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OBJECTIVE To account for variations in dietary oxalate content in resources available to hyperoxaluric pa-
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tients. Our objective is to examine the heterogeneity of the oxalate content reported across
various Web-based sources and smartphone applications.
METHODS A search of “oxalate content of food” was performed using the Google search engine. Smartphone

applications were identified by their ability to assess oxalate content. Oxalate contents were
obtained, and common foods were selected for comparison. Food groups were compared to better
understand how patients are guided when using these references to manipulate their diet.
RESULTS Thirteen sources were identified, and 8 sources (6 Web sites and 2 applications) were used to

construct figures for comparison of commonly listed foods. Oxalate content was extremely vari-
able between various sources. Fruits with the widest observed range of oxalate included oranges
(2.07-10.64 mg/100 g) and bananas (0-9.9 mg/100 g). Among vegetables, the oxalate contents of
spinach (364.44-1145 mg/100 g), rhubarb (511-983.61 mg/100 g), and beets (36.9-794.12 mg/
100 g) were most variable. Among nuts, the oxalate content of peanuts ranged from 64.57 to
348.58 mg/100 g, and pecans ranged from 4.08 to 404.08 mg/100 g.
CONCLUSION Wide variations exist in the reported oxalate content of foods across several Web-based sources

and smartphone applications, several of which are substantial and can have a sizable impact on
the construction of a low oxalate diet. As dietary counseling has proven benefits, patients and
caregivers should be aware of the heterogeneity that exists in the reported oxalate content of
foods. UROLOGY 84: 555e560, 2014. � 2014 Elsevier Inc.
s the most common type of kidney stone, the
occurrence of calcium oxalate stones are in
Apart attributable to urinary oxalate content.1

Because the urine concentration of oxalate is much
lower than that of calcium, the crystallization of
calcium oxalate is far more sensitive to changes in
oxalate concentration than that of calcium.2 Liver
synthesis and the absorption of dietary calcium are
primarily responsible for the oxalate found in urine, and
because dietary oxalate can account for 10%-45% of
oxalate found in urine,2,3 reduction in oxalate intake is
a common preventive strategy for calcium oxalate stone
formers.

With an increasing number of patients using Internet-
based medical resources, many reference sites are avail-
able for people interested in adjusting their oxalate
consumption. Stone formers adhering to a low oxalate
diet may be confused by the inconsistency in oxalate
values for a single food across Web sites. This is also
a challenge for health-care professionals as oxalate
levels can vary based on analytical techniques, cultivar
biological variations, time of harvest, and growing
conditions.4
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Because no gold standard oxalate reference database
exists, large variations in the reported oxalate contents
could impact the counseling and subsequent compliance
of hyperoxaluric patients. Therefore, our objective is to
examine the heterogeneity of the oxalate content of foods
reported across various Web-based sources and smart-
phone applications. Food groups were compared to better
understand how patients are guided when using these
references to manipulate their diet.

METHODS

Recent reports suggest that 77% individuals seeking online
health advice start at search engines.5 Simulating patients
searching the Internet for information regarding a low oxalate
diet, a Web search of “oxalate content of food” was conducted
using the Google search engine, yielding 9 Web sites. Dupli-
cations were excluded from further analysis. Similarly, a search
of applications for the iPhone or iPad was conducted and ap-
plications displaying or calculating the oxalate content of foods
were purchased and downloaded.
Oxalate contents were obtained from each source, and foods

that were common to most sources were selected for compari-
son. All foods were converted to milligrams of oxalate per 100 g
of food, so that oxalate measurements could be compared across
all sources. Some sources reported a range of oxalate values for a
food item. When ranges of oxalate content were identified,
ensuring the most conservative diet was followed, the highest
value of the stated range was used. Descriptive statistics were
used to compare the oxalate values of foods across the identified
sources.
ttp://dx.doi.org/10.1016/j.urology.2014.03.053
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Figure 1. Oxalate content of fruits (mg/100 g).
RESULTS
A total of 13 sources were identified: 10 Web sites and 3
smartphone applications. One site, “Women’s Wellness
Place,” contained a chart identical to the chart found in
“Northwoods Urology” and was excluded from the study.
The smartphone application search yielded 3 applications;
one application, “iOxalate,” identified foods as either
“high,” “medium,” or “low” in oxalate content and gave no
measured value, and was excluded from the study. A fitness
and nutrition group requiring a free subscription, “Trying
Low Oxalates,” was found and provided subscribers with
diet advice and a comprehensive list of foods and oxalate
values. Of the remaining 11 sources available for analysis
(9 Web sites and 2 applications) listed in Appendix 1, 8
sources (6 Web sites and 2 applications) were used to
construct figures for comparison because of the common-
alities in foods between them.

