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ABSTRACT 
Hyperoxaluria is a clinically relevant metabolic entity 
that portends a high morbidity burden. Primarily man-
ifesting as kidney stone disease and chronic kidney 
disease, advanced hyperoxaluria can also affect major 
organs, including the brain, heart, liver, bone, and the 
skin. It is categorized based on etiology into primary and 
secondary hyperoxaluria. Pathology is attributed to ex-
cess de novo oxalate production in the former and mul-
tifactorial exogenous oxalate absorption or excess intake 
of its precursors in the latter. Diagnosis often involves 
demonstrating elevated urinary oxalate levels, especially 
in patients with normal kidney function. Here in this re-
view, we will perform an in-depth discussion of various 
causes of hyperoxaluria and describe treatment options. 
In view of the significant morbidity burden associated 
with hyperoxaluria, patients could benefit from height-
ened clinician awareness to aid in the timely diagnosis 
and management of this condition. 
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INTRODUCTION

Kidney stone disease poses a growing clinical problem with 
its prevalence rate reaching 8.8% according to a large U.S. 
population survey in the late 2000s.1 Of these, calcium oxa-
late stones account for the vast majority, contributing to 
70–80% of all kidney stone events.2,3 Hyperoxaluria, a clin-
ical condition associated with excess urinary oxalate excre-
tion is commonly encountered and is seen in 25–45% of 
stone formers.4 Broadly it is subdivided into primary hyper-
oxaluria characterized by excess endogenous oxalate produc-
tion and secondary hyperoxaluria which could be a result 
of excess intake of oxalate rich foods or oxalate precursors 
such as ethylene glycol, or reduced gut colonization of oxa-
late metabolizing bacteria. As a disease entity, hyperoxal-
uria carries a high morbidity burden among patients affected 
with significantly increased utilization of health services.5-7 
We therefore seek to highlight in this review the role of 
hyperoxaluria in kidney stone formation, disease patho- 
physiology, clinical presentation and management.   

OXALATE PHYSIOLOGY/METABOLISM
Widely found in plant-derived foods consumed by humans, 
oxalate is the ionic form of oxalic acid.8–10 Humans gain oxa-
late through two mechanisms. One is through the endoge-
nous production of oxalate in the liver which is particularly 
amplified in enzymatic deficiency states that limit glyox-
ylate metabolism as illustrated in Figure 1.11,12 Secondly, 
oxalate can be obtained through intestinal absorption after 
ingestion of oxalate rich foods such as spinach, rhubarb, nuts, 
plums, chocolate, beetroots, soybean and strawberries.8,10 

Estimates of the average daily oxalate intake in the western 
population are highly variable and range anywhere between 
44 and 351 mg/day. In fact, daily oxalate intake may even 
exceed 1000 mg/day when oxalate-rich foods are consumed. 
However, the fraction of dietary oxalate absorbed in the gut 
is highly variable. It is influenced by the amount of oxalate 
binding cations, such as calcium and magnesium, especially 
in diseases causing fat malabsorption, and the presence of 
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Figure 1. Summary of oxalate metabolism including defects seen in 

Primary Hyperoxaliuria and targets for therapeutic molecules.  

PH 1 – Primary Hyperoxaliuria Type 1, PH 2 – Primary Hyperoxaliuria 

Type 2, PH 3 – Primary Hyperoxaliuria Type 3, AGT – Alanine Glyoxylate 

Aminotransferase, GHPR – Glyoxylate Hydroxy-Pyruvate Reductase, 

HOGA – 4-hydroxy 2-oxoglutarate aldolase, GO – Glycolate oxidase. 
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gut commensal bacteria with oxalate-degrading activity.13

On the other hand, clearance of oxalate from the body 
is primarily through kidney by glomerular filtration and 
tubular secretion. In patients with normal kidney function, 
increased levels of plasma oxalate will lead to increased fil-
tration and tubular secretion of oxalate. More specifically, in 
the proximal renal tubules, secretion of oxalate is mediated 
by the SLC26 transport proteins located on both apical and 
basolateral sides of tubular cells. SLC26A1 is critical in oxa-
late extraction from peritubular capillaries on the basolat-
eral side. While on the apical surface, the SLC26A6 transport 
protein mediates oxalate secretion into the urinary space. 
Similarly, the SLC26A6 transport protein seems to play a 
key role in the secretion of oxalate in the intestines, but its 
significance remains unknown.14,15 As such, renal impair-
ment contributes greatly to the increase in plasma oxalate 
levels. Clinically, hyperoxaluria is often defined as urinary 
concentrations of oxalate above 40 mg/24hr and is associ-
ated with significant risk of developing kidney stones.16 
Despite its clear clinical significance, there seems to be no 
known beneficial effect of oxalate in the human body. 

