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Abstract
Background and objectives Overproduction of oxalate in patients with primary hyperoxaluria (PH) leads to
calcium oxalate deposition in the kidney and ESRD in a substantial number of cases. However, the key
determinants for renal outcome remain unclear. Thus, we performed a retrospective analysis to identify
predictors for renal outcome among patients with PH participating in the Rare Kidney Stone Consortium (RKSC)
PH Registry.
Design, setting, participants, & measurements We characterized clinical and laboratory features of patients
enrolled in the RKSC PH Registry. We assessed correlation between urinary measures and eGFR at diagnosis by
Spearman rank correlation and estimated renal survival using the Kaplan–Meier method. We determined factors
associated with renal survival by Cox proportional hazard models.
Results Of 409 patients enrolled in the RKSC Registry as of March 2014, we excluded 112 patients who had ESRD
at PH diagnosis from analysis. Among the remaining 297 patients, 65% had PH type 1, 12% had type 2, 13% had
type 3, and 11% had unclassiﬁed PH. Median (25th, 75th percentile) age at PH diagnosis was 8.1 (4.0, 18.2) years
with an eGFR of 73.0 (56.4, 97.5) ml/min per 1.73 m2 and urinary oxalate excretion rate of 1.64 (1.11, 2.44) mmol/
1.73 m2 per 24 hours. During a median follow-up of 3.9 (1.0, 12.8) years, 59 (20%) patients developed ESRD.
Urinary oxalate excretion at diagnosis stratiﬁed by quartile was strongly associated with incident ESRD (hazard
ratio [HR], 3.4; 95% conﬁdence interval [95% CI], 1.4 to 7.9). During follow-up there was a signiﬁcant association
between urinary oxalate quartile (Q) and incident ESRD (Q4 versus Q1: HR, 3.3; 95% CI, 1.2 to 9.3). This association remained even when adjusted for sex, age, and baseline eGFR (HR, 4.2; 95% CI, 1.6 to 10.8).
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Conclusions Among patients with PH, higher urinary oxalate excretion is predictive of poor renal outcome.
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Introduction
The primary hyperoxalurias (PHs) are autosomal
recessive disorders characterized by enzymatic defects in glyoxylate metabolism, which ultimately result in overproduction of oxalate (1–4). Three types of
PH have been identiﬁed: primary hyperoxaluria type
1 (PH1) is caused by a deﬁciency of the liver-speciﬁc
peroxisomal enzyme alanine-glyoxylate aminotransferase (AGT), which is encoded by the AGXT gene;
primary hyperoxaluria type 2 (PH2) is secondary to
glyoxylate reductase/hydroxypyruvate reductase
(GRHPR) deﬁciency and caused by mutations in the
GRHPR gene; and primary hyperoxaluria type 3
(PH3) is caused by mutations in the HOGA1 gene,
which encodes the mitochondrial 4-hydroxy-2-oxoglutarate aldolase (HOGA) enzyme. Humans cannot
degrade oxalate, and it is primarily eliminated by the
kidneys. Hence, endogenous overproduction leads to
substantial elevations in urinary oxalate excretion,
typically .1 mmol (.88 mg)/1.73 m2 per 24 hours
www.cjasn.org Vol 11 January, 2016

(normal ,0.5 mmol [,45 mg]/1.73 m2 per 24 hours;
conversion factor for oxalate: 1 mmol=88 mg) (5),
which results in calcium oxalate (CaOx) supersaturation in the urine and subsequent urolithiasis and/or
nephrocalcinosis. Progressive crystal deposition, accompanied by parenchymal inﬂammation and ﬁbrosis, may eventually progress to ESRD (6).
Clinical manifestations of PH are heterogenous with
respect to age at onset, type of presentation, severity
of hyperoxaluria, and rate of progression to renal
insufﬁciency (7). PH1 outcome appears, in part, to be
associated with genotype, with the pGly170Arg mutation in particular associated with better renal survival (8,9). Nevertheless, patients with the same
genotype can present with very disparate symptoms
and disease course (10). Therefore, factors that determine renal outcome remain incompletely deﬁned.
The Rare Kidney Stone Consortium (RKSC) PH
Registry was developed in 2002 to advance understanding of the natural history of PH and to elucidate
Copyright © 2016 by the American Society of Nephrology
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factors that inﬂuence outcomes (11). In the current study
we used the RKSC PH Registry to evaluate PH type and
the effect of urinary constituents that inﬂuence CaOx crystal formation (oxalate, calcium, citrate, phosphorus, volume) on renal outcomes and determine whether there
are cut points that stratify risk.

