein measurements in the liver sample.
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Animal Studies

R M \ -

GO GR LDH
Glyoxylale €= Clycolate Glycolate €= Glyoxylale =———=p Oxalate

Peroxisome I ‘
_____________ 7 Cytoplasm

WESTERN: Decreases in AGT (p=0.08) WESTERN: Increases in GR (p<0.001)
expression in HFF PROTEOMICS: Increases in GR (1.5 fold,
PROTEOMICS: Decreases in AGT (2.2 fold, p=0.004).

p=0.004)
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Human Studies

* 41 healthy subjects, 18-65 years old

 Tightly controlled diet for 3 days

* 16% protein, 30 % fat, 54% carbohydrate

+ 30 mg oxalate, 1000 mg calcium

* No vitamin C or calcium supplements

« Collected 24 hour urine samples on days 2 and 3
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Methods

« Urinary glycolate and oxalate

 Measured with ion chromatography coupled with mass
spectroscopy
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24-hour urinary oxalate
(mg)
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Urinary Oxalate

(mg)

n
o
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36% higher, P=0.011
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24-hr Urine Oxalate

(mg)

) P=0.001
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O | | |
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MRI

« 13 individuals had MRI of abdomen to assess for presence of fatty
liver and quantification of pancreatic fat, subcutaneous fat, and
visceral fat.

— % fatty liver was trending with increased urinary oxalate (p=0.146), on
unpaired t test fatty liver diagnosis had significantly higher urinary oxalate

(p=0.0119)

— Subcutaneous fat amounts were trending with increased urinary oxalate
excretion (p=0.07)

— % fatty liver was correlated to increased urinary glycolate excretion
(p=0.047)
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H-C-OH

HO-C-H
CH3OH

Ascorbic Acid

oxidative pathway
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Change with time of the mole percent enrichment of the plasma Vit C
pool with 13C-Vit C (e) and urinary oxalate pool with 3C,-oxalate (m)
following a single oral dose of 50 mg "3C4-Vit C (98%; Cambridge
Isotopes ). Data expressed as mean = SD, 2 subjects. The contribution
of Vit C breakdown to urinary oxalate, calculated by dividing urinary
oxalate mole percent enrichment by the matching plasma Vit C mole
percent enrichment, was 45 + 6 %.
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Conclusion

* Obesity is associated with increased endogenous oxalate
synthesis

 The mechanisms for this increased oxalate production need to be
defined

* |Increased glycolate production or glycolate transport may play a
role

* |nsulin Resistance may play a role
« Ascorbic Acid may be a source of oxalate
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Future Studies

Carbon-13 labelled precursors (C13 Glycolate and AA)
MRI with fat distributions

* Animal work to understand enzymatic changes

Weight loss interventions

Various diets

Insulin Resistance, Glucose Tolerance
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 Will now discuss: Uric Acid
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