OXALATE ON KIDNEY STONE RISK

In the urinary space, oxalate has been shown to bind cal-
cium, sodium, potassium and magnesium. While most of 
these are soluble in water, calcium oxalate has a particu-
larly low super-saturation threshold of 5mg/L in urine at 
physiological pH, therefore is more likely to result in crystal 
formation.17,18 While hyperoxaluria portends a huge risk for 
kidney stones, it doesn’t guarantee stone formation. Devel-
opment of urolithiasis is dependent on other factors, most 
prominent being the level of urinary citrate which acts as an 
inhibitor of calcium stones. It forms a more soluble complex 
with calcium in the urinary space and further inhibits the 
crystallization of calcium oxalate stones.19 In the absence of 
adequate inhibition, calcium oxalate stone formation starts 
with a process known as nucleation, followed by crystal 
growth and agglomeration as stone materials travel down 
the urinary space.17 

While both primary and secondary hyperoxaluria lead to 
the formation of kidney stones, a key distinction to note is 
that primary hyperoxaluria is commonly associated with 
pure calcium oxalate monohydrate crystals while second-
ary hyperoxaluria presents with either pure calcium oxalate 
dehydrate or mixed (monohydrate and dihydrate) crystals 
in urine.20 With recurrent formation of kidney stones and 
nephrocalcinosis, impairment of kidney function slowly 
develops due to kidney parenchyma inflammation and fibro-
sis.21 This leads to a decrease in glomerular filtration rate 
(GFR) that further impairs plasma oxalate clearance. Conse-
quently, the excess oxalate is deposited in other body organs 
resulting in systemic oxalosis as the GFR drops to less than 
30–45 mL/min/1.73 m2. Some of the organs involved include 

the brain, heart, bone and skin resulting in cerebrovascular 
accidents, cardiomyopathy, fractures and non-healing skin 
ulcers among other presentations.22  However, this is not the 
case in secondary hyperoxaluria where systemic oxalosis 
has not been described. 

PRIMARY HYPEROXALURIA
Primary hyperoxaluria (PH) is a clinical entity characterized 
by increased urinary concentration of oxalate secondary to 
abnormal endogenous hepatic production. It remains a rare 
disease with an estimated worldwide prevalence of less than 
3 per 1,000,000.23 Current evidence describes three distinct 
types of primary hyperoxaluria; Type 1, 2 and 3. While all are 
inherited in an autosomal recessive fashion, primary hyper-
oxaluria type 1 (PH1) is the most common form of PH. It 
accounts for up to 80% of cases of PH.24 Excess oxalate pro-
duction results from the shunting of glyoxylate metabolism 
away from the physiological route of glycine and pyruvate 
production. This is due to either deficiency or a defect in the 
vitamin B6-related Alanine Glyoxylate Aminotransferase 
(AGT) enzyme located in the peroxisome first described by 
Danpure and Jennings in 1986. Additionally, PH1 with AGT 
defect attributed to a genetic mutation on the AXGT gene 
on chromosome 2 is phenotypically the severest form of PH 
with early disease onset, followed by a progressive course 
leading to end-stage renal disease.25,26

PH type 2 which is less common, accounts for approxi-
mately 10% of patients with primary hyperoxaluria and is 
somewhat less aggressive clinically compared to PH1.27 Char-
acterized by increased oxalate production due to a defect in 
the hepatic cytosolic Glyoxylate Hydroxy-Pyruvate Reduc-
tase (GHPR) enzyme, PH2 also has disease onset in child-
hood. More specifically, a genetic mutation in the GHPR 
gene on chromosome 10 has been implicated.28 Finally, PH3 
which is the least common form of PH also represents the 
mildest subtype with a reduced incidence of end-stage renal 
disease. A genetic mutation in the HOGA1 gene on chro-
mosome 9 encoding the 4-hydroxy 2-oxoglutarate aldolase 
hepatic mitochondrial enzyme results in a deficiency of the 
enzyme. Consequently, 4-hydroxy 2-oxoglutarate metabo-
lism is diverted into the oxalate pathway leading to excess 
endogenous production.29,30 Figure 1 summarizes hepatic 
oxalate metabolism highlighting enzyme defects in primary 
hyperoxaluria and their respective therapeutic targets.31 

