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A 63-year-old woman was referred to a nephrologist for 
evaluation of decreased kidney function. The patient 
had no specific urinary symptoms or history of recur-

rent urinary tract infections, leg edema or kidney stones. She 
did not have nausea, vomiting, diarrhea or symptoms of steator-
rhea, and had not been using anti-inflammatory agents. Her 
past medical history included gastresophageal reflux disease, 
chronic constipation, depression and remote left frontal lobe 
resection for benign tumour. Her medications included citalo-
pram (20  mg daily), omeprazole (20  mg daily) and risperidone 
(3 mg at bedtime).

Her physical examination was unremarkable, including normal 
blood pressure. Laboratory test results showed an elevated 
serum creatinine level of 172 (normal 35–97) μmol/L and urea 
level of 11.2 (normal 2–8) mmol/L; eight months earlier, her levels 
were 71 μmol/L and 5.7 mmol/L, respectively (Appendix 1, avail-
able at www.cmaj.ca/lookup/
suppl/doi:10.1503/cmaj.151327/-/
DC1). Urinalysis was negative for 
protein, and no active sediment 
or crystals were reported. Abdom-
inal ultrasonography showed bi-
lateral echogenic kidneys with 
incidental gallstones. Serum immu-
noelectrophoresis showed a mono-
clonal band of IgG kappa measur-
ing 9.3 (normal 6.3–14.9) g/L. These 
findings and the presence of ane-
mia (hemoglobin 88 [normal 120–
160] g/L) led us to consider para-
proteinemia, which was ruled out 
by a normal result for bone marrow 
aspiration.

The progressive decline in kid-
ney function raised the possibility 
of light-chain nephropathy, and a 
kidney biopsy was performed 
three months after presentation to 
the nephrologist that showed 
acute tubular necrosis and calcium 
oxalate crystals consistent with 
oxalate nephropathy (Figure 1).

At that time, the patient’s 
serum creatinine level  was 
234 μmol/L, with a urea level of 

11.7 mmol/L. Her 24-hour urine calcium level was low at 1.89 (nor-
mal range 2.50–7.50) mmol/d, with a high 24-hour urine oxalate 
level of 1489 (normal range 40–320) μmol/d (Appendix 1).

A preliminary dietary history failed to identify consumption of 
foods high in oxalate. The patient had a normal pyridoxine level 
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KEY POINTS
•	 Dietary hyperoxaluria may cause chronic kidney disease.

•	 Bioavailability of oxalate is important; even foods with 
moderate oxalate content may cause kidney injury, especially if 
calcium intake is poor.

•	 Treatment involves reducing oxalate absorption in the gut by 
ensuring adequate calcium intake and curtailing the 
consumption of foods rich in oxalate.

Figure 1: Photomicrographs of the kidney biopsy in a 63-year-old woman with kidney injury. (A) Shrunken 
glomeruli and diffuse tubular degenerative change, including many pale-stained crystals and mild interstitial 
inflammation. Original magnification x 5. (B) View of tubular crystals mostly located in the cytoplasm of tubu-
lar cells. Original magnification x 20. Identical images of these crystals under (C) regular and (D) polarized 
light showing characteristic birefringence. Original magnification x 10.
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(55 [normal 20–96] nmol/L), and no other factors associated with 
hyperoxaluria, such as vitamin C supplementation, were identified.

The patient was referred to a renal dietitian for an assessment 
of oxalate content in the patient’s typical diet. The dietitian dis-
covered that the patient had started eating a can (275 g per can) 

of cashews every two days (about 100–150 g per day or about 1 kg 
of cashews per week) for their “laxative effect,” about four 
months before her first visit to the nephrologist,  after she learned 
from a television show that cashews were a “healthy food” and 
may help relieve constipation. The patient had found the cashews 
to be very helpful in this regard, and started eating them every 
day. The patient’s diet was poor in other nutrients, most notably 
calcium (Box 1).

The patient was advised to stop consuming cashews to limit 
the intake of oxalates to less than 50 g per day. Calcium carbonate 
(500 mg twice a day) was added with meals to act as an oxalate 
binder and to ensure appropriate calcium intake. Two  months 
after following these recommendations, the patient’s urinary oxa-
late excretion had normalized (88 μmol/d) and her kidney function 
had improved (serum creatinine 184  μmol/L). Although the 
patient’s kidney function continued to improve, she was left with 
residual chronic kidney disease (serum creatinine 130 μmol/L) 
eight months after stopping the cashews (Appendix 1).