dialysis or renal transplantation. A cohort of nonstoneforming adults in good general health without any kidney
disease or diabetes (52 women and 49 men; age 18–83
years) who completed 24-hour urine collections on a
free-choice diet were used for a reference range population.

Materials and Methods

Statistical Analyses
Results were expressed in terms of the median (25th, 75th
percentiles) for continuous variables and as percentages for
categorical variables. Spearman rank correlation was used
to analyze correlations between baseline clinical and
laboratory variables and eGFR at diagnosis. To maximize
available data, the diagnosis reading was deﬁned as the
closest reading within 3 years before PH diagnosis and up
to 60 days after diagnosis.
The percentage of patients who were free of renal failure
after PH diagnosis was estimated using the Kaplan–Meier
method. Factors associated with renal survival were estimated by univariate analyses using the Cox proportional
hazard model with log-rank tests and trend tests used for
comparison between subgroups. The outcome of interest
was time to ESRD and was censored on death or loss to
follow-up. To display the effect of quantitative factors on
ESRD, data were split into four groups based on quartiles
of urine oxalate. Hazard ratios (HRs) and 95% conﬁdence
intervals (95% CIs) were presented. We further used a
time-dependent Cox model to explore the effect of urinary
oxalate excretion level on renal outcome during follow-up.
Oxalate was ﬁrst evaluated as a continuous factor and
then as quartiles derived from all follow-up readings.
Times to ESRD by oxalate quartile were estimated by dividing individual-patient follow-up time into intervals
based on the quartile of latest oxalate reading and noting
whether the interval ended in ESRD. Person-time and
ESRD events were summed within oxalate quartiles with
the rate=1003(events/person-time). P values ,0.05 were
considered to indicate statistically signiﬁcant differences.
All calculations were done using SAS software, version 9.

Study Population
Clinical and laboratory information were collected from
patients with PH enrolled in the RKSC PH registry (11). The
ﬁrst patient was enrolled in 2003. As of March 2014, 13
patients had died. Total person-years of follow-up was
2483. General information and clinical manifestations
were abstracted from registry data. Symptoms included
stone-related pain, stone passage, hematuria, or failure to
thrive. PH1 was conﬁrmed by mutations of the AGXT
gene, liver biopsy conﬁrming deﬁciency of AGT, or by
marked hyperoxaluria in combination with hyperglycolic
aciduria in a patient with no identiﬁable secondary causes.
PH2 was established by mutations of GRHPR, liver biopsy
conﬁrming deﬁciency of GRHPR enzyme, or hyperoxaluria in combination with hyperglyceric aciduria without
identiﬁable secondary cause. PH3 was diagnosed by mutations of HOGA1. Patients considered to have PH of unclassiﬁed type met the same clinical criteria as those with
other types; had no identiﬁable enteric hyperoxaluria; and
were negative on testing for mutations of AGXT, GRHPR,
and HOGA1.
Laboratory results, including 24-hour urine volume,
oxalate, calcium, citrate, and phosphorus and serum
creatinine, were extracted from registry data. All 24-hour
urine values were from baseline (0–60 days after diagnosis)
or during follow-up (.60 days until last available before
ESRD). Renal function was assessed by serum creatinine
values to estimate GFR using the Schwartz formula (12) in
children ,18 years and the Modiﬁcation of Diet in Renal
Disease formula (13) in adults. ESRD or renal failure was
deﬁned as an eGFR,15 ml/min per 1.73 m2 or start of