SECONDARY HYPEROXALURIA
Secondary hyperoxaluria presents a complex metabolic dis-
order with several known etiologies. Causes can be broadly 
categorized as follows, enteric hyperoxaluria which mainly 
comprise fat malabsorption states, excess intake of oxalate 
precursors like ethylene glycol, and disturbed gut microbiota. 
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Enteric hyperoxaluria 
Enteric hyperoxaluria represents a subset of secondary 
hyperoxaluria whose pathophysiology centers around the 
abnormal handling of oxalate in the gut. Causes under this 
group are numerous. One relatively common cause is fat 
malabsorption as a result of various gastrointestinal patholo-
gies such as exocrine pancreatic insufficiency and inflamma-
tory bowel disease. Secondly, diverting surgical procedures 
such as bariatric surgery, jejunoileal bypass, Roux-en-Y gas-
tric bypass and biliopancreatic diversion result in a lack of or 
limited bile interaction with fat due to the anatomic alter-
ations. Also implicated in enteric hyperoxaluria is Orlistat 
– a potent pancreatic enzyme inhibitor prescribed for weight 
loss. The described disease states have a final common 
mechanism leading to the development of hyperoxaluria. 
Often, this involves excess fatty acid delivery to the colon, 
which in turn binds to calcium. Free oxalate is subsequently 
absorbed through the gut into the bloodstream.32,33

Excess intake of oxalate precursors
Oxalate precursors are quickly absorbed into the blood-
stream and thereafter broken down into oxalic acid. One 
particularly important substance is ethylene glycol. Ingested 
either accidentally or deliberately, Ethylene glycol is quickly 
absorbed from the gut and metabolized in the liver into gly-
col aldehyde by the enzyme alcohol dehydrogenase. Through 
multiple enzymatic reactions, glycol aldehyde is converted 
to oxalic acid. High plasma oxalate levels lead to the forma-
tion and deposition of calcium oxalate crystals in various 
body tissues. Renal manifestations, often seen around 48 
hours after ingestion, are characterized by calcium oxalate 
deposition within the renal tubules and other tissues.34,35 

Vitamin C, which is also known as L-ascorbic acid can 
be broken down into oxalate especially when ingested in 
large amounts. High-dose vitamin C, ( >1g per day) has been 
associated with an increase in the risk of stone formation 
as demonstrated in a prospective study done by Taylor et 
al.36-38 Mostly absorbed in the jejunum and ileum, vitamin 
C is a potent antioxidant in the human body. It is usually 
metabolized in the liver, where it is initially converted to 
dehydroascorbic acid (DHA). Through further non-enzy-
matic reactions, DHA can be metabolized to diketogluconic 
acid and eventually oxalic acid. Despite the strong evidence 
to support vitamin C breakdown to oxalic acid, the relation-
ship is far from linear with exact conditions precipitating 
vitamin C metabolism to oxalate remain unclear.39 

Altered gut microbiota
Oxalobacter formigenes, an anaerobic gram negative rod 
that forms part of the normal flora in the colon largely 
depends on oxalate for carbon dioxide and energy needs.40 In 
humans, several bacteria forming the normal flora have been 
shown to break down oxalate in the gut. However, Oxalo-
bacter is the key player in oxalate homeostasis, handling 

approximately 70 to 100 grams of ingested oxalate daily.41,42 
In normal physiologic states, the net outcome of colonic 
Oxalobacter colonization is a reduction of oxalate absorp-
tion. However, several conditions can reduce Oxalobacter 
colonies in the gut resulting in increased oxalate absorption. 
For example, obesity is associated with reduced Oxalo-
bacter colonies, possibly due to systemic inflammation. 
Furthermore, Oxalobacter formigenes has been shown to 
be particularly sensitive to antibiotics such as tetracyclines, 
macrolides and fluoroquinolones. As expected, the use of 
these antibiotics can lead to reduced colonies as well.