Discussion

Oxalate, an antinutrient, is a conjugated anion of oxalic acid. It 
is ubiquitous in nature and is derived from various animal and 
plant sources. There are two main sources of oxalate: endoge-
nous production in the liver from metabolism of its precursors 
(hydroxyproline, glycine and serine) and gastrointestinal ab-
sorption of oxalates in the diet. The oxalate content of a typical 
Western diet is approximately 80–120 mg per day, about 10% of 
which is absorbed via the gastrointestinal tract.1 Oxalate is not 
metabolized in humans and is excreted unchanged in urine. The 
normal daily urinary excretion of oxalate ranges between 40 and 
320 μmol/d. Urinary excretion of oxalate above this range is 
classified as hyperoxaluria.2

Pathogenesis of hyperoxaluria
Hyperoxaluria2 may be primary or secondary. Primary hyperoxal-
uria results from an inherited defect in oxalate metabolism that 
results in increased endogenous production of oxalate (Box 2).2,3 
Secondary hyperoxaluria may result from either dietary excess, 
enteric hyperabsorption (Figure  2), or enhanced endogeneous 
production resulting from exposure to its precursors (ascorbic 
acid) or from pyridoxine deficiency. The absorption of oxalate in 
the gastrointestinal tract is influenced by many factors, including 
gut health and function,4 oxalate intake or oxalate content of 
food5 (Appendix 2, available at www.cmaj.ca/lookup/suppl/
doi:10.1503/cmaj.151327/-/DC1) and, most importantly, the 
intake of other nutrients such as calcium, magnesium and fat.1 
High levels of dietary calcium6 and magnesium7 inhibit oxalate 
absorption through formation of insoluble oxalate salts in the 
gastrointestinal tract that are poorly absorbed. In addition, food 
preparation can affect oxalate absorption, as seen with “juic-
ing.”8 Juices are concentrated forms of fruits and vegetables that 
may have high amounts of oxalate. Consequently, the increased 
amount of fluid load in the juices can promote paracellular 
absorption of oxalate in the intestines.8 The bioavailability of the 
oxalate in the meal is more important than its amount.

Box 1: The patient’s typical daily intake of oxalate and 
calcium* from food

Food Oxalate content, mg Calcium,* mg

Milk (250 mL) 2 309

Egg (2) 5 87

White bread slice (2) 10 84

Oatmeal  (~ 75 g cooked) 25 63

Mushrooms (125 mL) 5 5

Cashews (100–150 g) 260–325 46

Potatoes, mashed 
(125 mL)

25 4

Ham steak (1) 2 3

Coffee (250 mL) 5 5

Total intake per day 339–409 606

RDA per day No clear 
recommendations†

1200‡

Note: RDA = Recommended Dietary Allowance.
*Values obtained from food searches in the Canadian Nutrient File (https://food​
-nutrition.canada.ca/cnf-fce/index-eng.jsp).
†There is no daily RDA for oxalate, because oxalate is an antinutrient. In the  
United States, oxalate intake is estimated to average between 150 and 200 mg/d.7 
The American Academy of Nutrition and Dietetics recommends limiting dietary 
intake of oxalates to < 50 mg/d in patients with oxalate kidney stones  
(www.eatrightpro.org).
‡Dietary Reference Intakes for vitamin D and calcium. Health Canada  
(http://www.hc-sc.gc.ca/fn-an/nutrition/vitamin/vita-d-eng.php#a7).