Table 1. Clinical characteristics of patients with primary hyperoxaluria who had or did not have ESRD at or before diagnosis

Characteristics
Type of PH, % (n)
PH1
PH2
PH3
Unclassiﬁed
Sex, % (n)
Female
Male
Median age, y
At diagnosis
At symptom onset
Median time between initial
symptoms and diagnosis, y
Median eGFR, ml/min per 1.73 m2

Without ESRD (n=297)

With ESRD (n=112)

P Value
,0.001

64.6 (192)
11.8 (35)
12.8 (38)
10.8 (32)

93.8 (105)
3.6 (4)
0 (0)
2.7 (3)

42.8 (127)
57.2 (170)

53.6 (60)
46.4 (52)

0.05

8.1 (4.0, 18.2)
4.5 (1.7, 11.3)
1.4 (0.1, 7.5)

25.3 (6.8, 42.0)
9.4 (2.0, 21.6)
3.5 (0.3, 21.0)

,0.001
0.02
,0.001

73.0 (56.4, 97.5)

6.6 (3.9, 13.8)

,0.001

Median values are expressed with 25th, 75th percentiles. PH, primary hyperoxaluria; PH1, primary hyperoxaluria type 1; PH2, primary
hyperoxaluria type 2; PH3, primary hyperoxaluria type 3.
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Table 2. Baseline urinary measures of patients with primary hyperoxaluria without ESRD at or before diagnosis

Variable

All Participants with PHa

Adult Participants with PHb

Adult Reference Populationc

U[vol], ml/24 h
U[ox], mmol/24 h
U[Ca], mg/24 h
U[Citrate], mg/24 h
U[Phos], mg/24 h

2193 (1605, 3031); 151
1.64 (1.11, 2.44); 168
72.9 (43.4, 134.2); 130
398 (197, 698); 120
824 (552, 1044); 98

2740 (2200, 3095); 53
1.51 (0.89, 1.93); 56
100.5 (57.5, 177.5); 44
375 (168, 520); 41
1012 (636, 1218); 36

1319 (1046, 1889); 101
0.27 (0.22, 0.32); 101
191.0 (130.0, 250.0); 101
732 (522, 963); 101
975 (756, 1183); 101

Values are expressed as median (25th, 75th percentiles), followed by number of patients. U[vol], urinary volume; U[ox], urinary oxalate;
U[Ca], urinary calcium; U[Citrate], urinary citrate; U[Phos], urinary phosphate; PH, primary hyperoxaluria.
a
Includes both adults and children and thus normalized to 1.73 m2 body surface area.
b
Includes only those aged $18 years at the time of collection and are not normalized to body surface area.
c
Values from 101 individuals aged 18–83 years without kidney stones or kidney disease are not normalized to 1.73 m2 body surface area.

Results
There were 409 patients enrolled in the RKSC PH
Registry as of March 2014. Most (n=297 [72.6%]) had
PH1, 39 (9.5%) had PH2, 38 (9.3%) had PH3, and 35
(8.6%) had unclassiﬁed PH. ESRD was present at or before
PH diagnosis in 112 (27.4%) patients (Table 1). Patients
with ESRD at baseline were more likely to have PH1
than patients without ESRD at baseline (P,0.001), which
indicates that PH type is a major factor with respect to
ESRD status at time of diagnosis. Patients without ESRD
were diagnosed at an earlier age than those with ESRD at
diagnosis (median age, 8.1 versus 25.3 years; P,0.001)
and had an earlier age at symptom onset (median age,
4.5 versus 9.4 years; P=0.02). The time between initial
symptoms and diagnosis was shorter among patients
without than among those with ESRD at diagnosis (median, 1.4 versus 3.5 years; P,0.001). Median eGFR among
those without ESRD at diagnosis was 73.0 (56.4, 97.5)
ml/min per 1.73 m2.