DIAGNOSIS 
Diagnosis of both primary and secondary hyperoxaluria is a 
multistep process based on clinical presentation, biochemi-
cal testing, imaging and histology as appropriate. Being a rel-
atively rare disease, strong clinical suspicion should always 
be entertained. Clinicians should keep hyperoxaluria in the 
differential when patients present with kidney stones at an 
early age or have either symptomatic (based on symptom-
atic stone passage or surgery on an asymptomatic kidney 
stone) or radiographic recurrent (based on new stone forma-
tion or evidence of significant previous stone growth) stones 
during adulthood. Unique to secondary hyperoxaluria, stone 
formers often present with chronic diarrhea, inflammatory 
bowel disease, obesity, bowel resection, prolonged antibiotic 
use, or had recent ingestion of ethylene glycol. 

 In such scenarios, a 24-hour urine collection for stone risk 
assessment should be ordered. This is preferably done in the 
outpatient setting when stone formers are on their regular 
home diet. Testing is then performed for parameters such 
as urine volume, pH, calcium, oxalate, uric acid, phosphate, 
citrate, ammonium, magnesium, sulfate, sodium, potassium 
and creatinine. All these parameters combined with stone 
composition analysis help in teasing out the cause of uro-
lithiasis and guide treatment.43 

More specifically, 24-hour urine oxalate levels above 
40mg are usually concerning for hyperoxaluria. For accuracy 
purposes, two separate measurements are recommended 
with appropriate adjustments for body surface area. Often, 
patients with primary or secondary hyperoxaluria will have 
24-hour urinary oxalate levels exceeding 88mg/1.73m2 com-
pared to an expected normal of less than 40mg/1.73m2. If pri-
mary hyperoxaluria is suspected, subsequent testing of urine 
glycolate and glycerate may give pointers towards PH1 and 
PH2 respectively based on underlying disease pathophysiol-
ogy. These tests are, however, not highly sensitive and don’t 
exclude disease presence. 

Often, genetic tests are used to diagnose primary hyper-
oxaluria definitively. The presence of AGXT, GHPR and 
HOGA1 gene mutations are used to diagnose PH1, PH2 and 
PH3 respectively. As is the case with most genetic testing, 
recommended samples include saliva, a buccal swab, or a 
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blood sample. Testing should also be offered to relatives of 
index patients with primary hyperoxaluria. While non-inva-
sive genetic testing offers a diagnosis in most cases, results 
can sometimes be inconclusive even as clinical suspicion 
remains high. As such a liver biopsy can be undertaken in 
these cases to obtain definitive data on specific diagnosis.44,45 
In patients with impaired kidney function and declining 
GFR, urine oxalate excretion can be deceivingly low. There-
fore, a serum oxalate level becomes necessary. Values above 
30 umol/L are typically seen in patients with hyperoxali-
uria.44 Testing for secondary hyperoxaluria may include stool 
Oxalobacter formigenes PCR, and 13-C oxalate absorption 
test.46,47 However, anecdotal evidence suggests that these 
tests are rarely utilized in clinical practice.  

TREATMENT 

General supportive treatment
Several measures are recommended to help reduce kidney 
stone recurrences. Foremost, adequate hydration ensures 
enough urine output to reduce calcium oxalate supersatu-
ration. Based on this, liberal fluid intake to achieve a urine 
output of at least 2 liters is frequently encouraged.48 Fur-
ther treatment recommendations are usually based on the 
24-hour urine biochemical testing. Some key parameters 
relevant to the management of patients with hyperoxal-
uria include urine pH, sulfate, citrate, calcium, sodium and 
potassium. The goal is to optimize urine citrate content, 
alkalize urine and reduce the amount of urine calcium. Also 
of note is that thiazide diuretics could have a role in patients 
with co-existing hypercalciuria. This is even with recently 
published clinical trial data not showing benefit in reducing 
stone recurrence on the background of previous supportive 
evidence.49 We believe that clinicians will still need to assess 
on a case-by-case basis which patients to offer this treatment 
and appropriate dosage to be used.