Box 2: Primary hyperoxaluria2,3

Primary hyperoxaluria (PH; autosomal recessive inherited 
disorders):
•	 Type 1 (PH1) (80% of all PH)

•	 Decreased or absent activity of vitamin B6–dependent hepatic 
peroxisomal enzyme (alanine-glyoxylate aminotransferase 
[AGXT]); AGXT gene located on chromosome 2

•	 Failure to transaminate glyoxylate that results in increased 
urinary excretion of oxalate and glycolate

•	 Type 2 (PH2) (10% of all PH)

•	 Mutation in the glyoxylate/hydroxypyruvate reductase gene 
(GRHPR) that is located on chromosome 10

•	 Reduced GRHPR activity leads to increased bioavailability of 
lactate and hydroxypyruvate for conversion of oxalate and 
l-glycerate

•	 Characterized by increased urinary excretion of l-glycerate

•	 Type 3 (PH3) (about 10% of all PH)

•	 Mutation in the mitochondrial dihydrodipicolinate synthase–
like gene (HOGAI)

•	 Commonly presents as nephrolithiasis
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Consequences of hyperoxaluria
Hyperoxaluria, whether primary or secondary, can cause nephroli-
thiasis. However, it can also cause crystalline nephropathy through 
deposition of calcium oxalate crystals in the renal parenchyma that 
cause tubular damage, interstitial inflammation and fibrosis, and 
may present as acute kidney injury or chronic kidney disease.3 In 
patients with chronic diarrhea, the associated volume depletion 
and metabolic acidosis results in low urinary pH and hypocitraturia 

that, in conjunction with hyperoxaluria, potentiate calcium oxalate 
precipitation in the kidney and promote kidney injury.3 Oxalate 
nephropathy has been reported with excessive consumption of dif-
ferent oxalate-rich foods,3 including nuts and iced tea.

Cashew nuts (actually seeds) are attached to the bottom of 
the cashew apple (Figure 3), the fruit of the cashew tree (Anacar-
dium occidentale). Cashews are considered a “healthy” food 
because of their monounsaturated fat content that is similar to 
olive oil. Nuts, despite their overall healthy nutrient profile, have 
substantial amounts of oxalate. 

The oxalate content of cashews is moderate9 compared with 
other nuts; however, by consuming large amounts daily, the 
patient increased her total daily intake of oxalate to a level much 
higher than average (Box 1).10 In addition, her lower calcium intake 
promoted hyperabsorption of oxalate, because calcium was not 
available to bind oxalate in the gut. Furthermore, the higher fat 
content of cashews (about 45º%), although healthy for the heart, 
perpetuated oxalate absorption by further reducing the calcium 
available to bind oxalate in the gut. All of these factors and possi-
bly the higher concentration of intestinal soluble oxalate11 pro-
moted hyperabsorption of oxalate, which resulted in increased uri-
nary oxalate concentration, with precipitation of calcium oxalate 
crystals in the renal tubules causing kidney injury.

Nephrolithiasis versus nephropathy
The exact mechanism of why kidney stones develop in some pa-
tients with hyperoxaluria and kidney injury in others is unknown 
and possibly multifactorial. However, recent evidence suggests 
that supersaturation of soluble oxalate causes increased expres-
sion of nucleotide-binding oligomerization domain–like recep-
tor, pyrin domain 3 (NLRP3) inflammasomes in the kidney that 
trigger inflammation and potential kidney injury that may be 
acute or chronic12 rather than stone formation (nephrolithiasis).

Management
Prevention is key, and foods rich in oxalate content should be 
consumed with caution. Even foods that are moderate in oxalate 
content may cause kidney injury, especially if dietary calcium 
intake is poor; oxalate bioavailability plays an important role.6,7

Therapeutic options are extrapolated from studies in patients 
with primary hyperoxaluria and oxalate stones. Based on expert 
opinion, conservative measures should be implemented soon 
after diagnosis and include a diet low in oxalate and relatively 
high in calcium, maintenance of high fluid intake (at least 1.5  L 
per 1.73 m2 per day) and consideration of potassium citrate to 
alkalinize urine to increase solubility of oxalate crystals.13 The 
role of probiotics is controversial, with studies showing conflict-
ing results.

Conclusion
Crystalline nephropathies should be considered in the differen-
tial diagnosis of patients with unexplained renal dysfunction. A 
detailed dietary history may provide a clue to the cause, as in this 
patient’s case, and measures to control reversible factors should 
be implemented at the earliest opportunity to prevent further 
progression.

Figure 3: Cashew apple with seeds (nuts) (available at https://en.wikipedia.
org​/wiki/Cashew). By Abhishek Jacob (own work) [CC BY-SA 3.0 (http://
creative​commons.org/licenses/by-sa/3.0)] via Wikipedia Commons. 
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Figure 2: Causes of enteric hyperoxaluria.2,3
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