Figure 1. | Urinary oxalate (U[ox]) excretion by primary hyperoxaluria (PH) type in patients without ESRD at diagnosis. Urinary
oxalate was greatest in primary hyperoxaluria type 1 (PH1) and lowest
in primary hyperoxaluria type 3 (PH3) (P,0.001 for trend). Boxes
represent the interquartile range (25th, 75th percentiles) while the
line inside each box indicates the median value; upper bars indicate
the maximum values while the lower bars indicate the minimum
values. Diamond symbols indicate the mean values; circles indicate
outliners. PH2, primary hyperoxaluria type 2.

After 112 patients with ESRD at PH diagnosis were
excluded, 297 patients remained for analysis of risk factors
for renal function loss. Baseline urinary variables are
shown in Table 2. Because the study population includes
both pediatric and adult participants, results are normalized to 1.73 m2 body surface area. Values for these urine
chemistries in the adults with PH are also shown without
body-surface-area normalization for comparison with a
group of healthy adult nonstone-forming volunteers. As
expected, the median 24-hour urine oxalate excretion
was higher compared with controls, as was urine volume;
in contrast, urine calcium and citrate excretions were relatively lower. Urinary oxalate excretion at diagnosis was
higher in PH1 compared with PH2 and PH3 (P trend
,0.001) (Figure 1). At PH diagnosis, the median eGFR
for patients with PH1, PH2, and PH3 were 69.2 (54.8,
86.7), 77.4 (69.7, 96.0), and 89.0 (66.2, 126.9) ml/min per
1.73 m2, respectively. Urinary volume at diagnosis correlated negatively with eGFR (r=20.28; P=0.001) (Table 3),
while urinary citrate at diagnosis correlated in a positive
direction (r=0.27; P=0.01) (Table 3). Urinary oxalate excretion had an inverse association with eGFR at diagnosis,
although it was not statistically signiﬁcant (r=20.13;
P=0.12). Neither calcium excretion nor phosphorus excretion was signiﬁcantly associated with eGFR at PH diagnosis (r=0.10 [P=0.29]; r=0.19 [P=0.08], respectively) (Table 3).
Among 297 patients with preserved renal function at PH
diagnosis, median follow-up was 3.9 (1.0, 12.8) years and
59 (20%) patients developed ESRD, with a cumulative rate
of renal survival of 84%, 61%, and 43% at 10, 20, and 30
years after PH diagnosis, respectively (Figure 2A). Univariate analyses showed that PH1, older age at diagnosis,
baseline urinary oxalate excretion by quartile, and eGFR
at diagnosis were associated with incident ESRD (Table 4).
Type of PH was a signiﬁcant predictor of renal outcome;
the ESRD HR for PH1 versus PH2 and PH3 was 13.2 (95%
CI, 3.2 to 54.4). At 30 years after PH diagnosis, the renal
survival rate was 27% for PH1, 92% for PH2, and 95% for
PH3 (Figure 2B). Renal outcome correlated with baseline
urinary oxalate excretion when stratiﬁed by quartile, with
an ESRD HR for quartile (Q) 4 versus Q1–Q3 of 3.4 (95%
CI, 1.4 to 7.9). The 20-year renal survival was 96% for
patients whose oxalate excretion rate was ,1.11 mmol/
1.73 m2 per 24 hours at PH diagnosis, 95% for those whose
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Table 3. Correlations of eGFR at diagnosis with laboratory measures among patients with primary hyperoxaluria without ESRD at or
before diagnosis

Variable

r Value

P Value

Patients, n

U[vol], ml/1.73 m2 per 24 h
U[ox], mmol/1.73 m2 per 24 h
U[Citrate], mg/1.73 m2 per 24 h
U[Ca], mg/1.73 m2 per 24 h
U[Phos], mg/1.73 m2 per 24 h

20.28
20.13
0.27
0.10
0.19

0.001
0.12
0.01
0.29
0.08

128
140
104
114
83

U[vol], urinary volume; U[ox], urinary oxalate; U[Citrate], urinary citrate; U[Ca], urinary calcium; U[Phos], urinary phosphate.