Definitive treatment
Primary Hyperoxaluria
In addition to general supportive measures, insights into 
the pathophysiology of primary hyperoxaluria have led to 
not only the development of new therapeutics but also the 
repurposing of others to treat patients with PH. Most of the 
data available seems to involve patients with PH1.50,51 

Pyridoxine is perhaps the oldest molecule available for the 
treatment of PH1. Used at higher doses than usual, it acts by 
stabilizing the vitamin B6-dependent AGT enzyme thereby 
enhancing its activity.50 Despite this strong pathophysiolog-
ical basis for use, it only has a therapeutic effect in 30% of 
patients with PH1 implying further genotype differences in 
PH1 patients that determine pyridoxine therapy response. 
Similarly, urinary oxalate reduction of 30% is seen in pyr-
idoxine responders.50,52 In some instances, sustained thera-
peutic effect can delay further invasive treatment such as 
liver transplants for years. 

More recently, newer novel therapies have emerged as the 
go-to options in the treatment of PH1. Lumasiran, an RNA 
interference molecule targeting glycolate oxidase has been 
shown to reduce endogenous oxalate production and sub-
sequently urinary oxalate.51 Dual approved by the US FDA 
and European Medicines Association (EMA), Lumasiran has 
shown significant efficacy in 24-hour urinary oxalate excre-
tion reduction in children and adults.53 Additionally, efficacy 
among patients with advanced chronic kidney disease has 
been demonstrated in the ILLUMINATE-C trial. Injections 
of the drug are administered subcutaneously three-monthly. 
Further, no significant adverse reactions were reported in 
the Lumasiran trials with current data reporting skin reac-
tions as the main side effect to look out for.54 Despite strong 
data to support use currently in PH1, there remains a need 
to collect prospective long-term data to answer questions on 
sustained efficacy and how reductions in 24-hour urinary 
oxalate impact long-term clinical outcomes. 

Also in the pipeline is another RNAi molecule – Nedo-
siran. It targets the LDH-A enzyme to decrease endogenous 
oxalate production. So far, promising data from early phase 
studies show the drug’s safety and efficacy in the reduction 
of 24-hour urinary oxalate excretion in all types of primary 
hyperoxaliuria.55,56 Results from currently ongoing PHYOX 
trials will shed more light on Nedosiran’s efficacy in differ-
ent age groups and GFR stage.57–59 Finally other promising 
non-RNAi therapies under investigation include targeted 
gene therapy and Stiripentol, a repurposed FDA-approved 
therapy for Dravet syndrome.60,61 

Secondary Hyperoxaluria
Treatment in secondary hyperoxaluria centers on the 
management of underlying medical condition and dietary 
interventions. While dietary oxalate modifications are not 
aggressively pursued in primary hyperoxaluria since intes-
tinal oxalate absorption is not the main driver of hyper-
oxaluria, they are crucial in the management of patients 
with secondary hyperoxaluria. Limiting oxalate-rich foods 
helps reduce the amount of oxalate absorption in the gut. 
Furthermore, dietary calcium intake should be optimized 
so that enough calcium is available in the gut to bind free 
oxalate, further reducing oxalate absorption. Additional 
dietary calcium supplementation is yet to be shown to be 
beneficial in prevention of calcium oxalate stones. Another 
potential target in this particular patient population is the 
altered gut microbiome with reduced Oxalobacter colo-
nies. Interventions include oral probiotic supplementation 
or fecal transplant of Oxalobacter formigenes. While this is 
promising, one challenge encountered is non-persistence of 
colonies after supplementation, and large scale randomized 
trials are needed to establish its efficacy in reducing oxalate  
absorption from the gut and stone prevention.62 
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CONCLUSION

In conclusion, hyperoxaluria poses a major risk for calcium 
kidney stone disease. Its clinical outcomes hinge upon 
timely diagnosis and early initiation of effective treatment. 
Primary hyperoxaluria type 1 remains the most severe form 
of PH.31 Often, it is associated with earlier onset of disease 
and rapid progression to ESRD. Luckily, novel therapies 
based on disease pathophysiology continue to offer hope 
for patients and their care providers. A high clinical suspi-
cion coupled with appropriate testing and treatment could 
potentially help avert long term end organ damage from the 
disease. 
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