Most Web sites used milligrams of oxalate per 100 g of
food source as a common unit. The measured oxalate
found in Harvard’s Web site, the “Trying Low Oxalates”
group, and the “Oxalater” application reported values in
milligrams per serving of food, and required conversion to
mg/100 g, necessitating reference to establish the con-
version of milligrams of oxalate content in a “serving” to
mg/100 g. “Trying Low Oxalates” provided users with the
weight (in grams) of common serving sizes of foods and
was used as the reference for conversions.

Four dietary groups (fruits, Fig. 1; vegetables, Fig. 2;
nuts, Fig. 3; dairy and grain, Fig. 4) were compared across
8 sources. Oxalate content was found to be heterogeneous
across virtually all food items compared between sources.
Among fruits with the widest observed range of oxalate,
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the oxalate content of oranges ranged from 2.07 to
10.64 mg/100 g, and the oxalate content of bananas
ranged from 0 to 9.9 mg/100 g. Among vegetables, the
oxalate content of spinach ranged from 364.44 to
1145 mg/100 g, that of rhubarb ranged from 511 to
983.61 mg/100 g, and that of beets ranged from 36.9 to
794.12 mg/100 g. Among nuts, the content of peanuts
ranged from 64.57 to 348.58 mg/100 g and pecans ranged
from 4.08 to 404.08 mg/100 g. The oxalate content of
milk and rice were low (<10 mg/100 g); however, values
were also found to be inconsistent.

COMMENT
Dietary oxalate reduction is a common practice in the
management of hyperoxaluric stone formers. After
reviewing several online sources and smartphone appli-
cations, the heterogeneity in dietary oxalate content was
found to vary widely among certain foods. Some foods
such as spinach, rhubarb, and peanuts are consistently
identified as having high levels of oxalate and are easily
identified by users as the ones to be avoided. However,
finding variable oxalate measurements of many other
foods and knowing what foods can be included in a low
oxalate diet can make proper diet modification
challenging.

One of the challenges faced with dietary counseling is
that individual foods, preparation techniques, and testing
methods can impact oxalate content. Oxalate quantifi-
cation has been prone to errors in both extraction and
measurements. Existing in soluble (potassium oxalate)
and insoluble (calcium oxalate and magnesium oxalate)
forms can affect both laboratory processing and gut
UROLOGY 84 (3), 2014



Figure 2. Oxalate content of vegetables (mg/100 g).

Figure 3. Oxalate content of nuts, sweets, and spreads (mg/100 g).
absorption. Acid extractions (used for colorimetric and
gas chromatography) may increase the amount of oxalate
measured depending on the acid preparation used.6

Atomic absorption used for oxalate quantification from
precipitated calcium results in unknown losses of oxa-
late.4 Contemporary food assays now rely predominantly
on ion chromatography and capillary electrophoresis1,7

and have been determined accurate and reproducible in
estimating oxalate content.8-10 At the time of review, no
UROLOGY 84 (3), 2014
sources were found to document which analytic methods
were used.

Despite the accuracy with which oxalate is measured,
features intrinsic to foods contribute to its variability.
Several factors related to plant type and growing condi-
tions influence the oxalate content of plant foods. The
oxalate content in apples, for instance, varies depending
on the length of the growing season, harvesting practices,
and the variety of apple. The developmental stage of
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Figure 4. Oxalate content of dairy and grain (mg/100 g).
vegetables (ie, green vs red bell peppers), soil chemistry
and moisture, fertilization, and plant part are all consid-
erable factors impacting the oxalate content of many
grown foods.11 The oxalate content of spinach has also
been shown to have a distinct seasonal variation, being
the lowest in the fall, followed by summer, spring, and
highest in the winter and showed a strong positive cor-
relation with days required for harvest.12 Furthermore,
fast-growing cultivars contained lower oxalate compared
with slow-growing cultivars. Food processing and prepa-
ration also introduces a degree of variability in the
measured oxalate content of foods. Oxalate is extracted
from plants that are soaked, and boiling vegetables has
been found to decrease oxalate content by 30%-87%.13

In addition to the amount of oxalate in one’s diet,
absorption also plays an integral role in how much is
finally excreted. Absorbed throughout the gastrointestinal
(GI) tract, up to 90% of absorbed oxalate is excreted
within 12 hour of consumption.3 However, how much is
absorbed depends on the form, as soluble potassium ox-
alate is readily absorbed whereas less absorbable calcium
and magnesium oxalate may pass through the GI tract
with minor effects on serum levels.13 The amount avail-
able for absorption may also be reduced by having healthy
levels of Oxalaobacter, as noncolonized patients have been
identified as having higher levels of oxalate in their
urine.14 Concomitant calcium ingestion at the time of
oxalate consumption also reduces soluble oxalate content
by binding oxalate, forming nonabsorbable salts which
pass through the GI tract instead of into the blood stream.