Figure 2. | Kaplan–Meier plots of renal survival. (A) Among all patients with primary hyperoxaluria (PH) who did not have ESRD at diagnosis,
renal survival estimates at 10, 20, and 30 years after diagnosis were 84%, 61%, and 43%, respectively. (B) Among patients with PH who did not
have ESRD at diagnosis, renal survival estimates at 10, 20, and 30 years after diagnosis were lowest for primary hyperoxaluria type 1 (PH1)
(hazard ratio [HR], 13.2 for PH1 versus others; 95% confidence interval [95% CI], 3.2 to 54.4). (C) Renal survival was examined by quartile of
urine oxalate (U[ox]) excretion (mmol/1.73 m2/24 hours) at diagnosis. Among patients with PH who did not have ESRD at diagnosis, renal
survival estimates at 10, 20, and 30 years were lowest for those with a U[ox] excretion $2.4 mmol/1.73 m2 per 24 hours (HR, 3.4 for quartile Q4
versus quartiles Q1–Q3; 95% CI, 1.4 to 7.9). PH2, primary hyperoxaluria type 2; PH3, primary hyperoxaluria type 3.

rate was 1.11–1.64 mmol/1.73 m2 per 24 hours, 73% for
those whose rate was .1.64 and ,2.45 mmol/1.73 m2 per
24 hours, and 42% for those whose rate was $2.45 mmol/
1.73 m2 per 24 hours (Figure 2C). The association of urinary
oxalate with ESRD risk was not modiﬁed by baseline eGFR
level (.60 versus ,60 ml/min per 1.73 m2; interaction term

P=0.87). Sex, age at PH symptom onset, urinary volume,
citrate, calcium, and phosphorous excretions at diagnosis
did not signiﬁcantly correlate with renal outcome (Table 4).
Oxalate excretion could potentially vary over time: for
example, in patients with PH1 who received pyridoxine
after diagnosis and who were responsive to this medication
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Table 4. Factors univariately associated with incident ESRD among patients with primary hyperoxaluria without ESRD at diagnosis

Variable

Hazard Ratio (95% CI)

P Value

PH1
Male
Age at symptoms
Age at diagnosis
U[vol] , ml/1.73m2 per 24h
U[ox] , mmol/1.73m2 per 24h
U[ox] , mmol/1.73m2 per 24h (Q4)
U[Citrate] , mg/1.73m2 per 24h
U[Ca] , mg/1.73m2 per 24h
U[Phos] , mg/1.73m2 per 24h
eGFR, ml/min per 1.73m2

13.17 (3.19 to 54.38)
1.39 (0.82 to 2.37)
1.00 (0.97 to 1.03)
1.02 (1.00 to 1.04)
1.00 (1.00 to 1.00)
1.13 (0.94 to 1.37)
3.40 (1.40 to 7.90)
1.00 (1.00 to 1.00)
1.00 (0.99 to 1.00)
1.00 (1.00 to 1.00)
0.96 (0.94 to 0.99)

,0.001
0.22
0.98
0.02
0.31
0.20
0.01
0.24
0.29
0.59
0.002

PH1, primary hyperoxaluria type 1; U[vol], urinary volume; U[ox], urinary oxalate; Q4, quintile 4; U[Citrate], urinary citrate; U[Ca], urinary
calcium; U[Phos], urinary phosphate; 95% CI, 95% conﬁdence interval.

Figure 3. | ESRD rate by urinary oxalate (U[ox]) quartile during follow-up (f/u). ESRD rates were similar for the lower three quartiles (Q) but
increased for a urinary oxalate level .1.87 mmol/1.73 m2 per 24 hours (hazard ratio, 3.30; 95% confidence interval, 1.17 to 9.33; P=0.02).

(14,15). There were 823 follow-up urine oxalate readings
(.60 days after PH diagnosis) in 165 patients, of whom 33
developed ESRD. With use of follow-up urinary oxalate
levels as a continuous time-dependent covariate, risk of
ESRD was higher with higher urinary oxalate levels, yielding an HR of 1.8 (95% CI, 1.2 to 2.5) per 1 mmol/1.73 m2
per 24 hours higher. When examined by follow-up oxalate
quartile (cut-off points of 0.80, 1.23, and 1.87), the highest

quartile was at higher ESRD risk than the lowest quartile 1
(HR, 3.3; 95% CI, 1.2 to 9.3). ESRD rates per 100 personyears were 1.5, 2.1, 1.8, and 5.1 by urinary oxalate quartile,
respectively (Figure 3). Comparing the highest oxalate
quartile to the lower three, the HR for ESRD was 3.2
(95% CI, 1.5 to 6.56), which remained elevated and significant when adjusted for sex, age, and baseline eGFR (HR,
4.2; 95% CI, 1.6 to 10.8) (Supplemental Table 1).
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Citrate, a commonly prescribed crystallization inhibitor,
was used by 26% (76 of 297) of the cohort. However, citrate
administration was not associated with baseline eGFR or
progression to ESRD. Only three patients received thiazide
medication.

Discussion
Earlier PH diagnosis has been possible during the last
two decades with the advent of more readily available
genetic testing. Thus, earlier treatment is possible. Nevertheless, in our cohort 27% of patients presented with ESRD
at the time of or before PH diagnosis, highlighting the
persisting need for earlier recognition. Importantly, an
additional 20% of patients with PH who had preserved
renal function at diagnosis went on to develop ESRD
during follow-up, and the overall renal survival was only
43% at 30 years after PH diagnosis. Thus, improved
understanding of risk factors for ESRD and prognosis
are important to identify treatment targets and guide
interventions for patients at highest risk.
The current study strongly suggests that the magnitude
of hyperoxaluria is a primary determinant of the risk of
renal function loss both at diagnosis and during follow-up.
It is well known that the high rate of oxalate excretion
among patients with PH results in supersaturation of CaOx
in the urine, favoring CaOx crystal formation (16). CaOx
crystals not only aggregate in the urinary space, producing
stones (urolithiasis), but they also interact with the renal
tubule epithelium and deposit in the renal interstitium
(nephrocalcinosis), where they can induce an inﬂammatory response and progressive interstitial ﬁbrosis that can
compromise kidney function (17–20). In this cohort, higher
urinary oxalate excretion at both diagnosis and follow-up
were associated with poorer renal outcome. These ﬁndings
conﬁrm the critical importance of urinary oxalate excretion
as a predictor of renal survival. Our data also suggest that
the degree of hyperoxaluria at baseline is associated with
renal outcome. Patients in the highest quartile of oxalate
excretion at diagnosis ($2.45 mmol/1.73 m2 per 24 hours)
had a worse renal outcome, whereas those in the lower
quartiles trended toward substantially better prognosis
(Figure 2C).
Degree of oxalate excretion during follow-up was also
associated with outcomes. By quartile, oxalate excretions
.1.87 mmol/1.73 m2 per 24 hours were associated with
higher ESRD rates. The signiﬁcant association of higher
follow-up oxalate with onset of ESRD remained even
when adjusted for sex, age, and baseline eGFR (HR, 4.2;
95% CI, 1.6 to 10.8). Interestingly, the HR for ESRD compared with the lowest quartile (,0.80 mmol/1.73 m2 per
24 hours) was signiﬁcantly higher only in the highest urinary oxalate excretion quartile (.1.87 mmol/1.73 m2 per
24 hours) (Figure 3). Altogether, these observations suggest that efforts to reduce urine oxalate excretion could
favorably affect renal outcomes, even if oxalate levels are
not entirely normalized.
Other urinary features, including 24-hour urine volume
and excretions of citrate, calcium, and phosphate, considered associated with kidney stone risk and nephrocalcinosis could potentially inﬂuence kidney function outcome
as well (21). Of note, baseline urine volume was increased