Because the degree to which these factors exert influ-
ence on the oxalate content of foods is largely unknown,
comparing several sources may help guide those aiming to
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maintain a diet low in oxalate. The Academy of Nutri-
tion and Dietetics’ Nutrition Care Manual recommends
oxalate to be restricted to <40-50 mg/day, which is
simplified by avoiding foods highest in oxalate as the first
step in dieting.15 When these foods are eliminated,
maintaining a diet with foods that are only low or mod-
erate in oxalate content may help reduce oxalate con-
sumption for stone patients.15

A retrospective review of dietary counseling has shown a
55.5% decrease in urinary oxalate in patients counseled
during clinic visits.16 Likewise, recurrent stone formation
was significantly decreased in hyperoxaluric patients,17 and
the supersaturation of calcium oxalate, and thus the risk of
formation of new stones was found to be decreased in up to
80% of patients after dietary counseling.18

As access to information improves, more people are
turning to the Web for medical and nutritional advice.
Between 1996 and 2003, a 12-fold increase in MED-
LINE citations for “Web-based therapies” was
observed,19 and currently, 72% of the US Internet users
have used online resources in the past year, specifically
for health-related information.5 Interestingly, a meta-
analysis revealed Web-based interventions to be supe-
rior to noneWeb-based interventions in terms of
increased knowledge of nutritional status, increased
participation in healthcare, slower health decline, and
weight loss maintenance.19

In our analysis, although few sources reported oxalate
content in milligrams per serving, those that did (Har-
vard, Oxalate and Hyperoxaluria Foundation, E.S.
Nephrology, and the Oxalater application) made identi-
fying the estimated oxalate content of a given food fairly
simple. Moreover, as it may seem rather arduous to search
UROLOGY 84 (3), 2014



several lists for food items in a given meal, and compre-
hensive lists such as those found on Harvard’s site,
“Trying Low Oxalates” group, and the “Low-oxalate
Diet” application would appear to be favored by dieters.
The “Low-oxalate Diet” application appeared to be a
user-friendly resource for quickly identifying the oxalate
value of a given food and contained measurements that
were fairly consistent across the averages of most other
sources. As the application is on a handheld device, it
may also be a useful tool in knowing which foods to
purchase when food shopping. Sources which reported
the oxalate content as ranges, most notably “Oxalate and
Hyperoxaluria Foundation,” would appear to be less
favored by dieters; selecting the proper reference point
from a wide range can make the difference between
exceeding or remaining below the recommended daily
intake.

Although search trends for stone disease have been
demonstrated to positively correlate with known epide-
miologic variations in stone disease,20 no data exist
regarding the efficacy of Web-based resources aiding stone
formers adhere to appropriate diet. Although our study
only considered dedicated online resources, patients may
also consider blogs, discussion groups, and message boards
to have equal validity. In general, it is prudent to educate
patient to use reputable sites and to double-check their
understanding and strategies with health-care providers.
If patients are having trouble with compliance and/or
outcomes, it is important to ask about self-education,
review their references, and if necessary, offer more
appropriate alternatives.
CONCLUSION
Wide variations exist in the amount of dietary oxalate
and the way it is reported across Internet-based sources
and smartphone applications. Each will have varying
appeal, with exhaustive lists empowering some patients,
whereas overwhelming others. The simplest strategy
eliminates only high or very high oxalate containing
foods, compared with assessing each meal and doc-
umenting daily intake in milligrams. When using daily
totals, we recommend using the most conservative esti-
mates, avoiding sources listing values in ranges while
paying attention to the method of food preparation.

Dietary counseling has proven benefits, and although
limited data exist regarding the efficacy of Web-based
resources in stone disease, increasing numbers of pa-
tients turning to the Internet for medical knowledge
should prompt caregivers and patients alike to be cogni-
zant of the heterogeneity that exists in the measured
oxalate content of foods.
References

1. Robertson WG, Hughes H. Importance of mild hyperoxaluria in the
pathogenesis of urolithiasis—new evidence from studies in the
Arabian Peninsula. Scanning Microsc. 1993;7:391-402.
UROLOGY 84 (3), 2014
2. Holmes RP, Kennedy M. Estimation of the oxalate content of foods
and daily oxalate intake. Kidney Int. 2000;57:1662-1667.

3. Holmes RP, Goodman HO, Assimos DG. Contribution of dietary
oxalate to urinary oxalate excretion. Kidney Int. 2001;59:
270-276.

4. Massey LK. Food oxalate: factors affecting measurement, biological
variation, and bioavailability. J Am Diet Assoc. 2007;107:1191-
1194.

5. Fox S, Duggar M. Health Online 2013. Pew Internet & American
Life Project, http://www.pewinternet.org; 2013.

6. Honow R, Hesse A. Comparison of extraction methods for the
determination of soluble and total oxalate in foods by HPLC-
enzyme-reactor. Food Chem. 2002;78:511-521.

7. Holmes RP, Goodman HO, Assimos DG. Dietary oxalate and its
intestinal absorption. Scanning Microsc. 1995;9:1109-1120.

8. Holmes RP. Measurement of urinary oxalate and citrate by capillary
electrophoresis and indirect ultraviolet absorbance. Clin Chem.
1995;41:1297-1301.

9. Menon M, Mahle CJ. Ion-chromatographic measurement of oxalate
in unprocessed urine. Clin Chem. 1983;29:369-371.

10. Hagen L, Walker VR, Sutton RA. Plasma and urinary oxalate and
glycolate in healthy subjects. Clin Chem. 1993;39:134-138.

11. Rahman M, Kawamura O. Oxalate accumulation in forage plants:
some agronomic, climatic and genetic aspects. Asian-Aust J Anim
Sci. 2011;24:439-448.

12. Kaminishi A, Kita N. Seasonal change of nitrate and oxalate
concentration in relation to the growth rate of spinach cultivars.
HortScience. 2006:1589-1595.

13. Chai W, Liebman M. Effect of different cooking methods on
vegetable oxalate content. J Argic Food Chem. 2005;53:2027-2030.

14. Jiang J, Knight J, Easter LH, et al. Impact of dietary calcium and
oxalate, and Oxalobacter formigenes colonization on urinary oxa-
late excretion. J Urol. 2011;186:135-139.

15. Nutrition Care Manual. Urolithiasis/Urinary Stones. Academy of
Nutrition and Dietetics Nutrition Care Manual 2013. http://
nutritioncaremanual.org.

16. Ortiz-Alvarado O, Miyaoka R, Kriedberg C, et al. Impact of dietary
counseling on urinary stone risk parameters in recurrent stone for-
mers. J Endourol. 2011;25:535-540.

17. Carvalho M, Ferrari AC, Renner LO, et al. Quantification of the
stone clinic effect in patients with nephrolithiasis. Rev Assoc Med
Bras. 2004;50:79-82.

18. Nomura K, Ito H, Masai M, et al. Reduction of urinary stone
recurrence by dietary counseling after SWL. J Endourol. 1995;9:
305-312.

19. Wantland DJ, Portillo CJ, Holzemer WL, et al. The effectiveness of
Web-based vs. non-Web-based interventions: a meta-analysis of
behavioral change outcomes. J Med Internet Res. 2004;6:e40.

20. Willard SD, Nguyen MM. Internet search trends analysis tools can
provide real-time data on kidney stone disease in the United States.
Urology. 2013;81:37-42.
EDITORIAL COMMENT
Ever seen a patient with a long list of foods allegedly containing
high oxalate? Some are thankful: “I never liked ‘rabbit food’
anyway.” Others are mad: “You doctors should get your stories
straight; my ophthalmologist told me to eat spinach because it’s
good for my eyes.” The World Wide Web is not always a good
source of information about dietary oxalate and its relationship
to kidney stones.
In this issue, the authors of “Oxalate Content of Food: A