in this PH cohort, and higher urine volume was associated
with lower baseline eGFR (P=0.001). However, urine volume was not a signiﬁcant predictor for ESRD in the long
term. Higher volume might reﬂect recommendations to
increase ﬂuid intake in patients who were treated for
stones before PH diagnosis. Alternatively, we speculate
that the increased urine volume at PH diagnosis we observed could reﬂect decreased urinary-concentrating ability among patients with PH who have established
tubulointerstitial injury. Increased CaOx supersaturation
in proximal tubules resulting from high oxalate concentration might lead to increased crystallization, subsequent
cellular response, and interstitial ﬁbrosis, which in turn
might reduce urinary-concentrating capacity. Indeed, decreased urinary-concentrating ability is a long-established
consequence of CKD (22), and proper function of the countercurrent mechanism in the loop of Henle is essential for
developing maximal urine osmolality (23). Thus, ongoing
crystallization, injury, and ﬁbrosis in the corticomedullary
junction could potentially affect urinary-concentrating capacity. This evidence suggests that increased urine volume
might be an early result of tubulointerstitial injury among
patients with PH. However, further studies need to be
performed to validate our ﬁndings and to clarify their
cause.
In this study, patients with ESRD at the time of PH
diagnosis were excluded from the analysis. The remaining
patients with PH had relatively well preserved renal
function. We hypothesize several reasons for this observation. First, the age of this cohort was relatively young
(median, 8.1 years), and the patients might not yet have had
time to develop renal damage. Alternatively, those without
ESRD at diagnosis might have a relatively milder disease,
with some degree of protection from renal damage (mechanisms to be determined). Finally, decline in GFR is not
necessarily linear over a lifetime, and we have observed
many patients with PH who experienced a rapid decline
precipitated by acute events.
Urinary citrate is generally accepted to be an inhibitor of
CaOx stone formation and is associated with growth
inhibition of CaOx crystals (24–26). In our study, a significant association was observed between higher urinary citrate excretion and better renal function at PH diagnosis.
However, our data did not demonstrate that citrate was a
risk predictor for ESRD during long-term follow-up. Studies in other non-PH populations have demonstrated that
urinary citrate levels decrease with advancing CKD (27).
Thus, as for urine volume, the lower urine citrate at baseline may be a consequence of renal injury. Higher urinary
calcium, meanwhile, is a common risk factor for CaOx
nephrolithiasis, and previous studies suggest that urinary
calcium concentration is of at least equal importance to
urinary oxalate for increasing CaOx supersaturation (16).
However, urinary calcium excretion was not associated
with baseline renal function or longer-term renal outcome
in our cohort of patients with PH. Indeed, average urine
calcium was somewhat lower than expected compared
with that in a healthy reference population, for reasons
yet to be explained. Thiazide effect did not account for
this observation because just three patients were receiving thiazide medication at the time of baseline urine
measurements.
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Our data also suggest that PH type is associated with
ESRD. Patients with PH1 were more likely to present with
ESRD at diagnosis (36% compared with #10% for other
types and unclassiﬁed) and also more likely to develop
ESRD during follow-up. In the PH1 group, renal survival
was only 27% after 30 years of follow-up, compared with
92% and 95% for PH2 and PH3, respectively. These differences might reﬂect the higher average oxalate excretion
rates in PH1 compared with the other types. The current
data are also consistent with reports from other investigations demonstrating that genotypes with lower oxalate excretion, such as patients homozygous or heterozygous for
the G170R mutation of AGXT (which also confers complete or partial pyridoxine responsiveness), have better
long-term renal outcomes (8,28–31).
Our study has certain limitations. Because the RKSC PH
Registry is a voluntary retrospective registry, this cohort
may not represent all patients with PH. Moreover, comprehensive data at regular time points were not available
for all participants; thus, multivariable analyses were
somewhat limited because of missing data. The number
of patients and ESRD events also limited the number of
variables that could be included in models.
In conclusion, ESRD is a major and devastating consequence of PH. Patients with PH1 had higher risk for ESRD
than other types of PH. The degree of urinary oxalate
excretion appears to be the major predictor of renal
outcome and probably explains the poor renal survival
of PH1 compared with PH2 and PH3, though as-yet
unknown factors could also play a role.
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