Tangled Web” confirm, after reviewing more than a dozen Web
sites and smartphone applications, extreme heterogeneity be-
tween sources for nearly all food items. Moreover, they note
these sources’ lack of distinction between the oxalate content of
foods and its bioavailability.
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This comment is written fresh from an appointment with a
man aged >80 years, of ideal body weight, and with no major
comorbidities. He recently underwent shock wave lithotripsy for
a renal stone, his first. The stone was 100% calcium oxalate
monohydrate. No other tests were done. On the basis of this,
and after being told to “watch” his oxalate intake, the patient
collected pages and pages from the Web of the oxalate content
of foods. He assembled these into a binder and documented the
minimum and maximum values for each item, as reported by
each source, noting the frequent vast difference in values. He
explained that he was trying to stay below 50 mg of oxalate per
day and asked if I could help him. He asked if something in his
diet had caused the stone. I suggested, to his disbelief, that
perhaps the reason he had not been bothered with stones earlier
was because of his healthy lifestyle, including diet. “But now I
have made all these changes,” he said. So I asked, “What
changes?” He said—and this is all true—he had thrown his
wheat grinder in the garbage (he and his wife have, for some 40
years, ground their own whole grains), exchanged brown rice for
white, resisted eating many of the vegetables he formerly liked,
and stopped shopping at the co-operative store (as an aside,
intended as evidence of the multitude of things going wrong
recently, he related that for the first time in his life he recently
required a laxative). Anyway, I mentally calculated the
magnitude of his reduced magnesium, phytate, fiber, antioxi-
dant, and prebiotic intakes as he leafed through the binder. I
wondered how his 24-hour urine profile must look now
compared with prestone event. I explained that high urine
Appendix 1. Reference values by food item for each resource

Food Item Harvard Wake Forest Yahoo

Apple 1.38 0.4-0.6 1-3.5
Banana 2.54 3.2 6.8 0
Beans (green) 15 15.7 30.1 3
Beets 89.41 61.4-118 36.9 79
Broccoli (cooked) 1.28 1.8-5.4 1.4
Carrot 12.82 7.7 17.8
Celery 8.33 11.7 19.6 6
Chocolate 17.44 50-66.8 73.7 4
Milk 0.42 0.5 1.2 0
Orange 2.07 2.2 2.2 1
Peanuts 95.07 44.7-105.1 140 6
Peanut butter 81.25 53.2-116 160-168 9
Pecans 4.08 20.2-30.4 46.9 5
Pepper (black) 0 92 623 95.2
Potato 39.92 5.7-28.5 24.3 2
Potato (sweet) 17.01 0.2-86.9 58.1 17
Rhubarb 886.88 379-511 1235 98
Rice (white) 4.3 1.3-2.1 3.3
Spinach 838.89 537-987 1145 64
Tomato 5.69 2.5-13.2 11.8 1.6

CD, Children’s Dayton; LO Diet, low-oxalate diet iPhone app; Lowox,
Oxalater, oxalater iPhone app; Yahoo, Yahoo oxalate group.
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oxalate might not be the cause of his recent stone and that he
might not need to restrict so many foods. Long story short, he
agreed to a 24-hour urine collection on his usual (ie, prestone)
diet and a follow-up consult.
Low oxalate diets are gaining popularity, promoted by some

for pancreatitis or exocrine pancreatic insufficiency,1 autism,
and vulvar pain.2 The oxalate content of foods does not
necessarily predict urinary excretion because of multiple diet-
related and physiologic factors.2,3 But as this concept goes
largely unappreciated on the Web, a source of medical infor-
mation for many, detangling patients’ perceptions remains on
our clinical agenda.

Kristina L. Penniston, Ph.D., Department of Urology,
University of Wisconsin School of Medicine and Public
Health, Madison, WI
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CD OHF Lowox LO Diet Oxalater

0.5 3.62-7.25 3-4.9 3 1.45
-1.69 4.24-8.47 5-9.9 0 4.24
3 1.67-41.67 0.1-2.9 15 30.83
4.12 >116.47 �15 81.1 89.41
1.8 6.41-12.82 10-14.9 3.6 1.28
5.7 12.9-32.05 �15 7.7 19.23
1.2 16.7-41.7 �15 20 5
2.5 60.5-230.2 �15 117 16.28
-0.83 <2.08 0.1-2.9 0.2 0.42
7.14 3.57-7.14 10-14.9 4 10
4.57 91.6-348.6 �15 187 105.63
5.8 62.5-156.25 �15 81.1 156.25
9.2 106.1-404.1 �15 202 61.22
-476.2 476.2-1190.5 10-14.9 92 428.57
7.1 4.12-10.3 �15 17.9 39.92
1.32 31.6-120.3 �15 56 17.01
3.61 >162.3 �15 860 886.88
2.1 <5.38 0.1-2.9 1.8 4.3
5 >110 �15 750 364.44
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